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Abstrac t 

Our project concerns the definition of a con-
ten t  theor y o f  actio n appropriat e fo r  agent s 
tha t  ac t  i n a  multi-agen t  environmen t  an d it s 
implementatio n i n a  multi-agen t  system .  Suc h 
a theor y ha s t o explai n wha t  agent s kno w an d 
ho w the y us e thi s knowledge ;  i t  ha s t o iden -
tif y wha t  resource s ar e availabl e t o th e agent s 
when the y mus t  decid e o n a n action ;  i t  ha s 
t o allo w agent s t o reaso n an d engag e i n con -
cret e activit y i n thei r  domain .  Mor e impor -
tan t  fo r  ou r  reseawch ,  an d i n contras t  wit h nu -
merou s work s i n Distribute d Artificia l  Intelli -
gence ,  suc h a  vocabular y mus t  provid e a  basi s 
fo r  agent s t o decid e an d lear n when ,  ho w o r 
wit h w h o m the y shoul d cooperate .  I n thi s pa -
per  w e sugges t  a  vocabular y o f  interaction s fo r 
intelligen t  agents .  Ou r  vocabular y attempt s 
t o d o justic e t o th e situate d characte r  o f  ac -
tio n wit h respec t  t o th e disparat e bu t  relate d 
dimension s o f  physicality ,  socialit y an d experi -
ence . 

Introduction 

Realisti c multi-agen t  environment s ar e character -
ize d b y uncertainty ,  distributio n o f  skill s an d knowl -
edge ,  an d som e degre e o f  unpredictability .  Ye t 
m a ny o f  thes e environments ,  lik e workplaces ,  ca n 
become relativel y stabl e ove r  time ,  enablin g rou -
tin e pattern s o f  interaction s t o emerge .  M a n y A I 
researcher s hav e chose n t o develo p reactiv e agen t 
architecture s t o dea l  wit h unpredictabilit y an d un -
certainty .  However ,  i t  i s  strikin g tha t  almos t  n o 
multi-agen t  system s hav e bee n buil t  tha t  tak e ad -
vantag e o f  th e relativ e stabilit y o f  th e agents '  in -
teraction s t o lear n an d improv e th e agents '  behav -
io r  ove r  tim e (Bon d an d Gasser ,  1988 ;  Gasse r  an d 
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Huhns ,  1989) .  Ou r  researc h attempt s t o fil l  thi s 

gap-
Our  approac h i s t o defin e a  conten t  theor y o f  ac -

tio n appropriat e fo r  agent s tha t  ac t  i n a  multi-agen t 
environmen t  an d implemen t  i t  i n a  multi-agen t  sys -
tem .  Suc h a  theor y ha s t o explai n wha t  agent s 
kno w an d ho w the y us e thi s knowledge ;  i t  ha s t o 
identif y wha t  resource s ar e availabl e t o th e agent s 
when the y mus t  decid e o n a n action ;  i t  ha s t o allo w 
agent s t o reaso n an d engag e i n concret e activit y i n 
thei r  domain .  Mor e importan t  fo r  ou r  research ,  an d 
i n contras t  wit h numerou s work s i n Distribute d A I 
(DAI) ,  suc h a  vocabular y mus t  provid e a  basi s fo r 
agent s t o decid e an d lear n when ,  ho w o r  wit h w h o m 
the y shoul d cooperate . 

I n thi s pape r  w e presen t  a  vocabular y o f  inter -
action s fo r  intelligen t  agents .  Thi s vocabular y at -
tempt s t o d o justic e t o th e situate d characte r  o f 
actio n wit h respec t  t o th e disparat e bu t  relate d di -
mension s o f  physicality ,  socialit y an d experience . 

What Supports Action? 

T o intelligentl y ac t  i n a  multi-agen t  environment , 
an agen t  need s t o hav e acces s t o a  varie d se t  o f 
resource s tha t  serv e t o influenc e it s  actions .  W e 
distinguis h thre e mai n categorie s o f  resources . 

Th e firs t  categor y include s th e agent' s knowledg e 
abou t  ho w t o ac t  i n it s domai n (e.g .  wha t  goal s t o 
pursue ,  ho w t o pursu e them ,  etc.) .  Thi s knowledg e 
has bee n frequentl y calle d know-ho w o r  plannin g 
knowledge . 

Th e secon d categor y concern s th e social ,  histori -
cal  an d environmenta l  contex t  o f  th e tas k a t  hand . 

A thir d categor y relate s t o habitua l  practices . 
As oppose d t o know-how ,  thes e resource s ar e no t 
idiosyncratic^ .  The y includ e knowledg e abou t  stan -
dar d o r  recurrin g interactio n pattern s (explici t  o r 
implicit) ,  socia l  conventions ,  an d disposition s o f 
agent s t o interac t  i n se t  ways .  Agent s w h o ar e 
asocia l  us e resource s i n th e first  tw o categorie s t o 
decid e o n action .  However ,  c o m m o n practic e mus t 

'I n fac t  the y represen t  th e cultur e o f  th e agents ' 
community . 
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orien t  th e agents '  behavio r  i f  the y ar e t o intelligibl y 
act  i n a  community . 

