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Abstract. Most organization-oriented methodologies for the analysis and design of
multi-agent systems start defining the organization structure. This structure is defined in
terms of roles that the agents have to play in the organization. However, there are cases
where the identification of roles and protocols is not easy, so it is not convenient to start
the analysis defining the organization structure of the multi-agent systems. In this work,
we discuss the use of the organizational concept of business process to identify roles
and protocols. Then, we present an approach, which is based on the business process
concept, to extend the Gaia methodology. This approach defines how to derive the roles
and protocols of a system from the business processes. This approach is described
following areal case.
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1. Introduction

The extended diffusion that the agent technology has had in the last years has brought about the
study of different aspects in the area of the agent-oriented software engineering [8]. One aspect is
the development of methodologies and models for the analysis and design of multi-agent systems
(MASs). In the recent years, different methodologies have been proposed, which have focused
mainly in the inter-agent design aspects of the multi-agents systems instead of the intra-agent design
aspects as agent models or architectures. These different proposals for the anaysis and design of
multi-agent systems can be classified in three types [2,9,11], according to the application of
traditional modeling techniques or methodologies and the application of new approaches in the area
of the software engineering. One type extends or adapts object oriented techniques and models for
the analysis and design of multi-agent systems. Other type extends or adapts methodologies or
modeling techniques derived from knowledge engineering for the analyss and design of multi-
agent systems. The third type refers to those that model and design a multi-agent system as an
organization.

Most organization-oriented methodologies [1,9], which model and design a MAS as an
organization, start defining the organization structure. This structure is defined in terms of roles that
agents have to play in the organization. However, there are cases where the identification of roles
and protocols is not easy, so it is not convenient to start the analysis defining the organization
structure of the multi-agent systems. We think that the same organizationa principle is the source of
other concepts that can be used in the analysis and design of systems as multi-agents organizations.

This paper focuses in the organizational concept of business process to identify roles and
protocols in the analysis and design of multi-agent systems. Section 2 discusses briefly different
types of proposals that have contributed to introduce concepts to guide the analysis and design of
multi-agent systems. Section 3 describes the concepts used in the organization-oriented
methodologies and introduces the business processes concept to identify roles and protocols.
Section 4 describes more details of the Gaia methodology and present an approach, which is based
on the business process concept, to extend the Gaia methodology.

2. Typesof Methodologiesfor the Development of Multi-Agent Systems

One type of methodologies takes concepts of the object oriented development, extending or
adapting object oriented techniques and models, to develop multi-agent systems. In spite of there
are several similarities between agents and objects, there are also a number of important differences
[8]. These differences bring about that the object oriented modeling techniques are poorly suited for
multi-agent systems. However, there are severa proposals that attempt to adapt or extend, object
oriented modeling techniques and methodologies [4,5,7]. Some disadvantages of these proposasfor
the andysis and design of multi-agent systems are: they fail to capture the autonomous and
proactive behavior of agents, as well as the richness of the interactions, although they can
sometimes achieve a good modeling of the autonomous behavior of agents and of their interactions,
they lack of conceptual abstractions for adequately dealing with multi-agents organizations [11].

Other types of methodologies extends or adapts methodologies or modeling techniques derived
from knowledge engineering to apply them to develop multi-agent systems. The design of
knowledge-based systems dso has similarities to the design of multi-agent systems: knowledge
acquisition, modeling and reuse [2]. However, these methodologies conceive a centralized view of
knowledge-based systems and thus, they do not address the social aspects of agent in an
organization [11]. One of these proposals is MAS-CommonKADS [3]. This is an extension of the
method CommonKADS used for developing knowledge-based systems. Although this extension



saves some disadvantages of knowledge-based methods for its applicability at the development of
MASs, it does not take into account an organizational view of the MASs.

Finaly, the third type of methodologies refers to those methodologies that model and design a
MAS from an organization-oriented point of view. These methodologies view a multi-agent system
as an organization. Thus, they propose to develop multi-agent systems as a process of
organizational design. Examples of complete and well-defined methodologies of this type are GAIA
[9] and MaSE [1]. These methodologies take into account the autonomous nature and the proactive
behavior of agents. This principle exhibits the convenience of thinking an information system as an
organization in which agents play roles and participate of interactions among roles.

