SIMPOSIO BRASILEIRO DE ENGENHARIA DE SOFTWARE

A Multi-Agent System for Domain Information
Discovery and Filtering

COPPE/UFRJ - Computer Science Department
Federal University of Rio de Janeiro
¥ Caixa Postal 68511 — CEP 21945-970
i Rio de Janeiro — Brazil
{regina, mcosta, werner, marta } @cos.ufrj.br

‘-"ﬂ M Braga Marcelo N. Costa  Cldudia M. L. Werner Marta Mattoso

Abstract

ective of Domain Engineering is to provide domain information that helps the
 domain applications. Several Domain Engineering methods organize domain
g different representations, which can be stored in various formats. This
a navigation agent system that provides heterogeneous/distributed acecess to
jon. Ideas drawn from the field of autonomous agents. user modeling,
and mediation are combined into a multi-agent system responsible for discovery
“domain information. An evolutionary model of the user interests and domain
yme of the underlying concepts of the agent system that helps users to identify
information.

nts, Information Filtering and Discovery, Domain Information Reuse,
e

ng volume of information on the web has motivated research on information
tering techniques. Web search engines are not always effective since they are
keywords search and thus provide broad results.
 Must conform to the user profile, providing: i) changes according to user
sts; i) monitoring evolutions on the user profile; and, i1ii) discover
 can be useful to the user.
Based Development (CBD) has received a lot of attention in software
Domain Engineering (DE) [11] provides a systematic approach to components
lication development phases.
ust be developed according to a specific DE process, and they can be
ch‘de. textual descriptions, and binary code, among others. Thus they are
1Y different formats. Within a DE support infrastructure that considers CBD
T 10 provide access to components that can be reused in all phases of an
Opment within a given domain.
Volume of information to be searched can become very large, since it is often
Wse through information from different domains, configuring a complex task.
Main supported by a DE infrastructure, a set of reusable components must be
Sing the various phases of development, When an application/domain
to 3*?'41'0_11 for domain information, he must know what is relevant for his
is :g;;:cauon. Since the vo_lurne o_f inf‘ormatior? to %e handled can become very
: ‘andﬂetl:eSSar_y 10 consider using information from d:ffencntl domains, the
e Telated information can become a very complex task. This is especially
s, are not aware of all the available infonnaﬁ:E.R T its various
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- information in one single way, without having to worry about its locality or
main .
e at CONVErsions.

tion form . ‘
v infrastructure [2] [23], the domain information search mechanism

A sse ! : : :
ﬁleb,g:goﬂ of these solutions to provide effective results, meaning relevant
i

to the user.
. vfco::-rlf(iig DE support environments can be found in the technical literature
"s'f‘ Su:sc presents an approach for accessing domain information from several
g~ with varying formats, in one single way to the user, as we do in our work.
lI'liri:r;ict reuse to domain information that has been produced within their own
Neither do they provide a search mechanism that helps users to find relevant

As mentioned before, it is important that the domain information is
abstraction levels (i.e. conceptual, architectural and implementation)
throughout the development cycle. Therefore, the DE search engine muyst
browse different types of components depending on the aimed development

This paper presents a domain information search mechanism used wi
infrastructure, the Odyssey reuse infrastructure [2] [23], which is based on
for information discovery and filtering. Techniques such as mediator [19
and adaptive hypermedia [18] are used for the specification of a nav
system, named Odyssey Search Engine (OSE). The main contribution g
present a search engine that provides identification and filtering of p
information along the phases of CBD within the Odyssey reuse infrastructure

The paper is organized as follows. In Section 2, we briefly present the
solutions for domain information discovery and filtering. Section 3 dis
works. Section 4 provides an overview of Odyssey-DE process and its eol
infrastructure. Section 5 provides details of the OSE architecture, and Se
concluding remarks.

