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Abstract

This work presentsthecorenotionsof a social reasoningmechanism, basedon dependencetheory. This model
enablesan agentto reasonaboutthe others,in particularto calculatehis dependencerelationsanddependence
situations.An agentis saidto bedependentonanotherif thelattercanhelp/preventhim to achieveoneof hisgoals.
We considerour socialreasoningmechanismasanessentialbuilding block for thedesignof really autonomous
artificial agents,which areimmersedin anopenmulti-agentworld. By open,we meanthatagentsmayenteror
leavethesocietyatany moment.In suchsystems,astheorganizationof theagentscannotbeconceivedatdesign
time, thecooperativeproblemsolvingparadigmis basedon dynamiccoalition formation. In this context, agents
mustbe ableto adapt themselvesto dynamicallychangingconditions,by evaluatingat executiontime if their
goalsareachievableandif their plansarefeasible. As we do not supposethatagentsarebenevolent,our model
proposesa criterionto evaluatewhich partnersaremoresusceptibleto accepta propositionof coalition. Finally,
asin thesekind of systemsagentsusuallydo not have a completeandcorrectrepresentationof eachother, our
modelhelpsthemto detectanagencylevel inconsistencyandto choosea context to bemaintained.

1 Intr oduction

In [30, 15], thefutureinformationprocessingenvi-
ronmentsarepresentedasbeingcomposedof huge
heterogeneousnetworks of processingresources.
Theseresources,autonomousanddistributed,may
consistof computers,hugeapplicationsand huge
databases.Authorscall theseenvironments“soci-
etiesof objects”or “electronicorganizations”. In
order to createsuchsystems,we believe that one
mustassurethe following aspectsconcerningtheir
components:(i) their interconnection, (ii) their in-
teroperability, (iii) their adaptation, and(iv), their
cooperation. In this work, we restrict ourselves
to the study of theselast two aspects. By adap-
tation, we meanthat onemustassurethat the be-
havior of suchsystemsshouldbe modifieddueto
changesin the environment,speciallyconcerning

the fact that someservicesmay becomeavailable
or maydisappeardynamically. On theotherhand,
sinceeachservicehasanassociatedcost,we must
conceive the meansby which a systemshouldac-
ceptto cooperatewith anotherone,becausein this
context cooperationcannot be taken as an initial
pre-establishedhypothesis.Webelievethatasocial
reasoningmechanismis anessentialbuilding block
to enableautonomousagentsto reactin this kind
of scenario.We call sociala mechanismthat uses
informationabouttheothersin orderto infer some
new beliefsfrom the currentones. In our context,
sucha mechanismentailsthat agentsmustexplic-
itly represent,exploit and revisecertainproperties
concerningtheotheragents.

We havedevelopedamechanismof thiskind based
on the notion of social dependence[6], which we
will call simply dependencehereafter. Briefly, we



maysaythatanagentdependsonanotheroneif this
lattercanfacilitate/avoid theformerto achieveone
or moreof his goals. We presentthe mainnotions
of dependencetheory in section3 and we detail
our social reasoningmodel, basedon this theory,
in section4. Weshow thenthatsuchamodelbased
on the notion of dependencegivessomecontribu-
tions concerningthe adaptation, coalition forma-
tion1 and belief revision procedures,as presented
respectively in sections5, 6, and7. Beforedetail-
ing oursocialreasoningmechanism,wedescribein
section2 someaspectsconcerningthe agentsand
their organizationwithin asociety.

2 Agentsand Coalitions

In this section,we presenttheagentmodelthatwe
haveusedandsomeprincipleswhichwereadopted
in their design.We alsoexplain the dynamicalor-
ganizationof theselatterwithin asociety.

2.1 Agent Model

Our agentmodel is basedon ASIC model [2, 3],
andit is presentedin figure1.
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Figure1: AgentModel

Its completeformal descriptionis out of context
here,andit is describedin [22]. An agentis com-
posedof several internal mechanisms, oneof those
beingourmaininterest:thesocialreasoningmech-
anism. This mechanismusesa representationthat

1Thetermcoalitionin ourcontext meansanorganizationthat
is dynamicallyestablished,asexplainedin section2.3.

the agenthasaboutthe others,calledexternal de-
scription[12], which will bedetailedin section4.
In orderto enablethecomprehensionof thefollow-
ing sections,however, we mustciteasleasttwo es-
sentialaspectsof this agentmodel:� we assumethatagentsdo not haveon-lineplan-
ning: eitheranagenthasa planin orderto achieve
oneof hisgoals,or hewill adoptaplanproposedby
somepartnerwhenthis latterproposeshim a coali-
tion;� consideringthe activation orderof their internal
mechanisms,the agentschoosein this order (i) a
goal to achieve, (ii) a plan to execute(in order to
achieve thechosengoal)and(iii) somepartnersto
whomcoalitionproposalsareto besent,in thecase
when the agentcan’t achieve the chosengoal by
himself.

2.2 Adopted Principles

In our framework, we have adoptedthe following
four principlesfor our agents:

Principle 1 Non-Benevolence Principle: agents
are not imposedto helponeanothera priori, they
decideautonomouslywhetherthey acceptto coop-
eratewith theothersor not.

Principle 2 Sincerity Principle: agentsnever de-
cide deliberately to give erroneousinformation to
the others; they only communicateto oneanother
informationin which they believe.

Principle 3 Auto-Knowledge Principle: agents
havea completeand correct representationabout
themselves,i.e., they know they goals, capacities
etc.Regardingtheothers,agentshavebeliefsabout
them,astheinformationsourcesmaybeerroneous.

Principle 4 Consistence Principle: agents don’t
maintaincontradictory informationaboutonean-
other. Sincean inconsistenceis detected,agentsre-
visetheir beliefsin order to reestablisha consistent
state.

2.3 Agent Coalitions

According to the scenariopresentedin section1,
we placeourselvesin thecontext of anopenmulti-
agentsystem(MAS), i.e.,aMAS whereagentsmay
enteror leave dynamically. As a consequence,as
the setof agentsbelongingto the societycannot
be know a priori, the societyorganizationmustbe
establisheddynamically. Hence,agentsbuild dy-
namicallycoalitionswheneverthey cannotachieve
their goalsby themselves. The term coalition de-
notesthereforethis organizationbuilt dynamically.



We have takensomeinspirationon thecooperative
problemsolving formal model presentedin [32],
which proposesthe following four phasesin such
a scenario:(i) cooperation recognition, (ii) coali-
tion formation, (iii) plan formationand (iv) coali-
tion action. Whenthe commonactivity arrivesto
its end,thecoalitionis dismissedandanothercycle
canstart.Thework describedhereis relatedto the
first two phasesdescribedabove: we proposesome
meansby which potentialcooperationcan be de-
tectedandacoalitioneventuallycanbeformed.For
this purpose,we presentin the next sectionsome
ideasfrom socialpsychologythatmayhelpto solve
this problem.

3 DependenceTheory

In [5, 6, 9], a theory of social interactionbased
on social psychologyis presented. Its scientific
goal is to explain how social interactionscan be
derived and predictedfrom someexternal struc-
tural conditions.In particular, this theoryproposes
a model to explain how social goals are formed
within agents’minds. Social goalsare goals re-
latedto performingsocialactions. Amongthesev-
eral socialgoalsthat may exist, we will limit our-
selvesto theanalysisof two particularonesthatare
subjectof this work: cooperation (several agents
working togetherto achieve a samegoal) andso-
cial exchange (severalagentswork togetherbut for
different individual goals). The authorsproposea
formal model to characterizethe mentalstatesof
theagents,basedon thetechnicalapparatusby Co-
henandLevesquein their fundamentalwork on in-
tentions[8]. This theory answerstwo fundamen-
tal questionsconcerninga societyof autonomous
agents[5]:
1. sociality problem: why does an autonomous
agententerinto socialinteractions?
2. adoptionproblem: how doesan agentget his
problemto becomesocial, i.e., get it adoptedby
otheragents?
Accordingto dependencetheory, theanswerto the
first questionis socialdependence, andtheanswer
to the secondoneis social power. Briefly, we can
saythatanagentdependsonanotheroneif this lat-
ter canfacilitate/avoid theformerto achieveoneof
his goals. We can also say that in this casethat
the secondagenthaspower on the first one. De-
pendenceandpower relationshave someinterest-
ing properties.First of all, they areobjectiverela-
tions,i.e.,they existwhethertheagentsareawareof
themor not. An agentmaythereforebedependent
onotherignoringthisfact.Whentheserelationsbe-

comesubjective, i.e.,representedwithin theagents’
minds, several consequencesmay be derived. In
particular, they enableto predictagents’socialac-
tions, like cooperation andsocialexchange. A de-
tailed descriptionof socialgoalsgenesisfrom the
subjectiverepresentationof agents’dependencere-
lationsmaybefoundin [9, 22].

