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Abstract 

When peopl e reaso n abou t  th e behavio r  o f  other s the y 
ofte n fin d tha t  thei r  prediction s an d explanation s involv e 
attributin g emotion s t o thos e abou t  w h o m the y ar e rea -
soning .  I n thi s pape r  w e discus s th e interna l  model s an d 
representation s w e hav e use d t o m a k e machin e reasonin g 
of  thi s kin d possible .  I n doin g so ,  w e briefl y sketc h a 
simulated-worl d progra m calle d th e Affectiv e Reasoner . 
Elsewhere ,  w e hav e discusse d th e Affectiv e Reasoner' s 
mechanism s fo r  generatin g emotion s i n respons e t o situa -
tion s tha t  imping e o n a n agent' s concerns ,  fo r  generatin g 
action s i n respons e t o emotions ,  an d fo r  reasonin g abou t 
emotio n episode s fro m case s [Elliott ,  1992] .  Her e w e giv e 
detail s abou t  ho w agent s i n th e Affectiv e Reasone r  mode l 
each other' s poin t  o f  vie w fo r  bot h th e purpos e o f  rea -
sonin g abou t  on e another' s emotion-base d actions ,  an d 
fo r  "having "  emotion s abou t  th e fortune s (goo d o r  bad ) 
of  other s (i.e. ,  feelin g sorr y fo r  someone ,  feelin g happ y 
fo r  them ,  resentin g thei r  goo d fortune ,  o r  gloatin g ove r 
thei r  ba d fortune) .  T o d o this ,  agent s maintai n Concerns -
of-Oiher s representation s ( C O O s )  t o establis h point s o f 
vie w fo r  othe r  agents ,  an d us e case s t o reaso n abou t  thos e 
agents '  expression s o f  emotions . 

Introduction 

The Affectiv e Reasone r  i s a  progra m tha t  reason s abou t 
th e emotion s o f  agent s i n a  simulate d multi-agen t  world . 
Agent s i n thi s worl d ar e give n a  simpl e emotiona l  life , 
consistin g o f  twenty-fou r  emotio n classe s an d approx -
imatel y 120 0 differen t  expression s o f  thes e emotions . 
They ar e give n idiosyncrati c personalitie s whic h allo w 
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them to have different interpretations of identical situ-
ation s i n thei r  worl d an d differen t  respons e tendencie s 
fo r  identica l  emotiona l  states .  I n additio n t o "having " 
an d "expressing "  thei r  ow n emotions ,  agent s als o reaso n 
about ,  an d hav e emotion s i n respons e t o th e emotion s o f 
othe r  agents . 

T o dat e th e Affectiv e ReMone r  ha s bee n use d primaril y 
t o simulat e th e interpersona l  interaction s o f  tax i  driver s 
wit h on e anothe r  an d wit h thei r  passenger s i n a n instanti -
atio n calle d TaxiWorl d [Elliot t  an d Ortony ,  1992] .  H o w -
ever ,  experiment s ca n b e an d hav e bee n conducte d i n 
othe r  simpl e area s o f  interpersona l  relation s includin g th e 
one use d i n a  stor y abou t  a  rooki e quarterbac k discusse d 
late r  i n thi s paper .  I n fact ,  al l  th e Affectiv e Reasone r  re -
quire s i s a  domai n i n whic h emotion s ca n arise ,  provide d 
th e domai n ca n b e represente d usin g a  discrete-even t  sim -
ulator . 

We conside r  reasonin g abou t  emotion s t o hav e bot h a 
strong-theor y component ,  fro m emotion-inducin g situa -
tion s t o th e emotion s the y engender ,  an d a  weak-theor y 
component ,  fro m emotion s t o actions .  T o represen t  th e 
differen t  characteristic s o f  individua l  agent s w e accord -
ingl y brea k ou r  rudimentar y personalit y representation s 
int o tw o parts .  T h e firs t  o f  these ,  th e interpretiv e person -
ality ,  i s use d fo r  determinin g whethe r  som e event ,  act ,  o r 
objec t  i s  o f  concer n wit h respec t  t o th e goals ,  standards , 
or  preference s (hereafte r  G S P s )  o f  som e agent .  Rule -
based ,  strong-theor y reasonin g i s use d t o ti e interpreta -
tion s o f  situation s t o emotiona l  states .  T h e secon d par t  o f 
eac h personalit y representatio n i s th e manifestativ e per -
sonalit y componen t  whic h i s use d fo r  determinin g h o w a n 
agen t  wil l  act ,  o r  "feel, "  i n respons e t o thes e emotiona l 
states .  Thi s componen t  contain s a  se t  o f  temperamen t 
trait s whic h ar e dynamicall y activate d s o a s t o tun e a n 
agent' s actio n tendenc y profile .  Case-based ,  weak-theor y 
reasonin g i s  use d t o reaso n bac k fro m observe d action s 
t o a n agent' s emotiona l  states .  Afte r  a  brie f  introductio n 
t o thes e tw o constructs ,  thi s pape r  focuse s o n h o w agent s 
form ,  an d maintain ,  interna l  representation s o f  th e per -
sonalitie s o f  othe r  agents . 

T o understan d h o w th e interpretiv e personalit y works , 
suppos e a  basketbal l  playe r  o n a  tea m misse s a  sho t  a t 
th e buzze r  i n a  g a m e s o tha t  th e tea m lose s b y on e point . 
O ne observin g agen t  migh t  b e unhapp y tha t  hi s tea m ha d 
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los t  th e game ,  wherea s anothe r  observin g agent ,  bein g a 
{& n o f  th e victoriou s team ,  migh t  b e happ y tha t  he r  tea m 
ha d won .  Thi s i s a n exampl e o f  ho w th e sam e situatio n 
(th e misse d sho t  a t  th e buzzer )  ca n b e interprete d eithe r 
as on e o f  havin g achieved ,  o r  o f  havin g faile d t o achieve , 
a goal .  Ther e ar e othe r  alternativ e o r  additiona l  interpre -
tation s tha t  migh t  b e made .  Fo r  instance ,  a n observin g 
agen t  migh t  hav e admiratio n fo r  th e playe r  fo r  makin g a 
heroi c attemp t  t o wi n th e game ,  a n exampl e o f  mappin g 
th e ac t  int o th e perceptio n o f  a  principl e bein g upheld , 
or  a n observe r  migh t  simpl y b e enthralle d b y th e beaut y 
of  th e mov e t o th e basket ,  a n exampl e o f  mappin g th e 
move int o th e perceptio n o f  a n appealin g object ,  an d s o 
on. * 

