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Abstract

Component Based Development (CBD) aims at con-
structing software through the integration, using inter-
faces and contracts, between pre-existing components.

The main goal of this work is to provide access to
component that can be published at the Web, retrieved,
and reused in all phases of an application development
within a given domain. e present an architecture for soft-
ware components reuse by using a mediation layer that
integrates the semantics of Web components with previ-
ously registered componentsfromavirtual library of com-
ponents. In our architecture, components are described
through XML documents and published by local reposito-
ries or remote servers. The innovative aspect of our pro-
posal isthe combination of mediators and software agents
for reusable component retrieval within a Domain Engi-
neering context. Mediators can represent application do-
main as well as integrate the description of domain re-
lated components. Queries can be issued to the mediation
layer and processed by the GOA Object Server, which pre-
sents the query results as a list of suggested components
along withitsrepository link in XML. Software agents are
responsible for web component discovery and filtering.
Techniques such as user models (profiles), and recommen-
dations are used for presenting a ranked list of links. Fi-
nally, resulting links from mediators and web post-pro-
cessed results are combined and presented to the user.

Keywords: Component Retrieval, Component Based
Development, Domain Engineering.

1 Introduction
Component Based Development (CBD) [1] aimsat con-

* This work was partially financed by Faperj, CNPq and CAPES.

structing software through the inter-relationship between
preexisting components. CBD reduces the complexity, as
well as costs of software development, through the reuse
of exhaustively tested components. Themain goal of asoft-
ware reuse environment is to provide access to compo-
nents that can be reused in all phases of an application
devel opment within agiven domain. Thusweare concerned
with software components in general, not only with code,
but also diagrams, use cases, models and other documents
involved in the software development life cycle.

The Internet is the natural source of potentialy reus-
able components. However, finding an adequate compo-
nent involves searching among heterogeneous descriptions
of componentswithin abroad search space. Basically there
are two approaches for component search: (i) Web search
based on components interface; and (ii) search over a li-
brary of components that provides a semantic description
of the componentsand their storage. M ost works concerned
with finding adequate preexisting components adopt either
theWeb approach [2, 3, 4] or thelibrary approach 5, 6, 7].

The problem with the Web approach isthat components
can be published and described in many heterogeneous
ways and a keyword-based search can be very generic.
Also, the semantics represented by the components inter-
faceisvery poor for reaching auseful component within a
certain domain application. The library approach does not
present these disadvantages but is restricted to previously
and locally stored components. In this paper, we describe
an architecture that combines the Web with the library ap-
proach. By using domain engineering with mediators we
integrate the semantics of Web components with previ-
ously registered componentsfrom avirtual library of com-
ponents. The definition of the semanticsis encapsulated in
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mediators based on information from aspecific application
domain. This architecture comprises three main layers: (i)
published components; (ii) mediation layer with compo-
nent semantics and ontology services for published com-
ponents, named ComPublish; (iii) agent layer that searches
and filters retrieved components from the Web as well as
from previously registered/published components, named
CompAgent.

These services are part of a software reuse environ-
ment, named Odyssey [8], which aimsat providing support
for the devel opment and reuse of componentsin all phases
of software construction. The solutions we present here
areimplemented within CompAgent and ComPublish asan
extension of the Odyssey search engine [9] to address the
search and publication of components on the Internet. Our
work was motivated by the Municipal Legislative project
that was conducted at the Municipal Legislative House of
Representativesfrom Rio de Janeiro (CMRJ). Thereare sev-
era applicationsthat can benefit from reusableinformation
withinthelegidative and related domains, such asjudiciary
and criminal domains. Our usersare not specialistsin these
latter domains, only in the legislative. Therefore, reuse
should be fostered on the legislative domain, but related
domains should also be suggested to the non-specialist
user through a specific relationship.

