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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 have also been
considered as first class citizens in MAS, when objective coordination is needed.
Roles facilitate the coordination of agents inside an organization, and they give
new abilities in the context of organizations, called powers, to the agents which
satisfy the necessary requirements to play them. No general purpose program-
ming languages for multiagent systems offer primitives to program organizations
and roles as instances existing at runtime, so, in this paper, we propose our exten-
sion of the Jade framework, with Java primitives to program organizations struc-
tured in roles, and to enable agents to play roles in organizations. We provide
classes and protocols which enable an agent to enact a new role in an organiza-
tion, to interact with the role by invoking the execution of powers, and to receive
new goals to be fulfilled. Roles and organizations can be on a different platform
with respect to the role players, and communication is protocol-based. Since they
can have complex behaviours, they are implemented by extending the Jade agent
class. Our aim is to give to programmers a middle tier, built on the Jade platform,
useful to solve with minimal implementative effort many coordination problems,
and to offer a first, implicit, management of norms and sanctions.

1 Introduction

Roles facilitate the coordination of agents inside an organization, giving new abilities in
the context of organizations, called powers, to the agents which satisfy the requirements
necessary to play them. Organizations and roles are often seen as mental constructs,
good to be used during the design phase in MAS, but they have also been considered as
first class citizens in multiagent systems [13], when objective coordination is needed.
No general purpose programming language for multiagent systems offers primitives to
program organizations and roles as instances existing at runtime yet.

So, this paper answers the following research questions:

– How to introduce organizations and roles in a general purpose framework for pro-
gramming multiagent systems?

– Which are the primitives to be added for programming organizations and roles?



– How is it possible to restructure roles at runtime?

Our aim is to give to programmers a middle tier, built on the Jade platform, useful to
solve coordination problems with minimal implementative effort. Our proposal extends
of the Jade multiagent system framework, with primitives toprogram, in Java, organiza-
tions that are structured in roles, and for enabling agents to play roles in organizations.
As ontological model of organizations and roles we rely on [8] which merges two dif-
ferent and complementary views or roles, providing a high-level logical specification.

To pass from the logical specification to the design and implementation of a frame-
work for programming multiagent systems, we provide classes and protocols which en-
able an agent to enact a new role in an organization, to interact with the role by invoking
the execution of powers (as intended in OO programming [11],see Section 2.5), and
to receive new goals to be fulfilled. Since roles and organizations can be on a different
platform with respect to the role player they need to communicate. Communication is
based on protocols. Complex behaviours are implemented by extending the Jade agent
class.

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

The paper is organized as follows. First, Section 2 summarizes the model of orga-
nizations and roles we take inspiration from, and we give a short description of our
concept of “role”, “organization”, “power”. Section 2.6 describes an example of a typ-
ical MAS situation that motivates our proposal; Section 3 describes how our model is
realized introducing new packages in Jade; Section 4 discusses a possible powerJade
solution to a practical problem (the manager-bidder one), and 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 to define both, and to refer to
a formalized ontological model. In the following subsections we introduce the notions
of role andorganization, based on previous work ([5]), then we give two different (but
complementary) views about roles (see [11] and [14]), we introduce a unified model,
and define a well-founded meta-model. Last, we explain the notions “power”, “ capa-
bility”, and “requirement”.

2.1 Our definition for Organizations and Roles

In ontology and knowledge representation (like [9], [10], [23], and [25]), we can find a
quite complete analysis for organizational roles. Our intention is to introduce a notion
of role which is well founded, on which there is a wide agreement and which is justified
independently from the practical problems we want to solve using it. We use a metaphor
directly taken from organizational management. An organization (or, more generally, an
institution) is not an “object” which can be manipulated from the outside but rather it



belongs to the social reality, and all the interactions withit can be performed only via
the roles it offers ([12]). The utility of roles is not only for modeling domains including
institutions and organizations, because we can consider every “object” as an institution
or an organization offering different ways for interactingwith it. Each way is offered
by a different role. So,our roles are based on an organizational metaphor.

2.2 The Ontological Model for the Organization

In [11] an ontological analysis shows the following properties for roles:

– Foundation: a role instance has always to be associated to an instance ofthe orga-
nization to which it belongs, and to an instance of the playerof the role;

– Definitional dependence: the role definition depends the one of the organization it
belongs to;

– Institutional powers: the operations defined into the role can access to the state of
the organization, and to the states of the other roles of the organization too;

– Prerequisites: to play a role, it is necessary to satisfy some requirements, i.e. the
player must be able to do actions which can be used in the role’s execution.

