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Autonomous, Resource-constrained Agents 

Michael Fehling Bernard Baars Charles Fisher 
Intelligen t  System s Th e Wrigh t  Institut e Th e Sa n Francisc o 
Laborator y 272 8 Duran d Ave .  Psychoanalyti c Institut e 
321 Terma n Cente r  Berkeley ,  C A 9470 4 242 0 Sutte r 
Stanfor d Universit y Sa n Francisco ,  C A 9411 5 
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Abstract 

We discuss the capabilities required by intelligent "agents" that must carry out their 
activitie s amids t  th e complexitie s an d uncertaintie s o f  th e rea l  world .  W e conside r 
importan t  challenge s face d b y resource-constraine d agent s wh o mus t  optimiz e thei r  goal -
directe d action s withi n environmenta l  an d intema l  constraints .  An y rea l  agen t  confront s 
limit s o n th e qualit y an d amoun t  o f  inpu t  information ,  knowledg e o f  th e future ,  acces s t o 
relevan t  materia l  i n memory ,  availabilit y  o f  alternativ e strategie s fo r  achievin g it s curren t 
goals ,  etc .  W e specif y a  "minimalist "  architectur e fo r  a  resource-constraine d agent ,  base d 
on Globa l  Workspac e Theor y (Baars ,  1988 )  an d o n th e researc h o f  Fehlin g (Fehlin g & 
Breese ,  1988) .  W e sho w ho w problem-solvin g an d decision-makin g withi n suc h a s 
syste m adapt s t o critica l  resource s limitation s tha t  confron t  a n agent .  Thes e observation s 
provid e th e basi s fo r  ou r  analysi s o f  th e functiona l  rol e o f  repressio n i n a n intelligen t  agent . 
We sho w tha t  activ e repressio n o f  informatio n an d action s migh t  b e expecte d t o emerg e an d 
pla y a  constructiv e rol e i n ou r  mode l  o f  a n intelligent ,  resource-constraine d agent . 

1. Introduction. 

Repression involves the purposeful exclusion of information from consciousness. The 
represse d materia l  i s typicall y assume d t o b e to o painful ,  shameful ,  o r  anxiety-provokin g t o 
be tolerabl e (Freud ,  1915) .  Althoug h observation s suggestin g repressio n ar e widel y 
reporte d i n th e psychologica l  clinic ,  har d experimenta l  evidenc e fo r  repressio n remain s 
problematic .  Eve n skeptics ,  however ,  agre e tha t  som e sor t  o f  avoidanc e o f  painfu l 
thought s i s extremel y commo n an d demonstrabl e (Holmes ,  1967 ;  Erdelyi ,  1985) .  Thi s 
paper  wil l  no t  focu s o n th e issu e o f  psychologica l  evidence .  Rather ,  w e wil l  ask ,  coul d 
repression ,  o r  it s  functiona l  equivalent ,  emerg e naturally ,  i n an y autonomou s agent , 
operatin g i n goal-directe d bu t  resource-constraine d fasluo n (FehUn g e t  al. ,  1989) ? 

This paper presents a first report of an effort to merge three, rather distinct perspectives on 
th e natur e o f  intelligen t  agency : 

• a functional theoretical perspective that combines a psychological model known as 
th e Globa l  Workspac e Hypothesi s (Baars ,  1988 )  an d a  computationa l  mode l  o f 
intelligen t  problem-solvin g b y resource-constraine d agent s (Fehling ,  Altman ,  & 
Wilber ,  1989) , 

•  a  normativ e theoretica l  perspectiv e o f  reasonin g adapte d from  decision-theor y an d 
decisio n analysis ,  an d 

•  aspect s o f  a  Freudia n theor y o f  unconscious ,  psychodynami c processes . 
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Our  discussio n o f  repressio n illustrate s a  perspectiv e an d methodolog y tha t  i s  emergin g 
fro m ou r  effort s t o fus e thes e distinc t  theoretica l  approache s t o th e natur e o f  intelligen t 
agency . 