But  ho w d o agent s us e al l  thes e resources ? Wha t 
rol e d o thes e resource s pla y i n th e evolutio n o f  pat -
tern s o f  interactions ? I n th e res t  o f  thi s pape r  w e 
provid e exampl e interaction s o f  ou r  projec t  domai n 
tha t  serv e t o motivat e ou r  vocabular y an d t o sug -
gest  answer s t o thes e questions .  W e believ e tha t 
suc h a  vocabulary ,  wit h whic h agent s ca n reaso n 
and engag e i n concret e situate d activit y i n thei r 
domain ,  i s a  mus t  i n an y realisti c theor y o f  actio n 
fo r  intelligen t  interactin g agents . 

Interactions and AI 

Psycholog y an d M A system s 

Recent  wor k i n socia l  psycholog y applie d t o multi -
agent  system s (Castelfranch i  an d Miceli ,  1991 ; 
Castelfranchi ,  1990 )  ha s bee n formall y address -
in g som e importan t  point s overlooke d b y th e DA I 
community ,  mainl y th e notion s o f  dependenc e an d 
power  amon g agentŝ .  I n fact ,  th e researc h w e de -
scrib e i n thi s pape r  i s compatibl e wit h thes e au -
thors '  notion s o f  autonomy ,  an d wit h thei r  clai m 
tha t  dependenc e amon g agent s i s a n importan t  ba -
si s fo r  decisio n making .  W e vie w thes e concept s a s 
par t  o f  th e se t  o f  resource s availabl e t o th e agent s 
when decidin g wha t  t o d o next . 

Interactions in CBR 

Recent  wor k i n Case d Base d Reasonin g ha s bee n 
concerne d wit h th e indexin g o f  storie s tha t  involv e 
multipl e agent s (Schan k an d others ,  1990) .  Thi s 
wor k ha s bee n aime d a t  definin g a  universa l  vocab -
ular y usefu l  fo r  indexin g suc h storie s fro m differen t 
perspectives .  B y coverin g a  larg e spac e o f  possi -
bl e situation s (involvin g on e o r  mor e agents) ,  thes e 
researcher s attemp t  t o contribut e t o explainin g hu -
man remindin g phenomena .  Althoug h ou r  vocab -
ularie s partl y overlap ,  ou r  mai n goa l  is ,  however , 
ver y distinct :  instea d o f  developin g a  conten t  the -
or y o f  indexing ,  w e ar e tryin g t o develo p a  conten t 
theor y o f  actio n tha t  wil l  suppor t  a n agent' s deci -
sio n makin g whe n actuall y participatin g i n activity . 
Thus ,  wha t  w e ar e actuall y afte r  i s  a  vocabular y 
tha t  deal s centrall y wit h issue s o f  plannin g an d sit -
uate d action ;  w e expec t  ou r  indexin g vocabular y t o 
deriv e fro m i t  an d no t  vic e versa . 

Interactions in DAI 

A theor y o f  socia l  interaction s fo r  artificia l  agent s 
must  b e abl e t o accoun t  fo r  th e moment-to-momen t 
accomplishment s o f  th e individua l  agents .  Numer -
ous work s i n DA I  hav e neglecte d th e developmen t  o f 

theorie s o f  actio n an d thu s concentrate d o n build -
in g centralize d system s o r  system s i n whic h th e de -
cision s o n wha t  t o d o nex t  ar e lef t  t o th e system' s 
designer s (Durfe e an d Lesser ,  1987 ;  Rosenschein , 
1988 ;  Georgeff ,  1984 ;  Georgeff ,  1983) .  Othe r  wor k 
has provide d descriptiv e theorie s o f  cooperatio n 
which ,  althoug h insightful ,  ar e no t  readil y appli -
cabl e t o agen t  desig n (Cohe n an d Levesque ,  1987 ; 
Werner ,  1989 ;  Lochbau m e t  ai ,  1990) .  Fo r  a  the -
or y o f  interaction s t o b e applicabl e t o agen t  desig n 
i t  mus t  suppor t  th e moment-to-momen t  decision s 
and action s o f  th e individua l  interactants .  An d i t 
can onl y d o s o b y explainin g ho w agent s ca n decid e 
upo n an d engag e i n meaningfu l  action :  wha t  agent s 
kno w an d ho w the y us e thi s knowledge ,  ho w th e 
curren t  contex t  determine s an d shape s action ,  ho w 
standar d practice ^  influence s th e agents '  behavior . 
Withou t  addressin g thes e points ,  a  descriptiv e the -
or y i s onl y usefu l  t o rationaliz e interaction s o  pos -
terior i  o f  thei r  occurrence ,  bu t  wil l  neve r  b e abl e 
t o explai n th e o  prior i  proces s b y whic h agent s be -
come sociall y motivate d an d ac t  toward s commo n 
objectives . 

