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Abstrac t 

Agents in the real world must be capable of autonomous goal 
creation .  On e effec t  o f  thi s abilit y  i s tha t  th e agen t  ma y gener -
at e a  substantia l  numbe r  o f  goals ,  bu t  onl y a  smal l  numbe r  o f 
thes e wil l  b e relevan t  a t  an y on e time .  Therefore ,  ther e i s  a  nee d 
fo r  som e heuristi c mechanis m t o contro l  a n agent' s reasonin g 
attention .  Suc h a  mechanis m i s presente d i n thi s paper ;  alarms . 
Alarm s serv e t o focu s th e attentio n o f  th e agen t  o n th e mos t 
salien t  goals ,  an d thereb y avoi d unnecessar y reasoning .  I n thi s 
way,  a  resource-bounde d agen t  ca n emplo y mode m plannin g 
method s t o effectiveness . 

I n t r o d u c t i o n 

I t  i s  widel y recognise d tha t  i f  a n autonomou s agen t  i s  require d 

t o interac t  wit h a  real-worl d domain, ^  a  stati c se t  o f  goal s i s 

not  a  sufficientl y flexibl e representatio n o f  th e agent' s pur -

pos e (Brooks ,  1986 ;  Carbonell ,  1982 ;  Lon g &  Fox ,  1995 ;  Si -

m o n,  1967 ;  Sloman ,  1987 ;  Wilensky ,  1983) .  Th e domai n ma y 

chang e a t  an y tim e suc h tha t  pursuin g a  goa l  ma y n o longe r  b e 

realistic ,  required ,  o r  eve n possible .  A  singl e goa l  ma y nee d 

t o b e satisfie d mor e tha n once ,  o r  periodically ,  dependin g o n 

h o w th e domai n evolve s ove r  time .  So ,  a n autonomou s agen t 

must  hav e th e abilit y  t o se t  itsel f  goal s (cf .  Luc k &  d'Invern o 

(1995)) .  Suc h a  capabilit y  ha s bee n investigate d t o varyin g 

degree s an d fo r  differen t  purpose s i n a  numbe r  o f  system s in -

cludin g P A N D O RA (Wilensky ,  1983) ,  Peng i  (Agr e &  Chap -

man,  1987) ,  P R S (Georgef f  &  Lansky ,  1987) ,  an d N M L l 

(Beaudoi n &  Sloman ,  1993 ;  Beaudoin ,  1994) .  I n general , 

goal s ar e se t  i n respons e t o change s i n th e domai n tha t  ar e rel -

evan t  t o th e agent .  Th e wor k presente d her e i s motivate d b y 

tw o observation s abou t  th e natur e o f  goal s tha t  hav e importan t 

consequence s i n model s o f  agency . 

1. The time at which changes in the domain that may lead to 

th e generatio n o f  a  goa l  ar e detecte d i s no t  necessaril y  th e 

tim e a t  whic h th e agen t  shoul d ac t  o n tha t  goal .  Actio n ma y 

be require d som e tim e i n th e future . 

2.  Some goals tend to recur periodically, or at particular times 

of  th e day/weelc/etc .  (Goal s tha t  recu r  i n thi s wa y hav e 

bee n referre d t o a s cyclica l  satisfactio n goal s (Schan k & 

Abelson ,  1977 )  an d replenishmen t  goal s (Ortony ,  Clor e & 

Collins ,  1988). )  Thes e goal s persist ;  the y ar e no t  aban -

done d onc e achieved ,  thei r  influenc e i s simpl y mitigated . 

Then ,  a s tim e passes ,  th e intensityo f  th e influenc e increase s 

unti l  th e goa l  recurs .  However ,  th e importan t  rol e tha t  tim e 

play s i n th e generatio n o f  thes e type s o f  goa l  ha s no t  bee n 

full y appreciated . 

An agent that is capable of autonomous goal creation, po-

tentiall y  ca n hav e a n unlimite d numbe r  o f  goals .  However , 

th e numbe r  o f  goal s fo r  whic h actio n i s require d no w wil l 

be a  smal l  numbe r  o f  these .  Furthermore ,  al l  rea l  agent s ar e 

resource-bounde d (Simon ,  1957) ,  s o ther e i s a  limi t  o n th e 

number  o f  goal s tha t  ca n b e attende d t o a t  an y on e time. ^  A n 

additiona l  complicatio n i s tha t  th e proces s o f  distinguishin g 

betwee n goal s tha t  warran t  attentio n an d thos e tha t  d o not ,  it -

sel f  deplete s resources .  Therefore ,  i n an y resource-bounde d 

agen t  a n heuristi c mechanis m i s require d t o focu s resource s 

on th e mos t  salien t  goals ;  i.e .  t o avoi d unnecessar y reasonin g 

(Norma n &  Long ,  1995) .  Suc h a  mechanis m ha s bee n char -

acterise d a s "fas t  bu t  stupid "  b y Sloma n (1987) .  A n heuristi c 

mechanis m fo r  th e contro l  o f  reasonin g attentio n i s presente d 

i n thi s paper :  alarms .  Thi s mechanis m ha s bee n implemente d 

and teste d o n a  simulate d warehous e agent ,  an d intuitiv e ex -

ample s fro m thi s domai n ar e use d throughou t  th e paper . 

