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T O W A R DS A 
C O M P U T A T I O N AL T H E O R Y O F 

H U M AN D A Y D R E A M I N G* 

Erik T. Mueller 
Michae l  G .  Dye r 

Artificial Intelligence Laboratory 
Compute r  Scienc e Departmen t 

Universit y o f  Californi a 
Los Angeles ,  C A 9002 4 

ABSTRACT 

Thi s pape r  examine s th e phenomeno n o f  daydreaming :  spontaoeoasl y recallin g o r  imaginin g per -
sona l  o r  vicariou s experience s i n th e pas t  o r  future .  Th e followin g importan t  role s o f  daydreamin g i n hu -
m an cognitio n ar e postulated :  pla n preparatio n an d rehearsal ,  learnin g fro m failure s an d successes ,  sup -
por t  fo r  processe s o f  creativity ,  emotio n regulation ,  an d motivation . 

A computationa l  theor y o f  daydreamin g an d it s implementatio n a s th e progra m D A Y D R E I A M ER 
ar e presented .  D A Y D R E A M ER consist s o f  1 1 a  scenari o generato r  base d o n relaxe d planning ,  2 )  a 
dynami c episodi c memor y o f  experience s use d o y th e scenari o generator ,  3 )  a  collectio n o f  persona l  goal s 
and contro l  goal s whic h guid e th e scenari o generator ,  4 )  a n emotio n componen t  i n whic h daydream s ini -
tiate ,  an d ar e initiate d by ,  emotiona l  state s arisin g fro m goa l  outcomes ,  an d 5 )  domai n knowledg e o f  in -
terpersona l  relation s an d c o m m o n everyda y occurrences . 

T h e rol e o f  emotion s an d contro l  goa b i n daydreamin g i s discussed .  Fou r  contro l  goal s commonl y 
use d i n guidin g daydreamin g ar e presented :  rationaliiation ,  failure/succes s reversal ,  revenge ,  an d 
preparation .  Th e rol e o f  episodi c memor y i n daydreamin g i s considerea ,  includin g ho w daydreame d in -
formatio n i s  incorporate d int o memor y an d late r  used .  A n initia l  versio n o f  D A Y D R E I A M E I R whic h pro -
duce s severa l  daydream s (i n English )  i s currentl y running . 

1.  INTRODUCTION 

Daydreamin g i s th e spontaneou s h u m a n activit y o f  recallin g o r  imaginin g persona l  o r  vicariou s 
experience s i n th e pas t  o r  future .  Althoug h sometime s viewe d a s a  useles s distractio n fro m th e tas k a t 
hand ,  w e postulat e th e followin g importan t  role s o f  daydreamin g i n h u m a n cognition:* * 

• Daydreaming supports planning for the future. The anticipation of possible future situations allows 
th e formatio n o f  desirabl e retponte a t o thos e situation s i n advanc e an d thu s improve s efficiency .  B y 
assessin g th e consequence s o f  alternativ e course s o f  actio n i n advance ,  daydreamin g assist s i n 
decision-making .  Futur e daydreamin g als o provide s a  rehearsa l  functio n t o increas e accessibilit y o f 
response s an d th e skil l  wit h whic h the y ca n b e performed . 

• Daydreaming supports learning from successes and failures. Examination of alternative actions in a 
succes s o r  failur e experienc e allow s on e t o lear n plannin g strategie s t o b e remembere d fo r  us e i n fu -
tur e simila r  situations .  I n addition ,  daydreamin g allow s th e ongoin g reinterpretatio n o f  pas t  experi -
ence s i n ligh t  o f  ne w informatio n o r  i f  ther e wa s insufficien t  tim e t o diges t  a n experienc e whe n i t  oc -
curred . 

• Daydreaming supports processes of creativity. The generation of fanciful possibilities can lead to the 
discover y o f  ne w an d usefu l  solution s t o a  problem .  Whil e daydreamin g abou t  on e thing ,  i t  i s  possi -
bl e t o stumbl e int o a  sol"tio n t o anothe r  problem ,  i.e. ,  fortuitou s recognitio n o f  analogie s amon g 
problem s i s  possible .  Daydreamin g occur s i n th e contex t  o f  a n episodi c memor y whic h i s constantl y 
subjec t  t o revision .  Eac h tim e a  proble m i s examined ,  ne w informatio n m a y b e availabl e tha t  wil l 
enabl e a  better ,  different ,  o r  mor e creativ e solution .  Idea s generate d whil e daydreamin g ofte n provid e 
th e initia l  inspiratio n fo r  a  creativ e wor k an d furthe r  daydreaming ,  e.g. ,  o f  succes s o r  prais e fro m 

*  Th e wor k reporte d her e wa s mad e possibl e i n par t  b y a  gran t  fro m th e Kec k Foundation ,  wit h 
matchin g fund s fro m th e U C L A Schoo l  o f  Engineerin g an d Applie d Sciences .  Th e first  autho r  wa s als o 
supporte d i n par t  b y a n Atlanti c Richfiel d Doctora l  Fellowshi p an d th e secon d autho r  b y a n I B M Facult y 
Developmen t  Award . 

** See Mueller and Dyer (1985) for a more detailed discussion of the functions of daydreaming, both for 
humans an d intelligen t  compute r  systems . 
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others ,  ma y increas e th e motivatio n t o realii e it . 

•  Daydreaming supports emotion regulation. For example, upon a failure experience, daydreaming en-
able s on e t o fee l  bette r  o r  fee l  wort e dependin g o n succes s o r  failur e i n rationalizin g tha t  experience . 
Fear  associate d wit h a  futur e even t  ma y b e reduce d i f  on e daydream s abou t  effectiv e plan s t o 
succee d i n tha t  event ,  o r  increase d i f  daydream s o f  likel y failur e result . 

1.1 Obtaining DaydreMnlng Protocola 

Daydreaming is unlike most other human activities which artificial intelligence researchers at-
temp t  t o model ,  sinc e i t  i s  a  behavio r  whic h i s no t  manifeste d externally .  Th e fac t  tha t  ther e i s n o ap -
paren t  "I/O "  whil e a  perso n i s daydreamin g present s severa l  problem s fo r  us :  Ho w d o w e kno w whe n a 
perso n i s daydreaming ? Give n tha t  a  perso n i s daydreaming ,  ho w ca n w e find  ou t  wha t  tha t  perso n i s 
daydreamin g about ? 

Several methods for gathering data about daydreaming have been used in the past. Varendonck 
(1921 ,  pp .  215-216 )  use d a  for m o f  retrospectiv e repor t  i n whic h h e first  recalle d th e final  portio n o f  a 
daydrea m an d the n worke d hi s wa y backward .  KUnge r  (1971 )  an d Pop e (1978 )  use d th e techniqu e o f 
thinkin g alou d i n whic h subject s woul d verbaliz e thei r  strea m o f  though t  a s i t  occurred .  I n th e metho d o f 
though t  samplin g use d b y Klinge r  (197 8 ,  subject s woul d carr y a  beepe r  wit h them .  Whe n th e beepe r 
sounde d a t  a  rando m time ,  subject s wo u d  fill  ou t  a  questionnair e askin g the m t o describ e thei r  mos t  re -
cent  thoughts . 

Retrospective reports are generated by recalling a memory trace of the stream of thought which 
i s lai d dow n i n episodi c memor y (Tulving ,  1972 )  durin g daydreaming .  Althoug h thi s memor y trac e fade s 
wit h time ,  immediat e transcriptio n wil l  produc e fairl y accurat e recall .  Ericsso n an d Simo n (1984 )  argu e 
tha t  fo r  cognitiv e processe s o f  intermediat e duration ,  retrospectiv e report s wil l  giv e th e sam e informatio n 
as thinking-alou d protocols ,  provide d certai n criteri a ar e met .  However ,  experiment s conducte d b y Pop e 
(̂1978 )  hav e suggeste d tha t  thinking-alou d protocol s o f  daydreamin g ma y inhibi t  th e subjec t  o r  slo w 
down an d thu s modif y th e strea m o f  thought . 

