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Abstrac t 

Many effort s hav e bee n mad e t o us e nonnativ e theorie s o f 
rationa l  decision-making ,  suc h a s Bayesia n decisio n 
theory ,  t o consuuc i  an d mode l  agent s exhibitin g 
intelligen t  behavior .  I n orde r  t o accommodat e agent s 
possessin g onl y limite d computationa l  resource s t o appl y 
t o thei r  decisio n making ,  however ,  a  significan t  chang e i s 
require d i n ho w th e rol e o f  forma l  rationalit y i s  t o b e 
viewed .  Thi s pape r  argue s tha t  rationalit y i s bes t  see n a s a 
propert y o f  th e relationshi p betwee n th e agen t  an d a 
designer .  Suc h a  perspectiv e ha s severa l  consequence s fo r 
th e desig n an d modellin g o f  agents ,  bearin g o n assessmen t 
of  rationality ,  induction ,  reactivity ,  an d metaleve l  control . 
I t  als o illuminate s severa l  concern s pu t  fort h b y critic s o f 
th e wor k o f  th e artificia l  intelligenc e community . 

Introduction 

Ther e i s a  lon g an d varie d histor y o f  attempt s t o construc t 
forma l  system s whic h wil l  serv e a s a  mode l  fo r  rationa l 
decisio n making .  A  powerfu l  curren t  paradigm ,  buildin g o n 
wor k o f  Savag e (1972 )  an d Jeffre y (1983) ,  amon g others , 
has attempte d t o establis h Bayesia n decisio n theor y a s a 
framewor k fo r  judgin g th e rationalit y o f  actio n choice . 
M u ch recen t  wor k i n artificia l  intelligenc e ha s th e goa l  o f 
implementin g a n agen t  capabl e o f  rationa l  behavio r  o n a 
compute r  (Doyle ,  1990) .  Suc h wor k ha s m a d e question s 
abou t  th e adequac y o f  forma l  modellin g technique s mor e 
pointed .  S o m e critic s (fo r  example ,  Winogra d an d Flore s 
(1987 )  an d Dreyfu s (1992) )  hav e expresse d concer n tha t 
startin g wit h a  specificatio n o f  a  forma l  problem ,  whic h ca n 
b e attacke d b y a n ai^roac h suc h a s decisio n theory ,  bypasse s 
m u ch o f  th e importan t  wor k o f  a n intelligen t  agent . 
However ,  thi s pape r  wil l  conside r  issue s whic h aris e eve n 
wit h acceptanc e o f  th e adequac y o f  forma l  statement s t o 
captur e th e relevan t  aspect s o f  problem s requirin g inteUigen t 
solution ,  an d analyz e th e coherenc e o f  usin g a  forma l 
concep t  o f  rationalit y i n thi s arena .  Ther e ar e m a n y 
interestin g problems ,  suc h a s ches s strateg y o r  route-findin g 
give n a  forma l  m a p representation ,  wher e a n analysi s o f  th e 
requirement s o f  rationa l  thinkin g abou t  th e proble m remain s 
interestin g an d dee p eve n thoug h availabilit y o f  forma l 
representatio n i s no t  a n issue .  Thi s approac h wil l  lea d t o a n 
informativ e n e w perspectiv e o n s o m e o f  th e complaint s 
voice d b y AI' s critics . 

Rational Agents 

Le t  u s conside r  agent s whic h ar e sai d t o behav e rationall y i f 
the y choos e thei r  action s s o a s t o satisf y thei r  goal s a s bes t 

