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A b s t r a c t 

Thi s p^e r  deal s wit h th e us e o f  socia l  knowledg e b y 
an autonomou s agen t  whic h i s plannin g it s behavio r 
and i n particula r  discoverin g i t  i s  i n nee d o f  help . 
What  w e ai m a t  showin g i s th e possibl e insertio n o f 
knowledg e abou t  dependenc e relation s i n a n agen t 
architectur e s o tha t  i t  m a y achiev e a  cognitivel y 
plausibl e behavior .  A  numbe r  o f  basi c criteri a ar e 
designe d t o endo w ou r  agen t  architectur e wit h th e 
abilit y  t o generat e choice s abou t  socia l  interaction s an d 
requests .  Particula r  attentio n i s pai d t o th e criteri a fo r 
assessin g others '  willingnes s t o giv e help ,  an d t o th e 
interactio n o f  thes e criteri a wit h th e agent' s genera l 
attitude s an d skills . 

Introduction 

This paper deals with the use of social knowledge by 
an autonomou s agen t  tha t  plan s it s  behavior .  I n 
previou s paper s (Castelfranchi ,  1990 ;  Castelfranchi , 
Miceli ,  &  Cesta ,  1992) ,  cognitiv e theorie s an d forma l 
description s hav e bee n develope d t o provid e th e basi s 
fo r  huma n socia l  behavior .  Ou r  attentio n ha s bee n 
focuse d o n powe r  relation s an d i n particula r  dependenc e 
relations .  Agent' s networ k o f  dependenc e relation s i s 
see n a s a  basi c sourc e o f  knowledg e abou t  w h o ha s th e 
"power "  needed ,  an d wha t  thi s powe r  i s for . 

What  w e ai m a t  showin g i s th e possibl e insertio n 
of  ou r  mode l  o f  dependenc e i n a n agen t  architectur e s o 
tha t  a n autonomou s agen t  m a y achiev e a  cognitivel y 
plausibl e behavior .  Specifically ,  w e focu s o n th e 
proces s o f  plannin g t o ac t  o n othe r  agent s i n orde r  fo r 
the m t o perfor m som e neede d action . 

Dependenc e relationship s amon g agent s ar e viewe d 
as a  powerfu l  interactiv e too l  fo r  bot h rationa l 
interactio n an d proble m solving ,  an d a s a  wa y fo r 
providin g solution s t o th e proble m o f  interaciio n an d 
conmiunicatio n control .  A  cognitiv e agen t  w h o i s 
unabl e t o achiev e a  goa l  doe s no t  resor t  t o somebod y 

'Thi s wor k ha s bee n partiall y  supporte d b y C N R unde r 
"Progett o Finalizzat o Sistem i  Informatic i  e  Calcol o 
Parallelo" .  Gran t  n.104385/69/910719 7 t o IP-CNR . 
Bot h author s participat e i n th e "Projec t  fo r  th e Simulatio n 
of  Socia l  Behavior "  a t  IP-CNR . 

els e fo r  help ,  no r  doe s i t  limi t  itsel f  t o applyin g 
standar d interactio n protocols .  O n th e contrary ,  i t  i s 
likel y t o reaso n abou t  it s knowledg e o f  dependenc e 
relations ,  an d the n ac t  accordin g by . 

A problem-drive n approac h t o socia l  interactio n i s 
typica l  o f  thi s perspective .  Her e socialit y (o r  som e o f 
it s relevan t  aspect s -  namel y benevolence ,  o r  c o m m o n 
goals )  i s  neithe r  give n fo r  grante d no r  trace d bac k t o 
varyin g degree s o f  overlappin g a m o n g th e agents ' 
menta l  attitude s (whic h i s th e dominan t  vie w i n 
Artificia l  Intelligence ;  se e Gros z &  Sidner ,  1990 ; 
Pollack ,  1990 ;  Cohe n &  Levesque ,  1990) .  O n th e 
contrary ,  th e proble m o f  w h y an d unde r  whic h 
condition s socia l  interactio n occur s i s directl y justifie d 
by th e agents '  proble m solving :  other s ar e considere d 
when hel p fo r  som e o f  th e agent' s problem s i s needed . 

I n Castelfranchi ,  Miceli ,  &  Cest a (1992 )  w e 
provide d a  numbe r  o f  basi c definition s an d principle s 
fo r  derivin g a  dependenc e relationshi p fro m previou s 
relationships .  Furthermor e w e focuse d o n th e relatio n 
betwee n dependenc e an d influencing ,  showin g h o w 
knowledg e abou t  x' s  dependenc e o n y  i s  likel y t o 
modif y jc' s menta l  state ,  b y producin g a  n e w goal :  i.e . 
influencin g y  t o d o wha t  x  needs .  However ,  th e goa l 
of  influencin g ca n b e a  necessar y bu t  no t  sufficien t 
conditio n fo r  a n actua l  influencin g behavior :  i t  woul d 
be foolis h t o embar k i n influencin g withou t  an y 
assuranc e tha t  th e addresse e i s likel y t o b e influenced . 
Thi s amount s t o sayin g that :  (a )  agen t  x  shoul d com e 
t o kno w no t  onl y whic h othe r  agent s i t  depend s o n an d 
fo r  what ,  bu t  als o som e othe r  relevan t  informatio n 
abou t  th e others '  menta l  states ,  includin g thei r  goal s a s 
wel l  a s thei r  belief s abou t  x' s goals ,  abou t  thei r  o w n 
dutie s an d roles ,  an d abou t  thei r  o w n dependenc e 
relations ;  (b )  a n agen t  architectur e shoul d includ e 
some reasonin g capabilitie s abou t  others '  menta l  state s 
i n orde r  t o selec t  th e agent s tha t  ar e actuall y "useful" . 

