


































































(a) Results of analysis and design phases of the INGENIASdevelopment process

(b) Interface of the IDK (Ingenias Development Kit)

Fig. 16. INGENIASoverview
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Authors develop an agent-oriented software tool called Ingenias Development Kit
(IDK)6 (Fig. 16(b)). It allows to edit consistent models (according INGENIAS spec-
ification) and generate code with documentation to different platforms such as JADE,
Robocode, Servlets or Grasia! Agents.

The main pitfall of INGENIAS is that oriented to too big developments and it can not
be reduced to smaller ones. In [33], a recursive applicationof INGENIAS is presented
to manage large-scale MAS.

OperA Organizations per Agents, OPERA [20], is a methodology tailored to OPERA
model, but describes generic facilitation and interactionframeworks for agent societies
that implement the functionality derived from the coordination model applicable to the
problem domain.

The three components of an OPERA Model are (see Fig. 17(b)):

– Organizational (OM): specifies the organizational characteristics of an agent soci-
ety in terms of four structures:
• Social: objectives of the society, its roles and what kind of model governs co-

ordination.
• Interaction: interaction moments of a society task that requires the coordinated

action of several roles.
• Normative: society norms and regulations, expressed in terms of role and inter-

action norms.
• Communicative: ontologies for description of domain concepts and communi-

cation illocutions.
– Social(SM): fixes the enactment of roles by agents in social contracts that describe

the capabilities and responsibilities of the agent within the society. A social con-
tract defines arole-enacting agent(REA). An agent populationis a set of agents
enacting society roles at a given moment. The use of contracts allows to link the
different models and create specific instances that reflect the needs and structure
of the current environment and participants, and on the other hand, verificate the
outcome of the system.

– Interaction (IM): describes the concrete interaction scenes between agents based
on the interactions scripts specified in the OM. Every interaction commitments are
fixed in interaction contracts.

According to the characteristics of the exchange context and the types of goods or
services exchanged, three organizational structures are presented in OPERA: market,
hierarchy or network. Depending on the coordination model,the design of the agent
society will be different. Therefore, it is recommended to identify as preliminary step
in the development of the agent society which it will be. In the scope of open society
systems, OPERA authors consider that its methodology supports those models because
it fulfils the following requirements (see Fig. 17(a)):

– Internal autonomy requirement: interaction and structure of the society must be
represented independently from the internal design of participating entities.

6 Ingenias Development Kit (IDK) is freely available at http://ingenias.sourceforge.net with
some examples. Its last version is 2.6
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(a) OPERA Architecture

(b) OPERA Methodology Steps

Fig. 17.OPERA overview
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– Collaboration autonomy requirement: activity and interaction in the society must
be specified without completely fixing in advance the interaction structures.

Its critical point is that there is not any implementation ofthe OPERA model which
demonstrates the practical possibilities of the model and proves the conceptual choices
of OPERA .

MOISE Model of Organization for multI-agent SystEms, MOISE [35], is a methodol-
ogy structured along three levels:

– Individual : definition of the tasks that each agent is responsible of (roles, which
constrain the action possibilities of each agent accordingtheir missions. A role is
defined as a set of missions). An agent, playing a given role inthe organization,
must obey the permitted behaviours specified by the missionsbuilding the role.

– Aggregate: aggregation of agents in large structures (groupswhich constrain the
agents they can cooperate with). It is defined by a set of roles, a set of missions and
a set of links. There is two kinds of groups:
• Internal: links only relate roles of the group (sources and targets).
• External: in other case. It depends on the policy that is adopted by the designer

of the application.
– Society: global structuring and interconnection of the agents and structures with

each other.(organizational links, which constrain the kinds of interaction the agents
can have in the systems).To control the execution of the agents in the system, three
types of links has been defined:
• Communication: structure the exchange of information
• Authority: define the control structure
• Acquaintance: structure the representation of the other agents and security

MOISEcovers the organizational aspects from to two points of view[37]:

– Functioning: specification of global plans, policies to allocate tasks to agents, the
coordination to execute a plan, and the quality (time consumption, resources usage,
. . . ) of a plan.

– Structure: the roles, the relations among them (e.g. communication, authority),
roles obligations and permissions, group of roles, etc.

The Fig. 18(a) briefly shows how an organization could explain or constrain the
agents behavior in case we consider an organization as having both structural and func-
tional dimensions.

If only the functional dimension is specified, the organization has nothing to“tell”
to the agents when no plan can be performed. Otherwise, if only the organizational
structure is specified, the agents have to reason for a globalplan every time they want
to play together.

