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Abstract. Organizations and roles are often seen as mental constructs, good to
be used during the design phase in Multi Agent Systems, but they havieesds
considered as first class citizens in MAS, when objective coordinatioseded.
Roles facilitate the coordination of agents inside an organization, and they gi
new abilities in the context of organizations, called powers, to the agent& whic
satisfy the necessary requirements to play them. No general purpoyeimp-
ming languages for multiagent systems offer primitives to progranmizgtons

and roles as instances existing at runtime, so, in this paper, we proposeten-
sion of the Jade framework, with Java primitives to program organizattoc-
tured in roles, and to enable agents to play roles in organizations. We @rovid
classes and protocols which enable an agent to enact a new role inaamizarg
tion, to interact with the role by invoking the execution of powers, and tavece
new goals to be fulfilled. Roles and organizations can be on a differetfoite
with respect to the role players, and communication is protocol-basezt Biay

can have complex behaviours, they are implemented by extending thedeaunit
class. Our aim is to give to programmers a middle tier, built on the Jade rphatfo
useful to solve with minimal implementative effort many coordination fEots,

and to offer a first, implicit, management of norms and sanctions.

1 Introduction

Roles facilitate the coordination of agents inside an agggion, giving new abilities in
the context of organizations, called powers, to the agehishnsatisfy the requirements
necessary to play them. Organizations and roles are oftem &g mental constructs,
good to be used during the design phase in MAS, but they haeebalen considered as
first class citizens in multiagent systems [13], when olbjectoordination is needed.
No general purpose programming language for multiagenesysoffers primitives to
program organizations and roles as instances existinghéitne yet.
So, this paper answers the following research questions:

— How to introduce organizations and roles in a general parfi@enework for pro-
gramming multiagent systems?
— Which are the primitives to be added for programming orgditina and roles?



— How is it possible to restructure roles at runtime?

Our aim is to give to programmers a middle tier, built on thaeJalatform, useful to
solve coordination problems with minimal implementatiffee. Our proposal extends
of the Jade multiagent system framework, with primitiveprimgram, in Java, organiza-
tions that are structured in roles, and for enabling agenpdaty roles in organizations.
As ontological model of organizations and roles we rely dnjBich merges two dif-
ferent and complementary views or roles, providing a higrel logical specification.

To pass from the logical specification to the design and implgation of a frame-
work for programming multiagent systems, we provide classel protocols which en-
able an agent to enact a new role in an organization, to ittesith the role by invoking
the execution of powers (as intended in OO programming [ddé, Section 2.5), and
to receive new goals to be fulfilled. Since roles and orgdiuima can be on a different
platform with respect to the role player they need to comizatei. Communication is
based on protocols. Complex behaviours are implementedtbpding the Jade agent
class.

In this paper we do not consider the possibility to have BDdrag yet, although
both the ontological model (see [11]) and the Jade framewatidw such extension.
However, we give some hints on the usefulness of introduBiDyinto our proposal.
This issue will be faced in future work.

The paper is organized as follows. First, Section 2 summsaiize model of orga-
nizations and roles we take inspiration from, and we give @tsthescription of our
concept of “role”, “organization”, “power”. Section 2.6 slibes an example of a typ-
ical MAS situation that motivates our proposal; Section 8atibes how our model is
realized introducing new packages in Jade; Section 4 dissus possible powerJade
solution to a practical problem (the manager-bidder onaj, Section 5 finishes this
paper with related work and conclusions.

2 The model of organizations and roles

Since we speak about organizations and roles, we need tedwith, and to refer to
a formalized ontological model. In the following subsentave introduce the notions
of role andorganization based on previous work ([5]), then we give two differentt(bu
complementary) views about roles (see [11] and [14]), wedhice a unified model,
and define a well-founded meta-model. Last, we explain them® “power’, “ capa-
bility”, and “requiremerit.

