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Abstrac t 

We describe a hybrid agent architecture capable of simulat-
in g emotiona l  behaviour .  Agent s hav e certai n fixed  personalit y 
traits ,  whic h influenc e emotio n level s a s wel l  a s relationship s 
wit h othe r  agents .  Change s i n emotion s ar e modelle d throug h 
propagatio n i n a n emotio n network .  W e exten d a  standar d 
actio n representatio n t o includ e emotiona l  precondition s an d 
effects .  Result s fro m a  test-be d environmen t  wit h tw o sam -
pl e scenario s sho w ho w difference s i n environmenta l  factor s 
and personalit y affec t  th e socia l  behaviou r  an d emotion s o f  th e 
agent s i n a  grou p ove r  time . 

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

We describ e a n architectur e tha t  combine s deliberativ e an d 
reactiv e mechanism s fo r  simulatin g affect-drive n agent s 

whic h operat e i n agen t  communities .  Th e deliberativ e mech -
anis m use s a  simpl e planne r  whic h choose s action s t o satisf y 
physiologica l  an d emotiona l  needs .  Reactiv e behaviou r  oc -

cur s w h e n extrem e emotion s trigge r  a n overridin g action . 
M u ch o f  th e recen t  wor k o n socia l  agent s focuse s o n th e de -

velopmen t  o f  individua l  believabl e agent s fo r  interactio n wit h 
h u m an user s (Loyal l  an d Bates .  1997 ;  Webbe r  an d Badler , 

1995 ;  Ric h e t  al. ,  1994 )  o r  fo r  completin g domain-specifi c 

task s (Marti n an d Firby ,  1991) .  I n contrast ,  th e focu s o f  thi s 
pape r  i s o n th e exploratio n o f  th e long-ter m effect s o f  envi -

ronmenta l  condition s an d personalit y trait s o n th e interaction s 
betwee n agent s i n a  group .  Thi s focu s motivate s a  represen -
tatio n o f  action s an d speec h act s a t  a  highe r  leve l  o f  granu -
larit y tha n tha t  o f  th e abov e systems ,  an d als o th e desig n o f 
simple r  agents ,  whic h engag e i n comple x interactions .  Ou r 
agen t  architecture ,  lik e tha t  describe d i n (Bate s e t  al. .  1992 ; 
Loyal l  an d Bates ,  1997) ,  support s th e modelin g o f  emotion s 
an d personalities .  However ,  ou r  architectur e i s i n th e mod -
ula r  styl e o f  (Webbe r  an d Badler .  1995 ;  Ric h e t  al. .  1994) . 
O ur  syste m furthe r  differ s fro m tha t  describe d i n (Bate s e t  al. . 
1992 ;  Loyal l  an d Bates ,  1997 )  i n tha t  w e explicitl y  mode l  re -

lationship s betwee n agents ,  an d ou r  agent s perfor m action s 
and speech-act s tha t  achiev e emotiona l  effect s i n othe r  agent s 
as wel l  a s themselves . 

Agent Architecture 

Th e architectur e fo r  ou r  affect-drive n agent s i s show n i n Fig -
ur e 1 .  T h e simpl e interfac e wit h th e worl d consist s o f  th e 
perceptio n o f  externa l  event s (b y th e Perceptio n module )  an d 
th e executio n o f  action s (b y th e Action-Executio n module) . 
Perceive d event s lea d t o a n updat e o f  a n agent' s Memory , 
whic h use s a  predicate-base d representatio n o f  th e state s o f 
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Figur e 1 :  A g e n t  architecture . 

the world, e.g.. at(x). have{x). The architecture reflects 
th e focu s o n affect-drive n agent s wit h m o d u l e s fo r  emotions , 

personalit y an d relationships ,  w h i c h interac t  wit h th e Plan -

ner  an d Goa l  module s an d th e M e m o r y module .  W e no w de -

scrib e briefl y th e Physiology ,  Planning ,  Goal ,  Executio n an d 
Personalit y modules ,  followe d b y a  detaile d descriptio n o f  th e 
Emotion ,  Relationshi p an d Speech-Ac t  modules . 

Physiolog y Module .  A n agent' s physiologica l  stat e i s mod -

elle d b y a  se t  o f  physiologica l  needs ,  suc h a s hunger ,  tirednes s 
and health .  Thes e need s rang e fro m 0. 0 t o 1.0 .  The y increas e 
ove r  time ,  an d ar e change d b y appropriat e actions ,  e.g. ,  a n 
agen t  eat s t o reduc e it s hunger .  I n th e curren t  implementation , 
a simplifie d physiologica l  mode l  i s use d wher e th e need s in -
creas e b y a  constan t  amoun t  eac h tim e step ,  an d appropriat e 
action s reduc e the m b y a  constan t  amount .  Th e healt h o f  a n 
agen t  i s a  combinatio n o f  it s tirednes s an d hunge r  (thirs t  ha s 

not  ye t  bee n implemented) ,  an d ca n als o b e directl y affecte d 
by actions ,  e.g. ,  i t  wil l  decreas e i f  th e agen t  i s physicall y hur t 
(sa y throug h fighting  anothe r  agent) ;  i f  i t  goe s belo w a  certai n 
value ,  th e agen t  dies . 