Thiswork isorganized asfollows. In Section 2 we dis-
cuss our approach in comparision to related worksfromthe
technical literature. The publication of components with
mediation services, the modules and services of the inte-
gration layer, is presented in Section 3. The several agents
that filter and present potential components for software
reuse are discussed in Section 4. Section 5 illustrates the
application of our servicesin the CMRJ project. Section 6
presentsour final remarks.

2 Related Works

The work presented by Seacord, Hissan and Wallnau
[2] describes a search engine for the retrieval of reusable
code components in the Agora system, such as JavaBeans
and CORBA components. TheAgorasystem usesan intro-
spection mechanism for registering code components,
through its interface. Agora search is Web based and
searches only on component interfaces, covering solely
the component connectiveness problem. The Agora sys-
tem only deal swith code componentswhereas our approach
isconcerned with domaininformationin all abstraction lev-
els, including code components. Moreover, new informa-
tion is always associated to domain terms within a given
domain ontology [10], improving itsaccessibility and reuse
inour architecture.

Another interesting work is found in [3].
ComponentSource is a web repository that provides ser-
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vices to buy, sell and develop components. The problem
when searching componentswith ComponentSourceisthat
components are described in agenericway, i.e., you cannot
search for components based on domain functionalities.
Thus, if a user wants to buy components related to the
financial domain, thereisnot asearch mechanismto restrict
the search range. Moreover, ComponentSource only deals
with code componentslike JavaBeansand CORBA compo-
nents.

Regarding reuse library interoperability an important
work to mention is the RIG initiative [5]. The idea of
interoperability of asset librariesis based on the storage of
domain information in several databases. These databases
are static and based on one global model. RIG lacksamore
effective search engine that provides searches based on
domain concepts and filtering of relevant information, and
with Internet access. Our approach usesthe mediation tech-
nology with specific domain ontologiesto integrate differ-
ent software components data sources.

Yeand Fischer [7] present an approach that providesan
active repository for components. Their work focuses on
active delivery of reuse information, helping the reuse of
components that devel opers were not aware. In this latter
aspect, it is similar to our approach. Our component re-
trieval system provides this functionality too, since it ac-
cesses components from other domains based on semantic
similarity. The activerepository functionality, although not
described in this paper, isalso present in our previouswork
[11]. One aspect that is different in our proposal isthe re-
trieval of distributed information, whichisnot mentionedin
thework of Yeand Fischer.

3 Publication of Components

ComPublish is an architecture that aims at publishing
software components and their related artifacts, such as
models, diagrams, source code and other documents. Be-
sides publishing components, ComPublish also provides a
uniform view of componentsthat belong to the same appli-
cation domain. The main services of ComPublish are[12]:
(i) to describe components based on domain information;
(ii) to integrate this description with the semantics of other
published components from the same domain; (iii) to pro-
vide search mechanisms over the published components;
and (iv) to store and retrieve software components.

Figure 1 shows the architecture of ComPublish.
ComPublish users interact through the Service Manager
(SM) that providesa CORBA interfaceto list available do-
mains (mediators), to access al related mediators, and to
download a stored component. The integration of compo-
nent descriptionsis mapped on mediators. The Object Server
GOA [13] stores domain ontol ogies metadata from media-
tors and provides query facilities through OQL. To store
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componentslocally, ComPublish can use the GOA system.
To publish and store components on the Web, it uses the
LeSelect [14] information integration architecture. The me-
diator interactswith aLeSelect client, which actsasatrans-
lator, and can access components published and stored by
LeSelect server publication facilities.

Inthefollowing sectionswe detail the ComPublish ser-
vices starting from the publishing process, then presenting
modules and services of the integration layer and
ComPublish maininterface.