O ne importan t  aspec t  o f  th e Affectiv e Reasoner' s rep -
resentatio n o f  agents '  interpretiv e personalitie s i s tha t 
i t  treat s the m a s modula r  dat a structures ,  representin g 
the m a s inheritanc e hierarchie s o f  frames. '  An y lea f  nod e 
fram e (i.e. ,  on e o f  th e frame s use d t o matc h an d interpre t 
events ,  acts ,  an d object s i n th e world) ,  an d it s inheritanc e 
path ,  m a y b e combine d wit h an y othe r  le£i f  nod e frame , 
an d it s inheritanc e path ,  whe n formin g a n interpretiv e 
personalit y representation .  A s a  consequence ,  multipl e 
an d eve n conflictin g interpretation s o f  a  situatio n m a y 
aris e fo r  som e agent .  Thi s no t  a  limitatio n o f  ou r  sys -
tem ,  bu t  rathe r  a  requiremen t  o f  emotio n representation . 
For  example ,  w e m a y se e a  w o m a n sa d ove r  th e deat h 
of  he r  favorit e aunt ,  an d ye t  relieve d becaus e sh e know s 
tha t  he r  inheritanc e wil l  b e he r  financia l  salvation .  So , 
th e sam e situatio n ca n giv e ris e t o conflictin g emotion s 
which ,  i n turn ,  coul d eve n giv e ris e t o simila r  action s 
(peopl e ca n cr y fro m sadnes s o r  joy) .  T o s u m up ,  th e 
interpretiv e componen t  o f  personalit y representation s i n 
th e Affectiv e Reasone r  exploit s th e fac t  tha t  individual s 
hav e differen t  goals ,  standards ,  an d preference s (GSPs ) 
by allowin g thes e differen t  concern s t o b e th e basi s fo r 
interpretin g emotion-inducin g situations . 

We tur n no w t o a  brie f  accoun t  o f  th e manifesiativ e 
personalit y component .  Suppos e tha t  som e agen t  i s feel -
in g prou d abou t  som e £idmirabl e ac t  sh e ha s performed . 
I f  sh e i s a  quie t  type ,  sh e m a y simpl y manifes t  thi s emo -
tio n throug h a  quie t  somati c respons e (e.g. ,  a  feelin g o f 
genera l  well-being) .  I f  sh e i s verball y inclined ,  sh e m a y 
expres s he r  prid e throug h verba l  communicatio n wit h an -
othe r  agen t  (e.g. ,  tellin g someon e abou t  ho w prou d sh e 
is) .  I f  sh e tend s t o b e manipulativ e sh e m a y manifes t  he r 
prid e b y attemptin g t o modulat e th e emotion s o f  other s 
(e.g. ,  seekin g t o hav e the m admir e he r  b y callin g atten -
tio n t o he r  praiseworth y act) .  Agent s i n th e Affectiv e 
Reasone r  ca n hav e m a n y o f  thes e differen t  temperamen t 
trait s activ e a t  th e sam e time .  Togethe r  thes e giv e th e 
agen t  it s idiosyncrati c m,anifestativ e personality . 

'Se e [Orton y e t  al. ,  1988 ]  fo r  a  ful l  treatmen t  o f  th e emo -
tio n elicitin g conditio n theory . 

'Actuall y thi s i s a n over-simplification .  Th e matchin g o f 
frame s agains t  situation s i n th e worl d als o involve s pattern -
matchin g variables ,  a  specialize d unificatio n algorithm ,  pro -
cedura l  attachmen t  t o th e slots ,  an d s o forth . 

Ther e i s a t  bes t  onl y a  loos e mappin g fro m emotiona l 
state s t o particula r  actions ;  fe w action s ar e unambigu -
ousl y indicativ e o f  th e emotion s tha t  initiate d them .  Fo r 
example ,  peopl e ca n smil e becaus e the y ar e happy ,  be -
caus e the y ar e gloatin g ove r  th e misfortun e o f  a n adver -
sary ,  o r  becaus e the y ar e pretendin g no t  t o b e afraid .  I n 
additio n peopl e ca n expres s th e sam e emotio n i n man y 
differen t  way s (e.g. ,  frownin g becaus e the y ar e angr y an d 
want  i t  t o b e known ,  o r  smilin g becaus e the y ar e angr y 
an d d o no t  wan t  i t  t o b e known) .  Complicatin g thi s i s 
th e fac t  tha t  individual s hav e differen t  emotio n expres -
sio n styles ,  an d ar e affecte d b y mood s a s well .  Becaus e o f 
suc h ambiguitie s w e hav e chose n a  case-base d approac h 
t o reasonin g i n thi s portio n o f  th e emotio n domain . 

Peopl e mode l  on e another' s point s o f  view .  Thi s en -
able s the m t o bot h explai n an d predic t  th e response s o f 
other s t o situations ,  an d t o hav e emotion s regardin g th e 
fortune s o f  thos e others .  I n th e Affectiv e Reasone r  thes e 
point s o f  vie w ar e capture d i n th e two-par t  rudimentar y 
personalit y representatio n jus t  discussed .  T o mode l  suc h 
point s o f  view ,  agent s ca n maintai n interna l  model s o f 
bot h th e concer n structure s o f  othe r  agent s (i.e. ,  thei r  tTi -
terpretiv e personalities) ,  an d thei r  respons e actio n struc -
ture s (i.e. ,  thei r  manifesiativ e personalities) .  A  mode l 
of  th e forme r  allow s th e agen t  t o mak e inference s abou t 
emotion s othe r  agent s ar e likel y t o hav e i n certai n situ -
ations .  A  mode l  o f  th e latte r  allow s th e agen t  t o mak e 
explanator y inference s abou t  anteceden t  emotion s whe n 
seein g othe r  agent s actin g i n a  certai n way .  Thes e tw o 
aspect s o f  capturin g an d maintainin g knowledg e abou t 
othe r  agent s ar e discusse d i n th e nex t  tw o sections . 