1.2 Example Episode and Resulting Daydreams 

In order to investigate the phenomenon of daydreaming, transcripts of daydreams have been ob-
taine d fro m a  variet y o f  sources .  Whereve r  possible ,  w e hav e sough t  immediat e retrospectiv e reports .  Th e 
discussion s whic h follo w wil l  refe r  t o th e episod e belo w an d resultin g daydreams ,  whic h ar e a n edite d 
composit e o f  severa l  daydrea m transcripts : 

NUART-EPISODE 

Las t  nigh t  I  wen t  alon e t o th e Nuar t  Theate r  t o se e a  film .  Thi s actres s who m I'v e alway s ha d 
a crus h o n als o cam e alon e an d happene d t o si t  dow n nea r  me .  I  recognize d he r  an d starte d a 
conversation .  W e talke d quit e a  while .  A t  on e point ,  sh e mentione d th e obviousl y well-know n 
directo r  o f  th e fil m w e wer e abou t  t o se e an d I  didn' t  kno w th e name .  I  wa s embarrassed .  I 
Anall y aske d he r  i f  she' d lik e t o g o hav e a  drin k afte r  th e Aim .  Sh e sai d sh e ha d othe r  plans .  I 
was disappointed . 

^fUART-DAYDREAMl 
I  fee l  embarrasse d fo r  no t  knowin g wh o th e directo r  was .  1  should'v e pretende d t o kno w wh o 
th e directo r  was .  I n th e futur e I'l l  rea d u p o n th e fil m befor e I  go . 

NUART-DAYDREAM2 

I' m disappointe d tha t  sh e didn' t  wan t  t o g o ou t  wit h me .  Sh e migh t  chang e he r  min d i f  I  wer e 
t o as k he r  ou t  again .  I  woul d cal l  he r  up ,  bu t  I  don' t  hav e he r  telephon e number .  I  should'v e 
aske d fo r  he r  telephon e numbe r  whe n I  ha d th e chance .  I  imagin e tha t  I  aske d fo r  he r  tele -
phon e numbe r  an d sh e gav e i t  t o me .  The n late r  I  cal l  he r  u p an d sh e accept s m y offe r  fo r  a 
date .  I  regre t  no t  havin g aske d fo r  he r  number .  Bu t  she' s a  movi e sta r  an d ou t  o f  m y league . 
I  fee l  bette r  becaus e n o matte r  wha t  I  migh t  hav e done ,  sh e wouldn' t  hav e gon e ou t  wit h me . 

NUART-DAYDREAM3 
I' m disappointe d tha t  sh e didn' t  wan t  t o g o ou t  wit h me .  I  imagin e tha t  sh e accepte d m y offe r 
and w e soo n becom e a  pair .  I  hel p he r  whe n sh e ha s t o rehears e he r  lines .  I  g o t o th e studi o t o 
watc h he r  work .  Whe n sh e ha s t o d o a  fil m i n France ,  I  dro p m y wor k an d trave l  ther e wit h 
her .  A s w e continu e t o travel ,  I  begi n t o mis s m y work .  I  becom e unhapp y an d fee l  unfulfilled . 
She lose s interes t  i n me ,  becaus e I  hav e nothin g t o offe r  her .  It' s  goo d tha t  I  didn' t  ge t  in -
volve d wit h her ,  becaus e i t  would'v e le d t o disaster .  I  fee l  les s disappointe d tha t  sh e didn' t 
accep t  m y offer . 

NUART-DAYDREAM4 
I' m angr y tha t  sh e didn' t  accep t  m y offe r  t o g o hav e a  drink .  I  fee l  rejected .  I  imagin e tha t  I 
pursu e a n actin g caree r  an d becom e a  sta r  eve n mor e famou s tha n sh e is .  Sh e remember s 
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meetin g roe  m lon g tim e ag o i n a  movi e theate r  an d call s m e up .  I' m gla d sh e admit s sh e wa s 
wron g abou t  me .  I  g o ou t  wit h her ,  bu t  no w sh e ha s t o compet e wit h man y othe r  wome n fo r 
my attention .  I  eventuall y dum p her . 

1.3 The DAYDREAMER Program 

DAYDREAMER i s a  compute r  prograi n designe d t o implemen t  an d tes t  a  computationa l  theor y 
of  daydreaming .  Th e progra m operate s i n tw o modes :  daydreamin g mod e an d performanc e mode .  I n day -
dreamin g mode ,  th e progra m daydream s continuousl y unti l  interrupted .  Performanc e mod e allow s th e 
progra m t o demonstrat e tha t  i t  ha s learne d fro m daydreaming .  DAYDREIAMEIR take s a s inpa t  simpl e s h 
tuationa l  descriptions ,  suc h a s accidentall y meetin g a  motri *  star ,  o r  being s fira d fro m 
one ' s Job ,  an d produce s a s outpu t  1 )  action s tha t  i t  woul d perfor m i n th e give n situation ,  an d 2 )  day -
dreams ,  al l  i n English .  D A Y D R E A M EK learn s a s i t  daydream s b y indexin g daydreams ,  plannin g stra -
tegies ,  an d futur e plan s int o memor y fo r  futur e use . 

DAYDREAMER is composed of: 

• a Kenario generator consisting of a planner (Fikes & Nilsson, 1971; Meehan, 1976) and relaxation 
rules , 

• a dynamic episodic memory (Tulving, 1972; Kolodner, 1984) of experiences used by the scenario 
generator , 

• a collection of personal goals (Maslow, 1943; Schank & Abelson, 1977) and control goala which guide 
th e scenari o generator , 

• an emotion component in which daydreams initiate, and are initiated by, emotional states arising 
fro m goa l  outcomes ,  an d 

• domain knowledge of interpersonal relations and common everyday occurrences. 

I n th e section s whic h follow ,  w e describ e th e abov e components .  W e shoul d not e tha t  ou r  theor y 
i s no l  intende d t o accoun t  fo r  1 )  menta l  imager y o r  th e auasi-sensor y experience s whic h ar e ofte n a  par t 
of  daydreamin g (Singe r  &  Antrobus ,  1972 ;  Singer ,  1975) ,  2 )  th e altere d stat e o f  consciousnes s (calle d 
"fore-consciousness "  b y Varendonck ,  1921 )  whic h ofte n accompanie s daydreaming ,  an d 3 )  th e subjectiv e 
"feeling "  o f  consciousness ;  see ,  fo r  example ,  Nage l  (1974 )  an d Dennet t  (1978 )  fo r  a  discussio n o f  th e philo -
sophica l  problem s wit h suc h a n endeavor . 

2.  T H E R O L E O F EMOTIONS A N D C O N T R OL GOALS I N D A Y D R E A M I NG 

How an d whe n ar e daydream s triggered ? Give n tha t  man y differin g daydrea m sequence s ar e pos -
sibl e a t  an y give n moment ,  wha t  determine s th e wa y i n whic h a  daydrea m unfolds ? W e postulat e a  se t  o f 
goals ,  calle d contro l  goals ,  whic h ar e activate d i n par t  b y emotions ,  an d whic h bot h hel p trigge r  an d 
direc t  daydreaming .  Onc e a  contro l  goa l  i s  activated ,  th e scenari o generator ,  discusse d i n Sectio n 3 ,  gen -
erate s a  sequenc e o f  event s accordin g t o tha t  contro l  goal .  Th e purpos e o f  contro l  goal s i s generall y t o 
provid e helpfu l  modificatio n o f  emotiona l  stat e i n th e shor t  ru n an d t o hel p achiev e persona l  goal s i n th e 
lon g run .  No t  ai l  contro l  goal s serv e bot h functions .  Some i n fac t  serv e on e functio n whil e ignorin g o r 
even harmin g th e other . 