Goals 

I n A J plannin g systems ,  a  goa l  i s  see n a s a  proposition ,  o r  a 

wel l  forme d formul a i n th e worl d model ,  t o b e mad e true .  Th e 

purpos e o f  th e planne r  i s t o searc h fo r  a  sequenc e o f  operator s 

( a plan )  tha t  wil l  transfor m th e curren t  stat e int o on e wher e a 

give n goa l  o r  goal s hold .  Plannin g researc h i s principall y con -

cerne d wit h th e creatio n o f  goo d plan s t o satisf y a  conjunctio n 

of  suc h goal s i n a n efficien t  way .  However ,  th e plannin g prob -

le m quickl y become s intractabl e a s th e numbe r  o f  goal s tha t 

must  b e planne d fo r  increases . 

Plannin g i s als o a n importan t  cognitiv e activity ,  an d plan -

nin g system s ar e usefu l  i n explainin g certai n type s o f  huma n 

decisio n making .  Explanation s o f  huma n decisio n makin g 

'Th e domai n o f  a n agen t  i s it s interna l  stat e an d th e stat e o f  th e 
externa l  environmen t  tha t  th e agen t  perceives .  A  real-worl d domai n 
i s a  domai n tha t  ca n neithe r  b e completel y no r  correctl y modelled . 

Î n fac t  th e loa d o n th e agent' s reasonin g resource s i s bounded , 
and thi s loa d i s relate d t o th e numbe r  o f  goal s tha t  hol d attention . 
However ,  som e goal s ar e mor e eas y t o attai n tha n others ,  s o thi s i s 
not  necessaril y  a  simpl e relationship . 
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typicall y concentrat e o n th e creatio n an d managemen t  o f  mul -

tipl e goal s i n ever y da y situations ,  an d les s o n ho w thes e goal s 

ar e represente d o r  achieve d (Beaudoi n &  Sloma n (1993 )  an d 

Hayes-Rot h (1995 )  ar e exceptions) .  Typically ,  variou s type s 

of  goa l  ar e identified .  Fo r  example ,  Ortony ,  Clor e &  Collin s 

(1988 )  specif y thre e broa d goa l  types :  replenishmen t  goals , 

activ e pursui t  goal s an d interes t  goal s (cf .  Schan k &  Abelso n 

(1977 )  an d Carbonel l  (1982)) . 

I n general ,  goal s ar e th e problem s t o b e solve d b y a n agen t 

throug h som e sor t  o f  plannin g capability .  I n th e wor k pre -

sente d i n thi s paper ,  a  goa l  i s  viewe d a s a  propositio n t o b e 

made tru e throug h purposefu l  action ,  bu t  goal s ca n b e gen -

erate d throug h differen t  processes .  I t  i s  differen t  processe s 

throug h whic h goal s ar e generate d tha t  distinguis h th e tw o 

goal  type s discusse d here .  Th e ter m D-Goa l  i s use d t o refe r 

t o goal s generate d throug h decision ,  an d th e ter m R-Goa l  i s 

used t o refe r  t o goal s generate d throug h replenishment .  I t  i s 

importan t  t o not e tha t  goal s fro m differen t  source s ar e indis -

tinguishabl e i n conten t  an d functio n afte r  the y hav e bee n gen -

erated .  Thes e term s D-Goa l  an d R-Goa l  refe r  t o th e goa l  an d 

th e proces s tha t  generate d th e goal . 

D-Goals 

Ortony, Clore & Collins (1988) describe active pursuit goals 

(analogou s t o D-Goals )  a s state s o f  affair s tha t  th e agen t 

wishe s t o achiev e unde r  certai n conditions .  Necessarily ,  th e 

agent  mus t  hav e som e reaso n behin d th e generatio n o f  suc h a 

goal .  I n th e syste m presente d here ,  simpl e recognitio n mech -

anisms ,  simila r  t o "Noticers "  (Wilensky ,  1983) ,  ar e use d t o 

trigge r  th e agen t  t o conside r  generatin g D-Goals .  Demon s 

(se e figure  1 )  monito r  th e externa l  environmen t  an d interna l 

stat e o f  th e agent ,  reportin g t o appropriat e mechanism s whe n 

some se t  o f  condition s hold .  Som e o f  thes e demon s ar e dedi -

cate d t o recognisin g event s tha t  ma y warran t  th e generatio n o f 

a goal .  Fo r  example ,  i f  a n agen t  i s  informe d o f  a  meeting ,  thi s 

even t  i s reported ,  an d a  goa l  ma y b e generate d i n response. ^ 
However ,  th e tim e a t  whic h th e agen t  recognise s tha t  some -

thin g mus t  b e don e i s no t  necessaril y  th e tim e a t  whic h it s at -

tentio n shoul d b e directe d toward s doin g it .  So ,  goal s ma y b e 

generate d throug h suc h a  mechanis m tha t  ar e no t  appropriat e 

t o th e agen t  fo r  som e time . 