4 SocialReasoningMechanism

In this section,we detail the theoreticalmodelof
oursocialreasoningmechanism2 [22], basedonde-
pendencetheory.

4.1 External Description

As we have shown in section2.1,anagentis char-
acterizedfaceto theothersby aprivateexternalde-
scription.Consequently, anagentmusthave a kind
of datastructureto storethis informationaboutthe
others.Onecanfind in theliteratureseveralmodels
of representationof theothers,within a MAS con-
text [18, 31]. As thetheoryuponwhichourwork is
basedhadalreadybeenformalizedin [6], we have
retainedits basicelementsregardingthe represen-
tation an agenthasabout the others: their goals,
actionsandresources.Moreover, we haveaddedto
this representationthe notion of plan, absentfrom
thisfirst formalmodel,andwhichfrom ourpointof
view is essentialwhenonehasthe goal of imple-
mentingthesocialreasoningmodel.

4.1.1 Composition

Fromthispointon,weconsiderthatanexternalde-
scription is composedof several entries. Eachof
theseentriesdescribesa particularagentin theso-
ciety, andit is composedof thefollowing parts:the
goals that the agentwantsto achieve, the actions
thatheis ableto perform,theresourcesoverwhich
he hasgot somecontrol andthe plans that he can
usein orderto achievehisgoals.Eachplanis com-
posedof a goal to achieve and a sequenceof in-
stantiatedactionsusedin thisplan.An instantiated
actionis composedby an actionidentificationand
a list of resourcesusedby this action(this list may
beempty).
For eachgoal,action,resourceandplan,we define
alsoa function � ����� thatgivesthesourceof this in-
formation,whichwill bediscussedin thesequence.
Finally, for thegoals,actionsandresources,wede-
fine alsoa setof functions � ����� , 	�
 ����� and 	
� �����

2An earlierformal notationis usedin [24].



to measurerespectively thegoalimportanceandthe
actionsandresources’costs.This informationmay
beusedby anagent’sdecisionmechanismwhenhe
mustchoosea goal to pursuitor a plan to execute,
asweshow in section5. An exampleof anexternal
descriptionis shown in figure2.

.

.

.

.

.

.
.
.
.

.

.

.

.

.

.

.

.

.
.
.
.

.

.

.

A(ag3) R(ag3) P(ag3)

. . . 

go_home

drive

ED(ag2) ED(ag3) ED(ag4)ED(ag1)

G(ag3)

zx

go_home := drive(zx).

Figure2: ExternalDescription

4.1.2 Inf ormation Sources

In ouragentmodel,informationmaybeacquiredby
threedifferentsources:receptionof amessage,per-
ceptionof the environmentandinference,this lat-
tercorrespondingto someinternalreasoningmech-
anism. For instance,if an agentreceives a mes-
sagefrom anotherone saying that this latter was
born in Brazil, the agentmay deducethat the lat-
ter may speakPortuguese.We considerthat this
informationmay be acquiredandupdateddynam-
ically. A propositionregardingthis topic is pre-
sentedin [1], whereagentsusean introductionpro-
tocolwhenenteringasociety, andthereforethisac-
quisition procedureis carriedon by explicit com-
munication.We alsoconsiderthatgenerallythein-
formationtheagentshaveoneaboutanotheris nec-
essarilyneithercompletenor correct. If weanalyze
the informationsources,we cannoticethe follow-
ing aspects:(i) perceptionmechanismsarequiteal-
wayssubjectto errors;(ii) agentsmaynotwant,un-
dercertaincircumstances,to communicateall their
capacitiesto theothers;and(iii) agents’reasoning
mechanismsmay have incorrectrules. In the ex-
ampleabove, an agenthas implicitly useda rule

which infers that if someoneis born in Brazil, he
canspeakPortuguese.This rule, however, maybe
incorrect:considerthecasethatsomeonewhich is
born in Brazil andleavesthecountrywhenhewas
one year old; probably, this personwould hardly
speakPortuguese.If we considerthat theseacqui-
sition mechanismsarenot perfect,the information
sourcemay becomeimportantwhen an agentre-
viseshis beliefs,for instancewhenever two agents
detectthattheir beliefsregardingeachotherareei-
ther incorrector incomplete,aswe show in section
7.

4.2 Preliminary Definitions

In thesequence,wedetailtheseveralrolesanagent
may play in our social reasoningmechanism,and
also the two different autonomy3/dependenceno-
tions usedin our modelrelative to actionsandre-
sources.

4.2.1 Agent Roles

As we show in the sequence,the differentnotions
of autonomyanddependencearestrictly linked to
the plan setusedin the reasoningmechanism. As
anagentrepresentsinternallythegoals,actions,re-
sourcesandplansof otheragents,heis ableto use
anotheragent’s plansin order to infer someprop-
erties,evenif this situationis not thegeneralcase.
However, consideringstrictly a formal framework,
it is interestingto be able to representthe most
genericsituation.Having this fact in mind, we are
goingto usethefollowing termsto denoteprecisely
thedifferentrolesthatanagentmayplay in ourso-
cial reasoningmechanism:

subject agent: it denotestheagentwho is reason-
ing4;

object agent: it denotestheagentaboutwhomthe
subjectagentis reasoningabout;

third agent: it denotestheagenton whomtheob-
jectagentis dependent;

sourceagent: it denotestheagentwhoseplansare
usedby thesubjectagentin orderto infer some
propertiesabouttheobjectagent.

3The term autonomyis consideredhere as a synonym of
auto-sufficiency.

4Onemay noticethat in section4.3, wherewe describethe
agents’internallanguage,thesubjectagent is not explicitly rep-
resented, becausewedon’t supposethatthereasoningagenthas
in this context a propertyof introspection.However, this notion
will beexplicitly representedin section7, wherewe will be in-
terestedin analyzingthedifferentresultsobtainedby thesocial
reasoningmechanismsof two differentagents.



4.2.2 Typesof Autonomy and Dependence

Within the externaldescription,we have explicitly
differentiatedactionsfrom resourcesusedin aplan.
This choice enablesto representdistinctively the
factthatanagentcanperformall theneededactions
in aplanfrom thefactthatanagentmaycontrolall
theneededresourcesusedby this sameplan. From
a purelycognitive perspective,we believe that this
distinctionis useful. Let us suppose,for example,
thata certainagentneedsto translatea word from
English to Portuguese,and that he knows another
agentthatknowsverywell theselanguagesandhas
evena dictionaryto helphim translatewordsfrom
theselanguages. The first agentcan achieve his
goalby two differentmeans:(i) hecanaskthesec-
ondagentto translatefor him the specificword or
(ii) hecanaskthis latterto lendhim thedictionary,
sohecoulddothetranslationby himself.Consider-
ing thesecondagent,thefirst optionhastheincon-
venientof interruptinghim from his currentwork,
while the secondoneenableshim to continuehis
currentwork. Hence,webelievethatperformingan
action is morecognitively costly for anagentthan
just releasinga resource. For this reason,we have
decidedto treatdifferently the differentnotionsof
dependence/autonomyregardingactions/resources,
which will bedescribedin sections4.3.3and4.3.4.

4.3 Inter nal Language

Let us supposethat the agents’internal language
usedby the social reasoningmechanismis a first
orderlanguage.As we want to deducesomeprop-
ertiesconcerningagents’goals,plans,actionsand
resources,all variablesare typed. We aregoing to
usethe following convention: ������������� arevari-
ablesthatdenoteagents,����������� arevariablesthat
denotegoals, � is a variablethat denotesplans, �
is a variablethatdenotesactionsand  is a variable
thatdenotesresources5.

4.3.1 BasicNotions

First, we needsomepredicatesto expresscertain
elementaryfactsconcerninggoals, plans, actions
and resources,specificalythat a plan � achieves
goal � , thatanaction/resource� /  is neededin or-
derto executeplan � andthat � and � � aredifferent
goals.In orderto expressthesefacts,we aregoing
to userespectively the predicates�!	�"#�%$�&'$(� � �)�*� � ,

5If we rememberthat thesubjectagentis not explicitly rep-
resentedin this language,statementslike “the plansbelongingto
agent+ ” mustbeinterpretedas“the plansthat thesubjectagent
believesagent+ has”.