Representing the Concerns of Others 

For  a n agen t  t o understan d h o w anothe r  agen t  i s likel y 
t o constru e a  situation ,  h e o r  sh e mus t  se e tha t  situa -
tio n fro m th e othe r  agent' s poin t  o f  view .  Becaus e i n 
th e Affectiv e Reasone r  a n agent' s interpretation s o f  th e 
worl d ar e derive d fro m it s G S P databas e i t  follow s tha t  a n 
observin g agen t  mus t  als o hav e som e interna l  represen -
tatio n o f  th e observe d agent' s GSPs .  Thi s knowledg e i s 
capture d i n dat a structure s know n a s Concerns-of-Othe r 
( C O O)  databases .  The y are ,  essentially ,  imperfec t  copie s 
of  othe r  agents '  GSPs ,  an d represen t  thei r  concern s a s 
modele d b y a n observin g agent . 

Thus ,  i n additio n t o th e G S P databas e representin g 
an agent' s o w n concerns ,  a  C O O databas e ca n b e main -
taine d fo r  eac h othe r  agen t  th e observin g agen t  i s  model -
ing .  Usin g th e sam e machiner y tha t  cause s emotion s t o 
be generate d b y th e syste m fo r  som e agen t  whe n a  situ -
atio n i s filtered  throug h tha t  agent' s interpretiv e person -
alit y  (i.e. ,  it s  o w n G S P database )  tha t  agen t  m a y instea d 
filter  th e situatio n throug h th e internall y modele d inter -
pretiv e personalit y o f  th e observe d agen t  (i.e. ,  it s  C O O 
representatio n fo r  tha t  othe r  agent )  t o se e th e situatio n 
fro m th e othe r  agent' s (supposed )  poin t  o f  view . 

A perfec t  C O O representation ,  o f  course ,  woul d b e a n 
exac t  duplicat e o f  th e observe d agent' s G S P database , 
an d woul d alway s lea d t o th e sam e interpretation s tha t 
th e observe d agen t  has .  However ,  becaus e a s discusse d 
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above ,  GSP s ar c buil t  ou t  o f  interpretatio n module s 
(i.e. ,  frames) ,  partia l  C O Os ca n b e create d incrementally . 
Even thoug h the y ar e imperfect ,  thes e partia l  represen -
tation s ar e usefu l  becaus e the y allo w th e observin g agen t 
t o interpre t  a t  leas t  som e situation s correctly .  Fo r  exam -
ple ,  Harr y migh t  kno w tha t  Sara h i s a  passionat e Cub s 
fan ,  an d tha t  i f  th e Cub s los e sh e wil l  b e upset ,  an d ye t 
not  kno w mor e abou t  her .  Still ,  i f  th e Cub s d o lose , 
and Sara h i s jumpin g u p an d down ,  the n Harr y probabl y 
knows why . 

Becaus e th e Affectiv e Reasone r  wa s develope d a s a  gen -
era l  researc h platform ,  severe d option s ar e availabl e wit h 
respec t  t o th e establishmen t  o f  C O O databases .  The y 
may b e constructe d a t  start-u p tim e a s par t  o f  th e ini -
tia l  compositio n o f  agents ,  o r  the y m a y b e learne d a s 
th e simulatio n proceed s an d a s agent s com e int o contac t 
wit h on e another .  I n th e forme r  cas e a  numbe r  o f  diffi -
cultie s ar e avoided ,  suc h a s havin g t o wor k ou t  th e de -
tail s o f  whe n agent s ar e permitte d t o observ e eac h other . 
I n th e latte r  case ,  m a n y usefu l  knowledg e acquisitio n is -
sues ca n b e studied .  Fo r  example ,  i f  th e syste m i s t o 
be use d t o stor e knowledg e abou t  interestin g agent s an d 
t o stud y emotion s tha t  aris e whe n the y interact ,  the n 
th e domain-analysi s investmen t  require d fo r  settin g u p 
th e C O O learnin g proces s wil l  hav e littl e return .  O n 
th e othe r  hand ,  i f  on e i s studyin g user-modelin g fro m 
an emotio n perspective ,  suc h a  componen t  coul d b e ver y 
useful . 

Collecting Construal Frames for COOs 

When th e Affectiv e Reeisone r  i s se t  u p s o tha t  agent s 
lear n abou t  on e another' s concern s throug h interactions , 
C O Os ar e buil t  u p incrementall y b y locatin g an d incor -
poratin g construa l  frame s tha t  see m t o explai n anothe r 
agent' s emotiona l  state s i n respons e t o observe d situa -
tions .  Fo r  example ,  whe n Harr y see s tha t  Sara h i s al -
ways unhapp y whe n th e Cub s los e h e migh t  infe r  tha t 
Sara h construe s som e aspec t  o f  thi s situatio n a s blockin g 
one o r  mor e o f  he r  goals .  Harr y migh t  the n tr y t o deter -
min e exactl y whic h goal s ar e involved :  i s Sara h a  Cub s 
fan ,  o r  ha s sh e jus t  bee n bettin g o n the m t o win ? I n 
th e followin g algorithm ,  whic h describe s thi s process ,  w e 
assume tha t  th e observin g agen t  ha s alread y discovere d 
th e emotion(s )  presen t  i n th e othe r  agent. ^  Th e observ -
in g agen t  no w attempt s t o explai n tha t  emotio n i n term s 
of  th e elicitin g situation ,  an d possibl e construal s o f  tha t 
situation .  T o d o thi s th e observin g agen t  firs t  consult s 
it s C O O fo r  th e observe d agent,  an d then ,  i f  necessary , 
a se t  o f  database s containin g alternat e construa l  frame s 
(se e Defaults) .  Her e i s th e algorith m fo r  incrementall y 
buildin g C O O representations : 

