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1 Introduction

This document gives an overview of this methodology by means of: (1) A de-
scription of the ROMAS methodology's objectives; (2) An introduction to the
main concepts of the ROMAS architecture and metamodel; (3) An introduction
to the ROMAS process lifecycle; (4) A brief description of the ROMAS back-
ground. Further information can be consulted in the bibliography [5, 6, 7, 4].

1.1 ROMAS objectives

ROMAS methodology tries to deal with some of the open issues on the analysis
and design of normative open MAS. Speci�cally, ROMAS tries to contribute to
the state of the art by o�ering a complete development process for analyzing
and designing normative open MAS that includes a set of guidelines to identify,
formalize and verify the normative context of the system, as well as, that allows
the traceability of the normative context from the requirements to the design
decisions and viceversa.

The general objectives of ROMAS are:

� Analyzing the system requirements from a global and individual point
of view, i.e., analyzing the global requirements of the system and the
individual requirements of every entity of the system.

� Analyzing and formalizing the social structure of the system and the re-
lationships between its entities.

� Formalizing the relationships and interchanges between entities in a way
that allows heterogeneous and autonomous entities to interact, even if
these entities have been implemented by external providers using di�erent
technologies.

� Analyzing and formalizing the normative context of the system, i.e., the re-
strictions on the entities behavior derived from the system's requirements
and the design decisions.

� Verifying the coherence of the designed normative context.

� Formalizing the normative context in a way that allows the traceability
from the requirements to the design decisions and viceversa.
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Figure 1: Overview of ROMAS architecture

1.2 ROMAS architecture and metamodel

In ROMAS, agents, roles and organizations are de�ned through a formal so-
cial structure based on a service-oriented open MAS architecture, whose main
features are summarized in Figure 1. Here, organizations represent a set of in-
dividuals and institutions that need to coordinate resources and services across
institutional boundaries. In this context, agents represent individual parties
who take on roles in the system, within a given organization (e.g. a company),
they can both o�er and consume services as part of the roles they play. Beyond
this, virtual organizations can also be built to coordinate resources and services
across institutional boundaries. Importantly, each of these concepts must be
strictly de�ned, alongside their interrelations. Organizations are conceived as
an e�ective mechanism for imposing not only structural restrictions on their re-
lationships, but also normative restrictions on their behavior. These restrictions
are formalized in ROMAS by means of norms and contracts.

Norms in ROMAS are speci�ed using the model described in [2], which
de�nes norms that control agent behaviour, the formation of groups of agents,
the global goals pursued by these groups and the relationships between entities
and their environment. Speci�cally, it allows norms to be de�ned: (i) at di�erent
social levels (e.g. interaction and institutional levels); (ii) with di�erent norm
types (e.g. constitutive, regulative and procedural); (iii) in a structured manner;
and (iv) dynamically, including later derogation. Figure 1 shows two types of
norms: (i) those that are associated with each organization; and (ii) those that
are associated with each role. Clearly, the former must be complied with by
any organization member, while the latter must be complied with by all agents
playing that role.

Finally, ROMAS also allows interactions to be formalized by means of con-
tracts. These are necessary when working in an open regulated system, to be
able to specify the expected behavior of others without compromising their spe-
ci�c implementation. ROMAS involves two types of contracts: social contracts
and contractual agreements. Social contracts can be de�ned as a statement of
intent that regulates behaviour among organizations and individuals. As shown
in Figure 1, social contracts are used to formalize relationships: (i) between
an agent playing a role and its host organization (as indicated by the contract
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labelled c1); and (ii) between two agents providing and consuming services (as
indicated by c2). Social order, thus, emerges from the negotiation of contracts
about the rights and duties of participants, rather than being given in advance.
In contrast, contractual agreements represent the commitments between several
entities in order to formalize an interchange of services or products (c3).

The properties of each entity of the presented architecture and the allowed
relationships between them are formalized in the ROMAS metamodel.

In order to facilitate the modeling tasks, this uni�ed metamodel can be in-
stantiated by means of four di�erent views that analyze the model from di�erent
perspectives:

� The organizational view that allows specifying the system from a high-
level of abstraction point of view. This view allows specifying the global
purposes of the system, the relationships with its environment, the division
of the functionality of the system in roles and the main structure of the
system.

� The internal view that allows specifying each entity (organizations, agents
and roles) of the system in high and low level of abstraction point of view.
From a high-level of abstraction, this view allows specifying the believes
and objectives of each entity, and how the entity participate in the system
and interact with its environment. From a low-level of abstraction, this
view allows specifying the internal functionality of each entity by means
of the speci�cation of which task and service implements. One instance of
this view of the metamodel is created for each entity of the system.

� The contractTemplate view that allows specifying contract templates which
are prede�ned restrictions that all �nal contract of a speci�c type must
ful�ll. Contracts are inherently de�ned at runtime, but contract templates
are de�ned at design time and can be used at runtime as an initial point for
the negotiation of contracts and to verify if the �nal contract is coherent
with the legal context.

� The activity view that allows specifying interaction protocols, the se-
quence of activities in which a task or a service implementation is decom-
posed.

1.3 ROMAS process lifecycle

ROMAS tries to guide developers during the analysis and design phases in a
intuitive and natural way. In that sense, ROMAS derives the whole design
from the analysis of the requirements and their formalization by means of ob-
jectives. Following a goal-oriented approach, developers are focused from the
early beginning in the purpose of the system.

