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Abstract. In this paper we generalize and merge two models of roles imsed
multiagent systems which address complementary aspewstieg roles and
communication among roles in an organization or institutid/e do this by
proposing a metamodel of roles and specializing the metahtodfit two ex-
isting models. We show how the two approaches can be ineajisihce they
deal with complementary aspects: Boellhfpcuses on roles as a way to specify
interactions among agents, and, thus, it emphasizes thie ghlracter of roles.
Dastani P] focuses instead on how roles are played, and thus it engd#watie
private aspects of roles: how the beliefs and goals of tresroécome the beliefs
and goals of the agents. The former approach focuses on tta@ndys of roles in
function of the communication process. The latter focuseagents’ internal dy-
namics when they start playing a role or shift the role theycnrently playing.
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1 Introduction

In the last years, the usefulness of roles in designing ageygnizations has been
widely acknowledged. Many different models have been degsigSome of them use
roles only in the design phases of a MAS, [while other ones consider roles as first
class entities which exist also during the runtime of théesyd4]. There are approaches
that underline how roles are played by age@ls ¢ther ones on how roles are used in
communication among agents in organizatialjsThis heterogeneity of the way roles
are defined and used in MAS risks to be a danger for the intembpigy of agents in
open systems, since each agent entering a MAS can have alhadiéferent notion
of role. Thus, the newly entered agents cannot be governeadays of organizations
regulating the MAS. Imposing to all agent designers a singt@n of role is a strategy
that cannot have success. Rather, it would be helpful tgddmith multiagent infras-
tructures that are able to deal with different notions oéspland to have agents which
are able to adapt to open systems which use different notibrides in organizations.
This alternative strategy can be costly if it is not posstolénave a general model of
role that is compatible, or can be made compatible with oglesting concepts.

In this paper we generalize and merge two models of roles imsediltiagent sys-
tems, in order to promote the interoperability of systentee fiesearch question is: How



to combine the model of role enactment by Dast2hiNith the model of communica-
tion among organizational roles of BoellH?P

We answer these questions by extending to agents a metaofodéds developed
for object oriented system$][ The relevant questions, in this case, are: how to in-
troduce beliefs, goals and other mental attitudes in objestd how to pass from the
method invocation paradigm to the message passing paradigm

Then we specialize the metamodel to model two existing aares and we show
how they can be integrated in the metamodel since they delalosmplementary as-
pects. We choose to model the proposals of BodlJahd Dastani 2] since they are
representative of two main traditions. The first traditisrusing roles to model the in-
teraction among agents in organizations, and the seconé @i®ut role enactment,
i.e., to study how agents have to behave when they play a role.

From one side, organizational models are motivated by ttietliat agents playing
roles may change, for example a secretary may be replaceddblyea one if she is ill.
Therefore, these models define interaction in terms of raliber than agents. In Boella
[1] roles model the public image that agents build during theraction with other
agents; such image represents the behavior agents arelpgblinmitted to. However,
this model leaves unspecified, how given a role, its play#ib@have. This is a general
problem of organizational models which neglect that when,eikample, a secretary
falls ill, there are usually some problems with ongoing éss(the new secretary does
not know precisely the thing to be done, arrangements ajrewtie etc.). So having
a model of enacting and deacting agents surely leads to sememallenges, which
could not be discussed, simulated or formally analyzedawitithis model.

In contrast, the organizational view focuses on the dynauwiicoles in function of
the communication process: roles evolve according to teedpacts of the interactants,
e.g. the commitment made by a speaker or the commands madiednyagents playing
roles which are empowered to give orders. In this model ratesmodeled as sets of
beliefs and goals which are the description of the expeatdalior of the agent. Roles
are not isolated, but belongs to institutions, where cariste rules specify how roles
change according to the moves played in the interactionedgagents enacting them.

Dastani P] focuses, instead, on how roles are played by an agent, huasl, 6n
the private aspects of roles. Given a role described in tefrbsliefs, goals, and other
components, like plans, the model describes how these hatitades become the
beliefs and goals of the agents. In this approach roles agd @rscriptions, so they do
not have a dynamics like in the model &} [Moreover, when roles are considered inside
organizations new problems for role enactment emergex@mele, how to coordinate
with the other agents knowing what they are expected to dbeir tole, and how to
use the powers which are put at disposal of the player of tleeimahe organization.
The same role definition should lead to different behavidnemthe role is played in
different organizations.