Identifyin g th e "right "  agen t  i s  a  knowledg e 
intensiv e plannin g activity .  T w o aspect s ar e critica l  i n 
suc h a  planning :  (a )  th e nee d t o produc e a  socia l  sub -
pla n b y usin g well-founde d heuristic s tha t  analyz e th e 
agent' s socia l  knowledg e (i.e .  it s  knowledg e abou t 
others) ;  (b )  th e nee d t o avoi d producin g a  pla n whic h 
i s i n conflic t  wit h th e agent' s othe r  goal s (e.g .  t o avoi d 
producin g a  direc t  reques t  t o anothe r  agen t  whil e on e i s 
committe d t o demonstrat e one' s o w n skillfulness) . 
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I n thi s pape r  w e briefl y mentio n th e agen t 
architectur e w e ar e workin g on ,  the n presen t  th e 
particula r  proble m o f  reasonin g abou t  others ' 

willingnes s t o help .  W e describ e th e differen t  criteri a 
applie d t o identif y a  willin g agent ,  an d w e conside r  th e 
possibl e conflict s betwee n one' s searc h fo r  others '  hel p 
and one' s persona l  goals ,  whic h ca n favo r  individua l 
biase s o r  preference s towar d on e help-seekin g strateg y 
or  another . 

Althoug h ou r  wor k o n thi s architectur e i s stil l  i n 
progress ,  w e clai m that ,  i n orde r  t o buil d a  socia l 
plannin g system ,  w e hav e t o endo w i t  wit h som e ke y 
knowledg e abou t  others ,  thei r  beliefs ,  goals ,  an d skills . 
Thi s pape r  explore s ho w suc h knowledg e ca n becom e 
operative . 

Agent Architecture and Dependence 

T h e o r y 

The agent we are currently implementing has a 
behavio r  tha t  i s  strongl y drive n b y it s goals .  W e 
named i t  CogAgen t  t o emphasiz e ou r  attemp t  t o endo w 
i t  wit h th e basi c cognitiv e tool s w e hav e describe d s o 
far .  Thi s agent' s architectur e ha s tw o mai n 
components :  a  propositiona l  knowledg e representatio n 
service ,  name d K R A M (D'Alois i  &  Castelfranchi , 
1993) ,  an d a  plannin g service .  Som e o f  th e goal s 
CogAgent  want s t o achiev e ar e passe d o n t o th e 
plannin g component ,  whic h the n work s t o produc e a 
pla n fo r  them .  A  numbe r  o f  specialize d reasoner s 
contribut e t o th e creatio n o f  th e pla n tha t  guide s th e 
agent' s behavio r  a  memor y base d planne r  (Cest a & 
Romano,  1992 )  build s th e initia l  plan s fo r  achievin g 
th e goals ;  onc e a  pla n i s created ,  a  resourc e analysi s 
and allocatio n modul e i s calle d int o pla y t o identif y 
any proble m fo r  th e futur e actio n execution .  I n 
particular ,  fo r  eac h pla n action ,  i t  test s whethe r  i t  i s 
include d i n th e actio n repertoire ,  an d whethe r  al l  th e 
resource s impUe d b y th e actio n executio n ar e accessibl e 
t o th e agen L Afte r  th e resourc e analysi s ha s identifye d 
th e nee d fo r  othe r  resources ,  tw o module s ar e calle d 
int o play .  A  socia l  knowledg e specialis t  i s  responsibl e 
fo r  searchin g socia l  resources .  Thi s consist s i n 
checkin g whethC T ther e ar e othe r  agent s i n th e common 
worl d whic h migh t  giv e x  som e hel p t o ge t  th e wor k 
done .  A  socia l  goal s conflic t  analyze r  i s responsibl e 
fo r  scrutinizin g socia l  plan s provide d b y th e previou s 
specialist ,  i n orde r  t o chec k fo r  negativ e interaction s 
betwee n suc h a  pla n an d othe r  goals . 

Dependence-Based Criteria for Searching 
••Useful "  Agent s 

A basic definition in our theory, whose logical 
formalizatio n i s draw n fro m Cohe n an d Levesque' s 
(1990) ,  i s  tha t  o f  socia l  dependenc e (Castelfranchi , 
Miceli ,  &  Cesta ,  1992) : 

(S-DE P xyap )  =  de {  (GOA L xp) A 

- ,  (CAND O xa) A (CAND O y  a )  a 
((DONE-BYy a )  ̂  (EVENTUALL Y p) ) 

tha t  is :  x  depend s o n y  wit h regar d t o a n ac t  a  usefu l 
fo r  realizin g a  stat e p  whe n p  i s a  goa l  o f  jc' s an d x  i s 
unabl e t o realiz e p  whil e y  i s abl e t o d o so . 

