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I n t e g r a t i n g Reac t i v i t y ,  G o a l s ,  a n d E m o t i o n 

i n a  B r o a d A g e n t 

Joseph Bates and A. Bryan Loyall and W. Scott Reilly 

Schoo l  o f  Compute r  Scienc e 

Carnegi e Mello n Universit y 

Pittsburgh ,  P A 1521 3 

Abstrac t 

Researchers studying autonomous agents are in-
creasingl y examinin g th e proble m o f  integratin g 
multipl e capabilitie s int o singl e agents .  Th e O z 
projec t  i s  developin g technolog y fo r  dramatic ,  in -
teractive ,  simulate d worlds .  O n e requiremen t  o f 
suc h world s i s th e presenc e o f  broad ,  thoug h per -
hap s shallow ,  agents .  T o suppor t  ou r  needs ,  w e 
ar e developin g a n agen t  architecture ,  calle d Tok , 
tha t  display s reactivity ,  goal-directe d behavior ,  an d 
emotion ,  alon g wit h othe r  capabilities . 

Integratin g th e component s o f  To k int o a  coheren t 
whol e raise s issue s o f  h o w th e part s interact ,  an d 
seems t o plac e constraint s o n th e natur e o f  eac h 
component .  Her e w e describ e briefl y  th e integratio n 
issue s w e hav e encountere d i n buildin g a  particula r 
Tok agen t  (Lyotar d th e cat) ,  not e thei r  impac t  o n th e 
architecture ,  an d sugges t  tha t  modelin g emotion ,  i n 
particular ,  ma y constrai n th e desig n o f  integrate d 
agen t  architectures . 

Broad Agents 

Th e O z projec t  [Bates ,  1992 ]  a t  Carnegi e Mello n i s de -
velopin g technolog y fo r  artisticall y interesting ,  highl y 
interactive ,  simulate d worlds .  W e wan t  t o giv e user s th e 
experienc e o f  livin g i n (no t  merel y watching )  dramat -
icall y ric h world s tha t  includ e moderatel y competent , 
emotiona l  agents . 

A n O z worl d ha s fou r  primar y components .  Ther e 
i s a  simulate d physica l  environment ,  a  se t  o f  automate d 
agent s whic h hel p populat e th e world ,  a  use r  interfac e 
t o allo w on e o r  mor e j)eopl e t o participat e i n th e worl d 
[Kantrowit z an d Bates ,  1992] ,  an d a  two-playe r  adver -
sar y searc h planne r  concerne d wit h th e lon g ter m struc -
tur e o f  th e user' s experienc e [Bates ,  1990] .  O z share s 
some goal s wit h traditiona l  stor y generatio n system s 
[Meehan ,  1976 ,  Lebowitz ,  1985] ,  bu t  add s th e signifi -
can t  requiremen t  o f  ric h interactivity . 

O ne o f  th e key s t o a n artisticall y engagin g experienc e 
i s fo r  th e use r  t o b e abl e t o "suspen d disbelief .  Tha t 
is ,  th e use r  mus t  b e abl e t o imagin e tha t  th e worl d por -
traye d i s real ,  withou t  bein g jarre d ou t  o f  thi s belie f  b y 

th e world' s behavior .  Th e automate d agents ,  i n particu -
lar ,  mustn' t  b e blatantl y unreal .  Thus ,  par t  o f  ou r  effor t 
i s  aime d a t  producin g agent s wit h a  broa d se t  o f  capabili -
ties ,  includin g goal-directe d reactiv e behavior ,  emotiona l 
stat e an d behavior ,  an d som e natura l  languag e abilities . 
For  ou r  purpose ,  eac h o f  thes e capacitie s ma y b e a s shal -
lo w a s necessar y t o allo w u s t o buil d broad ,  integrate d 
agent s [Bate s e t  al. ,  1991] . 

Oz world s ar e fa r  simple r  tha n th e rea l  world ,  bu t 
the y mus t  retai n sufficien t  complexit y t o serv e a s inter -
estin g artisti c  vehicles .  Th e complexit y leve l  i s  some -
what  higher ,  bu t  no t  exceptionall y higher ,  tha n typica l 
AI  micro-worlds .  Despit e thes e simplifications ,  w e find 
tha t  ou r  agent s mus t  dea l  wit h imprecis e an d erroneou s 
perceptions ,  wit h th e nee d t o respon d rapidly ,  an d wit h a 
genera l  inabilit y  t o full y  mode l  th e agent-ric h worl d the y 
inhabit .  W e suspec t  tha t  som e o f  ou r  experienc e wit h 
broa d agent s i n O z m a y transfe r  t o othe r  domains ,  suc h 
as social ,  real-worl d robots . 