3. Multi-Agent Systems as Organizations

The idea of thinking a MAS as an organization suggests that it is better to design a MAS making
a paralelism with the behaviors and structures of the human organizations [10]. This principle is
derived from the autonomous nature and the proactive behavior of agents that congtitute a system.
In this way, each agent has a specific role in the organization, which determines its responsibilities
in the organization and the interactions in which the agent role must participate to interact with
other roles played by other agents. With this view, the organizational perspective has the purpose of
making the development of MASs less complex and easier of managing with respect to other
traditional methods used in the software engineering [10].

3.1. Concepts Used in Organization-oriented Methodologiesfor MASs

The concept of role is the main organizationa concept used in the organization-oriented
methodologies for the analysis and design of MASs. A role can be viewed as an abstract description
of an expected function to be performed in the organization [9]. Thus, the roles model defines the
behavior expected of the agents in the organization. A role not only defines the responsibilities of
an agent in the organization but also its position within the organization. In these methodologies,
the organization is modeled by a collection of roles that have relationships to one another through
patterns of interactions with other roles. The roles define the structure of the organization in the
analysis phase and then, in the design phase, what is the role that each agent must play in the
organization is decided. In this way, these methodologies propose starting the analysis phase from
the definition of the organization structure and they only use one organizational concept: the role
concept.

One of the well-defined organization-oriented methodologies is Gaia [9]. Once defined the
system requirements, Gaia proposes to start directly the identification of roles, then the definition of
protocols and finally the complete definition of the roles. Thus, Gaia does not provide concepts nor
a procedure to guide the identification of roles and protocols. A recent work [10] introduces three
news organizational concepts. organizationa rules, organizational structures and organizational
patterns. These organizational concepts are used to extend Gaia methodology. These organizational
concepts are introduced to save some limitations of the Gaia methodology for its application in
open multi-agent systems. In these systems, the number of agents and their relationships change in
run-time. Also, in open sysems the agents can exhibit a competitive or self-interested behavior,
which is not present in closed sysems where the agents have a cooperative behavior. In this
extension of Gaia, the anadysis phase starts with the definition of the organizationa rules, then the
roles and protocols are identified and finally the complete roles model and the interactions models
are defined based on the selected organizational structure.

Other well-defined organization-oriented methodology is MaSE [1]. This methodology is also
suitable for closed MAS. But, in contrast with Gaia, the analysis phase starts using some techniques



of requirement specification, like goas and use cases. Then, roles are identified based on sequence
diagrams derived from the use cases. In the sequence diagrams the initial set of roles and
communications paths are identified. The unigue organizational concept used in MaSE is the role
concept, which is derived from the use cases and sequence diagrams. However, the use cases with
their sequences diagram do not capture all possible scenarios, and thus, all the required roles and
interaction protocols of the system may not be identified.

In these organization-oriented methodologies, we think it is not easy to identify roles and
protocols. In some cases, the identification of roles may be directly derived from the real-world
organization roles that the MAS is designed to support. But it is not always true. At other times,
there is not a similar counterpart of the MAS in the real-world organization, or the real-world
organization is not well defined and structured, or the application of the MAS implicate changes in
the real-world organization. In these cases, it is difficult the identification of roles and protocols,
required by the system. Therefore, we believe that the organizational principle may be the source of
other concepts that can be used for the identification of roles and protocols in the analysis and
design of systems as multi-agents organizations.

3.2. The Organizational Concept of Business Process for the Development of
MASs

Following the principle of designing a MAS as an organization, we believe that one important
concept that can be used in the development of MASs is the business process concept. There are
several definitions of business process, but we can define it as the set of interrelated activities
carried out in an organization in order to contribute to reach the organization goals. Current
management techniques point out that it is convenient to coordinate and structure the organization
activities according to a set of business processes [6]. All organizations start defining their goal and
the processes are useful to describe what must be done to reach that goal. Thus, the primary
objective of the business processesis to reach the organization goal.

In this way, from a point of view of the sysem as an organization, the processes define several
aspects of the MAS. Firgly, the process activities define the functions to support in the MAS.
Secondly, the activities precedence relationships and the activities sequences of the processes define
the way in which the activities (system functions) have to be coordinated in the organization
(system). Thirdly, the inputs and outputs of the processes define the interactions with the external
entities of the system, those users or information systems that have to interact with the MAS.