2. Resource-constrained Agency. 

Intelligent problem-solvers and decision makers are resource-constrained agents. When 
actin g autonomousl y i n complex ,  dynamicall y changin g situation s tha t  aris e i n th e rea l 
world ,  thes e agent s mus t  cop e wit h th e scarcit y o f  resource s tha t  ma y b e essentia l  fo r 
carryin g thei r  tasks .  Resource-constraine d agent s mus t  ac t  t o formulat e an d achiev e thei r 
objective s withou t  violatin g constraint s impose d b y thes e limited ,  task-critica l  resources . 

Time is a critical resource. In real-world situations task-performance time is always 
Umited .  Tempora l  limitation s significantl y impac t  th e appropriatenes s an d effectivenes s of 
an agent' s actions .  A n intelligen t  agent' s abilit y  t o reac t  to ,  an d interac t  with ,  it s 
environmen t  ma y b e constraine d b y deadline s o n th e tim e availabl e t o complet e thos e 
actions .  Deadline s requir e a n agen t  t o foreshorte n th e tim e spen t  deliberatin g about ,  an d 
carryin g out ,  it s  actions .  Thus ,  a n agen t  ma y nee d t o limi t  th e specificity ,  precision ,  o r 
qualit y o f  it s  action s i n orde r  t o mee t  suc h real-tim e constraints .  A n agen t  ma y als o nee d t o 
synchroniz e it s action s wit h th e independen t  occurrenc e o f  environmenta l  events .  Fo r 
example ,  durin g diagnosti c reasonin g a n intelligen t  agen t  ma y nee d t o carefull y manag e th e 
tim e spen t  i n gatherin g an d interpretin g dat a fro m variou s source s i n orde r  t o observ e an d 
interpre t  intermittentl y availabl e dat a OD'Ambrosi o e t  al. ,  1987) . 

Information is an equally critical resource. In real-world situations, intelligent agents 
seldom ,  i f  ever ,  hav e sufficien t  informatio n t o full y  determin e th e trut h o f  belief s o r 
unambiguousl y selec t  th e bes t  cours e o f  action .  Informationa l  incompletenes s o r 
uncertaint y significantl y constrain s th e effectivenes s o f  a n intelUgen t  agent' s action s an d 
deliberations .  So ,  a n intelligen t  agen t  ma y see k t o reduc e it s uncertaint y throug h belie f 
management ,  includin g medliod s t o activel y gathe r  dat a an d t o infe r  ne w belief s from 
existin g one s wit h soun d method s o f  inference ,  suc h a s logica l  o r  probabilisti c  deduction . 
Unfortunately ,  belie f  managemen t  entail s cost s a s wel l  a s benefit s (Fehlin g &  Breese , 
1988) .  Howeve r  beneficia l  a n agent' s belie f  managemen t  effort s ma y b e i n reducin g 
uncertainty ,  undertakin g thes e effort s wil l  consum e tim e an d othe r  resources .  Fo r 
example ,  a  medica l  diagnosticia n ma y fin d i t  quit e difficul t  t o decid e whethe r  t o carr y ou t 
possibl y dangerou s explorator y surgery ,  eve n thoug h thi s procedur e woul d retur n usefu l 
information .  I n addition ,  b y focusin g it s attentio n o n data-gatherin g observation s o r  o n 
inferentia l  deliberation ,  a n agen t  ma y compromis e it s abilit y  t o achiev e othe r  importan t 
objectives .  Conside r  a  hike r  plannin g th e quickes t  pat h bac k t o cam p befor e dark . 
Excessiv e tim e i n plannin g coul d obviat e th e ver y goa l  i t  i s  intende d t o achieve . 

An intelligent agent's cognitive capacities represent another set of critical resources. Even 
th e mos t  well-endowe d agen t  i s  constraine d b y a  finit e capacit y fo r  storin g an d retrievin g 
dat a from  memor y an d rat e o f  inferrin g ne w conclusion s from  previousl y store d 
information .  Whil e a n agen t  ca n onl y indirectl y affec t  th e availabilit y  o f  exogenou s 
resource s suc h a s tim e an d information ,  thes e endogenous ,  cognitiv e resource s ar e unde r 
more direc t  control .  T o cop e wit h it s finit e capacities ,  a n inteUigen t  agen t  mus t  judiciousl y 
manage th e distributio n o f  it s  cognitiv e resource s amon g th e activitie s t o whic h the y coul d 
potentiall y  b e applied .  Selectiv e attentio n phenomen a ma y reflec t  ver y directl y a n agent' s 
attempt s t o cop e wit h th e scarcit y o f  it s  cognitiv e resources . 