Additionally ,  a  theor y o f  interactions ,  a s par t  o f 
a theor y o f  action ,  mus t  b e abl e t o accoun t  fo r 
th e evolutio n o f  multi-agen t  interaction s ove r  time . 
Most  wor k i n A I  ha s completel y ignore d th e fac t 
tha t  interaction s d o no t  occu r  i n a  vacuum ,  bu t 
tha t  the y ar e historicall y situated .  I n ou r  projec t 
we attemp t  t o provid e a  theor y tha t  ca n explai n 
how multi-agen t  interaction s ca n evolv e ove r  tim e 
by first  acknowledgin g th e fac t  tha t  agent s ar e sit -
uate d i n th e contex t  o f  thei r  ow n experiences .  Ou r 
vocabular y provide s a  ste p toward s th e develop -
ment  o f  suc h theory . 

The Project 

The project' s domai n i s a  simulate d worl d i n whic h 
agent s engag e i n maintenanc e tasks :  the y clea n 
floors  an d windows ,  mov e furnitur e betwee n rooms , 
and delive r  mai l  withi n th e confine s o f  a  uniqu e 
building .  Agent s mee t  whe n the y perfor m thei r 
tasks ,  eithe r  becaus e the y happe n t o b e workin g 
i n th e sam e roo m o r  corridors ,  o r  becaus e the y ex -
plicitl y  decid e t o interact . 

Agent s tha t  habituall y interac t  ten d t o stabiliz e 
thei r  relationship s ove r  time .  Sometimes ,  th e dis -
tributio n o f  skill s  an d task s amon g th e agents ,  an d 
th e dynamic s o f  th e activit y itself ,  ar e suc h tha t 
agent s develo p cooperativ e routine s t o bette r  pur -
sue thei r  goals .  Fo r  example ,  tw o agent s tha t  ofte n 
wor k i n th e sam e room s cleanin g floors  an d car -
pet s respectively ,  ma y soo n find  ou t  tha t  pushin g 

*I t  i s  interestin g t o not e tha t  th e exampl e w e provid e 
i n thi s pape r  show s wha t  ca n occu r  i n a n extende d in -
teractio n whe n a  dependenc e relationshi p (th e f£tc t  tha t 
one agen t  canno t  rccidil y  pus h a  heav y objec t  b y itself ) 
exists . 

^Althoug h w e ar e concerne d wit h th e desig n o f  arti -
ficia l  societie s (tha t  wil l  nonetheles s eventuall y hav e t o 
coexis t  wit h th e huma n society) ,  w e believ e ther e i s i n 
fac t  a  nee d t o identif y wha t  practic e i n thos e societie s 
i s o r  ca n b e al l  about . 
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heav y furnitur e i s easil y don e cooperatively ,  an d 
tha t  a  share d wastebaske t  wil l  b e bette r  of f  i n a 
plac e wher e bot h agent s hav e eas y access . 

On th e othe r  hand ,  whe n interaction s betwee n 
agent s ten d t o disrup t  individus J accomplishment s 
(i.e. ,  agent s gettin g i n eac h other' s  way) ,  agent s ar e 
bette r  of f  i f  the y explicitl y  coordinat e thei r  tasks , 
or  eve n i f  the y avoi d eac h other .  I n thes e cjises , 
the y ca n eithe r  individuall y reorganiz e thei r  tasks , 
or  explicitl y  negotiat e t o avoi d th e inconveniences . 

Perhap s mos t  importantly ,  agent s d o no t  hav e t o 
continuall y engag e i n ne w interaction s fro m scratch ; 
the y ca n tak e advauitag e o f  thei r  pas t  socia l  expe -
rience s t o decid e o n actio n tha t  i s beneficia l  i n th e 
lon g run .  Fo r  example ,  i f  tw o agent s hav e skill s  tha t 
complemen t  eac h other's ,  w e woul d expec t  the m t o 
mutuall y cooperat e i n a  wa y tha t  th e agen t  wit h 
th e stronges t  skil l  help s th e weadces t  party .  I n thes e 
cases ,  agent s ca n mak e taci t  o r  explici t  deal s t o 
mor e effectivel y pursu e thei r  goads .  Th e rational e i s 
tha t  lon g ter m stabl e relationship s ar e bette r  tha n 
beneficia d one-tim e interactions . 

An Example: Moving Furniture 
I n thi s sectio n w e provid e thre e example s o f  con -
secutiv e interaction s tha t  motivat e ou r  vocabulary . 
T h e followin g ar e th e question s w e wil l  b e inter -
este d i n answering : 

•  W h a t  specifi c  resource s ar e availabl e t o th e 
agent s whe n the y intelligentl y engag e i n thei r  ac -
tivities ? 

•  H o w d o thos e resource s interpla y t o sugges t  ap -
propriat e aw:tions ? 

•  Ar e ther e an y acceptabl e o r  standar d behavior s 
tha t  restric t  o r  hel p construc t  th e agents '  activi -
ties ? 

A first encounter 

Conside r  th e followin g interactio n betwee n tw o par -
ties :  T o m an d Bob ,  member s o f  th e maintenanc e 
team .  Assum e tha t  bot h o f  the m hav e move d heav y 
object s collaborativel y i n th e past ,  althoug h no t 
wit h eac h other . 