In those aforementioned cases, where it is difficult to start defining the organization structure, we
may suppose how should be that structure. Instead, if we consider the processes, we can know how
the organization must behavior in terms of the activity relationships. Then, we can define the
required roles to be carried out by each process activities and the required protocols to coordinate
the process activities. Therefore, we propose to start the analysis phase of the development of
MASs defining the organization processes. Thus, we can start defining the functiona and
coordination aspects of the organization and then, based on the processes definition, to derive the
most suitable organization structure to reach the organization goal.

4. Extending Gaia Using the Organizational Concept of Business Process

This section presents an gpproach based on the concept of business processes to extend Gaia
methodology. We think that this approach may be applied to others organization-oriented
methodologies. Firstly, the models, the concepts and the development process of the Gaia are
described. Secondly, the stages of the approach with their outputs are presented following a real
case. Finally, a summary of the development process using this approach is described.



4.1. Gaia M ethodology

The main concepts in Gaia are divided into two categories. abstract and concrete. The abstract
entities are those used during the analysis and the concrete entities are those used during the design.
The analysis phase has the purpose of defining the structure of the system in terms of the roles that
have to be played in the agent organization and their interaction protocols. This is defined through
the roles model and the interactions model, respectively. The roles model describes the attributes of
the roles. A roleis defined by four attributes: responsibilities, permissions, activities, and protocols.
Responsibilities are represented by the safety and liveness properties. The liveness defines the
potential execution trajectories through the activities and protocols associated to the roles. Safety
properties define constraints that a role has to fulfill. Thus, responsibilities express the functionality
of the role. Permissions define the rights that a role has when it accesses an information resource.
Activities of a role correspond to a unit of action that a role performs without interacting with
another role. The interactions model consists of a set of protocol definitions, one for each type of
inter-role interaction. A protocol defines the way in which a role can interact with other roles. A
protocol is defined by a number of attributes: its purpose, the role initiator, the role responder, its
inputs and outputs and its processing. In the analysis phase, Gaia proposes three steps that can be
performed iteratively. The first step is to identify the roles and define them informally. The second
step is to identify the protocols associated to each of the roles. The third step is to elaborate the
complete roles model and interactions model, defining the attributes of the roles and of the
protocols.

The design phase has the purpose of defining the system in terms of the agent types that compose
it, the services to be provided by each agent and their communication pathways. The design phase
consists of three steps: to create the agent model, to develop the services modd and to develop the
acquaintance model. The agent modd identifies the agent types that will make up the system, the
agent instances that will carry out these agent types at run-time, and the mapping between roles and
agent types. This mapping indicates the roles to be played by each agent type. The services model
identifies the services that need to be carried out by each agent and specifies the main properties of
these services. A service means a function of the agent. The services are derived from the protocols,
activities, responsibilities and the liveness properties of arole. The acquaintance model documents
the communication lines between the different agent types.

4.2. An Approach to Identify Rolesand Protocols Extending Gaia

As we mentioned above, we propose an approach to extend Gaia methodology. This approach is
based on the organizational concept of business process to alow developers to identify roles and
protocols. We describe the approach following a real case in which it has been applied. The system
we used as an example has the purpose of supporting the distributed tacit knowledge management
within an organization. This system is being developed by GIDSATD Research Group. Following,
we describe each stage of the approach and their output models.

Stage 1: Define the System Goal.

Every information system pursuits a certain purpose for which it was conceived and put into
operation. Starting from an organizational abstraction of the MAS, it is necessary to take into
account that every organization must define a goal and direct al efforts of every agent of the
organization towards that goal. Then, the first step is to define the goal of the MAS.

Following the example, the purpose of the system is to offer a query mechanism to the decision
makers of each enterprise domain that alows them to find people who have the knowledge to
generate the information they require. Therefore, the goal of the sysem is “to process decision



maker’'s queries in natural language and to find the possble information sources that alow
obtaining answers to the queries requirements of the decision makers’.

Stage 2: Define the Processes.