the y can .  W e ca n begi n wit h th e forma l  framewor k fo r 
discussin g rationa l  actio n choic e provide d b y Bayesia n 
decisio n theory .  Followin g thi s framework ,  w e ca n assum e 
tha t  th e agen t  ha s availabl e t o i t  a t  eac h tim e a  se t  o f 
possibl e actions ,  a  utilit y  functio n specifyin g th e valu e o f 
th e variou s possibl e projecte d historie s o f  th e worl d t o th e 
agent ,  an d probabilisti c  knowledg e representin g th e variou s 
possibl e state s o f  th e worl d give n particula r  actio n choice s 
and th e agent' s assessmen t  o f  thei r  likelihood .  O n e ca n 
defin e a  pla n fo r  th e agen t  (a s i n (Tas h 1993) )  a s a  sequenc e 
(actually ,  a  tree )  o f  actions ,  wher e th e actio n choic e mad e a t 
a give n tim e ca n b e conditionalize d o n al l  th e informatio n 
availabl e t o th e agen t  a t  tha t  time .  Decisio n theor y the n 
recommends  actin g accordin g t o th e pla n o f  highes t  expecte d 
value ,  calculate d b y averagin g th e value s o f  th e possibl e 
resultin g worl d historie s usin g thei r  probabilities ,  whic h ar e 
determine d b y composin g th e stat e probabilitie s give n th e 
actio n choices . 

Give n som e representatio n o f  th e require d probabilisti c  an d 
utilit y  information ,  thi s i s a  complet e specificatio n o f  wha t 
action s th e agen t  shoul d perfor m (u p t o choice s havin g n o 
discernibl e impac t  o n th e agent' s welfare )  i n orde r  t o rea p th e 
greates t  expecte d reward .  However ,  ther e ar e man y domain s 
where ,  althoug h th e require d informatio n i s available ,  th e 
computationa l  tas k o f  determinin g th e recommende d pla n i s 
infeasible ,  especiall y whe n i t  m a y recommen d takin g a n 
actio n immediately .  Fo r  example ,  whe n playin g spee d ches s 
agains t  a n abl e program ,  eve n w h e n yo u k n o w it s 
specifications ,  an d therefor e hav e availabl e th e necessar y 
informatio n t o maximiz e you r  chanc e o f  winning ,  suc h a 
maximizatio n i s no t  a  viabl e optio n du e t o th e enormit y o f 
th e require d calculations .  Suc h consideration s requir e a 
reassessmen t  o f  th e suitabilit y o f  decisio n theor y a s a 
definitio n o f  rationalit y fo r  agent s havin g onl y limite d 
computationa l  resources  available . 

Limited Rationality 

These concerns have been central to the field of artificial 
intelligenc e sinc e it s inception .  Simo n (195S )  addresse s th e 
proble m b y introducin g th e concep t  o f  bounde d rationality , 
achieve d b y demandin g o f  a n intelligen t  agen t  onl y 
"satisficing "  rathe r  tha n a  ful l  decision-theoreti c 
optimization .  Thi s amount s t o restrictin g possibl e utilit y 
function s t o one s takin g o n a  fe w discret e value s (e.g . 
"adequate "  an d "inadequate") ,  obviatin g th e nee d fo r 
probabilitie s b y usin g minima x technique s (examinin g th e 
wors t  cas e o f  th e possibl e consequences) ,  an d lookin g a t 
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onl y a  subse t  o f  th e pla n space .  Thi s reduce s th e 
computationa l  proble m t o simpl y fmdin g a  pla n i n th e 
considere d se t  whos e action s lea d i n al l  case s t o adequat e 
consequences .  Suc h a  searc h make s fewe r  computationa l 
demands ,  bu t  choosin g adequac y level s an d pla n subset s 
whic h reasonabl y approximat e th e agent' s tas k withou t 
requirin g excessiv e computatio n i s stil l  a  har d problem ,  an d 
i t  i s  no t  clea r  tha t  thes e reduction s i n decisio n complexit y 
ar e eithe r  adequat e o r  require d b y th e computationa l 
constraint s o f  a  give n agent .  Simo n doe s discus s choosin g 
level s an d subset s s o a s t o mak e th e computationa l  burde n 
of  a  reasonabl e leve l  o f  complexity ,  bu t  thes e choice s ar e a 
decisio n proble m no t  obviousl y simple r  tha n th e on e starte d 
with .  (Suc h contro l  problem s ar e discusse d i n th e contex t  o f 
metaleve l  architecture s below) . 