In contrast, it specifies the internal dynamics of the ageifisn they start play-
ing (or enacting in their terminology) a role or shift theeahey are currently playing
(called the activated role). So they modake enacting agentsagents that know which
roles they play, the definitions of those roles, and whicloaoimmously adapt their men-
tal states to play the roles.



Despite the apparent differences, the two approaches amgatible since they both
attributes beliefs and goals to roles. So we study by meatieahetamodel how they
can be combined to have a more comprehensive model of roles.

The paper is structured as follows. In Section 2 we deschibe¢quirements on
agents and roles in order to build a metamodel; in Section 3owweally define the
metamodel for roles together with its dynamics; in Sectiovedlefine the basic notions
to model agents that play roles; Section 5 deals with the ifiraef enacting agents
as in DastaniZ]; Section 6 introduces and models roles to deal with co@titim in
organizations; in Section 7 we merge Dastdt)ignd Boella [l] into the framework
introduced in Section 3; Conclusions end the paper.

2 Agents and roles

Since the aim of this paper is to build a metamodel to promm&zoperability, we make
minimal assumptions on agents and roles.

The starting point of our proposal is a role metamodel foeobprientation. The
relation of objects and agents is not clear, and to pass figetbto agents we take in-
spiration from the Jade modd][ Agents, differently than objects, do not have methods
that can be invoked starting from a reference to the objethét, they have an iden-
tity and they interact via messages. Messages are delibgrite MAS infrastructure,
so that agents can be located in different platforms. Thesages are modeled via the
usual send-receive protocol. We abstract in the metamoatel the details of the com-
munication infrastructure (whether it uses message tsjfédc.). Agents have beliefs
and goals. Goals are modeled as methods which can be exeriydoly the agent it-
self when it decides to achieve the goal. As said above, wagsma very simple model
of agents to avoid controversial issues. When we pass ts, fotevever, controversial
issues cannot be avoided. The requirements to cope withnbadels of roles we want
to integrate are:

— Roles are instances, associated in some way to their players

— Roles are described (at least) in terms of beliefs and goals.

— Roles change over time.

— Roles belong to institutions, where the interaction amanesris specified.

— The interaction among roles specifies how the state of rélesges over time.

In Boella [1] roles are used to model interactions, so agents exchangsages
according to some protocol passing via their roles. Thismadhat the agent have to
acton theroles, e.qg., to specify which is the move the radddalay in certain moment.
Moreover, roles interact with each other. Dastartlsmiodel specifies how the state of
the agent changes in function of the beliefs and goals ofdles it plays. However, it
does not consider the possibility that the state of the rbnge and, thus, it ignores
how the agent becomes aware of the changes of beliefs anglafdhk role.

To combine the two models we have to specify how the intesadbetween an
agent and its role happens when the agent changes the staterofe or the state of
the role is changed by some event. A role could be considesexhabject, and its
player could invoke a method of the role. However, this sderia not possible, since



the roles are strictly related to the institution they beltm and we cannot assume that
the institution and all the agents playing roles in the tn&tin are located on the same
agent platform. So method invocation is not possible urdesse sophisticated remote
method invocation infrastructure is used. Moreover, the hais to communicate with
its player when its beliefs and goals are updated. Giventligaagent is not an object,
the only way is that a role sends a message to its player. Aeaseqoence, we decide
to model the interaction between the agent and the role bypsnafamessages too.

Finally, we have to model the interaction among roles. Saiteles of an institu-
tion belong to the same agent platform, they do not necégsemve to communicate
via messages. To simplify the interaction, we model comigation among roles by
means of method invocation.