Also the model in [11] is focused on the definition of the structure of organizations,
based on their ontological status, which is only partly different from the one of agents or
objects. On the one hand, roles do not exist as independent entities, since they are linked
to organizations. Thus, they are not components like objects. Moreover, organizations
and roles are not autonomous and act via role players. On the other hand, organizations
and roles are descriptions of complex behaviours: in the real world, organizations are
considered legal entities, so they can even act like agents,albeit via their representative
playing roles. So, they share some properties with agents, and, in some 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 role dynamics, rather than on
their structure; four operations to deal with role dynamicsare defined:enactandde-
act, which mean that an agent respectively starts/ends occupying (playing) a role in a
system, andactivateanddeactivate, which respectively mean that an agent starts exe-
cuting actions (operations) belonging to the role or suspends their execution. Although
it is possible to have an agent with multiple roles enacted simultaneously, only one role
can beactiveat the same time: specifically, when an agent performs a power, in that
moment it is playing only one role .

2.4 The Unified Model

Using the distinction of Omicini et al. [26], we use the modelpresented in [11] as
an objective coordination mechanism, in a similar way as, for example, artifacts do:
organizations are first class entities of the MAS rather thana mental construction which
agents use to coordinate themselves. However, this model leaves unspecified how, given



a role, its player will behave. For this reason, we merged it with [14], and solved the
problem of formally defining the dynamics of roles, by identifying the actions that can
be done in aopen system, so that agents can enter and leave. Organizations are not
simple mental constructions, roles are not only abstractions used at design time, and
players are not isolated agents: they are all agents interacting with the one anothers. A
logical specification of this integrated model can be found in [8].

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

– Roles are instances with associated beliefs and goals attributed to them. These men-
tal attitudes are public.

– The public beliefs and goals attributed to roles are changedby speech acts executed
either by the role or by other roles. The former case accountsfor the addition of
preconditions and of the intention to achieve the rational effect of a speech act,
the latter accounts for the case of commands or other speech acts presupposing 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 FIPA and Social Commit-
ment approaches to agent communication languages, and thissemantics overcomes the
problem of the unverifiability of private mental attitudes of agents. 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 organizations and agents, and they
give so called “powers” to agents. A power can extend agents abilities, allowing them
to operate inside the organization and inside the state of the other roles. An example of
such powers, called “institutional powers” in [22], is the signature of a director which
counts as the commitment of the entire institution.

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

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

For what concerns the “requirements”, we consider them asneeded capabilities
that a candidate player must have to be able to play a particular role. An example of
“capability” can be the ability for a bank employee to log into the software of his/her
bank.

2.6 An example

The usefulness of the above proposal, that brought to the development of powerJade,
introduced in the next section, can be seen by an example. Thescenario we consider
involves two organizations: a bank, and a software house. Bob is a programmer in a
software house. The software house management requires himto own a bank account,



in order to directly deposit his salary on it. Bob goes to the bank, where the employee,
George, gives him some forms to fill. Once Bob has finished filling in the forms, George
inputs the data on a terminal, creating a new account, which needs to be activated.
George forwards the activation request to his director, Bill, who is the only person in
the bank, who can activate an account. Once the account is activated, Bob will be a new
bank customer.

Years later Bob, who in the meantime became a project manager, decides to buy a
little house. He has to obtain a loan, and the bank director informs him that for having
a loan, his wage packet is needed. Bob asks to the management of the software house
for his wage packet, and brings it to Bill. After some days (and other filled forms), the
bank gives Bob the loan and he can finally buy his new house.