A mor e recen t  conceptio n o f  h o w t o respon d t o thes e 
issue s i s tha t  o f  limite d rationality ,  advance d b y Russel l  an d 
Wefal d (1991) .  Th e proble m i s reformulate d a s on e o f 
designin g a n agent ,  subjec t  t o certai n architectura l 
constraints ,  whic h doe s a s wel l  a s i t  ca n i n th e proble m 
domain .  Thi s lift s  th e onu s o f  doin g complet e 
computation s o f  al l  th e decision-theoreticall y relevan t 
consequence s o f  a n agent' s knowledg e fro m it s shoulders , 
becaus e th e goa l  i s  no w t o choos e tha t  agen t  specificatio n 
withi n th e give n resourc e constraint s whic h perform s 
optimally .  Suc h a  formulatio n allow s th e designe r  o f  suc h 
agent s t o conside r  tradeoff s betwee n complexit y an d decisio n 
qualit y leadin g t o bes t  us e o f  th e limite d computationa l 
resource s availabl e t o a  situate d agen t 

Such a  conceptio n require s tha t  a  distinctio n b e mad e 
betwee n th e role s o f  agen t  an d o f  a  designe r  externa l  t o th e 
agent  i n determinin g th e rationalit y o f  th e agent' s behavior . 
The agen t  ca n b e viewe d a s a  particula r  implementatio n o f  a 
particula r  algorithm ,  fo r  whic h th e concep t  o f  choic e i s no t 
necessaril y  a  natura l  one .  I t  i s  th e designer' s choic e o f  agen t 
fro m a  se t  o f  possibilitie s whic h i s subjec t  t o th e stricture s 
of  rationality .  Suc h a  viewpoin t  ha s far-reachin g 
consequence s fo r  th e rol e o f  forma l  system s o f  rationalit y i n 
determinin g appropriat e agen t  behavior . 

One immediatel y apparen t  proble m wit h considerin g suc h 
a proposa l  a s a  solutio n t o th e proble m o f  limite d rationa l 
agent s i s tha t  th e entir e burde n o f  decision-theoreti c 
computatio n ha s no t  bee n removed ,  bu t  merel y shifte d t o th e 
designer .  Th e wor k o f  choosin g a n agen t  whic h wil l  behav e 
optimall y i n a  give n environmen t  i s no t  necessaril y  an y 
easie r  tha n determinin g a n optima l  plan .  Choosin g a 
progra m fo r  a  give n platfor m whic h wil l  pla y th e bes t 
possibl e gam e o f  spee d ches s ca n b e a s intractabl e a s finding 
th e spee d ches s strateg y whic h woul d b e idea l  i n th e absenc e 
of  resourc e constraints .  I f  th e designe r  ha s limite d 
computationa l  resources ,  h o w i s i t  t o rationall y us e the m t o 
decid e upo n a  particula r  agent ? 

Metalevel Control 

Consideratio n o f  a  researc h programm e whic h attempt s t o 
incorporat e man y o f  th e characteristic s w e hav e assigne d t o 
th e rol e o f  designe r  int o th e agen t  itsel f  ma y b e illuminatin g 
at  thi s point .  Th e ide a i s t o construc t  a n agen t  fro m tw o 
parts :  a  metaleve l  sub-agen t  an d a  base-leve l  sub-agent .  Th e 
metaleve l  sub-agen t  choose s th e computationa l  task s t o b e 

performe d b y th e base-leve l  sub-agen t  i n muc h th e sam e wa y 
tha t  th e agen t  a s a  whol e choose s it s action s i n th e externa l 
world .  Suc h a n architectur e i s sai d t o perfor m metaleve l 
contro l  o f  it s  reasoning ,  o r  metareasonin g (Hacking ,  1967 ; 
Russel l  &  Wefald ,  1991) .  F ro m th e perspectiv e o f  th e 
designer ,  i t  i s  a n ope n questio n whethe r  a  metareasonin g 
architectur e provide s th e mos t  rationa l  us e o f  th e agent' s 
limite d computationa l  resources ,  bu t  i t  doe s a t  leas t  provid e 
a straightforwar d wa y o f  incorporatin g flexibilit y  t o perfor m 
th e kin d o f  decisio n qualit y vs .  computationa l  complexit y 
tradeoff s probabl y necessar y fo r  efficien t  control . 