Planne r  an d Goa l  Modules .  Agents '  goal s ar e mainl y ba -

si c maintenanc e goal s relatin g t o physiologica l  an d emotiona l 
need s (rathe r  tha n goal s o f  achievement) .  The y us e a  sim -
pl e actio n representatio n fo r  thei r  action s an d appl y a  basi c 

backward-chainin g plannin g procedure . 
Maintenanc e goal s ar e prioritize d accordin g t o a  fixed  util -

it y  base d o n h o w m u c h th e curren t  nee d i s belo w a  specifie d 
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Figur e 2 :  Emot io n model . 

threshold. Goals of maintenance based on emotional needs 
( § Emotio n Module )  ar e give n a  lowe r  priorit y tha n physio -

logica l  goals . 

Executio n Modu le .  Thi s modul e i s give n a  pla n t o b e exe -

cuted .  Thi s pla n m a y b e interrupte d b y situation s tha t  requir e 
an immediat e respons e (thi s i s a  for m o f  Brooks '  subsumptio n 
architectur e (Brooks ,  1986)) ,  e.g. ,  a n agen t  bein g scare d an d 
havin g t o ru n away .  I n thi s case ,  ou r  simpl e agent s replac e 
th e curren t  pla n wit h th e action(s )  tha t  addres s th e mor e ur -
gent  need .  Th e implementatio n o f  a  stac k architecture ,  whic h 
support s th e resumptio n o f  th e curren t  pla n afte r  urgen t  event s 
hav e bee n handled ,  wil l  b e undertake n i n th e future . 

Personalit y M o d u l e .  Eac h agen t  ha s a  se t  o f  personalit y 
attributes .  W e hav e chose n t o represen t  thes e attribute s b y 
means o f  th e "Big-Fiv e Facto r  Structure" ,  namel y introver -
sion/extroversion ,  pleasantnes s o r  agreeableness ,  conscien -
tiousnes s o r  dependability ,  emotiona l  stability ,  an d intellec t  o r 
sophisticatio n (Goldberg ,  1990) .  Numerica l  value s fo r  thes e 
factor s ar e i n th e [0,1 ]  range ,  wit h 0. 5 representin g "normal" . 

Emotion Module 

Emotio n Model .  Th e emotio n mode l  i s base d o n tha t  pro -
posed i n (Nicholso n an d Dutta ,  1997) .  We mode l  a  numbe r 
of  emotio n categorie s (Goleman ,  1996) ,  e.g. ,  fear ,  happiness , 
sadness ,  ange r  an d love .  T h e valu e fo r  eac h category  i s i n 
th e [0,1 ]  range .  Fo r  eac h emotion ,  a n agen t  ha s a  desire d 
emotio n value ,  E d e s > whic h m a y b e considere d a  goa l  o f 
maintenance ,  an d a  defaul t  emotio n value ,  E d e f  •  Thes e ar e 
function s o f  th e agent' s personalit y profile .  A t  eac h tim e step , 
i f  ther e ar e n o externa l  event s t o influenc e emotions ,  th e cur -
ren t  emotio n valu e wil l  m o v e toward s th e defaul t  valu e (wit h 
a sligh t  rando m perturbation) .  W e als o us e a n agent' s e m o -
tiona l  stabilit y  (fro m it s personalit y profile )  t o determin e th e 
degre e t o whic h it s emotion s ar e affecte d b y a n emotiona l  in -
fluence  (Figur e 2  illustrate s variation s i n emotio n ove r  time) . 
I n th e future ,  w e wil l  als o tak e int o accoun t  th e relatio n be -
twee n thi s emotiona l  influenc e an d th e agent' s pleasantness , 
e.g. ,  a n even t  whic h cause s ange r  o r  a  relate d emotio n i s likel y 
t o hav e a  stron g effec t  o n agent s w h o ten d t o b e angry . 

Emotio n Network .  A n agent' s emotion s ar e represente d b y 
a network ,  wit h eac h nod e E i  representin g a  separat e emotio n 
(Figur e 3 )  (Orton y e t  al. ,  1988) .  Eac h nod e ha s a  se t  o f  tar -
gets ,  {Ti,T2,... ,  T „ } ,  whic h represen t  th e entitie s a t  whic h 
tha t  emotio n i s directe d (emotion s suc h a s happines s an d sur -
pris e m a y b e directe d a t  oneself) .  Thi s se t  o f  target s i s dy -

(T4,T 1 

Figur e 3 :  Emot io n networ k wit h targe t  lists . 

namic during a run of the simulation and depends on who the 
agen t  ha s interacte d with .  Thus ,  nod e E i  contain s n  values , 

Ei{Ti) , . . . ,  E i {Tn) ,  whic h represen t  th e leve l  o f  emotio n as -
sociate d wit h th e variou s targets . 