Once the organization goal is defined, it is possible to define one or more processes whose
primary objectives are to reach that goal. In this way, processes are useful to describe what must be
done to reach the organization god, in terms of the organizational activities and their relationships.
Then, by considering the processes, we obtain the knowledge needed for the specification of the
roles to be played in the organization and the protocols associated to the roles. From the definition
of the business processes, we can obtain the following:

— Theinputs needed and the outputs to be produced to the external entities of the organization (in
the MAS the external entities can be the users or other information systems).

— All activities that the organization has to carry out and their precedence relationships.
— The flow of information among the activities.
— All possible activity sequences or control flows in the organization.

The concept of process activity is also quite important for our methodological proposal.
Therefore, each activity of the process is defined in an activity template and characterized by the
following attributes: activity objective, inputs, outputs, tasks involved in the activity, constraints
and information resources (information used by the activity).

Fulfillment of a process activity allows reaching its objective, and the achievement of successive
objectives involved in each activity allows the organization (the system) to reach its goal. In
addition, the activity sequences or control flows of the processes determine how the activities
(system functions) have to be coordinated in the system. In this way, the organization processes
establish the form in which the roles to be played by agents in an organization, which carry out the
process activities, have to be coordinated to reach the organization goal.

Following the example, the system requirements can be summarized in this way:

— There are people in the company that would like to ask for some information. It has not been
foreseen that this information could be required. It aready exists or can be generated in the
company but it is not known who hasit or can generate it.

— There are people that could receive the query and generate an answer since they have the
requested information.

— The user that originated the query would like to consult the sate of his query.

— The person that originated the query will then receive one or more answers from the different
information sources.

— The person that originated the query could cancel it after the information search has started.

The users supported by the syssem will provide the inputs and receive the system outputs, so
these users are the external entities of the system. Such users perform activities in geographically
distributed places in the company, which are caled Domains. It should be stressed that domains are
autonomous and each of them has information systems to support the decision processes that are
carried out insgde them.

From this brief description of the system requirements, we gather that there are three main
processes:. (1) get the required information, (I1) get the states of an issued query for information and
(1) cancel a query. Processes have been designed following the process design methodology
proposed in [6] and have been represented using diagram activity in UML. The defined inputs and
outputs of the processes are shown in Figure 1.
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Figure 1. Inputs and outputs of the processes

For the purpose of showing our approach, we only describe the main process I, which is shownin
figure 2. This process consists of seven activities and its goa is to obtain an answer to a user’s
query. The firgt activity of this process has the purpose of obtaining the user’s query. The second
activity has the purpose of coordinating all user’s queries generated by the domains selecting the
next query to be processed. The third activity has the purpose of determining the possible
information sources (domains) for providing the required information to the user’s query. The forth
activity has the purpose of visiting the domains that the previous activity classified as possible
providers of the required information. The fifth activity has the purpose of obtaining the answer to
the query. The sixth activity has the purpose of delivering the answer to the user that issued the
guery, and the seventh activity has the purpose of learning from this search, thus improving the
knowledge about domains as regards the information they can provide.
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Figure 2. Process |: Get Required Information.

To complete the processes definition, the attributes for each activity are defined. As an example,
Figure 3 presents the activity Localizel nformationSour ces, which correspond to the main process.

Activity Localizel nformationSour ces

Object Determine the domains that are potentially capable of providing the required
information.

Inputs User query.

Outputs List of domainsto be queried.

Tasks 1. Receive auser’ s query to identify possible information sources.
2.Match a user's query in natural language with the knowledge about domains
information.
3.Generate a list of domains that are potentially capable of answering the user’s
query.

Constraints Maximum number of queries to be received.
Maximum number of queriesto be smultaneously answered.
Resources Knowledge Base about information managed by domains.

Figure 3. Attributes of activity Locali zel nformationSour ces



Stage 3. Identify Roles and Protocols.

Following the processes definition, each activity in the aforementioned processes should be
assigned to a role, which has to be played in the organization to achieve the objective of that
activity. The interactions in which the role has to participate are aso defined. Thus, the roles and
protocols of the whole system are obtained. In this definition, some points should be taken into
account for the identification of roles and protocols from the processes:

— Process activities define the roles to be played to carry out these activities in the organization.

— If some activities are functionally cohesive or use the same resources, they can be carried out
by aunique role.