Buildin g broa d agent s i s a  littl e studie d area .  Muc h 
wor k ha s bee n don e o n buildin g reactiv e system s 
[Brooks ,  1987 ,  Georgef f  e t  al. ,  1987 ,  Firby ,  1989 , 
Simmons ,  1991] ,  natura l  languag e systems ,  an d eve n 
emotio n system s [Dyer ,  1983 ,  Orton y e t  al. ,  1988 , 
Mueller ,  1990] .  Ther e i s growin g interes t  i n integrat -
in g actio n an d learnin g (se e [Laird ,  1991] )  an d som e 
ver y interestin g wor k o n broade r  integratio n [Ver e an d 
Bickmore ,  1990 ,  Newell ,  1990] .  However ,  w e ar e awar e 
of  n o othe r  effort s  t o integrat e th e particularl y wid e rang e 
of  capabilitie s neede d i n th e O z domain .  Her e w e presen t 
our  efforts ,  focusin g o n integratio n mechanism s an d thei r 
impac t  o n component s o f  th e architecture . 

Tok and Lyotard 

I n analyzin g ou r  tas k domain ,  w e conclude d tha t  th e 
capabilitie s neede d i n ou r  initia l  agent s ar e percep -
tion ,  reactivity ,  goal-directe d behavior ,  emotion ,  socia l 
behavior ,  natura l  languag e analysis ,  an d natura l  lan -
guag e generation .  Ou r  agen t  architecture ,  Tok ,  par -
tiall y  (bu t  no t  fully )  partition s thes e task s int o severa l 
communicatin g components .  Low-leve l  perceptio n i s 
handle d b y th e Sensor y Routine s an d th e Integrate d 
Sens e Model .  Reactivit y an d goal-directe d behavio r  ar e 
handle d b y Ha p [Loyal l  an d Bates ,  1991] .  Emotio n 

696 



iUndard s 
Utiude s 
emoiion s 

Em archiiecDn e 

sens e / 
languige l 
querie s \ 

behtvio r  feature s 
•n d r» w emotion s 

soi l  fuccettei . 
failure i  A  aeido a 

ti t 
io n 

Ht p trchitectur e 

A sens e \ 
lUngiug e liclion s 

/quarie t  ' 
Seatof y Routine s 

to d 
Integrite d Sens e Mode l 

in g f tensin g 

The Worl d 

Emotion s 

hope ^ 
fea r 
happ y 

pride 
shame 
admiratio n 
reproac h 
gratificatio n 
remors e 
gratitud e 
ange r 
lov e 
hat e 

Behavior s 

wanting to be pet purring 
chasin g haUJcreature s arc h bac k 
wantin g t o g o out/i n his s 
pouncin g o n creature s swa t 
wantin g t o ea t  bit e 
gettin g objec t  ru n a w a y 

(usin g h u m a n )  hav e fu n 
searchin g fo r  thin g eatin g 
cleanin g sel f  craz y hou r 
playin g wit h bal l  rubbin g 
playin g wit h m o u s e lickin g 
carryin g mous e watchin g 
hidin g (anger/fear )  si t  i n su n 
pushin g thing s aro"" d 

Feature s 

cunou s 
conten t 
aggressiv e 
ignorin g 
friendly 
prou d 
energeti c 

\italicize d item s wer e no t  include d i n final  implementatio n 

Figur e 1 :  To k Architectur e Tabl e 1 :  Origina l  Lyotar d Tas k 

and socia l  relationship s ar e th e domai n o f  E m [Reill y 
and Bates ,  1992] .  Languag e analysi s an d generatio n 
ar e performe d b y G u m p an d Glind a [Kantrowitz ,  1990 , 
Kantrowit z an d Bates ,  1992] .  Figur e 1  show s h o w thes e 
components ,  excludin g Glind a an d G u m p ,  ar e connecte d 
t o for m Tok . 

I n th e remainde r  o f  thi s sectio n w e describ e th e com -
ponent s o f  To k i n jus t  enoug h detai l  t o allo w discussio n 
of  th e integratio n issues .  Fo r  a  mor e complet e descrip -
tio n se e [Bate s e t  al. ,  1992] .  W e illustrat e th e descriptio n 
usin g example s fro m a n existin g To k agent ,  a  simulate d 
hous e ca t  name d "Lyotard" ,  whic h exercise s mos t  o f  th e 
capabilitie s o f  th e architecture . 

Tabl e 1  list s  th e emotion s an d behavior s fro m ou r  orig -
ina l  informa l  desig n documen t  fo r  Lyotard .  Ou r  goa l  i n 
developin g Lyotar d wa s t o buil d a  creatur e tha t  coul d 
believabl y pas s fo r  a  ca t  i n a n O z micro-world .  Th e 
emotion s show n ar e thos e naturall y availabl e i n th e cur -
ren t  versio n o f  E m ,  thoug h i n th e en d w e di d no t  us e 
al l  o f  them .  Th e behavior s wer e develope d ove r  severa l 
hour s b y th e ca t  owner s i n ou r  group .  Th e behaviora l  fea -
ture s ar e use d t o modif y th e styl e o f  particula r  behaviors . 
They ar e usuall y derive d fro m Lyotard' s emotiona l  state , 
thoug h the y als o ca n b e directl y adjuste d b y behaviors . 