nternet search context, several approac!:ms have been proposed for informan;)n
ased mainly on agent technology. Projects such as JasFer [7); Ama.thca []‘]};
t, Avanti, and Personal WehWalchcf (PWW) [14] use different techniques w1£
s of sophistication for the specification o_f‘ web f'llters. Most of these approaches
on HTML documents. However, as mcntmnfed in [13], the structure of HTMF.
is not adequate for information search, since it does not provide enough semantic
se of XML standard would minimize this problem. Although we currently adopt
entation for domain models, these can represent XML documents a}so, It is
include a wrapper for accessing semi-structured data, so that a mediator can
ies on this kind of data, i.e., HTML and XML documents. Furthermore, althoygh
ches present effective techniques for information filtering, suqh as user modeling
tion retrieval based on user preferences, machine Iearnmg for d‘ocumcm
among others, none of them deals specifically with domain lnfgnnatmn. -Olir
ines filtering agents with recovery agents that act based on domain ontologies”.
S more semantics to information.
“presented in [17)] describes a search engine for the retrieval of reusable code
such as JavaBeans and CORBA components. The Agora system uses an
‘mechanism for registering code components, through its interface. As a result,
ion may not be available when the repository site is not running, or when the
cannot be located. In both cases, the information cannot be successfully retrieved
, and the component is not registered in the AGORA index database. In our
= use of mediators provides access flexibility to remote component repositories.
need for an index phase, and the mediator is able to capture any update that occurs
Tepository. Besides, the AGORA system only deals with code components. Our
with domain information in all abstraction levels, including code components.
Bew information is always associated to domain terms within a given _d_omam
ving its accessibility and reuse. Tt is well known that reuse possibilities are
1 components are bound to domain concepts [11].
portant work to mention is the RIG initiative [16], which describes a reuse
Operability approach. The idea of asset library interoperability is based on the
" Adaptive hypermedia systems provide the capacity to perform adaptive dowmcrrt_r.l’ﬂﬁ' % ﬁ ‘domain infnrrnatign in several databases. T]'nese datz_lbas?s are static and pascd ona
presentation [18]. The adaptive navigation guides the user through a hypermedia web, ! | model. The integration requires that information is stored according to this

relevant links, or automatically changing destiny links, according to his goals. Adaptive . Therefore, if any reuse database is to be integrated, it has to be translated to the

the contents of hypermedia nodes be adapted to user requirements and expectations.
A user model specifies his characteristics, inferests and habits, with the aim of improvil

communication,

* A mediator is a software layer that links distributed bases with heterogeneous data

presenting him with information in an adequate format.

—_—

2. Technical Solutions for Domain Information Retrie
The main issue in domain information retrieval is handling inf

representations and different abstraction levels. Some possible technical

problem are; :

l. To use adaptive' hypermedia techniques which, based on a user
decide how to present information, considering the following requireme
i) The user knowledge level on domain terms should be kept in his
ii) There should be a way to identify in which level of abstraction

for components (i.e., conceptual, architectural, or implementation
presents him with information that is in the same level.

2. To adapt web search filtering techniques: there should be a way to
based on the observation of his navigation activity. For instance, supp
navigating through documents where certain domain terms appear very
he is repeatedly following certain paths. This kind of information sho
profile indicating some possibly relevant information to be used w
searches.

3. To use a mediation layer: the user should not need to be aware of j
representation, such as a specific database query langua;
representation/query language (e.g., OntoLingua [21]). in order to
contents. He should be able to access heterogeneous or distributed inf
common framework. The situation is complicated when domain i
in files with varying formats, which is often the case [9]. If these
are geographically distant, the search for heterogeneous and di
information will become even more complex. One possible way to solve
use the mediation technology” as proposed by Wiederhold [19], al

in l'ins context can be defined as a vocabulary of terms and the relationship between them. For each
: Mn,r.""s' be created, using an informal description, some concrete examples in the domain, and
SPecification of the relationsh ips between terms, thus forming a semantic network.
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RIG model. In this case, it does not provide the flexibility of mediag
approach creates a new level of abstraction above the database model, af
and/or removal of repositories from the mediation structure without the
the whole structure. Moreover, RIG lacks a more effective search engin

for information based on domain concepts and filtering of relevant infors
our work.