The fact that roles belong to an institution has another egumsnce. According to
the powerJavar] model of roles in object oriented programming languagess; seen
as objects, belong to the same namespace of the institids means that each role
can access the state of the institution and of the siblingstdrhis allows to see roles
as a way to specify coordination. In a sense, roles are setbnalsabjects, from the
internal point of view of the institution they belong to, aas agents, from the point
of view of their players, with beliefs and goals, but not aidmous. Their behavior is
simply to: (1) receive the messages of their players, (2r@eethe requests of their
player of performing the interaction moves according to phetocol allowed by the
institution in that role, (3) send a message to their playdren the interaction move
performed by the role itself or by some other role resultséhange of state of the role.

3 A Logical Model for Roles

In Genoveseq] the model is structured in three main levels: universaljvidual and
dynamic; here we decide not to talk about the universal landlconcentrate ourself on
agents dynamics. We define the formalism of the frameworkvimaas much general
as possible, this gives us an unconstrained model wheréaspeaostraints are added
later.

3.1 Individual level

This level is composed bysnapshot modé¢hat describes in a particular moment the re-
lationships between individual players contexts and r@ad a dynamic model which
links snhapshots and actions modeling how the system chaviges an action is exe-
cuted. In the formalization of the model we usigiectsas basic elements upon which
the model is based.

Definition 1 A snapshot modes a tuple

< O,R_types, |_contexts, |_players, I_roles, Val, | _contraints
IRoles, | _Attributes, |_Operations, Iay, >

— O is adomainof objects, for each objectis possible to refer to its attributes and
operations throughi _ar(0) and7g_op(0), respectively.



R_types is a set of types of roles.

I_contexts C O is a set of institutions (referred asstitutions.

— |_players C O is a set of actors (referred astors.

I_roles C O is a set ofoles instancegreferred asoles instances

|_Attributes is the set of attributes.

|_Operations is the set of operations.

Val is a set ofvalues

— |_constraints is a set of integrity rules that constraint elements in thepshot.

The snapshot model has also a few functions:

— lrolesiS arole assignment functicthat assigns to each rdRea relation on_context
x |_players x |_roles.

— lagr is @anassignment functiowhich it takes as arguments an objdat O, and an
attribute pe m_awr(d), if p has a value € Val it returns it, 0 otherwise.

Generally, when a role instangeis an individual of the typé, we writex :: D.
If ae m_anr(X) we writex.a € |_Attributes as the attribute instance assigned to object
X, the same holds for elementslit®perations. (i,a,0)€ Iroled R) means: “the objead
represents ageatplaying the roleR in institutioni”, often writtenR(i,a,0) ando is the
role instance

3.2 The dynamic model

The dynamic model relies on the individual level and definasracture to properly
describe how the framework evolves as a consequence of tx@@n action on a
snapshot. In Section 4 and 5, we describe how this modelm@inistagents’ dynamics.

Definition 2 A dynamic modeik the following tuple
< S, TM, Actions, Requirements, D_constraints, | actions; |Roles; TReq, IRequirements; >

— Sis a set ofsnapshots

— TM C S x N: it is a time assignment relationship, such that eaepshot has an
associated unique tinte

— Actions is a set of actions.

— Requirements is a set of requirements for playing roles in the dynamic nhode

— D_contraints is a set of integrity rules that constraints the dynamic nhode

— lactions Maps each action frodctions to a relation on a set of snapshBtdactionsS, @, t)
tells us which snapshots are the result of executing aetairtimet from a certain
snapshop® This function returns a couple in TM that binds the resulngpshot
with timet + 1. In general, to express that at timis carried actiora we write &.

1 Notice that given an action, we can have several snapshotibe we model actions with
modal logic in which, from a world it is possible to go to mohah one other possible world.
This property is often formalized through thecessibility relationshipThus, each snapshot
can be seen as a possible world in modal logic.



— Aboutlgeles, Ri(i,a,0) is true if there exists, at a tinetherole instance R, a,0).

— Tkeqt,R) returns a subset dfequirements present at a given timigfor the role of
typeR, which are the requirements that must be fulfilled in ordgl&y it.

— IrequirementsiS @ function that, given (i,a,R,t) returns True if the acadfills the
requirement imizeq(t, R) to play the roleRin the institutioni, False otherwise. We
often writeReq(i,a,R).