2.1 Our definition for Organizations and Roles

In ontology and knowledge representation (like [9], [1@B], and [25]), we can find a
quite complete analysis for organizational roles. Ourrititen is to introduce a notion
of role which is well founded, on which there is a wide agreetaad which is justified

independently from the practical problems we want to sobiagiit. We use a metaphor
directly taken from organizational management. An orgation (or, more generally, an
institution) is not an “object” which can be manipulatedrfréhe outside but rather it



belongs to the social reality, and all the interactions titten be performed only via
the roles it offers ([12]). The utility of roles is not onlyfamodeling domains including
institutions and organizations, because we can consi@egy éobject” as an institution
or an organization offering different ways for interactwgh it. Each way is offered
by a different role. Soour roles are based on an organizational metaphor

2.2 The Ontological Model for the Organization
In [11] an ontological analysis shows the following propestfor roles:

— Foundation a role instance has always to be associated to an instarke ofga-
nization to which it belongs, and to an instance of the plajé¢he role;

— Definitional dependencéhe role definition depends the one of the organization it
belongs to;

— Institutional powersthe operations defined into the role can access to the dtate o
the organization, and to the states of the other roles oftip@nization too;

— Prerequisitesto play a role, it is necessary to satisfy some requiremeietsthe
player must be able to do actions which can be used in thesreke'cution.

Also the model in [11] is focused on the definition of the staue of organizations,
based on their ontological status, which is only partlyetiint from the one of agents or
objects. On the one hand, roles do not exist as independgtiggrsince they are linked
to organizations. Thus, they are not components like objédbreover, organizations
and roles are not autonomous and act via role players. Ortllee lsand, organizations
and roles are descriptions of complex behaviours: in thewedd, organizations are
considered legal entities, so they can even act like agalhisit via their representative
playing roles. So, they share some properties with agemds jlmsome respects, can be
modeled using similar primitives.

2.3 The Model for the Role Dynamics

In [14] Dastani et al. propose a model, which focuses on rgiearhics, rather than on
their structure; four operations to deal with role dynanaos definedenactandde-

act, which mean that an agent respectively starts/ends oaeg§piaying) a role in a
system, andictivateanddeactivate which respectively mean that an agent starts exe-
cuting actions (operations) belonging to the role or sudpéheir execution. Although

it is possible to have an agent with multiple roles enactedikaneously, only one role
can beactive at the same time: specifically, when an agent performs a powénat
moment it is playing only one role .

2.4 The Unified Model

Using the distinction of Omicini et al. [26], we use the mogeésented in [11] as
an objective coordination mechanism, in a similar way asef@ample, artifacts do:
organizations are first class entities of the MAS rather tharental construction which
agents use to coordinate themselves. However, this madeddainspecified how, given



a role, its player will behave. For this reason, we mergeditih 4], and solved the
problem of formally defining the dynamics of roles, by idéyitig the actions that can
be done in aopen systemso that agents can enter and leave. Organizations are not
simple mental constructions, roles are not only abstrastissed at design time, and
players are not isolated agents: they are all agents itilegagith the one anothers. A
logical specification of this integrated model can be foum[8i.

Also considering what we can find in [7] about mental attisidee can summarize
some points of the model:

— Roles are instances with associated beliefs and goalswattd to them. These men-
tal attitudes are public.

— The public beliefs and goals attributed to roles are chabgegbeech acts executed
either by the role or by other roles. The former case accdontthe addition of
preconditions and of the intention to achieve the ratioffi@ce of a speech act,
the latter accounts for the case of commands or other spetsipr@supposing a
hierarchy of authority among roles.

— The agents execute speech acts via their roles.

This model has been applied to provide a semantics to both &thle Social Commit-
ment approaches to agent communication languages, arskthentics overcomes the
problem of the unverifiability of private mental attitudesagents. The implementation
of this model is shown in Section 3.

2.5 “Powers” and “capabilities”/“requirements” in our vie w

We know that roles work as “interfaces” between organizetiand agents, and they
give so called “powers” to agents. A power can extend ageiilisies, allowing them
to operate inside the organization and inside the stateeafttier roles. An example of
such powers, called “institutional powers” in [22], is thigreature of a director which
counts as the commitment of the entire institution.

The powers added to the players, by means of the roles, cdffdrent for each role
and, thus, represent different affordances offered by tharvzation to other agents in
order allow them to interact with it [4].

Powers are invoked by players on their roles, but they areutgd by the roles,
since they own both state and behaviour.

For what concerns the “requirements”, we consider themessied capabilities
that a candidate player must have to be able to play a paaticale. An example of
“capability” can be the ability for a bank employee to logarihe software of his/her
bank.