The stud y o f  daydreamin g i s interrelate d wit h th e stud y o f  emotion .  Previou s wor k o n simulatio n 
of  huma n emotion s ha s involve d modelin g th e comprehensio n b y a  reade r  o f  th e emotiona l  reaction s o f 
stor y character s (Dyer ,  1983b )  o r  modelin g emotiona l  response s t o real-worl d situation s an d th e influenc e 
of  emotiona l  stat e o n subsequen t  behavio r  (Pfeifer ,  1982) .  However ,  a  complet e mode l  o f  huma n emotion s 
must  no t  onl y accoun t  fo r  th e relationshi p betwee n emotion s an d event s i n th e externa l  world ,  bu t  als o 
betwee n emotion s an d interna l  events ,  i.e. ,  imagine d o r  expecte d outcome s (Abelson ,  1981) ,  o r  daydreams . 
Instea d o f  simpl y modelin g th e singl e emotiona l  respons e t o a n event ,  on e mus t  mode l  th e entir e sequenc e 
of  response s an d daydream s resultin g fro m a n event ,  perhap s a t  las t  restin g o n a  final  emotion . 

I n D A Y D R E A M E R,  emotion s activat e contro l  goal s whic h resul t  i n daydreaming .  Daydreamin g 
i n tur n result s i n modificatio n o f  emotiona l  stat e (i n par t  a s a  resul t  o f  th e succes s o r  failur e o f  contro l 
goak) ,  directin g th e futur e cours e o f  daydreamin g o y causin g th e activatio n o f  othe r  contro l  goals .  Thu s 
we hav e a  feedbac k loo p i n whic h I j  emotion s trigge r  daydream s an d 2 )  daydream s modif y existin g emo -
tion s an d trigge r  ne w emotions ,  whic h trigge r  ne w daydreams ,  an d s o on .  A n importan t  par t  o f  ou r 
researc h involve s specifyin g a n intuitiv e se t  o f  contro l  goal s an d thei r  interaction s wit h scenari o genera -
tio n an d emotio n processes .  I n thi s section ,  w e discus s fou r  contro l  goal s whic h commonl y appea r  i n day -
dreaming : 

• Rationalisation: generating reasons for why an outcome is satisfactory to the daydreamer in order 
t o reduc e negativ e emotion s an d maintai n seU T esteem . 

• Revenges reducing negative emotions through imagined retaliations after a goal has been thwarted 
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by another . 

• Failur«/SueeeM Reversali altering reality by imagining scenarios in which failures were prerented 
or  i n whic h successe s faile d t o com e abou t  i n orde r  t o lear n futur e plannin g strategies . 

• Preparations generating hypothetical future scenarios in order to learn planning strategies and/or 
specifi c  action s t o b e use d i n possibl e futur e situations . 

1.1 Rational! latlon 

In DAYDREAMER, recall of a goal success produces a positive emotion, while recall of a failure 
produce s a  negativ e emotio n (Dyer ,  1983b) .  Negativ e emotion s resultin g fro m recalle d failure s activat e ra -
tionalizalio n contro l  goals .  Rationalization ,  whic h involve s finding  a  reaso n wh y a  particula r  negativ e out -
come i s satisfactory ,  serve s t o reduc e th e intensit y o f  a  negativ e emotio n associate d wit h tha t  outcome .  I n 
effect ,  failure s resul t  i n a  for m o f  "cognitiv e dissonance "  (Festinger ,  1957 )  whic h mus t  someho w b e re -
duced .  Th e scenari o generato r  realize s a  rationalizatio n contro l  goa l  throug h planning .  Ther e ar e man y 
ways o f  rationalizin g a  failure . 

In NUART-DAYDREAM3, the method for rationalization is to imagine that the goal in question 
succeede d instea d o f  failed ,  an d the n imagin e tha t  thi s goa l  succes s i n fac t  lead s t o a  wors e goa l  failure . 
Anothe r  metho d o f  rationalizin g failure s involve s playin g ou t  th e consequence s o f  a  goa l  failur e an d dis -
coverin g tha t  a  mor e importan t  goa l  succes s ma y b e achieved . 

Another method for rationalization is suggested by attribution theory (Heider, 1958; Weiner ft 
Kukia ,  1970) .  A n attributio n i s th e caus e o r  cause s tha t  on e attribute s t o a  pas t  succes s o r  failure .  Attri -
bution s hav e a n impac t  o n emotiona l  state .  Fo r  failures ,  finding  a n externa l  attribution ,  i.e. ,  attributin g 
th e failur e t o anothe r  person ,  lac k o f  luck ,  environmenta l  factors ,  lac k o f  ability ,  lac k o f  effort ,  o r  fatigue , 
wil l  ofte n reduc e a  negativ e emotio n resultin g fro m blamin g onesel f  fo r  a  failure .  Thu s externa l  attribu -
tio n i s anothe r  possibl e pla n fo r  rationalization . 

S.S Reveng* 

The emotion of ANGER results when someone else causes DAYDREAMER a goal failure. The re-
veng e contro l  goa l  i s  activate d upo n presenc e o f  A N G ER an d serve s th e functio n o f  substitutin g a  posi -
tiv e emotio n fo r  th e negativ e emotio n associate d wit h th e failure .  A n exampl e i s N U A R T - D A Y D R E A M 4, 
wher e D A Y D R E A M ER imagine s tha t  th e actres s no w pursue s hi m bu t  h e reject s her .  Activatio n o f  con -
tro l  goal s suc h a s rationalizatio n an d reveng e i n respons e t o a n emotion ,  rathe r  tha n t o a n abstrac t  sitna p 
tion ,  i s supporte d b y experiment s b y Weine r  (1980) ,  whic h foun d tha t  th e presenc e o f  th e emotio n wa s re -
quired . 

2.3 Fallure/Suceesa Reversal 

Anothe r  contro l  goa l  whic h i s initiate d upo n a  negativ e emotio n resultin g fro m a  recalle d failur e 
i s tha t  o f  failur e reversal ,  whos e objectiv e i s t o generat e a  mean s b y whic h th e failur e coul d hav e bee n 
prevente d an d a  succes s achieved .  Thi s contro l  goa l  enable s learnin g throug h th e abstractio n o f  generate d 
alternative s t o plannin g strategie s fo r  us e i n futur e simila r  situations . 

I n NUART-EPISODE,  ther e ar e tw o failures :  th e failur e o f  a  socia l  regar d preservatio n goa l 
resultin g i n th e emotio n o f  E M B A R R A S S M E N T,  an d th e failur e o f  th e goa l  t o g o ou t  wit h th e movi e sta r 
resultin g i n emotion s o f  D ISAPPOINTMENT an d REJECTION .  Severa l  failur e reversa l  daydream s result . 
NTJART-DAYDREAMl  involve s havin g pretende d t o kno w th e nam e o f  th e director .  N U A R T-
D A Y D R E A M2 involve s havin g aske d th e sta r  fo r  he r  telephon e numbe r  an d havin g receive d it . 

Positiv e an d negativ e emotiona l  respons e t o goa l  succes s an d failur e occu r  durin g imagine d ep -
isode s jus t  a s durin g rea l  episodes .  Thu s whe n D A Y D R E A M ER imagine s a  wa y o f  avoidin g a  failur e an d 
achievin g a  success ,  a  positiv e emotio n result s initially .  However ,  i t  i s ofte n followe d immediatel y b y th e 
renewa l  an d intensificatio n o f  th e negativ e emotio n associate d wit h th e failure .  Thu s failur e reversa l  actu -
all y ha s a  negativ e emotiona l  function :  fo r  th e sak e o f  learning ,  i t  allow s a  negativ e emotio n t o b e 
intensified .  A s a  consequence ,  D A Y D R E A M ER generates :  " I  regre t  no t  havin g aske d fo r  he r  number "  i n 
N U A R T - D A Y D R E A M 2. 