D-Goal s hav e a  limite d life :  The y ar e generated ,  planne d 

for ,  an d onc e the y hav e eithe r  bee n satisfie d o r  ar e n o longe r 

required ,  the y ar e deleted .  Fo r  example ,  th e warehous e agen t 

may receiv e a  reques t  fo r  a n orde r  t o b e satisfie d fro m a  po -

tentia l  customer .  I f  th e orde r  i s accepted ,  a  goa l  i s  generated ; 

the n i f  th e orde r  i s satisfie d o r  i f  th e agen t  n o longe r  wishe s t o 

satisf y th e order ,  th e goa l  i s  deleted.' ' 

^ A decisio n base d o n th e agent' s belief s i s  a  prerequisit e t o th e 
generatio n o f  a  goa l  i n thi s wa y (Castelfranchi ,  1995) ,  henc e th e ter m 
D-Goal . 

"•Th e deletio n o f  a  goa l  fo r  whateve r  reaso n ma y influenc e othe r 
processes ,  o r  eve n caus e th e agen t  t o conside r  generatin g othe r  goals . 

R-Goal s 

The secon d typ e o f  proces s throug h whic h goal s ca n b e gen -

erate d i s replenishment .  Replenishmen t  i s a n autonomi c pro -

cess ,  an d henc e doe s no t  involv e reasoning .  Examples :  (1 ) 

An agen t  tha t  ha s th e desir e t o interac t  wit h anothe r  agen t  wit h 

know n behavioura l  pattern s ma y synchronis e it s activit y wit h 

th e othe r  agen t  fo r  it s  o w n ends ;  (2 )  A n agen t  tha t  i s  concerne d 

wit h maintainin g th e stat e o f  a  domai n variabl e ma y periodi -

call y affec t  th e variabl e t o kee p i t  withi n acceptabl e bounds . 

Replenishmen t  processe s ten d t o caus e th e sam e goal s t o recu r 

ove r  certai n period s o f  tim e o r  a t  certai n characteristi c time s 

(e.g .  a t  5 p m ever y day ,  o r  ever y Thursday) .  Ther e ar e tw o dis -

tinc t  reason s fo r  R-Goal s t o influenc e a n agent' s behaviour : 

1.  A n agen t  i n a  real-worl d domai n i s no t  th e sol e acto r  i n 

tha t  domain .  Influence s tha t  ar e independen t  fro m th e 

agen t  ma y produc e regularitie s i n th e domain ;  e.g .  a  lec -

tur e timetable .  Fo r  th e agen t  t o affec t  th e domai n i n usefu l 

ways ,  i t  ma y b e necessar y fo r  i t  t o synchronis e it s activitie s 

wit h aspect s o f  th e environmen t  tha t  ar e no t  unde r  it s  con -

trol .  So ,  a  studen t  wh o ha s th e desir e t o pas s a  cours e wil l 

be influence d b y th e recurrin g goa l  t o hav e attende d partic -

ula r  lectures . 

2. It is advantageous for agents to generate goals in this way, 

rathe r  tha n throug h decision .  (Th e proces s o f  generatin g a 

goal  throug h decisio n i s computationall y expensive. )  Fo r 

example ,  i f  a  warehous e agent ,  throug h som e autonomi c 

process ,  cause s goal s t o hav e restocke d a  commodit y t o re -

cur  ever y Thursday ,  i n norma l  circumstance s ther e i s n o 

need t o eve n conside r  tha t  commodit y durin g th e res t  o f  th e 

week.  Replenishmen t  processe s allo w reasonin g resource s 
t o b e redirecte d t o mor e constructiv e tasks . 

Alarms 

Focusin g attentio n i s a n importan t  requiremen t  fo r  a n agen t 

capabl e o f  autonomou s goa l  generatio n fo r  tw o reasons :  (1 ) 

The agen t  wil l  b e influence d b y a  larg e numbe r  o f  goals ,  bu t 
onl y a  smal l  numbe r  o f  thes e goal s wil l  warran t  attentio n a t 

any on e time ;  an d (2 )  Resourc e limitation s boun d th e num -

ber  o f  goal s tha t  ca n b e considered ,  o r  planne d for ,  a t  an y on e 

time . 

Thi s sectio n describe s alar m managemen t  processes ;  thes e 

hav e th e effec t  o f  focusin g a n agent' s reasonin g attentio n o n 

appropriat e goal s a t  appropriat e times .  I n th e mos t  simpl e 

terms ,  a n alar m [qj )  i s  a  structur e tha t  associate s a  goa l  (gj ) 

wit h a  functio n o f  intensit y ove r  time :  a j  =  {gj,fj{t)) -  Thi s 
functio n i s designe d t o reflec t  ho w appropriat e th e goa l  i s  t o 
th e presen t  situation .  Typically ,  a s tim e passe s th e intensit y 

of  thi s functio n increase s t o a  poin t  wher e i t  exceed s som e 

threshold .  Then ,  th e attentio n o f  th e agen t  i s  focusse d o n tha t 

goal .  Thi s threshol d change s whe n th e situatio n changes ;  a s 

th e agen t  become s mor e busy ,  th e threshol d increase s an d vic e 

versa .  Onl y whe n a n alar m ha s triggere d i n thi s wa y wil l  th e 
goal  b e considered ,  an d possibl y activated .  Alarm s ar e essen -

tiall y  goa l  managemen t  processe s tha t  serv e t o avoi d unnec -
essar y reasoning . 
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Figur e 2 :  A  genera l  alar m function . 