Each organizationoffers some roles, which have to beplayed by some agents,
called, for this reason,players. In the bank, Bob plays thecustomerrole, while George
plays theemployeeone, and Bill thedirector role. Since Bob interacts with both organi-
zations, he has to play a role also inside the software house:he enters as aprogrammer,
but after some years he changes it, becoming aproject manager. As a bank customer,
Bob has somepowers: to open an account, to transfer money on it, to request a loan. As
a simple employee, George has only the power to create Bob’s account, but the account
activation is to be done by Bill, the director. The activation is done by means of a spe-
cific request from George to Bill, who has a specificresponsability. For loan request,
the director has to examine Bob’s account, and ask him for hiswage packet. Another
of Bob’s powers is to ask for his wage packet. Speaking about personal capabilities, we
can imagine that Bill, in order to access the bank procedures, he is allowed to execute,
must fill a login page with his ID and password; the same happens to George, and for
Bob, in the moment in which he accesses his account using Internet. However, Bob has
also another capability, that isrequestedwhen he plays the programmer role (but the
same happens for the project manager one): to give his login name and password for
entering the enterprise IT system. Finally, the director isrequired to have more complex
capabilities, like evaluating the solvency of a client requesting a loan.

3 PowerJade

The main idea of our work is to offer to programmers a completemiddle tier with the
primitives for implementing organizations, roles, and players in Jade (see Figure 1), giv-
ing a declarative model based on Finite State Automaton (FSM), which is modifiable
also at run-time. We called this middlewarepowerJade, remembering the importance of
powers in the interaction between roles and organizations.The powerJade conceptual
model is inspired toopen systems: participants can enter the system and leave it when-
ever they want. For granting this condition, and for managing the (possibly) continu-
ous operations for enacting, deacting, dactivating, and deactivating roles (in an asyn-
chronous and dynamic way), many protocols have been implemented. Another starting
point was the re-use of the software structure already implemented in powerJava [5],
based on an intensive use of so-calledinner classes.

In order to give an implementation based on the conceptual model we discussed in
Section 2.4, not only the three subclasses of the JadeAgent class (Organization,



Fig. 1.The Jade architecture and the powerJade middle tier.

Role, andPlayer) have been realized (they will be described in Sections 3.1,3.2,
3.3), but also classes for other important concepts, likePower, andRequirement
were implemented (and shown in Sections 3.2, 3.3). For representing the dynamics of
the roles, we also implemented all the needed communicationprotocols, that will be
described in Section 3.4.

It can sound strange that we implementedOrganization, Role, andPlayer
as subclasses of the JadeAgent class. We adopted this solution for taking advantage of
the possibility for agents in Jade to communicate by mean of FIPA messages. The only
agent having the full autonomy is thePlayer: it can decide whether enacting a role,
or activating/deactivating it, and also to deact it. TheRole, instead, has a very limited
autonomy, due, for example, to hierarchical motivation (but, however, it’s always the
Player which decides...). TheOrganization, we would like to extend our mid-
dleware giving an organization the opportunity to play a role inside another one, like
in the real world. This consideration also answers the question: what is the advantage
of programming roles and organizations as instances? More details can be found in [8,
5, 3, 6], where we started from a theoretical well-formed model for organizations and
roles applied it to object-oriented programming (with the language powerJava), then to
multiagent systems, to the web world (currently under implementation).

Organization, Role, andPlayer have similar structures: they contain a finite
state machine behaviour instance which manages the interaction at the level of the new
middle tier by means of suitable protocols for communication.

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



3.1 TheOrganization Class

TheOrganization class is structured as in Figure 2. TheOrgManagerBehaviour
is a finite state machine behaviour created inside thesetup() method of
Organization. It operates in parallel with other behaviours created by the pro-
grammer of the organization, and allows the organization tointeract via the middle
tier. Its task is to manage the enact and deact requests done by the players. At each it-
eration, theOrgManagerBehaviour looks for any message having theORGANIZA-
TION PROTOCOL and the performative ACLMessage.Request.
EnactProtocolOrganization andDeactProtocolOrganization are the
counterparts of the respective protocols inside the players which realize the interaction
between organizations and players: instances of these two classes are created by the
OrgManagerBehaviour when needed.

Fig. 2. The Organization diagram.

When theOrgManagerBehaviour detects a message to manage, it extracts the
sender’s AID, and the type of request. In case of anEnact request (and whether all
the controls described on Subsection 3.4 about theEnactprotocol succeeded), a new
instance ofEnactProtocolOrganization behaviour is created, and added to
the queue of behaviours to be executed. The same happens (with a new instance of
theDeactProtocolOrganization behaviour) if aDeactrequest has been done,
while if the controls related to the requested protocol do not succeed, the iteration ter-
minates, and theOrgManagerBehaviour its cycle. In the behavioural part of this
class, programmers can add a “normative” control on the players’ good intentions, and
manage the possibility of discovering lies before enactingthe role, or immediately after
having enacted it. Primitives implementing these controlsare ongoing work.