The Simulated World and Perception 

The O z physica l  worl d i s a n object-oriente d simulation . 
Agent s sens e th e worl d vi a sens e dat a object s whic h 
propagat e fro m th e ite m sense d throug h th e wori d t o 
th e agents .  Eac h sens e datu m describe s th e thin g sense d 
as a  collectio n o f  property/valu e pairs .  Uniqu e name s ar e 
not  use d t o identif y objects ;  agent s mus t  deriv e identit y 
fro m othe r  properties .  Sens e dat a ca n b e transforme d a s 
the y travel .  Fo r  exampl e speec h behin d a  close d doo r 
can b e muffled .  I n general ,  th e sens e dat a availabl e t o 
an agen t  ca n b e incomplete ,  incorrect ,  o r  absent .  Agent s 
perfor m action s b y invokin g method s o n appropriat e set s 
of  objects .  Thes e method s m a y alte r  th e worid ,  propagat e 
sens e data ,  an d succee d o r  fail . 

Each To k agen t  run s b y executin g a  thre e ste p loop : 

sense ,  think ,  act .  Durin g eac h sens e phas e a  snapsho t  o f 
th e perceivabl e worl d i s sense d an d th e dat a i s recorde d i n 
th e sensor y routines .  Thes e snapshot s ar e time-stampe d 
and retained .  A n attemp t  i s the n mad e t o merg e the m 
int o th e Integrate d Sens e Mode l  ( ISM) ,  whic h maintain s 
th e agent' s bes t  gues s abou t  th e physica l  structur e o f  th e 
whol e world .  Th e continuousl y update d informatio n i n 
th e sensor y routine s an d th e longe r  term ,  approximat e 
model  i n th e I S M ar e routinel y querie d w h e n choosin g 
action s o r  updatin g th e emotiona l  stat e o f  Lyotard . 

Action (Hap) 

H ap i s Tok' s goal-directed ,  reactiv e actio n engin e [Loyal l 
and Bates ,  1991] .  I t  continuousl y choose s th e agent' s 
nex t  actio n base d o n perception ,  curren t  goals ,  emotiona l 
state ,  behaviora l  feature s an d othe r  aspect s o f  interna l 
state .  Goal s i n H a p contai n a n atomi c nam e an d a  se t  o f 
parameter s whic h ar e instantiate d whe n th e goa l  become s 
active ,  fo r  exampl e ( go t o <object>) .  Goal s d o no t 
characteriz e worl d state s t o accomplish ,  an d H a p doe s 
no explici t  planning .  Instead ,  set s o f  action s (whic h w e 
nonetheles s cal l  "plans" )  ar e chose n fro m a n unchangin g 
pla n librar y whic h m a y contai n on e o r  mor e plan s fo r 
eac h goal .  Thes e plan s ar e eithe r  ordere d o r  unordere d 
collection s o f  subgoal s an d action s whic h ca n b e use d 
t o accomplis h th e invokin g goal .  Multipl e plan s ca n 
be writte n fo r  a  give n goal ,  distingiushe d i n par t  b y a 
testabl e precondition .  I f  a  pla n fails .  H a p wil l  attemp t 
any alternat e plan s fo r  th e give n goal ,  an d thu s perfor m 
a kin d o f  backtrackin g searc h i n th e rea l  world . 

H ap store s al l  activ e goal s an d plan s i n a  hierarchica l 
structur e calle d th e activ e pla n tre e (APT) .  Ther e ar e var -
iou s annotation s i n th e A P T t o suppor t  reactivit y an d th e 
management  o f  multipl e goals .  7\v o importan t  annota -
tion s ar e contex t  condition s an d succes s tests .  Bot h o f 
thes e ar e arbitrar y testabl e expression s ove r  th e perceive d 
stat e o f  th e wor l d an d othe r  aspect s o f  interna l  state .  Suc -
ces s test s m a y b e associate d wit h selecte d goal s i n th e 
A P T.  W h e n a  succes s tes t  i s  true ,  it s  associate d goa l  i s 
d e e m ed t o h a v e bee n accompl ishe d a n d thu s n o longe r 
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need s t o b e pursued .  Thi s ca n happe n befor e th e goa l 
i s  attempte d i n whic h cas e i t  i s  skippe d o r  ca n happe n 
durin g executio n o f  th e goa l  i n whic h cas e i t  i s  aborted . 

Similarly ,  contex t  condition s ma y b e associate d wit h 
A PT plans .  W h e n a  contex t  conditio n become s false , 
it s  associate d pla n i s deeme d n o longe r  applicabl e i n th e 
curren t  stat e o f  th e world .  Tha t  pla n fail s  an d i s removed 
fro m th e tre e alon g wit h an y executin g subgoals .  Th e 
paren t  goa l  the n chose s a  ne w pla n o r  fails . 

Hap execute s b y first  modifyin g th e A P T base d o n 
change s i n th e world .  Goal s whos e succes s tes t  i s  tru e an d 
plan s whos e contex t  conditio n i s fals e ar c removed  alon g 
wit h an y subordinat e subgoal s o r  plans .  Nex t  on e o f  th e 
lea f  goal s i s chosen .  I f  th e chose n goa l  i s  a  primitiv e 
action ,  i t  i s  executed .  Otherwise ,  th e pla n librar y i s 
indexe d an d th e pla n arbite r  choose s a  pla n fo r  thi s goa l 
fro m amon g thos e whos e precondition s ar e true .  Th e 
pla n arbite r  wil l  no t  choos e plan s whic h hav e alread y 
failed ,  an d prefer s mor e specifi c  plan s ove r  les s specifi c 
ones .  A t  thi s poin t  th e executio n loo p repeats . 

