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Abstract. Agent-oriented methodologies are an important means for construct-
ing agent-based systems in a controlled repeatable form. Howevat;@gented
methodologies have not received much acceptance in industrial emerts,
which can be partially explained by drawbacks in current agent-orienéthod-
ologies, mainly in terms of applicability and comprehensiveness. Spahific
Gaia, one of the most cited methodologies, does not consider agég desr
exhibits an iterative methodological process. On the other hand, Gaisgd ba
organisational abstractions (which makes it suitable to cope with the dekign o
complex systems) and possesses a simple methodological processivetubral-

ity makes it suitable for extensions. In this paper, we extend Gaia in two-direc
tions: we incorporate an agent design phase, and we enhance thel alegical
process with the use of iterations.

1 Introduction

Emergent technologies such as the Grid, peer-to-peer dimypand ubiquitous com-
puting, require systems that are open, highly distribuged] whose components ex-
hibit some level of autonomy and pro-activeness. It has lod@med [15, 5] that the
combined use of the multi-agent approach and organisatsdractions is a suitable
means to model such systems. More specifically, organisatimbstractions provide
agent-oriented methodologies with the necessary desigmaaktions to cope with the
development of complex systems in a systematic and coadrfdirm.

Among those agent-oriented methodologies based on oggemal abstractions [16,
12,4, 1], Gaia [16] is arguably the most used. The populafifgaia can be explained
by the characteristics of its methodological process, Wiisimple to understand, has
a good separation of development phases, and is neutralytepatific implementa-
tion technique or platform. However, Gaia focuses only andiganisationalaspect
of multi-agent systems (or macro level), leaving the actlesign of agents (the mi-
cro level) unconsidered. This results in the absence of kegldpment phases in the
methodological process, such as agent design and implatientoth essential for the
development of real world systems. Additionally, there @rapensity of the method-
ological process in general to construct systems once andllfaather than part by
part. This constitutes another drawback of Gaia, sincevierg difficult to accomplish
in a single opportunity the complete and detailed designwhale complex system.
Similarly, other development activities such as impleragat and testing are also com-
plicated if no explicit mechanism for decomposing the depeient is present.



In order to address these drawbacks, in this paper we pregemixtensions to the
Gaia methodology. The first extension consists of incotjiogea phase for agent de-
sign, based on the use of well-knowgent architecturefl4]. The second provides the
Gaia process with a mechanism that decomposes the devealbpfizesystem intdter-
ations an approach that has been used successfully in maturd-obiested method-
ologies, for example in the Unified Software DevelopmentEss [11].

The rest of this paper is organised in the following way. Irct® 2 we briefly
describe the main aspects of the Gaia methodology. In $e8tiee present the models
and activities of our proposed agent design phase, and sbanthis phase fits in
the Gaia methodology. In Section 4 we describe how we enhifwec&aia process to
incorporate the agent design phase, and use iterationstog®se the development of
a system. Finally, in Section 5 we present our conclusions.

2 Gaiaoverview

Gaia [16] is an agent-oriented methodology based on thenimaional concepts of
roles, interactions, and organisations, and is dividenl amialysisarchitecturaldesign,
anddetaileddesign. A brief description of these concepts and phasessepted below.
Roles Roles in Gaia represent well defined positions in the orgaiois, and the be-
haviour expected from them. Roles are characterised bgmeethat identifies the role;

a briefdescription the protocolsthrough which it interacts with other roles; thetivi-
tiesthat the role performs without interacting with other roltge responsibilitieshat
express the functionality of the role (divided inteeness propertieand safety prop-
erties which relate to states of affairs that a role must bring abauod the conditions
whose compliance the role must ensure, respectively);lamermissionso access the
resources that the role needs for fulfilling its respongied. A role is depicted graphi-
cally by means of aole schemaan example of which is shown in Figure 1. As can be
observed in the figure, boxes in the schema correspond tdracterisation of roles,
and the names of activities are underlined to distinguismtfrom names of protocols.
Additionally, the responsibilities are expressed in a pggpbuilt language that includes
operators to represent sequengedlternatives|j and indefinite repetitiont).
Interactions Interactions in Gaia are characterised by meangrofocol definitions
which consist of: gpurpose that provides a brief description of the interaction; & lis
of initiators, that enumerates the roles that can start the interactsumally a single
element); a list ofesponderghat enumerates the roles involved in the interactionja lis
of inputsandoutputsthat provides the information required or produced durhrein-
teraction; and a briedescriptionof the purpose of the interaction. This characterisation
is represented graphically using a diagram like that showkigure 1.