2.6 Anexample

The usefulness of the above proposal, that brought to thelajawent of powerJade,
introduced in the next section, can be seen by an examplesdérario we consider
involves two organizations: a bank, and a software housb.iB@ programmer in a
software house. The software house management require® lawn a bank account,



in order to directly deposit his salary on it. Bob goes to thaky where the employee,
George, gives him some forms to fill. Once Bob has finisheddjlin the forms, George
inputs the data on a terminal, creating a new account, whégds to be activated.
George forwards the activation request to his directol, Biho is the only person in

the bank, who can activate an account. Once the accounivatect, Bob will be a new

bank customer.

Years later Bob, who in the meantime became a project mandgedes to buy a
little house. He has to obtain a loan, and the bank direcforrms him that for having
a loan, his wage packet is needed. Bob asks to the managefiitbatanftware house
for his wage packet, and brings it to Bill. After some daysd(ather filled forms), the
bank gives Bob the loan and he can finally buy his new house.

Each organizatioroffers some roles, which have to h@ayed by some agents,
called, for this reasomlayers In the bank, Bob plays theustomerrole, while George
plays theemploye®ne, and Bill thedirectorrole. Since Bob interacts with both organi-
zations, he has to play a role also inside the software htvesenters as programmey
but after some years he changes it, becomipgogect managerAs a bank customer,
Bob has sompowers to open an account, to transfer money on it, to request a k&n
a simple employee, George has only the power to create Botiat, but the account
activation is to be done by Bill, the director. The activatie done by means of a spe-
cific request from George to Bill, who has a speciisponsability For loan request,
the director has to examine Bob’s account, and ask him fowhge packet. Another
of Bob’s powers is to ask for his wage packet. Speaking abexsigmal capabilities, we
can imagine that Bill, in order to access the bank procedess allowed to execute,
must fill a login page with his ID and password; the same happeieorge, and for
Bob, in the moment in which he accesses his account usingqiiteHowever, Bob has
also another capability, that iequestedvhen he plays the programmer role (but the
same happens for the project manager one): to give his Iagimerand password for
entering the enterprise IT system. Finally, the directoeéired to have more complex
capabilities, like evaluating the solvency of a client resfing a loan.

3 PowerJade

The main idea of our work is to offer to programmers a compheidle tier with the
primitives for implementing organizations, roles, andygla in Jade (see Figure 1), giv-
ing a declarative model based on Finite State Automaton (f-8Mich is modifiable
also at run-time. We called this middlewarewerJaderemembering the importance of
powers in the interaction between roles and organizatidhs.powerJade conceptual
model is inspired t@pen systemgarticipants can enter the system and leave it when-
ever they want. For granting this condition, and for mangghre (possibly) continu-
ous operations for enacting, deacting, dactivating, arattil&ting roles (in an asyn-
chronous and dynamic way), many protocols have been impitsdeAnother starting
point was the re-use of the software structure already imefged in powerJava [5],
based on an intensive use of so-calleder classes

In order to give an implementation based on the conceptudeimee discussed in
Section 2.4, not only the three subclasses of the Agaéat class Or gani zat i on,
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Fig. 1. The Jade architecture and the powerJade middle tier.

Rol e, andPl ayer) have been realized (they will be described in Sections32,,
3.3), but also classes for other important concepts, Pideer , andRequi r enent
were implemented (and shown in Sections 3.2, 3.3). For septang the dynamics of
the roles, we also implemented all the needed communicatiotocols, that will be
described in Section 3.4.

It can sound strange that we implemen@dyani zat i on, Rol e, andPl ayer
as subclasses of the Jalgent class. We adopted this solution for taking advantage of
the possibility for agents in Jade to communicate by meariPA messages. The only
agent having the full autonomy is ttiRt ayer : it can decide whether enacting a role,
or activating/deactivating it, and also to deact it. Ra e, instead, has a very limited
autonomy, due, for example, to hierarchical motivationt,(bowever, it's always the
Pl ayer which decides...). Th&r gani zat i on, we would like to extend our mid-
dleware giving an organization the opportunity to play a&roiside another one, like
in the real world. This consideration also answers the dguesivhat is the advantage
of programming roles and organizations as instances? Mgiglslcan be found in [8,
5, 3, 6], where we started from a theoretical well-formed eiddr organizations and
roles applied it to object-oriented programming (with taeduage powerJava), then to
multiagent systems, to the web world (currently under inm@atation).