1. Locate the Concerns-of-Other representation (COO) 
fo r  th e observe d agent .  I f  on e doe s no t  exis t  o r  i t  doe s 
not  contai n a n interpretatio n fo r  thi s typ e o f  elicitin g 

situation ^  the n g o t o 5 , 

2.  Filte r  th e situatio n throug h th e C O O,  producin g a n 
emotion .  I f  thi s emotio n i s th e sam e a s th e emotio n 
tha t  actuall y wa s presen t  i n th e observe d agen t  the n 
th e C O O ha s probabl y give n a  correc t  interpretatio n 
of  th e elicitin g situatio n s o g o t o 8 , 

3.  Becaus e th e interpretatio n produce d b y th e C O O i s 
incorrec t  (i.e. ,  th e emotio n base d o n th e C O O ' s inter -
pretatio n o f  th e elicitin g situatio n doe s no t  matc h th e 
emotio n know n t o b e presen t  i n th e agen t  whos e con -
cern s i t  i s  suppose d t o represent )  th e construa l  fram e 
use d t o mak e th e interpretatio n shoul d no t  b e par t  o f 
th e concer n structur e fo r  th e agent .  Remov e i t  fro m 
th e C O O, 

4.  Mar k th e construa l  fram e ineligibl e fo r  thi s agent .  El -
igibl e frame s ar e thos e frame s tha t  ca n produc e inter -
pretation s fo r  thi s typ e o f  situation .  Ineligibl e frame s 
ar e previousl y eligibl e frame s whic h hav e bee n foun d 
t o produc e incorrec t  interpretations , 

5.  Searc h throug h th e globa l  (o r  default )  databas e fo r  th e 
nex t  eligibl e interpretatio n o f  thi s situation , 

6.  Evaluat e th e situatio n usin g th e ne w interpretatio n a s 
a filter .  I f  th e resultan t  emotio n i s no t  th e sam e the n 
go t o 4 , 

7.  A d d th e construa l  fram e t o th e C O O, 

8.  Generat e a n explanatio n base d o n th e curren t  con -
strua l  frame . 

Once a  C O O ha s bee n establishe d fo r  som e othe r  agen t 
i t  ca n b e use d fo r  tw o purposes .  First ,  i t  i s  no w possi -
bl e fo r  a n observin g agen t  t o hav e emotion s base d o n it s 
perception s o f  th e fortune s o f  th e secon d agent .  I n th e 
Affectiv e Reasone r  thi s m a y com e abou t  i f  th e agent s 
ar e i n on e o f  th e followin g thre e (possibl y onl y unidirec -
tional )  relationships :  friendship ,  animosity ,  an d empa -
theti c unit. ^  Fo r  example ,  i f  th e observin g agen t  know s 
tha t  a  secon d agen t  i s  a  Cub s fan ,  the n i f  the y ar e friend s 
th e observin g agen t  ca n fee l  sorr y fo r  th e secon d agen t 
when th e Cub s lose .  O n th e othe r  hand ,  i f  the y ar e adver -
sarie s the n th e observin g agen t  ca n gloa t  whe n th e Cub s 
lose .  Lastly ,  shoul d th e bon d betwee n th e tw o agent s b e 
so stron g i n som e situatio n tha t  th e observin g agen t  tem -
poraril y  take s som e o f  th e secon d agent' s concern s o n a s 
it s o w n the n a n empatheti c uni t  ha s bee n formed .  Th e 
observin g agen t  wil l  temporaril y  suspen d it s o w n G S P 
database ,  usin g it s C O O fo r  th e secon d agen t  t o generat e 
direc t  emotion s instead .  Not e tha t  eve n i n thi s cas e th e 
observin g agen t  migh t  actuall y b e wron g abou t  th e im -
por t  o f  a  particula r  situatio n fo r  th e observe d agent ,  sinc e 

'Obviously ,  t o mak e inference s abou t  wh y a n agen t  i s i n 
some emotiona l  stat e w e mus t  firs t  kno w wha t  tha t  stat e is . 
Becaus e o f  spac e limitation s ou r  approac h t o thi s wil l  onl y b e 
discusse d briefl y i n a  late r  section . 

*A1I  elicitin g situation s ar e typed .  Construa l  frame s whic h 
interpre t  the m hav e th e sam e type . 

Thes e thre e relationship s hav e a  ver y specifi c  meanin g 
here .  Friendshi p mean s tha t  a n agen t  wil l  ten d t o hav e simi -
larl y valence d emotion s i n respons e t o th e emotion s o f  anothe r 
agent .  Animosit y mean s tha t  th e emotion s wil l  ten d t o b e op -
positel y valenced .  Empatheti c uni t  mean s tha t  th e particula r 
situatio n i s see n "throug h th e eyes "  o f  th e othe r  agent ,  s o tha t 
th e emotion s ar e experience d a s th e observin g agent' s own . 
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i t  i s  th e observin g agent' s representatio n o f  th e observe d 
agent' s concern s tha t  i s  bein g use d t o generat e emotions , 
not  th e actua l  G S P s o f  th e observe d agent .  T h e secon d 
us e o f  C O Os i s tha t  onc e the y ar e establishe d i t  i s  pos -
sibl e t o explain ,  an d sometime s predict ,  th e emotiona l 
response s o f  othe r  agent s base d o n th e elicitin g conditio n 
rules ,  a s i n th e previousl y discusse d cas e o f  Sara h th e 
Cubs fan ,  whic h opene d thi s section . 

Satellite COOs 

Agent s i n th e Affectiv e Reeisone r  m a y b e se t  u p t o d o 
mor e tha n mode l  th e simple ,  direc t  concern s o f  agent s 
w h o m the y observe .  T h e nee d fo r  mor e comple x interna l 
model s i s illustrate d b y th e followin g story ,  o n whic h on e 
of  ou r  simulatio n run s wet s based . 

A rooki e quuteibac k is ,  a s usual ,  sittin g o n th e benc h 
durin g a  footbal l  game .  Hi s brothe r  an d a  woma n frien d 
of  hi s brothe r  ar e i n th e stands .  Suddenl y th e startin g 
quarterbac k goe s dow n wit h a  kne e injury .  Th e woma n 
smile s becaus e sh e i s happ y fo r  he r  frien d who' s brothe r 
wil l  no w b e place d i n th e game . 