A l a r m generatio n 

D-Goals :  W h e n th e agen t  consider s tha t  a n even t  (detecte d 

by a  demon )  warrant s th e creatio n o f  a  goal ,  a n appropri -

at e alar m i s se t  (se e figur e 1) .  Fo r  example ,  th e warehous e 

agen t  contain s a  demo n tha t  wil l  respon d t o an y messag e 

receive d fro m a  customer .  I f  th e custome r  ha s place d a n or -

der ,  an d thi s orde r  i s acceptabl e t o th e agent ,  the n a  goa l  t o 

hav e me t  th e orde r  i s created .  Th e agen t  predict s whe n thi s 

goal  need s t o achieved ,  ho w lon g i t  wil l  tak e t o achieve ,  th e 

importanc e o f  th e goal ,  etc .  Wit h thi s information ,  a  func -

tio n o f  intensit y agains t  tim e i s defined ,  an d a n alar m cre -

ated . 

Thi s functio n o f  intensit y (figur e 2 )  i s specifie d b y definin g 

th e variable s t d h A j J d t ^  idt ,  an d ima x •  Th e deadlin e {tdi ) 
i s th e tim e a t  whic h th e agen t  wishe s th e goa l  t o hav e bee n 

satisfied .  Aa t  i s th e perio d o f  tim e tha t  th e agen t  expect s 

wil l  b e require d t o ac t  t o satisf y th e goal .  Wit h thi s valu e 

and th e deadline ,  a n estimat e ca n b e mad e o f  th e las t  poin t 

at  whic h th e agen t  shoul d atten d t o th e goa l  t o hav e i t  sat -

isfie d i n time ,  an d henc e th e tim e a t  whic h th e intensit y o f 

th e alar m shoul d b e maximal :  tmax -  Th e dela y tim e {tdt ) 

i s a  time ,  befor e whic h i t  i s no t  appropriat e fo r  th e agen t  t o 

act  o n th e goal .  Fo r  example ,  ther e i s n o poin t  i n th e ware -

hous e agen t  preparin g a n orde r  containin g perishabl e com -

moditie s i f  th e custome r  i s expecte d t o arriv e afte r  th e com -

moditie s wil l  hav e perished .  Th e time s td t  an d tma i  defin e 

a tim e windo w wher e th e agen t  predict s tha t  i t  i s sensibl e t o 

activat e th e goal . 

Differen t  goal s ma y hav e th e potentia l  t o influenc e th e 

agen t  t o varyin g degrees ;  thi s potentia l  i s th e max imu m in -

tensit y o f  th e alar m (imax) -  A  modificatio n o f  th e Littl e 

Nel l  proble m (McDermott ,  1982 )  i s usefu l  i n illustratin g 

th e effec t  o f  varyin g alar m potentials .  Th e heroin e (Nell ) 

i s  tie d t o th e tracks ,  a  trai n i s approaching ,  an d th e her o 

(Dudley )  wishe s t o sav e her .  Th e modificatio n i s tha t  Dud -

le y i s no t  onl y influence d b y th e goa l  t o hav e save d Nell . 

Dudle y als o ha s th e goa l  t o hav e sate d hi s hunger .  Further -

more ,  i t  i s  lunc h time ,  s o th e intensit y o f  th e alar m encapsu -

latin g th e goa l  t o hav e sate d hi s hunge r  i s near-maximum . 

Dudle y ha s predicte d tha t  Nel l  wil l  ge t  mashe d soon ,  s o th e 

alar m encapsulatin g th e goa l  t o hav e save d Nel l  i s  als o near -

maximum.  I t  i s th e fac t  tha t  savin g Nel l  i s fa r  mor e impor -

tan t  t o Dudle y tha t  distinguishe s thes e tw o alarms ;  i.e .  th e 

variabl e ima x fo r  th e alar m encapsulatin g th e goa l  t o hav e 

save d Nel l  i s  greate r  tha n fo r  th e othe r  alarm .  I n fac t  i t  i s 

possibl e fo r  a  goa l  t o b e ignored ,  eve n i f  th e alarm' s inten -

sit y i s max imum ,  i f  th e threshol d i s sufficientl y hig h (se e 

th e extende d example) . 

Finally ,  id t  i s  th e initia l  intensit y o f  th e alar m a t  th e dela y 

time .  Betwee n td t  an d tmax ,  th e intensit y linearl y increase s 

fro m id t  t o ima x •  I t  i s  possibl e t o defin e differen t  criteri a fo r 

an alar m function ,  bu t  thi s depend s heavil y o n th e accurac y 

of  th e predictions ,  o r  th e informatio n the y ar e base d on . 

R-Goals: The visible effect of an autonomic replenishment 

proces s i s t o generat e a  strea m o f  alarms ,  an d henc e acti -

vate d goals ,  a t  appropriat e times .  Eac h goa l  i s  treate d i n 

th e sam e wa y a s a  goa l  generate d throug h decisio n b y th e 

plannin g an d contro l  mechanisms .  Th e goa l  wil l  b e acti -

vated ,  an d acte d o n i n th e usua l  way .  Th e functio n o f  th e 

replenishmen t  proces s i s t o continuall y monito r  th e exist -

in g alarms .  I f  ther e i s a n R-Goa l  tha t  i s  missin g (du e t o i t 

havin g bee n deleted) ,  a  ne w alar m encapsulatin g tha t  goa l 

i s automaticall y create d (figur e 1) . 