Organisations An organisation in Gaia is formed of an organisational stmecand a
set of organisational rules. The former consists of a tapplphe set of communica-
tion paths between the roles), and a control regime (relships of authority between
the roles). Organisational rules are constraints aboutthevdifferent elements of the
organisation interact, and either express situations abants try to bring about, or
express conditions that must be kept invariable.
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Fig. 1. Example of a role schema (left) and a generic protocol definition (right)

The analysis phase The analysis phase deals with collecting the features etxle
understand the system, and consists of five activities:rdposition of the system into
sub-organisations, which aims to partition the systemnmboe manageable units; iden-
tification of environmental entities, which deals with dieg a list of the resources used
by agents while carrying out their activities and the righftsccess to them (such as
reador changg; creation of the preliminary role model, which consistshaf construc-
tion of all role schemata; creation of the preliminary iatgion model, consisting in
the creation of protocol definitions; and determining thgamiisational rules. It must be
noted that, for the preliminary models, the emphasis isqulaan the identification of
roles and protocols, rather than in providing a completerijgtson of their features.
The architectural design phase The next phase, architectural design, consists of two
parts: the selection of an organisational structure, aecctimpletion of the role and
interaction models. The organisational structure playsmoortant part in the develop-
ment of the system because it impacts on the way agents ardirtaied, and on how
the organisational rules are implemented. The completfadherole and interaction
models deals with detailing the roles and protocols withittiermation obtained once
the structure is determined. This activity includes theoiporation of new roles and
interactions which may have resulted from the applicatibthe previous step.

The detailed design phase The final phase of Gaia, the design phase, consists of pro-
ducing the agent model, which involves determining whiclesawill be played by
which agents, based on considerations such as efficiencgtarsical distribution.

3 Agent design

In addition to what Gaia provides, we also need to considedtsign of the internal
composition of agents. However, since no agent design pghaseluded in Gaia, we
have constructed one which takes its inputs from the org#iaisal design and its out-
put is a specification ofiow agents fulfil their requirements, which in turn serves as



input to the implementation phase. Our proposed agent migigse complements the
organisational design, in which agents are considered tddw boxes, and their de-
tailed composition is ignored. Although, in general ageais play more than one role,
in the following we assume that each agent plays exactly olee At the end of the
section, however, we provide guidelines for the generat gasvhich an agent imple-
ments more than one role. The design phase consists of neodk&ctivities to produce
these models, and is applied for each role of the system.eTimeslels and activities
are described below.

3.1 Modds

The agent design considers two models stnecture modeaind thefunctionality model
the former providing a structural decomposition of a rol®iolasses, and the latter
specifying how these classes collaborate to achieve thecéagh behaviour of the role.

The structure model The structure model decomposes a role into classes, thus the
structure model is formed of class diagrams [6], one diagoamach role in the system.
Although a class diagram is common in object-based teclesiqgtis used to represent
different concepts — depending on the stage of the proceskioh it is used — so it is
worth explaining the way in which we use it here. In the stuoetmodel, we use a class
diagram to describe the main internal components of a ralelgsses), and the static
relationships between them, suchdependencgart-of andinheritance The level of
detail in the description must be sufficient to identify tlweecclasses, and for each of
these classes, the operations necessary to achieve thiofiatity of the role, and the
internal information required to implement these methadsibputes). However, it is not
necessary that the diagram includes all the classes nesdeagdlement the role, nor all
the attributes and methods to implement each class. Thé sxaaf classes in the class
diagram of a role largely depends on the agent architeceee to model the behaviour
of the role, but there are some classes present in almostrehiyezture nevertheless.
Such classes include: those representing the sensing feutiref capabilities of the
role (such as message handling); classes for represemithgnanipulating the state of
the agent; and classes for controlling agent behaviour.