Our discussion illustrates how an intelligent agent must make the best use of scarce 
resource s t o achiev e it s mos t  critica l  objectives .  A n agent' s effectivenes s i n reasonin g an d 
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actin g depend s upo n h o w wel l  tha t  agen t  ca n adap t  o r  modif y wha t  i t  migh t  d o unde r  idea l 

circumstance s t o cor^or m t o constraint s impose d b y th e limite d availabilit y  o f  critica l 

resources .  Theorie s an d computationa l  model s o f  intelligen t  agenc y a s wel l  a s specifi c 

problem-solvin g model s mus t  inevitabl y accoun t  fo r  thi s typ e o f  adaptivity . 

In general, to achieve this adaptivity, an intelligent agent must seek to maximize the quality 

of  it s  tas k performanc e withi n th e recognize d resourc e constraints .  Thus ,  th e agen t  mus t 

emplo y "meta-level "  processe s tha t  manag e it s problem-solvin g an d decision-rnakin g 

activitie s accordin g t o thi s genera l  adaptivit y requiremen t  (Fehlin g &  Breese ,  1988) .  Thes e 

meta-leve l  processe s m a y 

• select the actions or strategies that make the best use of available resouces from 

previousl y constructe d alternative s 

•  modif y existin g action s o r  strategies ,  o r  construc t  entirel y n e w responses ,  t o 

simultaneousl y mee t  resourc e constraint s an d maximiz e performanc e quality ,  o r 

•  som e mi x o f  thes e tw o basi c approache s (Fehling ,  Sagalowicz ,  &  Joerger ,  1986) . 

Achieving this adaptation is made even more difficult because meta-level processes are 

themselve s problem-solvin g activit y consumin g significan t  resource s (Bamett ,  1984) .  Th e 

agen t  must ,  therefore ,  boun d it s effort s t o selec t  o r  construc t  a  pla n fo r  accomplishin g a 

resource-constraine d task .  Meta-leve l  deliberatio n mus t  leav e resource s fo r  a  suitabl e task -

performanc e strateg y t o b e enacte d (Maes ,  1986) . 

Theorists and experimenters in disciplines such as philosophy, cognitive science, AI, 

linguistics ,  an d th e decisio n science s hav e onl y recentl y begu n t o focu s o n resource -

constraine d reasoning .  F e w investigator s hav e focuse d o n how ,  o r  eve n whether ,  theorie s 

of  intelligen t  reasonin g an d actio n migh t  requir e revisio n i n orde r  t o reflec t  adaptatio n t o 

limite d time ,  information ,  cognitiv e capacity ,  o r  othe r  resources .  I n th e psychologica l 

literature ,  mos t  model s o f  intelligen t  problem-solving ,  decision-making ,  etc .  m a k e n o 

provisio n fo r  managin g th e tradeoff s an d compromise s require d o f  a  resource-constraine d 

agent .  Ther e ar e a t  leas t  tw o importan t  counter-example s t o thi s las t  claim .  First ,  th e 

researc h an d theorie s o n so-calle d selectiv e attentio n addres s issue s tha t  ar e obviousl y quit e 

simila r  t o thos e w e rais e here .  I n addition ,  researc h o n limite d capacit y cognitiv e 

mechanism s suc h a s short-ter m m e m o r y o r  sensor y buffe r  storag e focu s o n importan t  type s 

of  endogenou s constraint s an d mechanism s tha t  subject s rel y upo n i n copin g wit h them . 