, ��$(�-
 � �.��� � 6, , ��$(��� � �.�/ � and 01�*232 � ���/�!� � . We
needin the sequencesomepredicateswhich ex-
pressthe fact that the subjectagentbelieves that
agent � hasa certaingoal � , that he can perform
a certain action � , that he controls a certain re-
source or that he hasa certainplan � . In order
to expressthesefacts,we aregoing to userespec-
tively the predicates�*��4 � �5�*� � , �*� 
 � ����� � , �%� � � �5�/ �
and �*�
6 � ���7� � . Finally, we definesomepredicates
to expressthat � is a plan which belongsto agent� andwhich achievesgoal � , that � hasat leastone
singleplanwhich achievesgoal � , that � needsan-
otheragentto performaction � /releaseresource ,
which is usedin plan � , and that � can perform
all the the neededactions/hasgot the control over
all the neededresourcesto executeplan � . These
notionsarerespectively capturedby thepredicates�%� ��8��'9 � �5�*�:��� � , ";�!� �;87�'9.� � �5�*� � , 9<$-$-0'�-
 � �5���)�=� � ,9<$�$-0!� � � �5�7�.�/ � , ";�!� �!8�8 
 � �5�7� � and "#��� �!8�8 � � ���7� � .
Formally, wehave:

�*� �;87��9 � �5�*�:��� �?> �*� 6 � �5��� �.@ �!	�"#�%$�&!$(� � �.�/� � (1)

"#��� �;87��9.� � ���/� �?> A �B�*� �;87�'9 � �5�*�:��� � (2)

9<$-$-0'�-
 � �5�7�.�=� �C> , ��$(��
 � �.�=� �3@ED �*�-
 � �5�=� � (3)

";�!� �!8�8�
 � ���7� �C> F � � , ��$(�-
 � �.��� �HG �*��
 � �5�=� �/� (4)

9<$�$-0!� � � �5���)�/ �I> , ��$(� � � �.�= �)@ED �%� � � �5�/ � (5)

"#��� �!8�8 � � ���7� �C> F  � , ��$(� � � �)�/ �JG �%� � � �5�/ �/� (6)

4.3.2 Plan Notions

After having definedthe notionspresentedabove,
we are able now to formulate the notionsof au-
tonomousplan and dependentplan. A plan �
makes the object agent � a-autonomousfor goal� if and only if this agent can perform all the
neededactionsfor theexecutionof theplan(pred-
icate � ,;K ��8��'9 
 ). Analogously, we can define
the notionsof r-autonomousplan concerningthe
necessaryresourcesfor its execution (predicate� ,�K �;87�'9 � ). In thefollowing formal representation,
we includealsothesourceagent� to whomthere-
ferredplanbelongs:

� ,�K �;87�'9.
 � �5�*�:���.�5� �C> �*� �;87��9 � �:�*�:��� �/@";��� �!878 
 � �5��� � (7)

� ,�K �;8��'9 � � �5�*�:���.�5� �C> �*� �;87��9 � �:�*�:��� �/@";��� �!878L� � �5��� � (8)

On theotherhand,a plan � makesanobjectagent� a-dependentof the third agent � for goal � if

6One must notice that in all predicates,the subscriptsM / N
don’t have any relationwith the variablesM / N , they areonly a
shortnotationfor theterminalsaction/resource.As anexample,O�P/Q5P/R is acontractionfor O�P/Q5P M�S%TL+LU=V .



andonly if in this plan thereis at leastoneaction
which agent� cannot performandthatagent� can
perform (predicate0�$�� ��8��'9.
 ). Analogously, we
candefinethenotionof r-dependentplan(predicate0'$=� �;87��9<� ). Oncemore,werepresentformally also
thesourceagent� to whomthis planbelongs:

0'$=� �;87��9 
 � ���W���*�:���.�5� �X> �*�
6 � �:��� �/@A �ZY[�����%	 0'$�� 
 � ���W���*�:���.��� �
(9)

0'$=� �;87��9<� � �5�\���*�:���)��� �]> �%� 6 � �:�7� �=@A  ^Y
�!���%	 0'$=� � � �5�W�1�/���7�.�= �
(10)

where:

Y[�����%	 0�$�� 
 � ���W���*�:���.��� �]> �!	�"#�W$�&!$(� � �.�/� �=@9<$-$-0'�-
 � �5�7�.�=� �=@�*�-
 � ���=� �
(11)

Y[�����W	 0'$�� � � �5�\���*�:���)�/ �]> �!	�"#�%$�&'$(� � �)�*� �/@9<$-$-0!� � � �5���)�/ �/@�*� � � �1�= �
(12)

PredicatesY
�!���%	 0'$=� 
 and Y[�����%	 0�$�� � represent
the basicdependencesconcerningrespectively ac-
tions and resources. For instance, predicateY[�����%	 0�$�� 
 � �5�\���*�:���)�=� � expressesthat(i) � is aplan
thatachieves � , (ii) accordingto plan � , theaction� is neededin order to achieve this goal, (iii) � is
not able to perform action � and (iv) � is able to
performthis action. In thesequence,we aregoing
to usethe subscript� to denoteeitheran actionor
a resourcedependence,which we will call a social
dependence.

4.3.3 Autonomy Notions

By now, we can definethe several notionsof au-
tonomy that interestus. An object agent � is a-
autonomousfor goal � consideringthe plans be-
longing to agent source � (predicate� ,;K 
 ) if and
only if: (i) � hasthegoal � ; (ii) � hasa planwhich
makes � a-autonomousfor � . Analogously, we de-
fine the notion of r-autonomy(predicate� ,�K � ). If
an objectagent � is simultaneouslya-autonomous
and r-autonomousfor � , then � is said to be s-
autonomous(predicate� ,;K/_ ) for goal � :

� ,�K 
 � �5�*�:��� �]> �*� 4 � �5�/� �=@"#��� �;87�'9.� � �:�*� �/@A ��� ,;K ��8��'9.
 � �5�*�:���)��� � (13)

� ,;K � � �5�*�:��� �]> �*� 4 � �5�/� �=@"#��� �;87�'9.� � �:�*� �/@A ��� ,;K ��8��'9 � � �5�/���7�.��� � (14)

� ,�K _ � �5�/���5� �]> � ,;K 
 � ���/���5� �3@ � ,;K � � �5�*�:��� � (15)

4.3.4 DependenceRelations

If an object agent � is not autonomousfor goal� , he dependson others for this goal. We de-
fine the notionsof a-dependence(predicate0'$=� 
 ),
r-dependence(predicate 0�$�� � ) and s-dependence
(predicate0'$�� _ ) in thefollowing way:

0'$�� 
 � �5�*�:��� �]> �*� 4 � ���/� �=@";�!� ��8��'9.� � �:�/� �=@D`A �a� ,�K �;8��'9.
 � �5�/���7�.��� �
(16)

0�$�� � � �5�*�:��� �]> �*��4 � ���/� �=@";�!� ��8��'9.� � �:�/� �=@D`A �a� ,�K �;8��'9 � � �5�*�:���.�5� �
(17)0�$�� _ � �5�*�:��� �X> 0'$�� 
 � ���/���5� �3b 0�$�� � � �5�*�:��� � (18)

The fact thatanagentis dependenton othersfor a
certaingoaldoesn’t meanhoweverthatthereis nec-
essarilyat leastoneagentin the societythatcould
performthe actionor releasethe resourcethat the
dependentagentneeds.We mustthereforedefinea
secondnotionof dependence,which will becalled
dependencerelation, wherewe will useexplicitly
the notion of agentthird definedin section4.2.1.
An object agent � is said to be a-dependenton a
third agent� for goal � consideringthe plansbe-
longingto thesourceagent � (predicate0�$�� c-9.
 ) if
andonly if: (i) � hasthegoal � ; (ii) � is a-dependent
for � whenconsidering� ’s plans;(iii) � hasa plan
which makes � a-dependenton � . Theotherdefini-
tionsarebuild in a similar way, like in theprevious
sections(predicates0'$�� c-9 � and 0�$�� c-9 _ ):
0'$�� c-9 
 � �5�W�1�/���5� �X> 0'$���
 � ���/���5� �/@A ��0�$�� ��8��'9.
 � �5�\���*�:���)��� �

(19)

0�$�� c-9 � � �5�W�1�/���5� �X> 0'$�� � � �5�*�:��� �=@A ��0�$�� ��8��'9 � � �5�W�1�/���7�.�5� �
(20)

0'$�� c-9 _ � �5�W�1�/���5� �]> 0�$�� c-9.
 � ���W���*�:��� �=b0�$�� c-9<� � �5�\���*�:��� �
(21)

4.3.5 Mutual and ReciprocalDependence

Whenever a subjectagent � deducesthat he de-
pends7 on third agent� , it is alwaysinterestingfor
him to know whetherthis dependencerelation is
unilateralor bilateral. Consideringthe definitions
presentedin [6], we call mutualdependence(MD)
thesituationwheretheobjectagent� andthe third
agent� a-dependononeanotherfor a samegoal � .

