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Abstract Multi-agent Application Engineering (MaAE) is a
process for the development of specific application

The increasing interest on the multi-agent software through the reuse of software artifacts produced in
development paradigm turns necessary the elabaratio Multi-agent  Domain  Engineering  (MaDE), a
of appropriate techniques and methodologies. A Mult complementary and interdependent process. The MaAE
agent  Application  Engineering  process is Process is divided in three phases: analysis, desig
characterized by the construction of applications implementation [21].
based on agent-oriented reusable software artifacts During the analysis phase, the requirement
This paper presents SRAMO, an ontology-driven Specification of an application is performed throule
technique for requirement analysis of multi-agent reuse of domain models that represent common and
applications by reusing domain models representing variable requirements of application families ireith
common and variable requirements of a family of respective domains. In the design phase, an
multi-agent  applications in a domain. The architectural solution and a detailed design are
requirements of a particular application are developed for the specified requirements, through t
represented in models obtained through the reuse of multi-agent frameworks. In the implemeatat
instantiation of the ONTORMAS ontology that Phase, design concepts are mapped in terms ofsagent
expresses the knowledge of the MAAEM methodologyehaviors and communication acts of the JADE
for Multi-agent Application Engineering, MAAEM Pplatform [5], which is the adopted implementation
integrates SRAMO and techniques for design andtechnology in both the MaDE and MaAE processes.
implementation of a specific application in a domai Ontologies [1][4][11] are knowledge representation
family. Part of a case study employing SRAMO for Structures particularly useful for the specificatiof
modeling RecomTour, a multi-agent application for high level software abstractions [24]. Becauserthei
recommendation of touristic packages through Web characteristics such as lack of ambiguity, forngalit

usage mining and collaborative filtering is also reusability and adaptability, they provide a terohigy
described. that can be shared by everyone involved in a

development process. Moreover, they are easily
extensible and adaptable, thus enabling reuse.
1. Introduction This work introduces SRAMO (“Specific
Requirement Analysis Method based on Ontologies”),
an ontology-based technique for requirement arslysi

Multi-agent systems are considered an excellent X o .
metaphor to characterize complex systems and theOf multi-agent applications through the reuse domai

agent software abstraction is very useful for models. SRAMO is part of MAAEM (*Multi-Agent

: . . : ; : Application Engineering Methodology”) [2], a
derstanding, d this kind of i i
;{,‘Sé:;n g, engineering and using this Kind o methodology that guides the phases of a Multi-agent

; . Application Engineering process and that has its
Many techniques, methodologies, tools and 2 y
environments for multi-agent application developtnen knowledge represented in ONTORMAS (*Ontology for

Reusing Multi-agent Software”) [2], which also exps
have been proposed [8][9][11][17][20]. However, b . .
software reuse has been little explored in thosethe knowledge of MADEM (*Multi-agent Domain

approaches. Some experiences already exist in thi;nginegring hMethl\(/?dlo_logy") [ZDS]’ a mérth(_)dolo_gy
direction; however, they are limited to promotirte t supporting  the ult-agent  Domain  Engineering
reuse of software patterns [17]. Process.



The requirements of a specific multi-agent 2. The ONTORMAS ontology
application are modeled as instances of ONTORMAS,
in whose knowledge base the software artifacts The ONTORMAS ontology works as a modeling
[24][25] reused by SRAMO are available. From an top| and a storage repository for products conggric
epistemological point of view, it must be noticéwtt  on the Multi-agent Domain Engineering and Multi-
MADEM and MAAEM share the semantics of agent Applicaton Engineering processes. Agent-
modeling concepts (e.g.: goals, responsibiliti@des  oriented software products of both MADEM and
etc), being such concepts semantically relatedctwhi  MAAEM are represented in ONTORMAS as instances
makes searches and inferences effective facilidtie of the corresponding subclasses of Madeling Tasks
selection, understanding and specialization of the Modeling ProductsModeling Conceptsnd Modeling
MADEM products, reused by MAAEM. Relationshipsmain classes, following the semantics