Change s i n th e leve l  o f  a n emotio n m a y b e cause d b y 

th e action s o f  othe r  agent s o r  th e agen t  itsel f  (detail s ar e 
give n late r  i n thi s section) .  Emotion s ar e no t  independen t 
an d change s i n on e emotio n m a y trigge r  change s i n relate d 

emotions ,  e.g. ,  a n increas e i n happines s normall y cause s a 
reductio n i n sadnes s o r  anger .  T o represen t  h o w emotion s 
influenc e on e another ,  an d t o provid e a  mechan is m fo r  prop -
agatin g emotiona l  changes ,  node s ar e connecte d b y directe d 
links .  Eac h directe d lin k fro m nod e E ,  t o nod e E j  ha s a  (posi -
tiv e o r  negative )  weight ,  W i j ,  tha t  represent s th e influenc e o f 
emotio n i  o n emotio n j .  W e us e a  for m o f  activatio n wit h de -
ca y (Anderson ,  1983) ,  spreadin g fro m th e emotio n whic h ha s 
changed ,  Ei{Tj) ,  t o propagat e emotiona l  change .  Activatio n 
throug h link s wit h heavie r  weight s receiv e priority ,  an d th e 
spreadin g activatio n proces s cease s w h e n a n attemp t  i s m a d e 
t o updat e an y nod e fo r  th e secon d tim e (i.e. ,  feedbac k cycle s 
ar e no t  allowed) . 

Emo t i o n Influencin g Behaviour .  Emot io n influence s be -
haviou r  i n tw o ways :  (1 )  b y changin g th e action s availabl e 
t o th e planne r  t o choos e from ,  throug h th e us e o f  emotiona l 
preconditions ;  an d (2 )  b y triggerin g a n emotiona l  actio n re -
spons e w h e n extrem e emotion s ar e experienced . 

Prohibitin g o r  enablin g particula r  action s dependin g o n 
emotion s i s achieve d b y addin g emotiona l  precondition s t o 
th e actio n description .  W e cal l  thes e E-Preconditions ,  t o dis -
tinguis h the m fro m ordinary  physica l  preconditions ,  whic h 
we cal l  P-Preconditions .  Th e E-precondition s ar e satisfie d 
w h en th e leve l  o f  a n emotio n exceed s a  particula r  threshol d 
(thi s i s simila r  t o th e stimulu s condition s describe d i n (Gree n 
an d Carberry ,  1992)) .  Thi s cause s a n actio n t o b e c o m e a  can -
didat e t o b e considere d b y th e planner .  T h e r u n - a w a y (x ) 
actio n illustrate s thes e preconditions ;  th e P-preconditio n i s 
tha t  th e agen t  i s  a t  locatio n x ,  whil e th e E-preconditio n i s tha t 
th e agent' s fea r  exceed s th e threshol d valu e 0.7 . 

Actio n name :  r u n - a w a y (x ) 
P-Preconditions :  a t ( x ) 
E-Preconditions :  E/ea r  >  0. 7 
Effects :  -'at(x ) 

T h e additio n o f  emotiona l  precondition s m e a n s tha t  a n 
agent' s emotiona l  level s determin e whic h goal s ca n b e satis -

fied.  Fo r  example ,  i f  e a t  ha s th e E-preconditio n Ef,.a r  <  0.8 , 
an agen t  wil l  b e unabl e t o achiev e it s d e c r e a s e - h u n g e r 
goa l  i f  i t  i s  ver y afraid . 
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We als o incorporat e int o ou r  syste m wha t  w e cal l  a n 

emotiona l  trigger ,  whic h correspond s t o situation s wher e a n 

agent' s emotion s tak e contro l  o f  th e agen t  an d overrid e previ -

ousl y constructe d plan s (Brooks ,  1986 ;  Goleman ,  1996) .  Thi s 

happen s w h e n a n emotio n i  ha s exceede d a  trigge r  threshold , 
thi ,  fo r  a  certai n numbe r  o f  tim e step s T .  I n thi s case ,  th e 

Planne r  choose s on e o f  th e action s whic h hav e emotio n i  i n 

thei r  E-precondition s an d whos e E-preconditio n threshol d i s 
greate r  tha n th e trigge r  threshold .  Fo r  example ,  i f  fea r  ha s 

a trigge r  valu e greate r  tha n 0.9 5 an d a n agent' s fea r  goe s t o 
1.0 ,  the n th e Planne r  choose s on e o f  th e action s tha t  hav e fea r 

abov e threshol d 0.9 5 i n thei r  E-precondition s (sa y run-awa y 
an d s t r ike) .  Th e rational e fo r  thi s polic y i s tha t  i f  a n even t 
i s s o extrem e tha t  i t  warrant s a  purel y emotiona l  response , 
the n extrem e responses ,  i.e. ,  thos e whic h requir e thi s hig h 

threshol d t o b e activated ,  ar e appropriate .  Othe r  policie s fo r 

handlin g emotiona l  trigger s wil l  b e considere d i n th e future . 