T o m an d Bo b bot h wan t  t o pus h a  heav y 
couch .  T o m i s th e first  t o approac h it .  H e doe s 
not  se e Bob ,  w h o jus t  entere d th e room .  Bo b 
realize s tha t  T o m is ,  wit h som e difficulty ,  try -
in g t o pus h tha t  sam e heav y couc h an d thu s 
offer s hi m help .  T o m accept s an d the y pus h 
th e couc h togethe r  t o th e righ t  place .  I n doin g 
so ,  the y decid e t o hol d th e tw o oppose d end s o f 
th e couc h an d coordinat e t o pus h the m simul -
taneously .  The y communicat e briefl y i n orde r 
t o coordinat e thei r  join t  activity . 

The agents' resources 

W h at  ar e th e resource s th e agent s us e t o reaso n 
an d engag e i n th e previou s interactions ? First , 

the y k n o w h o w t o pus h couches .  Thi s knowledg e 
provide s the m a  basi s fo r  purposefu l  action .  Sec -
ond ,  the y kno w abou t  c o m m o n Bocia l  practices , 
i n particula r  abou t  ho w t o cooperat e an d coordi -
nat e t o perfor m concret e activities .  Thi s knowledg e 
give s the m expectation s o n wha t  th e othe r  part y 
wil l  d o o r  sa y durin g th e interaction ,  an d restrict s 
thei r  availabl e choice s o f  action .  I n addition ,  th e 
agent s perceiv e thei r  share d physica l  environment : 
the y se e an d hea r  eac h othe r  an d ca n se e an d touc h 
th e object s i n th e room .  I n thi s particula r  inter -
action ,  th e physica l  contex t  constitute s a  ver y im -
portan t  par t  o f  th e c o m m o n groun d o f  interaction . 
I n fact ,  th e agents '  abilit y  t o ac t  opportunistically , 
thei r  appropriat e know-ho w an d th e fac t  tha t  the y 
inhabi t  a  share d physica l  environment ,  ar e th e ba -
si s fo r  successfu l  coordinatio n betwee n th e agent s 
themselve s an d wit h thei r  physica l  world . 

An agent's perspective on an 

interactio n 

The first story exemplifies a common situation in 
whic h tw o agent s shar e a  goal :  pushin g a  couch . 
However  simple ,  littl e ha s bee n don e i n A I  t o ex -
plai n wh y tw o partie s suc h a s thos e i n th e situa -
tio n above ,  woul d realisticall y com e t o collaborat e 
i n thei r  enterprise .  W e wil l  attemp t  t o d o exaurtl y 
that . 

Agent s nee d t o hav e acces s t o a  vocabular y tha t 
characterize s differen t  aspect s o f  a n interaction . 
Thi s vocabular y represent s par t  o f  th e c o m m o n 
sens e knowledg e a n agen t  need s i n orde r  t o engag e 
i n meaningfu l  actio n an d i n orde r  t o lear n fro m 
it .  I n wha t  follows ,  w e describ e ho w on e partici -
pan t  understand s thi s interactio n i n term s o f  suc h 
a vocabulary"• . 

First ,  T o m recognize s tha t  Bo b i s th e initiato r 
of  th e interaction .  Althoug h apparentl y trivial ,  thi s 
fac t  wil l  b e importan t  fo r  a n a  posfcnor t  evaluatio n 
of  th e interaction . 

T o m di d no t  expec t  suc h interactio n becaus e h e 
was focusin g hi s attentio n o n hi s activit y whe n 
Bob interrupte d him .  Moreover ,  h e recognize s tha t 
when Bo b initiate d th e interaction ,  h e ha d no t  per -
ceive d Bob' s presence .  Thi s tell s  T o m tha t  h e coul d 
not  hav e anticipate d tha t  suc h a n interactio n wa s 
goin g t o tak e place . 

Next ,  T o m understand s tha t  th e rational e fo r 
suc h a n interactio n involves : 

1. the fact that he cannot readily push the couch 
by himself ,  an d 

2.  th e fac t  tha t  Bo b ha s a n overlappin g goa l  o f  mov -
in g th e sam e couch ,  whic h Bo b ha s communi -
cate d t o him . 

*We understan d othe r  interpretation s ar e possible . 
The on e w e provid e seem s plausibl e an d doe s no t  see m 
t o requir e complicate d reasonin g machinery . 
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T o m als o recognize s tha t  i f  h e accepte d Bob' s of -
fer ,  h e coul d abando n hi s curren t  pla n fo r  pushin g 
th e couch ,  an d mor e easil y achiev e hi s goa l  wit h 
Bob' s help .  Thi s constitute s Tom' s individun l 
perspectiv e o n th e interaction . 

Fro m a  socia l  perspective ,  T o m recognize s 
tha t  th e interactio n woul d promot e a  stabl e rela -
tionshi p betwee n hi m an d Bob .  H e als o recognize s 
tha t  th e socia l  contex t  o f  hi s activit y woul d chang e 
fro m a  situatio n o f  disengagemen t  t o on e o f  join t 
engagemen t  i n th e couch-pushin g task . 

Afte r  pushin g th e couc h wit h Bob ,  T o m i s abl e 
t o evaluat e thi s particula r  interactio n fro m differ -
ent  perspectives .  Becaus e h e an d Bo b wer e abl e t o 
successfull y mov e th e couc h t o a n agree d upo n lo -
cation ,  h e recognize s tha t  th e interactio n ha s don e 
justic e t o it s rationale . 