The functionality model The functionality model consists of a setsifenarios each
of which represents a piece of functionality of the role, andtains a sequence dia-
gram [6] showing how the role executes the functionalitye Ttieces of functionality
are obtained from the role’s responsibilities (as statdtsirole schema), and together
must cover all such responsibilities. This can be achieyedonsidering each term of
the role’s responsibilities as a piece of functionalityeTtlasses involved in the se-
guence diagram are those of the class diagram correspotudihg role. For example,
in a market application, a possible scenario for the buylerwould represent the func-
tionality find the best price seller for a given produmt means of a sequence diagram
showing how the classes of the buyer interact to achievéiisTany role in the system
has an associated class diagram and a number of scenacbs,eéerring to a piece
of functionality and described by means of a sequence diagidis association is
illustrated in Figure 2 for a generic roleand a generic scenatjio



Class
diagram

Determine the |
agent architecture

Structure model

Role 1 1] AN
Role i o 8 ey (,réate class | Architectural
Scenario 1 | ./ ifunctionality: diagrams patterns
Role n /i statement i T
Scenarioj i

Create
scenarios

‘\ i sequenc
- diagram :

Scenariom

Functionality model

Fig. 2. The models (left) and activities (right) of the agent design

3.2 Activities

The activities involved in agent design consist of selectm appropriate agent ar-
chitecture and building the models described above. Thethgties are illustrated in
Figure 2, together with indications of those stages in whiwh use of architectural
patterns is valuable. Architectural patterns [10] are glegiatterns that represent well
established agent architectures, and include a classatiiggcenarios, and situation in
which their use is advisable, and methodological guidslifoe their use. Developers
refine architectural patterns, with application-dependafiormation, to obtain design
models (structure and behaviour) of the agents in the sygienording to this figure,
for every role in the system the following activities arefpemed.

Determining the agent architecture In this activity, the architecture for the role is de-
termined. In order to do this, several factors must be cemsitl The most important
factor deals with the complexity of the behaviour expectednfthe role. For exam-
ple, a simple behaviour can be more easily implemented gfiroeactive architectures,
whereas a complex behaviour may require the use of deliberat hybrid architec-
tures. A second factor deals with the level of pro-activenesjuired. Reactive archi-
tectures typically produce agents which are not pro-actw operate on request of
other agents, whereas BDI architectures are suitable festnacting pro-active agents.
Other factors that affect the decision are the level of feamil/ of developers with a spe-
cific architecture, and the support that different develephtools provide for specific
architectures. This activity can be facilitated by a cajak of architectural patterns
showing, for each architecture, its characteristics, athges, limitations and applica-
bility. The construction of such a catalogue is subject oftfer work, as well as of a
procedure to select the pattern that best suits a givencapipli.

Creating class diagrams In order to create the class diagram, two different methods
can be used. The first is to employ an object-based methogtdogreate a design of
the agent, according to the selected agent architecturgetds, this can be a difficult



task for a typical software developer, since understandgent architectures requires
familiarity with concepts uncommon in traditional softwagngineering. The second
method consists of using a catalogue of architectural pestt¢ogether with guidelines
for selecting an appropriate pattern for a specific role,adapting the selected pattern
to the specific application. Regardless of which methodésltis construct the class di-
agram, the inputs are taken from the organisational desafef of Gaia. Specifically,
the role model provides three inputs: the liveness respditisis (which describe the
functionality that the role is expected to exhibit), theetgfresponsibilities (describing
the conditions that must hold during the lifetime of the yoéand the permissions (which
contain the environmental entities employed by the rolgetioer with the rights to ac-
cess them). Additionally, the interaction model of Gaiavles the inputs and outputs
of the protocols in which a role participates, the orgamise structure provides the
authority relationships involving the role, and the orgational rule model provides
the rules that constrain the behaviour of the agent.