3.1 —Publishing sites

To publish and access a component in a remote site
through ComPublish, the component owner must install Le
Select system[14]. Le Select providesfacilitiesfor dataand
program publishing on the Web. It also provides facilities
for publishing metadata associated to the published data

Based onthework of Guerrieri [15], which uses XML for
documenting the various phases of software devel opment,
ComPublish generates XML documentsfor describing soft-
ware components. Thus, for all componentsto be published,
the publisher has to associate an XML description docu-
ment. In order to provide auniform component documenta-
tion process, pre-defined XML DTDs are created accord-
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ing to the different application domains and component
categories. In general, the component description attributes
include: the application domain, the application develop-
ment phase (e.g., analysis, design or implementation), cat-
egory (e.g., code, diagram), language, and author, among
others.

Both the component archiveand itsrelated XML docu-
ment must be informed to LeSelect by editing (through a
conventional text editor) awrapper definitionfile, whichis
aconfiguration archive (alsoin XML format) that storesthe
list of all published data. Finally, the publisher emails the
ComPublish administrator informing hissiteidentification.

3.2—Mediation L ayer

The main idea behind ComPublish isto adapt Heteroge-
neous and Distributed Data Base System (HDDS) technolo-
gies, such asmediators[16] combined with ontology [17, 18]
tointegrate, identify and retrieve software component reposi-
tories instead of legacy databases. Mediators represent and
integrate domain information repositories (distributed and/or
heterogeneous). Metadata found in mediators describe the
repositories of components, presenting the domain, their se-
mantics, software architecture and interfaces. ComPublish
workswithaquery enginefromthe GOA system andtherefore
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Figure 1. ComPublish Architecture.
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ad hoc queries on this metadata are used to andyze the avail-
able components. The organization of mediators with ontol-
ogy drives the user search along heterogeneous vocabulary.

ComPublish offersan integrated view of published com-
ponents at the Internet. ComPublish integration layer, based
on mediatorsand wrappers[16], providesthe binding of dif-
ferent components to their domain concepts. To assist the
identification of related components and their appropriate
domain organization, each mediator representsadomain on-
tology and provides the mapping to their respective com-
ponents repository. Domain ontologies are used to help the
search for reusable components through the representation
of domain semantic concepts[10]. Therefore, thismediation
layer promotes domainintegration and mechanismsto trans-
late component requests across ontologies.

The main services of themediation layer are:

» Mediators— organizesthe mappings between metadata
and the data providers associated to the mediator. This
metadata includes component descriptions imported
from each Le Select published site and a hierarchy of
ontological terms, both related to the domain repre-
sented by the mediator. Each mediator can be acti-
vated from different machinesinterconnected in anet-
work and managed in an independent manner. How-
ever, related mediators within an ontology can com-
muni cate among themselves by the CORBA protocol .

* GOA Metadata Repository —the component descrip-
tion istransferred viatrandator to the component ap-
plication domain corresponding mediator, then inte-
grated to the mediator metadata and stored by GOA
object storage system. GOA provides servicesfor stor-
ing data as object, and query facilities through OQL.
All mediator metadataare stored inaGOA repository.
GOA isasoresponsiblefor al query processing and
optimization services provided by the mediator.

e Trandators—areresponsiblefor linking mediatorsto
remote component repositories. Each translator en-
capsulates a Le Select API Client that is able to es-
tablish a socket connection to a remote Le Select
server and ask for its services. These services in-
clude metadataimport and component download.

3.3—ServiceM anager

The Service Manager (SM) isresponsible for metadata
of mediators, translators and data sources availahility, and
for dealing with ontological commitments between related
mediators (domains). An externa application (e.g., abrowser
or areuse environment) is able to access the services of
ComPublish through SM, which can be seen as a special
mediator that manages and provides access to all other
mediators of theintegration layer. SM stores metadataabout
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available mediators, and is capable of creating ontological
bindings between related ontologiesin order to query sev-
eral mediators. It is also responsible for the creation and
modification of mediators.

4 Sear chingfor Components

The search for components in our architecture, named
CompAgent combines searching, classification and filter-
ing of components published on the Web, as well as com-
ponents available from ComPublish. CompAgent is based
onadvancesonintelligent information retrieval on the Web.
Techniques such as user models (profiles), collaborative
modeling and recommendations are used for composing
theretrieval system.