Preliminary investigations of resource-constrained agency suggest that standard 

conception s o f  intelligen t  reasonin g an d actio n m a y requir e radica l  revisio n (Good ,  1983 ; 

Fehlin g e t  al. ,  1989) .  Fehlin g an d hi s colleague s ar e conductin g in-dept h analyse s o f 

importan t  case s o f  resource-constraine d agency .  Employin g th e computationa l  modelin g 

perspectiv e o f  A I  an d cognitiv e science ,  the y conclud e tha t  a  genera l  "architecture "  o f  a 

resource-constraine d agen t  mus t  includ e certai n feature s no t  commonl y foun d i n agen t 

architecture s suc h a s S O A R (Laird ,  Newell ,  &  Rosenbloom ,  1987) ,  B B l  (Hayes-Roth , 

1985) ,  o r  A C T *  (Anderson ,  1976) .  Fo r  example ,  i n spit e o f  extensiv e psychologica l 

researc h o n selectiv e attention ,  non e o f  thes e architecture s provid e "interruptability "  — th e 

a problem-solvin g agent' s abilit y  t o detec t  th e occurrenc e o f  critica l  events ,  suspen d o r 

cance l  it s on-goin g activities ,  an d respon d t o thes e critica l  events .  No r  d o thes e 

architecture s substantivel y manag e tradeoff s amon g multiple ,  independent ,  an d possibl y 

competin g tasks .  Th e nex t  sectio n sketche s a  minima l  architectur e wit h som e o f  thes e 

features ,  criticall y neede d b y a  resource-constraine d agent . 

Fehling and other AI researchers have argued that that models of specific problem-solving 

processe s o f  intelligen t  agent s mus t  als o b e radicall y revised .  Ver y fe w problem-solvin g 

model s provid e fo r  resource-constrained ,  adaptiv e managemen t  o f  problem-solvin g activit y 
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itself .  Fehlin g (Fehlin g &  Breese .  1988 )  ha s begu n formulatin g a n approac h t o resourc e 

constraine d problem-solvin g tha t  incorporate s concept s fro m forma l  decisio n theory .  Thi s 

wor k propose s way s tha t  a n agen t  ca n decid e h o w an d whe n expen d resource s t o avai l 

itsel f  o f  informatio n tha t  migh t  significand y chang e it s belief s o r  it s commitment s t o futur e 

action .  Ou r  analysi s o f  th e functiona l  rol e o f  repressio n i n sectio n 4  incorporate s som e 

result s o f  thi s research .  W e rel y ther e upo n th e ide a w e hav e jus t  outline d — a n intelligen t 

agen t  wil l  attemp t  t o limi t  it s actions ,  deliberations ,  an d meta-leve l  deliberation s t o thos e 

element s whos e cost s ar e likel y t o b e outweighe d b y thei r  likelihoo d o f  improvin g futur e 

condition s fo r  th e agent .  Thi s principl e applies ,  i n particular ,  t o th e wa y i n whic h 

informatio n i s store d an d retaine d b y th e agent .  T o summariz e ou r  positio n 

Repression would naturally arise in barring from use any irtformation 

whose cost s o f  us e outweig h thei r  potentia l  benefits .  I n ou r  curren t 

architecture ,  thi s woul d specificall y impl y barrin g acces s t o irformatio n 

fro m th e G W.  Informatio n woul d b e represse d rathe r  tha n erase d i f  i t  wer e 

sufficientl y likel y tha t  thi s cost-benefi t  tradeoff ^  migh t  chang e i n th e future . 

3. A Functional Agent Architecture. 

We now describe a "minimalist" architecture for an agent who must optimize its goal-
directe d action s withi n environmenta l  an d interna l  constraints .  Ou r  analysi s o f  th e 

functiona l  rol e o f  repressio n wil l  depen d th e assumptio n tha t  a  resource-constraine d agen t 

has a  limite d capacit y component ,  suc h a s a  workin g memory ,  tha t  i s roughl y equivalen t  t o 

consciou s acces s i n huma n being s (Baars ,  1988) . 

We are investigating a global workspace (GW) architecture. GW architectures have been 

explore d fo r  abou t  twent y years ,  a s genera l  problem-solvin g framework s fo r  a  variet y o f 

problem-solvin g tasks .  Severa l  psychologist s sugges t  analogie s betwee n G W architecture s 

and th e huma n nervou s syste m (e.g .  Baars ,  1988 :  Norma n &  Shallice ,  1980 ;  Bowe r  & 
Cohen,  1982 ;  Reason ,  1983) .  Fig .  1  depict s th e fiv e element s o f  ou r  architecture : 