A success reversal control goal is sometimes pursued upon a recalled success. Why do people imap 
gin e failure s a s wel l  a s successe s i n thei r  daydreams ? I t  i s  wel l  know n tha t  peopl e lear n fro m actua l 
failures ;  see ,  fo r  example :  (Schank ,  1982 ;  Dyer ,  1983a ;  Dola n an d Dyer ,  1985) .  I t  i s  reasonabl e t o expec t 
tha t  i t  i s possibl e t o lear n fro m imagine d failure s a s well .  B y notin g th e cause s o f  daydreame d failure s i n 
memory,  on e ma y avoi d simila r  failure s i n th e future . 

1.4 Preparation 

The preparatio n contro l  goa l  i s  activate d whe n thinkin g abou t  a  possibl e futur e situatio n o r  up -
comin g even t  whic h i s emotionall y charged .  Thi s contro l  goa l  serve s th e followin g functions .  First ,  i t  al -
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low s on e t o b e prepared ,  i.e. ,  i t  increise s th e chance s o f  succes s i n th e fatur e event .  Second ,  i t  serve s t o 
reduc e negativ e emotion s suc h a s anxiousnes s i f  effectiv e plan s whic h ka d t o succes s ar e found .  A n ex -
ampl e o f  pla n preparatio n an d rehearsa l  occur s i n N U A R T - D A Y D R E A M 2,  wher e D A Y D R E A M ER 
rehearse s th e pla n o f  askin g th e actres s ou t  an d spot s th e plannin g erro r  o f  no t  havin g aske d fo r  he r 
number . 

A strikin g exampl e o f  th e pla n rehearsa l  aspec t  o f  daydreamin g occurre d i n a  cas e wher e a  frien d 
F )  o f  th e secon d autho r  wa s stun g b y a  bee ,  whereupo n F  experience d a  stron g allergi c reactio n t o th e 
>ee venom .  F  wa s rushe d t o th e hospita l  an d treate d i n tim e t o avoi d anaphylacti c shock .  F  state d that , 
or  a n entir e yea r  afte r  thi s experience ,  F  woul d spontaneousl y daydrea m abou t  bein g stung .  Thes e day -

dream s wer e no t  repetition s o f  th e origina l  event ,  bu t  bega n b y imaginin g bein g stun g i n variou s situa -
tions ,  e.g. ,  b y a  pool ,  a t  th e beach ,  whil e a t  a  party ,  whil e biking ,  whil e alon e a t  home ,  etc .  Eac h day -
drea m consiste d o f  imaginin g wha t  F  woul d d o i n cas e F' s be e stin g ki t  wa s inaccessible ,  i n cas e th e 
phon e wa s ou t  o f  order ,  i n cas e th e ca r  brok e down ,  an d s o on .  F  claim s no w t o hav e rehearee d plan s fo r 
a larg e numbe r  o f  hypothetica l  circumstances ,  e.g. ,  usin g ic e fro m th e refrigerator ,  knowin g wher e a  ho» > 
pita l  i s  an d drivin g a t  breaknec k spee d t o a  hospita l  befor e collapsing ,  etc .  Thi s cas e i s rathe r  dramati c 
becaus e th e origina l  goa l  threa t  wa s t o a  ver y high-priorit y  goal ,  i.e. ,  a  healt h preservatio n goal .  Th e 
functio n o f  daydreamin g i n thi s cas e wa s t o rehears e an d examin e plan s i n imagine d situations .  Clearly , 
daydreamin g her e provide s a n advantag e ove r  plannin g system s whic h onl y initiat e plannin g whe n pose d 
wit h th e actua l  occurrenc e o f  a  goa l  threa t  o r  goa l  failure .  Prepsu'ation-base d daydream s ten d t o b e trig -
gere d b y emotion s o f  fear .  Tbus ^  generatin g thi s clas s o f  daydream s involve s specifyin g a  proces s mode l  o f 
what  migh t  b e calle d "worryin g whe n observe d i n people . 

3.  REALIZIN G A  D A Y D R E AM T H R O U GH S C E N A R I O G E N E R A T I ON 

How ar e th e variou s imaginativ e sequence s o f  event s whic h mak e u p daydreamin g generated ? I n 
DAYDREAMER,  th e scenari o generato r  generate s daydream s i n respons e t o an d unde r  th e guidanc e o f 
contro l  goals .  W e propos e tha t  th e basi c mechanis m fo r  scenari o generatio n i s plannin g (Fike s £  Nilsson , 
1971 ;  Sacerdoti ,  1974 ;  Meehan ,  1976) ,  i.e. ,  generatin g a  sequenc e o f  action s necessar y t o achiev e a  goal . 
However ,  th e scenari o generato r  differ s fro m traditiona l  plannin g mechanism s i n severa l  fundamenta l 
ways .  First ,  instea d o f  relentlessl y pursuin g a  give n goal ,  th e scenari o generato r  operate s a s a n ongoin g 
proces s unde r  numerous ,  ofte n conflicting ,  persona l  goals .  I t  i s  possibl e t o star t  plannin g fo r  on e goa l  onl y 
t o abando n tha t  goa l  i n pursui t  o f  another .  Second ,  th e scenari o generato r  incorporate s relaxation s whic h 
enabl e i t  t o generat e scenario s whic h ar e fanciful ,  i.e. ,  non-realisti c solution s t o problems .  Third ,  th e 
scenari o generato r  incorporate s a n episodi c memor y o f  experience s whic h influence s th e plannin g proces s 
I )  b y providin g th e experience s whic h ar e th e subjec t  matte r  o f  daydreamin g «!» d whic h trigge r  activitie s 
suc h a s attemptin g t o lear n fro m a  failur e o r  rationalization ,  an d 2 )  b y providin g a  sourc e o f  knowledg e 
fo r  us e b y th e scenari o generato r  i n generatin g possibl e event s o r  sequence s o f  events .  I n thi s section ,  w e 
discus s th e first  tw o abov e aspect s o f  th e scenari o generator .  Th e thir d aspect ,  th e rol e o f  episodi c 
memory,  i s discusse d i n Sectio n 4 . 
3. 1 D a y d r e m m l n g I s Influence d b y Multipl e Peraonm l  Goml a 

I n a  wish-fulfillmen t  daydrea m (Freud ,  1908 ;  Varendonck ,  1921) ,  th e cours e tha t  a  daydrea m 
take s i s  determine d b y a  wis h o f  th e daydreamer .  Wher e d o wishe s com e from ? I n additio n t o contro l 
goals ,  D A Y D R E A V ER ha s a  larg e numbe r  o f  persona l  goals ,  including :  health ,  food ,  sex ,  friendship ,  love , 
possessions ,  sel f  esteem ,  socia l  esteem ,  enjoyment ,  an d achievement .  H o w doe s th e scenari o generato r 
choos e whic h goal s o r  wishe s t o focu s upo n a t  an y give n point ? Minsk y (1977 )  espouse d a  computationa l 
theor y o f  th e min d a s a  societ y o f  intercommunicatin g an d conflictin g entities .  H e describe d a  chil d play -
in g blocks :  Internally ,  th e W R E C K ER i n th e chil d want s t o destro y th e towe r  bein g buil t  b y th e BUILD -
E R.  Meanwhile ,  th e I ' M - G E T T I N G - H U N G R Y entit y i s  growin g i n strength .  A s th e contro l  o f  th e 
B U I L D E R weakens ,  th e chil d destroy s th e towe r  an d get s u p t o g o hom e an d eat .  Schan k an d Abelso n 
(1977 )  constructe d a n elaborat e taxonom y o f  goa l  state s an d interaction s whil e Wilensk y (1978 )  showe d 
ho w knowledg e o f  goa l  competitio n an d goa l  conflic t  i s  neede d t o understan d storie s involvin g multiple , 
interactin g narrativ e characters . 