Thus, in the context of some application domains, we hypothesize that if the orga-
nization model specifies both dimensions while maintaininga suitable independence
among them, then the MAS that follows such a model can be more effective in leading
the group behaviour to its purpose . Another advantage of having both specifications
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(a) The organizational effects on a MAS (P: all behaviours which
draw the MAS’s global purposes;E: all possible behaviours in the
current environment;S:organizational structure (roles, groups and
links); F:functional dimension)

(b) MOISE Example of OS and OE graphs

Fig. 18.MOISEoverview

is that the agents can reason about the others and their organization regarding these
two dimensions in order to better interact with them (in the case, for example, of social
reasoning).

Two diagrams characterise MOISE model (See example Fig. 18(b)):

– Organizational Structure (OS): a web of roles(nodes), links(arcs) and groups in-
dependently of the agents being in the system.

– Organizational Entity (OE) : set of agents functioning under an organizational
structure. It is an instantiation of an OS.

The constrains defined in the mission imply that the agent will be dependent of
others missions for the planning, the execution of action orthe use of resources. This
implies that an agent has the ability to compute thedependence relationthat rely the
mission of their role to the others agents in the organization considering their roles.
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MOISE+ The main shortcoming of MOISE, which motivates its extension, is the lack
of the concept of an explicit global plan in the model and the strong dependence among
the structure and the functioning [37]. The objective is to create an organization centred
model where the first two aspects can be specified almost independently of each other,
and can be properly linked by the deontic aspect [38]. The characteristics of each aspect
are:

– Structural : defines the agents’ relations through the notions of roles and links.
In this proposal, the original MOISEmodel is enriched with concepts such as role
inheritance, recursive groups, role compatibility, and role cardinality.

– Functional: describes how a MAS usually achieves its global goals, i.e., how these
goals are decomposed (by plans) and distributed to the agents (by missions). The
original MOISE’s plans are local to the agents. The MOISE+ contributions here are
the inclusion of the concept of global plan, called Social Scheme (SCH), and the
definition of preferences between missions.

– Deontic: describes the roles’ permissions and obligations for missions

Subsequently, it has been emerged variations of MOISE+ [39, 36] as:

– S-MOISE+: ensures that the agents follow some of the constraints specified for the
organization (cardinality of groups, communication and acquaintance links, role
and mission adoption, goal satisfaction), which is interpreted at runtime7.

– J-MOISE+: helps to program agents with AgentSpeak using the open-source inter-
preterJason8.

A comparison of MOISE+ against AGR is in [12], where it is clarify the equivalence
between AGR and a part of the structural dimension of MOISE+.

7 S-MOISE+ is freely available at http://moise.sourceforge.net
8 J-MOISE+ is freely available at http://jason.sourceforge.net
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3.5 Other methodologies found in the literature

Apart from the described rules-based methodologies, thereare some other methodolo-
gies or frameworks which we are considered not so important:

CIVIL AGENT SOCIETIES It provides a useful model for designing the infrastructure
needed to facilitate the conduct of social interactions achieving the bestquality of
serviceguarantees (of security, fairness, efficiency...). Its three core elements are:
its norms, its institutions and mechanisms for formalizingsocial interactions as
contracts [15].

HARMON IA It is oriented to model regulated electronic organizationsfrom the ab-
stract level where norms usually are defined to the final protocols and procedures
that implement those norms [69].

OMNI Organizational Model for Normative Institutions (OMNI) isan extension of
OPERA and HARMONIA. It allows the balance of global organizational require-
ments with the autonomy of individual agents. It is structured in three levels: Ab-
stract, Concrete and Implementation. It is highly modular and it depends on the
type of application modules are more or less expansively used [22, 70].

ROADMAP Role Oriented Analysis and Design for Multi-Agent Programming, RO-
ADMAP is variant of GAIA which is oriented to improve engineering open-systems.
It has four improvements: formal models of knowledge and theenvironment, role
hierarchies, explicit representation of social structures and relationships, and incor-
poration of dynamic changes [48].

SODA Societies and infrastructures in the Analysis and Design ofAgent-based sys-
tems, SODApromotes the separation of individual and socialissues, and focuses
on the social aspects of agent-oriented software engineering [59].

ADEM It is a comprehensive software development process based onthe modified
and simplified RUP (Rational Unified Process) and AML (UML-based Agent Mod-
elling Language) ([9, 10]).
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4 Comparative Analysis

Several researchers tried to analyse and compare differentexisting approaches ([1, 65]).
Basically, each proposal defines a framework with several slots that are studied and
compared in all cases. There are no any existing proposal that covers both organizational
and traditional approaches and we may propose another framework. Our framework to
evaluate all tools is based on [13, 66, 68]. The proposed framework’s evaluation criteria
are grouped into five main groups:

a) Concepts and properties, which assess with the main significant agent-oriented
concepts and properties which any methodology should implement.
• Autonomy, that express the ability of any agent to solve a problem in a au-

tonomous way.
• Communication, that describes the communication model used, such as mes-

sage-based or memory-based.
• Cooperation issues, that explainshowa common-goal is managed by agents.
• Adaptability,
• Pro-activity, if the methodology allows the designer to represent this feature.