1. A "society" of Specialists — These modules each handle a particular sub-task, 

2 .  A  Globa l  Workspac e ( G W )  — Th e G W manage s inpu t  fro m th e agent' s 

sensor s an d output s o f  th e agent' s effectors .  I t  als o broadcast s inpu t 

informatio n t o th e societ y a s a  whol e s o tha t  appropriat e specialist s ca n b e 

"triggered "  t o react ; 

3.  A  collectio n o f  specialize d Sensor s an d Effector s — Activ e specialist s manag e 

sensor s an d effector .  Thus ,  a  senso r  (effector )  modalit y wil l  b e operativ e i f  it s 

managin g specialist s ar e activ e an d non-operativ e otherwise ; 

4.  A  Dominan t  Goa l  Hierarch y ( D G H )  -  Th e D G H specifie s th e curren t 

precedenc e hierarch y o f  goal s an d objective s t o whic h th e agen t  i s currentl y 

commited .  Th e D G H als o control s acces s t o th e G W.  Thus ,  inpu t  relevan t  t o 

to p leve l  goal s i s give n precedenc e ove r  les s significan t  input ; 

5.  A  Backgroun d Irrformatio n Stat e (BIS )  — Th e BI S include s a  collectio n o f 

contex t  hierarchie s an d goa l  hierarchies .  Eac h contex t  hierarch y encapsulate s 

an internall y consisten t  collectio n o f  informatio n tha t  model s som e aspect s th e 

agent' s environmen t  o r  itself .  Th e goa l  hierarchie s may ,  unde r  th e actio n o f 

certai n specialists ,  becom e th e D G H . 
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Dominan t  Goa l 

Hierarch y 
Spec ia l is t s 
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I 1 Competing] 1 

'  '^Context s  ̂  ' 

Globa l  Workspac e 

O o O q O o 

B a c k g r o u n d I n f o r m a t i o n S ta t e 

Othe r  context s Goa l  Hierarchie s 

— I l ~ 1 

r 1 r 1 

Ef fector s 

& 

Sensor s 

Figur e 1  — A n Architectur e fo r  a  Resource-constraine d Agen t 

Section two elucidated how an agent's actions must adapt to contextual constraints. In this 
light ,  a n additiona l  aspec t  o f  ou r  agen t  architectur e i s especiall y importan t  -  th e abilit y  o f  th e 

syste m t o detec t  critica l  change s i n th e environmen t  o r  i n itsel f  an d reac t  t o suc h critica l 

events .  Thi s "interruptability "  provide s ou r  architectur e wit h th e mean s fo r  couplin g it s 

action s t o change s i n it s  environment .  Fehling ,  Altman ,  an d Wilbe r  (1989 )  discus s thi s 

aspec t  o f  th e architectur e i n detail . 

4. Repression as Information Management. 

If the Global Workspace is analogous to consciousness or short-term memory (Baars, 
1988) ,  th e Specialist s ar e comparabl e t o unconsciou s an d isolate d processors .  Repressio n 
i s functionall y equivalen t  t o purposefu l  exclusio n o f  som e potentia l  G W inpu t  fro m th e 
Globa l  Workspace .  Inpu t  tha t  fo r  human s provoke s pain ,  shame ,  guilt ,  o r  anxiet y ha s a 
functiona l  analogu e i n G W message s tha t  interrup t  curren t  G W content s b y accessin g ver y 
high-leve l  goal s (suc h a s survival) ,  an d perhap s posin g problem s tha t  deman d a  radica l 
restructurin g o f  th e curren t  Dominan t  Goa l  Hierarchy .  Th e questio n the n becomes,/ro m a 
pur e systems-desig n perspective ,  i s  ther e afunctiona l  rol e fo r  som e mechanis m lik e 

repression ? W e ar e currentl y explorin g tw o majo r  possibilities : 

1. The need to avoid goals that have been outgrown, but which cannot be deleted. 

A robotic example. Early developmental stages of an autonomous agent may have created 

alar m situation s (involvin g th e goa l  o f  survival )  tha t  m a y n o longe r  b e realistic .  Le t  u s 
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suppos e tha t  w e hav e use d th e cognitiv e architectur e o f  Fig .  1  t o implemen t  a n autonomou s 

explorator y robot ,  Alice ,  th e autonomou s agent .  Alic e i s explorin g geologica l  an d 

environmenta l  feature s o f  Mar s fo r  N A S A .  Upo n he r  arrival ,  Alic e constructe d a  bas e 

camp,  consistin g primaril y o f  a  larg e shelte r  t o protec t  he r  fro m dus t  storm s an d hig h level s 

of  sola r  radiation ,  an d outfitte d wit h sola r  array s wit h whic h Alic e recharg e he r  batteries . 