Additionally ,  T o m wil l  ten d t o reciprocat e Bob' s 
cooperativ e behavio r  i n th e futur e i f  th e situatio n 
provide s fo r  doin g so .  W e believ e i t  i s  importan t 
t o analyz e ho w T o m ca n reac h suc h decision .  Al -
thoug h everybod y woul d agre e tha t  reciprocatio n 
play s a  rol e i n socia l  interactions ,  i t  i s  harde r  t o 
articulat e ho w a n agen t  ca n mak e us e o f  thi s 'prin -
ciple '  o r  whe n t o us e it .  A  possibl e explanatio n 
woul d b e tha t  T o m explicitl y  consider s Bob' s goal s 
and belief s an d the n decide s tha t  tha t  i s  th e appro -
priat e thin g fo r  hi m t o do .  Anothe r  explanation , 
whic h i s th e on e w e prefer ,  suggest s tha t  sinc e th e 
agent s ar e participatin g i n a  certai n c o m m o n socia l 
situation ,  the y orien t  t o eac h othe r  i n way s tha t  ar e 
als o par t  o f  th e c o m m o n practice .  I n thi s particula r 
case ,  th e fac t  tha t  T o m wa s take n fro m a  situatio n 
i n whic h h e wa s sociall y disengage d t o on e i n whic h 
he i s jointl y engage d wit h Bo b i n a n activit y h e de -
sired ,  i s  enoug h fo r  hi m t o b e willin g t o reciprocat e 
i n th e future^ . 

W h at  ca n T o m lear n fro m thi s interaction ? H e 
coul d lear n th e following : 

•  Wheneve r  h e an d Bo b hav e th e overlappin g goa l 
of  pushin g a  couch ,  a  pla n t o d o i t  collaborativel y 
benefit s bot h o f  the m an d shoul d therefor e b e 
suggeste d i f  a  futur e situatio n provide s fo r  doin g 
so. 

•  Wheneve r  T o m i s face d wit h th e tas k o f  pushin g 
a heav y object ,  a  reasonabl e pla n (o r  piec e o f 
know-how )  h e coul d use ,  involve s askin g Bo b fo r 
help . 

A second encounter: how experience 

s h a p e s t h e activit y 

Conside r  th e followin g story : 

*Thi s analysi s greatl y differ s fro m a n alternativ e on e 
base d o n a n explici t  consideratio n o f  goal s an d belief s 
and expecte d cost/benefi t  o f  a  potentia l  interaction . 
Not e tha t  accordin g t o suc h a n alternative ,  T o m migh t 
reaso n that ,  sinc e th e tw o agent s share d th e goa l  o f  th e 
activity ,  ther e wouldn' t  b e anythin g t o reciprocat e for . 

T o m an d Bo b ar e cleanin g a  room .  T o m i s 
cleanin g th e floor s an d Bo b th e windows .  T o m 
need s t o pus h th e heav y couc h t o clea n under -
neath .  H e decide s t o as k Bo b fo r  help .  Bo b 
accept s an d the y procee d t o mov e th e couc h 
as before . 

How does Tom's analysis change with respect to the 
previou s case ? T o m anticipate s hi s failur e t o easil y 
pus h th e couc h an d h e get s reminde d o f  th e previ -
ous interactiv e experience .  H e i s no w abl e t o us e 
thi s piec e o f  knowledg e a s anothe r  mean s t o achiev e 
hi s goal s (hav e th e couc h b e move d b y bot h agents) . 
Sinc e Bo b ha d no t  show n an y interes t  i n movin g 
th e couch ,  h e decide s t o see k Bob' s hel p (thu s ac -
tivel y initiatin g thi s interaction) .  H e understand s 
tha t  thi s interaction ,  buildin g upo n a  previousl y es -
tablishe d relationship ,  clearl y count s a s a  favo r  t o 
him ,  an d thu s h e wil l  attemp t  t o reciprocat e Bob' s 
behavio r  i n th e future . 

Bob' s perspectiv e i s riche r  t o analyze .  W h e n 
he remember s th e previou s interactiv e experienc e 
wit h T o m ,  h e realize s tha t  h e ha d bee n abl e t o tak e 
advantag e o f  a  positiv e interactio n amon g th e tw o 
agent s (bot h wer e pursuin g th e sam e goa l  an d ha d 
a chanc e t o achiev e i t  jointly) .  H e als o reason s tha t 
hi s ow n goa l  o f  movin g th e couc h recur s ever y tim e 
he want s t o clea n th e adjacen t  window .  S o i n or -
der  t o tak e advantag e o f  suc h a n opportunit y onc e 
again ,  i t  woul d b e convenien t  i f  hi s goa l  o f  movin g 
th e couc h wer e t o aris e exactl y whe n Tom' s does . 
Clearly ,  Bo b doe s no t  hav e contro l  ove r  Tom' s goa l 
generatio n processes ,  bu t  h e ca n reasonabl y behav e 
i n on e o f  th e followin g tw o ways .  H e coul d tr y t o 
make a n explici t  dea l  wit h T o m t o fi x  th e sched -
ul e o f  pushing .  Alternatively ,  h e coul d reschedul e 
hi s ow n activitie s s o tha t  hi s couch-pushin g goa l 
arise s a t  a  convenien t  tim e ( H a m m o n d an d Con -
verse ,  1991) .  Sinc e hi s desir e t o pus h tha t  couc h 
arise s a s a  consequenc e o f  hi s desir e t o clea n th e ad -
jacen t  window ,  the n h e coul d choos e t o clea n tha t 
particula r  windo w no w instea d o f  th e on e h e wa s 
currentl y workin g on . 