ifie rther modified according to the activities of the
in models are]fl:;{;;f;;i :na?eﬁ;resented using a modified QML [25] notation.
process (2)- '? (11], DE is responsible for the search, analysis, management ‘a“d
acobson ¢! n(.i ain information (domain models). Its main objective is 1o
of relevant 0mgmotes the development of domain applications w!th reduc‘_zd
g program S:;::g;scd of four stages: domain viability analysis, domain analysis,
i nrocess is
4. The Odyssey Infrastructure and its corresponding m
As mentioned before, the main goal of the Odyssey infrastructure is to
components (domain information) that can be reused in all phases
development within a given domain. Therefore, it has been conceived as a f
1) where conceptual models, software architectures and implementation mq
within previously selected application domains

: in implementation. _ ) 3 G
Md‘dom?i:;le d}:.'l)main viability analysis stage is to verify the viability of the
objective ©

; s. This viability analysis adopts selection
e : e Gﬂ‘ffusjzfzhff ?';prce‘;i:t criterion. These criteria should I_Je dri:ﬁncd
i mfnizalion needs. The domain analysis stage consists In the
@;}mmplateg G::goncepts and functionalities, standing out similarities and
i dorqmn high level of abstraction. Models are partitioned basnf:d on }hc
' -t.hem’!{l : Cgoncepts form the domain ontology. In l.h‘c doma:q design
fm.ct".malmme ts and functionalities are refined, adding _archnte_ctura]
o CHm::ccp domain specific architectures arc established. Finally, in the
i or;ents specified in the previous stage are cod_ed. having th‘cu
l‘::tg:l;ig:lrirs)?l with each other defined. In this stage, it is possible to aggregate
e:;nts to other domain components thmudg_i:ntilgf1 d;?l:)::::: 0({)' ra c\lwi*:zgt]?;r.in e
B o cifier sl Wee ine the d to be lr’acked the necessity of
depends on the diversity of domains lhgt nee .T Syt ek
ong them, and/or domain repository he‘lemg;nc‘: Y. S kv
diati ructure, they are preserved in a dlStI‘lb'I:HE‘.d and heterog :
: hieﬁ;::;oi: layer is resgonsii:?lc for providing a uni form data Tepresenta:;gz at;t:
mechanism. The main objective of the mcdlah_on layer is to prdq -
wformation from various domains that is Sl(.}rf."d enhtcr lctzaillgt;;:; 131 al:sw vy
t it is transparent to the user. It is impor an _ a
. a':a?: ti:ampr}ssible to F:'cusc domain informatiun prowd_ed by third part;;::l.i ;1’5;
in our search scenario. In this case, a mediator is responm]alcl for the _Lrari i
hip of the third party domain information with other domain mfon;mahon (rja;:n]
ort infrastructure. Details about this mechanism_can be found in [3] gl;d ] :
is only one domain, and domain informat.ion is stored locally, a D can
There is no need for a mediation layer in this case.

hitecture of Odyssey-Search Engine . N
ch Engine (OSE) }1{5 rcsp);nsible for domain int'c_mnation (i.e. dpmazr;'litterpﬂ
the Odyssey infrastructure. It is composed of an interface agent (IA), F{ ene g
and retrieval agents (RAs) that search for relevant domain information. Figur
grammatic view of OSE architecture,

Figure 1 —Main Domain Models
The main conceptual models used by the Odyssey infrastructure are: i)
and related OO meodels. Use cases are mainiy used to capture basic doma
way that it is possible to derive other 0O models. The use case model is
to elicit domain information. In fact, the information is elicited using sce
to instanciate use case templates®, Based on these domain use cases, it
other OO models that are essential for a complete understanding of the
Model. 1t presents, in an abstract level, relationships among domain
functions. This model is based on the original FODA’s features diagram

it feature types and the correspondence to ontology as used within
research [10].