Behaviour Influencing Emotion. The action representa-
tion  als o include s th e possibl e effect s o f  a n agent' s behaviou r 

o n it s o w n emotion s an d thos e o f  others .  Fo r  example , 

conside r  a  situatio n wher e agen t  A  i s  angr y a t  agen t  B 
{Eanger{A ,  B )  =  0.94) ,  an d insult s B  a s a  resul t  o f  th e ac -

tivation  o f  >l' s  insu l t  (x )  action : 
Actio n name :  insu l t  (x ) 
P-Preconditions :  nea r - to (x ) 
E-Preconditions :  Eanger{A ,  x )  >  0. 9 

Effects :  £a««,rU > X )  i .  Eshame{x ,  x )  t , 

Ea„ger{x ,  A )  t 
Th e Effect s fiel d o f  thi s actio n descriptio n indicate s 

tha t  a s a  resul t  o f  th e insult ,  A' s  ange r  a t  B  wil l  de -

creas e (Ea„ger{A,x )  i ) ,  B' s ange r  a t  A  wil l  increas e 
(Eangerix ,  A )  t )  an d B' s sham e -  directe d a t  itsel f  -  wil l  in -
creas e {Eshame{x,x )  t) -  I n th e curren t  implementation ,  th e 

degre e t o whic h a n actio n change s a n agent' s emotiona l  leve l 
i s a  functio n o f  th e agent' s emotiona l  stabilit y  only .  W e en -
visag e extendin g thi s t o includ e th e relationshi p betwee n th e 
agen t  performin g th e actio n an d th e recipien t  o f  th e action . 

Relationship Module 

The relationship between agents influences their behaviour in 
eac h others '  presence .  Th e Relationshi p modul e monitor s a n 

agent' s opinion s o f  othe r  agents .  A n opinio n m a y b e base d 
o n persona l  interaction s o r  o n wha t  a n agen t  ha s hear d abou t 
othe r  agents .  A t  present ,  onl y th e forme r  ha s bee n imple -

mented . 

A relationshi p valu e range s fro m 0. 0 t o 1.0 .  I n th e curren t 
implementation ,  th e relationshi p betwee n tw o agent s depend s 
o n thei r  initia l  reactio n t o eac h othe r  an d thei r  interactio n his -
tory .  Th e initia l  reactio n m a y b e base d o n a  numbe r  o f  factors , 
includin g th e agents '  personalit y profiles ,  thei r  curren t  emo -
tiona l  stat e an d th e othe r  agent' s physica l  appearance .  H o w -
ever ,  a t  presen t  onl y th e first  o f  thes e factor s ha s bee n imple -
mente d i n th e computatio n o f  th e initia l  reaction .  Thi s i s don e 
by th e followin g formula . 

wher e t o i s  th e first  time-ste p whe n th e relationshi p i s be -

in g monitored ,  P{i ,  x )  i s  facto r  i  i n th e personalit y profil e o f 

agen t  x ,  an d N  i s th e tota l  numbe r  o f  profil e factors .  Thi s for -

mul a i s base d o n th e notio n tha t  agent s wit h simila r  person -

alit y trait s ar e likel y t o b e positivel y dispose d toward s eac h 

other .  Thus ,  i t  implicitl y  assume s tha t  th e initia l  relationship s 

betwee n agent s ar e symmetrical .  Thi s simplifyin g assump -

tio n wil l  b e relaxe d i n th e futur e throug h th e introductio n o f 

additiona l  factor s i n th e calculatio n o f  a  valu e fo r  th e initia l 

reaction .  A s state d above ,  th e effec t  o f  th e initia l  reactio n i s 

moderate d wit h th e passag e o f  tim e b y th e emotiona l  influ -
ence s whic h resul t  fro m th e interaction s betwee n agents .  A n 
agent' s relationshi p wit h anothe r  agen t  i s change d b y ho w thi s 

othe r  agen t  affect s it s emotions ;  i f  agen t  B  perform s a n ac -
tio n tha t  move s agen t  A' s emotion s toward s (o r  awa y from ) 

th e desire d level ,  A' s relationshi p wit h B ,  R { A ,  B ) ,  wil l  im -
prov e (o r  deteriorate) .  Thi s improvemen t  (o r  deterioration )  i s 

a functio n o f  th e differenc e betwee n agen t  A' s emotiona l  lev -
el s befor e B  performe d th e actio n i n questio n an d A' s emo -

tiona l  level s after . 

Speech-Act Module 

Speech-act s ar e a  particula r  subgrou p o f  a n agent' s possibl e 

action s an d ar e handle d b y th e Speech-ac t  module ,  withi n th e 
Planne r  module .  W e us e a  standar d speech-ac t  classificatio n 
(propose ,  re ject ,  accept ,  request-c lar i f icat ion , 
query ,  answer )  plu s additiona l  speech-act s whic h di -

rectl y affec t  emotion s (share-feel ing ,  insult ,  scream , 
pra ise) .  Thes e emotio n relate d speech-act s ar e represente d 
usin g actio n description s ( § Emotio n Module) . 

Recal l  tha t  th e planne r  choose s action s dependin g o n th e 
curren t  goa l  priorities .  I f  a n agent' s physiologica l  need s ar e 
currenU y satisfied ,  th e planne r  wil l  attemp t  t o satisf y emo -

tiona l  needs .  Thi s m a y b e don e eithe r  throug h a  physica l  ac -
tion,  e.g. ,  kissing ,  o r  throug h th e performanc e o f  a  speech-act , 

whic h a t  thi s stag e i s  unspecified .  Th e Speech-ac t  modul e 
the n determine s th e actua l  speech-act ,  it s  addressee(s) ,  an d 
when i t  shoul d b e uttered . 