Now,  ou r  startin g poin t  i s x' s  assume d dependenc e 
on y .  Mor e exactly ,  sinc e x  doe s no t  necessaril y 
knows whic h y  i t  i s  dependen t  upon ,  w e wil l  have : 

(GOAL xp) A (BE L x  ̂  (CAND O x  a) )  a 

(BE L X  3y i  (CAND O y /  a) )  a 

(BE L X  3y i  ((DONE-B Y y i  a )  d 

(EVENTUALLY p)) ) 

Let  u s provid e a  ver y simpl e example .  Let' s assum e 
tha t  X  an d yj ,  y2,.. ,  y „  ar e peopl e workin g i n a  researc h 

center ,  an d th e e-mai l  serve r  o f  th e compute r  networ k 
i s down .  (Fro m no w on ,  we'l l  refe r  t o j c  a s t o "he "  an d 
t o y  a s t o "she". )  Agen t  x  ha s th e goa l  p  t o mak e th e 
e-mai l  serve r  wor k (i n orde r  t o sen d a  message) ,  bu t  h e 
i s unabl e t o d o th e (se t  o O action(s )  a  require d t o 
activat e th e server ,  an d h e assume s h e i s unabl e t o d o 
a,  an d tha t  i n th e departmen t  ther e ar e som e y s (a t  leas t 
one)  wh o ar e abl e t o d o a . 

I n orde r  t o achiev e p ,  CogAgen t  x  mus t  resor t  t o 
some dependence-base d meta-goal s o r  criteri a i n orde r 
t o us e th e amoun t  o f  knowledg e h e ha s abou t  others , 
thei r  abilitie s an d s o on .  Tw o basi c set s o f  criteri a 
have bee n draw n fro m ou r  theor y o f  dependence :  (a ) 
th e C A N D O criterion ,  fo r  findin g o r  retrievin g 
informatio n abou t  y' s  abilit y  t o perfor m th e require d a , 
i.e. ,  fo r  satisfyin g th e predicat e (CAND O y  a) ;  (b )  th e 
WILL criteria ,  fo r  finding  o r  retrievin g informatio n 
about  y' s  willingnes s t o perfor m a ,  i.e. ,  fo r  satisfyin g 
th e predicat e (GOA L y  (DONE-BY y a)) . 

Her e w e focu s o n th e willingnes s aspects .  A n 
exhaustiv e presentatio n o f  th e C A N DO aspec t  ca n b e 
foun d i n Cest a &  Micel i  (1993) . 

The Search for Willingness 

In the following we assume that x has already 
successfull y applie d th e C A N DO criterion ,  an d foun d 
out  th e (se t  o O agent(s )  y  tha t  (CAND O y  a) .  S o th e 
proble m x  ha s t o cop e wit h i s y' s  willingnes s t o 
perfor m a .  W e shal l  propos e thre e WIL L criteria ,  tha t 
is ,  thre e possibl e strategie s t o searc h fo r  a n agen t  wh o 
has th e goa l  o f  performin g th e require d action . 

E-WILL Criterion: Exploitation-Seeking 

The most straightforward WILL criterion is to see 
whethe r  y  ahead y ha s th e goa l  t o perfor m a ,  i n orde r  t o 
tak e advantag e o f  he r  performance .  Suppos e Joh n 
knows tha t  Caro l  wil l  nee d t o us e th e e-mai l  and , 
bein g abl e t o rese t  th e server ,  i s  likel y t o d o th e job : 
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Joh n wil l  jus t  wai t  fo r  be r  t o d o so .  N o w ,  bo w ca n x 
asses s whetbe r  y  ba s ( G O A L y  (DONE-B Y y  a}) ? 

We ca n appl y eitbe r  a  classificatio n o r  a 
performanc e sub-criterion .  I n ib e forme r  case ,  x  ca n 
see wbethe r  y  belong s t o a  clas s Y  o f  agent s wit h 
(GOAL Y  (DONE-B Y Y  A)) .  Fo r  instance .  Joh n ca n 
see whethe r  Caro l  belong s t o th e clas s o f  (competent ) 
user s o f  th e e-mai l  server .  W e ca n say : 
(BE L X  (((IS A a  A )  A  ( C A N D O Y  A )  a 

( G O AL Y  (DONE-B Y Y  A)) )  = > 
((IS A y Y )  = > ( G O A L y  (DONE-B Y y  a))) ) 

The performanc e sub-criterio n i s a n empirica l  one : 
X shoul d eithe r  se e y  performin g a  o r  carr y ou t  som e 
pla n recognitio n accordin g t o whic h x  ca n believ e y  i s 
goin g t o perfor m a .  Suppos e Joh n see s Caro l  goin g t o 
th e roo m wher e ther e i s th e e-mai l  serve r  afte r  he r 
director' s request :  Joh n ca n easil y infe r  tha t  sh e i s 
goin g t o perfor m a . 

B - W I L L Criterion :  Benevolence-Seekin g 

In [CAS91] we define benevolence as follows: 
( B E N E V O L E NT y x p )  =de f 

(BE L y  ( G O A L X  p) )  = } 
( E V E N T U A L LY ( G O A L y  p) ) 

Thus ,  y  i s benevolen t  towar d x  fo r  th e goa l  p  i f  y 
believe s tha t  x  ba s goa l  p  the n y  wil l  hav e th e sam e 
goal  p . 