I n D A Y D R E A M E R,  goal s ar e organize d int o a  goa l  tre e (Carbonell ,  1980 )  whic h specifie s th e rels ^ 
tiv e importanc e o f  eac h o f  th e goal s a t  an y poin t  i n time .  W h e n confronte d wit h severa l  competin g goals , 
th e scenari o generato r  pursue s a  cours e o f  actio n whic h lead s t o th e satisfactio n o f  th e mor e importan t 
goal .  Fo r  instance ,  i n N U A R T - D A Y D R E A M 3,  D A Y D R E A M ER imagine s tha t  succes s i n th e relationshi p 
lead s t o los s o f  hi s job .  Suppose ,  however ,  tha t  h e wer e beginnin g t o gro w tire d o f  hi s job .  I n thi s case , 
daydreamin g tha t  h e goe s t o Franc e migh t  mor e likel y lea d t o imaginin g tha t  h e finds  a  bette r  jo b an d 
begin s a n entirel y ne w career . 

3. 2 Relaxatio n o f  Conitradnt e 

A collectio n o f  relaxatio n rule s allo w th e generatio n o f  fsmcifu l  scenarios .  I n particular ,  th e fol -
lowin g constraint s m a y b e relaxe d i n planning : 
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•  Behavio r  o f  othera t  D A Y D R E A M ER unagine s tha t  th e movi e sta r  accep U hi s ote t  i a N U A R T-
D A Y D R E A M 3. 

• Self Attributesi one might imagine beiog aa Olympic athlete or being a famous movie star. 

• Phyaleal constralnUi one might imagine being invisible or being able to fly. 

• Social constrmlntat one might imagine starting a food fight at a fancy restaurant. 

The scenario generator does not always employ relaxation rules. The level of relaxation can be 
varie d dependin g o n wha t  contro l  goal s ar e currentl y active .  Fo r  example ,  i f  th e daydreame r  i s pursuin g a 
failure-reversa l  contro l  goa l  whos e objectiv e i s t o generat e realisti c way s o f  havin g prevente d a  failur e 
(e.g. ,  N U A R T - D A Y D R E A M l ),  the n th e relaxatio n leve l  i s  se t  o n L O W.  If ,  however .  D A Y D R E A M ER i s 
pursuin g a  reveng e contro l  goa l  whos e objectiv e i s t o generat e a  fancifu l  retaliatio n (e.g. ,  N U A R T-
D A Y D R E A M 4 ),  the n th e relaxatio n leve l  b  se t  o n HIGH .  I t  i s  als o importan t  t o astet t  th e leve l  o f  relaxa -
tio n whic h le d t o a  give n scenari o i n orde r  t o avoi d raisin g expectations ,  sinc e raise d an d faile d expecta r 
tion s lea d t o negativ e emotions .  Th e resul t  o f  suc h assessmen t  ca n b e see n i n N U A R T - D A Y D R E A M 2, 
wher e D A Y D R E A M ER imagine s "Bu t  she' s a  movi e sta r  an d ou t  o f  m y leagu e .. .  n o matte r  wha t  I  migh t 
hav e done ,  sh e wouldn' t  hav e gon e ou t  wit h me. " 

Ib standard planning systems such as ABSTRIPS (Sacerdoti, 1974), relaxation of operator precon-
dition s i s employe d t o reduc e th e amoun t  o f  searchin g neede d t o solv e a  problem .  However ,  i n daydream -
ing ,  relaxatio n rule s ma y actuall y increas e th e amoun t  o f  searchin g tha t  i s  done ,  sinc e suc h rule s enabl e 
th e generatio n o f  numerou s imaginativ e situation s whic h ar e no t  realisti c method s o f  achievin g curren t 
persona l  goals .  Still ,  suc h exploration s ma y prov e usefu l  i n th e future ,  ma y enabl e th e fortuitou s 
discover y o f  realisti c  solutions ,  o r  ma y simpl y serv e som e othe r  functio n suc h a s emotio n regulation . 

4. THE ROLE OF EPISODIC MEMORY IN DAYDREAMING 

After a daydream, what remains in memory? How is information which is incorporated into 
memory durin g daydreamin g use d i n th e future ? Tha t  is ,  ho w doc s on e lear n fro m daydreaming ? Firs t  o f 
all ,  on e ma y b e skeptica l  o f  th e abilit y  fo r  human s t o remembe r  thei r  daydream s an d thu s doub t  tha t  i t 
i s  trul y possibl e t o lear n fro m them .  However ,  th e mer e fac t  tha t  i t  i s  possibl e t o obtai n transcript s o f 
daydream s fro m peopl e prove s tha t  som e daydream s ar e remembered ,  a t  leas t  fo r  a  shor t  while .  More -
over ,  man y subject s hav e reported ,  lon g afte r  th e fact ,  daydream s tha t  the y remembe r  havin g ha d 
(Singe r  &  Antrobus ,  1972) .  Varendonc k (1921 ,  p .  327 )  report s nea r  complet e recal l  o f  hi s daydream s dur -
mg writing :  "whe n I  a m composin g letter s I  ofte n afterward s writ e the m almos t  exactl y a s I  worde d the m 
i n m y phantasy. "  Eve n subtl e memor y modification s ma y occu r  durin g daydreaming .  Netsser' s (1982 ) 
analysi s o f  th e testimon y o f  Joh n Dea n show s tha t  h e ofte n remembere d conversation s i n term s o f  hi s 
own fantas y abou t  ho w thos e conversation s shoul d hav e been ,  rathe r  tha n ho w the y actuall y were . 
The dynamic episodic memory (Tulving, 1972; Schank. 1982) of DAYDREAMER is its long-term 
memory o f  persona l  o r  vicariou s experience s an d daydreams .  Thi s memor y i s calle d dynami c becaus e i t  i s 
constantl y bein g modifie d durin g daydreaming .  Thu s no t  onl y ar e actua l  experience s availabl e fo r  us e a t 
any point ,  bu t  s o ar e previousl y daydreame d ones .  Thi s give s ris e t o a  dynami c behavio r  dependen t  o n 
previou s externa l  an d interna l  experiences . 

DAYDREAMER incorporates the following information into memory as it daydreams: 

• entire daydreams, 

• future plans or actions formed during daydreaming, and 

• planning strategies formed during daydreaming. 

How i s informatio n indexe d i n episodi c memor y s o tha t  i t  i s  availabl e a t  a n appropriat e tim e i n th e fu -
ture ? Onc e informatio n i s retrieved ,  ho w i s i t  applie d t o th e curren t  situation ? Ou r  wor k o n mechanism s 
fo r  storage ,  organization ,  retrieval ,  generalization ,  an d applicatio n o f  experience s i n episodi c memor y 
build s o n previou s wor k b y Kolodne r  (1984) ,  Schan k (1982) ,  an d Anderso n (1983) .  Episode s (bot h day -
dream s an d persona l  o r  vicariou s experiences )  ar e organize d i n an d retrieve d fro m dynami c episodi c 
memory accordin g t o surface-leve l  similaritie s a s wel l  a s Plo t  Unit s (Lehnert ,  1982) ,  emotion s an d abstrac t 
theme s (Dyer ,  1983a) .  Th e decisio n t o organiz e episode s b y emotion s i s als o partl y supporte d b y th e wor k 
of  Varendonc k (1921 ,  p .  192 )  an d Bowe r  an d Cohe n (1983) . 
4. 1 Indexin g Entir e Dmydream n I n Episodi c M e m o r y 

How ar e entir e daydream s indexe d i n memor y fo r  late r  use ? Suppos e tha t  a t  som e poin t  i n th e 
past ,  D A Y D R E A M ER ha d bee n interviewe d fo r  a  jo b h e wanted ,  wa s turne d down ,  an d ha d th e followin g 
daydream : 
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JOB-DAYDREAM 

I' m angr y a t  th e interviewe r  fo r  no t  hirin g me .  I  imagin e tha t  year s fro m no w I  a m presiden t 
of  a  larg e company .  Th e interviewe r  ha s los t  hi s jo b an d come s t o m e fo r  employment .  I  tel l 
hi m tha t  h e doesn' t  hav e th e necessar y qualifications . 