Selectio n o f  a  Speech-act .  Th e speech-act s tha t  ar e avail -
abl e a t  eac h poin t  i n time,  i.e. ,  thos e tha t  m a y b e reasonabl y 
uttere d afte r  othe r  action s o r  speech-acts ,  ar e controlle d b y 
a state-transitio n mode l  (Stei n an d Thiel ,  1993) .  Fo r  exam -

ple ,  th e accep t  an d re jec t  speech-act s ma y b e chose n onl y 
i f  a n existin g proposa l  i s  ye t  t o b e resolved .  I n addition , 

afte r  a  p ropos e speech-act ,  likel y candidate s ar e accept , 
re jec t  an d request -c la r i f i ca t ion ,  bu t  a n agen t  ma y 
generat e othe r  speech-act s i f  i t  i s  highl y compelle d t o d o so . 
e.g. ,  i t  wil l  execut e a  share- fee l in g speech-act ,  eve n af -

te r  a  proposal ,  i f  it s  emotiona l  stat e exceed s th e emotiona l 
trigge r  threshol d ( § Emotio n Module) .  I n th e curren t  imple -
mentatio n th e choic e o f  speech-ac t  depend s o n factor s tha t 
pertai n t o a n agent' s emotiona l  state ,  rathe r  tha n o n objec -
tive  attribute s o f  th e situation .  Fo r  example ,  a n agen t  i s likel y 
t o re jec t  a  particula r  proposa l  i f  it s  relationshi p wit h th e 

agen t  w h o mad e thi s proposa l  i s  negative ,  regardles s o f  th e 
meri t  o f  th e proposal '  Th e followin g factor s affec t  a n agent' s 

r{b,aY °  =  r{a,bY' > =  -
\ 

N 
'£iP{hA)-P{i,B)r , 

' a modul e fo r  th e evaluatio n o f  proposal s wil l  b e implemente d i n 
th e future ,  an d it s operatio n integratec f  wit h th e affect-relate d mod -
ules . 
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choic e o f  a  speech-ac t  amon g th e availabl e ones :  (1 )  th e 

agent' s personalit y profile ,  (2 )  th e numbe r  o f  agent s i n th e 
group ,  (3 )  th e conversationa l  histor y o f  th e group ,  (4 )  th e sus -

pecte d emotiona l  stat e o f  th e othe r  agent s i n th e grou p (no t 

yet  implemented) ,  (5 )  th e relationship s betwee n th e agent s 
i n th e group ,  an d (6 )  th e agent' s goals .  Normally ,  onl y a 

subse t  o f  thes e factor s influence s th e selectio n o f  a  particu -
la r  speech-act .  Fo r  instance ,  a t  presen t  th e selectio n o f  a n 
insul t  speech-ac t  i s base d o n a n agent' s ange r  level ,  whil e 
th e selectio n o f  a  p r a i s e speech-ac t  i s  a  functio n o f  th e 

agent' s pleasantness .  Th e selectio n o f  a n accep t  o r  rejec t 
speech-ac t  depend s o n a n agent' s personalit y profil e (whethe r 

it  i s agreeable) ,  it s relationshi p wit h th e agen t  w h o uttere d th e 
proposal ,  it s emotiona l  stat e (e.g. ,  h o w scare d i t  is )  an d th e re -
sponse s o f  th e othe r  agent s i n th e grou p s o fa r  (e.g. ,  whethe r 

most  hav e agree d wit h th e proposal) .  I f  upo n completio n o f 
th e speech-ac t  selectio n proces s ther e i s mor e tha n on e possi -
bl e candidate ,  e.g. ,  re jec t  o r  insult ,  a  rando m selectio n i s 

made. 

Addressee(s )  o f  a  Speech-ac t  W h e n ther e ar e group s o f 
agents ,  i t  i s  difficul t  t o spea k t o everyon e equally .  Thi s i s 
modele d b y a  factor ,  whic h w e cal l  conversationa l  attention , 
tha t  indicate s h o w m u c h attentio n a n agen t  i s givin g t o eac h 
othe r  agen t  i n th e grou p whe n generatin g a  speech-act .  Thi s 
attention ,  whic h range s fro m 0. 0 t o 1.0 ,  i s  a  combinatio n o f 
th e suspecte d relevanc e o f  th e speech-ac t  t o th e othe r  agen t 
and th e relationshi p wit h tha t  agent ;  th e detail s o f  h o w thi s 
attentio n i s determine d var y fo r  th e differen t  speech-act s an d 
thei r  differen t  instantiations . 