The paper is organized as follows. Section 2 estaplished in the ontology, constructed with the
introduces the ONTORMAS ontology. Section 3 protégéontology editor [12].
describes the SRAMO technique in the context of a Modeling tasks and products are fairly relatechie t
Multi-agent Application Engineering process, deétgl  context of ONTORMAS, since the accomplishment of
each one of its steps and the reused and produceg task always originates a respective product. Smime
software artifacts with examples extracted fromaaec  these relationships are illustrated in Figure 1, a
study on Web usage mining and collaborative fittgri  semantic network elaborated with tBatoviz Tab[19]
for providing touristic packages recommendations. showing the productGoal Mode] the task Goal
Section 4 discusses related work on techniques anq\/lodeling the conceptsGeneral and Specific Goal,
methodologies for the development of agent-oriented Responsibilityand External Entityand the relationship

applications. Finally, Section 5 concludes the p@mel  Get Information among other intermediate elements.
discusses further work being conducted.
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Figure 1. Semantic network relating the key modelin g elements of ONTORMAS



Variability specification is essential on the This example also illustrates the effectivenesthef
representation of reusable artifacts because itquery results and, therefore, of the selection ggs®f
discriminates how the common and variable modelinga software artifact by exploring their semantic
concepts differ on the applications of a family JJLO representation. The concepts and their semantic
Such notion influences directly the selection and relationships describing patterns and systems of
adaptation of the concepts for later product patterns were previously developed in the
composition. It is expressed in ONTORMAS through ONTOPATTERN ontology [22], which was later
the attribute variability type in the classVariable integrated in ONTORMAS.

ConceptgFigure 2). Frequently, the reuse of an agent-oriented software
artifact involves its previous adaptation to adjiisb

the specific requirements of the application being
developed. In ONTORMAS, this is done by

Variahle Concepts

alternative or optional ‘ Instance®

mandatory . ==
variability type | Symbol | alternative instantiating the concrete subclasses ofitierrelated
aptional Conceptsabstract class, illustrated in Figure 4.
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Figure 2. Instance of the Variable Concepts
subclass with a “mandatory”  variability type
3

The way as reuse is performed on ONTORMAS is

also important. Figure 3 exemplifies a query doiitd w

the Algernon Tab[3] for the selection of appropriate

architectural patterns to guide the modeling of the lio | Madel recommendations
RecomTour architecture [26]. Through this query, \\ -
instances of theArchitectural Patternclass whose \ specialization of

contextandproblemattributes containing, respectively,

. “ . » “ . . Iodel adaptation th I Tuitii;
the expressions “multi-agent” and “abstraction leve ‘ pael adaptation through Usage g‘

are searched, resulting on the architectural patter Figure 4. Semantic relationships of the
namedMulti-agent Layel[25]. Interrelated Concepts class of ONTORMAS
The adaptation of a modeling concept is performed
ALGERNON by creating a new concept of the same type, inidigat
Enter a Path if it is a synonymousspecializationor generalization
4 .
(:instance "Architectural Pattern” ? ArchtecturalPattern) Of the Old One, aCCOI’dlng tO What haS been adapted,
(context 7ArchtecturalPatiern 7context) H . H H H o ~+h
oot v (e 3eotont M Tzl Ymti-agent (-2A-2] ) respectively: just its denomination, without modify
(problem ?ArchtecturalPattern 7problem) the meaning; or also its description conferringait
{:bind ?y (:java (indexOf ?problem "abstraction level"))) . A ! .
(test (lisp(> 2y 1)) stricter or wider meaning.
. Figure 5 shows an example in which the “Model
Results adaptation through usage mining” instance of the
Index‘ ArcmecturalPattern| context |

Specific Goal class, found in the goal model of
ONTOWUM-DM domain model [16], was specialized
to “Model recommendations” for being adjusted te th

1 Multi-agert Layer  "Architectural desigh of & muti-agert system” "How to desigh the arct

Figure 3. Query showing the selection of
architectural patterns in ONTORMAS



problem of recommending touristic packages, focusedthe corresponding modeling task and following the
by the RecomTour application [26]. The original guidelines of the SRAMO technique.

instance was previously designed for the Figure 6 shows an example of a modeling product
personalization of Web interfaces and then suchH goa composition, where the resultingApplication
has become specific to offer destination suggestion Specification model is composed by other models

tourists. produced as described in the next section.