7Noticethatin thisparticularsituation,theobjectandsubject
agentdenotethesameagent.



On the otherhand,we call reciprocal dependence
(RD) thesituationwherethesetwo agentsa-depend
on oneanotherfor different � and �!� . Formally, al-
waysconsideringagent � as the plan source, we
have:

dfe � �5�\���*�:��� �(> 0'$�� c-9 
 � ���W���*�:��� �=@0'$�� c-9 
 � �1�=�5�*�:��� � (22)

g^e � �5�\���*�:�*� � �5� �(> 0�$�� c-9 
 � �5�\���*�:��� �=@0�$�� c-9 
 � ���/�5�*�����5� �/@01�*232 � ���/�!� � (23)

Let us remindthat thesenotionsarestrictly linked
to the social interactionstypesof cooperation and
socialexchange, asshown in section3. We wantto
stressthefactthatwehaveusedonly actiondepen-
denceswhendefiningthenotionsabove. Wejustify
this choicein thesequence.

4.4 SomeSimplifications

In orderto continuethedefinitionof ourmodel,we
haveadoptedtwo simplifyinghypothesis,whichare
describednext.

4.4.1 Constraints on Agent Roles

Oneof thecoreideasof thiswork is thattheseveral
notions of autonomyand dependenceare tightly
connectedto the plan set used in the reasoning
mechanism. In otherwords,asubjectagentmayuse
eitherhis own plans(in this case,the subjectand
sourceagentsdenotethe sameagent)or thoseof
theothers in orderto reasonabouthis autonomyor
dependencefor acertaingoal. In thislatter, wemay
considerthat the subjectagentdoesa kind of sim-
ulationof thethird agent’ssocialreasoningmecha-
nism.On theotherhand,if we considerthesubject
agent,the fact of not having any constrainton the
possiblesourceagentswhen inferring his depen-
denceshasanundesirablesideeffect: thecombina-
torial complexity of thecalculus.Consideringthat
our objective is not limited to proposea theoretical
framework for thesocialreasoningmechanism,but
alsoto proposeafeasibleandefficient implementa-
tion, wehaveproposedthefollowing constraintson
thiscalculus,regardingasamesubjectagentwhois
reasoning:
1. first, the subjectagentlimits himself to calcu-
latehisown dependencerelationsontheothers,us-
ing his own plans. On otherwords,the notionsof
subject,objectandsourceagentsdenotethe same
agent;
2. oncedetecteda dependencerelationon a third
agent,the subjectagentcalculatesthepossiblede-
pendencerelationsthat this third agentmay have

on him. On otherwords,the agentsthat have just
had the roles of object and third agentsare inter-
changes.However, the subjectagentusesalways
his own plans,i.e., thesourceagentalwaysdenotes
thesubjectagent;
3. if eitheramutualor reciprocaldependenceis de-
tectedin thepreviousstep,thesubjectagenttriesto
verify whetherthis sameconclusioncould be in-
ferred by using the third agent’s plans. On other
words,theagentwhoserole wasthatof third agent
in thepreviousstepsbecomesnow thesourceagent,
andthetwo previousstepsarerepeated.
We believe thatby fixing theseconstraints,we can
diminishthecalculuscomplexity, but wecanmain-
tain someessentialaspectsof themodel,i.e.,mak-
ing it possiblefor a subjectagentto calculatesome
propertiesthat he believes that could be also in-
ferredby someotheragents.We will detail better
this aspectof themodelwhenwe definethenotion
of dependencesituationin section4.6.

4.4.2 Constraints on DependenceTypes

As explainedin section4.2.2,we believe that ac-
tion and resourcedependencerelationsare inher-
ently different. However, in equations(22) and
(23), we have usedonly actiondependencesto de-
fine mutualandreciprocaldependence.We could
have usedthe notion of social dependence,pre-
sentedin equation(18) to define the former, but
we don’t believe that thereis a symmetrybetween
thesenotions: we want to distinguish the situa-
tion where 0'$�� c-9.
 � �5�W�1�/���5� �X@ 0'$�� c-9<� � �1�=�5�*�:��� �
holds from the one where 0�$�� c-9<� � �5�\���*�:��� �B@0�$�� c-9.
 � ���/�5�*�:��� � holds. We believe that this dis-
tinction is importantandmustbebetterinvestigated
in thefuture. However, we havechosennot to treat
this issuein thiswork. Consequently, in thefollow-
ing definitions,we will limit ourselvesto analyze
actiondependences,andwe will not useanymore
thesubscriptto denotethis typeof dependence,i.e.,
wewill usethetermsautonomousanddependentas
synonymsof a-autonomousanda-dependent.

4.5 Goal Situations

We call goalsituationarelationthatholdsbetween
anagentandonegoal,whichhasfour possibleout-
comes:
1. No Goal (NG): theagentdoesn’t have this goal
in hisgoalset;
2. No Plans (NP): the agenthasthis goal, but he
doesnot haveany planwhich achievesit;
3. Autonomous(AUT): theagenthasthisgoaland
at leastoneplanwhich makeshim autonomousfor



this goal;
4. Dependent(DEP): the agenthasthis goal but
all his plansthat achieve it makeshim dependent
on othersfor this goal.
Formally, we have:

hji � �5�*� �I> D �*��4 � �5�/� � (24)hjk � �5�*� �I> �*��4 � �5�/� �3@ED ";�!� ��8��'9.� � �5�*� � (25)lnmno � �5�*� �C> � ,;K 
 � �5�/���=� � (26)e�p�k � �5�*� �I> 0�$�� 
 � �5�*�:�/� � (27)

Givena certaingoal to achieve, an agentnormally
calculateshis goalsituation.If he is dependentfor
thisgoal(

e�p�k � �5�*� � ), hewill thencalculatehisde-
pendencesituationregardingother agentsfor this
goal,aswe show next.

4.6 DependenceSituations

Being dependentfor a certain goal, and after
calculating his dependencerelations, an agent
mayusetheselatter to reasonaboutthe others. In
particular, given a certain goal � , an agentmay
calculatehis dependencesituation towards every
otheragent� who belongsto thesociety. An agent
infersa locally believeddependence, eithermutual
or reciprocal,if he usesexclusively his own plans
when reasoningaboutthe others. If he usesboth
hisownplansandthoseof thethird agentonwhom
he dependsto deducethis conclusion,we will say
thathehasinferredamutuallybelieveddependence
betweenthem8.

Let usconsidertwo agents� and � , wherethesub-
ject agentis � . If � infers

eap�k � �5�*� � as his goal
situationfor the goal � , therearesix differentde-
pendencesituationsthatmayholdbetweenhimself
andthethird agent� , consideringhissocialreason-
ing mechanism:
1. Independence(IND) : usinghisown plans,� in-
fersthathedoesn’t dependon � for � ;
2. Locally Believed Mutual Dependence
(LBMD) : using his own plans, � infers a mutual
dependencebetweenhimself and � for � , but he
can’t deducethesamefactusing � ’s plans;
3. Mutually Believed Mutual Dependence
(MBMD) : using his own plans, � infers a mutual

8We are consciousthat in our context, the meaningof the
term “mutually believed” is somewhat different from the one
usuallyusedin MAS, like in [18]. For us,this termdenotesthe
factthat thesubjectagentbelievesthat thethird agenton which
hedependsfor a certaingoal is alsoawareof their bilateralde-
pendencerelation.

dependencebetweenhimself and � for � . More-
over, he candeducethe sameconclusionusing � ’s
plans;
4. Locally Believed Reciprocal Dependence
(LBRD) : using his own plans, � infers a recipro-
caldependencebetweenhimselfand � for � and ��� ,
but hecan’t deducethesamefactusing� ’s plans;
5. Mutually Believed Reciprocal Dependence
(MBRD) : usinghis own plans, � infers a recipro-
caldependencebetweenhimselfand � for � and ��� .
Moreover, hecandeducethesameconclusionusing� ’s plans;
6. Unilateral Dependence(UD): using his own
plans, � infers that he dependson � for � , but this
latterdoesn’t dependon him for any of hisgoals.
Formally, wehave:

q'hje � �5�\���*� �X>
e�prk � �5�*� �/@D 0'$�� c-9.
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One may notice that regarding the mutually be-
lieveddependences,eithermutualor reciprocal,we
didn’t supposeatany momentthattheagents’plans
must be identical. This particular point has the
advantageof not putting a uselessconstrainton
the model. We show in section6 that the agents
mayexploit their dependencesituationswhenthey
have to chooseto which partnerthey shouldsend
a propositionof coalition formation,in thecaseof
beingunableto achievetheir goalsby themselves.