ROMAS development process is composed of �ve phases, which help devel-
opers to analyze and design the system from the highest level of abstraction
to the de�nition of individual entities and implementation details (Figure 2).
Following a summary of the purposes and results of each phase is presented:

� Phase 1. System speci�cation: The purpose of this phase is to analyze the
system requirements from a global point of view, i.e., focusing on what
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Figure 2: The ROMAS process phases

it is important for the system and as whole instead of focusing on the
individual interests of each entity. These requirements are translated in
terms of objectives and restrictions. The global objectives of the system
are studied and re�ned into operational objectives and the main use cases
of the system are speci�ed. Once all the requirements of the system have
been analyzed, the last task of this phase is to evaluate the suitability of
the ROMAS methodology for the development of the system regarding its
speci�c requirements.

The results of this phase of the methodology are: (1) a textual description
of the system requirements, (2) a textual description of the objectives of
the system, (3) a objective decomposition diagram, (4) a set of the use
cases diagrams, (5) an study of the suitability of the ROMAS methodology
for this system.

� Phase 2. Organization speci�cation: The purpose of this phase is to ana-
lyze and design the social structure of the system. First, the functionality
of the system is associated to roles. Then, the relationships between this
roles, the restrictions and the social environment of the system are ana-
lyzed in order to select the most suitable social architecture. This social
architecture speci�es in a high-level of abstraction which are the social
relationships between the roles of the system (like authority or collabora-
tion) and if the system is composed of several organizations.

The results of this phase of the methodology are: (1) a textual description
of the roles of the system, (2) one diagram for each role of the system
specifying its properties. These diagrams are instances of the Internal
view of the metamodel, (3) one diagram for representing the social envi-
ronment and structure of the system. This diagram is an instance of the
Organizational view of the metamodel.

� Phase 3. Normative context speci�cation: The purpose of this phase is to
formally specify the normative context of the system by means of norms
and contracts. The requirements of the system, the normative documents
associated to the system (like governmental legislation or institutional
regulations) and the social structure of the system are analyzed in order to
identify the norms and contracts that should be formalized. The processes
of identi�cation, formalization and validation of the normative context are
supported by a set of guidelines.

The results of this phase are: (1) modi�cations on the diagrams de�ned
in the previous phase in order to add the norms and contracts identi�ed,
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(2) a set of diagrams for specifying the contract templates of all the iden-
ti�ed social relationships. These diagrams are instances of the Contract
template view of the metamodel.

� Phase 4. Activity speci�cation: The purpose of this phase is to specify
the tasks, services and protocols that have been identi�ed in the previ-
ous phases of the development process. In that sense, this phase revises
the role internal view diagrams, the organizational view diagram and the
contract template view diagrams in order to identify which tasks, services
and protocols should be detailed. For example, for each contract template
a negotiation and an execution protocol should be speci�ed.

The results of this phase are a set of diagrams, one for each task, service
and protocol, that are instances of the Activity view of the metamodel.

� Phase 5. Agents speci�cation: The purpose of this phase is to analyze
and design every individual entity of the system. This phase analyzes
the requirements of each entity, its restrictions and which roles this entity
should play in order to achieve its objectives. The last step of this phase
is to validate the coherence between the design of every individual entity
and the global design of the system.

The results of this phase are a set of diagrams, one for each individual
entity, that are instances of the Internal view of the metamodel and that
speci�es the features, properties and interactions of this entity with the
rest of the system.

As the Figure 2 shows, this is not a linear process but an iterative one, in
which the identi�cation of a new element of functionality implies the revision of
all the diagrams of the model and the work products produced, so it requires
to go back to the appropriate phase. For example, during the second phase
(Organization speci�cation), part of the detected roles can be played by a group
of agents that form another organization. In this case, it is necessary to go
back to the �rst phase of the methodology to analyze the characteristics, global
objectives and structure of this organization.

1.4 ROMAS background

Although the ROMAS background is quite extensive, there are two methodolo-
gies that in�uence the most to ROMAS: GORMAS [1] and OperA [3].

ROMAS uses the GORMAS metamodel as a starting point for the speci�-
cation of its own metamodel. GORMAS is a service-oriented methodology that
de�nes a set of activities for the analysis and design of organizational systems,
including the design of the norms that restrict the behavior of the entities of the
system. ROMAS metamodel inherits from GORMAS the concepts of agents,
organizations, services and norms. ROMAS revises the GORMAS metamodel
in order to re�ne these concepts. ROMAS also adds the concept of social and
commercial contract. The process lifecycle of ROMAS and GORMAS are com-
pletely di�erent. GORMAS bases the development process in the speci�cation
of the services that every entity must provide and use, while ROMAS bases it
in the objectives of the system and the objectives of each entity of the system.
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The graphical notation used in ROMAS to formalize the models is based on
the notation used in GORMAS [1], ANEMONA [8] and INGENIAS [9]. ROMAS
adds few graphical icons to represent some elements, like contract templates,
that were not previously de�ned in these methodologies.

The concept of social contract used in ROMAS is similar to the concept of
contract in the Opera methodology. However, ROMAS does not share the same
concept of organizations and interactions. Organizations in OperA are de�ned
as institutions where agents interact between them entering in previously de-
termined scenes. Moreover, other di�erences are that OperA does not include
the analysis and design of individual agents and it does not o�er speci�c guide-
lines for identify the norms derived from the analysis of the requirements, legal
documents or design decisions.
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