3.2 TheRole Class

As described in [3], theRole class is anAgent subclass, but also anOrganization
inner class. Using this solution, each role can access the internal state of the organiza-
tion, and the internal state of other roles too. Like theOrganization class has the
OrgManagerBehaviour, theRole has theRoleManagerBehaviour, a finite
state machine behaviour created inside thesetup() method ofRole. Its task is to
manage the commands (messages) coming from the player: a power invocation, anAc-
tivate, or aDeactivate.

Inside the role, an instance of thePowerManager class is present. The
PowerManager is aFSMBehaviour subclass, and it has the whole list of the pow-
ers of the role (linked as states of the FSM). It is composed asfollows:

– a first state, theManagerPowerState, that must understand which power has
been invoked;

– a final state, theResultManager, that has to return the power result to its caller;
– a self-created and linked state for each power implemented by the role programmer.

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

The Powers Powers are a fundamental part of our middleware. They can be invoked by
a player on the active role, and they represent the possibility of action for that role inside
the organization. For coherence with the Jade framework andto exploit the scheduling
facility, powers are implemented as behaviours, taking also advantage from their more
declarative nature with respect to methods.

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

The problem to be solved is that requirements invocations must be transparent to
the role programmer, who should be relieved from dealing themessage exchange with
the player.

We modeled the classPower as aFSMBehaviour subclass, where the complete
finite state machine is automatically constructed from a declarative specification con-
taining the component behaviours to be executed by the role and the name of the re-
quirements to be executed by the player; in this way, we can manage the request for
any requirement as a particular state of the FSM. When a requirement is invoked, a
RequestRequirementState (that is another subclass ofFSMBehaviour) is au-
tomatically added in the correct point invoking the required requirement by means of a
protocol: the programmer has only to specify the requirement name.

The complexity of this kind of interaction is shown in Figure3. The great balloon
indicating one of the powers for that particular role contains the final state machine
obtained writing the following code:

addState(new myState1("S1", "R1", "E1"));
addState(new myState2("S2"));



whereS1andS2are names of possibly complex behaviours implemented by therole
programmer which will be instanced and added to the finite state machine representing
the power,R1is the requirement, andE1 is a behaviour for managing errors. Analyzing
the structure of the power, we can see that the execution ofS1is followed by a macro-
state (that is aFSMBehaviour), managing the request for a requirement, automati-
cally created by theaddState() method. This state will send the player the request
for the needed requirement, waiting for the answer. If the answer is positive, the transi-
tion to the next state of the power is done (or to the
ResultManager, if needed); otherwise, the error is managed (if possible),or the
power is aborted. TheErrorManager is a particular state that allows to manage all
the possible kinds of error, including the case of a player lying about its requirements).

Error management is done via the middle tier. We can detect two kinds of possible
errors: (i)accidentalones, and (ii)voluntaryones. Typical cases of (i) are “practical”
problems (i.e. network too busy and timeout expired), or theones linked to a bad work-
ing player or to programming problem; those indicated as (ii) are related to an incorrect
(malicious) behaviour of the player, e.g. when an agent liesabout its requirements dur-
ing a protocol enactment, pretending to own them, while thisis not the truth. The latter
case of error management allows the organization and the programmer a first, rough,
implicit, normative and sanctioning mechanism: if the player, for any reason, shows
a lack of requirements, it could be obliged to the deact protocol w.r.t. that particular
role, or it can be “marked” with a negative score, that could mean a lower trust level
exercised from the organization on it.

An advantage given by using a declarative mechanism like behaviours (we can use
instructions to add or remove states to a FSMBehaviour) for modeling powers is that
new powers can be dynamically added or removed from the role.It is sufficient to add
or remove (at run-time) transactions linking the power to theManagerPowerState
which is a FSMBehaviour too.

This mechanism can be used to model both dynamics of roles in organizational
change or access restrictions. In the former case we can model situations like the power
of the director to give the employee the power of giving loans. In the latter case, we can
model security restrictions by removing powers from roles,thus avoiding the situation
where first a power is invoked and then aborted after controlling an access control list.