5 Effectson Adaptation

In this section, we analyzethe social reasoning
mechanismeffectson the adaptationof an agent,
immersedin anopenMAS. In particular, we show
thatanagentmayusecertainresultsinferredby this
mechanismin orderto chooseagoalto achieveand
a planto execute,beingassuredthatall functional-
ities neededto executethe chosenplan are avail-
able in the society. A more detailedanalysison



this topic,includingthecompleteformalmodeland
someresultsof computationalsimulation,may be
foundin [22, 23].

5.1 Feasible Plans and Achievable
Goals

If the context of an opensociety, one can’t guar-
anteethat the plansthat an agenthasto achieve a
certaingoalarealwaysfeasible. Thisnotionof fea-
sibleplan impliesthatall neededactions/resources
to the executionof theplan arecurrentlyavailable
in theagents’society, i.e., thereis at leastonesin-
gle agentwhich canperformeachof theseactions
andwhich controlseachof theseresources.We in-
troducetwo predicateswhichrepresentrespectively
thata certainactionor resourceis available in the
societyin a certainmoment:

�'&!���%87�!Y
8�$ 
 � � �v> A �.�*� 
 � �5�=� � (34)

��&!�'�%8���Y[8�$ � �  �v> A �.�*� � � ���= � (35)

Usingthesedefinitions,we canrepresentthreedif-
ferentnotionsof feasibleplans,like we have done
regardingthenotionsof autonomyanddependence
in sections4.3.3 and 4.3.4. Intuitively, a plan is
a-feasibleif all the actionsneededto its execution
canbeperformedby at leastoneagentwhobelongs
to the society. Analogously, we candefinea simi-
lar notionof r-feasibleplans,consideringsolelythe
resources.A plan which is both a-feasibleandr-
feasibleis saids-feasible:

2:$-�����*Y[87$ 
 � � �`>wF � � , ��$-� 
 � �.�=� �HG �'&!�'�W87��Y[8�$ 
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(36)
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For the samereasons,one can not guaranteethat
the agents’goalsarealwaysachievable. A goal is
saidto beachievableby acertainplanif thisplanis
feasible.We canthereforedefinesimilarnotionsof
a-achievable, r-achievableands-achievablegoals:

�!	�"#�%$�&'��Y[87$ 
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Hereafter, we adoptthe samesimplificationspre-
sentedin section4.4, whenwe have discussedde-
pendencetypes.We will limit ourselvesto theno-
tionsconcerningactions,andwill usethetermsfea-
sibleandachievablerespectively assynonymsof a-
feasibleanda-achievable. We show briefly in the
sequencehow an agentusesthe notionsdescribed
abovewhenfacedto somedecisionshehasto make.
Remindingthe agentmodelwe have presentedin
section2.1, we adopt the hypothesisthat agents
choosefirst a goal to achieve, then a plan whose
successfulcompletionachievesthatgoalandfinally
possiblepartnersto whom eventualcoalition pro-
posalsareto besent.

5.2 Goal Decision

In our model,an agentmay usea plan even if he
can’t perform someof its actions. Consequently,
when faced to a goal decision, he must verify
whetherthe goal in questionis achievableor not.
As explainedearlierin section4.4,anagentalways
startsreasoningusinghis own plans. Formally, an
agent� infers if his goal � is achievablein the fol-
lowing way:

�'	�"y�%$�&'��Y[87$ � �5�*� �.>
lnmno � �5�*� �3bz� e�p�k � ���/� �=@A � � �*�
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(42)

An agentthereforeinfersthatacertaingoal � is fea-
sible if (i) he is autonomousfor this goalor (ii) he
hasa planwhereall its neededactionscanbe per-
formedby at leastoneagentbelongingto thesoci-
ety. If we analyzeequation(26), it canbe shown
that

l^mno � �5�/� �jG �!	�"y�%$�&!�!Y
8�$ � �5�*� � , becausethe
agenthimselfcanperformall theneededactionsin
theplan.
Let ustakeasanexamplearesearcher���y{ whobe-
longsto a researchlaboratory. Let ussupposethat
hehastwo goalsto achieve: write anarticleon so-
cial simulation( �| -� K $ �-� �;����$� ) andwrite another
oneonamulti-agentapproachfor socialsimulation
( �| -� K $ �-� }E��� �;���;$� ). Let us also supposethat
his plansfor thesegoalsarerespectively:
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for the secondgoal �� �� K $ �-� }���� �;���;$� . Let us
finally supposethatthis researcherknowswell Mi-
crosoftWord, but hecan’t useLATEX language,and
that he is perfectly able to write a whole section
about social simulation, but not a section about
the foundationsof multi-agentsystems.If the ac-
tion �| -� K $ }E�!� ��$-	 K �%c-9 can’t beperformedby any
agentin the laboratory, agent ����{ would deduce
thepropositions�!	�"#�W$�&!��Y[8�$ � ���y{��=�| -� K $ ��� ������$� �
and

D �!	�"#�%$�&!��Y[8�$ � �1�y{��=�| -� K $ �-� }E��� �;���;$� � .
In our externaldescriptionmodelpresentedin sec-
tion 4.1,we have defineda function � � � � to repre-
senttheimportanceof a goal. Usinga strictly util-
itarianapproach,giventwo differentgoals� and �!�
suchthat � � � ��� � � �!� � , an agentwould choose
to pursuit � , since this goal hasa greaterimpor-
tance. We believe that a decisioncriterion based
exclusively on this notion of importanceis insuf-
ficient to characterizeopen societies. It doesn’t
seem reasonablethat an agent could chooseto
pursuit a goal using exclusively its importance,
without verifying whetherthe goal is achievable
or not9. In our example, even supposingthat� � �| -� K $ ��� }E�!� ������$� ��� � � �| -� K $ ��� ������$� �
(the first conference,for instance,maybe more
prestigiousthan the secondone), agent ���y{ will
chooseto pursuitgoal �| -� K $ �-� �����;$� , becausehis
social reasoningmechanismhas inferred that the
othergoalis not achievableat themoment.

5.3 Plan Decision

Sinceagoalhasbeenchosen,anagentmustchoose
a plan to execute, whose successfulcompletion
shouldleadto the achievementof the goal. In the
generalcase,an agentmay have several plansto
achieve a certaingoal. Using the samearguments
presentedin the earliersection,an agentmust in-
vestigatewhethera certainplan is feasiblebefore
selectingit. As explainedbeforein section4.4,an
agentalwaysusesfirst his own plansin his social
reasoningmechanism.Formally, an agent � infers
if his plan � is feasiblein thefollowing way:

2:$-�����*Y[87$ � �5��� ��> �*� 6 � �5��� �3@ 2:$-�����%Y
8�$(
 � � � (43)

If we considerthe examplepresentedin the pre-
vious section, let us supposethat agent ����{ has
chosento pursuit goal �| -� K $ �-� �;����$� , because
it is his sole achievable goal. He can achieve
by executing two different plans. Let us sup-
poseyet that thereisn’t any researcherin the lab-
oratory who knows LATEX language. Considering

9In fact, in mostutilitarian approaches,all theagents’goals
areintrinsically consideredasbeingalwaysachievable.

the planspresentedin the last section,agent ����{
would deducethe propositions2:$������*Y[8�$ � �1�y{�� ~ � �
and

D 2:$-�!���*Y[87$ � ����{y� ~;� � .
In our externaldescriptionmodelpresentedin sec-
tion 4.1, we have definedtwo functions 	�
 � � � and	
� �  � to representexplicitly thecostsof actionsand
resources.In afirst approximation,wecansuppose
that thecostassociatedto a planmaybedefinedas
thesumof costsof all actionsandresourcesneeded
for its execution10:
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where
l 6 � �-� ��� , ��$(��
 � �.�=� � � � and

g 6 �
�� ��� , ��$(��� � �)�/ � � � . Using a pure utilitarian ap-
proach, given two different plans � and ��� that
achieve a samegoalsuchas 	 � � �|� 	 � ��� � , anagent
should always chooseplan � , becauseit is less
costly. As in the previous section,a plan decision
basedexclusively on this notion of cost is insuffi-
cientto characterizeopensocieties.It doesn’t seem
reasonablethatanagentshouldchoosea lesscostly
planwithout investigatingwhetherthis plan is fea-
sibleor not. In our example,evenif 	 � ~3� �|� 	 � ~ � �
(for instancebecausea text written in LATEX takes
lesstime to be produced),agent ���y{ will choose
plan ~ � , becausehis social reasoningmechanism
hasdetectedthat ~;� is not feasibleat themoment.