Figure 2 showsageneral overview of CompAgent. The
main service of CompAgent is a meta search, using a\Web
search engine (i.e., Google Search Enginet [19]), and
ComPublish component searching services. CompAgent
filters, classifiesand mergesinformation coming from these
search engines through the following modules (Figure 2):

e Search Agent — it is the main element of the
CompAgent search architecture. The Search Agent
(SA) interacts with the Web search engine and the
ComPublish system, as detailed in section 4.1.

» MachineL ear ning M odule—MachineLearning tech-
niques are used to observe and learn the behavior of
theuser while he navigates through domaininforma-
tion or choosesinformation among suggestions done
by the WWW agent. The Feedback Agent, internal
to the machine learning module, processes the ob-
served behavior. Another responsibility isto update
the recommendation base and collaborative base,
which supply information for the algorithm of the
filtering agent. This module also provides informa-
tion that is used to adapt the user profile.

1 Google was chosen as the search engine for the architecture as
detailed in [20]. When compared to AltaVista [21], Google pre-
sented many advantages, such as being able to presenting of a more
complete Internet index, and a powerful algorithm for classifying
the page relevance. Since it is an academic tool, it is possible to use
it remotely without any commercial restriction.
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* Collaborative Agent — this agent interacts with the
filtering agent to recommend components based on
the existing information about the user stereotype.
All users of the same stereotype share links that are
considered to be important by one user category.
These links are stored on a base, called the collabo-

rative base.

» Recommendation System —isresponsiblefor insert-
ing components and information provided by the
personin charge of modeling thedomain, inthiscase,

Figure 2: Componentes Seach Architecture

the domain engineer. As shown in Figure 3, the de-
gree of relevance of that component and some do-
main description isinformed to the recommendation
system. The filtering algorithm uses the recommen-
dations, which are stored as objects in the recom-
mendation base.
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4.1 —Using CompAgent Services

First, the user informs (Figure 4) the main characteristic
of the component being searched. The filtering degree can
be one of thefollowing relevance degrees: Definitively Im-
portant, Very Important, Important, Quite Important, and
Not Very Important. Thisterm will work asthe cutoff value
for the returned links by the Web Search Engine and
ComPublish.

The next step consistsin checking whether that link i is
already part of the recommendation base or the collabora-
tivefiltering base. If thelink isfound, it meansthat thislink
has been previously chosen by a user of the same stereo-
type, or has been recommended by the domain engineer
responsible for the current domain. Therefore, RV, (Eq. 2)
incorporates the previous value (Eq. 1) plus doubling the
weights of the links on the collaborative base (w,) and on
the collaborativefiltering (w,) multiplied by the relevance
assigned to the link in the specific base. The relevance is
represented asr  for recommendation base and r , for col-
laborativefiltering.

o W Search
KeywWord: ‘emenda arganica || Search |
Humber of returned links: |1 na |
Fitering Degree: ‘ Definttively Important - |

| Ok || Cancel |

Figure 4: Search Frame

The SA composes a message containing the query pa
rameters to be processed internally by ComPublish. This
message contai nsthe application domain so that ComPublish
can use the adequate mediators and all attributes the user
wantsto find. ComPublish system receives the message and
builds the corresponding query. This query scans the local
and remote repositories that are linked to the required do-
main. Components metadata are searched to match the com-
ponent features specified by the user. Successful compo-
nents are listed back to SA ina XML document. This XML
document contains al component attributes that were re-
quested by the query. This document is parsed and compo-
nent attributes are extracted. These attributes (for instance,
name, category, date, author, development phase, language,
description, among others) are passed to the filtering agent.