Organi zat i on, Rol e, andPl ayer have similar structures: they contain a finite
state machine behaviour instance which manages the itimrat the level of the new
middle tier by means of suitable protocols for communiaatio

To implement each protocol in Jade two further FSMBehavararnecessary, one
for each of the interacting partners; for example, the enant protocol between the
organization and the player requires two FSMBehaviours,inrthe organization and
one in the player.



3.1 TheOrgani zati on Class

TheOr gani zat i on class is structured as in Figure 2. TbregManager Behavi our
is a finite state machine behaviour created inside #wt up() method of
Organi zati on. It operates in parallel with other behaviours created ey fiho-
grammer of the organization, and allows the organizatiomteract via the middle
tier. Its task is to manage the enact and deact requests gahe players. At each it-
eration, thedr gManager Behavi our looks for any message having tt&RGANIZA-
TION_.PROTOCOL and the performative =~ ACLMessage.Request
Enact Pr ot ocol Or gani zat i on andDeact Pr ot ocol Or gani zat i on are the
counterparts of the respective protocols inside the ptay#aich realize the interaction
between organizations and players: instances of theselageses are created by the
O gManager Behavi our when needed.

OrgManagerBehaviour

<egreate=> cogleates>

1
“\+\, {
Organization
L+ 1 w'\+>
‘ 0." 0.." l
EnactProtocolOrganization DeactProtocolOrganization
A L.

Fig. 2. The Organization diagram.

When theOr gManager Behavi our detects a message to manage, it extracts the
sender’s AID, and the type of request. In case ofEmactrequest (and whether all
the controls described on Subsection 3.4 aboutahactprotocol succeeded), a hew
instance ofEnact Pr ot ocol Or gani zat i on behaviour is created, and added to
the queue of behaviours to be executed. The same happehsawigw instance of
theDeact Pr ot ocol Or gani zat i on behaviour) if aDeactrequest has been done,
while if the controls related to the requested protocol dbsueceed, the iteration ter-
minates, and thé ghvanager Behavi our its cycle. In the behavioural part of this
class, programmers can add a “normative” control on thegptygood intentions, and
manage the possibility of discovering lies before enadtiregole, orimmediately after
having enacted it. Primitives implementing these contapésongoing work.



3.2 TheRol e Class

As described in [3], th®ol e classis a\gent subclass, but also & gani zat i on
inner class Using this solution, each role can access the interna sfahe organiza-
tion, and the internal state of other roles too. Like @regani zat i on class has the
O gManager Behavi our, theRol e has theRol eManager Behavi our, a finite
state machine behaviour created insideglk¢ up() method ofRol e. Its task is to
manage the commands (messages) coming from the player:ex pawcation, arc-
tivate, or aDeactivate

Inside the role, an instance of theower Manager class is present. The
Power Manager is aFSMBehavi our subclass, and it has the whole list of the pow-
ers of the role (linked as states of the FSM). It is composddlksvs:

— a first state, thévanager Power St at e, that must understand which power has
been invoked;

— afinal state, th®esul t Manager , that has to return the power result to its caller;

— aself-created and linked state for each power implementéodrole programmer.

All the transitions between states are added at run-timeetéSM, respecting the code
written by the programmer.

The Powers Powers are a fundamental part of our middleware. They camo&ed by
a player on the active role, and they represent the poggibflaction for that role inside
the organization. For coherence with the Jade framework@esploit the scheduling
facility, powers are implemented as behaviours, taking atbrantage from their more
declarative nature with respect to methods.

Sometimes, a power execution needs some requirements tonfy@eted; this is
a sort of remote method call dealt by our middleware, singeirements are player’s
actions. In our example, George, as a bank employee, haotherof creating a bank
account for a customer; to exercise this power, George geiplas to input his cre-
dentials: the login and the password.

The problem to be solved is that requirements invocationst ne transparent to
the role programmer, who should be relieved from dealingreesage exchange with
the player.

We modeled the clad®ower as aFSMBehavi our subclass, where the complete
finite state machine is automatically constructed from datative specification con-
taining the component behaviours to be executed by the raldétee name of the re-
quirements to be executed by the player; in this way, we camag®the request for
any requirement as a particular state of the FSM. When a mmgeint is invoked, a
Request Requi r enent St at e (that is another subclass BEMBehavi our ) is au-
tomatically added in the correct point invoking the regdirequirement by means of a
protocol: the programmer has only to specify the requirdmame.