6 Effects on Coalition Forma-
tion

In this section,we analyzethe effects of the so-
cial reasoningmechanismon coalition formation
amongagents. If we considera context of non-
benevolentagents,weshow thatagentsmayexploit
their dependencesituationsto choosethe possible
partnersto whomcoalitionproposalsareto besent,
in thecasethey aredependentfor a certaingoal. A
moredetailedanalysison this topic, including the
completeformalmodelandsomeresultsof compu-
tationalsimulation,maybefoundin [22, 26].

6.1 Partners Decision

Having chosenboth a goal and a plan, an agent
mustchoosepossiblepartnersto whom he should

10In this first approximation,we considerthat if a certainac-
tion/resourcesappearsmorethanoncein acertainplan,it is rep-
resentedby severaldifferent M�� . Moreover, wesupposealsothat
all theagentsevaluatein asameway theseactionandresource’s
costs.



proposea coalition formation,whenhe can’t exe-
cutethe selectedplan by himself. If we take once
more our previous exampleof the researchlabo-
ratory, let us supposethat two new researchersin
the multi-agentdomain have arrived. As a con-
sequence,action �| -� K $ }E��� ��$-	 K �%c-9 hasnow be-
comeavailable,andagent �1�y{ will prefernow to
choosegoal �| -� K $ �-� }���� �;����$� �\� . A new ques-
tion now arises: To which of thesenew agents
should���y{ senda coalitionproposal?
As in this work we don’t consideragentsasbenev-
olent,we proposeto usethenotion of dependence
situationspresentedin section 4.6 as a decision
criterion whenanagentneedsto choosea partner.
In other words, if agent � needsa certain action� to be performedin order to achieve goal � , and
if therea set of agents�����3� ����� that can perform
this action, agent � can calculatehis dependence
situation for goal � towards eachof theselatter
and to chooseto addressa proposalto the one
he believes that will be more receptive to this
proposal. In the rest of this section, we will
call proponent the agent who sendsto another
one a coalition proposaland addresseethe agent
who receives the proposal. The proponent’s
intention is that the addresseeadopts his goal
and performshis neededaction. The addressee,
however, can reject the proposition, for instance
if he prefersto take part in othercoalition for the
samegoal. We have proposeda partnerdecision
criterionwhichcombinestwo differentsub-criteria,
calledplansourceanddependencenaturecriterion.

We call plan source a criterion that distinguishes
locally believed dependencesfrom mutually be-
lieved ones. Reminding the definitions used in
section4.6, theproponentinfersa locally believed
dependenceif he usesexclusively his own plans,
while he infers a mutually believed dependenceif
he usesboth his own plansand thosehe believes
that belong to the addressee. Obviously, the
dependencesituation IND is useless,becausea
proponentwill never considerto senda proposal
to an agentunableto perform the neededaction.
We considerthat if the proponenthas inferred a
mutually believed dependence, he will havemore
chancesto obtain the action that he needs. If we
supposethatbothagentshasthesameinformation
one about the other11, we have a situationwhere
both agentsinfer the samedependencesituation
towardsoneanotherandbothof themareconscious
of this fact. If we considerthe global communi-

11We call this hypothesisexternal descriptioncompatibility,
andwewill detailthis issuein section7.

cation flow, interactionsare simpler, becausethe
proponentwill not needto convince the addressee
of theirdependencesituation.If weassociateacost
function to this communication,thesedependence
situations(MBRDandMBMD) will costlessto the
proponent,and thereforewill be preferredfaceto
theothers.

We call dependencenature a criterion that distin-
guishesdependencesituationsby whatis beingpro-
posedto the addresseein exchange. We consider
that if the proponentoffers somethingin exchange
to someactionheasksfor, hehasmore chancesto
obtain theactionheneeds. Oncemore,thedepen-
dencesituationIND is useless.It is quiteclearalso
thatthesecondlessadvantageousdependencesitu-
ation is UD, becausethe proponenthasnothingto
proposeto the addresseein exchange.If we com-
paremutual and reciprocaldependences,we con-
sideralsothata mutualdependenceis a betterop-
tion for theproponent. Thiscanbeexplainedby the
factthattheaddresseehasthesamegoal,andthere-
fore should not fear an absenceof reciprocation
from theproponent.In thecaseof eitheraLBRDor
aMBRD, oneagentmustnecessarilyadoptthegoal
of theotherfirst. Hecanthereforeaskhimselfif the
otheragentis trustful, if heis goingto honorhis fu-
ture commitmentsetc. Not surprisingly, this ques-
tion never arisesin a context of benevolentagents.
By usingsuchapproach,our modelhastheadvan-
tageof not imposingany pre-establishedbehavior
of theagents.

IND

MBMD

MBRDLBMD

LBRD

UD

useful partners

useless partners

better
partners

Figure3: PartnerDecisionCriterion

We have combinedthesetwo sub-criteriato en-
ableanagentto choosethebestpossiblepartnerto
achieveacertaingoal.Thiscombination,presented
as a lattice in figure 3, proposesa partnerprefer-
enceorderwhich an agentwill adoptto decideto
whom a coalition proposalis to be sent. Accord-



ing to thisorder, anagentwill alwayspreferto send
a proposalto a partnerwhosedependencesituation
towardshim is a MBMD, which is themostadvan-
tageousdependencesituation. On the otherhand,
he will alwaysavoid if possibleto sendproposals
to agentswhosedependencesituationtowardshim
is a UD, which is theleastadvantageousone.

6.2 Partner Acceptance

Whenever an addresseereceives a coalition pro-
posal,he must decidewhetherhe takes part in it
or not. In thegeneralcase,this decisionprocedure
is farmorecomplicatedthanthepreviousonesthat
we have just describedso far, asexplainedin [22].
Particularly, asdiscussedin section4.1.2,a belief
revision mechanismmay be activatedwhenever a
coalitionproposalarrives12. Weproposearatherre-
strictedschemato solve this problem.As our main
objective is to show the importanceof the social
reasoningmechanismwithin an agentmodel, we
believe thatthis schemacanillustratesomeaspects
which we believe areimportantones.We suppose
thatwhena addresseereceivesa coalitionproposal
for acertaingoal,hehasthefollowing behavior:
1. whenever the addresseedetectsthat the propo-
nent has either false or incompletebeliefs about
him, herefusesto take part in thecoalitionandin-
forms the proponentaboutthis fact. In this way,
the proponentcanupdatehis representationof the
addressee;
2. theaddresseemayalsodetectthathe hassome
falseor incompletebeliefsabouttheproponent.In
this case,he mustalsoreviseandupdatethesebe-
liefs;
3. the addresseecalculatesthenhis goal situation
for the offeredgoal. If he infers

hzi
or
lnmno

, he
refusesto takepartin thecoalition;
4. if, on the otherhand,his goal situationis

hjk
,

the addresseeacceptsto take part in the coalition,
becausein this wayhisgoalbecomesachievable;
5. finally, if his goal situation is

eap�k
, the ad-

dresseecalculateshis dependencesituationsfor the
offered goal towardsall the other agents,using a
plan � chosenaccordingto theproceduredescribed
in section5.3. Whenthis procedureis finished,the
agentverifiesif theproponentbelongsto thesetof
agentsthathewouldchooseif heweresupposedto
startandsendacoalitionproposal.If theproponent
is in this case,he acceptsto take part in the coali-
tion, otherwiseherefusesto takepartin it.
This partneracceptancecriterion was usedin the
DEPINT system[22, 28]. In [22, 26], we present

12Wedetailthis mechanismin section7.

alsoseveral examplesconcerningthe evolution of
the partnerschoice. Similarly to the caseof goal
andplan choices,we show that whenagentsenter
and leave the society, this choiceand acceptance
of partnersaredynamicallychangedby theagents
themselves.

7 Effectson Belief Revision

In thissection,wewill analyzetheeffectsof theso-
cial reasoningmechanismonbeliefrevision. In par-
ticular, weshow thatbyusingsuchamechanism,an
agentmaydetectif his representationof theothers
is eitherincompleteor incorrect,et mayeventually
revisethis representation.A moredetailedanalysis
on this topic, includingthecompleteformal model
andsomeresultsof computationalsimulation,may
befoundin [22, 25, 27].