W h en reasonin g abou t  th e emotion s tha t  aris e i n thi s 
situatio n w e mus t  conside r  th e followin g set s o f  concern s 
an d relationships : 

1.  T h e actua l  concern s o f  th e rooki e quarterback ,  i.e. ,  hi s 
G S P s.  Implie d i n th e stor y i s tha t  h e wil l  b e please d 
abou t  achievin g a  geiiing-to-pla y goal . 

2.  T h e suppose d concern s o f  th e rooki e quarterbeic k a s 
represente d b y hi s brothe r  (i.e. ,  th e C O O represent -
in g th e brother' s belief s abou t  th e G S P s o f  th e rooki e 
quarterback) . 

3.  T h e relationshi p betwee n th e rooki e quarterbac k an d 
hi s brother .  Specificall y th e friendshi p relationship ,  o r 
eve n a n empatheii c uni t  relationship . 

4.  T h e friendshi p relationshi p betwee n th e w o m a n an d 
th e brother . 

5.  T h e suppose d concern s o f  th e brothe r  a s represente d 
by th e w o m a n .  Thi s mus t  include ,  recursively ,  he r  sup -
pose d suppose d concern s o f  th e brothe r  fo r  th e quar -
terbac k ci s well ,  an d th e suppose d empatheti c relation -
shi p betwee n th e brothe r  an d th e quarterback .  I n othe r 
words ,  th e w o m a n mus t  hav e a  belie f  tha t  th e brothe r 
wil l  believ e tha t  th e rooki e quarterbac k wil l  b e happ y 
abou t  th e startin g quarterback' s injury .  Furthermore , 
sh e mus t  believ e tha t  th e relationshi p betwee n th e 
brothe r  an d th e rooki e quarterbac k i s suc h tha t  a  pos -
itiv e outcom e fo r  th e rooki e quarterbac k m a p s t o a 
positiv e outcom e fo r  th e brother . 

Becaus e th e stor y give s n o clue s £i s t o th e emotiona l 
state s o f  eithe r  th e quarterbac k o r  hi s brothe r  i t  shoul d 
be obviou s tha t  neithe r  th e actua l  concern s o f  th e quar -
terbac k no r  thos e o f  hi s brothe r  ar e necessar y fo r  under -
standin g th e episode.  T o m a k e thi s clear ,  conside r  th e 
followin g possibl e continuatio n t o th e story : 

...Bu t  th e smil e quickl y fade s whe n th e brothe r  says ,  "O h 
no,  I  tol d hi m h e shouldn' t  hav e drun k tha t  cas e o f  bee r 
at  lunch. " 

Clearl y th e woman' s belief s leadin g t o emotiona l  state s 
an d actio n expression s o f  thos e state s ar e no t  dependen t 
upo n al l  o f  th e actua l  facts .  Similarly ,  eve n i f  he r  under -
standin g o f  th e fact s i s correct ,  thi s stil l  doe s no t  mea n 
tha t  he r  emotion s hav e t o b e i n lin e wit h them .  Conside r 
th e followin g alternat e continuatio n t o th e story , 

Instea d o f  playin g th e rooki e quarterback ,  however ,  th e 
coac h put s i n a  third-strin g quarterback .  Th e woman , 
who unbeknowns t  t o th e brothe r  ha d consume d a  cas e o f 
beer  wit h th e rooki e quarterbac k a t  lunc h an d wa s swor n 
t o secrec y abou t  it ,  i s  relieved .  Th e brother ,  however ,  feel s 
terribl e fo r  th e rooki e quarterbac k becaus e h e wil l  no t  ge t 
t o play .  Consequentl y th e brothe r  i s ver y unhappy .  Th e 
woman i s sorr y t o se e hi m i n thi s state. * 

I n thi s cas e th e w o m a n know s tha t  th e brother' s belief s 
ar e incorrect ,  an d sh e doe s no t  shar e them ,  bu t  sh e stil l 
i s  capabl e o f  havin g emotion s base d o n th e brother' s for -
tunes ,  whic h i n tur n ar e base d o n thos e incorrec t  beliefs . 

I t  ca n b e see n then ,  tha t  fo r  observin g agent s t o rep -
resen t  th e fortune s o f  anothe r  agent ,  t o hav e emotion s 
regardin g thos e fortunes ,  an d t o interpre t  thei r  action s 
wit h regar d t o thos e fortunes ,  th e observin g agent s mus t 
not  onl y b e abl e t o represen t  th e concern s o f  th e observe d 
agents ,  bu t  sometime s mus t  als o b e abl e t o mode l  th e 
observe d agents '  o w n representation s o f  th e concern s o f 
thos e importan t  t o them .  I n th e Affectiv e Reasone r  w e 
captur e suc h knowledg e i n a  second-leve l  se t  o f  C O O s, 
calle d satellit e C O O s .  Thes e ar e use d i n conjunctio n 
wit h a  se t  o f  suppose d relationship s betwee n th e observe d 
agent s an d thos e w h o m th e satellit e C O Os ar e intende d 
t o represent .  Fo r  example ,  i f  Harr y believe s tha t  Sara h 
i s i n a  relationship s wit h bot h Joa n an d Eva ,  the n Harr y 
wil l  maintai n a  C O O fo r  Sara h an d satellit e C O Os fo r 
Joa n an d Ev a a s see n throug h Sarah' s eyes . 

T h e thre e distinc t  interpretiv e personalit y representa -
tion s use d b y th e syste m ar e al l  structurall y an d func -
tionall y th e same .  I t  doe s no t  matte r  whethe r  th e rep -
resentatio n i s t o b e use d a s a  system-leve l  G S P o r  a s a n 
agent-leve l  C O O o r  satellit e C O O.  T h e emotio n machin -
er y tha t  i s  applie d t o G S P s fo r  th e generatio n o f  direc t 
emotion s m a y als o b e applie d t o C O Os use d fo r  th e gen -
eratio n o f  th e fortunes-of-other s emotion s an d t o satellit e 
C O Os use d fo r  representin g a n agent' s belief s abou t  an -
othe r  agent' s beliefs . 