W h en t o Perfor m a  Speech-ac t  Onc e a  speech-ac t  ha s 
been chose n an d th e addressee s determined ,  th e Speech-ac t 
modul e decide s whe n th e speech-ac t  i s t o b e performed .  A n 
agent  ha s a  speech-ac t  activatio n level ,  rangin g fro m 0. 0 t o 
1.0 ,  whic h i s use d a s par t  o f  a  trigge r  mechan i sm ,  i n th e s a m e 
way a s emotion s ca n trigge r  actions .  E a c h agen t  als o ha s a n 
activatio n leve l  threshold ,  wh ic h i s fixed  base d o n it s person -
ality .  A  speech-ac t  i s  triggere d w h e n it s speech-ac t  activatio n 
leve l  exceed s it s activatio n threshold .  T h e speech-ac t  activa -
tio n leve l  fo r  a n agen t  i s a  functio n o f  th e followin g factors : 
(1 )  th e n u m b e r  o f  agent s i n th e conversation ,  (2 )  th e agent' s 
leve l  o f  introversion-extroversion ,  (3 )  th e averag e relation -
shi p valu e betwee n th e agen t  an d al l  othe r  agent s i n th e group , 
(4 )  th e tim e elapse d sinc e th e las t  speec h act ,  an d (5 )  a  "rele -
vance "  value ,  betwee n 0. 0 an d 1.0 ,  wh ic h reflect s h o w wel l 
th e chose n speech-ac t  fits  withi n th e curren t  conversation . 
For  example ,  th e speech-ac t  activatio n leve l  o f  a n introverte d 
agen t  wil l  b e lo w w h e n a  leu'g e n u m b e r  o f  agent s  i s participat -
in g i n th e conversation .  I n addition ,  talkin g t o enemie s wil l 
reduc e th e speech-ac t  activatio n level ,  whil e talkin g t o friend s 
wil l  increas e it .  T h e leve l  o f  activatio n als o increase s wit h th e 
passag e o f  time ,  sinc e participatin g i n th e conversatio n be -
comes m o r e compelling .  Finally ,  th e relevanc e valu e wil l  b e 
lo w i f  th e agen t  ha s jus t  aske d a  questio n o r  m a d e a  proposal , 
or  i f  th e chose n speech-ac t  i s n o w inappropriat e give n othe r 
agents '  recen t  speech-acts .  I n th e curren t  implementation ,  th e 
relevanc e valu e i s obtaine d f ro m a  simpl e looku p table . 
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Figur e 4 :  Averag e choic e o f  action s a s th e averag e emotiona l 
instabilit y  increase s (3 2 agents ,  afte r  100 0 tim e steps) . 

Experimental Results 

I n th e curren t  implementatio n o f  th e system ,  agent s hav e 
th e followin g goals :  dec rease-hunge r  an d sleep , 
whic h involv e reducin g th e physiologica l  nee d levels ,  an d 

sat is fy -emot ions ,  whic h involve s movin g emotion s to -
ward s thei r  desire d levels .  Agent s hav e th e followin g ac -
tion s availabl e t o them :  work ,  buy ,  sleep ,  f ight ,  k iss , 
run-away ,  t rave l - t o an d eat ,  whic h ar e specifie d i n th e 
modifie d actio n representation ,  an d a  generi c speech-ac t , 
wit h th e exac t  speech-ac t  determine d b y th e Speech-ac t  mod -
ule .  T w o scenario s hav e bee n develope d t o tes t  th e system . 

Scenario 1. Large Population, General Living. This sce-
nari o involve s a  populatio n o f  agent s (3 2 fo r  th e result s give n 
i n thi s section) ,  w h o ar e give n a  h o m e wher e the y ca n slee p 
and a  workplac e wher e the y ca n work .  The y kno w abou t 
th e locatio n o f  shop s wher e the y ca n bu y food .  A n agent' s 
physiologica l  need s ar e satisfie d b y sleepin g o r  eating .  It s 
emotiona l  need s ar e satisfie d b y interactin g wit h othe r  agents . 
Personalit y traits ,  relationship s an d emotion s ar e modelle d a s 
describe d i n previou s sections .  Thi s scenari o i s execute d ove r 
discret e tim e interval s (100 0 tim e cycle s fo r  th e result s give n 
i n thi s section) .  Prioritie s o f  goal s var y ove r  time ,  a s physi -
ologica l  need s an d emotion s vary .  Th e physiologica l  value s 
use d fo r  thes e experiment s ar e a s follows . 

Typ e Initia l  valu e Threshol d Incremen t 

hunge r 
t i rednes s 

0. 6 
0. 0 

0. 8 
0. 8 

0.001 0 
0.000 5 

Figur e 4  show s h o w th e behaviou r  o f  th e agent s varies ,  i n 
term s o f  th e numbe r  o f  time s th e differen t  action s wer e per -
formed ,  a s a  functio n o f  th e emotiona l  instabilit y  personalit y 
trait. ^  A s th e personalitie s o f  th e agent s ar e mad e o n aver -
age mor e emotionall y unstabl e (fo r  experimenta l  purposes) , 
th e physica l  action s o f  eatin g an d workin g tak e les s o f  a  cen -
tra l  role ,  wherea s th e numbe r  o f  affect-relate d actions ,  suc h 
as speech-acts ,  runnin g awa y an d fighting,  increases .  Fig -
ur e 5  show s tha t  th e mor e emotionall y unstabl e a n agen t  is . 