7.1 External Language

In order to be able to comparethe resultsof the
social reasoning mechanismsof two different
agents, we have to place ourselves as external
observersof thesociety, andhencewe will beable
to analyzethe different results inferred by each
of them. We needthereforean external language,
which could identify the subjectagent,asdefined
in section4.2.1. Technically speaking,we need
to representexternally the beliefsof an agent.We
have usedthe deductionmodel of belief [17] for
this task. By usingsuchmodel,we have defineda
setof belief operators�-�Z�J�=�� �� ����� � suchthat the
external languageformulae �B�E¡ meansthat the
internal languageformulae ¡ belongsto the belief
baseof agent� . We will restrictour analysisto the
resultsinferredby thesocialreasoningmechanism
of two agents.Thesubsetof the internallanguage
formulaewill thereforebe restrictedto thosethat
could be inferred by such mechanisms,i.e., the
formulaedescribedin section4. In the sequence,
we detail the essentialaspectsof this external
language.

First of all, we needto be ableto expressthat two
genericagents� and � have the sameexternalde-
scriptionentry relative to a third agent � . In order
to do so, we definethe four following predicates
whichexpressrespectively thefactthatagents� and� havethesamebeliefsregardingthegoals,actions,
resourcesandplansof agent� :

¢ c-}Z�;4 � �5�\����� � >£F � � � � �*��4 � �:�*� �%> �   �*��4 � �:�/� �=� (45)¢ c-}B��
 � �5�\����� � >£F � � �B�y�*�-
 � �3�=� �%> �� J�*�-
 � �:��� �/� (46)



¢ c-}B�;� � �5�\����� �¤>BF  � �Z���*��� � �:�= �%> �� J�*��� � �:�/ �/� (47)¢ c-}B� 6 � �5�\����� �¤>BF � � �B�#�*� 6 � �:�7� �<> �| J�%� 6 � �:�7� �=� (48)

Usingthesepredicates,thesituationwhenagents�
and� havethesameexternaldescriptionentryrela-
tive to agent� is expressedby:

¢ c-}B� � �5�\����� �]>
¢ c-}B� 4 � �5�\���5� �3@ ¢ c-}Z�:
 � �5�\����� �/@¢ c-}B�;� � �5�\����� �3@ ¢ c-}B� 6 � �5�W�1�5� �

(49)
We call external descriptioncompatibility the fact
that two agentshave the sameexternaldescription
entriesrelatives to eachof them. In otherwords,
this hypothesismeanthat both agentshave com-
pleteandcorrectbeliefsabouteachother:p � K/¥ � �5�\� �I> ¢ c-}B� � �5�\���/� �<@ ¢ c-}B� � �5�W�1�W� � (50)

7.2 AgencyLevel Inconsistency

In sections5 and6, we wereinterestedin analyz-
ing the effectsof the social reasoningmechanism
on an agentdecisionmechanismon goals, plans
andpartners.In orderto do so,we have implicitly
adoptedthe external descriptioncompatibilityhy-
pothesis. In otherwords,we have consideredthat
the information that agentspossessaboutonean-
otherwerebothcompleteandcorrect. As we have
discussedin section4.1.2,thissituationdoesn’t rep-
resentthe generalcase,if we supposethat infor-
mationsources,suchasperceptionandcommuni-
cation,may generateerrors. We call agencylevel
inconsistencythe fact that two agentshave differ-
ent externaldescriptionentriesrelativesto eachof
them[22, 25]. This inconsistency maybedetected
by theanalysisof theresultsof thesocialreasoning
mechanismsof two agents. We call coupledout-
comea pair of resultsobtainedby the social rea-
soningmechanismsof two differentagents,when
theselatterarecalculatingtheir goalsituationsand
dependencesituationsfor a certaingoal. We show
next thatsomeparticularcoupledresultsmayindi-
catean agency level inconsistency. In orderto do
so, we take asa startinghypothesisthat all agents
calculatetheir goalanddependencesituationsfor a
certaingoal,asdefinedin section4. In thisway, the
usageof the belief operator�B� in a formula like� � dftBdfe � �5�\���/� � meansthatthesubjectagentis
agent� , andthattheexternaldescriptionusedto cal-
culatesuchdependencesituationis the onewhich
belongsto thesubjectagent� . By usingour defini-
tion of externaldescriptioncompatibilitydescribed
in equation(50),onecaneasilydemonstratethefol-
lowing theorems:

� � dftZdfe � ���W���*� �/@D �   dftBdfe � ���/�5�/� �
G�D p � K/¥ � �5�W� � (51)

� � dftrg^e � �5�\���*�:�*��� �=@D �   dftZg^e � ���/�5�/�!�7�*� �
G¦D p � K/¥ � �5�\� � (52)

�B� sJtZdfe � �5�\���*� �/@��  sutBdfe � ���/�5�/� �
G¦D p � K ¥ � �5�\� � (53)

� � sutZg^e � �5�\���/���/�!� �/@�   sJtrg^e � �1�=�5�*�����*� �
G¦D p � K/¥ � �5�\� � (54)

D-SIT 
 4[§*¨(©'ª
 4
§%¨(©y« IND UD LBRD LBMD MBRD MBMD
IND xxx xxx
UD xxx xxx
LBRD xxx xxx xxx
LBMD xxx xxx xxx
MBRD xxx xxx xxx xxx xxx
MBMD xxx xxx xxx xxx xxx

Table1: Agency Level Inconsistency

Theproofsof thesetheoremsarepresentedin [22].
We representtheseresults in table 1. A “xxx”
meansthat thereis an agency level inconsistency.
This table is not complete,assomecasesthat are
not representedas inconsistentmay in fact be so,
if one assumessome supplementaryhypothesis,
like the fact that the agentshave similar planning
mechanisms. In this particular case,agentsmay
evendeducewhich arethe falseor incompletebe-
liefs which they have on oneanother, asshown in
[22, 25].

7.3 SocialAction and Belief Revision

The resultspresentedin the previous sectionare
somewhatencouraging,becausethey enableto con-
struct a model where an agent may detect and
reasonabout agencylevel inconsistency. Even if
agentsdon’t have accessto the external descrip-
tion of otheragents,astheselatterareprivate, one
mustremindthereasonwhy wehavedesignedsuch
a mechanism:to enableagentsto perform social
actions. This meansthatwhenever anagentneeds
helpfrom theothers,hewill usesuchamechanism
to sendcoalitionproposals. Whentheaddresseeof
suchapropositionreceivesamessage,hecancom-
pareit with thegoalor dependencesituationwhich
he hasinferredby usinghis own social reasoning
mechanism,andhe canusetheorems(51) to (54)
to detectandreasonaboutan agency level incon-
sistency.
In orderto illustratethis point, let usconsideronce
morethe researchlaboratoryexamplepresentedin
section5. Let us supposethat agent ���!¬ hasjust
arrived to this laboratory, and also that this new
agenthasgoal �| -� K $ �-� �;����$� , but heis notableto
performaction �| -� K $ �-� ��$-	 K �%c-9 . In our example,



agent���y{ hasjust known thatthepapersto besub-
mitted to the conferencemustbe written in LATEX:
therefore,his first plan ~ � is no longeravalid plan.
Let us supposeyet that ����{ for somereasonbe-
lievesthatagent����¬ knowsto useLATEX , andsend
him thefollowing coalitionproposal:

I believethatwehavea MBMD for goal
write sspaper. I proposea cooperation,I perform

actionwrite sssection,OK?

When he receives this proposal,agent ���!¬ con-
firms his beliefs that agent ���y{ can perform ac-
tion �| -� K $ �-� ��$-	 K �%c-9 . His socialreasoningmech-
anismwill infer that his dependencesituationfor
this goal towardsagent ���y{ is UD. By using the-
orem (51), he is leadedto concludethat there is
anagency level inconsistency. In particular, hecan
detectthat agent����{ hasa falsebelief concerning
hiscapabilityto performaction�; (c(	
$(��� 87� K $ � : this
latter believesthathe canperformthis action,and
this fact is not true13. Let ussupposethat thatdue
to the sincerityprinciple (P(2)), agent ����¬ replies
to ����{ thefollowing answer:

I don’t believethat I canhelpyou,becauseI can
not performactionLATEX !

Whenagent �1�y{ received suchmessage,he needs
to activatea belief revision mechanism.This fact
show usanimportantcycle thatholdsbetweenso-
cial actionandbelief revision: for onehand,agents
are leadedto social action by their beliefsabout
theothers, but on theotherhandsocialactionscan
leadagentsto revisethesebeliefsabouttheothers,
whentheseactionsarenot successful.We analyze
this belief revisionprocedurein thesequence.