The complexity of this kind of interaction is shown in FiguBeThe great balloon
indicating one of the powers for that particular role comsaihe final state machine
obtained writing the following code:

addSt at e(new nyStatel("S1", "R1", "E1"));
addSt at e(new nySt at e2("S2"));



whereSlandS2are names of possibly complex behaviours implemented byotllee
programmer which will be instanced and added to the finitee steachine representing
the powerR1is the requirement, aridlis a behaviour for managing errors. Analyzing
the structure of the power, we can see that the executi@1i i followed by a macro-
state (that is &SMBehavi our ), managing the request for a requirement, automati-
cally created by thaddSt at e() method. This state will send the player the request
for the needed requirement, waiting for the answer. If trenaam is positive, the transi-
ton to the next state of the power is done (or to the
Resul t Manager , if needed); otherwise, the error is managed (if possitdethe
power is aborted. Ther r or Manager is a particular state that allows to manage all
the possible kinds of error, including the case of a playegyabout its requirements).

Error management is done via the middle tier. We can deteckimds of possible
errors: (i)accidentalones, and (iiyoluntaryones. Typical cases of (i) are “practical’
problems (i.e. network too busy and timeout expired), omthes linked to a bad work-
ing player or to programming problem; those indicated ds(# related to an incorrect
(malicious) behaviour of the player, e.g. when an agen@Esit its requirements dur-
ing a protocol enactment, pretending to own them, whileithiwot the truth. The latter
case of error management allows the organization and ttgrgroner a first, rough,
implicit, normative and sanctioning mechanism: if the glayfor any reason, shows
a lack of requirements, it could be obliged to the deact maltov.r.t. that particular
role, or it can be “marked” with a negative score, that coulshma lower trust level
exercised from the organization on it.

An advantage given by using a declarative mechanism likexbetrrs (we can use
instructions to add or remove states to a FSMBehaviour) fodeting powers is that
new powers can be dynamically added or removed from the ltdkesufficient to add
or remove (at run-time) transactions linking the power mNanager Power St at e
which is a FSMBehaviour too.

This mechanism can be used to model both dynamics of rolesganizational
change or access restrictions. In the former case we canl siaggions like the power
of the director to give the employee the power of giving lodnshe latter case, we can
model security restrictions by removing powers from rotess avoiding the situation
where first a power is invoked and then aborted after coimigpin access control list.

3.3 ThePl ayer Class

Analogously toOr gani zat i on andRol e, also thePl ayer class is aigent sub-
class. Like in the other two cases, we hawd @ayer Manager Behavi our , a FSM-
Behaviour managing all the possible messages that therptayereceive. The player
is the only agent that is totally autonomous. It containepthehaviours, created by
the agent programmer, which are scheduled in parallel Wwahmanager behaviour and
it can obviously also interact with other agents, not inedhin any organization, but
it's constrained to interact with any kind of organizaticsing a role offered by the or-
ganization itself. Any activity, communication, or actitmat both the agents could do
without passing through their roles will not have effectstlom internal state of the or-
ganization at all. Only the player can use all the four protedescribed in Subsection
2.3: EnactandDeactwith the organizationActivateandDeactivatewith the role.
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It is important to notice that, as we discuss in Subsectidnély thePl ayer is
able to start thé&nactprotocol, which can be refused by tRegani zat i on, but it
has the absolute control on activation and deactivatiomefrbles (once enacted). A
role can be deacted because ftheyer wants to deact it (e.g., a clerk who leaves for
a new job), or because tl@& gani zat i on forces the deacting (the same clerk can be
fired).

While the role has to manage powers, the player deals withiregants: this is
done by aRequi r enent Manager .

The Pl ayer class offers some methods. They can be used in programméng th
other behaviours of the agent when it is necessary to chamegstate of role playing
or to invoke powers. We assume invocations of powers to bacasgnous via the
i nvokePower method from any behaviour implemented by the programmes caii
informs thePl ayer Manager Behavi our which the interaction with the role has
started and returns a call id which is used to receive theecbreturn value in the
same behaviour. It is left to the programmer how to manag@deessity of blocking
the behaviour till an answer is returned, with the uslatkinstruction of JADE. This
solution is coherent with the standard message exchangeDdt and allows to avoid
the use of more sophisticated behaviours based on threaddsb@&haviour can then
consult thePl ayer Manager Behavi our to get the return value of the power.