Bob choose s th e secon d optio n becaus e i t  i s  so -
ciall y preferre d an d becaus e i t  i s  no t  to o costl y o r 
disruptiv e fo r  hi m t o switc h t o workin g o n anothe r 
window .  I n general ,  i t  i s  mor e acceptabl e tha t  th e 
approache d part y attemp t  t o cooperat e i f  aske d t o 
do s o (especiall y whe n a n ongoin g stabl e relation -
shi p amon g tw o agent s alread y exists )  unles s th e 
situatio n woul d disrup t  hi s curren t  activities . 

A third encounter: developing a more 

e n d u r i n g a p p r o a c h 

Imagin e tha t  th e situatio n w e jus t  describe d re -
peat s itself .  H o w woul d th e interactio n betwee n 
th e tw o agent s change ? W e postulat e th e followin g 
scenario . 

Bob i s face d wit h a  riche r  experientia l  contex t 
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tha n eve r  before .  H e i s no w abl e t o recogniz e othe r 
valuabl e piece s o f  information .  First ,  h e remember s 
tha t  h e reschedule d hi s activitie s (previou s story )  t o 
accommodat e fo r  th e sam e sor t  o f  situation .  Thi s 
woul d conceivabl y mak e Bo b inten d t o g o fo r  a  mor e 
endurin g approach .  Moreover ,  h e no w recognize s 
tha t  hi s desir e t o pus h tha t  couc h i s no t  onl y a  re -
curren t  goa J o f  hi s bu t  o f  Tom' s too .  Thes e tw o 
piece s o f  knowledg e combin e t o sugges t  goin g fo r 
an explici t  dea l  thi s time .  Suc h a  dea l  woul d in -
clude ,  fo r  example ,  fixin g th e schedul e fo r  pushin g 
and jJs o fo r  replacin g th e couc h whe n th e activi -
tie s o f  th e tw o agent s d o no t  depen d o n th e couch' s 
locatio n anymore . 

Not e tha t  th e des d take s lon g ter m advantag e o f 
a positiv e inter-agen t  interactio n an d reduce s th e 
agent' s futur e cognitiv e requirement s (n o nee d t o 
reorganiz e activitie s anymore) .  Moreover ,  th e dea l 
als o promote s a  relationshi p b y maintainin g a  co -
operativ e socia l  contex t  whil e havin g th e agen t  ac t 
withi n th e sociall y acceptabl e bounds :  becaus e th e 
situatio n involve s a  recurren t  goa l  o f  bot h agents , 
i t  i s  sociall y acceptabl e t o tr y t o cu t  a  dea l  tha t  i s 
convenien t  t o bot h ̂ . 

The thre e example s w e hav e describe d exemplif y 
ho w a  pMticuleU '  multi-agen t  routin e ca n develo p 
among partie s ove r  tim e tha t  doe s justic e bot h t o 
individua l  agenc y an d t o a  historica l  proces s o f  in -
teractions . 

A Closer Look at the Vocabulary 

T h e share d fact s 

Our  vocabular y include s a  se t  o f  item s representin g 
some resource s commonl y availabl e t o th e interac -
tion' s participants : 

•  th e agent s involve d 

•  th e interaction' s initiato r 

•  th e physica l  settin g o f  th e tas k 

•  th e share d pas t  experience s 

•  knowledg e abou t  commo n socia l  practice s 

The idiosyncratic resources 

Additiona l  vocabular y item s represen t  th e followin g 
idiosyncrati c resources : 

•  th e interaction' s rationale .  A n agen t  ma y inter -
act  wit h other s du e t o differen t  reasons .  Some 
of  thes e reason s ca n b e trace d bac k t o th e plan -
nin g domain' s vocabular y fo r  pla n failure s a s ap -
plie d t o an y o f  th e participant s o f  th e interac -
tion :  lac k o f  physica l  ability ,  lac k o f  knowledg e 
or  skill ,  o r  lax k o f  resource .  However ,  othe r  ratio -
nale s ris e ou t  o f  socia l  considerations .  Fo r  exam -
ple ,  a n agen t  ma y anticipat e inter-agen t  conflic t 

*CIearly, not every inter-agent relationship will 
evolv e i n th e sam e way .  Th e particula r  evolutio n (i f 
any )  wil l  b e bsise d o n th e particula r  dynamic s o f  th e 
agents '  interaction . 

and see k t o avoi d it .  Interactio n ca n als o occu r 
simpl y becaus e "it' s  alway s don e tha t  way. " 

•  whethe r  th e interactio n satisfie d it s rationale . 