Emotion (Em) 

Em models selected emotional and social aspects of the 
agen t  I t  i s  base d o n idea s o f  Orton y e t  al .  [Orton y e t 
al. ,  1988] .  Lik e tha t  work ,  E m develop s emotion s fro m a 
cognitiv e base :  externa l  event s ar e compare d wit h goals , 
action s ar e compare d wit h standards ,  an d object s ar e 
compare d wit h attitudes .  Mosto f  Em' s possibl e emotion s 
ar e show n i n Tabl e 1 .  W e describ e the m ver y briefl y  here , 
but  se e [Reill y  an d Bates ,  1992 ]  fo r  details . 

H^pines s an d sadnes s occu r  whe n th e agent' s goal s 
succee d o r  fail .  Hop e an d fea r  occu r  whe n E m believe s 
tha t  ther e i s som e chanc e o f  a  goa l  succeedin g o r  failing . 

Pride ,  shame ,  reproach ,  an d admiratio n aris e whe n 
an actio n i s eithe r  approve d o r  disapproved .  Thes e judg -
ment s ar e mad e accordin g t o th e agent' s standards ,  whic h 
represen t  mora l  belief s an d persona l  standard s o f  perfor -
mance.  Prid e an d sham e occu r  whe n th e agen t  itsel f 
perform s th e action ;  admiratio n an d reproach  develo p i n 
respons e t o others '  actions . 

Some emotion s ar e combination s o f  othe r  emotions . 
Lyotar d doesn' t  lik e t o b e touche d whe n he' s i n th e wron g 
mood an d doin g s o wil l  caus e hi m sadnes s an d reproach . 
Thes e giv e ris e t o th e composit e emotio n o f  ange r  a t 
whomever  pe t  him .  Similarly ,  gratitud e i s a  composit e o f 
happines s an d admiration ,  remors e i s sadnes s an d shame , 
and gratificatio n i s happines s an d pride . 

Finally ,  lov e an d hat e aris e fro m noticin g object s to -
war d whic h th e agen t  ha s positiv e o r  negativ e attitudes . 
I n Lyotar d w e us e attitude s t o mode l  th e human-ca t  so -
cia l  relationship .  Lyotar d initiall y  dislike s th e user ,  a 
negativ e attitude ,  an d thi s attitud e varie s a s th e use r  doe s 
thing s t o mak e Lyotar d angr y o r  grateful .  A s thi s attitud e 
changes ,  s o ma y hi s resultin g lov e o r  hat e emotions . 

Emotion s fad e wit h time ,  bu t  attitude s an d standard s 
ar e fairl y  stable .  A n agen t  wil l  fee l  lov e whe n clos e t o 
someone liked .  Thi s fade s i f  th e othe r  agen t  leaves ,  bu t 
th e attitud e towar d tha t  agen t  remain s relativel y stable . 

C o m p o n e n t  Integratio n 

The arc s i n Figur e 1  denot e th e communicatio n path s 
betwee n th e part s o f  Tok .  Th e mai n interaction s ar e Ha p 
and E m queryin g perceptua l  information ,  Ha p queryin g 
bot h th e emotiona l  stat e an d behaviora l  feature s derive d 
fro m th e emotiona l  state ,  an d E m receivin g notificatio n 
of  th e creation ,  failure ,  an d succes s o f  goals .  Her e w e 
discus s onl y th e communicatio n betwee n Ha p an d Em. 

Hap's Communication with Em 

As Ha p runs ,  it s  activ e pla n u-e e changes .  Thes e change s 
includ e goa l  creatio n an d goa l  remova l  du e t o succes s 
or  failure .  A s thes e event s occur .  Ha p inform s E m o f 
what  goal s wer e affected ,  ho w the y wer e affected ,  an d 
th e degre e o f  importanc e tha t  th e agen t  builde r  associate d 
wit h eac h o f  th e goals .  E m the n use s thi s informatio n t o 
generat e man y o f  it s  emotions ,  a s describe d above . 

Behavioral Features 

W h en w e bega n th e desig n o f  Lyotard ,  w e expecte d tha t 
Hap woul d directl y quer y Em' s state .  However ,  w e foun d 
tha t  Hap' s decision s wer e ofte n base d o n comple x test s o f 
th e emotiona l  state ,  an d tha t  th e sam e test s aros e repeat -
edly .  Further ,  w e sometime s wante d t o produc e behavio r 
as i f  E m hel d a  certai n emotio n whic h i n fac t  wa s absent . 
I t  becam e clea r  tha t  Lyotard' s emotion-relate d behavio r 
depende d o n a n abstractio n o f  th e emotiona l  state . 