Clearly ,  fo r  suc h a n architectur e t o provid e usefu l  contro l 
of  th e complexit y o f  th e tota l  agent' s computations ,  th e 
metaleve l  canno t  simpl y tr y th e bas e leve l  computation s i n 
orde r  t o determin e whic h ar e th e mos t  usefu l  fo r  th e bas e 
leve l  t o perform ,  a s the n th e agen t  a s a  whol e ha s stil l 
performe d al l  o f  computation s w e wer e attemptin g t o 
control .  Therefore ,  i n decidin g amon g computations ,  th e 
metaleve l  canno t  us e al l  o f  th e deductivel y availabl e 
knowledg e o f  th e agen t  (suc h a s th e result s o f  deterministi c 
computationa l  procedures) ,  a s require d b y th e rationalit y 
stricture s impose d b y forma l  system s suc h a s decisio n 
theory .  Th e metaleve l  mus t  d o somethin g les s 
computationall y demanding .  I f  i t  i s  t o appl y rationa l 
methods ,  a s woul d b e require d i f  i t  i s  t o absor b som e o f  th e 
responsibilit y  o f  th e designe r  fo r  producin g a  rationa l  agent , 
the n thes e method s mus t  b e applie d t o a  proble m simple r 
tha n tha t  facin g th e agen t  a s a  whole .  S o m e detail s 
deductivel y availabl e t o th e agen t  mus t  b e ignored ,  o r 
abstracte d away ,  b y th e metalevel . 

Let  u s conside r  a n exampl e provide d i n a n earl y discussio n 
of  metaleve l  computationa l  contro l  b y Hackin g (1967) .  H e 
examine s th e situatio n o f  a n agen t  require d t o gambl e o n th e 
relativ e magnitude s o f  product s o f  pair s o f  five-digit  binar y 
numbers .  Th e agen t  ha s som e probabilisti c  guesse s a s t o 
th e likelihoo d o f  differen t  relativ e magnitudes ,  an d som e 
measur e o f  th e expecte d wor k o f  actuall y doin g th e 
multiplications .  Th e metaleve l  mus t  decid e whethe r  th e cos t 
of  doin g a  particula r  multiplicatio n outweigh s th e potentia l 
los s o f  incorrectl y guessin g th e relativ e magnitudes .  Thi s 
descriptio n o f  th e metaleve l  tas k embodie s severa l 
assumption s abou t  wha t  element s i n th e agent' s deductivel y 
availabl e knowledg e bas e ar e actuall y considere d availabl e t o 
th e metalevel .  Fo r  example ,  th e metaleve l  ca n d o th e 
require d computation s fo r  assessin g th e wor k o f 
multiplication ,  th e potentia l  los s du e t o guessing ,  an d 
comparin g them ,  bu t  doe s no t  avai l  itsel f  o f  th e result s o f 
th e multiplicatio n i n makin g it s decision .  Th e metaleve l 
als o doe s no t  compar e th e valu e o f  it s  o w n computation s 
wit h thei r  cost . 