* Situations in which the feelings of the other agent are not 
i n accor d wit h th e know n facts ,  an d ye t  wher e th e observ -
in g agen t  respond s onl y t o thos e feelings ,  ar e i n fac t  no t  ver y 
common.  I n genera l  thi s i s becaus e i f  th e observin g agen t 
knows tha t  th e observe d agen t  wil l  soo n find  ou t  th e facts , 
th e observin g agen t  i s muc h les s likel y t o bas e hi s o r  he r  emo -
tion s o n th e temporar y happines s o r  unhappines s o f  th e othe r 
agent .  W h e n thi s occur s i t  add s a n elemen t  o f  secrecy ,  o r 
of  quirk y twist s o f  fat e (e.g. ,  someon e dyin g befor e the y find 
out )  whic h i n itsel f  almos t  alway s complicate s th e situatio n 
and th e resultin g emotions .  Ther e seem s t o b e som e differ -
enc e betwee n th e negativel y an d positivel y valence d emotion s 
wit h respec t  t o thi s a s well .  On e i s mor e likel y t o b e sa d tha t 
a frien d i s temporaril y  unhapp y becaus e sh e misunderstand s 
a situatio n tha t  wil l  ultimatel y mak e he r  happy ,  tha n on e i s 
t o b e happ y tha t  a  frien d i s temporaril y  happ y becaus e sh e 
misunderstand s a  situatio n tha t  wil l  soo n mak e he r  sad . 
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The proces s fo r  makin g us e o f  eac h o f  thes e GS P an d 
COO database s i s als o th e sam e i n al l  cases .  Th e elicit -
in g event ,  act ,  o r  objec t  i s  filtere d throug h eac h respectiv e 
GSP o r  C O O databas e t o produc e a n interpretatio n wit h 
respec t  t o th e antecedent s o f  emotions .  I n th e direc t  case , 
th e resul t  i s  emotion s tha t  th e syste m generate s fo r  th e 
agent .  I n th e once-remove d cas e th e resul t  i s  a n inter -
pretatio n base d o n imaginin g wha t  i t  i s  lik e fo r  th e othe r 
agent  (possibl y incorrectly) ,  which ,  whe n combine d wit h 
a relationship ,  ma y yiel d a  fortunes-of-othe r  emotio n i n 
th e observin g agent .  I n th e twice-remove d case ,  whe n 
combine d wit h belief s abou t  relationships ,  th e interpre -
tatio n ma y lea d t o a  belie f  abou t  th e emotiona l  stat e o f 
th e othe r  agent ,  whic h i n tur n ma y als o lea d t o fortunes -
of-other s emotions . 

Defaults 

In some cases little may be known about another agent. 
Nonetheless ,  on e ma y fee l  sorr y fo r  a  stranger ,  an d on e 
certainl y ma y wis h t o explai n th e action s o f  strangers . 
Thus w e mus t  giv e agent s a  mechanis m b y whic h the y 
may stil l  reaso n abou t  th e emotion s o f  othe r  agents ,  eve n 
i f  nothin g specifl c  i s  know n abou t  thos e agents . 

Because ,  fo r  th e purpos e o f  generatin g emotion s i n th e 
Affectiv e Reasoner ,  on e G S P databsis e i s a s goo d a s an -
other ,  an d becaus e eve n th e componen t  construa l  frame s 
may b e mixe d a t  will ,  w e ma y us e a  syste m o f  default s 
fo r  reasonin g unde r  uncertidnty .  Tw o o f  thes e ar e rathe r 
obvious .  Th e first  i s  a  system-wid e defaul t  GS P whic h 
correspond s t o th e knowledg e sourc e on e migh t  consul t 
i n addressin g suc h question s a s Ho w migh t  a  typica l  agen t 
interpre t  thi s situation ? Th e interpretation s produce d b y 
thi s defaul t  databas e ar e usefu l  whe n producin g explana ^ 
tion s suc h a s When someon e i s hi t  the y ge t  ma d an d Los -
in g mone y increase s distress .  Th e nex t  obviou s defaul t 
GSP i s a n agent' s ow n G S P database ,  whic h correspond s 
t o th e knowledg e sourc e on e consult' s  whe n askin g Ho w 
woul d I  interpre t  an d reac t  t o thi s situatio n ?  Th e result -
in g emotiona l  state s ca n the n b e projecte d ont o th e othe r 
agent . 

I n additio n t o thes e tw o defaults ,  observin g agent s i n 
th e Affectiv e Reasone r  migh t  als o mak e us e o f  a n extan t 
COO fo r  som e thir d agent ,  provide d tha t  on e exist s an d 
tha t  i t  i s  consisten t  wit h wha t  ha s alread y bee n observe d 
about  th e ne w modele d agent .  A s lon g a s thi s C O O i s 
suitabl e i t  remain s i n use .  Whe n th e C O Os diverg e (i.e. , 
when on e o f  th e construa l  frame s i n th e existin g C O O i s 
foun d t o b e incorrec t  fo r  th e ne w modele d agent )  the n 
a cop y o f  th e existin g C O O i s mad e an d th e offendin g 
construa l  fram e i s removed .  Thi s become s th e curren t 
representatio n o f  th e C O O fo r  th e ne w agent .  Th e us e o f 
COOs i n thi s manne r  correspond s roughl y t o reasonin g 
tha t  becaus e Agen t  A  seem s jus t  lik e Agen t  B ,  the n as -
sume the y ar e alik e i n al l  way s unti l  learnin g differently . 