The abstraction ,  calle d "behaviora l  features" ,  consist s 
of  a  se t  o f  name d feature s tha t  modulat e th e activit y o f 
Hap.  Feature s ar e adjuste d b y H ^  o r  E m t o conû o l  ho w 
Hap achieve s it s goals .  E m adjust s th e feature s t o ex -
pres s emotiona l  influence s o n behavior .  I t  continuousl y 
evaluate s a  se t  o f  function s tha t  determin e certai n fea -
ture s base d o n th e agent' s emotiona l  state .  Ha p modifie s 
th e feature s whe n i t  want s t o forc e a  styl e o f  action .  Fo r 
example ,  i t  ma y decid e t o ac t  friendl y t o hel p achiev e a 
goal ,  even  i f  th e agen t  isn' t  feelin g especiall y friendly . 

Feature s ma y influenc e severa l  aspect s o f  Hap' s execu -
tion .  The y ma y trigge r  demon s tha t  creat e ne w top-leve l 
goals .  TTie y ma y occu r  i n th e preconditions ,  succes s 
tests ,  an d contex t  condition s o f  plans ,  an d s o influenc e 
ho w Ha p choose s t o achiev e it s  goals .  Finally ,  the y ma y 
affec t  th e precis e styl e i n whic h a n actio n i s performed . 

Tabl e 1  show s Lyotard' s behaviora l  features .  Th e "ag -
gressive "  feature ,  fo r  example ,  arise s whe n Lyotar d i s 
eithe r  angr y o r  mildl y a£rai d (whic h migh t  b e considere d 
bravado) .  Thi s featur e ma y affec t  H ^  b y givin g ris e t o a 
ne w goal ,  suc h a s bite-human ,  b y influencin g th e choic e 
of  pla n fo r  a  goal ,  suc h a s nippin g instea d o f  meowin g t o 
attrac t  attention ,  o r  b y modifyin g th e styl e o f  a n action , 
suc h a s swattin g a  to y mous e wit h unusua l  emphasis . 

We hav e n o structure d se t  o f  features ,  an d kno w o f  n o 
sourc e tha t  suggest s one .  Beside s thos e i n Lyotard ,  w e 
hav e see n th e followin g suggested :  curious ,  belligerent , 
persistent ,  depressed ,  patien t  [Carbonell ,  1979] ;  timid , 
reckless ,  quiet ,  arrogan t  [Hovy ,  1988] . 

The featur e mechanism ,  whil e ver y a d hoc ,  appear s 
t o provid e a  usefu l  degre e o f  absu^ctio n i n th e inter -
fac e betwee n emotio n an d behavior .  I t  i s  no t  merel y a 
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Lyotard : 
(•go-t o "closet" ) 
(*lookaroun d "closet" ) 
(•lookaroun d "closet" ) 
(•jump-o n "plant" ) 
(•lookaroun d "plant" ) 
(•walk-alon g "plant" ) 
(•nibbl e "plant* ) 
(•walk-alon g "plant" ) 
(•jump-of f  "plant" ) 
(•go-t o "bedroom" ) 
(•go-t o "sunroom" ) 
(•go-t o "spar e room" ) 
(•jump-o n "chair" ) 
(•sit-down ) 

(•Uc k "lyotard" ) 
(•Uc k "lyotard" ) 

Player : 
(•go-t o "spar e room" ) 

L:  (•jump-of f  "chair" ) 
(•run-t o "sunroom" ) 

P:  (•go-t o "sunroom" ) 
L:  (•lookaroun d nervously ) 
P:  (•pe t  "lyotard" ) 
L:  (•bit e "player" ) 

(•run-t o "diningroom" ) 
P:  (•go-t o "spar e room" ) 
L:  (•lookaroun d nervously ) 

(•go-t o "sunroom" ) 
(•pounce-o n "superball" ) 

(•looka t  "superball" ) 
(•nudg e "superball" ) 
(•pounce-o n "superball" ) 
(•pounce-o n "superball" ) 
(•go-t o "diningroom" ) 
(•go-t o "kitchen" ) 
(•meow ) 

P:  (•go-t o "sunroom" ) 
L:  (•meow ) 
P:  (•go-t o "diningroom" ) 
L:  (•wait ) 
P:  (•tak e "clas s jar" ) 
L:  (•go-t o diningroom" ) 
P:  (•go-t o "kitchen" ) 
L:  (•jump-o n "table" ) 

(•jump-of f  "table" ) 
(•go-t o "kitchen" ) 
(•meow ) 

P:  (•pou r  "jar "  i n "bowl" ) 
L:  (•ea t  "sardine" ) 

(•ea t  "sardine" ) 
(•ea t  "sardine" ) 
(•ea t  "sardine" ) 
(•ea t  "sardine" ) 

P:  (•pe t  "lyotard" ) 
L:  (•close-eye s lazily ) 
P:  (•tak e "lyotard" ) 
L:  (•close-eye s lazily ) 

Figur e 2 :  Sectio n o f  a n interactio n wit h Lyotar d 

mechanis m t o var y Tok' s behavio r  an d thereb y possibl y 
increas e th e ̂pearanc e o f  richness .  Rather ,  i t  i s  a n initia l 
solutio n t o th e integratio n proble m o f  drivin g behavio r 
fro m bot h goal s an d emotion . 