Intuitively, the snapshots in S represent the state of &syst a certain time. Looking
atlacions IS possible to identify theourseof actions as an ordered sequence of actions
such thaiy; by; c3 represents a system that evolves due to the executiarbaindc at
consecutive times. We refer to a particular snapshot usiagimet as a reference, so
that for instancet_ay, refers torg_aw, in the snapshot associated witim TM.

Actions are described using dynamic modal lo@; in paricular they are modelled
throughprecondition lawsandaction lawsof the following form:

O(AABAC S (d)T) L)
O(A AB AC O [d]E) ()

Where thed operator expresses that the quantified formulas holds ithalpossible
words. Precondition law(1) specifies the condition&,B andC that make an atomic
actiond executable in a state. (2) is action law? which states that if preconditions
A’ B andC' to actiond holds, after the execution dfalsoE holds.

In addition we introducecomplex actionsvhich specify complex behaviors by
means ofprocedure definitionsbuilt upon other actions. Formally a complex action
has the following formi{po)® C (p1; P2...; Pm)@®; Po is aprocedure name";” is the
sequencing operatoof dynamic logic, and they’s, i € [1,m]|, are procedure names,
atomic actions, or test actiohs

Now we show some examples of actions that can be introducéukeiynamic
model in order to specialize the model.

Role addition and deletion

For role addition and deletion actions we use, respectiRaly—; a, andR,i < a.
Then using the notation of dynamic logic introduced aboweywite:0(Req(i,a,R) D
(Ri —¢ @) T) to express that, if acta fills the requirements at time(Req(i,a,R) is
True),a can execute the role addition action that let him play rolg/pé R.

The above definition gives us the possibility to model thatla assignment intro-
duces a role instanc€l(T D [R,i < a]3xR1(i,a,X)), or the fact that ifa does not
already play the rol® within institutioni, then the role assignment introduces exactly
one role instance(—3xR(i,a,x) O [R,i < a3 xR+1(i,a,x))

2 Sometimes action laws are calletfect rulesbecause E can be considered the effect of the
execution of d.
3 Test actions are of the forfy?)¢ = YA .



Methods

There are other actions through which is possible to chamgenodel as well, for
instance agents may assign new values to their attribfes [

Here, we will focus on the case in which the attribute’s valuan be changed by
theobjects themselve¥/hat we will do is to definenethodof objects with which they
can change attributes of their own or those of others. Agtu@l simplify the model,
we define one single primitive actioset,(o1,0,attr,v), which means that objech
sets the value ofttr on objecto, to v at timet. If o; ando, are autonomous agents, the
set(o1,00,attr,v) can be executed only when = o,.

Now, we will of course have thafi(T D [seti(01,02,attr,v)]attr,1(02) = v), which
means that in any state, after the executioseof if the action of setting this attribute
succeeds, then the relevant object will indeed have thisevialr that attribute.

Operations

Elements of our framework come wittperationsthat can be executed at the indi-
vidual level in order to change the model dynamically, theaetics of each operations
can be given exploiting the actions defined for the dynamidehaSuppose, for in-
stance, to have an object individual: Personwith x.mail_address attribute, and an
operationx.change_mail that changes the value gfmail_address to its argument. Us-
ing theset primitive is possible to define how the model evolves aftergékecution of
x.change_mail operation trough the following axiom:

[x.change_mail;(s)]¢ = [seti(x,x, mail_adress,s)|§

, wherex.change_mail.(s) identifies the action carried by at timet to execute the
instance operatioxichange_mail; objects can execute only operations that are assigned
to them by LOS relation. In Section 5 we defirgec of certain operations as complex
actions because we have to describe a more complex semantics

4 Enact and Deact Roles

In Dastani p], the problem of formally defining the dynamics of roles giskled identi-
fying the actions that can be done iopen systerauch that agents can enter and leave.
Here, four operations to deal with role dynamics are defieadctanddeact which
mean that an agent starts and finishes to occupy (play) arrelesystem, anectivate
anddeactivatewhich means that an agent starts executing actions (dpesabelong-
ing to the role and suspends the execution of the actionsoAgih is possible to have
an agent with multiple roles enacted simultaneously, only wle can bactiveat the
same time. Before diving into modeling the four basic operatto deal with roles, we
need to match our framework with a few concepts define@lirfgllowing we report a
list of elements together with their definition and then hbeptfit in our meta-model:

— Multiagent systemin [2] roles are taken into account at the implementation level
of open MASthey belong to the system which can be entered or left bytagen



dynamically. In our framework is possible to view a systenaasntext to which
are linked all roles that can be played by the agents.