Thefiltering process starts by obtaining aclassification
measure, RV, in Equation 1, for each of then returned links.
Each RV, valueis calculated after function 6 that matches
the keywords from the user profile against the attribute
values extracted fromlink i. In Eq. 1, for each attribute a,,
the number of occurrences of each keyword k_are counted
and multiplied by the degree of relevance (w,) of the key-
wordk,., wheremisthe number of attributesinlink i andp
isthe number of keywordsfrom the user profile.

RV, O Ok,-q)Cw,

all K1

(Ea.2)
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RV ,ORV, B20(w,,*r,,) Ow, *r.)
(Eq.2)

The third step of the Filtering Agent isto consider the
ranking of thelink returned by theresulting list from Google,
mainly due to the reliability degree supplied by the algo-
rithm of PageRank, used internally by this search engine.
Equation 3 calculatesthe new RV, value, by incorporating
theprevious RV, (Eq. 2) and adding avaluerepresenting the
link rank. This measurement is the difference between the
number of returned links (nl) and the position of link i (pl).
Thisvaueismultiplied by 0.5.

RV.ORV.O(nl OplHymos)  (Ea3

After sorting the classification value of al links, theone
with the highest ranking istaken and servesasthevauefor
filtering theremaining links. The processconsistsin divid-
ing the classification valueof link i (RV) by thevalue of the
most relevant link (RV,) (Equation 4). Theobtained valueis
compared to the cutoff value previously informed by the
user (Figure 5). In casethe division value (DV,) is smaller
than the cutoff value, thelink isignored, and isnot inserted
in the result to be shown to the user.

DVi DRVI/RVh (Eq.4)
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A similar process is applied for links returned by
ComPublish, but the position of the returned component,
as presented in Equation 3, is not considered, since
ComPublish does not incorporate a classification algorithm
for establishing the importance of the link.

Finally, the Web post-processed results are merged and
presented to the user (Figure 5). The user can pick the re-
turned link or component that he finds most relevant for his
domain engineering process. | n case the choiceisacompo-
nent, download is done for the machine of theuser. If itisa
page, the correspondent page is opened on the default
browser of the machine.

=t Ml A WA Tassin ldguesg

Components foand by ComPublish

Linkes feauwl by Google
Thairw wwstrw 5 links sl

Rac prnmmded. Linds Heamber © |

Description: L Crgineca Suhsegda 11
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Rt orreri mded. Linkt Mzimhi | ]

R pivem et v Cegres © Wiy Empeairtan

Lists of links sorted by CompAgent

Mo eompenmis febdsd b | emaisls ongesdes Wer foohd b ComPublsh fockidies

Rase siven el i Degree | Diflndibmly lngorass
L Procurions Gerad 8o Musicipie 03 Big e Japsmo

Dot Erraemydas & Lo Ceglnees &t 83 - & La Crpincs paderd oo smimsisds medanie prepasta

el ; oo copy slonys Gl oo Suapicinie da Fig de larero

Desrription: LES ORGAMKCA DO MUNICIPIS DO BIO DE JAHEIRD. & £7); Sebescino 11
Drs Esevvlan & La Crgliics (el 8E), Subseido 11T - Das Las

of Representativesfrom Rio de Janeiro (CMRJ). The project
aimed at integrating the effort in software development in
thelegidlative domain. Our example considersthe develop-
ment of an application that revises and prepares new pro-
posalsfor the municipal Codein thelegislative domain.

In this application (Figure 6), data source 1 provides a
Javapackage (set of related classes) named “ Proposal Cre-
ation” and data source 2 has a binary software component
called “New Subject”. The Legidative Domain Mediator
provides an ontology term named “proposal”, which is as-
sociated to the metadata terms “New Proposal” and “New

Figure 5. Results Frame

When the user chooses a link, the feedback processis
activated. Initialy, therecommendation baseisanalyzed. If
any domain engineer has recommended thislink, itsweight
will be increased by one unit. If the user who is choosing
thelink isadomain engineer, thelink isadded to the recom-
mendation base. A similar process is done for links in the
collaborative base, but with asmall difference, if the chosen
link does not exist in the collaborative base of the current
user, itisinserted into the base. If thelink is already there,
itsweight isincreased by one unit.