Creating scenarios Similarly to the class models, the scenarios can be obtdipéol-
lowing an object-based methodology, or by using a catalajw@chitectural patterns
together with procedures to select the appropriate pati®@hen following an object-
based methodology, it is advisable to decompose the furaditg of the role by means
of use casefs], and then build the corresponding sequence diagramaitin ef them.
The inputs for creating the set of scenarios are the samer asefating the class dia-
grams, with the addition of the class diagrams themselves.

3.3 Example

In order to illustrate agent design, we consider a systersdgmenting users according
to common interests, which is inspired in [9]. It deals witkegymentation of users in
groups of common interests, and is meant to be used for niregkmirposes, such as for
offering specific products only to potentially interestesiérts. The system is conceived
as a multi-agent system in which each (human) user is reqessey apersonal clerk
which groups with other personal clerks to form a commurstych a community is
represented by elerk of communityand relates to one subject. This segmentation of
interests helps to control the quality of documents pradideusers, as explained below.

A community can be seen as a source of information to whichsumgbscribe to
obtain relevant information for their interests. Once suibed, a user begins to re-
ceive information from the community. This information giriates from members of
the community or from other sources of information such asrfes of news and other
communities (different communities can exchange inforomaas long as it is autho-
rised by the administrator of the system). The informatlwat the users receive passes
through a series of filters to ensure its quality.

When a user suggests information to the community, the corityrfinst compares
the suggestion with theommunity profilelf the information matches the community
profile, the document is evaluated by a set of members of theramity. However,
before being evaluated by their users, each of their pelstars decides, on their own,
whether the document is interesting to its user. In the affiive case, the evaluation
request is presented to the user, so that he evaluates thmdot In the negative case,
a vote against the document is produced. The suggested datisrapproved only if
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most of the consulted members vote in favour of the docun@emt,the positive and
negative evaluations are registered and used in the acoepbh future suggestions.

The permanence of members in a community is subject to thefiolg restrictions:
first, users who have suggested many documents evaluatedivedg are expelled,
since their interests are not in accordance with those otdmemunity; and second,
users who evaluate too many documents negatively are atsdlea, since they have
not shown interest in the type of information provided by ¢benmunity.

Community clerks and personal clerks describe their istsigy means of profile,
which can take the form of a set of documents (the last doctswealuated positively),
keywords or categories. The keywords and categories ofrla ctan be modified by its
user. Users connect with their clerks by means of a Web aterthat allows them to:
suggest documents, evaluate documents, see documenseeasigtistics of operation.

In Gaia, during the analysis, the main roles of the systemlata@ined from the basic
skills of the system organisation. Since in our example &tskdl refers to determining
if a document can be of interest to the community, in the foilg we assume the
existence of a role in charge of determining if a proposecudmmt is relevant to a
community, hereafter called th&rofiler, and whose role schema is shown in Figure 3.
Additionally, we assume that, according to the organisatistructure of the system,
theProfiler role is completely subordinated to the authority of the camity clerk, so
that its behaviour can be modelled as a process of receivitegsy performing activities
related to accomplishing these orders, and replying wiéhrésults produced by the
activities. Considering its purely reactive behaviour,aeaclude that th@rofiler role
can be modelled by means of the subsumption architecture [2]

The subsumption architecture The subsumption architecture [2,13] is a reactive ar-
chitecture developed by Brooks, that bases its functiorherekistence dbehaviours
and their relationships dhhibition. Each behaviour is intended to achieve a specific
task and associates perceptual inputs with actions. Fongeain the case of a vehicle
control application, the behaviowhanging direction if an obstacle is found in front
associates the perceptual inpam, obstacle is in frontwith the taskchange direction

To pursue its aim, each behaviour continually senses thieosment until the environ-



mental state matches its associated perceptual input,ighwhse the associated action
is performed. In this example, the environment is contilyus¢nsed until an obstacle
is detected in front of the vehicle, in which case the actibrcl@anging direction is
performed. However, since an environment state may matek than one behaviour,
aninhibition relationis used to specify priorities. According to this inhibitioglation,
the behaviours are arranged into layers, with lower layapable of inhibiting upper
layers, and the higher the layer the more abstract its bebaWor example, in the case
of vehicle control, the behaviour correspondingtdlision avoidanceccupies a lower
layer than that of the behaviour correspondingeach the destinatigrsince avoiding
an obstacle has priority over reaching the destinationréfbee, using the subsumption
architecture, we construct the structure and functiopatibdels corresponding to the
Profiler role, as described below.