" Model recommendatio -0l x| > Application Specification of RecomTour (i i ] 1
HName

Hame
|Mudel recommendations |

|Application Specification of RecomTour |
Description
This specific goal aims the process of recommending touristic packages announced by tourism . A
agencies. t involves particularly the discovery of consumption patterns among other tourists ancl the 51 ll)l)l oducts }3. ‘v ‘ ._'
classification of the current one - all previously modeled - into a group, in order to construct 3
recommencdation model, of which personalized touristic packages are obtained. # Concept Model of RecomTur

e e e # Goal Model of RecomTour

Leads To LS A

# Role Model of RecomTour
# Provide personalized r mmendations of touristic

# Role Interaction Model of RecomTour retated to Model tourists

Achieved By AW e # Role Interaction Model of RecomTour retated to Modsl recommendations
# Nodeling of current tourist

# Discovery of consumption patterns

-

# Role Interaction Model of RecomTour retated to Manage tourism agencies

# Classification of current tourist

S ————— ffff Figure 6. Example of composition resulting in
# Offer oftouristic packages ] the Application Specification of RecomTour
Synonym Of 4 &  speciatizationor ¥ ¥ Generalizationor ¢ &
T — 3. The SRAMO technique
Variablty Type | |:d, S——— The SRAMO technique (Figure 7) supports the
ey ] = | s analysis phase of MaAE process, guiding the
requirement specification of a certain applicatiém.
Figure 5. Example of adaptation by this phase, the major task of a software develapty
specialization of a Specific Goal of ONTOWUM- reuse a set of common requirements shared by all
DM applications of a family in a domain, along theiahle

ones that refer only to this specific application,
Finally, a composition results from the integration complementing them with particular requirements not
of semantically related modeling concepts in simple available for reuse.
modeling products or in composed ones, according to

Software
patterns
Analysis
Particular y pattemns
requirements
—>
Application
Analysis Application Architectural
Domain pplicatiol and design
Reusable | models ¢ \ '  Patterns
software SRAMO
artifacts N Techniqug, ! _
represented So - Application
in ontologies _ Design licati
ati
Multi-agent | Applic Ij?e
A Idioms
frameworks ADEMAS v
Technique Multi-agent
Application application
) —>
Implementation
Software y
agents AIMAS
Technique
MAEEM
Methodology

Figure 7. A Multi-agent Application Engineering pro cess, including
the Application Analysis phase supported by the SRA MO technique



Products reused by SRAMO are mainly domain model. While the common requirements are always

models, high level software abstractions produced o

reused, the reuse of variable ones depends oretftlsn

the corresponding phase of the MaDE process (Tableof the specific application. In any case, both typé

1). Therefore, the requirements of a particulartimul

requirements can suffer adaptations before thel fina

agent application can be selected among the commortomposition of the application.
and/or variable requirements specified in a domain

Table 1. Steps, resources and products of the SRAMO  technique
Steps Resources ( MaDE) | Products ( MaAE)
Concept Concept
Modeling Model
Goal Goal
M?:?;lemg Domain l\/ll?cz)(tl Application
Modeling Models Model Specification
Role Role
Interaction Interaction
Modeling Model

The SRAMO steps involve the following notions.
Conceptsidentify the entities of the domain and the

representing the knowledge shared by the applitatio
agents. The product of this step isCancept Model

existing relationships between them, reflecting the which is specified in a semantic network where sode

expert knowledge and allowing distinguishing a
problem in some aredasoals are the target that an
organization aims to reach, definingsponsibilitiesto
the individuals that integrate it, which plagles and
are able to executactivities For this, they use and
produceknowledge satisfy pre and post-conditions and
have particularskills. Although autonomous, roles,
which are internal entities establish interactions
between themselves and also witkternal entitiesn
order to execute more complex activities, beyorairth
capacities.