Nor  ar e w e restricte d t o usin g onl y on e C O O whe n 
searchin g fo r  a n explanation .  Fo r  agent s then ,  th e or -
der  o f  precedenc e i s a s follows :  (1 )  searc h throug h th e 
COO fo r  th e othe r  agen t  t o loo k fo r  a n interpretatio n o f 
some elicitin g situation ;  i f  ther e i s none ,  o r  i t  i s  foun d 

t o b e i n error ,  the n (2 )  searc h throug h a  C O O fo r  som e 
othe r  agen t  tha t  appear s t o b e simila r  t o thi s one ,  i f  on e 
exists ;  next ,  (3 )  searc h throug h th e syste m defaul t  G S P 
databas e t o se e ho w a  typica l  agen t  woul d interpre t  th e 
situation ;  fulin g i n this ,  the n (4 )  searc h throug h one' s 
own G S P databas e t o se e ho w I  migh t  interpre t  thi s sit -
uation ,  an d lastl y (5 )  seuc h throug h th e globa l  share d 
databas e o f  construa l  frame s fo r  al l  possibl e interpreta -
tion s o f  th e situation . 

Representing the Action Tendencies of 

O t h e r s 

I n th e Affectiv e Restsone r  observin g agent s attemp t  t o 
make sens e o f  th e wa y observe d agent s respon d t o situ -
ation s tha t  aris e b y usin g emotion-specifi c  knowledg e t o 
limi t  th e searc h space .  Somethin g happens ,  thi s give s ris e 
t o a n emotion ,  o r  se t  o f  emotions ,  an d thes e i n tur n giv e 
ris e t o emotion-induce d reactions .  S o fa r  i n thi s pape r  w e 
hav e discusse d representation s tha t  agent s kee p o f  oth -
ers '  concerns .  Thi s knowledg e ma y b e use d i n tw o ways . 
First ,  reasonin g backward s i t  ma y b e use d abductivel y t o 
explai n ho w a n agen t  see s th e world .  Second ,  onc e estab -
lishe d fo r  a n agent ,  i t  ma y b e use d deductivel y t o predic t 
what  emotion s tha t  agen t  ma y hav e i n respons e t o futur e 
situations .  B y contrast ,  i n thi s sectio n w e discus s a n al -
ternat e sourc e o f  knowledg e whic h allow s agent s t o ob -
serv e feature s o f  a  situatio n an d som e agent' s respons e t o 
tha t  situatio n (i.e. ,  a n emotio n episode) ,  an d reaso n bac k 
t o a n emotio n categor y usin g peis t  cases .  Thi s roughl y 
correspond s t o line s o f  though t  suc h a s I s th e agen t  smil -
ing ? H e i s probabl y happy .  I s h e shakin g hi s head ? H e 
may b e reproachful . 

Wit h respec t  t o suc h reasonin g th e Affectiv e Reeisone r 
may b e ru n i n thre e majo r  modes ,  tw o o f  whic h wil l  b e 
discusse d here .  I n th e first  mod e agent s mak e us e o f 
a heuristi c classificatio n componen t  base d o n th e Pro -
to s progra m develope d b y Bareis s [Bareiss ,  1989] .  Usin g 
thei r  ow n se t  o f  case s draw n fro m pas t  experience ,  agent s 
make determination s abou t  whic h emotio n i s presen t 
base d o n th e feature s i n a n elicitin g situatio n an d o n 
th e observe d agent' s response s t o tha t  situation .  I n thi s 
mode agent s ar e fre e t o as k question s o f  th e "teacher "  (i n 
thi s cas e th e user )  t o acquir e knowledg e abou t  th e rela -
tionshi p o f  feature s t o emotio n categories .  Thi s knowl -
edge include s suc h relationship s a s highl y correlated ,  mu -
tuall y exclusive ,  an d s o forth .  Fo r  example ,  i n thi s mod e 
an agen t  ma y decid e tha t  anothe r  agen t  wh o i s shout -
in g i s expressin g anger ,  becaus e th e presen t  ceis e remind s 
th e agen t  o f  a  previou s cas e o f  ange r  tha t  ha d tha t  fea -
ture .  Shoul d ther e b e additiona l  feature s presen t  tha t  th e 
agent  doe s no t  understand ,  o r  i f  th e classificatio n i s mad e 
incorrectly ,  the n th e agent ,  throug h Protos ,  ask s fo r  do -
mai n knowledg e fro m th e teacher .  Suppos e fo r  exampl e 
tha t  i n additio n t o shouting ,  th e observe d agen t  wa s als o 
represente d a s shakin g it s  fist  i n th e air .  I n thi s cas e th e 
observin g agen t  migh t  as k fo r  a n explanatio n o f  ho w thi s 
featur e relate s t o anger ,  an d woul d the n eithe r  updat e 
th e presen t  exemplar ,  an d possibl y th e se t  o f  reminding s 
tha t  lea d t o it s selection ,  o r  creat e a n entirel y ne w exem -
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pla r  i f  th e ne w on e i s sufficientl y difTeren t  fro m th e ol d 
one .  I n th e secon d m o d e Proto s i s use d onl y t o mak e 
classification s fo r  agent s usin g a n existin g cas e base .  N o 
knowledg e i s acquire d 2Ln d th e cas e bas e remain s static . 
Thi s m o d e i s usefu l  fo r  runnin g simulation s withou t  inpu t 
fro m th e researcher ,  wher e th e cas e base s hav e reache d a 
certai n leve l  o f  maturity .  A s wit h C O O s ,  cas e base s ma y 
be establishe d a t  start-u p tim e a s par t  o f  th e initia l  com -
positio n o f  agents ,  the y m a y b e acquire d entirel y a s par t 
of  th e curren t  simulation ,  o r  the y m a y b e establishe d a t 
start-u p tim e an d the n enhance d a s par t  o f  th e curren t 
simulation.' ^ 

I n usin g thi s schem e fo r  capturin g weak-theor y knowl -
edg e abou t  th e feature s o f  emotio n episode s on e migh t 
wis h t o stor e case s fo r  eac h othe r  agent ,  jus t  a s on e 
maintain s distinc t  C O O representation s fo r  eac h othe r 
agent .  Suc h knowledg e woul d b e equivalen t  t o know -
in g tha t  T o m shake s hi s fist  whe n h e get s angry ,  an d 
Harr y alway s wring s hi s hand s whe n h e gloats .  W e hav e 
not  take n thi s approac h i n th e Affectiv e Reasoner .  In -
stead ,  eac h agen t  maintain s a  singl e cas e base .  Thi s i s 
th e equivalen t  o f  havin g see n a  cas e o f  ange r  befor e wher e 
th e agen t  wa s shakin g hi s fist .  However ,  sinc e th e nam e 
of  th e agen t  i s counte d a m o n g th e feature s o f  a n episod e 
whic h m a y b e recorde d b y Protos ,  i t  i s  nonetheles s stil l 
possibl e t o captur e som e agent-specifi c  knowledg e abou t 
th e expressio n o f  emotion s throug h actions . 