•  whethe r  th e interactio n wa s expecte d o r  not ; 

•  whethe r  th e interactio n wa s desire d o r  not ; 

•  ho w th e interactio n relate s t o th e agent' s cur -
rent ,  suspende d o r  futur e goal s an d activities . 
Thi s vocabular y concern s functiona l  relation -
ship s amon g goal s an d activitie s o f  th e sam e o r 
differen t  agent s an d extend s wor k i n (Wilensky , 
1978 ;  Hammond,  1990) .  Som e example s are : 

-  Th e interactio n ma y complet e th e tas k i n 
whic h th e agen t  i s engaged ,  o r  som e par t  o f 
th e task . 

-  Th e interactio n ma y requir e tha t  th e agen t  sus -
pend wor k o n hi s task . 

-  Th e interactio n ma y stea l  a  resourc e neede d 
fo r  th e agent' s task ,  o r  b e counte r  t o on e o f 
th e agent' s goals . 

•  th e agent' s perspectiv e o n ho w th e interactio n re -
late s t o th e othe r  agents '  activities ; 

The social perspective 

I f  agent s ar e t o decid e when ,  ho w o r  wit h who m 
the y shoul d cooperate ,  ou r  vocabular y mus t  b e abl e 
t o describ e ho w a  particula r  interactio n ca n af -
fec t  a n inter-agen t  relationship .  Thi s knowledg e 
partl y constitute s a n agent' s socia l  awareness .  Th e 
fac t  tha t  agent s ar e sociall y awar e partl y explain s 
why the y decid e t o establis h lon g ter m relationship s 
wit h other s instea d o f  engagin g i n one-tim e inter -
actions :  relationship s ma y sometime s hel p agent s 
bette r  (o r  mor e cheaply )  pursu e thei r  goals . 

Thi s vocabular y deal s wit h concept s suc h a s 
whethe r  a n interactio n promotes ,  conflict s wit h o r 
stabilize s a n ongoin g relationship .  Centra l  t o thi s 
i s th e notio n tha t  a n agen t  hold s a  certai n atti -
tud e toward s th e othe r  participant s whic h sociall y 
situate s himsel f  i n th e interaction .  Thus ,  ou r  de -
velopin g vocabular y include s item s tha t  represen t 
th e following : 

•  initia l  attitud e towar d th e othe r  participant s o f 
th e interaction ; 

•  change s i n attitud e toward s the m a s a  resul t  o f 
th e interaction . 

Implementation and Future Work 

Our  progra m currentl y implement s th e first  exam -
pl e w e describe d an d som e o f  it s  variations .  Th e 
architectur e o f  th e agent s i n ou r  syste m i s base d o n 
wor k o n opportunisti c memor y (Hammond ,  1989 ; 
Hammond e t  al. ,  1989 )  an d agenc y (Hammon d e t 
ai ,  1990) .  W e hav e mostl y bee n concerne d wit h th e 
issue s o f  pla n representatio n (individua l  o r  multi -
agent )  an d th e situate d us e o f  thos e plans .  W e 
ar e currentl y workin g toward s a n implementatio n 
of  th e thre e storie s describe d i n thi s paper . 
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We believ e tha t  a  theor y o f  interaction s i s usefu l 
onl y i f  i t  ca n b e use d t o produc e actua l  multi-agen t 
behavior .  Thus ,  whil e w e continu e improvin g ou r 
vocabular y o f  engagemen t  w e expec t  t o experimen t 
heavil y wit h ou r  multi-agen t  syste m an d sho w ho w 
evolvin g pattern s o f  interaction s serv e t o stabiliz e 
th e agents '  interaction s ove r  time .  W e expec t  ou r 
syste m no t  onl y t o provid e u s wit h feedbac k usefu l 
t o constrai n an d orien t  th e developmen t  o f  ou r  the -
ories ,  bu t  t o hel p u s tes t  thei r  plausibilit y  a s well . 

Acknowledgements 

We woul d lik e t o than k Mitchel l  Marks ,  Pau l  Craw -
ford ,  Danie l  F u an d a n anonymou s reviewe r  fo r 
thei r  usefu l  comment s o n earlie r  draft s o f  thi s pa -
per . 

References 

p.  Agre .  Th e Dynami c Structur e o f  Everyda y 
Life .  Ph D thesis ,  M.I.T. ,  1988 . 

P.  Agre .  Wha t  ar e plan s for ? I n Ne w Architec -
ture s fo r  Autonomou s Agents :  Task-leve l  Decom -
positio n an d Emergen t  Functionality .  M I T Press , 
Cambridge ,  Massachusetts ,  1990 . 

A.  Bon d an d L .  Gasser .  A n analysi s o f  problem s 
and researc h i n DAI .  I n A .  Bon d an d L .  Gasser , 
editors .  Distribute d Artificia l  Intelligence ,  chap -
te r  1 .  Morga n Kauffman ,  1988 . 

C.  Castelfranch i  an d M .  Miceli .  Dependenc e re -
lation s amon g autonomou s agents .  I n Proceed -
ing s o f  th e Thir d Europea n Worksho p o n Model -
in g Autonomou s Agent s i n a  Multi-agen t  World , 
1991. 