Structure model The Profiler interacts with its environment by means of interaction
protocols. As can be observed in its schema (Figure 3)Ptbéler role participates
in two protocols:MatchDocandApproveDoc According to this, the environment per-
ceived by theProfiler can be described as the set of tuplgemmand, contentl, con-
tent2) where:commandis an identifier of the type of protocol (for examphdatch
for the MatchDoc protocol, orApprovefor the ApproveDocprotocol); contentlis a
document; andontent2is anevaluationif commands Match or nil otherwise (this
corresponds to the outputs of these protocols, as statémt imteraction model). Ac-

cordln&ly, there are two behaviours for this role, as désctibelo
bl if (Match, d, e) is perceived then execute MatchProflleD)Ja(uﬂ continue the exe-

cution of protocol MatchDoc.
b2 if (Approve, d, e) is perceived then execute IsApproved(dne continue the exe-

cution of protocol ApproveDoc.
Here, MatchProfileDocand IsApprovedare activities of theProfiler role, dealing

with matching a document to the community profile, and apipga document, respec-
tively, as is stated in its role description. Note that, iis frarticular case, the inhibition
relationship is irrelevant, since no perceived state catcimaothbl andb?2.

The class diagram for the structural model is obtained byeaing the class dia-
gram of the subsumption pattern, with the particular charatics of theProfiler role,
resulting in the diagram shown in Figure 4. The enhancenuemtsist in the elimination
of the originallnhibitor class (since no inhibition relationship is required), tlesctip-
tion of the information perceivedPérceptclass), and the representation of thiibitor
activities as actions of behaviours.

Functionality model The operation of th@rofiler is so simple that only one scenario
is needed to describe its functionality. Such a scenarioriess the dynamics followed
by the classes to accomplish the functionality of the ratel,ia expressed by a sequence
diagram adapted from the subsumption pattern. This sequiagram, which is shown
in Figure 5, is easier to interpret if we consider that Brefiler perceives the environ-
ment by receiving messages and interpreting their cord@ntaffects the environment
by sending messages.

3.4 Agentsthat play morethan onerole

In the previous description of the agent design phase, thetégquestion encompasses
only one role. However, in general this is not the case, singigen agent may encom-
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pass more than one role for reasons of efficiency, physisalilolition and facility of
implementation. For instance, in our example the same aganperform theérofiler
andCommunity Clerkoles for incrementing the efficiency of the system. When more
than one role is included in one agent, the agent design itedpp each of the roles,
and the resulting models analysed to identify common ctasBeese common classes
can then be merged, resulting in a reduction of the numbdase$es, particularly when
the roles are modelled by the same agent architecture. Hoyavexcessive merging of
classes increases the coupling between the roles, andingrsbme difficult problems.
For example, in the case of the subsumption architecturenwterging the behaviours
of two different roles, a new inhibition relationship (tttatnsiders the behaviours of the
two roles) must be determined.

Now that we have described the agent design phase, we alddmeensider how
it might be incorporated into the methodological process.dd/ this below.

4 Iterative development

The main idea behind applying éerative approach to the development of a system is
to divide the development into simpler, and thus more maalalge units. Each unit is
then analysed, designed and implemented to produce antakéxdeliverable which
extends, in functionality, the previous deliverable, inlsa way that the final executable
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deliverable encompasses all the functionality expecteoh fthe system. This reduces
the risk of producing thevrongsystem, and of exceeding delivery times.

The iterative approach decomposes the development &giwit two dimensions.
The first dimension corresponds to the typical ways of dgyetp software, which in
our case consists of decomposing the development into sieagrchitectural design,
detailed design, and agent design. The second dimensies ogl the use dferations
which consist of the application, to some degree, of all thases mentioned above,
and several iterations are carried out during the developoféhe whole system. Early
iterations focus on the first phases, analysis and archidalesign, while subsequent
iterations focus on the last phase, agent design.