basic domain concepts and relationships among them), and the functio
in an abstract level, relationships among domain functionality, which are
use cases). However, for a complete understanding of domain concepts,
synonyms and restrictions, among other information, a structured {
HotDraw framework documentation patterns [12] (i.e., a Domain Pattern)
them into detail. o

Architectural and Design Patterns [4] [8] together with Developed D
Architectures are used 1o represent Domain Specific Software Architecture
The Implementation Model is represented by the set of corresponding reusabl

2 is divided into three layers: ) )

e hypermedia user interface (AI), where search results are displayed according

T preferences captured by the user model; ‘ )

are able o adapt the user model based on his navigation behav_lor, and use ti_u? to

Most relevant domain information to be displayed by the adaptive hyp.enncdlat
Over distributed/heterogencous domain bases, based on sear(.:h mformatllorl:

¥ FAs. The requested information is returned to the corresponding FA, whic

b out the most relevant one, and passes it over to the adaptive hypermedia to be
ted to the user,

* Basically, a textual description of a domain functionality.
" Such as the one proposed in [20].
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Figure 2 - Basic OSE Architecture
5.1 User Model

In the OSE context, user modeling involves the creation of: domain cat
sub-domains; stereonpes, classifying users with similar interests, includ
for certain domain categorics; user models/profiles, where i nformati
stereotype, and past search information, including their corresponding inte
kept. The user model class diagram is presented in Figure 3.

User models can be specified in several ways, such as [7]: direct intervie
adoption of user stereotypes, use of machine learning techniques to identify ¢
patterns, or use of example based profiles. ]

OSE combines these techniques to obtain information about the user.
registers as an OSE user by answering a questionnaire (Figure 4) that indica
level on domain terms, corresponding stercotype, and interest for certain ¢
This questionnaire is the only explicit feedback that he needs to provide th
that, agents can act without user intervention. 3

___ Stereotype ] "
'#Objectives Domain User —
HExpertise Leval  has s ralated BLogin lssupported _ support] Agent [has il

Subdomains 1. 1.1 #Keyword 1. 1.5
Hinterest Applications -

s related| 1.°
has 1.+ T
has 1.1
is related 1.+ --
General User |
Link ﬁ‘Lngin = ,
FtDomain Item mp -
EiWaight (O aewong
Figure 3 - User Model Class Diagram f

" This weight is related to the user interest level for a given component. If the user has al
component, a corresponding weight for his interest on it is provided.
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1 Figure 4 — User Questionnaire Interface

onnaire description is as follows:

sise level: il indicates the user domain knowledge level. There are three

this case. the user knowledge about the domain is minima?, i.e., OSE ;e;sui:;‘;
ser never studied the domain. Thus. it is necessary that details about each dom:

---- _ onent are provided to the user; . .

. OSE considers that the user has a basic knowledgcv abfmt th}: _dor_nalln. ﬂl;!e
Maed the domain before or developed a simple application w.lthm it. In this
E asks at the beginning of his navigation if he wants a more detailed description
> domain; _ .
2 tonsiders the user a specialist in the domain and does not provide detailed
ns about domain items, _
5 indicate sub-domains that are interesting to the user. _ _

ns: present applications that were previously developed in the domain. 3
Is: OSE will use the words typed by the user as a basis to reinforce algorithm

User answers the questionnaire, the agent tries to associate this new user to an
I profile. This association is based on stereotypes. Each stereotype st.on:s a profile
,-:ﬁ!?oup of users. A user is always related to a stereotype. OSE considers that if a
€15 has the same profile, their domain of interest, and consequently their
paths, can be the same [16, 19, 23). Therefore, the questmn'nau_'e acts as an
i the user stereolype in a way that OSE is able to help in his navigation. Based on
¢ and keyword validation, OSE can infer navigation paths that should be
€ user (sce section 5.3 for details).
ing as an OSE user, he can start navigating, for example, frqm a context
-1 as the one shown in Figure 5. In this diagram, only the sub-domams.' (i.e., sub-
in his profile are displayed. First, a sub-arca has to be selected in order to

matﬁd information, based on the corresponding domain ontology (see section 5.4).