The player, once having invoked a power, i.e., for messagegquests from the ac-
tive role. When the role needs some requirements, the
Pl ayer Manager Behavi our passes the control to tiRequi r ement Manager ,
which executes all the tasks which are needed.



It's important to notice that a player can always grow witstcapabilities/requirements.
A player can know organizations and roles on the platform &ipaithe Yellow
Pagesmechanism, that is a basic JADE feature.

The Requirements Requirements are, for a player, a subset of the behavioprs-re
senting its capabilities, and, in some sense, the plansfoedng the personal goals of
the agent. By playing a role, an agent can achieve multipésgae., the goals achiev-
able invoking a power), but, in a general case, the execatiarquirements may be

necessary during the invocation of a power. Referring tdamk example, George can
achieve many goals through its employee role (i.e., creamaaaccount), but to do it,

it is necessary for him to log in inside the bank IT system.nS&ea requirement, its
log in capability denotes “attitude”, “possibility” of pjing the employee role.

During the enact protocol, the organization sends (seédf®ex#l) the agent, willing
to play one of its roles, the list of requirements to be fudfill As we said, the candidate
player could lie (e.g., telling that it is able to fulfill sormequirement), however, the
organization and the programmer have the possibility taklige truth of the candidate
player's answer before it begins to play the role, not engdtj or deacting immediately
after the enact. Also this kind of choice has been done totdhenhighest degree of
freedom.

3.4 Communication Protocols

In this Section, an example of a complex communication betwa player, an or-
ganization, and a role is shown. We have to make some prelimiconsiderations,
about communication. Each protocol is split in two, speguiat complementary be-
haviours, one for each actor. In fact, if we consider a comoation, two “roles” may
be seen: an initiator, which is the object sending the firstsage, and a responder,
which can never begin a communication. For example, wherageplwants to play
a role inside an organization, &mact Pr ot ocol Pl ayer instance is created. The
player is the initiator, and a request for a role is done fresmew behaviour to the
O gManager Behavi our , which instantiates aBnact Pr ot ocol Or gani zat i on
behaviour. This behaviour will manage the request, sendit the
Enact Pr ot ocol Pl ayer anl nf or mcontaining the list of the requirements needed
to play the requested role.

The Enact Pr ot ocol Pl ayer evaluates the list, answering to the organization
whether it agrees (notice that the player programmer conjdement a behaviour that
always answers in a positive way, that sounds like a lie)y@fier receiving the agree-
ment, theEnact Pr ot ocol Or gani zat i on creates &ol eManager instance, and
sends the AID of the role just created to the player. The aitends with the update
of the player’s internal state.

Since the instance of arole, once created, is not yet agtlyathen the player wants
to “use” a role, has to activate it. Only one role at a time isvac while the others,
for which the agent finished successfully the enactmenopobdt are deactivated. The
activation protocol moves from the player to the role instarirhe player creates an
Acti vat ePr ot ocol Pl ayer, which sends a message to the role, calling for the



activation. This message produces a change into the ihtstata of the role, which
answers with am nf or mtelling its agreement.

Once the role has been activated, the player can proceed wittver invocation. As
discussed in [3], this is not the only way in which player aolé ican communicate. We
consider it, because it can require a complex interactieginming from thd nvoke
done by the player on a power of the role. As we shown in Sutose8t2, the power
management can involve the request to the player for theuérecof one or more
requirements. In this case, the role sendssguest with the list of requirements to
be fulfilled. The player, since autonomous, can evaluat®pp®rtunity to execute the
requirement(s), and take the result(s) to the role (usingranor m waiting for the
execution of the power and for receiving thef or mwith the result. A particular case,
not visible in Figure 4, is the one in which the player, for aagson, does not execute
the requirements. This “bad” interaction will finish with antomatic deactment of the
role.

\FlayerMa nagerBehaviour| OrgManagerBehaviour

enactiorg role}

EnactProtocolPlayer
requestiroleType,credential)

EnactProtocolOrg @L

inform(reglist)

-l
evaluateReq(reqlist) | "

informiagree} -
L

RoleManager create

inform{role AID)

update{myRoles)[ | [

invoke(power)

requesi{requirement)

evaluate

inform{agree’
(requirement} (agree)

inform(result)

Fig. 4. The Sequence Diagram for a complex communication.