W h en Alic e first  arrived ,  sh e wa s programme d wit h sketch y knowledg e abou t  th e 

likelihoo d o f  dange r  from  dus t  storm s an d radiation .  I n fact ,  sh e wa s programme d wit h a 

"cautious "  goa l  hierarch y wit h highe r  priorit y element s requirin g Alic e t o monito r  carefull y 

fo r  condition s signallin g possibl e dangers .  Alic e wa s als o programme d wit h alternativ e 

goal  hierarchie s containin g havin g high-priorit y requirement s t o complet e experimenta l 

missions .  I n term s o f  th e functiona l  characteristic s implie d b y Fig .  1 ,  Alice' s performanc e 

i n an y situatio n wil l  b e a  functio n o f  th e currentl y chose n D G H .  T o protec t  he r  from  th e 

unknow n risks  o f  he r  environment ,  Alice' s designer s provide d he r  wit h a  meta-leve l  "rule " 

stipulatin g tha t  th e "cautious "  goa l  hierarch y b e selecte d a s th e defaul t  EXjH .  Operatin g 

unde r  thi s D G H ,  m u c h o f  Alice' s activit y i s  devote d t o assessin g possibl e danger ,  and , 

when an y evidenc e o f  dange r  i s noted ,  seekin g shelte r  i n bas e camp .  D u e t o he r  exces s 

caution ,  Alic e foun d tha t  sh e woul d seldo m complet e a  tas k withou t  man y precautionar y 

interruptions .  Afte r  a  lon g perio d o f  residency ,  Alic e foun d tha t  condition s di d no t 

warrante d he r  seekin g shelter .  A t  thi s poin t  Alic e switche d he r  goa l  hierarch y t o on e tha t 

specifie s tas k completio n a s th e highest-priorit y elements .  Unde r  thi s ne w D G H sh e woul d 

no longe r  regularl y monito r  fo r  danger .  Sh e estimates ,  therefore ,  tha t  sh e ca n devot e mor e 

tim e an d he r  o w n processin g resource s t o completin g he r  experiments .  B y calculatin g th e 

expecte d valu e o f  continuin g t o operat e cautiously ,  bu t  inefficiently ,  an d comparin g tha t  t o 

th e expecte d valu e o f  operatin g withou t  precautionar y actions ,  Alic e determine s tha t  he r 

expecte d productivit y (includin g he r  chance s o f  survival )  wil l  b e highe r  whe n usin g th e 

task-oriente d goa l  hierarchy .  Thi s sor t  o f  deliberatio n i s know n i n decision-theoreti c term s 

as a  "value-of-information "  calculation .  Alic e ha s determine d tha t  th e margina l  valu e o f 

precautionar y data-gatherin g an d actio n i s negativ e i n compariso n t o othe r  mode s o f 

operation . 

In terms of our architecture, Alice's switch in DGH requires barring data that could activate 

th e cautiou s goa l  hierarch y from  th e G W.  Otherwise ,  thi s hierarch y coul d supersed e th e 

ne w D G H .  So ,  informatio n an d action s tha t  coul d selec t  th e cautiou s goa l  hierarch y mus t 

be effectivel y repressed .  Becaus e th e decisio n t o repres s wa s base d o n uncertai n 

information ,  thi s goa l  hierarchy ,  an d th e informatio n associate d wit h it ,  shoul d no t  b e 

erased ,  however .  Not e als o tha t  Alic e no t  onl y preclude s th e furthe r  us e o f  th e ol d goa l 

hierarchy ,  bu t  avoid s eve n testin g th e relevanc e o f  th e ol d goa l  hierarchy :  Suc h test s 

would ,  afte r  all ,  amoun t  t o usin g th e sam e information-gatherin g commitment s tha t  sh e ha s 

determine d no t  t o b e cost-effective . 