Vigates through the web of information. his profile may change.
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5.2 Interface Agent

In the Odyssey infrastructure, all domain item presentations are based on an adaptive
hypermedia interface. Adaptive hypermedia systems perform adaptive documents navigati
and/or content presentation [18]. The adaptive navigation guides the user through
hypermedia web, suggesting him the most relevant links, or automatically changing destin;
links, according to his goals. Adaptive presentation can adapt the contents of hype
nodes to the user requirements and expectations.

In OSE, the adaptation is achieved by examining the user profile regarding the following,
items:

*  User learning level about domain items (components). This is related to the user expertise
level. It is important to notice that this expertise level may change while he is navigating.
This aspect determines whether the interface has to be modified in order to show more
details for each presented component; '

* The component abstraction level that the user is interested in (conceptual, architectural or
implementation). This determines if a given component will be presented or not to the
user during his navigation.

With successive user navigation, his profile may change. Some examples of this kind of
change are given bellow:

* When the user navigates through domain items that represent a given concept and the user
does not show any interest about it, the Interface Agent (IA) captures this behavior and
alerts him about the importance of this concept;

*  When the user is not an expert, for cach displayed term, IA adapts the interface and
presents a description of the component (Figure §).

186
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When the user is only interested in domain understanding and not in a_\ppllcatmn
development, details about the architectural and implementation components might not be
resented to him (Figure 6).

P

Contextos
1o [Z] Context View
o [E] Features View
Use Case View ]
e §2 Use Case Diagr ;
+ Parlamentariar
® ©legalPr.. |

Legal Project

o p e _

AAgent Dialog: Relieve Related Domain Informati

o [3 Structural View

Tz

“Figure 6 — 1A Interaction

5.2.1 Knowledge Base . o .
A simple representation used in the artificial intelligence field is if-then rtules. This

representation is simple and easy to understand. It can be considered as an in_d1_\#1dual part or
an information unit in a knowledge base. Also, with the if-then rules format, it is easy to add
new rules in the base or to change existing ones. LA uses an if-then rules base together with an
inference algorithm to process interface adaptation.
The IA rules system is composed of three main elemcnts:‘

Knowledge base: the base of facts related to the adaptation process;

Work memory: the information captured by IA during navigation; )
* Inference machine: to process the knowledge base together with the work memory.

Specifically, IA uses a forward chaining algorithm to generate new facts based on the

working memory.

Consider the example: Rule 1 (if expertise = low and ofy‘ecfive": damqfn_zma’erstandmg
then developer = “Novice”), and Rule 2 ( if developer = "Novice" and Diagram i Feature
and Domain ltem = Feature then Action = “Present Details""). Where ruFe 1 provides a f?ct.
Le., “the developer is a Novice”, This assertion is used to indicatcb the action to be taken, i.e.,
to “Present Details”. A uses this information in order to adapt the interface. o ‘

Currently, the adaptations that can be treated by OSE are the ones presgntcd in this section,
although the rules system is generic enough to allow new types of adaptations.
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5.3 Filtering Agent

The user profile is adapted based on the observation and learning of his behavior
navigating through domain information. Machine learning techniques provide the mean
“learning from experience”, i.e., by observing user searches. navigation paths, and keywa
that are often used, it is possible to identify relevant information to the user. Also. i
possible to infer their corresponding interest weight, by considering, for instance, the n m
of occurrences of these keywords in related domain items. as done by traditional text retrie
techniques, or patterns of navigation paths repeatedly followed by him and/or other us
from the same stereotype. This information is used whenever filtering for most relevant
information is needed, or deciding which kind of search is to be done.