Hackin g doe s recogniz e tha t  i n a  cas e suc h a s this , 
metaleve l  cost s m a y b e deeme d necessar y o f  contro l 
themselves ,  bu t  implie s tha t  th e computation s require d a t 
eac h leve l  o f  th e generate d metaleve l  hierarch y diminis h o n 
th e wa y u p t o a  poin t  wher e the y ca n b e safel y ignore d a t 
some level .  However ,  i n th e exampl e given ,  th e metaleve l 
algorith m seem s mor e complicate d (i n specification ,  i f  no t 
i n require d computationa l  work )  tha n eithe r  base-leve l 
algorith m (doin g th e multiplication s o r  jus t  guessin g base d 
on prio r  odd s estimates) ,  an d onl y on e o f  a  larg e rang e o f 
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possibilitie s constructibl e b y abstractin g awa y differen t  part s 
of  th e agent' s tota l  knowledge .  Th e meta-metaleve l  decisio n 
of  a n appropriat e metaleve l  algorith m i s eve n mor e difficul t 
tha n tha t  o f  th e metalevel ,  unles s i t  i s  simplifie d b y 
appropriat e abstraction s whic h mus t  b e chose n b y a n eve n 
mor e complicate d highe r  metaleve l  o r  b y a  designer . 

Thus ,  th e difficult y facin g metaleve l  approache s regardin g 
h o w t o appropriatel y abstrac t  th e base-leve l  tas k reintfoduce s 
th e nee d fo r  a  designe r  externa l  t o th e agen t  t o settl e 
question s abou t  th e rationalit y o f  it s  operation .  Suc h 
approache s m a y b e o f  us e i n designin g agent s exhibitin g a 
certai n flexibilit y  o f  behavior ,  bu t  ar e ultimatel y o f  n o hel p 
i n addressin g issue s o f  rationalit y fo r  a  limite d agen t  a s a 
whole .  Th e presenc e o f  a n externa l  designer' s perspectiv e i s 
essentia l  fo r  judgment s o f  rationality . 

The Roles of Agent and Designer 

Th e clai m tha t  rationa l  conu^o l  procedure s canno t  b e 
embodie d withi n a n agen t  withou t  fundamenta l  architectura l 
decision s bein g provide d fro m outsid e amount s t o a  clai m 
tha t  a  forma l  syste m o f  rationalit y suc h a s th e on e discusse d 
her e canno t  b e full y automated .  Th e wor k tha t  a  forma l 
syste m lik e decisio n theor y ca n d o i s intrinsicall y o f  a 
differen t  natur e tha n tha t  demande d o f  a  situated ,  limite d 
agent .  A  designe r  ca n appl y suc h a  syste m t o th e 
constructio n an d judgmen t  o f  a n agent ,  bu t  neithe r  th e 
designe r  no r  th e agen t  ca n appl y a  notio n o f  rationalit y t o 
itself .  Forma l  rationalit y i s  definabl e onl y i n th e interactio n 
of  thes e tw o distinc t  perspectives . 

I n a  metaleve l  architecuire ,  a  highe r  leve l  sub-agen t  ca n b e 
considere d t o b e decidin g rationall y amon g procedure s fo r  us e 
b y th e base-leve l  agent ,  usin g somethin g lik e decisio n 
theory ,  bu t  wit h respec t  t o undeliberate d backgroun d 
assumption s abstractin g th e base-leve l  procedure s t o a  poin t 
of  tractabl e rationa l  comparison .  I n a  simila r  way ,  whethe r 
a designer' s resource s ar e bein g pu t  t o rationa l  us e ca n onl y 
be determine d b y treatin g th e designer  a s a n agen t  an d 
examinin g it s undeliberate d backgroun d abstractio n 
assumptions ,  takin g a  perspectiv e externa l  t o i t  i n orde r  t o 
judg e it s performanc e i n compariso n wit h thos e o f  it s 
alternatives .  Determination s o f  rationalit y b y th e designe r 
presum e thes e backgroun d assumptions ,  an d ar e onl y 
addressabl e t o agent s externa l  t o itself .  Attempt s t o 
determin e it s o w n rationalit y effectivel y endo w i t  wit h 
metaleve l  structure ,  subjec t  t o al l  th e consideration s an d 
limitation s thereof . 