Benevolenc e ca n b e eithe r  individualized ,  o r 
personal ,  whe n y  i s likel y t o adop t  th e goal s o f  a 
specifi c  individua l  agent ,  an d no n individualized ,  whe n 
y (usuall y a  give n se t  o f  >'s )  adopt s th e goal s o f  a 
give n se t  o f  jcs .  I n th e genera l  for m o f  no n 
individualize d benevolenc e thre e set s o f  object s ar e 
menfioned :  th e recipients ,  thei r  goals ,  an d th e 
benevolen t  agents .  So ,  th e recipien t  ma y believ e b e 
belong s t o a  se t  X  whic h receive s benevolenc e fro m a 
set  Y  o f  agent s wit h regar d t o a  give n se t  P  o f  goals , 
and tha t  i f  y  belong s t o tha t  set ,  h e wil l  receiv e 
benevolenc e fro m y : 
(BEL x ( ( (BENEVOLEN T Y  X  P )  a  (IS A x  X )  a 

(ISApP) )  = > 
((IS A y Y )  ^  ( B E N E V O L E NT y  x  p))) ) 

Non individualize d benevolenc e seem s t o hav e tw o 
genera l  sources :  (a )  Role-tasks ,  whe n x  i s mentione d 
as a  beneficiar y i n th e rol e o f  som e >'s .  I n suc h cases , 
X i s du e benevolence ,  an d y  i s expecte d t o giv e hel p t o 
X relativ e t o som e specifie d se t  o f  goals .  I n ou r 
example ,  Caro l  migh t  b e suppose d b y rol e t o rese t  th e 
e-mai l  facility .  Thi s implie s tha t  x  i s suppose d t o 
hav e knowledg e abou t  role s an d role-tasks .  H e shoul d 
the n b e abl e t o se e whethe r  th e actio n h e i s i n nee d o f 
matche s wit h th e role-tas k o f  som e othe r  (clas s of ) 
agents ,  a s wel l  a s i f  hi s ow n rol e repertoir e include s 
hi m a s a  beneficiar y o f  suc h a  role-task ,  (b )  Genera l 
norms :  sometime s norm s contro l  whethe r  adoptio n 
shoul d b e give n an d t o whom ,  independentl y o f  th e 

role s structure .  I n som e contexts ,  som e agent s migh t 
be expecte d t o adop t  som e goal s o f  othe r  agent s (fo r 
instance ,  o n th e bus ,  peopl e ar e expecte d t o ge t  u p an d 
leav e thei r  seat s t o th e disabled) .  A  specia l  cas e i s 
represente d b y th e nor m o f  reciprocation :  y  i s suppose d 
t o reciprocate ,  tba t  is ,  t o adop t  som e goal s o f  thos e 
agent s wh o hav e intentionall y give n be r  benefi t  i n th e 
pas t  withou t  bein g hel d t o d o so .  Thi s implie s tba t 
CogAgent  wil l  chec k hi s domai n knowledg e fo r  an y 
nor m mentionin g a  se t  o f  beneficiarie s an d tha t  h e i s 
endowe d wit h a  memor y o f  pas t  interactions . 

D'WILL Criterion: Dependence-Seeking 

There is another WILL criterion which looks quite 
widesprea d an d crucia l  i n natura l  socia l  interaction :  th e 
searc h fo r  a n agen t  who ,  beside s bein g abl e t o perfor m 
a,  i s i n tur n dependen t  o n x  fo r  som e othe r  action .  I n 
othe r  words ,  x  shoul d find  ou t  whethe r  i t  i s  possibl e t o 
move fro m assume d unilatera l  dependenc e o f  j c  o n y  t o 
assumed bilatera l  dependenc e o f  eac h on e o n th e other . 
Bilatera l  dependence ,  i n fact ,  woul d obviousl y allo w 
fo r  jc' s mor e powerfu l  position :  i t  i s  tru e that ,  o n th e 
ground s o f  hi s assume d dependenc e o n y ,  x  ha s th e 
goal  o f  influencin g y  t o perfor m aj .  i t  shoul d b e tru e 

tha t  als o y ,  o n th e ground s o f  be r  assume d dependenc e 
on X ,  shoul d hav e th e goa l  o f  influencin g x  t o perfor m 
some othe r  actio n 02 -  So ,  j :  migh t  offe r  hi s o w n 

performanc e o f  Oz i n exchang e fo r  y' s  performanc e o f 

fly.  Thi s offe r  o f  exchang e i s i n fac t  a  for m o f 

negotiatio n (Zlotki n &  Rosenschein ,  1992 )  base d o n 
assumed dependence .  Goin g bac k t o ou r  example , 
suppos e tha t  whil e Caro l  i s  abl e t o rese t  th e e-mai l 
server ,  Joh n know s ancien t  Gree k ver y wel l  an d h e 
know s tha t  Caro l  doesn' t  an d i s i n nee d o f  som e 
translatio n fro m Englis h int o ancien t  Greek . 

As on e ca n see ,  situation s o f  thi s sor t  ar e a t  th e 
bas e o f  a  grea t  variet y o f  socia l  interactions ,  fro m 
informa l  exchang e o f  favor s t o th e mor e forma l  an d 
sociall y regulate d bargainings .  Withou t  claimin g her e 
t o provid e a  detaile d analysi s o f  bilatera l  dependence , 
we jus t  tr y t o giv e a n ide a o f  th e searc h fo r  bilatera l 
dependenc e neede d t o influenc e y  t o perfor m a . 

Firs t  o f  all ,  x  shoul d se e whethe r  i n bi s o w n actio n 
repertoir e ther e i s som e action ,  tha t  i s  usefu l  toward s 
achievin g som e o f  y' s  goals ,  tha t  x  ca n perfor m an d 
tha t  y  i s unabl e t o carr y out . 