— Performing a process activity in the context of a process implies different interactions with
other process activities through the defined precedence reationships. Such interactions are
expressed by the activity inputs and outputs. These activity interactions define protocols.

Following the example, we have identified the roles of the sysem by analyzing the processes.

From process |, the defined roles with the process activities assigned to each role are shown in the
figure 4.

Role of the system Process activity assigned to roles
DomainRepresentative GetQueryUser
QueryCoordinatorsAdministrators CoordinateQueries

LocalizelnformationSource,

UpdateK nowledgeAboutlnformationSources
QueryCoordinator QueryToDomains

ResponseSupplier SendQueryResponse

Figure 4. Roles of the system and the process activities assigned to the roles.

InformationSourcel ocator

Once the roles have been identified, the protocols are identified following the activities assigned
to each role and the activity precedence relationships in process I. Figure 5 presents the roles and
protocols derived from process |. The process activities assigned to each role are shown by a tuple
(Process Number; Activity Number). Protocols that settle interactions among roles are shown with
arcs among roles, and the activity attribute of the rolesis indicated with aloop.
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Figure 5. The Roles and Protocol s from the main process Get the Required Information.




Stage 4. Define the Role’s Schemas and the Protocol’ s Attributes.

At this stage, roles model and interactions model are completed, defining the role’' s schemas and
the protocol’s attributes, as Gaia proposes. The attributes of the roles are defined in the role's
schema. Some defined elements in the processes can be taken into account to define some role's
attributes:

— A process activity can be represented by an atomic tasks sequence that has to be carried out as

a transaction. The task concept is the same as the role activity concept in Gaia. Thus, activity
tasks define the activities of arolein the role’ s schema.

— Constraints of the process activity generaly define safety properties of the role that carries out
that activity.

— The resources identified in a process activity help to define the resources to be accessed by the
role. The role permissions are defined on these resources to be used to perform therole.

— The activities sequences and the activity precedence relationships in the processes help to
define the liveness property because it defines the potential execution trgectories of the role
through its activities and associated protocols. These potential execution trajectories can be
derived from the activities sequences and the precedence relationships among activities.

As an example, figure 6 shows a schema of the role InformationSourcel ocator from the system

of the example.

Role Schema: I nformationSourcel ocator
Protocols and Activities:
ReceiveQuery, MatchQuery, GenerateDomainsList, GiveDomainsList, GetQueryAnswer,
UpdateK nowledge
Permissions:
reads UserQueries
QueryAnswer
changes BaseKnowledge
Responsibilities
Liveness:
InformationSourcel. ocator = ReceiveQuery.MatchQuery.GenerateDomainsList.
GiveDomainsList | |GetQueryAnswer.UpdateK nowledge
Safety:
UserQueries < n // number of user queries attended simultaneously
QueryAnswers < m // number of query answers attended simultaneoudy

Figure 6. Schema of the role I nformationSour ceLocator .

Stage 5. Definethe Agents, the Services and the Acquaintance Models.

This stage corresponds to the design phase of Gaia methodology. Therefore, we follow the steps
proposed by Gaiain which the agent, the services and the acquaintance models are defined.

Following the example, we gtart with the definition of the agent model. Figure 7 shows the four
agents types that congtitute the multi-agent system. These agents are the Domain Representative
Agent (DRA), the Information Source Locator Agent (ISLA), the
QueryCoordinatorsAdministratorAgent (QCAA) and the Query Coordinator Agent (QCA). In this
model, the roles that each agent has to perform in the system organization can be seen. The number
of DRA’s instances depends on the number of domains to be supported by the system, since there is
a DRA for each domain. Once the agent modd was defined we have to define the services model,
which is not shown due to space limitations.
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Figure 7. The agent model

Figure 8 shows the acquaintance model. It shows the communication links between agent types.
The DRA has aloop that points out acommunication link between agents of some type.

DomainRepresentative  4———— QueryCoordinator ¢——» |nformationSourceLocator
Agent Agent Agent

! !

QueryCoordinatorsAdministrator
Agent

Figure 8. The Acquaintance Mode

4.3. Summary of the Analysisand Design of MASs Following the Approach

Having described each stage of the approach to extend Gaia methodology for the identification of
roles and protocols, the resulting methodology process with the stage outputs can be summarized as
follows:

Stages of the Analysis Phase:
1. Stage 1: define the system goal. The output of this stage is the organization goal of the MAS.