In order to recall this daydream in the future, DAYDREAMER indexes it under the RETALIATION Plot 
Unit, *  whic h represent s th e abstrac t  situatio n o f  a  perso n A  achievin g a  positiv e outcom e b y causin g a 
negativ e outcom e fo r  B ,  wher e B  ha d originall y cause d a  negativ e outcom e fo r  A .  DAYDREIAMER als o 
indexe s th e daydrea m unde r  REJECTION ,  whic h i s a  negativ e emotio n o f  a  perso n A  resultin g fro m th e 
failur e o f  A' s goa l  t o activat e a  positiv e relationshi p R  wit h a  perso n (o r  group )  B ,  wher e tha t  failur e i s 
cause d b y B . 

4.S Recalling and Uilng Recalled Episodes 

Daydreams have a certain amount of coherence to them. We believe that this coherence is par-
tiall y  provide d b y abstrac t  knowledg e structure s suc h a s Plo t  Units .  Onc e a  contro l  goa l  i s  Ktivated ,  th e 
scenari o generato r  mus t  selec t  an d execut e a  pla n t o achiev e it .  Plan s fo r  achievin g contro l  g o ^  ma y 
ofte n b e capture d b y Plo t  Units ,  e.g. ,  on e pla n fo r  th e reveng e contro l  goa l  i s  RETALIATION .  Realiza -
tio n o f  plan s fo r  achievin g contro l  goal s expresse d a s Plo t  Unit s ma y b e simplifie d throug h remindin g o f 
appropriat e episode s indexe d b y thos e Plo t  Units . 

Plans for achieving the rationalization control goal may also be expressed in terms of Plot Units. 
One pla n i s expresse d b y th e MIXE D BLESSIN G Plo t  Unit ,  employe d i n N U A R T - D A Y D R E A M 3,  whic b 
represent s th e abstrac t  situatio n o f  a  goa l  succes s leadin g t o th e failur e o f  anothe r  goal .  Her e th e MIXE D 
BLESSING Plo t  Uni t  i s  realize d a s a  fantas y i n whic b datin g th e actres s lead s t o eventua l  failur e o f  th e 
relationshi p an d D A Y D R E A M E R 's career .  Anothe r  pla n fo r  rationalizatio n i s capture d b y th e SUCCESS 
B O RN O F ADVERSIT Y Plo t  Unit ,  whic h represent s th e abstrac t  situatio n o f  a  goa l  failur e leadin g inad -
vertentl y t o th e succes s o f  anothe r  goal .  Her e w e coul d imagin e a  daydrea m i n which ,  a s a  resul t  o f  bein g 
turne d down ,  D A Y D R E A M ER imagine s drownin g hi s sorrow s a t  a  ba r  an d b y chanc e meetin g a  mor e 
beautifu l  actress . 

Once J O B - D A Y D R E AM i s indexe d i n memory ,  whe n migh t  i t  late r  b e recalled ? Conside r  th e si -
tuatio n o f  NUART-EPISODE i n whic h D A Y D R E A M ER feel s REJECTIO N an d A N G ER towar d th e 
movi e star .  Th e A N G ER activate s a  reveng e contro l  goal .  Next ,  th e scenari o generato r  wil l  activat e th e 
RETALIATIO N Plo t  Uni t  i n attemptin g t o realiz e thi s contro l  goal .  JOB-DAYDREAM,  whic h i s indexe d 
unde r  RETALIATIO N an d REJECTION ,  wil l  the n b e recalled .  Th e scenari o generato r  no w adapt s thi s 
daydrea m t o th e situatio n o f  NUART-EPISODE i n orde r  t o achiev e th e activ e reveng e contro l  goa l  an d 
th e followin g daydrea m i s produced : 

NUART-DAYDREAM5 

I' m angr y tha t  th e actres s didn' t  wan t  t o g o ou t  wit h me .  I  imagin e tha t  year s fro m no w I 
a m a n influentia l  director .  Th e actres s i s havin g troubl e finding  wor k an d come s t o rea d fo r 
a par t  i n m y nex t  film.  I  tel l  he r  tha t  I  can' t  us e her . 

A recalled experience or daydream is adapted to the current situation through analogy. The 
majo r  correspondence s whic h mak e u p th e analog y ma y b e identifie d b y th e abstrac t  structure s use d t o 
recal l  th e episode .  I n ou r  example ,  th e interviewe r  ma y b e see n t o b e analogou s t o th e actress ,  sinc e the y 
occup y th e sam e role s i n thei r  respectiv e REJECTIO N an d RETALIATIO N structures .  Similarly ,  th e 
E M P L O Y E R - E M P L O Y EE relationshi p o f  J O B - D A Y D R E AM ca n b e see n t o b e analogou s t o th e 
FRIENDS relationshi p o f  NUART-EPISODE.  Th e scenari o generato r  mus t  no w complet e a  scenari o 
analogou s t o J O B - D A Y D R E AM i n th e NUART-EPISODE context .  Analogou s detai b ar e filled  i n usin g 
th e sam e plannin g knowledg e tha t  th e scenari o generato r  woul d nee d t o generat e N U A R T-
D A Y D R E A M5 fro m scratch .  However ,  i n thi s case ,  les s effor t  i s  require d (Carbonell ,  1983) . 

The use of recalled episodes is not limited to the generation of entire daydream sequences. Ep-
isodi c memor y i s als o usefu l  fo r  suggestin g possibl e continuations ,  o r  nex t  events ,  o f  a n ongoin g scenario . 
For  example ,  whe n D A Y D R E A \ & R imagine s h e i s goin g ou t  wit h a  movi e sta r  i n N U A R T-
D A Y D R E A M S,  h e i s reminde d o f  th e tim e h e helpe d a n acto r  frien d rehears e fo r  a  play .  B y analog y 
D A Y D R E A M ER produce s th e followin g scenari o even t  i n N U A R T - D A Y D R E A M 3:  " I  hel p he r  whe n sh e 
has t o rehears e he r  lines. "  Similarly ,  a  remindin g o f  a  recen t  magazin e articl e abou t  a n actres s goin g t o 
Franc e t o shoo t  a  film  lead s D A Y D R E A M ER t o imagine :  "Whe n sh e ha s t o d o a  film  i n France ,  I  dro p 
my wor k an d trave l  ther e wit h her. " 

*  Plo t  Unit s wer e develope d b y Lehner t  (1982 )  t o represen t  narrativ e plots .  Plo t  Unit s consis t  o f 
abstrac t  configuration s o f  positiv e an d negativ e outcome s linke d t o menta l  state s b y initiation , 
terminatio n an d coreferenc e links .  B y combinin g Plo t  Units ,  large r  plo t  structure s ca n b e create d 
dynamically . 
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S.  C U R R E NT S T A T U S 

Ad initial venioD of the DAYDREAMER program has been constructed using GATE (Mueller ft 
Zernik ,  1984) ,  a n integrate d se t  o f  graphica l  artificia l  intelligenc e developmen t  tool s fo r  th e T  languag e 
(Rees ,  Adams ,  &  Meehan ,  1984) ,  a  dialec t  o f  Schem e runnin g o n Apoll o Domai n workstations .  G A T E in -
clude s a  graphica l  knowledg e representatio n system ,  a  demon-base d programmin g language ,  sui d a  logi c 
programmin g system . 