5.3.1 Prediction Algorithm

While predicting the best navigation path to follow, the fillering agent matches the
keywords and the textual description of each domain item in the navigation path. The dom;
item that has the greatest number of occurrences of user keywords is considered the b
match in this phase, but the occurrences of other domain items are also considered. After th
the filtering agent examines the log of navigation paths (history navigation) followed
similar users. This log is associated to the user stereotype. A log is a link base. Lin
constitute the model items that were already chosen for stereotype users during the navigati
in the domain. Each link owns a weight that indicates a hit rate,

5.3.2 Relevance Feedback Algorithm
In our context, relevance feedback from users establishes the relevance of a domain ite
for domain process analysis and helps the agent to identi fy most important items that belongs

to a given domain for other users from the same stereotype.

Agent learning uses an algorithm that captures the user feedback, updating its knowle
base. This algorithm is based on relevance feedback and its main advantage is that (]
analysis of relevance is made in a transparent way. When the agent indicates a model item
the user, and if the user navigates through this item, its link weight is increased by a unit
the corresponding stercotype link base. Next time that the prediction of links is accomplished,
this link will have a higher weight in the calculus of the most important links for the user.

Before the cxccution of the relevance feedback algorithm, the following steps are
performed:

1. The interface agent accomplishes the prediction of links (section 5.3.1 above). i
2. In the prediction process, the group of items which represents the agent suggestion i§

indicated.
3. Starting from this suggestion, the user will probably begin a new navigation, and it will be.
based on the previously agent indicated items. o

4. According to this navigation, the relevance feedback algorithm is invoked.

At this stage, it is not necessary that the user interfere in the learning process during,
domain navigation, that is to say, he does not need to explicitly indicate the model items that
are really interesting to him. The agent improves its accuracy through a continuous learning
process, without the need of an initial training, or retraining during the infrastructure use by
several users. Another important observation is that the algorithm automatically updates the
stercotype knowledge base to which the user profile belongs.

5.4 Retrieval Agent
In order to provide an architecture that is able to handle the requirements of component
search and retrieval, a Retrieval Agent (RA) was specified based on mediation and ontology
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technologies. RA is derived from an HDDS mediator, adc_iing more precision and semantics to
it by using ontologies tailored to software component retrieval, _ o ¥

Figure 7 presents an example of a RA configuration for a specific applu_::atlon dOl‘l‘lall‘l,\l_C“,
the Legislative Domain. Several mcdiators:. are presented as sulh-domal_ns. s'rjch as Statg
Legislative and Municipal Legislative domains. The State I?eglslapve Mediator is aggregate
(pf} to the Municipal Legislative, generating a more generic mcdiator_ that combines thf: t.w_o
domains. The latter can be used in cases where information concerning the two domains is
necessary. Each mediator is connected to data sources that contain reuse components related
o its domain. The Federal Justice Domain Mediator may be accessed in cases where the user
wants components related to the Justice domain. In Figure 7 we also present a typical %R}Jl&
configuration, with four levels: Interface, Mediation Layer, ORB bus, and Translators.b e
Interface level is implemented by the Service Manager {SM) whl_ch stores metadata about
available mediators, and is capable of creating onto!oglca! bmdmg‘s bt::tween relaFed
ontologies in order to query several mediation layers. Also, SN_I 1s_resp0n51bic for the creation
and modification of mediators. At the ORB level, communication bet}:ueen the mediation
layer and translators is established through CORBA standa;d services. Finally, the Tran_slalor
level provides one translator for each component repository in such a way that it can
participate in the Mediation Layer integration model. ‘ ‘

The Service Manager (SM) stores metadata about mediators, translatgrs and data sources
availability, deals with ontological commitments between related medmtors (dt}mgms]. In
order to use a given mediator within RA, the administrator h_as to register the mediator, its
related data sources, and translators used by these data sources into SM.