A human example. For human infants, avoiding abandonment is a survival goal, and the 

infan t  i s  extraordinaril y  vigilan t  agains t  an y hin t  o f  rejection .  I f  growin g u p involve s 

adoptin g new ,  mor e mature ,  realistic ,  an d self-confiden t  D G H s ,  supersedin g th e infantil e 

D G H,  the n interruption s from  th e infantil e D G H mus t  b e warde d off .  But ,  i n ambiguou s 

situation s — an d practicall y al l  socia l  situation s ar e profoundl y ambiguou s — th e tendenc y 

t o over-interpre t  inpu t  signal s i n th e directio n o f  th e infantil e D G H m a y tak e ove r  again .  I n 

thi s case ,  repressio n i s effectivel y th e attemp t  o f  th e curren t  D G H t o guar d agains t  eve n 

momentar y interruption s fro m th e old ,  an d currentl y non-Dominan t  Goa l  Hierarchy . 

But why not simply delete those parts of an outmoded goal hierarchy that have become 

irrelevant ? Th e dilemm a her e i s t o determin e whe n on e ca n confidentl y delet e goals .  I t  i s 
obviousl y importan t  fo r  a n agen t  t o attac h probabilitie s t o threat s t o it s well-being .  Fo r 

example ,  althoug h socia l  rejectio n m a y b e viewe d a s a  threa t  t o b e avoide d earl y i n life , 

perhap s i t  coul d b e delete d a s a  threa t  unde r  evidenc e tha t  i t  i s  irrelevan t  t o well-being . 
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Indeed ,  becomin g a n adul t  involve s falsificatio n o f  certai n childlik e dependenc y goals . 

However ,  th e threa t  o f  abandonmen t  is ,  i n fact ,  stil l  present .  Abandonmen t  m a y agai n 

become a  threa t  unde r  circumstance s whic h creat e a  renewe d stat e o f  helplessness .  Sinc e 

suc h circumstance s ar e han d t o predict ,  i t  woul d b e risky  t o delet e par t  o f  a  goa l  hierarch y 

pertainin g t o abandonment .  Thi s inheren t  uncertaint y m a y b e heightene d i f  test s o f  th e ol d 

goa l  ar e avoided .  Indeed ,  adul t  repressio n ofte n exist s fo r  avoidan t  goal s tha t  ar e neve r 

teste d an d henc e neve r  falsified .  So ,  to-be-avoide d goal s m a y b e give n a  m u c h highe r 

probabilit y  tha n the y actuall y have .  Psychodynami c an d cognitive-behaviora l  researcher s 

hav e foun d tha t  man y peopl e fea r  rejection  t o th e poin t  o f  neve r  testin g th e realit y o f 

rejection,  thu s als o losin g th e benefit s o f  acceptanc e an d socia l  suppor t  (Erdelyi ,  1985) . 

2. The need to maintain a valued self-concept, i.e., one that is at or near the top of the goal 

hierarchy . 

A second reason to exclude material from the GW is to maintain a self-concept that ranks 

th e sel f  amon g th e highes t  value s o f  th e hierarchy .  Sinc e G W informatio n i s widel y 

distributed ,  i t  ca n als o b e use d t o revise  th e goa l  hierarch y itself .  Thus ,  i f  w e displa y G W 

informatio n tha t  show s a  high-leve l  goa l  t o b e les s worthwhil e tha n previousl y thought , 

suc h a  goa l  m a y b e pushe d d o w n i n th e goa l  hierarchy .  H u m a n s ar e well-know n t o sa y 

thing s like ,  "I'l l  jus t  di e from  sham e i f  I  fai l  thi s exam ,  i f  I  loo k ridiculous  i n front  o f  m y 

friends,  i f  I  ac t  lik e a  baby, "  etc .  I n a U thes e cases ,  th e valu e o f  th e sel f  i s  subordinate d t o a 

goal .  Flexibilit y  i n th e assignmen t  o f  value s t o goal s i s o f  obviou s importance ,  fo r 

example ,  i n bein g abl e t o mak e us e o f  unanticipate d opportunitie s t o achiev e goal s tha t  ar e 

not  curtentl y o n top ;  or ,  i f  a  majo r  inconsistenc y i s discovere d betwee n tw o goals ,  t o b e 

abl e t o devalu e on e o f  th e tw o goals ,  s o a s t o achiev e a t  leas t  one .  I t  i s  importan t  t o b e abl e 

t o valu e a  goa l  nearl y a s much ,  o r  perhap s mor e tha n lif e itself .  Ther e i s extensiv e 

psychologica l  evidenc e from  studie s o f  depressio n an d othe r  disorder s tha t  peopl e 

consciousl y under-valu e themselve s compare d t o othe r  goal s quit e often . 