Thes e tw o role s o f  agen t  an d designe r  embod y differin g 
perspective s o n a  variet y o f  issue s importan t  t o concern s 
ovCT th e automatabilit y  an d forma l  definabiUt y o f  intelligen t 
behavior .  Consider ,  fo r  example ,  h o w the y trea t  tim e an d 
reactivity .  A n agen t  i s a n algorith m runnin g i n th e worl d 
whic h act s a s i t  doe s a t  som e particula r  rate .  Whethe r  i t 
use s it s tim e rationall y an d efficientl y i s determine d no t  b y 
whethe r  o r  no t  it s algorith m ha s embedde d withi n i t  som e 
forma l  rule s fo r  rationa l  behavior ,  bu t  rathe r  whethe r  fro m 
th e designer' s perspectiv e it s behavior  i s bette r  tha n tha t  o f 
alternativ e implementabl e algorithms .  I n contrast ,  th e 
designer ,  i n judgin g th e rationa l  us e o f  tim e b y th e agent ,  i s 
usin g a  formalize d syste m o f  rationality ,  an d th e tim e 
involve d i n suc h applicatio n i s no t  a n issu e reflecte d i n th e 

criteri a o f  judgment .  Consideration s o f  th e efficienc y o f  th e 
designe r  onl y fin d thei r  wa y i n throug h th e assumption s 
made i n formalizin g th e proble m o f  agen t  judgment ,  whic h 
ar e i n tur n onl y judgabl e fro m th e viewpoin t  o f  on e outsid e 
th e designer ,  u-eatin g th e designe r  a s a n agent .  Rationalit y 
ca n onl y addres s itsel f  t o tempora l  contro l  issue s a s thes e ar e 
nontemporall y represente d i n agen t  description ,  no t  a s the y 
occu r  i n th e applicatio n o f  th e syste m o f  rationalit y itself . 

A simila r  clarificatio n i s afforde d th e issu e o f  inductio n by . 
thi s distinctio n betwee n perspectives .  Again ,  th e agen t 
simpl y exhibit s s o m e for m o f  inductiv e behavior ,  an d 
judgment s a s t o it s rationalit y ar e mad e wit h respec t  t o a 
forma l  syste m possesse d b y th e designer .  I f  th e designe r  i s 
usin g Bayesia n decisio n theory ,  method s fo r  correc t  updatin g 
of  belief s i n respons e t o ne w informatio n abou t  th e worl d 
ar e implici t  i n th e prior .  S o th e designe r  ca n judg e th e 
agent' s us e o f  inductio n usin g th e deductiv e tool s provide d 
by hi s forma l  theory .  A  judgmen t  o f  th e appropriatenes s o f 
th e designer' s prio r  ca n onl y b e m a d e wit h respec t  t o a n 
externa l  designer' s perspective ,  whic h contain s it s o w n 
backgroun d assumption s embodie d i n a  prior . 

Bayesia n decisio n theor y recommend s believin g i n 
respons e t o ne w informatio n tha t  whic h on e previousl y 
believe d woul d hol d give n th e uait h o f  thi s ne w information . 
I t  therefor e onl y provide s a  logi c fo r  inductio n whe n al l 
possibl e consequence s o f  al l  possibl e observation s hav e 
alread y bee n take n int o account ,  include d implicitl y  i n th e 
prior ,  an d presume s th e availabilit y  o f  thi s informatio n i n 
r e c o m m e n d i n g a  decision .  I n particular ,  it s 
recommendation s fo r  whic h n e w informatio n i s wort h 
seekin g ou t  ar e predicate d o n ful l  knowledg e o f  th e deductiv e 
consequence s o f  possessin g tha t  information .  I t  canno t  b e 
use d t o judg e th e valu e o f  informatio n provide d b y th e 
deduction s i t  need s t o perfor m i n judgin g value .  It s us e i n 
conu-ollin g deductiv e effor t  i s  restricte d t o effort s no t 
intrinsi c t o it s o w n application ,  thos e o f  a  separat e agen t 
whos e computation s ca n b e modelle d probabilistically ,  no t 
thos e involve d i n workin g ou t  th e consequence s o f  tha t 
model . 