Results of Integration in Lyotard 

We discus s her e th e beginnin g portio n o f  a  fragmen t  o f 
behavio r  tha t  Lyotar d ha s exhibited .  Th e complet e frag -
ment  i s give n i n figure  2 ,  an d a  correspondingl y complet e 
discussio n ca n b e foun d i n [Bate s e t  al. ,  1992] .  Th e pur -
pose o f  th e trac e i s no t  t o sho w th e breadt h o f  Lyotard' s 
capabilities ,  whic h ar e bette r  indicate d b y Tabl e 1 ,  bu t  t o 
demonstrat e th e integratio n o f  To k an d E m . 

As th e trac e begins ,  Lyotar d i s engage d i n exploratio n 
behavio r  i n a n attemp t  t o satisf y a  goa l  t o amus e himself . 
(Th e explor e behavio r  wa s no t  i n th e origina l  Lyotar d 
desig n presente d i n Tabl e 1 ,  bu t  wa s adde d t o Lyotar d a t 
a late r  stage) .  Thi s behavio r  lead s Lyotar d t o loo k aroun d 
th e room ,  jum p o n a  potte d plant ,  nibbl e th e plant ,  etc . 

Afte r  sufficien t  exploration ,  Lyotard' s goa l  i s  satisfied . 
Thi s succes s i s passe d o n t o E m whic h make s Lyotar d 
mildl y happy .  Th e happ y emotio n lead s t o th e "con -
tent "  featur e bein g set .  Ha p the n notice s thi s featur e 
bein g activ e an d decide s t o pursu e a  behavio r  t o find  a 
comfortabl e plac e t o sit ,  agai n t o satisf y th e high-leve l 
amusement  goal .  Thi s behavio r  consist s o f  goin g t o a 
bedroom ,  jumpin g ont o a  chair ,  sittin g down ,  an d lickin g 
himsel f  fo r  a  while . 

At  thi s point ,  a  huma n use r  w h o m Lyotar d dislike s 
walk s int o th e room .  Th e dislik e attitude ,  par t  o f  th e 
human-ca t  socia l  relationshi p i n E m ,  give s ris e t o a n 
emotio n o f  mil d hat e towar d th e user .  Further ,  E m notice s 
tha t  som e o f  Lyotard' s goals ,  suc h a s not-being-hurt ,  ar e 
threatene d b y th e dislike d user' s proximity .  Thi s prospec t 
of  a  goa l  failur e generate s fea r  i n Lyotard .  Th e fea r  an d 
hat e combin e t o generat e a  stron g "aggressive "  featur e 
and diminis h th e previou s "content "  feature .  I n thi s case . 
Hap als o ha s acces s t o th e fea r  emotio n itsel f  t o determin e 
why Lyotar d i s feelin g aggressive .  Al l  thi s combine s i n 
Hap t o giv e ris e t o a n avoid-har m goa l  an d it s subsidiar y 

escape/run-awa y behavio r  tha t  lead s Lyotar d t o jum p of f 
th e chai r  an d ru n ou t  o f  th e room .  (Spac e restriction s 
forbi d u s fro m continuin g ou r  discussio n beyon d thi s 
point ,  bu t  se e [Bate s e t  al. ,  1992]. ) 

The O z syste m i s writte n i n C o m m on Lis p an d C L O S . 
Of  th e 50,(XX )  line s o f  cod e tha t  compris e Oz ,  th e To k 
architectur e i s roughl y 750 0 lines .  Lyotar d i s a n addi -
tiona l  200 0 line s o f  code .  O n a n H P Snak e (5 5 MIPS) , 
eac h To k agen t  take s roughl y tw o second s fo r  processin g 
betwee n acts .  (Mos t  o f  thi s tim e i s spen t  sensing ,  whic h 
suggest s tha t  eve n i n th e interactiv e fiction  domai n i t  ma y 
be desirabl e t o us e tas k specifi c  selectiv e percqjtion. ) 

Discussion of Tok and Related Work 

Developin g To k force d u s t o conside r  severa l  issue s 
whic h ma y b e o f  genera l  interest :  th e requirement s emo -
tio n ma y plac e o n reactiv e architectures ,  usin g goal s 
withou t  buildin g worl d models ,  producin g coheren t  over -
al l  behavio r  fro m independen t  particula r  behaviors ,  an d 
modelin g personalit y an d it s influenc e o n behavior . 

Emotion, Explicit Goals, and World Models 

Some researcher s hav e argue d i n recen t  year s tha t  repre -
sentin g goal s explicitl y  i n agent s present s seriou s ob -
stacle s t o th e productio n o f  robust ,  reactiv e behavio r 
[Brooks ,  1987 ,  Agr e an d Chapman ,  1990] .  Others ,  o f 
course ,  disagre e wit h thi s vie w an d fee l  tha t  goal s ar e 
necessar y t o organiz e actio n (fo r  instance ,  se e man y o f 
th e paper s i n [Laird ,  1991 ]  an d th e varie d wor k o n Soa r 
[Newell ,  1990]) . 

I t  i s  essentia l  tha t  O z agent s b e reactive ,  s o w e hav e 
been sympatheti c t o th e reactivit y argument s mad e b y 
Brooks ,  Agre ,  an d others .  However ,  i t  i s  als o necessar y 
fo r  ou r  agent s t o a t  leas t  appea r  clearl y t o hav e goal s an d 
fo r  the m t o exhibi t  emotio n i n respons e t o event s affect -
in g thos e goals .  Thi s latte r  requirement ,  i n particular , 
seemed unsolvabl e t o u s withou t  explicitl y  representin g 
goal s withi n th e agent . 