Agent role A role is a tuple(o,y,w). Whereo are beliefs,y goals andw rules
representing conditional norms and obligations. This defimspecifies a role “in
terms of the information that becomes available to agentwithey enact the role,
the objectives or responsibilities that the enacting agkauld achieve or satisfy,
and normative rules which can for example be used to handéztbbjectivesZ].
With this view we define, foroles of our framework, a set of complex attributes
{beliefs, goals, plans, rules} € |_Attr togheter with theperationghat represent ac-
tions that an agent can carry out wheradtivatesthe roles instance choosing it
from the set of roles it is playing.

Agent type We consider an agent type “as a set of agent roles with cectai-
straints and assume that an agent of a certain type decsaéfstd enact or deact
arole”. To talk about agent types we udassesntroduced in the framework as a
specification of agent instances at the individual levethihis in mind we use the
PL relationship to linkagent classet agent roleqrole’s classes) so that the set of
roles that an agent can enact (play), is constrainteldiiy.

Role enacting agentWe assume that role enacting agents have their own mental
attitudes consisting of beliefs, goals, plans, and rulasriay specify their condi-
tional mental attitudes as well as how to modify their meattitudes. Therefore,
role enacting agents have distinct objectives and rulexcasd to the active role
it is enacting, and sets of distinct objectives and rulegpsstbfrom enacted but
inactive roles”. In our framework we definerale enacting agenas a instance
having a set of attribute& that represent the internal structures used to deliberate.

A = {beliefs,,objectives,, plans,, rules,, enacted_roles[], active_role} € 17 _attr(X)

The enacted_roles attribute is a role ordered record where each entry withxnde
i corresponds to a triplédi, yi, ) which represents the set of beliefs, objectives,
plans and rules associated to roles instarereacted by.

As introduced above, the model i@][identifies four operations to deal with role

dynamics, in order to to grasp the fundamental ideas prapiosthe cited paper, we
redefine theenact deact activateand deactivateoperations respecting their original
meaning. Given an agerta role instance:: R played byx in contextc s. t.,

{beliefs,, objectives,, plans,,rules, } € 1 _astr(i)
{beliefs,,objectives,, plans,, rules,, enacted_roles[], active_role} €ga TG _attr (X)
{enact,deact, activate, deactivate} € 7§_op(X)

Next we report the semantics of each operation exploitisgdhprimitive:

(x.enacte(i))9 C (R,s — x;seti(x,x, beliefs,, beliefs, U beliefs,);

3

sett(x, x, enacted_roles|i], < objectives,, plans,, rules, >))¢ ®)
(x.deacty(i))¢ C (R,s < x;set¢(x,x,enacted_roles[i], null)) § 4)
(x.activate;(i))@ C (set(x,x, active_role, enacted_roles[i])) ¢ (5)

(x.deactivate(i))¢ C (seti(x,x, active_role, null))¢ (6)



5 The public dimension of roles

In Boella-Van der Torreqd] roles are introduced inside institutions to model theriate
tion among agents. In Boelld][the model is specifically used to provide a semantics
for agent communication languages in terms of public meatt#tuides attributed to
roles.

The basic ideas of the model are: (1) roles are instancesasihciated beliefs
and goals attributed to them. These mental attitudes arkcp(®) The public beliefs
and goals attributed to roles are changed by speech actstegesither by the role or
by other roles. The former case accounts for the additior@égnditions and of the
intention to achieve the rational effect of a speech act/dtier one for the case of
commands or other speech acts presupposing a hierarchyhofriyamong roles. (3)
The agents execute speech acts via their roles.