On Critiques of Formalized Intelligence 

Thi s interpretatio n o f  rationalit y a s a  relatio n betwee n th e 
role s o f  agen t  an d designe r  provide s a n alternativ e 
perspectiv e a s wel l  o n som e o f  th e issue s o f  concer n t o 
thos e offerin g "  Heideggerian "  critique s o f  artificia l 
intelligence .  A  distinctio n common l y relie d o n i n thei r 
argument s i s tha t  betwee n a  syste m embedde d i n th e worid , 
respondin g directl y withou t  a  forma l  representatio n an d 
theor y t o guid e it s activity ,  an d on e involve d i n symboli c 
representatio n an d modellin g o f  th e world ,  usin g a  formal . 
rationa l  methodolog y fo r  determinin g it s actions .  Th e 
forme r  i s describe d a s being-in-the-worl d b y Dreyfu s (1992 ) 
and a s th e conditio n o f  thrownnes s b y Winogra d an d Flore s 
(1987) .  Th e distinctio n i s hel d t o cu t  betwee n peopl e an d 
th e kind s o f  system s develope d b y researcher s i n artificia l 
intelligence .  Variou s difficultie s ar e encountere d i n tryin g t o 
m a ke a  syste m o f  th e latte r  sor t  wit h limite d resource s 
whic h ca n behav e successfull y i n th e worid .  One ,  discusse d 
by Dreyfus ,  i s  th e infinit e regres s an d expansio n encountere d 
i n u-yin g t o accoun t  fo r  th e context s i n whic h decisio n 
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makin g i s t o tak e place .  (Notic e tha t  thi s i s essentiall y  th e 
same difficult y foun d abov e i n tryin g t o determin e 
appropriat e abstraction s fo r  rationa l  decisio n makin g b y 
usin g a  metaleve l  architecture. )  Difficultie s o f  thi s son . 
involvin g us e o f  a  predetermine d symboli c representatio n 
and manipulatio n scheme ,  ar e purporte d t o preven t  suc h a n 
agent  fro m exhibitin g th e flexibilit y  o f  behavio r  require d fo r 
dealin g wit h al l  th e vagarie s o f  situation s presente d b y th e 
wOTld.  Anoth« -  sor t  o f  difficulty ,  discusse d b y Winogra d an d 
Flores ,  i s  th e differen t  socia l  rol e playe d b y a  compute r  i n 
expressin g th e intention s an d commitment s o f  it s  designers , 
compare d t o tha t  o f  th e designer s themselves ,  hel d 
responsibl e fo r  thei r  ow n actions .  Thes e difficultie s ar e 
take n t o sho w th e impossibilit y  o f  a  syste m whic h use s 
forma l  method s t o achiev e intelligen t  behavior . 

W h en forma l  rationalit y i s see n a s a  propert y o f  th e 
relatio n betwee n a  designe r  an d a n agen t  rathe r  tha n a 
propert y o f  a n agen t  itself ,  th e abov e distinctio n take s o n a 
differen t  form .  Th e embedded ,  situate d natur e o f  being-in -
the-world ,  requirin g respons e withou t  recours e t o a  ful l 
rationa l  justificatio n o f  one' s actions ,  i s  actuall y a n ap t 
descriptio n o f  th e situatio n o f  an y resourc e limite d agent , 
thos e implemente d b y a  designe r  o n a  compute r  a s wel l  a s 
thos e engage d i n suc h designing .  I t  i s  onl y a s interprete d 
fro m a n externa l  perspectiv e tha t  a n agen t  ca n b e sai d t o b e a 
rational ,  forma l  system ,  an d th e "limitations "  suc h a  syste m 
possesse s ar e limitation s o f  th e interpretatio n rathe r  tha n o f 
th e agen t  Inadequacie s i n th e behaviora l  capabilitie s o f  suc h 
an agen t  ar e wit h respec t  t o th e analysi s afforde d b y a  forma l 
syste m o f  rationality ,  no t  du e t o it s embodimen t  o f  suc h a 
system . 