TTi e usua l  question ,  then ,  is :  H o w ca n x  find  ou t 
y' s  dependenc e o n himself ? Bot h experienc e an d 
categoria l  knowledg e ca n hel p als o i n thi s case .  Agen t 
X migh t  se e (o r  hav e seen )  y  tryin g t o perfor m a ^  (o r 

more generall y t o pursu e q )  withou t  success ;  o r  x  ma y 
kno w y  belong s t o a  clas s o f  agent s wh o - > ( C A N D O 
Y A2) .  Fo r  instance ,  Caro l  a s a  compute r  scientis t  i s 
quit e unlikel y t o hav e ha d a  classica l  educatio n 
includin g th e stud y o f  ancien t  Greek .  I n suc h case s th e 
x' s reasonin g criterio n woul d b e somethin g like : 
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(BELx(((ISAa2A2 )  a  - ^  (CAND O Y  A2) )  3 

((IS A y Y ) = > - .  (CAND O y  O j  ))) ) 

I n fact ,  whe n i n searc h o f  others '  dependence ,  on e 
must  g o bac k t o assessin g thei r  power ,  namel y thei r 
lac k o/power .  So ,  x  ha s t o appl y a  C A N DO criterio n 
of  a  specia l  nature ,  b y lookin g fo r  som e - < (CAND O y 
fli)  whic h mus t  correspon d t o som e (CAND O x  Ci) .  I n 

addition ,  a  specia l  proble m i s represente d b y th e 
commensurabilit y  o f  x' s  an d y' % respectiv e 
dependencies .  I n othe r  words ,  j c  ca n no t  resor t  l o an y 
lac k o f  powe r  o f  y' % a s a  basi s fo r  hi s offe r  o f 
exchange :  / s an d x' s nee d fo r  eac h other' s hel p mus t  b e 
commensurable ,  a s wel l  a s th e cost s o f  thei r  respectiv e 
performances .  Suc h aspects ,  includin g man y othe r 
"quantitative "  feature s o f  (h e dependenc e relationship s 
(fo r  instance ,  th e degre e o f  dependenc e o f  on e agen t  o n 
another ;  se e Castelfranchi ,  Micei i  &  Cesta ,  1992 ) 
woul d deserv e a  mor e carefu l  examination . 

The Other's Dependence as a Basis for 
Influencin g Behavior .  Onc e assesse d tha t  y 
depend s o n x  fo r  som e actio n a ^  > n vie w o f  a  give n 

goal  q ,  X  i s lef t  wit h th e tas k o f  influencin g y  t o 
perfor m th e actio n a ;  i n vie w o f  hi s ow n goa l  p .  Le t 

us tr y a  ver y roug h sketc h o f  th e basi c step s o f  suc h a n 
influencin g behavio r  or .  mor e exactly ,  it s  basi c 
requirements .  Thes e ar e i n fac t  th e ver y reason s wh y 
th e searc h fo r  a  dependen t  y  turn s int o th e searc h fo r  a 
"useful "  y .  i.e .  fo r  a n agen t  wh o i s likel y t o d o wha t  x 
want s to . 

I n orde r  t o profi t  b y y' s  dependence ,  agen t  x  need s 
fo r  y  t o believ e tw o fundamenta l  facts :  (a )  Firs t  o f 
all ,  quit e obviously ,  y' s  dependenc e o n jc .  I n fact ,  unti l 
y  doe s no t  kno w abou t  he r  dependenc e o n x ,  y  i s  no t 
likel y t o loo k fo r  jc' s  help ,  an d x  ha s nothin g t o offe r 
i n exchang e fo r  hi s ow n request .  I f  Caro l  doe s no t 
kno w tha t  Joh n i s a n exper t  i n ancien t  Greek ,  sh e doe s 
not  kno w h e ca n hel p her ;  (b )  However ,  ther e i s a 
furthe r  means-en d relationshi p y  shoul d assum e i n 
orde r  fo r  x  t o obtai n wha t  h e needs :  th e means-en d 
relationshi p betwee n y' % doin g a /  an d x' % doin g ai -

Such a  relationshi p i s specia l  i n nature ,  i n tha t  ther e 
migh t  b e n o inuinsi c reason s wh y y' % doin g a ;  shoul d 

be a  mean s fo r  jc' s doin g ai -  Goin g bac k t o th e 

previou s example ,  whil e 0 3 (doin g th e translatio n fro m 

ancien t  Gree k int o English )  i s  a  mean s fo r  q  (t o pas s 
an exam) ,  an d a y (resettin g th e e-mai l  server )  i s  a 

means fo r  p  (usin g th e e-mail) ,  wh y shoul d a ^  b e a 

means forp ,  o r  a y a  mean s fo r  q l 

Thi s means-en d relation  i s a  sor t  o f  artifact ,  a  socia l 
constructio n o n jc' s part .  I t  i s  Joh n wh o actuall y 
create s th e relatio n betwee n hi s doin g th e translatio n 
and Carol' s  resettin g th e e-mai l  server .  Tha t  i s th e 
ver y reaso n wh y x  need s som e sor t  o f  "persuasive " 
power  ove r  y ,  t o mak e y  believ e tha t  suc h a  relatio n i s 
likel y t o hol d (Castelfranchi ,  Micei i  &  Cesta ,  1992) . 
Generall y speakin g suc h a  persuasiv e actio n consist s o f 

a communicativ e act ,  b e i t  a  mor e o r  les s explicitl y 
stale d promis e ( x warrant s h e wil l  perfor m a ;  i f  y 

perform s ay )  o r  a  threa t  (j c threaten s h e wil l  no t 

perfor m a ^  i f  y  doe s no t  perfor m a, ;  o r  x  threaten s h e 

wil l  perfor m som e othe r  actio n Oj  whic h wil l  thwar t 

some o f  y s goals) . 