In order to maintain the model simple enough, we model messagsing extending
the dynamic model with two actions (methods)d(x,y,sp) andreceive(y,x,sp). Where
send(x,y,sp) should be read as the action carrieddyf sending a speech acp] to y
andreceive(y,x,sp) is the complementary action gfreceiving the message fror It
must be underlined that argumenrtandy can be agents or roles. A role only listens for
the messages sent by the agents playing it:

(listen(r))¢ C (P; played_by(r,x)?;receive(r,x,sp); D) ¢

These rules define jpattern of protocol whereP andD have to be read as possible
other actions that can be executed before and afterethe&ve. The reception of a mes-
sage from the agent has the effect of changing the state ef atfes. For example, a
command given via a role amounts to the creation of a goal®retteiver if the sender
has authority (within the system) over it.

O(authoritysydT, request O [receive(r, x, request(r,r ,act)))]G! (act))*
To produce a speech act, the agent has to send a message ttetbpeacifying the
illocutive force, the receiver and the content of the spesth

(communicate(a))¢ C (P;send(x,r,sp);D)¢

6 The combined model

The two models presented above model complementary aspeaites: the public
character of roles in communication and how agents priyatdapt their mental atti-
tudes to the roles they play.

In this section we try to merge the two approaches using themuadel we pre-
sented. On the one hand, Boella’s modglig extended from the public side to the
private side, by using Dastar][as a model of role enacting. In this way, the expec-
tations described by the roles resulting from the intecactimong agents can become

4 request(r, r/,act) means: role asks tor''s player to doact. authoritysys(r, request) expresses
that roler has the authority to makeraquest within systemsys



a behavior of agents and they do not remain only a descrip@onthe other hand,
Dastani’s modelZ] is made more dynamic. In the original model the role is giasn
a fixed structure. The goals of agent can evolve accordinigg@oal generation rules
contained in it, but the beliefs and goals described by tleeaannot change. This is un-
realistic, since during the activity of the agent enactisgale, it is possible that further
information are put at disposal of the role and that new resjhilities are assigned,
etc.

In order to merge the two models within the same frameworky&es to add (com-
plex) actions which are able to grasp the dynamics introdircg] and [2]. Interactions
among agents is done through message passing and, in faartictough actionsend
andreceive introduced in section 6. Next we are going to introduce alsheech-acts
and complex actions which are needed to grasp the combinddlrand then we intro-
duce a running example to clarify their use definingparseof actions in the dynamic
model defined in section 3.2. An agent who wants to play a rdaleimanopen system
has to ask to the system for a role instance; this process\ilétby two speech act:
ask_to_play(R) andaccept_to_play(r,A), where the first one is sent from the agent to
the system in order to ask to play a role of type R, whereasdbersl is sent from the
system to the agent, together with the identifier of the rofance r and a set A of
other role instances present in the system, in order torimfbe agent with which roles
is possible to interact. Next we report the teffect rulesassociated:

O(T D [receive(s,x,ask_to_play(R);send(s,x,accept_to_play(r,A)]

7
played_bysys(r, x,s) Q)

O(T D [send(x,s,ask_to_play(R); receive(x,s, accept_to_play(r,A)]
played_by,g(r,X,s))

Wheres is the systemx the agent, anda role instance of typR. In this section we use
X,y,Z...to denote agents, s for the system amdr ...for role instances. Notice that
played_bysys(r,x,s) andplayed_by.,(r, x,s) refer to two different infrastructures; in Rule
7 is thesystem that, after having acknowledged the agent request, kn@ts th going

to playr, whereas in Rul8 s the agent that becomes aware of the play relation between
x andr. To link the two predicates with the logical model introddde Section 3 we
have that:played_byys(r,x,s) A played_by.g(r,x,s) — R(s,x,r). When we are dealing
with a single system we can omitwriting played_bysys(r,x) andplayed_bya.g(r,x). TO
enact a role, an agent, provided the identifier of the rol@amse it wants to enact, has
to send a message to the role and to wait till the role repligstive information about
the state of the role: its beliefs, goal, plans, etc. Whersth is received, the agent can
enact the role in the same way described by RufeSection 5. In order to model such
interaction we introduce two complex actiote$l_enact, accept_enact and two speech
actsaccept_enact andinform_enact.