4 The CNP scenario in powerJade

In Section 2.6, we discussed the bank example, trying tosfocuroles’ powers, play-
ers’ requirements, responsibility calls, and all that hadag&e in our middleware. In
this Section, we show a more technical example: the ContdatProtocol (CNP), or
manager-bidder problem. In the left part of Figure 5, théde®f a player is shown,
with its Pl ayer Manager , and itsRequi r ement Manager too.

Attached to th&Requi r enent Manager , we see two possible requirements: they
can be requested by a role, in this case,Mh@NP, which is shown in the right part
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Fig. 5. Player and Manager role for the CNP example. The player is the candalptay the
Manager role in the CNP. The interaction after a successfully enactm&mive in Figure 6.

of the same Figure. The double rounded states are the orasatia run-time for the
power calledCNP. By figure 6 we try to explain a little part of the interactidvstween
the player playing the manager role, and its role.

Our scenario considers an agent executing one of its balravid/hen a task is to
be executed, but the agent cannot do it because it does netimavight capabilities.
The only solution is to find someone able to execute the takk. agent knows that
there is an organization that offers the CNP by means of iesrdhe agent contacts
the organization, starting the enact protocol for the rélmanager in the CNRLCNP.
The organization sends the list of requirements to be fedfjicomposed by the “task”
requirement (that is the ability to send a task for a call fmpwsal operation), and the
“evaluate” task (that is the ability to evaluate the varibigders’ proposals, choosing
the best one). The candidate player owns the requirementse sole is created. When
the player executes once again the behaviour containingréwously not executable
task, ani nvokePower is executed, calling for the power with nar@&P (the bold
arc labeled with lettea, starting from the state with labglin the left part and arriving
in the right part of Figure 6, to theol eManager , which has labep).

The Rol eManager passes the control to tHeower Manager (label 3), which
finds the appropriate power in its list, and begins its exeouthe first state is the one
with label4). The first step is the call for the task which will be evalabby bidders,
but the task is known only by the player of the role, so a regioesa requirement is
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Fig. 6. The various interactions between player and role. The double circled siaide the role
M.CNP are the ones composing the ContractNet power.

done (labeb). This means, a message is sent to the player, calling foextbeution
of a requirement (in this case, “task”). The dotted arc wétbellb simulates this mes-
sage, which is received and managed byRhayer Manager (label6, which passes
the control to theRequi r ement Manager (7). Once the requirement identified, the
correct state is reached (lal@l After the execution, the control is passed again to the
Requi r ement Manager (label 9), which passes, through an appropriate message,
the result(s) to the role’'Request Requi r ement St at e (simulated by the dotted
arc with labelc). Supposing that a valid result has been returned, the pexemution
goes on, arriving (lab€l0) to the SEND_CFP state, that provides the call for proposal
to any bidder known inside the organization (dotted arc \Watiel 4, we assume that
some agents already enacted the bidder role), going directdd the appropriate be-
haviour to thePower Manager of the B_.CNP instances found. The bidder roles will
send messages back to the manager role, after requestingitg@layers the require-
ment to specify or not a price for the task to be delegatech(aviprocess that is quite
the same of the one just described).

The complex interaction between players and their roles batween role and role,
is executedvithout players to know the CNP dynamics, since all the complexity ha
been introduced in the roles. For the player playing the maneole, and for the ones
playing the bidder role, the organization is a kind of black;roles are the “wizards”
managing the communication logics, and opportunely aglbperations to be done



by the players (that are absolutedytonomousthey are the only agents able to take
decisions).

5 Related and future works, and conclusions

In this paper we introduce organizations and roles as nesgetain the Jade framework
which are supported by a middle tier offering to agents thesjimlity to enact roles,
invoke powers and to coordinate inside an organization fietmework is based on a set
of FSMBehaviours which realize the middle tier by means ohaggers keeping track
of the state of interaction and protocols to make the vargnigies communicate with
each other. Powers offered by roles to players have a ddetarature that does not
only make them easier to be programmed, but allows the argtioin to dynamically
add and remove powers so to have a restructuring of the roles.