3.3 ThePlayer Class

Analogously toOrganization andRole, also thePlayer class is anAgent sub-
class. Like in the other two cases, we have aPlayerManagerBehaviour, a FSM-
Behaviour managing all the possible messages that the player can receive. The player
is the only agent that is totally autonomous. It contains other behaviours, created by
the agent programmer, which are scheduled in parallel with the manager behaviour and
it can obviously also interact with other agents, not involved in any organization, but
it’s constrained to interact with any kind of organization using a role offered by the or-
ganization itself. Any activity, communication, or actionthat both the agents could do
without passing through their roles will not have effects onthe internal state of the or-
ganization at all. Only the player can use all the four protocols described in Subsection
2.3:EnactandDeactwith the organization,ActivateandDeactivatewith the role.



Fig. 3.Power management.

It is important to notice that, as we discuss in Subsection 3.4, only thePlayer is
able to start theEnactprotocol, which can be refused by theOrganization, but it
has the absolute control on activation and deactivation of the roles (once enacted). A
role can be deacted because thePlayer wants to deact it (e.g., a clerk who leaves for
a new job), or because theOrganization forces the deacting (the same clerk can be
fired).

While the role has to manage powers, the player deals with requirements: this is
done by aRequirementManager.

The Player class offers some methods. They can be used in programming the
other behaviours of the agent when it is necessary to change the state of role playing
or to invoke powers. We assume invocations of powers to be asynchronous via the
invokePowermethod from any behaviour implemented by the programmer. The call
informs thePlayerManagerBehaviour which the interaction with the role has
started and returns a call id which is used to receive the correct return value in the
same behaviour. It is left to the programmer how to manage thenecessity of blocking
the behaviour till an answer is returned, with the usualblock instruction of JADE. This
solution is coherent with the standard message exchange of JADE and allows to avoid
the use of more sophisticated behaviours based on threads. The behaviour can then
consult thePlayerManagerBehaviour to get the return value of the power.

The player, once having invoked a power, i.e., for messages orequests from the ac-
tive role. When the role needs some requirements, the
PlayerManagerBehaviour passes the control to theRequirementManager,
which executes all the tasks which are needed.



It’s important to notice that a player can always grow w.r.t.its capabilities/requirements.
A player can know organizations and roles on the platform by using theYellow

Pagesmechanism, that is a basic JADE feature.

The Requirements Requirements are, for a player, a subset of the behaviours repre-
senting its capabilities, and, in some sense, the plans for achieving the personal goals of
the agent. By playing a role, an agent can achieve multiple goals (i.e., the goals achiev-
able invoking a power), but, in a general case, the executionof requirements may be
necessary during the invocation of a power. Referring to ourbank example, George can
achieve many goals through its employee role (i.e., create anew account), but to do it,
it is necessary for him to log in inside the bank IT system. Seen as a requirement, its
log in capability denotes “attitude”, “possibility” of playing the employee role.

During the enact protocol, the organization sends (see Section 3.4) the agent, willing
to play one of its roles, the list of requirements to be fulfilled. As we said, the candidate
player could lie (e.g., telling that it is able to fulfill somerequirement), however, the
organization and the programmer have the possibility to check the truth of the candidate
player’s answer before it begins to play the role, not enacting it, or deacting immediately
after the enact. Also this kind of choice has been done to grant the highest degree of
freedom.

3.4 Communication Protocols

In this Section, an example of a complex communication between a player, an or-
ganization, and a role is shown. We have to make some preliminary considerations,
about communication. Each protocol is split in two, specular, but complementary be-
haviours, one for each actor. In fact, if we consider a communication, two “roles” may
be seen: an initiator, which is the object sending the first message, and a responder,
which can never begin a communication. For example, when a player wants to play
a role inside an organization, anEnactProtocolPlayer instance is created. The
player is the initiator, and a request for a role is done from its new behaviour to the
OrgManagerBehaviour, which instantiates anEnactProtocolOrganization
behaviour. This behaviour will manage the request, sendingto the
EnactProtocolPlayer anInform containing the list of the requirements needed
to play the requested role.

The EnactProtocolPlayer evaluates the list, answering to the organization
whether it agrees (notice that the player programmer could implement a behaviour that
always answers in a positive way, that sounds like a lie). Only after receiving the agree-
ment, theEnactProtocolOrganization creates aRoleManager instance, and
sends the AID of the role just created to the player. The protocol ends with the update
of the player’s internal state.