P1 : aggregation |
P2: association

Legistative
Dasrmain
Medintor

Federal Justice
Lmain

Madiator
3

Legislative
Smle
Diomain Mediator

\ Mumicrpal
depgan

Mediator

<

Translator

Reposiry

Figure 7 - An example of a typical RA configuration

Each mediator has its own metadata. This metadata represents the ontological model of
the domain, This metadata also comprises relationships among ontqloglcat terms agd
“Omponents stored in data sources. In order to relate each olnjtgﬁgl term with its

S L atica
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counterparts in data sources, the mediator manager retrieves related information of
sources from SM, using the ORB bus. The mediator uses the retrieved information to loe
and retrieve soflware components from data sources. Thus, we can associate each ontolo
term with related components, with the help of a specific translator.

Another important characteristic of RA is the use of domain ontologies to search
domain terms and its ontological relationship, within or among various domains at diffe
levels of abstraction. Thus, SM has to capture the ontological model of each mediator
associate terms among them. For capturing each ontological model, SM uses the ORB
through an IDL interface, to access the specific mediator, retrieving its ontological tej i
Therefore, the ontological model, i.c., the Features model, pravides the main structure
dealing with domain ontology relationships. Relationships involve semantic links such
Hypemnyms, Hyponyms, and Synonyms. A Synonym link associates ontological term:
several domains that represent synonyms for a particular ontological term. Hypernyms a
Hyponyms links relate ontological terms from various domains that can be either mo
general or more specific than the term being considered. Thus, it is possible to asso
ontological terms from multiple domains, providing accessibility for domain information. In a
query formulation, SM accesses and retricves all related mediators, searching for compone; :
that fulfill the query semantics. -

6. A Navigation Example

Our approach is motivated by a project based on CBD that is being conducted within the
Legislative domain. In this scenario, consider the context diagram displayed in Figure 5. T
diagram displays sub-areas selected by the user when he/she answers the questionna
(Figure 4). The user can navigate through related features, clicking on the Features opti
from a pop-up menu. The corresponding features diagram is displayed (Figure 8). The us
can now navigate o related use cases and/or class diagrams, if he/she wishes, by clicking
the corresponding option from a pop-up menu. In any case, a RA is activated with the goal
searching for this information, which as mentioned before, can either be in a local base or in a
third party base (Figure 10). In the latter case, it is necessary to use the mediation layer.

While navigating, the user is able to go backwards and forwards through his navigation
path, by clicking on the left or right arrows, displayed at the top-right corner of the windos
At any time the user can see details of a given component by looking at its properties.

OSE might suggest that the user navigates through other related domains. In this case. RA
uses synonyms, hypernyms, or hyponyms links for retrieving domain information from othi
domains. Consider the example shown in Figure 8. The selected feature (in our context, 2
ontological term) represents a Legal Procedure concept (component in a highest abstraction
level). The agent can advise the user, by looking at his profile, past searches and navigation
paths, to retrieve domain information from the Federal Justice domain (Figure 7). If the user
accepts the advice, RA will retrieve the possible links between the Legal Procedure
ontological term in the current domain and ontological terms in the Justice domain.

Now, suppose that there exists an ontological link between a Legal Procedure term in the
Legislative Domain and Justice Rules term in the Federal Justice Domain, and that these two
ontological terms are related by an hyponym ontological link (Figure 9). In this case, there:
would be an information loss because the term, Legal Procedure, is more generic than Justice
Rule (Justice Rule is an hyponym of Legal Procedure). OSE alerts the user about this |
information loss and retrieves domain information related to the Justice Rules term to the
user. Use Cases, Class Diagrams and Code Components related to Justice Rules term are all
made available to the user. The user can, then, use this information in his application.
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Figure 8- Legislative Domain Navigation Example

In our example (Figure 9), the data source 2 has a binary software component ca]‘lied “New
Subject”, and the data source 1 has a Java package (set of Felated c!af&ses) namc‘d Pm]_::-osal
Creation™, Both data sources were mapped into the Legislative Municipal Domain Mediator.
Therefore, the Justice Domain mediator has an ontology term named Justice Rules that is
mapped to a component named Rule Database.