Î n th e curren t  implementation ,  foo d ca n b e obtaine d onl y b y 
buyin g it ,  henc e eatin g an d buyin g ar e performe d th e sam e num -
ber  o f  times . 
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Figur e 5 :  A v e r a g e emot io n level s a s th e averag e emotiona l 

instabilit y  increase s (3 2 agents ,  afte r  1 0 0 0 t im e steps) . 
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Figur e 6 :  Speech-ac t  choice s a s negativ e environmenta l  influ -

ence s increas e ( m e d i u m leve l  agen t  archetypes) . 

th e highe r  it s averag e emot io n leve l  (fo r  happiness ,  sadness , 

fear ,  ange r  an d love) .  Sinc e th e emot io n level s o f  emotionall y 
unstabl e agent s ar e m o r e volatile ,  m o r e emotiona l  precondi -
tion s ar e bein g m e t  o r  th e emotiona l  trigge r  m e c h a n i s m i s ac -
tivate d a s emotiona l  instabilit y  rises ,  thereb y affectin g agen t 

behaviour .  I n addition ,  th e m o r e emotiona l  a n agen t  b e c o m e s , 
th e m o r e it s behaviou r  affect s othe r  agents '  emotions ,  s o ther e 
i s a  snow-ballin g effect .  N o t e tha t  th e leve l  o f  bot h happines s 

an d sadnes s rise s o n averag e fo r  al l  agents .  Thi s i s  becaus e 

fo r  eac h agen t  th e reductio n i n o n e d u e t o a n increas e i n th e 
activatio n o f  th e othe r  i s lowe r  tha n th e increas e i n activation . 

T h e simulatio n als o s h o w s a n increas e i n th e averag e n u m -

be r  o f  death s a s th e emotiona l  instabilit y  increase s (du e t o a n 
increas e i n fighting);  an d a  reductio n i n th e averag e relation -
shi p leve l  a s th e pleasantnes s leve l  decreases . 

Scenario 2: Small Group, Verbal Interaction. A group 
of  five agents  i s tryin g t o escap e fro m thei r  plac e o f  impris -
onment ;  the y hav e reache d a  doo r  an d foun d i t  locked. '  Sub -
sequen t  physica l  action s an d speech-act s ar e recorded . 

I n thi s experimen t  al l  th e agents  hav e a  m e d i u m leve l  (i.e. , 
0.5 )  fo r  al l  five  personalit y traits ,  an d eac h ha s 0.7 5 leve l  rela -
tionship s wit h hal f  th e othe r  agent s (reasonabl y goo d friends ) 
an d 0.2 5 wit h th e othe r  hal f  (reasonabl y ba d enemies) .  Wit h 
thi s configuratio n w e var y wha t  w e cal l  th e environmenta l  in -
fluence  b y increasin g th e value s fo r  fea r  an d ange r  a t  eac h 
tim e ste p (simulatin g negativ e externa l  events) .  Thi s consti -
tute s a  crud e implementatio n o f  result s fro m (Lepor e e t  al. , 
1991) ,  whereb y som e chroni c environmenta l  stressor s (e.g. , 
crowding )  m a y increas e th e impac t  o f  socia l  stressors.' ' 

I n Figur e 6  w e se e tha t  a s th e negativ e environmenta l  influ -
ence s increase ,  th e agent s choos e mor e emotionall y charge d 

speech-acts ;  th e incidenc e o f  re jec t ,  insul t ,  screei m 
an d s h a r e - f e e l i n g increases ,  whil e th e incidenc e o f  th e 
othe r  speech-act s decreases .  Th e Average-choice-of-speech -

ac t  axi s represent s a  proportio n o f  th e availabl e action s a t 
any time ;  fo r  example ,  afte r  a  p r o p o s e speech-act ,  th e 
subsequen t  speech-act s ar e primaril y accep t  an d re ject , 
wit h a  fe w r e q u e s t - c l a r i f i c a t i o n speech-act s an d som e 
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'Thi s scenari o wa s als o use d i n (Nicholso n an d Dutta ,  1997) . 
•"i n th e futur e w e expec t  t o implemen t  a  functio n tha t  link s exter -

nal  event s wit h a n agent' s emotiona l  levels . 

Figur e 7 :  Activatio n level s o f  five  agents ,  wit h extrover -
sion/introversio n value s o f  0.2,0.4,0.6,0. 8 an d 1.0 . 

chanc e o f  a n "interruption "  wit h a n unrelate d speech-act .  Th e 
averag e numbe r  o f  acceptance s an d rejection s exceed s th e 
number  o f  proposal s becaus e a  singl e proposa l  m a y b e ac -
cepte d o r  rejecte d b y mor e tha n on e agent . 