The functio n o f  intensit y o f  thi s replenishe d alar m wil l  in -

creas e t o max imu m ove r  som e perio d o f  time .  Thi s pe -

rio d ma y b e fixed  an d th e intensit y o f  th e alar m increase s 

as th e tim e sinc e i t  wa s las t  satisfie d increases .  (Thi s typ e 

of  mechanis m i s consisten t  wit h th e observation s o f  Ortony , 

Clor e &  Collin s (1988 )  abou t  th e natur e o f  replenishmen t 
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goals. )  Fo r  example ,  th e intensit y o f  th e alar m encapsulat -

in g th e goa l  t o bu y mil k ma y increas e a s th e tim e sinc e th e 

las t  visi t  t o th e shop s fo r  thi s purpos e increases ,  base d o n 

some estimat e o f  h o w lon g a  pin t  (o r  quart )  o f  mil k lasts . 

However ,  th e specificatio n o f  a  fixed  perio d o f  replenish -

ment  doe s no t  sufficientl y expres s certai n type s o f  R-goa l 

behaviour .  I f  hunge r  i s influence d primaril y b y socia l  habit , 

th e alar m coul d b e replenishe d t o increas e i n intensit y ove r 

th e period s o f  tim e betwee n 08:00 ,  13:00 ,  an d 18:00 ,  caus -

in g goal s t o b e activate d aroun d thes e time s i n th e day .  Thi s 

i s a n exampl e o f  a  timetable d R-Goal .  Note ,  thi s doe s no t 

preclud e th e possibilit y  o f  a  D-Goa l  t o mitigat e hunge r  be -

in g generate d a t  an y time . 

Thi s R-Goa l  t o satiat e hunge r  i s a n exampl e o f  a n auto -

nomi c replenishmen t  proces s tha t  i s  essentiall y  permanent . 

However ,  a n agen t  m a y hav e a  numbe r  o f  R-Goal s tha t 

onl y exist s unde r  certai n conditions ;  thes e ar e temporar y R -

Goals .  Fo r  example ,  th e warehous e agen t  m a y accep t  regu -

la r  order s fro m reliabl e customer s unde r  certai n conditions . 

Thes e regula r  order s becom e temporar y R-Goals ,  an d wil l 

onl y exis t  i f  th e agen t  continue s t o believ e tha t  th e custome r 

i s reliabl e an d tha t  th e custome r  stil l  require s th e order .  De -

m on processe s ar e agai n employe d t o notif y th e replenish -
ment  proces s tha t  th e condition s fo r  th e existenc e o f  a  tem -

porar y R-Goa l  n o longe r  hold .  I n general ,  a n agen t  wil l  syn -

chronis e it s activitie s wit h regularitie s i n th e environment , 

or  wit h othe r  agents ,  onl y i f  th e agen t  consider s i t  advanta -

geou s t o d o so . 

Alarm modification 

A real-worl d domai n i s intrinsicall y uncertain ;  prediction s ar e 

fallibl e an d th e norma l  replenishmen t  o f  certai n goal s ca n be -

come inappropriate .  A t  an y tim e afte r  a n alar m ha s bee n set , 

th e domai n m a y chang e i n a n unexpecte d way .  Suc h change s 

i n th e domai n m a y directl y caus e change s i n th e intensit y o f 

an alarm . 

Opportunities: An opportunity is an action for which all the 

precondition s o f  tha t  actio n hol d i n th e presen t  state ,  an d 

tha t  th e achievemen t  o f  a  goa l  encapsulate d i n a n existin g 

alar m i s a  postconditio n o f  tha t  action .  B y takin g a n oppor -

tunity ,  i t  i s  possibl e fo r  th e agen t  (i f  al l  goe s well )  t o satisf y 

th e goa l  withou t  th e nee d fo r  furthe r  planning .  Th e agen t  i s 

equippe d wit h a  se t  o f  opportunit y demons ,  wher e th e con -

dition s fo r  th e triggerin g o f  tha t  demo n ar e th e precondi -

tion s o f  th e relevan t  action .  Th e detectio n o f  a n opportunit y 

has th e effec t  o f  givin g th e appropriat e alar m a n impuls e o f 

intensity. ^  I t  i s  possibl e fo r  suc h a n impuls e t o increas e th e 

intensit y o f  a n alar m ove r  th e threshold ,  caus e th e alar m t o 

trigger ,  an d henc e possibl y activat e th e goal .  I f  th e goa l  i s 

activated ,  th e opportunit y i s  communicate d t o th e plannin g 

and contro l  mechanism s o f  th e agent . 