2. Stage 2: define the necessary processes to achieve that goal. The output of this stage is a
processes model in which all activities with their precedence relationships, the inputs and
outputs, the flow of information and the possible activities sequences are defined. The model
is completed with all activity templates in which the activity attributes are defined for each
process activity.

Stages of the Design Phase:

3. Stage 3: identify roles and protocols in order to define the roles model and the interactions
model. The output of this stage is a roles collection to be performed by the system with the
process activities and the protocols associated to each role.

4. Stage 4. define the role’ s schemas and the protocol’ s attributes, in order to complete the roles
model and the interactions model, based on the processes definitions. The output of this stage
is a complete roles model and interactions model with the defined role attributes and
protocols attributes.

5. lterate from stage 3 to stage 4.

6. Stage 5: define the agent, the services and the acquaintance models. This stage should be
carried out following the steps proposed in the design phase of Gaia methodology. The first
step is to define the agent model, the second step is to define the services model and the third
step is to define the acquaintance model.

The relationships among the models are shown in the figure 9.



Requirements
Statements
Processes
Model Analysis Phase
/ \ \
Roles Model Interactions
Model
m > Design Phase
Agent Model Services Model Acquaintance
Model

J
Figure 9. Rdationships among the modes

5. Conclusions

The organization-oriented methodologies for the analysis and design of multi-agent systems start
defining the organization structure. This means to define, in the first step of the analysis phase, the
roles and the protocols in which they participate. However, in some cases the identification of roles
and protocols is difficult, as we have described in this work. Although there is a proposal to extend
the Gaia methodology using other organizational concepts[10], this proposal is aso based on types
of organization structures to identify roles and protocols and does not provide a method to identify
the preliminary roles and protocols.

Therefore, in this work, we have proposed to use the organizational concept of business process
for the identification of roles and protocols. In this way, the anaysis phase starts defining dl the
organizational activities, the activities precedence relationships and the possible activities
sequences, through the business processes to be carried out in the organization to reach its goal.
Thus, from the functional and coordination aspects of the organization defined in the business
processes it is possible to derive the most suitable organization structure to reach the organization
god.

Furthermore, we have described an approach to extend the Gaia methodology, which is based on
the organizational concept of business processes. In this approach, we have described how to derive
roles and protocols from the business processes. As well, we have described how to derive the
attributes of the roles and protocols, which are used in the Gaia methodology, from the processes
and the process activities attributes. Thus, it may be possible to use atool that allows developers to
specify the processes mode, to define the roles and to assign the process activities to the roles and
then, based on this mapping, automatically to generate the attributes of the roles and protocols. The
use of a development tool based on this approach may have other advantages. it may hold
consistence among the processes mode and the roles and the protocols models, it may take into
account the best practices of the organization in terms of business processes, and it may lead the
system architects who have familiarity with the business processes definition to the development of
multi-agent systems.

An important aspect of the approach is the development process. In the development of a system,
the analysis phase should describe what the system has to do and the design phase should describe
how the system can best fit the requirements identified in the analysis phase. In the organization-
oriented methodologies, the anaysis phase has the purpose of producing a collection of roles, which
describe what the system has to do to meet its requirements. But, once the roles are defined, the



organization structure in terms of roles is dready sated in the analysis phase. Instead, in our
approach, the analysis phase has the purpose of producing a set of organizational processes. In this
way, what the system has to do is described in terms of process activities with their precedence
relationships. Then, the design phase of the approach has the purpose of defining which type of
organization gtructure is the most suitable. Therefore, the role models and the protocols model
should be defined in the design phase.

Finally, although we have used our approach in areal case and other examples, it should require
some other experiences for its complete validation. In addition, the approach is more suitable for its
gpplication to closed systems where al the agents and their interactions are defined in design-time.
Also, since the business processes have the objective of coordinating al the activities of the
organization to reach the organizational god, this approach is not suitable for systems in which the
agents present a competitive and self-interested behavior. However, according to this work, we
consider that the organizational concept of business processes is an important concept to use in the
organizational-oriented methodologies for the analysis and design of MASs. So, the application of
this concept to open systems should be studied.
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