WILL Criteria and CogAgent's Biases 

We do not assume the WIIX criteria are organized into 
a fixe d sequence .  CogAgent' s choic e t o prefe r  on e 
criterio n ove r  anothe r  ma y depen d o n a  numbe r  o f 
factors ,  an d t o thei r  relativ e weights :  (a )  First ,  th e 
agent  mus t  conside r  th e genera l  informatio n abou t  th e 
probabilitie s o f  succes s o f  a  give n criterio n i n a  give n 
context .  Fo r  instance ,  a  contex t  ma y b e give n (say ,  a 
ver y competitiv e one )  wher e benevolen t  behavio r  i s 
quit e unlikel y t o occur ,  (b )  Second ,  CogAgent' s 
succes s als o depend s o n hi s ow n skill s  i n applyin g on e 
criterio n o r  another .  Thi s implie s tha t  th e CogAgent' s 
C A N D Os repertoir e include s socia l  C A N D Os suc h a s 
more o r  les s detaile d influencin g strategies .  No t 
surprisingly ,  then ,  ther e ma y exis t  ver y smar t 
exploiter s wh o ar e no t  skille d a s benevolence-seeker s 
and vic e versa ,  (c )  Third ,  CogAgen t  ma y hav e a 
persona l  bia s o r  preferenc e towar d a  specifi c  criterion . 
Such a  bia s ma y fee l  th e effect s o f  th e previou s factor s 
(i.e .  CogAgent' s belief s abou t  eithe r  th e effectivenes s 
of  a  give n criterio n o r  hi s ow n abilit y  t o appl y it) . 
However ,  persona l  biase s ma y als o ste m fro m othe r 
facts ,  namel y othe r  persona l  goal s CogAgen t  want s t o 
achiev e o r  t o defen d whil e i n searc h oty' s willingnes s 
t o perfor m a .  Suc h goal s -  tha t  w e ar e goin g t o 
outlin e -  ma y happe n t o b e mad e easie r  b y applyin g 
one criterio n and/o r  t o b e threatene d b y applyin g 
another . 

The possibilit y  t o devis e differen t  CogAgen t 
"characters "  startin g fro m differen t  interaction s amon g 
th e agent' s goal s whil e plannin g (e.g .  interactio n o f 
curren t  goal s wit h mor e persona l  goal s an d consequen t 
biases )  i s a n importan t  featur e i n ou r  experiment .  I n 
th e followin g w e giv e a  first  accoun t  o f  ou r  analysis . 

Goal  Interactio n M a y Generat e Differen t 
"Characters " 

It  i s  wort h observin g tha t  al l  possibl e character s shar e 
at  leas t  a  coupl e o f  goals ,  du e t o thei r  common 
conditio n o f  dependenc e o n y :  (GOALxp )  tha t  cause s 
CogAgent  x  t o depen d o n y ;  an d (GOA L x  (DONE -
BY y  a) )  tha t  i s  derive d fro m jc' s assume d dependenc e 
on y .  I n fact ,  a s showe d i n Castelfranchi ,  Miceii ,  & 
Cest a (1992) : 
(BEL X (S-DEPxyap)}= > (GOA L x  (DONE-BY y a) ) 

Moreover ,  sinc e accordin g t o a  postulat e o f 
rationa l  agenthood ,  i n orde r  t o perfor m a n actio n a n 
agent  mus t  wan t  tha t  action ,  on e ca n deriv e that : 
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(BELx (S-DEPxyap) )z > 
( G O AL X  ( G O A L y  ( D O N E - B Y y  a)} ) 

Thi s goa l  justifie s th e applicatio n o f  th e WIL L criteria . 
Now,  th e goal s x  derive s hi s assume d dependenc e 

fro m ma y com e int o conflic t  wit h th e olhe r  x' s };oals . 
Mor e exactly ,  a  possibl e pla n usefu l  fo r  achievin g p 
throug h ( G O A L y  ( D O N E - B Y y  a) )  an d stemmin g 
fro m th e applicatio n o f  a  certai n WIL L criterio n ma y 
happe n t o thwar t  som e othe r  persona l  goa l  q  o f  ;c's .  I n 
suc h a  case ,  x  ca n selec t  som e alternativ e pla n wher e 
possibl e - -  b y applyin g som e alternativ e W I L L 
criterio n - -  which ,  whil e achievin g ( G O A L y  (DONE -
BY y  a)) ,  doe s no t  entai l  tha t  q  i s a t  risk . 

I n th e following ,  w e wil l  jus t  mentio n a  fe w goal s 
whic h ca n bia s x  towar d on e W I L L criterio n o r  th e 
other .  This ,  i n ou r  view ,  give s a n ide a o f  th e 
flexibilit y  an d richnes s neede d i n a n agen t  architectur e 
t o allo w fo r  possibl e (individua l  a s wel l  a s contextual ) 
difference s i n goals ,  preferences ,  and  sub-plan s whe n 
plannin g fo r  th e sam e end-goal ,  i.e .  t o obtai n others ' 
help . 

The Exploiter. One of the simplest ways to try 
and obtai n fo r  someon e t o d o somethin g i s t o le t  he r 
kno w tha t  yo u nee d it .  Thi s i s  exactl y wha t  a n 
Exploite r  want s t o avoid .  I n fact ,  (on e of )  th e 
Exploiter' s goal(s )  is : 
( G O A LX - ^  (BEL y (S-DEPx y ap)) ) 

Thi s m a y b e du e t o a  numbe r  o f  possibl e 
supergoals .  Fo r  instance ,  j c ma y wan t  t o avoi d th e 
obligatio n t o reciprocate :  i f  i n fac t  y  know s tha t  x 
needs he r  hel p an d sh e perform s th e require d action ,  sh e 
may expec t  jc' s hel p whe n sh e i s i n nee d o f  it .  Or ,  x 
may wan t  t o sav e hi s fac e befor e y  o r  others :  t o admi t 
one' s ow n dependenc e i s t o declar e som e lac k o f  powe r 
or  helplessness ,  an d a n agen t  w h o i s  intereste d i n 
defendin g hi s imag e o f  competenc e an d skillfulnes s i s 
als o intereste d i n hidin g hi s dependencie s o n others . 