-

T

Figure 9 — Mappings between Ontological Terms
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These components are made available fo the Legislative Municipal Domain through the
ontological term in the mediator called “Legal Procedure” that is mapped to the aboye
components in data sources, i.e., data sources | and 2. ]

During the creation of new proposals within the Legislative domain, there are some casgs
when it is necessary to consult Justice database rules. This Justice database can impose some
restrictions on new proposal creation, 5

When the Legislative Mediator was registered, the SM administrator associated thig
mediator with the Justice Mediator. This Justice Mediator provides software components used
for the development of applications in the Justice domain. Thus, when the 1A accesses the RA
interface in order to retrieve components related to the creation of new proposals, it will
access components from the Legislative Mediator and the Justice Mediator. It can also select
the type of component to be retrieved (components belong to analysis, architectural,
codification, or to all phases of development).

Through the OSE structure, users can search for components in a transparent and uniform
way. In the above example, Odyssey users do not have to know where components are stored,
Moreaver, users do not have to query all repositories of components, using each repository
query language format (when a query language exists) to know where needed components are
stored. They do not either have do know how to access data sources.

7. Conclusions

This paper presented a domain information multi-agent search mechanism used within a
DE support infrastructure, named Odyssey, which is based on advances in discovery and
filtering of web information, Techniques such as user models (profiles). mediators, and
adaptive hypermedia were used for composing a navigation multi-agent system.

The main contribution of this paper is to present OSE and its underlying technologies,
enhancing in current domain information discovery and retrieval. Although, the search for
domain information is not a new subject, its adaptation, using user modeling, intelligent
agents, and domain ontologies is innovative,

OSE contribution aspects are: the filtering of domain information. done by the filtering
agent layer, where user preferences, past searches, navigation paths, and most used keywords
are used to improve and refine the search: and domain information retrieval, using a
mediation layer and domain ontologies. to retrieve relevant heterogeneous and distributed
information from several domains.

The filtering agent provides the selection of domain information, based mainly on user
preferences and experience within the domain. Machine learning techniques are used to
observe and learn user behavior while navigating through domain information. Also, it is
possible to infer their corresponding interest weights, by considering the number of
occurrences of words in documents that are frequently seen by the user, or patterns of
navigation paths repeatedly followed by him. This information is used whenever filtering for
most relevant information is needed or deciding which kind of search is to be done,

Without OSE, the user has to search for domain information using the current available
techniques, such as keyword based spiders. In this kind of search, the user is probably
presented with a lot of irrelevant information, Besides, even if he finds some interesting site,
the available domain information might not be in an adequate format, requiring some kind of
conversion. Moreover, there is no helping mechanism that guides him to more interesting
related information, as we do in our work.

The Odyssey reuse infrastructure is in constant improvement and so is the OSE tool, By
analyzing the current OSE architecture, we can list some enhancements that can be done. such
as:
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o Our filtering strategies can suffer from the effects of posr;tlivc feedback loops. Our
approach presents the highest value component first (see Plgufc 8, Legal Procedure
component). This can cause a positive feedback loop. The reason is that many users have
a natural tendency to select the first entry (in our case, the Legal proc_cdurc Component),
This phenomenon would tend to skew the prediction metadata over time, because of the
physical position, not leading to a real value judgment. _

The textual analysis algorithm can also be improved. Currently, it can do only matches
based on identical words. It could also do matches based on word stems

We are currently working on these and also in providing an inﬁjastruclul:e that allows users
to navigate through the Intemmet. Another future improvem?,nl is to estimate l.he‘ cost for
accessing distributed domain information using RA, by estimating the cost of distributed

retrieval. ) .
quf\?" operational prototype, implemented in Java and CH, which codilhes hypermedm
connections, mediators, translators, and CORBA communication protocol is now available
OSE uscs the services of an OODBMS, named GOA++ [24], for storage of local data.
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