Dangers: A danger to a goal is one of three things: (a) A plan, 

constructe d t o satisf y th e goal ,  whic h ha s failed ;  (b )  A n es -

sentiall y  irreversibl e action ^  tha t  th e agen t  intend s t o per -

for m whic h wil l  preven t  i t  fro m satisfyin g th e goa l  i n time ; 

or  (c )  Al l  alarm s ar e base d o n assumption s abou t  h o w th e 

domai n wil l  evolv e ove r  time .  I f  th e agen t  detect s tha t  th e 

domai n ha s change d suc h tha t  a  salien t  assumptio n i s n o 

longe r  valid ,  thi s constitute s a  dange r  t o th e satisfactio n o f 

th e goal .  I n th e sam e wa y a s opportunit y demons ,  dange r 

demons notif y th e agen t  o f  a  dangerou s situatio n b y giv -

in g th e alar m tha t  encapsulate s th e goa l  tha t  i s  i n dange r  a 

temporar y impuls e o f  intensity .  A n impuls e m a y caus e a n 

alar m t o trigge r  an d forc e th e agen t  t o evaluat e a  possibl e 

dange r  t o th e goa l  encapsulate d i n tha t  alarm . 

Commitments: In the construction of a plan, the agent com-

mit s itsel f  t o activit y a t  certai n times .  Commi tment s reduc e 

th e tim e availabl e fo r  th e agen t  t o ac t  t o satisf y othe r  goals . 

For  example ,  i f  a n agen t  plan s t o trave l  throug h a  desert , 

whethe r  th e agen t  ha s recentl y sate d it s thirs t  o r  not ,  th e 

goa l  t o hav e mitigate d thirs t  i s  appropriat e t o th e situation . 

Commitment s mad e b y th e agen t  hav e th e effec t  o f  shiftin g 

a functio n o f  intensit y lef t  alon g th e tim e axis ,  an d henc e th e 

alar m i s evaluate d a t  th e tim e {tno w +  A c O .  wher e tno w i s 

th e tim e n o w an d Ac t  i s  th e effec t  o f  th e commitment s tha t 

th e agen t  ha s mad e t o futur e action .  Thi s alar m m a y there -

for e b e triggere d earlier . 

Alarm triggering 

A n alar m i s triggered ,  an d henc e th e goa l  i s  considere d b y th e 

agent ,  i f  th e alar m functio n evaluate s a t  th e tim e {tno w +  Act ) 

t o a  valu e greate r  tha n o r  equa l  t o som e threshold .  Thi s thresh -

ol d i s c o m m o n t o al l  alarm s an d ca n hav e an y valu e abov e 

zero .  Th e threshol d ha s th e effec t  o f  controllin g th e sensitivit y 

of  th e agen t  t o alarms ,  an d act s t o limi t  th e focu s o f  th e agent' s 

attention .  I f  th e threshol d i s low ,  th e agen t  wil l  b e mor e sen -

sitiv e t o ne w goals ,  an d vic e versa .  However ,  t o effectivel y 

contro l  th e focu s o f  attention ,  thi s threshol d mus t  chang e i n re -

latio n t o th e changin g loa d o n th e agent' s reasonin g resources . 

As th e agent' s activit y increases ,  th e threshol d increase s an d 

henc e th e agent' s sensitivit y t o ne w goal s i s reduced .  So ,  i f 

th e agen t  ha s a  larg e numbe r  o f  urgen t  tasks ,  i t  wil l  ten d t o 

leav e othe r  alarm s tha t  hav e lowe r  intensit y potentia l  t o th e 

las t  minut e o r  ignor e them .  However ,  i f  th e agen t  ha s fewe r 

task s demandin g attention ,  alarm s tha t  hav e les s intensit y po -

tentia l  m a y trigge r  (th e threshol d havin g bee n lowered) ,  an d 

goal s wil l  generall y b e considere d earlier .  Th e effec t  o f  thi s 

syste m o f  alarm s i s t o focu s reasonin g attentio n o n a  limite d 

number  o f  goal s s o tha t  th e plannin g an d contro l  processe s ar e 
not  swampe d wit h thing s t o do ,  o r  eve n thing s t o thin k abou t 

doing . 

Once a  goa l  i s  activated ,  i t  i s  importan t  fo r  a n agen t  t o the n 

reconside r  th e goa l  a t  appropriat e time s (Bratman ,  Israe l  & 

Pollack ,  1988) .  "Reconsiderin g a  prio r  intentio n i s a n activ -

it y tha t  use s u p tim e an d othe r  limite d resources "  (Bratman , 

1992) ,  bu t  determinin g whe n goal s shoul d b e reconsidere d 

^Thi s impuls e exist s onl y fo r  a s lon g a s th e opportunit y exists . 
An essentiall y  irreversibl e actio n i s on e tha t  canno t  b e reverse d 

i n tim e fo r  th e goa l  t o b e satisfie d i n time . 
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als o deplete s resources .  Therefore ,  i n th e sam e wa y tha t  a n 

heuristi c i s require d t o determin e whe n goal s shoul d b e con -

sidere d fo r  achievement ,  a  simila r  mechanis m i s require d t o 

determin e wha t  goal s shoul d b e reconsidered .  Fo r  example , 

as th e deadlin e o f  th e goa l  approaches ,  o r  i f  a  dange r  t o th e 

satisfactio n o f  tha t  goa l  i s detecte d afte r  i t  ha s bee n activated , 

i t  shoul d b e reconsidered .  W h e n a  goa l  i s activated ,  th e alar m 

management  proces s i s no t  deleted ;  th e effec t  o f  activatin g th e 

goal  temporaril y  mitigate s th e intensit y o f  th e alarm .  Thi s mit -

igatio n effec t  decay s ove r  time ,  unti l  th e alar m wil l  agai n b e 

triggere d an d th e goa l  reconsidered .  W h e n a  goa l  i s activated , 

th e agen t  predict s whe n i t  shoul d nex t  conside r  th e goa l  an d 

thi s determine s th e rat e o f  deca y o f  th e mitigation .  I n thi s way , 

th e sam e alar m heuristi c control s bot h goal s t o th e considere d 

fo r  achievemen t  an d goal s t o b e reconsidered . 