Two contrary tendencies contend. In order to perform major goals, it is useful to broadcast 

G W messag e tha t  wil l  plac e th e mos t  importan t  goal s hig h i n th e goa l  hierarchy .  Bui ,  i f 

we plac e curren t  goal s highe r  tha n sel f  value ,  th e syste m m a y risk  self-destruction . 

Repressio n m a y the n protec t  th e globa l  workspac e agains t  message s tha t  woul d serv e t o 

posi t  goal s a s mor e value d tha n th e self .  F ro m thi s poin t  o f  view ,  th e valu e o f  th e self -

concep t  mus t  resid e a t  o r  nea r  th e to p i n th e goal-hierarchy ,  s o tha t  i t  ca n wor k t o exclud e 

materia l  from  th e G W tha t  wil l  ten d t o devalu e th e self. ^ 

5. Conclusions. 

We have presented a model of problem-solving by intelligent, resource constrained agents. 

Our  globa l  H'<9r/:5pace_architectur e appear s t o mee t  th e minima l  requirement s fo r  suc h a n 

agent .  W e hav e argu ^  tha t  a  resource-constraine d agen t  mus t  ba r  certai n informatio n from 

it s G W,  whil e simultaneousl y preservin g th e informatio n i n a  sequestere d manne r  fo r  us e 

unde r  condition s tha t  migh t  aris e i n th e future .  Thi s activ e exclusio n o f  informatio n fro m 

th e globa l  workspac e cortespond s t o th e ide a o f  repressio n define d b y Freu d (1915 )  a s 

"turnin g somethin g away ,  an d keepin g i t  a t  a  distanc e for m th e conscious. "  Repression , 

thu s defined ,  i s a  necessar y aspec t  o f  informatio n managemen t  i n resourc e constraine d 

agent s i n genera l  an d i n huma n being s i n particular .  Whil e ou r  reasonin g differ s from  tha t 

leadin g t o th e notio n o f  repressio n i n psychoanalysis ,  ou r  conclusio n i s similar .  Indeed , 

contemporar y psychoanalyti c theor y (e.g. ,  Brenne r  1982 )  regard s repressio n a s a  genera l 

^Recal l  tha t  th e D G H ha s bot h th e functio n o f  conu-ollin g acces s t o th e G W an d o f  maintainin g goal s fo r 
th e syste m a s a  whole . 
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menta l  capacit y distinc t  fro m a  notio n o f  psychopathology .  W e vie w repressio n a s a 
functiona l  concep t  wit h profoun d implication s fo r  th e behavio r  o f  intelligen t  systems . 

We have offered an "argument by design," that seeks to avoid controversies regarding 
empirica l  evidenc e fo r  repression .  Thi s approac h support s repression' s plausibilit y  b y (a ) 
proposin g plausibl e designs ,  o r  "computationa l  architectures, "  o f  intelligen t  agents ,  an d (b ) 
explorin g a  desig n fo r  th e role ,  i f  any ,  o f  repression .  Th e cognitiv e architectur e describe d 
i n thi s pape r  i s derive d fro m extensiv e researc h b y Baars ,  Fehling ,  an d thei r  colleagues .  I t 
i s  th e onl y on e o f  whic h w e ar e awar e tha t  i s  explicitl y  formulat ^  t o addres s th e issue s o f 
resource-constraine d agency .  Withi n thi s architecture ,  a  mechanis m lik e repressio n arise s 
naturall y an d play s a n importan t  functiona l  rol e ~  tha t  is ,  i t  appear s t o provid e a  direct , 
efficien t  wa y fo r  t o handl e a  categor y o f  highl y likel y informatio n managemen t  problems . 
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