Conclusion 

We hav e describe d component s o f  a  system ,  th e Affectiv e 
Reasoner ,  i n whic h a  numbe r  o f  simulate d agents ,  eac h 
wit h thei r  o w n "personality "  interact .  Thes e agent s re -
spon d t o situation s i n thei r  worl d i n emotionlik e ways , 
but  the y als o respon d t o wha t  the y tak e t o b e th e emo -
tion s o f  others .  W e conclud e wit h a  brie f  discussio n o f 
some caveat s pertainin g t o thi s work ,  particularl y wit h 
respec t  t o relatio n betwee n th e "emotions "  o f  ou r  sim -
ulate d agent s an d emotion s a s w e kno w an d experienc e 
the m Bl S h u m a n beings . 

We d o no t  clai m tha t  ou r  simulate d agent s "have "  o r 
"feel "  emotions .  Suc h a  clai m woul d b e uninterpretabl e 
at  bes t  an d nonsens e a t  worst .  H u m a n emotion s ar e com -
prise d o f  interactin g cognitiv e components ,  behaviora l 
components ,  physiologica l  components ,  an d phenomena l 
components .  T h e Affectiv e Reasone r  onl y seek s t o mode l 
(aspects )  o f  th e cognitiv e an d behaviora l  components , 
an d i s bes t  considere d a s a n attemp t  t o generat e th e in -
gredient s require d t o reaso n abou t  emotion s rathe r  tha n 
as a n attemp t  t o produc e emotions .  W h e n w e human s 
spea k o f  havin g o r  feelin g emotions ,  w e ar e implicitl y 
focusin g o n th e phenomena l  and ,  perhap s therefor e b y 
necessity ,  th e physiologica l  components .  H u m a n emo -
tion s ar e no t  col d cognition s leadin g t o detache d behav -
iors ,  the y ar e ho t  cognition s integrate d wit h (sometime s 
dysfunctional )  behaviors .  I t  i s  thei r  physiologica l  an d 

phenomena l  qualitie s tha t  giv e the m thei r  specia l  "feel, " 
and w e neithe r  attempte d to ,  no r  eve n woul d kno w ho w 
t o begi n t o mode l  thes e aspect s o f  emotions .  Rather ,  w e 
concentrate d o n th e mor e manageabl e aspects ,  namel y 
th e cognitiv e an d behaviora l  ones .  H u m a n emotion s ar e 
not  randoml y relate d t o ho w peopl e perceiv e thei r  world . 
Ther e i s som e order ,  an d th e Affectiv e Reasone r  seek s 
t o captur e som e o f  tha t  orde r  b y embodyin g a  stron g 
theor y o f  th e relatio n betwee n construe d situation s an d 
emotions .  Similarly ,  wherea s th e linkag e betwee n huma n 
emotion s an d action s m a y b e somewha t  weak ,  still ,  th e 
relatio n i s no t  arbitrary .  Th e Affectiv e Reasone r  incor -
porate s a  wea k theor y o f  emotion-to-actio n relation s i n 
an effor t  tha t  w e clai m t o b e littl e mor e tha n a  firs t  step . 
Thus ,  th e affectiv e Reasone r  coul d b e viewe d a s a  sys -
te m tha t  attribute s emotion s t o it s agent s b y reasoning , 
rathe r  tha n a s a  syste m i n whic h emotion s simpl y aris e 
i n agents .  I n thi s paper ,  w e hav e focusse d o n thi s reason -
in g proces s a t  on e leve l  o f  embeddin g i n tha t  w e hav e de -
scribe d wha t  emotion s th e syste m attribute s t o it s agent s 
when the y ar e interpretin g th e situate d behavior s o f  oth -
er s a s bein g emotion-induced . 

Tryin g t o buil d system s tha t  understan d anythin g a t 
al l  abou t  emotion s i s a  no t  easy .  I n orde r  t o preven t 
th e syste m fro m becomin g unmanageable ,  consideratio n 
of  m a n y importan t  aspect s o f  emotion s an d emotion -
relate d behavio r  ha d t o b e postponed .  Th e mos t  obviou s 
of  thes e i s th e omissio n o f  consideration s o f  emotio n in -
tensit y which ,  i n futur e efforts ,  i s  likel y t o b e handle d 
usin g qualitativ e reasonin g techniques .  I n fact ,  a s expe -
riencer s an d observer s o f  h u m a n emotion s w e frequentl y 
use intensity-relevan t  inference s t o predic t  an d explai n 
behaviors .  Fo r  example ,  give n knowledg e abou t  particu -
la r  individual s an d thei r  emotiona l  "styles "  w e ca n infe r 
whethe r  o r  no t  the y wil l  reac t  wit h intens e o r  mil d emo -
tion s i n a  particula r  type s o f  situations .  W e ca n mak e 
simila r  inference s abou t  emotion-induce d behavior s be -
caus e w e kno w tha t  generall y speaking ,  mil d emotion s d o 
not  giv e ris e t o extrem e behaviors ,  an d s o on .  W e hop e 
t o addres s thes e an d othe r  limitation s i n futur e wor k o n 
thi s project . 
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Î n th e thir d mode ,  classificatio n o f  episode s i s bypasse d 
entirely ,  an d observin g agent s ar e simpl y informe d directl y b y 
th e syste m wha t  emotion(s )  th e observe d agen t  wa s experi -
encing . 

[Orton y e t  al. ,  1988 ]  Andre w Ortony ,  Geral d L .  Clore ,  an d 
Alla n Collins .  Th e Cognitiv e Structur e o f  Emotions .  Cam-
bridg e Universit y Press ,  1988 . 

814 


	cogsci_1992_809-814