Since the instance of a role, once created, is not yet activated, when the player wants
to “use” a role, has to activate it. Only one role at a time is active, while the others,
for which the agent finished successfully the enactment protocol, are deactivated. The
activation protocol moves from the player to the role instance. The player creates an
ActivateProtocolPlayer, which sends a message to the role, calling for the



activation. This message produces a change into the internal state of the role, which
answers with aninform telling its agreement.

Once the role has been activated, the player can proceed witha power invocation. As
discussed in [3], this is not the only way in which player and role can communicate. We
consider it, because it can require a complex interaction, beginning from theinvoke
done by the player on a power of the role. As we shown in Subsection 3.2, the power
management can involve the request to the player for the execution of one or more
requirements. In this case, the role sends arequest with the list of requirements to
be fulfilled. The player, since autonomous, can evaluate theopportunity to execute the
requirement(s), and take the result(s) to the role (using aninform, waiting for the
execution of the power and for receiving theinform with the result. A particular case,
not visible in Figure 4, is the one in which the player, for anyreason, does not execute
the requirements. This “bad” interaction will finish with anautomatic deactment of the
role.

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 to focus on roles’ powers, play-
ers’ requirements, responsibility calls, and all that has aplace in our middleware. In
this Section, we show a more technical example: the ContractNet Protocol (CNP), or
manager-bidder problem. In the left part of Figure 5, the inside of a player is shown,
with its Player Manager, and itsRequirementManager too.

Attached to theRequirementManager, we see two possible requirements: they
can be requested by a role, in this case, theM CNP, which is shown in the right part



Fig. 5. Player and Manager role for the CNP example. The player is the candidateto play the
Manager role in the CNP. The interaction after a successfully enactment isshown in Figure 6.

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

Our scenario considers an agent executing one of its behaviours. When a task is to
be executed, but the agent cannot do it because it does not have the right capabilities.
The only solution is to find someone able to execute the task. The agent knows that
there is an organization that offers the CNP by means of its roles. The agent contacts
the organization, starting the enact protocol for the role of manager in the CNPM CNP.
The organization sends the list of requirements to be fulfilled, composed by the “task”
requirement (that is the ability to send a task for a call for proposal operation), and the
“evaluate” task (that is the ability to evaluate the variousbidders’ proposals, choosing
the best one). The candidate player owns the requirements, so the role is created. When
the player executes once again the behaviour containing thepreviously not executable
task, aninvokePower is executed, calling for the power with nameCNP (the bold
arc labeled with lettera, starting from the state with label1 in the left part and arriving
in the right part of Figure 6, to theRoleManager, which has label2).

TheRoleManager passes the control to thePowerManager (label 3), which
finds the appropriate power in its list, and begins its execution (the first state is the one
with label4). The first step is the call for the task which will be evaluated by bidders,
but the task is known only by the player of the role, so a request for a requirement is



Fig. 6.The various interactions between player and role. The double circled states inside the role
M CNP are the ones composing the ContractNet power.

done (label5). This means, a message is sent to the player, calling for theexecution
of a requirement (in this case, “task”). The dotted arc with labelb simulates this mes-
sage, which is received and managed by thePlayerManager (label6, which passes
the control to theRequirementManager (7). Once the requirement identified, the
correct state is reached (label8). After the execution, the control is passed again to the
RequirementManager (label 9), which passes, through an appropriate message,
the result(s) to the role’sRequestRequirementState (simulated by the dotted
arc with labelc). Supposing that a valid result has been returned, the powerexecution
goes on, arriving (label10) to theSEND CFP state, that provides the call for proposal
to any bidder known inside the organization (dotted arc withlabel 4, we assume that
some agents already enacted the bidder role), going directly to add the appropriate be-
haviour to thePowerManager of theB CNP instances found. The bidder roles will
send messages back to the manager role, after requesting to their players the require-
ment to specify or not a price for the task to be delegated (with a process that is quite
the same of the one just described).

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



by the players (that are absolutelyautonomous: they are the only agents able to take
decisions).