So,  i n an y case ,  jc' s goa l  q  i s tha t  y  doe s no t  com e 
t o believ e tha t  h e depend s o n he r  fo r  doin g a  i n vie w o f 
p.  But ,  wha t  ca n j c d o t o obtai n bot h p  an d q l  A t  leas t 
tw o possibl e scenario s ar e given . 

I f  y  i s alread y performin g a  o r  i s goin g t o d o s o 
fo r  he r  ow n persona l  reasons ,  the n j c jus t  wait s fo r  thi s 
t o happen ,  an d ca n hid e bot h hi s  goa l  p  an d hi s 
consequen t  goa l  tha t  ( D O N E - B Y y a) . 

I n a  differen t  scenario ,  thi s luck y coincidenc e ma y 
not  occur .  Her e i s wher e som e roo m i s lef t  t o x  t o 
appl y som e influencin g strategie s i n orde r  t o "produce " 
(GOAL y  ( D O N E - B Y y  a)) .  On e possibl e strateg y i s 
th e following . 

Whil e continuin g t o hid e ( G O A L x  p) ,  x  ca n 
declar e ( G O A L x  ( G O A L y  ( D O N E - B Y y  a))) ,  tha t  is , 
he ca n le t  y  kno w tha t  h e want s fo r  he r  t o d o a .  Wha t 
he mus t  avoi d i s fo r  y  t o infe r  x' s dependenc e o n he r 
fro m this .  I n fact ,  sinc e 
(BELx(S-DEPxyap)) ^ 

(GOAL X  (GOA L y  (DONE-B Y y  a)) ) 

y,  comin g t o believ e (GOA L x  (GOA L y  (DONE-B Y 
y a))) ,  migh t  infe r  tha t  suc h a  goa l  o f  Jt' s i s  a 
consequenc e o f  hi s dependenc e o n her ,  so ,  y  ma y can e 
t o believ e (BE L y  (S-DE P x  y  a  p) )  whic h woul d 
(hwar t  th e Exploiter' s goa l  q . 

I n orde r  t o avoi d thi s unwelcom e consequence ,  x 
may tr y t o persuad e y  that :  a  i s a  mean s fo r  r ,  whic h i s 
one o f  >'' s  goals ;  h e i s  benevolen t  towar d y ,  hence , 
knowin g tha t  y  ha s th e goa l  t o achiev e r ,  h e als o ha s 
th e goa l  fo r  he r  t o achiev e r ;  fo r  thi s reason ,  h e als o 
want s y  t o hav e th e goa l  o f  doin g a  i n vie w o f  r .  I n 
sum,  X  shoul d tr y t o mak e y  believ e tha t  h e want s he r 
t o d o th e require d actio n i n he r  ow n interest ,  i n orde r  t o 
avoi d fo r  he r  t o infe r  tha t  th e actio n woul d b e i n hi s 
interes t  instead . 

The Benevolence-Seeker. Suppose x does not 
hav e th e goa l  o f  hidin g hi s dependenc e o n y  fro m y 
hersel f  (because ,  say ,  eithe r  contextuall y o r  generall y 
he i s no t  intereste d i n defendin g hi s  imag e o f 
competenc e an d skillfulness) .  Conversely ,  h e ha s th e 
goal  q  t o sav e a  certai n kin d o f  resources ,  namel y thos e 
implie d b y a n offe r  o f  exchang e (i.e. ,  th e influencin g 
behavio r  require d b y a n offe r  o f  exchange ,  an d th e 
performanc e o f  a i  i n exchang e fo r  y' s  performanc e o f 

fly). 
I n thi s case ,  x  wil l  loo k fo r  som e benevolen t  y .  I n 
orde r  t o obtai n benevolence ,  h e wil l  activel y pursu e a 
goal  whic h i s th e exac t  opposit e o f  th e Exploiter's :  i.e . 
fo r  y  t o com e t o believ e tha t  x  depend s o n her .  I n 
fact ,  accordin g t o th e previou s definitio n o f 
benevolence ,  i n orde r  t o "benevolently "  behave ,  y 
shoul d believ e tha t  ( G O A L x  p )  and ,  plausibly ,  i n 
orde r  t o actuall y perfor m som e actio n i n vie w o f  p ,  sh e 
must  als o believ e tha t  x  canno t  d o a  b y himself .  So , 
th e Benevolence-Seeke r  mus t  activel y pursu e ( G O A L x 
(BE L y  (S-DE P X  y  a  p))) . 

I n vie w o f  thi s goal ,  x  ca n sho w an d eve n 
exaggerat e hi s  dependence ,  employin g som e 
influencin g strategie s aime d a t  pointin g t o hi s lac k o f 
power  (e.g .  b y presentin g himsel f  a s a  need y an d 
helples s agent) . 