7.4 Context DecisionCriterion

Belief revisionis averyimportantresearchdomain,
which hasbeentreatedby differentcommunities,
aswe show in [22, 27]. Obviously, our objective
is not to proposea generalframework for multi-
agentbelief revision. We will be satisfiedif we
canfind a very simplesolution that could enables
us to illustrate the effects of the social reasoning
mechanismon belief revision. Like [20, 13], we
considerthata procedureof belief revision is com-
posedof thefollowing phases:(i) detection, where
aninconsistency in thesystemis detected;(ii) iden-
tification, wheretheculprit(s) of the inconsistency
arefound; (iii) decision, wherea context (a subset
of consistentbeliefs) to be maintainedis chosen;
and (iv) propagation, wherethe beliefs that areto

13We supposein this casethatbothagentsusethesameplan­�® presentedin section5.2.

beneglectedaredroppedout andthebelief baseis
updatedaccordingto the chosencontext. We are
particularlyinterestedherein the third phasecited
above,i.e.,to proposeadecisioncriterionto choose
thecontext to bemaintained,in thecaseof anopen
societyof non-benevolentagents14. In orderto do
so, we have usedthe notionsof credibility of in-
formationsources, proposedin [13], and informa-
tion topics, proposedin [14]. This latter presents
a modelwhereagents’credibility aredifferentiated
by topics,meaningthatacertainagentmaybemore
crediblewith respectto a certainsubjectthanwith
respectto othertopics. This ideahasbeenalready
beenusedin othercommunities,like databasefu-
sion [7]. We have usedsomeresultsof the work
citedaboveto designourdecisioncriterion:wedif-
ferentiatethe agents’information sources,in par-
ticular perceptionfrom inference,like [13], andwe
havealsoadaptedthenotionof informationtopic in
a very restrictedway. By this moment,we mustre-
mind two principlesadoptedfor our agentswhich
werepresentedin section2.2: thesincerityprinci-
ple (P2)andtheauto-knowledgeprinciple(P3).By
usingthesetwo principles,we have a quitesimple
but veryusefulresult:

If an agent � hasa completeandcorrectknowledge
abouthimselfandif healwayscommunicatesthe
truth, i.e., thepropositionsin which hebelieves,
thenfor all agentsthebestinformationsource

abouttheinformationtopic � is theagent � himself.

We mustproposeacontext decisioncriterionbased
on this result. As said above, our goal is not to
proposea genericcriterion, but just onevery sim-
ple andsound.We have adoptedthereforethe fol-
lowing additionalproperties:(i) perceptionis a less
credibleinformationsourcethaninferencefor any
agent;and(ii) anagentconsidershis own informa-
tion sources(perceptionandinference)morecred-
ible than the information communicatedby other
agents,exceptfor thecasewhereanagentcommu-
nicatessomeinformationabouthimself to theoth-
ers, as we have just seenabove. Consideringthe
informationtopics,eachagentcorrespondsto adif-
ferenttopic. This criterion is presentedasa lattice
in figure4. Accordingto this criterion, in thecase
of acontradictionandgivenaninformationtopic � ,
anagent� will alwayspreferto believe in theinfor-
mationfurnishedby agent� himself. Then,hewill
considertheinformationabout� gatheredby infer-
enceasthemostcredibleone,followedby theone
gatheredby perception.Finally, hewill alwaystry
to avoid to believe in the informationfurnishedby

14Thedevelopmentof theotherphasesmaybefoundin [22].
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Figure4: Context DecisionCriterionfor Topic �

otheragentsabout � . For simplicity, we have cho-
sennot to representexplicitly within an agentthe
notion of time. However, this notion is taken im-
plicitly into accountin the completeformal model
presentedin [22, 27]: if two informationsourcesare
notcomparable,thentheagentdecidesto believein
themorerecentone.

8 Conclusions

In this work, we have presenteda social reason-
ing mechanismbasedonthenotionof socialdepen-
dence.Thismodelenablesanagentto reasonabout
others,which is an essentialaspectin the context
of anopenMAS, sincein thesekind of systemsthe
agents’organizationcan’t bespecifiedstaticallyin
designtime. Wehaveindicatedthatthismechanism
canbe usedboth asa basisto coalition formation
andasatool whichhelpsanagentto betteradaptto
dynamicalchangesin theenvironment,by evaluat-
ing ateachmomentwhichof hisgoalsarecurrently
achievable,which of his plansarecurrently feasi-
ble andwhich partnershave a greatersusceptibil-
ity to accepthis coalitionproposals.We have also
shown that this mechanismmayalsohelpanagent
to detectagencylevel inconsistencyandto eventu-
ally revisehis beliefsabouttheothers. Finally, we
have pointedout that thereis an importantrelation
thatholdsbetweensocialactionandbelief revision
in thesekind of systems:for onehand,agentsare
leadedto socialactionby theirbeliefsabouttheoth-
ers, but on the other handsocial actionscan lead
agentsto revisethesebeliefsabouttheothers,when
theseactionsarenot successful.
The social reasoningmechanism,whosemodel is
presentedin this work, wasfully implementedand
it was usedas a basisto constructtwo computa-
tional applications:a simulatorof micro-societies
calledDEPNET[22, 10] andan openMAS called

DEPINT[22, 28]. Severalresultsof simulationses-
sionsarepresentedin thesereferences.Despitethe
fact that for concisionpurposeswe didn’t present
theseresultshere,we would like to stressthe fact
thatthesocialreasoningmechanismwaseffectively
implementedandusedin a practicalcomputational
framework.
Up to ourknowledge,wedon’t know any work that
hascoveredthe following aspectsof thework pre-
sentedhere,andthereforewebelievethesewereits
maincontributions:� acooperativeproblemsolvingmodelthatenables
anincrementalbelief revision procedureasa result
of thecoalitionformationprocess;� anagentmodelthattakesinto accountthenotions
of achievablegoalsandfeasibleplansin thecontext
of openMAS;� a local subjective representation,within the
agents’minds,of thenotion of socialdependence.
Most of the work developedso far that have used
this notion,like [4, 33, 19], considersolelythesys-
temdesignphase.
The mostobviousconsequenceof sucha modelis
thediminutionof thesocietyglobalcommunication
flow. Evenif eachagentmustbroadcasta message
to all the otherswhenhe entersthe society, this is
doneonly once. As the otheragentscantake this
information into account,he doesn’t needto send
this informationanymoreat eachtime heseeksfor
help, asin the contractnet protocol [29], sincehe
knows alreadyto which agentshe is supposedto
sendcoalitionproposals.Someresultsconcerning
this aspectmaybefoundin [16].
Consideringthe formal modelproposedin section
4, wewould like to improveit speciallyconcerning
two aspects.First, we intend to proposea model
of dependencequantification. This latter can be
based,for instance,on goal importance,number
of actions/resourcesneededto executea plan and
the numberof agentswhich areableto performa
certainneededaction/controla certainneededre-
source. We also intendto extendour dependence
situationtaxonomyin orderto take into accountre-
sourcedependences.Someinitial resultsconcern-
ing thequantificationaspectarepresentedin [11].
With respectto the differentdecisioncriteria pre-
sentedin sections5 and6, we foreseethreepossi-
ble evolutions. First, we believe thatboth thepart-
ner decisionandacceptancecriteria canbe modi-
fied to characterizedifferenttypesof agents,which
could enableus with a richer cognitive modeling
framework. A secondaspectwe would like to test
is whethertheactivationorderof thesecriteriamay
haveany effectson theagents’choices.Finally, we



would like to take into accountsomedynamicno-
tions,ascurrentcommitments,becauseagentsmay
refuseto take part in coalitionsdueto the fact that
they havealreadycommittedto takepartin another
onefor thesamegoal.
Finally, concerningthe belief revision procedure
presentedin section7, weintendto tacklethreedif-
ferent issues.The first oneconsidersthat accord-
ing to ourmodel,wheneveranagentdetectsa false
belief relative to other agent,he revises this be-
lief. However, hecouldalsoreasonaboutthecausal
links of this belief, i.e., anagentcouldhave an in-
ternalhigh-level auto-diagnosismechanismwhich
could help him to reasonabout its own internal
mechanisms.The secondissueis relatedto drop-
ping out theauto-knowledgeprinciple(P3): in this
case,we have a very interestingsituation,where
an agentcould learn with other agents. In a cer-
tain sense,this procedurewould be similar to the
one that the communityof machinelearningcalls
“learning by being told” [21]. Finally, we could
also drop out the sincerity principle (P2). Con-
sideringa social simulationperspective, it is use-
ful the possibility to model a situation where an
agentdeliberatively communicateto othersthathe
canperforma certainactionwhenthis is not true.
This couldbea possiblesocialstrategy to gainso-
cial power over the community, asdescribedin 3.
We believe that in this case,dependencesituations
could alsobe taken into accountin a morerobust
context decisioncriterion.
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FrancophonesIntelligenceArtificielle Distribuée&
Syst̀emesMulti-Agents, pages255–266,Chamb́ery,
France,March1995.
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