5 Using Mediation Servicesin the Legidative
Domain
We have experimented the mediation layer with local

components repositories for the legislative domain as part
of a project conducted at the Municipal Legislative House

Project” which are mapped to both component data sources.
However, there was aprevious Judiciary Domain Mediator
registered in the architecture. Thejudiciary domain hasan
ontology term named “code” that is mapped to a compo-
nent named “ Search Code Database”. Since the proposal
creation may involve activities related to pre-existing mu-
nicipal codes, the SM administrator associated the legisla-
tive with the judiciary domain, through a hyponyn?* rela-
tionship between the two domain ontologies.

Thus, when our user accesses the ComPublish inter-
face to retrieve components related to the creation of new
proposals, he can choose to access information from all
related mediators, i.e., generic mediators, specific media-
tors, associated mediators or all of them. Suppose our user

2 A hyponym is a type of ontological relationship between two
ontological terms related to two different domains [9].
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decided to retrieveinformation fromthe L egislative Domain
and its associated mediators. He would access components
fromthe L egislative and the Judiciary Mediator (see Figure
6). The formulation of the query is based on selecting the
component type. For each component, adescriptionispre-
sented and the user can select one or more components to
beretrieved.

Through the mediation structure, users can search for
components in atransparent and uniform way [10]. In the
above example, users do not have to know where compo-
nents are stored. Moreover, users do not have to query all
component repositories, using each repository query lan-
guage format (when aquery language exists) to find where
needed components are stored. They do not have do know
either how to access data sources.

message containing the query parameters to be processed
internally by ComPublish. SA isalso responsiblefor open-
ing a connection and sending the query to the Web search
engine (i.e., Google). Once the connection is opened, SA
controls the number of links to be received, performs the
parsing of each received page, extracting information such
astitle, link, description, description from Google (regis-
tered by the user responsible for that page), and passes
thisinformation to the Filtering Agent (Figure5).

6 Conclusions

In thiswork we addressinteroperability issues between
repositories of software components on the Web. A media-
tion layer was built on top of the LeSelect system, organiz-
ing the description of components according to itsapplica-

Service Manager

(SM)
i A

<N

Proposal

Proposal
Creation

New Subject

Search Code
Database

Figure 6: Mediator Services in the Legislative Domain

In addition, the user can search theWeb in order to find
other components related to these domains. In this case,
the user may use the CompAgent. Suppose the user wants
to find components related to the legislative ontological
term “emenda organica’ on the Web. The Search Agent
(SA) from CompAgent interacts with the Web search en-
gine and with the ComPublish system. SA composes a
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tion domain. Inour architecture, components are described
through XML and published by LeSelect servers. OQL
queries can be issued to the mediation layer and are pro-
cessed by the GOA object server, which can present query
results as a list of suggested components along with its
repository link, alsoin XML.

Without our search engine, if a user has to search for
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domain information using the avail able techniques, such as
Web filters, he has to use general Internet search mecha-
nismssuch askeyword-based spiders. Inthiskind of search,
the user isprobably presented with alot of irrelevant infor-
mation. Besides, even if he finds some interesting site, the
available domain information might not bein the adequate
format, requiring somekind of conversion. Moreover, there
are no agentsthat guide the user to more interesting rel ated
information, aswedo in our work.

We believe that the component search and publication
mechanism provided by our architecture can improve soft-
ware devel opment based on component reuse. Our approach
allows users to express component requests at a higher
level of abstraction when compared to keyword based ac-
cess or component interface based access. The innovative
aspect of our proposal is the use of domain engineering
with mediators, for reusable component retrieval, both on
the Web and on registered repositories. Currently, thereis
an operational prototype, implemented in Java and C++,
with filtering agentsand amediation layer with local reposi-
tories. The coupling with LeSelect architectureis, actually,
running and provides remote publishing of components.
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