Once w e accepte d th e importanc e o f  reactivit y an d 
groundin g i n sensor y inputs ,  whic h wa s force d upo n u s 
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by facin g ou r  tas k squarely ,  i t  wa s no t  difficul t  t o develo p 
an architectur e tha t  represente d goal s explicitl y  whil e re -
tainin g reactivity .  W e wer e no t  force d t o adop t  th e vie w 
of  operator s a s pre/pos t  conditio n pair s an d goal s a s pred -
icate s o n worl d states .  I t  wa s no t  eve n necessar y t o vie w 
goal s a s testabl e expressions .  Rather ,  w e coul d vie w 
the m simpl y a s internalize d token s (perhap s wit h argu -
ments )  tha t  guid e H a p i n choosin g appropriat e behaviors . 
Thos e behavior s m a y i n tur n contai n othe r  tokens ,  an d s o 
on . 

Thus ,  w e sugges t  tha t  robust ,  reactiv e behavio r  i s 
not  diminishe d b y th e presenc e o f  explici t  goal s i n a n 
agent ,  bu t  b y th e attemp t  t o mode l  th e agent' s choic e 
of  actio n a s a  plannin g proces s ove r  characterization s 
of  th e world .  Ou r  vie w o f  goal s allow s u s t o avoi d 
many o f  th e unpleasan t  consequence s o f  tryin g t o mode l 
th e world ,  whil e preservin g th e strength s o f  goal s a s 
a mechanis m fo r  organizin g action .  (Thoug h w e not e 
tha t  i t  m a y wel l  b e possibl e t o combin e thes e view s 
i n "plan-and-compile "  architecture s [Mitchell ,  1991 , 
Mitchell ,  1990] ,  o f  whic h Soa r  i s a  particularl y rich  ex -
ampl e [Lair d an d Rosenbloom ,  1990]. ) 

Mixing Independent Behaviors 

As w e hav e use d th e word ,  a  behavio r  i s a  cluste r  o f 
relate d goal s an d plan s tha t  produce s som e recognizable , 
internall y coheren t  patter n o f  action .  A  behavio r  i s  ofte n 
represente d b y a  singl e high-leve l  goal . 

We initiallydevelope d thenotionofabehavio r  t o allo w 
us t o specif y Lyotard .  W e neede d som e concis e wa y t o 
represen t  th e majo r  component s o f  Lyotard' s action ,  an d 
attachin g suggestiv e name s t o a  se t  o f  high-leve l  goal s 
seemed helpful . 

Th e goal s wer e implemente d independently ,  resultin g 
i n a  se t  o f  independen t  behaviors .  Eac h o f  thes e behav -
ior s i s compose d o f  a  se t  o f  H a p plan s an d subgoals ,  wit h 
appropriat e contex t  condition s an d succes s tests . 

Th e contex t  condition s an d succes s test s wer e devel -
ope d t o mak e eac h behavio r  robus t  i n th e fac e o f  change s 
i n th e world ,  b e the y unexpecte d failure s o r  serendip -
itou s success .  W e expecte d thes e surprise s t o b e du e 
t o externa l  event s performe d b y othe r  agent s o r  unfore -
see n complexitie s i n th e physica l  natur e o f  th e world . 
However ,  i t  ha s turne d ou t  tha t  th e agent' s o w n actions , 
performe d b y othe r  interleave d behaviors ,  ar e on e o f  th e 
mai n cause s o f  unexpecte d changes .  Th e contex t  condi -
tion s an d succes s test s allo w thes e independen t  behavior s 
t o mi x togethe r  fairl y  well ,  withou t  m u c h explici t  desig n 
effor t  t o conside r  th e interactions .  Thus ,  addin g reac -
tivit y t o goal-directe d behavio r  seem s t o hel p suppor t 
th e productio n o f  coherent ,  robus t  overal l  behavio r  fi-o m 
independentl y executin g particula r  behaviors . 

Modeling Personality 

Tok mus t  suppor t  constructio n o f  a  variet y o f  agent s b y 
th e artist s buildin g O z worlds .  A  ke y face t  o f  thi s suppor t 
i s  allowin g differen t  personalitie s t o b e modele d withou t 
requirin g tha t  ever y agen t  b e buil t  fro m scratch .  Th e be -

haviora l  featur e mechanis m appear s t o provid e a  simpl e 
means t o hel p achiev e this . 

O ne ca n buil d behavior s t o respon d t o a  standardize d 
set  o f  behaviora l  features ,  i n way s consisten t  wit h th e 
names o f  th e features .  Fo r  example ,  th e aggressiv e fea -
tur e i s uniforml y use d t o produc e aggressiv e behavior . 
Wit h th e featur e t o behavio r  mappin g thu s fixed,  facet s 
of  a  personalit y ca n b e determine d b y th e mappin g fro m 
emotio n t o features . 