(8)

(tell_enact(x,r))¢ C (played_by,g(r,x)?;(send(al,rl,enact(x,r)))@ 9)

(accept_enactment(r,x))§ C (receive(r,x,enact(x,r)); played_bysys(r,x)?; (10)

send(r,x,inform_enact(< beliefs,, objectives,, plans,, rules, >)))¢



When the agent receives the specification of the role he wighenact, it can internal-
ize them as in Rulé:

O(T D [receive(x, r,inform_enact(< beliefs,, objectives,, plans,, rules, >))

] (11)

B*(beliefs,) A x.enacted_roles|r] =< objectives,, plans,, rules, >)°

In this combined view is possible that role’s specificatiohange dynamically, in
that case itis up to the role to send a message to its playetigaeits state is updated:

(udpate_state(r,x))@ C (played_byss(r,x)?;(=Gi(q) AGi,1(q))?;

send(r,x,inform_goal(q)))$ (12

Last but not least, we need to model the deactment of a ropeectisg the for-
malization as in Ruld, therefore we introduce two speech atisct, ok_deact and a
complex actiorconfirm_deact defined as follows:

(confirm_deact(r,x))¢ C (receive(r,x,deact); played_byss(r,x)?; (13)
send(r,x,ok_deact))$

After sendingok_deact, the system will not consider anymore ageiais player of:
O(T D [confirm_deact(r,x)]—played_bysys(r,x) (14)
If it is possible for the agent to deact the role, it will re@anok_deact from its role:

O(T D [receive(x,r,ok_deact)|x.enacted_roles[r] = null A =played_by.g(r,x)) (15)
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Fig. 1 depicts two agents which interact through roles in an opstesy. At time
t the system has alreadgent_B that enacts role2 as represented by the black arrow
which goes fromagent_B to r2. Following the course of actions that describe how the
system evolves:

1. Attime t+1lagent_A asks to institutiosystem_C to play a role of type R1:

sendi;1(agent_A,system_C, ask_to_play(R1))



2. Attime t+2system_C replies toagent_A assigning to him the role instanek
sendi;2(system_C,agent_A, accept_to_play(rl,{r2}))

3. Attime t+3agent_A wants to enact (internalize) roté: tell_enact.3(agent_A,rl)

4. Attime t+4 rolerl receives the speech act frargent_A asking for enactment and
acceptsit, replying tagent_A with its specificationsaccept_enactment,;4(r1,agent_A)

5. Once thatgent_A has enacted the role as in R@ & decides, at time t+5, to acti-
vate it® and then to ask to the agent playirigto do an actioract. In other words:
sendy;s(agent_A,rl,request(rl,r2,act)) Whenrl receives a send froragent_A
asking for amact of r2, first it checks if the sender has the authority in the system
to ask such an act, if s@ acquires the goal to daxt:

!
D(authoritysys(r/,act) O [receive(r,agent A, request(r, r/,act))]Gr (act))

Is important to underline that because role internals abdipto other roles in the
same system, it is always possible for r1 to check or modifyggals. So, at time
t+6 we havereceive;6(rl,agent_A, request(rl,r2,act))

6. Now thatr2 has updated its internal state (i.e. its goals) it must mfds player
agent_B: update_state; ;7 (r2,agent_B), where updatestate is modeled as in Rule
12

7. Attime t+8agent_A decides to deact the roté: send;g(agent_A,rl, deact)

8. Finally, at time t+9, r1 confirm the deactinfirm_deact;¢(r1,agent_A)

7 Conclusions and Further Works

In this article we merged two representative role’s modelMAS by introducing a
metamodel taken from Genoves# fnd adapting it to agents. In particular, we added
representations of typical agents’ mental attitudes andrmdwork to deal with mes-
sage passing. The model has been specialized in order toleboth public and pri-
vate dimensions of roles (Boella, Dastdr®]). Finally, we merged the two dimensions
defining a group of actions together with their semantics wadnodeled a running
example to show a possible course of events.

Further works point in two main directions: adapting thegmeed metamodel to
other roles approaches like Omicidi]], and introducing a formal proof theory of roles’
actions dynamics and related aspects starting from Baketaadi[8].
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