I n fact ,  th e role s o f  agen t  an d designe r  ar e interpretationa l 
role s applie d t o system s i n orde r  t o mak e sens e o f  th e 
relatio n betwee n th e su-icture s o f  rationalit y an d agen t 
behavior .  Wher e th e distinctio n i s t o b e draw n i s ope n t o 
wid e variance ,  dependin g o n th e agen t  whos e behavio r  i s t o 
be th e subjec t  o f  rationa l  analysi s o r  contro l  (reminiscen t  o f 
th e conditio n o f  psycho-physica l  parallelis m o n th e divisio n 
i n physic s betwee n observe r  an d observed ,  a s describe d b y 
von Neuman n (1955)) .  W e hav e see n abov e ho w i n th e 
contex t  o f  metaleve l  architecture s i t  i s ofte n usefu l  t o appl y 
th e rol e description s t o tw o part s o f  th e sam e computationa l 
agent .  I n contrast ,  th e tool s o f  rationalisti c analysi s ar e als o 
of  us e i n examinin g an d modellin g th e behavio r  o f  othe r 
people ,  a s i s commo n i n microeconomics .  Th e distinctio n 
betwee n forma l  an d "thrown "  system s doe s no t  cu t  neatl y 
betwee n th e huma n an d th e computer . 

Thi s sam e flexibilit y  i n rol e assignmen t  ha s implication s 
fo r  th e ascriptio n o f  commitmen t  an d intentio n t o a  system . 
The designe r  ha s th e responsibilit y  o f  judgin g th e rationalit y 
of  a n agent ,  an d henc e it s adequac y fo r  a  give n task . 
Therefore ,  i n th e commo n situatio n forme d b y assignin g th e 
designe r  rol e t o a  perso n an d th e agen t  rol e t o a  machine , 
socia l  commitmen t  i s indee d mos t  naturall y ascribe d t o th e 
person ,  th e machin e bein g a  mean s fo r  fulfillin g th e person' s 
socia l  contracts .  However ,  i f  th e designe r  rol e i s assigne d t o 
a metaleve l  withi n a n agent ,  i t  ca n reasonabl y b e spoke n o f 
as committe d t o th e rationa l  behavio r  o f  it s  controlle d 
subagent .  Onl y b y revokin g it s statu s an d considerin g i t  a n 

agen t  whos e rationalit y i s t o b e teste d fro m outsid e d o w e 
transfe r  it s commitmen t  t o it s designer . 

Conclusion 

We hav e see n tha t  th e rationalit y o f  a n agen t  wit h onl y 
limite d computationa l  resource s ca n onl y b e determine d fro m 
a perspectiv e externa l  t o it ,  an d tha t  thi s conceptio n ha s a 
variet y o f  consequence s fo r  effort s t o formall y implemen t 
rationa l  agents .  O n th e on e hand ,  th e requiremen t  o f  a n 
externa l  perspectiv e fo r  rationalit y judgment s place s limit s 
on claim s t o normativenes s o n th e par t  o f  particula r 
architectures ;  excep t  i n rar e case s wher e rationa l  choic e 
among agen t  design s present s a  trivia l  computationa l 
burden ,  abstractio n assumption s necessaril y  mad e i n 
applyin g forma l  analysi s t o th e agen t  ar e agai n challengeabl e 
fro m th e perspectiv e o f  on e examinin g th e rationalit y o f 
limite d resourc e us e b y th e analyst .  O n th e othe r  hand ,  th e 
resultin g rol e distinctio n seem s t o captur e man y o f  th e 
concern s o f  critic s o f  th e applicatio n o f  forma l  method s t o 
intelligen t  agen t  desig n withou t  forcin g th e sam e negativ e 
conclusion s tha t  the y reach .  Th e resultin g characterizatio n 
of  th e relationshi p betwee n formal ,  normativ e 
methodologie s an d th e desig n an d modellin g o f  intelligen t 
agent s wil l  hopefull y b e o f  servic e i n clarifyin g th e natur e o f 
th e tas k undertake n b y th e modeller s an d designers . 
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