However ,  i t  i s  wort h observin g tha t  y' s  benevolen t 
behavio r  call s fo r  som e reciprocation :  becaus e o f  he r 
benevolence ,  y  i s entitle d b y a  nor m o f  reciprocatio n t o 
expec t  somethin g fro m x .  So ,  x  canno t  totall y achiev e 
hi s goa l  q  o f  savin g resource s whil e obtainin g y' s hel p 
fo r  p .  But ,  unlik e th e exchang e offer ,  benevolence -
seekin g implie s a  for m o f  reciprocatio n whic h i s quit e 
fre e fro m constraints :  o n th e on e hand ,  i t  shoul d occu r 
"sometim e i n th e future" ,  i.e .  ther e ar e n o specifi c 
tempora l  constraints ;  o n th e other ,  an d eve n mor e 
importantly ,  reciprocatio n migh t  coincid e wit h a  pur e 
displa y o f  gratitud e o r  a n acknowledgemen t  o f 
subjectio n o n x' s part ,  independen t  o f  th e employmen t 
of  materia l  resources . 
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Th e Bilatera l  Dependence-Seeker .  T h e 
Bilatera l  Dependence-Seeke r  (o r  "Exchanger" ,  fo r  th e 
sak e o f  brevity )  i s  a n agen t  wh o want s t o offe r 
somethin g i n exchang e fo r  th e hel p h e needs .  Wh y 
choosin g t o spen d resource s i f  ther e migh t  b e othe r 
les s expensiv e plan s available ,  suc h a s exploitatio n o r 
benevolence-seeking ? 

The Exchange r  ma y b e guide d b y bot h som e mora l 
goal  implyin g a  negativ e judgemen t  abou t  exploitatio n 
(i.e. ,  th e goa l  o f  "no t  takin g advantag e o f  others" )  an d 
by som e "power "  goal ,  suc h a s tha t  o f  restorin g th e 
socia l  powe r  h e ha s los t  whe n acknowledgin g hi s 
dependenc e an d askin g fo r  help .  I n fact ,  a s alread y 
observe d whil e examinin g th e D-WIL L criterion , 
movin g fro m assume d unilatera l  dependenc e o f  j c  o n y 
t o assume d bilatera l  dependenc e o f  eac h on e o n th e 
othe r  allow s x  t o hav e a  mor e powerfu l  position .  Th e 
Exchange r  i s sayin g t o y :  Yes ,  I  admi t  I  depen d o n 
you ,  bu t  yo u depen d o n me .  So ,  hi s goa l  i s  tha t  o f 
restorin g th e balanc e o f  powe r  betwee n himsel f  an d th e 
othe r  agent .  Unlik e th e Benevolence-Seeker ,  h e i s 
mainl y preoccupie d wit h avoidin g deb t  an d gratitude , 
and consequen t  subjectio n t o y . 

Conclusions 

In this paper, we have been exploring how some social 
knowledg e ca n b e utilize d b y mean s o f  suitabl e 
heuristi c strategies .  Thi s ma y cas t  a  ne w ligh t  o n 
sociality ,  showin g ho w i t  originate s fro m proble m 
solving .  Indeed ,  w e provide d a  fram e i n whic h t o 
inser t  an d utiliz e knowledg e abou t  dependence ,  on e o f 
th e mos t  fundamenta l  aspect s o f  sociality .  W e hav e 
been showin g ho w i t  ca n b e fruitfull y  use d t o selec t 
help-giver s ou t  o f  a  networ k o f  artificia l  agents .  Ou r 
CogAgent  i s highl y deliberative ,  essentiall y  goal -
drive n an d knowledge-based .  Thes e feature s impos e a 
number  o f  constraint s upo n hi s performanc e an d 
applications .  However ,  ou r  ai m i s t o plac e CogAgen t 
i n a  realisti c worl d wher e agent s ar e expecte d t o b e 
basicall y self-intereste d althoug h no t  necessaril y 
hostile .  I n spit e o f  th e absenc e o f  som e sor t  o f  pre -
establishe d harmony ,  suc h a  worl d i s no t  necessaril y 
unpredictable .  I t  ca n b e analyze d an d reasone d upo n i n 
orde r  t o tak e advantag e o f  it .  Ou r  researc h join s a 
number  o f  studie s tha t  assum e cooperatio n i n Multi -
Agent  System s i s no t  give n fo r  grante d bu t 
dynamicall y induce d durin g proble m solvin g (e.g . 
Sycara ,  1989) . 

Althoug h increasin g attentio n ha s bee n devote d t o 
th e proble m solvin g activit y i n cooperativ e wor k 
environments ,  littl e wor k exist s whic h i s focuse d o n 
examinin g ergonomi c aspects ,  an d mor e precisel y 
cognitiv e requirements ,  whic h characteriz e th e agents ' 
interaction s i n suc h system s (e.g .  wha t  peopl e reall y 
thin k whe n a  colleagu e make s a  request) .  I n thi s 
perspective ,  w e hav e identifie d on e aspec t  o f  th e 
problem ,  th e hel p action ,  an d a  numbe r  o f  aspect s 

involved ,  suc h a s searchin g help ,  a s wel l  a s givin g 
help ,  bu t  als o decidin g t o hel p an d copin g wit h 
conflicts .  Thi s pape r  i s abou t  th e firs t  o f  thos e 
aspects ,  searchin g help .  I t  shoul d b e note d tha t 
cognitiv e plausibilit y  i s a  natura l  constrain t  whe n bot h 
humans an d machine s ar e involve d i n a  common 
environment .  What  th e CogAgen t  experimenta l 
settin g guarantee s i s a  workbenc h wher e a  numbe r  o f 
idealize d strategie s an d th e knowledg e involve d i n suc h 
task s ca n b e tested . 
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