Tur n takin g i n conversatio n emerge s fro m th e agents ' 

speech-ac t  activatio n level s ( § Speech-Ac t  Module) .  Agent s 
wit h simila r  personalit y profile s normall y tr y t o activat e a t 
simila r  times ,  whic h i n tur n result s i n contentio n fo r  a  speak -
in g turn .  Figur e 7  show s th e activatio n level s ove r  tim e fo r 
five  agent s w h o hav e varyin g extroversion/introversio n val -
ues bu t  simila r  speech-ac t  activatio n thresholds .  Agen t  1 . 
whic h i s th e mos t  extroverted ,  break s it s activatio n threshol d 
first  an d make s a  proposal ,  afte r  whic h i t  wait s fo r  a  respons e 

(indicate d b y a  reduce d activatio n level) .  Th e orde r  o f  th e 
speech-ac t  activation s fo r  th e remainin g agent s corresponds , 
as expected ,  t o thei r  extroversio n levels .  W e als o foun d tha t 
th e amoun t  o f  contentio n fo r  a  conversationa l  tur n rise s a s th e 
extroversio n level s o f  th e agent s rise ,  an d a s th e numbe r  o f 
agent s i n th e conversatio n increases . 

Finally ,  Figur e 8  show s h o w th e averag e rati o o f  accep -

tance s an d rejection s o f  proposal s change s a s th e averag e re -
lationshi p leve l  increase s (fo r  a n introverte d an d emotionall y 

unstabl e grou p o f  agents) . 
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Figure 8: Average acceptances and rejections of proposals as 
th e relationshi p amon g agent s improves . 

Conclusions and Future Work 

We have described a modular agent architecture for the sim-
ulatio n o f  emotiona l  behaviour .  Thi s i s don e b y addin g emo -
tiona l  precondition s an d effect s t o a  standar d representatio n 
of  actions ,  an d usin g limite d spreading-activatio n t o mode l 
affectiv e impact .  Personalit y trait s an d relationship s wit h 
othe r  agent s als o influenc e emotiona l  levels .  Result s fro m 
tw o sampl e scenario s illustrat e ho w comple x interaction s ca n 
be achieve d wit h comparativel y simpl e constituen t  modules . 
Thi s suggest s tha t  ou r  syste m provide s a  suitabl e platfor m fo r 
simulatin g psychologica l  an d socia l  theories . 

The behaviou r  o f  ou r  agent s i s influence d b y emotions ;  al l 
action s whos e P -  an d E-precondition s ar e satisfie d becom e 
candidate s fo r  th e planner .  Currently ,  th e choic e betwee n 
candidat e action s i s mad e randomly .  I n th e future ,  w e pla n 
t o selec t  action s probabilisticall y base d on :  (1 )  th e exten t  t o 
whic h th e emotio n level s i n th e E-precondition s excee d th e 
thresholds ,  an d (2 )  som e personalit y traits .  I n addition ,  a t 
presen t  relationship s ar e take n int o accoun t  i n th e selectio n 
of  onl y certai n speech-acts ,  suc h a s accep t  o r  reject .  I n 
th e future ,  w e envisag e a  mor e genera l  wa y o f  incorporatin g 
relationship s i n th e action-selectio n process ,  e.g. ,  b y havin g 
relationshi p level s affec t  th e probabilit y  o f  choosin g actions . 
Unlik e th e researc h describe d i n (Bate s e t  al. ,  1992) ,  wher e 
agent s simpl y hav e attitude s toward s object s (whethe r  phys -
ica l  o r  othe r  agents) ,  ou r  explici t  mode l  o f  relationship s be -
twee n agent s wil l  allo w mor e comple x relationshi p models , 
e.g. ,  th e relationshi p o f  a n agen t  A  wit h anothe r  agen t  B  ma y 
be influence d b y thei r  relationship s wit h othe r  agents . 

Bot h th e mai n five  personalit y factor s an d th e emotio n cat -
egorie s coul d b e extende d t o mor e detaile d sub-categories , 
e.g. ,  anxiet y o r  concer n rathe r  tha n fea r  (a s don e i n (Bate s 
et  al. ,  1992)) .  However ,  th e advantage s fro m th e resultan t 
additiona l  disfinction s i n agen t  behaviou r  mus t  b e weighe d 
agains t  th e increas e i n computationa l  complexity . 

At  present ,  agent s hav e a  simpl e mode l  fo r  th e effec t  o f 
emotion s o n pla n generatio n an d execution .  Pla n generatio n 
i s currentl y affecte d b y mean s o f  th e E-precondition ,  whic h 
modifie s th e candidat e action s availabl e t o a  planner ;  pla n 
executio n i s affecte d b y th e emotiona l  trigge r  "override "  fea -
ture ,  whic h replace s a  curren t  pla n wit h a  pla n tha t  addresse s 

an extrem e emotiona l  need .  I n th e future ,  w e inten d t o inves -

tigat e mor e sophisticate d model s o f  th e effec t  o f  emotion s o n 
bot h pla n generatio n an d execution .  Durin g plannin g thes e 

model s wil l  tak e int o accoun t  th e effec t  o f  a n agent' s emo -
tiona l  stat e o n it s menta l  resource s (attentiona l  an d inferentia l 
capacit y (Walker ,  1996)) .  Durin g pla n executio n thes e m o -

del s wil l  conside r  differen t  policie s fo r  resumin g a  previou s 

pla n afte r  a n emotiona l  nee d ha s bee n addressed . 
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