DAYDREAMER currently 1) participates in NUART-EPISODE by receiving and performing ac-
tion s i n respons e t o inpu t  phrase s suc h a s Yo n ar t  nea r  Oebr a Winge r  an d Sh e tt l l s yo u th& t 
sh e doe s no t  wan t  he r  an d to o t o g o ou t  o n a  date ,  2 )  indexe s th e episod e int o memor y 
unde r  th e D E N I E D R E Q U E ST Plo t  Unit ,  3 )  generate s version s o f  N U A R T - D A Y D R E A M 2,  N U A R T-
D A Y D R E A M 3,  an d N U A R T - D A Y D R E A M4 i n Englis h produce d b y a  simpl e recursiv e descen t  generator , 
indexin g th e daydream s int o memor y vi a Plo t  Unit s an d emotions ,  an d indexin g int o memor y th e plan -
nin g strateg y forme d durin g N U A R T - D A Y D R E A M 2,  i.e. ,  no t  t o forge t  t o as k fo r  someone' s telephon e 
number ,  an d 4 )  participate s i n anothe r  episod e i n whic h i t  demonstrate s tha t  i t  ha s learne d th e abov e 
plannin g strategy .  A n abbreviate d trac e o f  D A Y D R E A M ER a s o f  Jun e 198 5 i s provide d i n Appendi x A . 

6. FUTURE WORK AND CONCLUSIONS 

DAYDREAMER is being extended to enable it to 1) participate in a larger variety of input ep-
isodes ,  2 )  generat e mor e daydream s an d possibl e scenario s i n respons e t o eac h episode ,  3 )  incorporat e 
many daydreams ,  plannin g strategies ,  an d futur e plan s int o memory ,  an d 4 )  demonstrat e th e us e o f  re -
calle d daydreams ,  plannin g strategies ,  an d futur e plan s i n futur e interna ]  (daydreaming )  an d externa l 
behavior .  Th e us e o f  analog y an d episodi c memor y i n scenari o generatio n an d learnin g o f  plannin g stra -
tegie s wil l  b e investigate d i n greate r  detail .  W e inten d fo r  D A Y D R E A M ER t o b e abl e t o daydrea m con -
tinuously ,  stoppin g onl y t o receiv e ne w experiences . 

Numerous problems and issues have faced us in the ongoing implementation and design of DAY-
D R E A M E R.  Thes e include : 

(1) The representation of knowledge in the interpersonal domain, e.g., representing conceptualixations 
for :  "havin g a  crush "  o n someone ,  "rehearsin g lines" ,  "gettin g involve d wit h someon e ,  "admittin g 
bein g wron g abou t  someone ,  an d s o on . 

(2) The interaction of processes of scenario generation, relaxed planning, emotional triggers, control goal 
activation .  Plo t  Uni t  selection ,  an d episodi c memor y remindings . 

(3) The separation of personal episodes experienced by DAYDREAMER, from vicarious episodes, from 
imagine d episode s alread y daydreame d an d store d i n episodi c memory . 

H ow an d t o wha t  exten t  i s  realit y separate d fro m imagination ? Mentall y health y individual s 
rarel y confus e wha t  the y hav e imagine d fro m wha t  the y hav e experienced .  H o w eas y i s i t  fo r  ou r  day -
dream s an d imagining s t o subtl y alte r  ou r  interpretatio n o f  pas t  events ? Thi s issu e wil l  becom e al l  th e 
more pressin g a s D A Y D R E A M E R 's memor y o f  inpu t  an d daydreame d experience s gro w an d a s w e tr y t o 
make D A Y D R E A M E R 's dream s availabl e t o system s concerne d wit h suc h creativ e task s a s conversation , 
invention ,  an d stor y invention . 

Through the continuing design and implementation of DAYDREAMER we have been exploring 
a computationa l  theor y underlyin g daydreaming .  Thi s theor y i s base d o n a  proces s mode l  whic h specifie s 
ho w emotions ,  scenari o generation ,  planning ,  plo t  structures ,  themes ,  persona l  goals ,  contro l  goals ,  ep -
isodi c memory ,  an d analog y processe s interac t  wit h on e another .  W e hav e argue d that ,  fa r  fro m bein g a 
useles s epiphenomenon ,  daydreamin g serve s a n importan t  cognitiv e functio n i n pla n preparatio n an d 
rehearsal ,  learnin g fro m failure s an d successes ,  suppor t  fo r  processe s o f  creativity ^  emotio n regulatbn , 
and motivation .  Trul y intelligen t  computer s shoul d no t  b e lef t  i n a  "diddl e loo p o r  turne d of f  whe n 
unused ,  bu t  engage d i n daydreamin g lik e ourselves . 
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A P P E N D IX A i  A B B R E V I A T E D T R A C E O F C U R R E NT D A Y D R E A M ER 

Belo w i s a n abbreviate d trac e o f  DAYDREAMER prodacin g fragment s o f  NUART-
DAYDREAM2,  NUART-DAYDREAM3,  an d NUART-DAYDREAM4.  Th e entir e trac e showin g a U goals , 
subgoab ,  preconditions ,  plans ,  relaxations ,  coptro l  goals ,  an d emotions ,  i s ove r  1 6 page s long ,  s o onl y a 
suggestiv e segmen t  wit h m u c h informatio n remove d ca n b e show n here . 

THC« r««»l« « c.it f  l.c t 
O A Y D R E A H ER (GATE/T/Apo I  I o o f  B /8 /85 ] 
Inpu t ? Yo u ar e nea r  D e b r a U i n g e r . 
Input ? 
M o d a? p e r f o r n a n c e 
I  tel l  O e b r a tha t  I  uan t  he r 
g o ou t  o n a  d a t e . 
Inpu t ? Sh e te l l s go u tha t  sh e 
Inpu t ? uan t  he r  an d uo u t o g o 
Input ? d a t e . 
Input ? 
node ? d a g d r e a a i n g 
I  fai l  a t  go in g ou t  u i t h O e b r a . 
TC*RIK*T t  PI.AIIIIIII C ro t  l'UE«.I01 > COAL FAILE D n C I  IPT-LOVEIS I  I 

a n d a e t o 

does not 
ou t  o n a 

*0 0 T O UK l-yEl.lirt i  COAL FAILE D AtESCIVATIO I  NC 
I  fai l  a t  h a v i n g a  job . 

ta mmtmr  9«a l  fsilur a CI 
THE*  failur a a f  taa l  C  i « raliana l  Iia 4 

CPISDDC INDtl i  Pla t 
ADO T O u n I-UEt.II7 S 

I t  |-HEI.II77 > PU-nllE0-iLESSI* 6 RE I 
IATI0NALI2ATI0a i 

I  r a t i o n a l i z e fa i l i n g a t  go in g ou t  u i t h 
O e b r a b g th e fac t  tha t  s u c c e e d i n g a t 
go in g ou t  u i t h he r  lead s t o fa i l i n g a t 
hav in g a  job . 
I f  cantra l  laa l 
THEN râ uc a aeal a 

t a ra t  tanal t  x a aaa l  f 
af  affac t  aaaaeiatar f 

Ilur a auccaad a 
it h ••a t  failu r 

i r 
THE* 

aal r  t«a l  fa i  lur a 
aetiwa« « natativ a 

ADO T O MH |-UCi.lt3Z i  APfEC T NEE B E 1 
I  f e e l  d i s p l e a s e d . 
EPISODE I M O i  Pla t  Un .  t  I'HEa.lEJJ i  PU-OENIEO-IEOUES T Oei* A nC I 
ir 
THEN aetivM a cantra l  «ea l  t a rat,onal<i a failiir a 