In the following sub-sections, the description lof t
step by step of SRAMO is exemplified with the
requirement specification decomToul26], a multi-
agent application for recommending touristic paelsag
through Web usage mining and collaborative filtgyin
based on the reuse of ONTOWUM-DM [16], a domain
model that specifies the requirements of an apjidica

represent domain concepts and arcs, the relatipsmshi
between them.

Concept modeling serves as a brainstorming and
goes from an informal analysis of the application
requirements, when an initial set of concepts is
gathered, to their extension through gradual
refinements. Once identified the key concepts @f th
application, it is initiated the querying and sélet of
concepts available in the ONTORMAS repository, in a
similar way as is done in the example of Figur&&ch
key concepts are considered as parameters foriggery
ONTORMAS. The variability of selected concepts
allows enriching the semantic network.

The composition of theConcept Modelis a
consequence of the semantic relationships between
concepts in the model, considering both the reased
the new ones. The result is a uniform and coherent
representation of the basic knowledge of the prable

family for providing Web recommendations based on focused by the application.

usage mining and collaborative filtering.

3.1. Concept modeling

As an example, Figure 8 shows tBencept Model
of RecomTour, which aggregates the main concepts
related to the personalized recommendation of $tari
packages, some of them reused from the respective

In the development of multi-agent applications, the model of ONTOWUM-DM domain model.

definition of domain concepts is essential becatise
guides the later construction of the ontology
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Figure 8. Concept Model of RecomTour

3.2. Goal modeling specific goal, then the selection includes onlg tal

and the mandatory related specific goals. In betes,

The definition of a hierarchy of goals, a set of

if the remaining specific goals are optional, otihg

responsibilities and the external entities thathexge
information with the application corresponds totheo
part of the

requirement specification guided by

ones that contribute for reaching the applicatioalg
are selected. Among the alternative ones, thodestiita
to the application purpose are also selected.

After this, responsibilities are selected among the
ones allowing reaching the reused goals and
considering their variability. The same occurs with
external entities. Once all goals, external ergtigad
responsibilities have been selected, they are eakint

SRAMO. The product of this step is@oal Mode)
which strongly supports the remaining steps, hatlieg
form of an organizational diagram with several lsve
The querying and selection in ONTORMAS is
initiated by establishing the main goal of the

application. After that, and employing domain madel
related with the approached problem, it is perfatrae
operation similar to the one shown in Figure 3otigh

adapted to compose tiigoal Modelcontaining: at the
superior level, the application goal as general;goa
the intermediate levels, the specific goals, adogrtb

which goals that match partially or totally the the hierarchy existent in the reused models; anitien
application goal are then selected. inferior level, the identified responsibilities.

Goals are organized in a hierarchy as general and As an example, Figure 9 illustrates Beal Model
specifics ones. When the application goal corredpon 0f RecomTour, which was produced by reusing part of
to the general goal of a certain goal model in the the corresponding model of the ONTOWUM-DM
ONTORMAS repository, then this goal and all specifi domain model relative to modeling users and adgptin
goals whose variability is mandatory are selec@d.  systems through Web usage mining.
the other hand, when the correspondence occursawith
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3.3. Role modeling

Skills, considering their variabilities, are deaft a
general manner during analysis phase, as a setssiije

Once identified the responsibilities, then rolee ar techniques that roles can apply to perform their
associated to them, as well as the used and prdduceresponsibilities or activities. Skills are spedatli in the

knowledge, the pre and post-conditions and theiredu
skills. Moreover, the external entities that cdmite for
the execution of such responsibilities are intradljc
which can be exercised through activities that gmeshe
same nature but are more specialized. The produbtso
step is aRole Model graphically represented in an
organizational diagram with three levels.