Speaking about organizations and roles, we can find vergrdift approaches and
results: models like the one in [17], applications modelorganizations or institu-
tions like in [26], software engineering methods using aigational concepts like roles
(GAIA, in [32]). GAIA is a general methodology which can bepdipd to a wide range
of MAS, but also deals with social (macro) level, and agent(o) level. Under the
GAIA vision, a MAS can be modeled as a computational orgditimacomposed by
many interactive roles. Regarding the analysis of orgdiozs, in [30] can be found
what is called the perspective of computational orgarorettieory and artificial intelli-
gence, in which organizations are basically describedeatdte, and group, composed
of roles, levels.

Under the point of view of programming languages, an exais@APL [31]. 3APL
is a programming language developed for implementing ¢bgnagents and also for
programming constructs for implementing cognitive agemis provides programming
constructs for implementing agents’ beliefs, goals, baajabilities (e.g., beliefs up-
date, etc.), and a set of practical reasoning rules for uglat revising agents’ goals,
but it has not primitives for modeling organizations andesolAnother language is
the Normative Multi-Agent Programming Language in [29],igfhis more oriented
to model the institutional structure composed by obligagjamore than the organiza-
tional structure composed by roles. ISLANDER [15], is a tfml the definition and
verification of agent mediated electronic institutionseTdeclarative textual language
of ISLANDER can be used for specifying the institution compots, and a graphical
editor is also available. The definition of organizationgl@tronic institutions is done
mainly in terms of norms and rules.

Speaking about frameworks, MetateM is a multi-agent fraorkwsing a language
in which each agent is programmed using a set of (augmerget)dral logic spec-
ifications of the behaviour it should adopt. The behaviougeserated by the direct
execution of the specifications. The framework is based emttion of group, and is
BDI oriented. Even if the language is not general purposeidiba of groups can be con-
sidered similar to the one of roles. Moise [19] is an orgatinrel model that helps the
developer to cope with the agent-centered and the orgamziicentered approaches.
The MOISE model is structured along three levels: the imfligl level (in which, for
each agent, the definition of its responsibilities is givéing agency level (which spec-



ifies aggregations of agents in large structures), and thietgdevel (which defines
global structures and interconnections of the agents teidrelations with each other).
SMoise+ [21] (which ensures that agents will follow the arigational constraints, is
suitable for open systems, and supports for reorganigaioh J-MOISE+ [20] (which
is more oriented to programmitigpwagents play roles in organizations) are framework
based on the MOISE model, but seem to be limited for prograigrorganizations.
MadKit [18] is a modular and scalable multiagent platfornitien in Java. It's built
upon the AGR (Agent/Group/Role) organizational model:ragare situated in groups
and play roles. It allows high heterogeneity in agent aedtitres and communication
languages, and various customizations, but seems to bdiraised in programming
organizations.

With respect to organizational structures, Holonic MAS][@&sent particular pyra-
midal organizations in which agents of a layer (under theesaoordinator, also known
as the holon’head are able to communicate and to negotiate directly betwieem t
[1]. Any holon that is part of a whole is thought to contribiiteachieving the goals
of this superior whole. Apart from the head, each holon «iradia (possibly empty)
set of other agents, called body agents. Roles and groupsxpa@ss quite naturally in
Holonic structures, under the previously described petspe

Looking at agent platforms, there are two other—other thadBA-which can be
considered relevant in this context. JACK Intelligent Atgej2] support organizational
structures through the Team Mode, where goals can be detetmtteam members.
JADEX [27] presents another interesting platform for th@liementation of organiza-
tions, even if it does not currently have organizationaldtires.

The authors of [24] make a very similar proposal to powerJeidsvever, they do
not propose a middle tier supported by a set of managers dmlioeirs making all
the communication transparent to agent programmers. Tpagh relies mostly on
the extension of agents through behaviours and represeigs Rs components on an
ontology, while in our approach roles are implemented astagé&urther decoupling
is provided by brokering between organizations and playgetate machine permits
precise monitoring of the state of the roles.

The normative part of our work is to be improved, since, antleenent, only a kind
of “implicit” one is present. It can be seen, for example,ha tonstraints which make
possible to play a role only if some requirements are respletlte are also considering
possible merge with Jess (in order to use an engine for goategsing), and Jason,
and some works using defeasible logic [16], in order to obthé BDI part which is
not present at this moment. We are also applying our modéteveb, in order to use
roles and organizations, and to improve the concepess$ionintroducing a typed, and
permanent, session.
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