While the decomposition into phases is common for all appéoa, iteration de-
composition varies from application to application, imtsrof work dedicated to each
phase, number of iterations, and, more importantly, piepds a general rule, the
larger the system, the more iterations are needed. In addttie actual decomposition
of the development cycle into iterations is guided by thecfiomality of the system.
This means that the functionality of the system is divideio iparts, one or more of
which are assigned to an iteration, whose purpose is to gaeinhat part of the func-
tionality. The order in which the iterations must be carried is important and must
be established as part of the iteration decompositionegime most critical and impor-
tant parts of functionality must be considered first, to obearlier user feedback and
foresee possible changes in delivery times.

Some guidelines for iteration decomposition are as follaive set of iterations
must cover all the functionality expected from the systdma;darly iterations in the de-



IterationParts Functionalities

1 Part 1 Approve new information

2 Part 5 and Part|®egister new users and expel users

3 Part 3 and Part|€reate communities and Eliminate communities
4 Part 2 Exchange information

Table 1. Iteration decomposition of the case study

composition must be occupied by those functionalities fibiath the core of the system
(such as critical processes that are poorly described)y dhdse functionalities that
involve a high risk of creating the wrong system or delayimg delivery of the system
(such as the employment of new technology); early iteratimust provide insight of
most of the system; and it is desirable to achieve a balanteirerations, so that no
iteration is too big nor too small.

To illustrate all this, we apply the iterative process to fheblem described in
Section 3.3. First, the functionality of the system can lvidéid into several parts.

Part 1 Approve new information: receiving, filtering, and disseating documents
suggested by users.

Part 2 Exchange information: the part dealing with the exchangmfoirmation be-
tween different communities or other sources of infornratio

Part 3 Create communities: the process of creating new commariitithe system.

Part 4 Eliminate communities: elimination of unwanted commuestirom the system.

Part 5 Register new users: the process of accepting new users dothunities.

Part 6 Expel users: the part dealing with expelling unwanted ufsers communities.

This partition is used as the basis for the iteration deccitipa of the system, which
also takes into account the following two factors. Firsgansiders the potential size
of each of the parts, and tries to keep a balance in the sizég d@erations. Second, it
prioritises the parts by their importance in the functidyadf the system. In particular,
it recognisedlart 1 as the core of the system, since it directly supports theraplish-
ment of the goal of the system, and is also the most complex ipaolving several
components of the system. The decomposition of the systenitémations is presented
in Table 1, and the next section describes the first of thesations.

4.1 Firstiteration

For the first iteration, the following are the roles that faime role model: thérofiler,
which decides if a document is relevant to a community;RBesonalClerkin charge
of interacting with a user; thEommunityClerkthat act as the representative of a com-
munity; and theEvaluator, which decides if a document is interesting to a particular
user. The role schema for tieofiler was presented previously in Figure 3, but lack of
space prevents us from including the other schemas.

The interaction model consists of six protocols, which amamarised in Table 2.
In this table, note the existence of the environmental iestRecommendeiReader
andVoter. The resulting organisational structure is a tree with tben@unityClerk at



Protocol Initiator Collaborators Description

ProposeDoc |Recommender |PersonalClerk a user suggests a document

DisseminateDo€ommunityClerkPersonalClerk, Readan approved document is distributed

EvaluateDoc |CommunityClerkEvaluator, Voter a user and her clerk evaluate a
document

MatchDoc CommunityClerkProfiler a document is checked against a
profile

ApproveDoc  |CommunityClerkProfiler acceptance or rejection of a
document

ChangeProfile |Reader PersonalClerk a user changes her profile

Table 2. Interactions in the first iteration

the root, and a peer branch to the PersonalClerk, and atythoainches to the Profiler
and to the Evaluator. Lastly, and assuming that each rotapteimented by a different
agent, the first iteration ends with the design of each of e €orresponding agents.
In Section 3.3 we presented the design of Rmefiler, but space constraints prevent us
from presenting the design of the other agents.