The selection of roles and external entities issbasn
the domain models previously
procedure like the one shown in Figure 3, roleateel to
each reused responsibility are searched, as wethas
external entities that have appeared during goaety.
Also, the activities that decompose a respongjbititist
be selected and adapted, if necessary. Everyttiogld
be done according to the variability that each vigti
presents.

After that, the selection and adaptation of inputijoit
knowledge of each responsibility or activity is dpin a
way that the ones used have been previously praduce

reused. Through a

design phase.

Concerning the conditions, there are two types,
considering if they are verified before or aftereth
execution of a responsibility or activity. Thus,eth
verification of one or a set of pre-conditions i®aegh to
enable the execution of a responsibility or agtividn the
other hand, the execution of a responsibility otivig
turns verifiable one or more post-conditions.

In this way, theRole Modelresults of the composition
of all modeling concepts selected and adapted based
the reused role models, being in the first leved, toles;
in the second level, the responsibilities, actgfi
knowledge and conditions; and in the third levéle t
skills.

As an example, Figure 10 shows part of Rele
Model of RecomTour, obtained through the reuse of the
corresponding model in ONTOWUM-DM.
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Figure 10. Part of the Role Model of RecomTour

Interactions between roles and external entities
represent events, such as the display of a window
Concluding the requirement analysis phase of aninterface.
application, after all roles have been selectedpteti and A Role Interaction Modetorresponding to a specific
composed, it is necessary to determine how theyant goal that has been reused without any adaptatitirbevi
between themselves and with external entities. Theselected and reused from the corresponding domain
product of this step is a set Rble Interaction Mode)s = model. Those corresponding to adapted specificsgwil
one for each specific goal on the lowest level lvé t be reused and adapted with the new or modifiedsyole
hierarchy. Its graphical representation is simitathe one  external entities and interactions. Role Interaction
of a collaboration diagram of UML [6]. Model corresponding to a specific goal specifically
Each interaction between roles has the form of acreated for the application being modeled, mustrbated
method invocation from the originating role, indiog a from scratch.
responsibility or activity of the destination rdiaving as As an example, Figure 11 illustrates one of Rule
parameters the knowledge exchanged. The orderinteraction Modelsof RecomTour, obtained from the
indicating when the interactions occur is also d¢atkd reuse of part of the ONTOWUM-DM domain model.
through a cardinal numeration.

3.4. Roleinteraction modeling
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4. Related work
5. Concluding remarks
Several technigues and methodologies for the
development of agent-oriented applications havenbee  This paper has described SRAMO, an ontology-based
analyzed [8][9][11][17][20]. Works on software reys technique for analysis and reuse of requiremenisuiti-
and Domain Engineering and Application Engineering agent development. The requirements of a multitage
processes [7][13][14][15][18] have also influencHtk application are specified by reusing domain models,

conceptualization of the SRAMO technique. which represents common and variable requiremends o
Most techniques for requirement analysis of multi- multi-agent application family in a domain.
agent applications are inspired or extend the qutscef Domain models and requirement specifications are

the object-oriented paradigm. Others are based ormrepresented as instances of the ONTORMAS ontology,
concepts from the Knowledge Engineering area. Uysual which serves as repository for reusable softwatiéaets
they focus goals, roles, activities and interaction and also as tool supporting the application devaknt.
modeling tasks related to individuals that congtitan Using SRAMO, a case study has been developed,
organization. where the requirements BlecomTouf26], a multi-agent
Two main features distinguish SRAMO from other application in the touristic domain, were specifiétbr
existing approaches. First, it provides support tloe that, ONTOWUM-DM [16], a domain model for Web
reuse of agent-oriented software artifacts, andrsdt is usage mining, was reused thus considerably mimgizi
a knowledge-based technique where the applicationthe modeling effort.
specification is represented as instances of the
ONTORMAS ontology.
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