C.  Castelfranchi .  Socia l  power :  a  poin t  misse d i n 
multi-agent ,  DA I  an d HCI .  I n Y .  Demazea u an d 
M.  J. ,  editors ,  Decentralize d AI .  Elsevie r  Scienc e 
Publisher s B.V .  (Nort h Holland) ,  1990 . 

E.  Durfe e an d V .  Lesser .  Usin g partia l  globa l 
plan s t o coordinat e distribute d proble m solvers . 
I n Proceeding s o f  th e 198 7 Internationa l  Join t 
Conferenc e o n Artificia l  Intelligence ,  1987 . 

L.  Gasse r  an d M .  Huhns .  Theme s i n Distribute d 
Artificia l  Intelligenc e research .  I n L .  Gasse r  an d 
M.  Huhns ,  editors ,  Distribute d Artificia l  Intelli -
gence ,  Volum e II .  Morga n Kauffman ,  1989 . 

M.  Georgeff .  Communicatio n an d interactio n i n 
multi-agen t  planning .  I n Th e Proceeding s o f  th e 
Thir d Nationa l  Conferenc e o n Artificia l  Intelli -
gence ,  1983 . 

M.  Georgeff .  A  theor y o f  actio n fo r  multi-agen t 
planning .  I n Th e Proceeding s o f  th e Fourt h Na -
tiona l  Conferenc e o n Artificia l  Intelligence ,  1984 . 

K.  Hammond an d T .  Converse .  Stabilizin g en -
vironment s t o facilitat e plannin g an d activity : 
An engineerin g argument .  I n Proceeding s o f  th e 
Nint h Nationa l  Conferenc e o n Artificia l  Intelli -
gence .  Morga n Kaufmann ,  Jul y 1991 . 

K.  Hammond,  T .  Converse ,  an d M .  Marks . 
Learnin g fro m opportunity .  I n Proceeding s o f 
th e Sixt h Internationa l  Worksho p o n Machin e 
Learning ,  Ithaca ,  Ne w York ,  Jun e 1989 .  Morga n 
Kaufmann . 

K.  Hammond,  T .  Converse ,  an d C .  Martin .  In -
tegratin g plannin g an d actin g i n a  case-base d 
framework .  I n Th e Proceeding s o f  th e 199 0 Na -
tiona l  Conferenc e o f  Artificia l  Intelligence ,  Au -
gust  1990 . 

K.  Hammond.  Case-base d Planning :  A n Inte -
grate d Theor y o f  Planning ,  Learnin g an d Mem-
ory .  Ph D thesis ,  Yal e University ,  1986 .  Technica l 
Repor t  488 . 

K.  Hammond.  Opportunisti c memory .  I n Pro -
ceeding s o f  th e Elevent h Internationa l  Join t  Con -
ferenc e o n Artificia l  Intelligence .  IJCAI ,  1989 . 

K.  J .  Hammond.  Explainin g an d repairin g plan s 
tha t  fail .  Artificia l  Intelligence ,  1990 . 

W.  Hanks .  Referentia l  Practice .  Th e Universit y 
of  Chicag o Press ,  1990 . 

H.  Levesque ,  P .  Cohen ,  an d J .  H .  T .  Nunes . 
On actin g together .  I n Th e Proceeding s o f  th e 
Eight h Nationa l  Conferenc e o n Artificia l  Intelli -
gence ,  1990 . 

K.  E .  Lochbaum ,  B .  Grosz ,  an d C .  Sidner .  Mod -
el s o f  plan s t o suppor t  communication :  A n initia l 
report .  I n Th e Proceeding s o f  th e Eight h Nationa l 
Conferenc e o n Artificia l  Intelligence ,  1990 . 

S.  P .  Robertson ,  W .  Zachary ,  an d J .  B .  Black . 
Cognition ,  Computin g an d Cooperation .  Able x 
Publishin g Corporation ,  1990 . 

S.  Rosenschein .  Synchronizatio n o f  multi-agen t 
plans .  I n A .  Bon d an d L .  Gasser ,  editors ,  Dis -
tribute d Artificia l  Intelligence .  Morga n Kauff -
man,  1988 . 

R.  Schan k e t  al .  A  conten t  theor y o f  mem-
or y indexing .  Technica l  Repor t  2 ,  Institut e fo r 
th e Learnin g Sciences ,  Northwester n University , 
Evanston ,  IL ,  Marc h 1990 . 

L.  Suchman .  Plan s an d Situate d Actions :  Th e 
Proble m o f  Human-Machin e Communication . 
Cambridg e Universit y Press ,  1987 . 

E.  Werner .  Cooperatin g agents :  A  unifie d the -
or y o f  communicatio n an d socia l  structure .  I n 
L.  Gasse r  an d M .  Huhns ,  editors .  Distribute d 
Artificia l  Intelligence ,  Volum e II .  Morga n Kauff -
man,  1989 . 

R.  Wilensky .  Understandin g Goal-Base d Stories . 
PhD thesis ,  Yal e University ,  1978 .  Technica l  Re -
por t  140 . 

23 


	cogsci_1992_18-23