4.2 Second iteration

The second iteration addresses another part of the fuiatitipnf the system, and con-
sists of enhancing the results of the previous iteratioreims of adding elements to
the models, extending elements or modifying them. For exanip the case of the
preliminary role model, new roles can be added and existiesrcan be modified to
include interaction with the new roles. In this example, $beond iteration deals with
the registration of new users and the expulsion of inadequeers, as described below.

In order to incorporate the functionality of the seconddt&m, no new roles are re-
quired, since it can be carried out by thersonalClerkandCommunityClerkHowever,
the incorporation of new protocols to the preliminary iatgion model is necessary to
cope with these tasks. Such protocol descriptions are slmWwigure 4.2, the first of
which refers to the registration of new users and the seawmtitetexpulsion of users.

The role model obtained in the first iteration is updated tmiporate these intro-
duced protocols, specifically, tiersonalClerkand CommunityClerkschemas should
be modified to include them. In contrast, the organisatistratture needs no modifica-
tion, since the introduced protocols do not change eitreectimmunication paths or the
authority relationships between the roles. Finally, sinoenew roles were introduced
in the second iteration, the agent design phase consistobnpdating the design of
those roles that were affected, namely BegsonalClerkandCommunityClerk

RegisterUser ExpelUser
Reader PersonalClerk, PersonalClerk,
CommunityClerk CommunityClerk Reader
The user registers with the community profile Expels a user from the community nil

acceptance nil



The completion of the example would require the accomplighirof the rest of the
iterations, but since they are very similar, they are nduided in this paper.

5 Conclusions

Gaia has been recognised as a valuable methodology for¢e&®geent of open com-
plex systems based on the multi-agent approach. Howeverder to be used in the
development of real world systems, Gaia needs to be extandexveral respects. For
example, in [7], Garcia Ojeda et al. extend Gaia to considetementationissues, by
refining the Gaia models using the AUML modelling languageilarly, in [3], Cer-
nuzzi and Zambonelli extend Gaia to incorponat@intainabilityissues, particularly for
making designs more adaptable to modifications in the osg#iohal structure caused
by changes in requirements and environment.

In this paper, we have extended the Gaia methodology in tvaztidbns. The first
extension deals with the design of the internal compositibagents in a multi-agent
system. For this, we have presented an agent design phadelkhas the organisa-
tional design phase of Gaia and produces an object-baseilisattion from which an
implementation can follow. This agent design phase reliethe use of agent architec-
tures as a means to specify the classes that form an agerti@mndy they interact to
fulfil its behaviour. As an example of the application of tresijn phase, we have pre-
sented the design of a reactive agent which is based on tisermption architecture.
Although simple, this example shows how entities actingeagsise providers can be
agentified, which can also be applied to legacy software.

The benefits of this approach are that the resulting desigagptioes not depend on
a specific agent architecture, but developers are free ¢otshle architecture that best
models a given agent. This contrasts with other approasiies, as Tropos [1], which
consider only one type of architecture in agent design (a &Dhitecture). Addition-
ally, the existence of pre-defined solutions (architedtpedterns) reduces the work
involved in designing a new agent model every time, as wighlMGENIAS method-
ology [8].

Nevertheless, the drawback of this approach is that agehitectures are not based
on organisational concepts (like those on which Gaia'smisgdional design is based),
S0 it is necessary tadaptthem. However, since this process is essentially indepgnde
of the domain, it can be pre-determined and then reused.

The second extension to Gaia presented in this paper po@Gdé with a flexi-
ble methodological process that facilitates the develogroglarge systems. This en-
hancement consists of decomposing the development intatides, each of which
corresponds to a part of the functionality of the system ambists of the analysis,
organisational design and agent design phases.

The benefits of this iterative process are multiple. Fitgnables the production of
executable deliverables from early stages of the developrSecond, it explicitly pri-
oritises those parts of the system that are critical, undemvolve technological risks.
Finally, it speeds up the development by incrementing thallgdism in development
tasks. The full potential of this iterative process, howegiglimited by the lack of an
implementation phase, which is subject of further work.
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