• 00 TO HB I-UCO.IOSi COAL ACTIVE (KATI0NALI2AT ION) HE CDNTNDLI 
I  u a n t  t o r a t i o n a l i z e f a i l i n g a t  g o i n g 
o u t  u i  tt r  O e b r a . 
START PLANNia C FOI  I-UCi.lS3S i  COAL ACTIV E ((ATlONALIZATION )  HE I 
COAL I-UEI.lCJS i  COAL ACTIV E (tATlONALIZATIDN I  H E CONTNDLl 

INTENDS PLA N t-UCS.lS74 i  PLA N nE I 
ADD T O u n (-UE(.lC74 i  PLA N ACTIV E HE I 
EXECUTE CODED PLA N I-IIEB.1S74 .  PLA N ACTIV E HE I 
ADO T O HA I-UEi.lS77 i  COAL SUCCEEDED (IPT-LOUEPS I  A E OELTAI 
I  s u c c e e d a t  g o i n g o u t  u i t h O e b r a . 
ADD T O u n i-uca.isaa i  ipt-lover s desv a nE i 

If 
THEN rttrtmv m apiaad a an d anatastx a t a curran t  situatio n 

ADD TO un i-uca.iiai episode jodiei 
ADD T O u n I-UE S lS7a i  n-AC T OEB»AI 
T h e t i n e J o d i e F o s t e r 
i n P a r i  a .  O e b r a a c t a 
PtOVE AL L C-(«ANO a i-uEa.7aa < ipt-love« s nE l 
PaovED laAdO a I-UCa.78a > IPT-LOVEe S nE l  ... I 
PPOVED I-UES.7a2 i  PPIQI l  1  UATlS ) 

t h e a c t r e s s a c t e d 
i n P a r i s . 

.. )  i-uEa.7az i  »p« ( 
t  HATIS I 

I f  poaitiv a interpersona l  tha a 
raquiraaan t  wiolata d 

THEN activat a prasarvatie n sea t 
on th a interpersona l  thea e 

wit h perso n an d 

ADD T O u n l-UCa.iaSS i  COAL ACTIV E IIPT-LOVE»S )  n E P>ESE»V*TlON I 
I  u a n t  t o c o n t i n u e t o b e g o i n g o u t  u i t h 
O e b r a . 
STANT PLANNIN G FOR CUEa.iaSS i  COAL ACTIV E (IPT-LOvERS I  nE l 
COAL i-uEa.iass i  coa l  activ e (Ipt-lOvepS )  h e paESEavATioa i 

INTENDS PLA N (-UEa.iaSl i  PLA N nE l 
ADD T O u n i-uEa.iasi i  pla n activ e ae i 
PEafoa n actio n i-uc a latZ i  ptpan s a e ipolitti i 
Aoo T O u n i-uEa.ietZ i  ptpan s n t  ipolitti i 
I  g o t o P a r i s . 
•DO T O u n i-uE a last i  ipt-lovc> s DEat A ne i 
TEaniNAT C plannin g Fo a i-uea.ias7 i  goa l  succeede d a e iiPT-LOvcasi i 
paov E (oAND e i-ucaaza i  n-jo *  ae i  --. i 
Paovc o (aANO a I'UEB.aza i  n-jo i  nc i  ... i  i  hatiS i 

THEN ac t  I vat  io n sea l  o n th e jo b 
-uEa.iasa i  coa l  activ e in-joa i  î t  pacsEtvATioa i 
t o c o n t i n u e t o h a v e a  j o b . 

ADD T O u n 
I  u a n t 
STAAT PLANNIN G FOP cuEa.iasa i  CORL ACTIV E in-jOO l  n t  PPESEavAT10* I 
COAL i-uEa.iasa i  goa l  activ e in-joa i  r e pacsEavATioa i 

INTENDS PLA N |-UEa.ia7« ,  PL« N RE I 
ADD T O u n i-uEa.ia?. !  pla n activ e re i 
CHCCmNC PLA N PaECONDITIDNS |-UEe.ia7< i  PLA N ACTIV E nE l 
If .orkini an a foal cauaaa a p-teal ta be acti.ated 

aCPLENISH ACTIVATIO N Of  I-UEt.lOZ > AffEC T LCSS-THAN-NOan aE C REI 
I  f e e l  a  b i  t  d i s p l e a s e d . 
ACTIVATIOa FALL S SELOH LIRI T CDEaaAi  PEasO a ar-ACTO a fCKALC I 
PEROVE rao R UR (-DEaaa i  pcaso a aT-*cTo a fERALC l 
ACTIVATION fALL S DELDH LIRI T I'UEi.MS? !  PTaANS R E (OacaalZATIDN I 
acnOVE FaOR UR |-UCi.MS7 i  PTaANS R C lOaCANIZATIOa i  1 If perae n cauaa d a  eai r  sea l  Failur a 

ADD T O UR i-uEa.iaaz i  Affcc T ocat A *c c re i 
I  a n angr g a t  O e b r a . 
I f  natativ a affac t  directe d tawar d perae n 
THEN activat e contro l  tea l  t a lai n raveni * 

ADD TO u n i-uca.iaas i  coa l  activ e laEvEacc i  n c coiTaoi i 
I  uan t  t o ga i n reveng e fo r  O e b r a t e l -
lin g a e tha t  sh e doe s no t  uan t  he r  an d 
• a t o g o ou t  o n a  da ta .  I  uan t  O e b r a t o 
lik e ae .  I  a tud g t o b e a n 
Oebr a tha t  I  d o no t  uan t 
go ou t  o n a  d a t e .  I  fee l 
I f  recalle d 9oa l  failur e 

and neflativ e eaetio n ne t  atron » 
THEN activat e contro l  sea l  t o rmvtry m F 

a c t o r .  I  tal l 
he r  an d a e t o 
p l eased . 

ADD TO UR 
I  uan t 
ui  t h O e b r a .  I  uan t  t o 
Oebra .  I  uan t  Oebr a 
touch .  I  uan t  t o kno u 
nuaber .  I  uan t  O e b r a 
touch . 
STANT PLANNING fO N I-UES.ZZIS i  GOAL ACTIV E IVPaOl )  nC1 
COAL FAILUP E I'UEa.ZZtS i  GOAL ACTIV E IVPaOI I  HE I .  PLANNING LOOP 
•  0 0 TO u n t-UEB.22SZ i  GOnL FAILE D HE IVPNOI I  1 
TEanlNATE PLANNING FOB |-UE 8 ZZEBi  COAL FAILE D n E IIPT-LOVEaS I  I 

uEa.zsaS i  GOAL activ e iFAiLuaE-aevEasAi i  a e coNTaoL i 
t o reve rs e fa i l in g a t  go in g ou t 

b e g o i  n g ou t  u i  t h 
an d a e t o b e i n 
D e b r a ' s te lephon e 
an d B e t o b e i n 

IF 
THEN ndes et t  con d i  t •  1  p i  a n 

UES.lZati GOAL 
preconditio n 

lIPT-LOVEaS I  ACTIV E DELTAI INDEIIN G unOCa COAL I 
PLAN I-UEB.IZaC i  PLA N 
CONDITION [-UEB.ZZGl i  UPaOI I 
paccoNDiTio a i-ueb.zzsz i  kno h iPHONENunBEai i 

INTERRUPT. . . 
Input ? Yo u ar e nea r  Deb r a U i n g e r . 
Input ? 
n o d e ? pe r f o raanc a 
I  tel l  Oeb r a tha t  I  uan t  t o kno u he r 
te lephon e nuabe r . 
Input ? 
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