A goa l  tha t  i s  activate d b y th e agen t  wil l  mitigat e th e rele -

van t  alar m (e.g .  th e goa l  t o satisf y a n orde r  place d b y a  cus -

tome r  i n th e warehous e domain) .  Typically ,  th e goa l  i s  acti -

vate d befor e th e tim e tma x (figur e 2) ,  dependin g o n th e thresh -

old .  Th e mitigatio n effec t  o n th e alar m wil l  deca y a t  a  rat e 

suc h tha t  th e alar m wil l  agai n trigge r  aroun d tmax -  A t  thi s 

poin t  th e agen t  wil l  reconside r  th e goal .  I f  th e alar m i s no t 

deleted ,  i t  i s  agai n mitigate d unti l  th e deadlin e o f  th e goa l 

{tdi) .  I f  th e goa l  t o satisf y th e customer' s orde r  i s no t  satisfie d 

and th e deadlin e wa s correctl y predicted ,  ther e ma y b e n o op -

tio n othe r  tha n t o delet e goa l  an d alarm. ^  Thi s i s a n exampl e 

of  a  goa l  tha t  i s n o longe r  relevan t  t o th e agent' s alarm s onc e 

th e deadlin e ha s passe d an d i t  i s  no t  satisfie d ( a goa l  wit h a  firm 

deadline) .  Othe r  goal s ma y stil l  b e relevan t  afte r  th e deadlin e 

has passed ;  the y ma y b e eve n mor e urgent .  Thi s typ e o f  dead -

lin e represent s th e tim e a t  whic h th e agen t  woul d lik e th e goa l 

t o b e satisfied ,  no t  th e tim e a t  whic h i t  mus t  b e satisfied :  a  sof t 

rathe r  tha n a  firm  deadline. ® A  goa l  wit h a  sof t  deadlin e wil l 

continu e t o b e reconsidere d periodicall y unti l  i t  i s satisfied ,  o r 

th e agen t  decide s t o delet e th e alar m fo r  othe r  reasons . 

Managing uncertainty 

A plannin g agen t  ca n neve r  kno w fo r  sur e h o w lon g i t  wil l 

tak e t o satisf y a  goal .  I f  th e agen t  underestimate s thi s time , 

i t  ma y wai t  to o lon g befor e actin g o n th e goa l  an d th e goa l 

may neve r  b e satisfie d i n time .  Thi s i s a  potentia l  sourc e o f 

erro r  i n th e alar m heuristic .  Thi s perio d o f  tim e ca n onl y b e 

know n onc e th e goa l  ha s bee n successfull y achieved .  There -

fore ,  an y mechanis m fo r  th e schedulin g o f  multipl e goal s ma y 

suffe r  fro m suc h errors .  Thi s variabl e (Aa < (figur e 2) )  i s de -

fined  b y th e tim e perio d tha t  th e agen t  wil l  allo w fo r  tha t  goa l 

t o b e satisfied .  I n fact ,  suc h rules-of-thum b ar e c o m m o n i n 

decisio n making .  Fo r  example ,  i f  I  inten d t o trave l  fro m on e 

par t  o f  Londo n t o another ,  I  woul d simpl y allo w a n hou r  fo r 

th e journey .  However ,  i f  I  d o no t  k n o w wher e I  mus t  trave l  t o 

i n th e proces s o f  satisfyin g m y intention ,  th e importanc e tha t  I 

Intensit y 

Alar m t o satisf y custome r 
Alar m t o restoc k warehous e 

Threshol d 

0. 8 -

0. 6 -

50 Tim e 

Figur e 3 :  Example . 

^Th e deletio n o f  a  goa l  ma y hav e effect s o n othe r  part s o f  th e 
agent ;  thi s chang e i n interna l  stat e ma y subsequentl y caus e othe r 
alarm s t o b e generate d o r  modified . 

*Th e ter m har d deadlin e i s avoided ;  thi s  i s onl y relevan t  fo r  a n 
agent  interactin g wit h a  real-tim e process . 

giv e t o satisfyin g tha t  goa l  wil l  gover n ho w muc h tim e I  shal l 

allocat e t o th e goal ,  an d henc e h o w fa r  I  coul d travel . 

For  th e sam e reason ,  th e tim e commitment s mad e b y th e 

agen t  i n th e proces s o f  plannin g canno t  necessaril y  b e deter -

mined .  Fo r  example ,  th e duratio n o f  th e actio n t o trave l  fro m 

poin t  A  t o poin t  B  ca n onl y b e determine d whe n bot h thes e 

variable s ar e bound .  Th e agen t  ma y nee d t o pla n t o see k fur -

the r  informatio n befor e thi s ca n b e done .  Agai n tim e i s allo -

cate d t o thes e actions . 