The standar d fea r  emotion ,  fo r  instance ,  migh t  lea d t o 
any o f  a  numbe r  o f  features ,  suc h a s fright ,  o r  flight,  o r 
eve n frozen,  dependin g o n th e artist' s  choic e o f  th e emo -
tio n t o featur e mapping .  Eac h o f  thes e feature s woul d 
caus e th e previousl y constructe d behavior s t o reac t  ap -
propriately .  Anothe r  exampl e migh t  b e a n agen t  wher e 
goa l  failure s wer e see n a s learnin g experience s an d use d 
t o enabl e th e prou d feature .  Thi s approac h take s ad -
vantag e o f  th e featur e mechanism' s rol e a s a n abstrac t 
interfac e betwee n emotio n an d action . 

Ther e ar e severa l  component s interna l  t o Ha p tha t  ma y 
als o hel p mode l  personality .  A n agen t  tha t  overestimate d 
th e likelihoo d o f  goa l  succes s o r  failur e migh t  b e a n op -
timis t  o r  pessimist .  O n e tha t  consistentl y overrate d th e 
importanc e o f  goal s woul d ten d t o hav e extreme s o f  hope , 
fear ,  happiness ,  an d sadness .  Makin g a n agent' s succes s 
test s to o easil y satisfie d woul d produc e sloppines s o r 
incompetence ,  whil e makin g it s contex t  condition s to o 
difficul t  t o maintai n woul d produc e a  kin d o f  perfection -
ism . 

Conclusion 

We have described Tok, an architecture that integrates 
mechanism s fo r  reactivity ,  goals ,  an d emotion .  Severa l 
mechanisms ,  includin g behaviora l  features ,  succes s tests , 
and contex t  conditions ,  suppor t  th e integration .  Lyotard , 
a particula r  agent ,  ha s bee n buil t  i n To k an d exhibit s sign s 
of  succes s i n integration . 

Whil e To k maintain s variou s kind s o f  memory ,  includ -
in g perceptua l  memory ,  a  richer  learnin g mechanis m i s 
conspicuousl y absen t  fro m th e architecture .  Ther e ar e 
tw o reason s fo r  this .  First ,  O z world s exis t  fo r  onl y a  fe w 
hours ,  perhap s to o shor t  a  tim e fo r  interestin g learnin g t o 
occur .  Thus ,  th e integratio n issue s discusse d her e see m 
mor e importan t  fo r  ou r  application .  Second ,  th e integra -
tio n o f  learnin g wit h actio n i s widel y studied ,  an d w e 
want  t o buil d o n thi s substantia l  effor t  rathe r  tha n com -
pet e wit h it .  A s a  result ,  w e m a y b e failin g t o se e essentia l 
constraint s tha t  coul d guid e u s t o a  bette r  architecture .  T o 
hel p judg e thi s possibility ,  on e o f  ou r  colleague s i s im -
plementin g Lyotar d i n th e Soa r  architecture . 

We ar e engage d i n severa l  effort s t o exten d Tok .  First , 
G u mp an d Glinda ,  ou r  natura l  languag e components ,  ar e 
attache d t o To k onl y a s independen t  Lis p module s in -
vokabl e from  H a p rules .  I t  woul d b e bes t  i f  the y wer e 
expresse d a s comple x behavior s writte n directl y i n Hap . 
We hav e increasingl y observe d similaritie s i n th e mech -
anism s o f  H a p an d Glinda ,  an d ar e explorin g th e possi -
bilitie s o f  mergin g the m fully . 
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Second ,  sinc e th e O z physica l  worl d i s itsel f  a  simula -
tion ,  i t  woul d b e conceptuall y straight-forwar d t o embe d 
a (possibl y imprecise )  cop y insid e To k fo r  us e a s a n envi -
sionmen t  engine .  Thi s migh t  allo w Tok ,  fo r  instance ,  t o 
conside r  possibl e re-ordering s o f  step s i n behaviors ,  an d 
t o mak e othe r  decision s base d o n a  m o d i c u m o f  foresight . 

Finally ,  w e hav e buil t  an d ar e continuin g t o buil d 
severa l  realtime ,  multi-agent ,  animated ,  interactiv e O z 
worlds .  Thi s i s  imposin g har d timin g constraint s an d 
genuin e parallelis m o n Tok ,  an d ha s cause d substantia l 
change s t o th e implementatio n an d smalle r  change s t o 
th e architecture . 

I t  ha s bee n suggeste d t o u s tha t  i t  m a y b e impossibl e 
t o buil d broad ,  shallo w agents .  Perhap s breadt h ca n onl y 
aris e whe n eac h componen t  i s  itsel f  modele d sufficientl y 
deeply .  I n contras t  t o th e cas e wit h broad ,  dee p agent s 
(suc h a s people) ,  w e hav e n o a  prior i  proo f  o f  th e ex -
istenc e o f  broad ,  shallo w agents .  However ,  a t  leas t  i n 
th e O z domain ,  wher e sustaine d suspensio n o f  disbelie f 
i s  th e criteri a fo r  success ,  w e suspec t  tha t  broad ,  shallo w 
agent s ma y b e possible .  To k i s a n experimenta l  effor t  t o 
judg e th e issue . 
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