b) Modelling language criteria which is addressed with the expressiveness and for-
malization levels of the defined notation.
• Formalisation/preciseness of modelsindicates if the models are clearly defined.
• Expressivenessthat allows to express the data and the flow of data inside a

system.
• Abstractionto create different levels of detail of models.

c) Model-related criteria which evaluate the capabilities of the methodologies mod-
els.
• Coverage of the life cycle. The set of phases of the life cycle is covered by the

methodology.
• Complexitymeasures the effort level to learn and use it.
• Temporal continuitythat express the changes of the agents across the time.
• Human computer-interaction. Multi agent systems may require to exchange

information with (human) users as input and/or output. Thatinteraction should
be designed appropriately and represented (typically) as use cases.

d) Organizational criteria which evaluate social relationships among the agent com-
munities.
• Open systemsif it allows to represent the incorporation/removal of new a-

gents/resources dynamically.
• Topology. Agent communities relationships could be expressed with different

paradigms as summarised in§3.1. Methodologies could be constrained to some
of those or be independent.

• Social normsspecifies high-level communication patterns among agents or
groups of agents.

e) Supportive feature criteria try to give some considerations about support tools.
• Software and methodological supportexpress if any CASE tool exists (e.g.

libraries of agents, agent components, architectures or technical support).
• Availability of examplesis a useful help during learning or implementing of

any methodology.
• Usage in projectsis an important factor that express the maturity of a method-

ology.
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Appendix 1: Studied Approaches

Table 3 summarises all studied methodologies in this reportand depicts the main infor-
mation related to all of them such as the authors, the kind of methodology or the main
references where the reader can look for more information.

Table 3.Summary of studied methodologies with basic details

Methodology Authors Year Classification∗ References
AGR Ferber and Gutknecht 2004 NRBO [26, 12]
AUML Odell and Huget 2000 OO [57, 3, 27, 43, 44, 42]
E-INSTITUTIONS Estevaet al. 2001 RBO [24, 23, 51, 25, 12, 2]
EXTENDED GAIA Zambonelliet al. 2003 RBO [75, 76, 8, 7, 40]
GAIA Wooldridgeet al. 2000 AO [74, 54, 55, 4]
INGENIAS Gómez-Sanzet al. 2002 RBO [49, 34, 33, 5, 63, 2]
MAS-COMMONKADS Iglesiaset al. 1999 KE [45, 34, 68, 28, 40]
MASE Wood and DeLoach 2000 RBO [72, 19, 16, 17, 40, 18]
MOISE Hannounet al. 2000 RBO [35, 37]
MOISE+ Hübneret al. 2002 RBO [37, 38, 12, 39, 36]
OPERA Dignum 2004 RBO [20]
PASSI Cossentino 2002 AO [11, 40]
PROMETHEUS Padgham and Winikoff 2002 AO [61, 60, 62, 40]
TROPOS Brescianiet al. 2004 NRBO [57, 6, 32, 22, 53, 50]

∗RBO = Rule-Based Organizational; NRBO = Non-Rules-Based Organizational;
OO = Object-Oriented; KE = Knowledge-Engineering Based
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39. J. F. Hübner, J. S. Sichman, and O. Boissier. S-MOISE+: AMiddleware for developing
Organised Multi-Agent Systems. InProc. of International Workshop on Organizations in
Multi-Agent Systems at AAMAS 2005, 2005.

40. B. Henderson-Sellers and P. e. Giorgini, editors.Agent-Oriented Methodologies. Idea Group,
2005.

41. B. Horling and V. Lesser. A Survey of Multi-Agent Organizational Paradigms.The Knowl-
edge Engineering Review, 19(4):281 – 316, 2005.

42. M.-P. Huget. Agent UML Notation for Multiagent System Design. IEEE Internet Comput-
ing, 8(4):63–71, July/August 2004.

43. M.-P. Huget and J. Odell. Representing Agent Interaction Protocols with Agent UML. In
5th International Workshop, AOSE 2004. Revised Selected Papers, volume 3382 ofLNCS,
pages 16–30. Springer Berlin / Heidelberg, 2004.

44. M.-P. Huget, J. Odell, and B. Bauer.Methodologies and Software Engineering for Agent
Systems, volume 11 ofMultiagent Systems, Artificial Societies, and Simulated Organizations,
chapter The AUML Approach, pages 237–257. Springer US, 2004.

45. C. A. Iglesias, M. Garijo, and J. C. González. A Survey ofAgent-Oriented Methodologies.
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