Extended example 

Conside r  a n agen t  tha t  i s  designe d t o manag e a  warehouse . 

Thi s agen t  wil l  hav e variou s influence s o n it s behaviou r  in -

cludin g satisfyin g order s place d b y customers ,  maintainin g 

th e level s o f  stoc k i n th e warehouse ,  ensurin g th e agen t  ha s 

sufficien t  energ y reserve s t o ac t  o n it s intentions ,  etc .  Figur e 3 

illustrate s th e behaviou r  o f  tw o alarm s i n a  particula r  circum -

stance .  Thes e alarm s encapsulat e th e goal s t o hav e satisfie d a n 

orde r  place d b y a  customer ,  an d t o hav e restocke d th e ware -
hous e wit h a  certai n commodity .  (Th e tim e axi s ha s bee n nor -

malise d fo r  clarity. ) 

At  tim e t=0 ,  th e intensit y o f  th e alar m encapsulatin g th e 

goal  t o hav e satisfie d th e custome r  exists ,  bu t  i s  a t  zer o un -

ti l  t= 5 denotin g tha t  i t  i s  no t  sensibl e fo r  th e agen t  t o ac t  be -

for e thi s time .  Thi s ma y b e du e t o th e orde r  containin g com -

moditie s tha t  wil l  peris h i f  kep t  i n th e unfavourabl e condition s 

of  th e loadin g ba y (e.g .  froze n food) .  Afte r  thi s tim e (th e de -

la y time) ,  th e intensit y linearl y increase s unti l  tim e t=20 .  A t 

thi s point ,  th e agen t  detect s tha t  th e custome r  ha s arrive d ear -

lie r  tha t  expected .  Thi s constitute s a  dange r  t o th e satisfactio n 

of  th e goal ,  an d s o th e intensit y immediatel y increase s abov e 

th e threshold .  Th e agent' s attentio n i s directe d toward s thi s 

goal ,  i t  determine s tha t  i t  shoul d act ,  an d therefor e activate s 
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th e goa l  t o hav e satisfie d th e customer .  Th e activatio n o f  thi s 

goal  cause s th e respectiv e alar m t o b e mitigated .  Thi s mitiga -

tio n decay s ove r  tim e unti l  (a t  abou t  tim e t=40 )  th e intensit y o f 

th e alar m ha s agai n increase d t o th e threshold ,  an d th e alie n 

tio n o f  th e agen t  i s  directe d toward s reconsiderin g th e goal .  A t 

thi s poin t  th e agen t  recognise s tha t  a t  som e tim e betwee n t=2 0 

and t=40 ,  th e goa l  wa s satisfied ,  an d s o th e alar m i s deleted . 

At  tim e t=20 ,  th e goa l  t o hav e satisfie d th e customer' s or -

der  i s activated .  I t  i s importan t  tha t  th e agen t  focuse s a  larg e 

amount  o f  it s  attentio n toward s satisfyin g thi s goal ;  th e goa l  i s 

ver y urgen t  an d quit e important .  A s th e activit y o f  th e agen t 

increases ,  s o doe s th e threshold .  A t  tim e t=38 ,  th e agen t  ha s 

satisfie d th e goal ,  it s  activit y decreases ,  an d s o doe s th e thresh -

old . 

The alar m t o restoc k th e warehous e encapsulate s a  goa l  tha t 

was generate d throug h a  replenishmen t  process .  Th e inten -

sit y o f  thi s alar m increase s t o m a x i m u m (i n thi s cas e th e po -

tentia l  o f  th e alar m i s 1 )  a t  aroun d tim e t=35 .  However ,  be -

caus e th e agen t  i s actin g o n th e urgen t  goa l  t o hav e satisfie d 

th e customer ,  th e sensitivit y o f  th e agen t  t o ne w goal s i s re -

duced .  Th e alar m doe s no t  trigge r  th e attentio n o f  th e agen t 

unti l  som e tim e later .  A t  tim e t=50 ,  th e threshol d ha s reduce d 

sufficientl y  fo r  th e attentio n o f  th e agen t  t o b e directe d toward s 

considerin g restockin g th e warehouse .  Th e goa l  i s activated , 

and th e alar m mitigate d i n th e usua l  way . 

Conclusion 

An heuristi c goa l  managemen t  mechanis m ha s bee n pre -

sented :  alarms .  Alarm s serv e t o focu s a n agent' s attentio n o n 

th e mos t  salien t  goal s a t  an y on e time .  Thi s concentrate s plan -

nin g an d reasonin g effor t  an d avoid s unnecessar y distractions . 

Moder n plannin g method s ca n the n b e employe d t o effective -

ness i n th e searc h fo r  solution s t o th e give n problem s (th e ac -

tiv e goals) .  Th e focu s i s continuall y update d a s th e situatio n 

changes ,  an d limite d throug h manipulatio n o f  th e threshold . 

Additionally ,  goal s generate d throug h tw o distinctiv e an d im -

portan t  type s o f  proces s hav e bee n considered :  D-Goal s an d 

R-Goals .  Goal s create d throug h bot h thes e processe s ar e ef -

fectivel y manage d withi n th e sam e alarm s mechanism . 
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