5 Related and future works, and conclusions

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

Speaking about organizations and roles, we can find very different approaches and
results: models like the one in [17], applications modelingorganizations or institu-
tions like in [26], software engineering methods using organizational concepts like roles
(GAIA, in [32]). GAIA is a general methodology which can be applied to a wide range
of MAS, but also deals with social (macro) level, and agent (micro) level. Under the
GAIA vision, a MAS can be modeled as a computational organization composed by
many interactive roles. Regarding the analysis of organizations, in [30] can be found
what is called the perspective of computational organization theory and artificial intelli-
gence, in which organizations are basically described at the role, and group, composed
of roles, levels.

Under the point of view of programming languages, an exampleis 3APL [31]. 3APL
is a programming language developed for implementing cognitive agents and also for
programming constructs for implementing cognitive agentsand provides programming
constructs for implementing agents’ beliefs, goals, basiccapabilities (e.g., beliefs up-
date, etc.), and a set of practical reasoning rules for updating or revising agents’ goals,
but it has not primitives for modeling organizations and roles. Another language is
the Normative Multi-Agent Programming Language in [29], which is more oriented
to model the institutional structure composed by obligations, more than the organiza-
tional structure composed by roles. ISLANDER [15], is a toolfor the definition and
verification of agent mediated electronic institutions. The declarative textual language
of ISLANDER can be used for specifying the institution components, and a graphical
editor is also available. The definition of organizations aselectronic institutions is done
mainly in terms of norms and rules.

Speaking about frameworks, MetateM is a multi-agent framework using a language
in which each agent is programmed using a set of (augmented) temporal logic spec-
ifications of the behaviour it should adopt. The behaviour isgenerated by the direct
execution of the specifications. The framework is based on the notion of group, and is
BDI oriented. Even if the language is not general purpose, the idea of groups can be con-
sidered similar to the one of roles. Moise [19] is an organizational model that helps the
developer to cope with the agent-centered and the organizational-centered approaches.
The MOISE model is structured along three levels: the individual level (in which, for
each agent, the definition of its responsibilities is given), the agency level (which spec-



ifies aggregations of agents in large structures), and the society level (which defines
global structures and interconnections of the agents, and their relations with each other).
SMoise+ [21] (which ensures that agents will follow the organizational constraints, is
suitable for open systems, and supports for reorganisation) and J-MOISE+ [20] (which
is more oriented to programminghowagents play roles in organizations) are framework
based on the MOISE model, but seem to be limited for programming organizations.
MadKit [18] is a modular and scalable multiagent platform written in Java. It’s built
upon the AGR (Agent/Group/Role) organizational model: agents are situated in groups
and play roles. It allows high heterogeneity in agent architectures and communication
languages, and various customizations, but seems to be alsolimited in programming
organizations.

With respect to organizational structures, Holonic MAS [28] present particular pyra-
midal organizations in which agents of a layer (under the same coordinator, also known
as the holon’shead) are able to communicate and to negotiate directly between them
[1]. Any holon that is part of a whole is thought to contributeto achieving the goals
of this superior whole. Apart from the head, each holon consist of a (possibly empty)
set of other agents, called body agents. Roles and groups canexpress quite naturally in
Holonic structures, under the previously described perspective.

Looking at agent platforms, there are two other—other than JADE—which can be
considered relevant in this context. JACK Intelligent Agents [2] support organizational
structures through the Team Mode, where goals can be delegated to team members.
JADEX [27] presents another interesting platform for the implementation of organiza-
tions, even if it does not currently have organizational structures.

The authors of [24] make a very similar proposal to powerJade. However, they do
not propose a middle tier supported by a set of managers and behaviours making all
the communication transparent to agent programmers. The approach relies mostly on
the extension of agents through behaviours and represents Roles as components on an
ontology, while in our approach roles are implemented as agents. Further decoupling
is provided by brokering between organizations and players; a state machine permits
precise monitoring of the state of the roles.

The normative part of our work is to be improved, since, at themoment, only a kind
of “implicit” one is present. It can be seen, for example, in the constraints which make
possible to play a role only if some requirements are respected. We are also considering
possible merge with Jess (in order to use an engine for goals processing), and Jason,
and some works using defeasible logic [16], in order to obtain the BDI part which is
not present at this moment. We are also applying our model to the web, in order to use
roles and organizations, and to improve the concept ofsession, introducing a typed, and
permanent, session.
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