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Abstract

The main purpose of information retrieval system is to retrieve the information acording to user need. In

principle, information storage and retrieval is smple. But pradicdly the effedive information retrieval is
not as simple. Much of the reseach and development in information retrieval is aimed at improving the
effectivenessand efficiency of retrieval. Effedive mmponent retrieval from a large repository is one such
aim of the on going reseach. In software component repaository thousand of components are stored using
various classificaion techniques. Retrieving a software component that can be reused is a tedious process
Software components have certain attributes associated with them, and each attribute has relative
importance for that component, which is cdled as weights. Retrieving the components considering these
feaures becomes more difficult and time consuming. The objedive of thesisisto seled the best component
from a repository that can be reused. In the proposed system one such component repository is developed.
From repository best component hasto befound. Best components are retrieved in atwo step process The
first step gives al the relevant components, and the second step gives the best component to the user. This
enhances the chances of retrieval of best component from a repository. The first technique used is smple
keyword based retrieval and second technique is genetic algorithm. Genetic dgorithms give satisfadory
results for those components which have attributes and weights. The genetic dgorithms based technique is
very effedive when the repository size is very large. It is based on mechanism of natural seledion and
natural genetics.
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Organization of Thesis

In the thesis, Chapter 1, include Component based software engineeaing, its process reusable Software
components and their charaderistics, it also includes design for reuse.

Chapter 2 gives the overview of information retrieval process and its various classificaion and retrieval
tedhniques. Pros and cons of these techniques are discussed. Soft computing techniques are dso discussed.
Chapter 3 includes proposed model for information retrieval. Proposed model detail, component descriptor,
and its design. Keyword based retrieval and genetic dgorithms approadc for optimizaion isincluded.

Chapter 4 contains conclusion, case study of the propased model, and future scope.



Chapter 1
Component Basead Software Engineenng

Change is a badge of modern corporate. No corporate can do businesswithout software. Now, change is a
badge of software community. We ae witnessing a historicd encounter of change of environment and
change of software technology. Widespread use of the personal computers and the Internet make computers
commodity goods and creaed new market and users. This requires substantial change to software industry.
New users, most of them are consumers; require to drasticdly reduce the cost of software in order to match
the ever-deaeasing hardware price Demands to new applicaions such as eledronic commerce ad
groupware ae high. However, conventional methoddogies have not achieved such drastic gain of the
productivity and quality yet. The use of componentsis the primary source of the productivity and quality.
Making applications from software cmponents has been a dream in software engineering community since
itsvery ealy time. As quoted in the literatures, Mcllroy

Wrote in the NATO conferencein 1968 “My thesisis that the software industry is weakly founded, in pat
because of the absence of a software comporents sub induwstry. ...... A components industry could be
imnensely successful”. However, wide spread reuse of software components over the industry has not come
true. A number of obstades have been identified. However, it seems clea that the most fundamental
problems are lack of mechanisms to make mponents interoperable and ladk of “redly reusable”
components. Component based software engineaing has promised to revolutionize the computer industry.
It has the potential to enable Software developers to quickly and economicdly construct meaningful
programs from atoalkit of existing components.

Since ealy 1990s, so-cdled Component-Based Software Engineaing (CBSE) or componentware have
emerged. At the ealy time, CBSE emphasized onthe EUC (End-User Computing) such as composing
applications on the PCs. However, the use of COTS (Comnercial Off-The-Stelf) software promoted the
CBSE in the development business applications. Furthermore, quick evolution of the Internet technology
such as Web and Java-based tedchnologies even open up new posgbilities of CBSE such as network
distribution of components, and the reuse and interoperation of components over the Internet. Now, a few
set of technologies have been widely deployed and are still evolving. They include ActiveX/DCOM from
Microsoft, CORBA from OMG and JavaBeans from SUN Microsystems.

1.1WHAT ISCBSE?

“CBSE is a process that aims to design and construct software systems using reusable software
components’. If one is familiar with Objed oriented programming (OOP), it can be useful to think of

CBSE in asimilar way. In OOP, code is reused in the form of objeds. These objeds are often contained in



vast libraries of reusable mde. Frameworks take the process even further, providing more robust and
disciplined systems of reuse. By obtaining and reusing parts of systems which have dready been ‘tried and
tested’, we can exploit the principal advantages of objed-oriented programming techniques over procedural
programming techniques, which is that they enable programmers to creae modulesi that do not need to be
changed when a new type of objed is added. A programmer can simply creae anew objed that inherits
many of its feaures from existing objeds. This makes objed-oriented programs easier to modify. In the
same way, in CBSE, by reusing an existing component you cut out a lot of the hard work with establishing
the usefulness and in testing that component — athough, as we will seg some testing will still be required
[18,15].

Software reuse is one of the main motivations for CBSE. It focuses on reusing and adapting existing
components insteal of developing them from scratch. When a large software system is decomposed into
smaller, independent componentsit is usually possble to reuse these in later systems. This reduces both the
development cost and the cost associated with quality and integrity and increases the return from

investments[2].

1.2WHY CBSE?

The goa of component-based software engineering is to increase the productivity, quality, and time-to-
market in software development thanks to the deployment of both standard components and production
automation. One important paradigm shift implied here is to build software systems from standard
components rather than "reinventing the whed" ead time. This requires thinking in terms of system
famili es rather than single systems. CBSE uses Software Engineging principles to apply the same idea &
OOP to the whole process of designing and constructing software systems. It focuses on reusing and
adapting existing components, as oppaed to just coding in a particular style. CBSE encourages the
composition of software systems, as oppased to programming them [15].

Two important aspeds of the question “why CBSE now?” are;

First, severa underlying technologies have matured that permit building components and assembling
appli cations from sets of those cmponents. Objed oriented and Component technologies are examples —
espedally standards such as CORBA.

Semnd, the business and organizational context within which applicéaions are developed, deployed, and
maintained has changed. There is an increasing need to communicate with legacy systems, as well as
constantly updating current systems. This need for new functionality in current applicaions requires
technology that will allow easy additions.

CBSE should, in theory, alow software systems to be more eaily assembled, and less costly to huild.
Although this cannot be guaranteed, the limited experience of adopting this grategy has shown it to be true.
The software systems built using CBSE are not only simpler to bdd and chegoer — but usually turn out to
be more robust, adaptable and updateable. CBSE allows use of predictable achitedural patterns and

standard software achitedure leading to a higher quality end result.



1.3WHAT ISA COMPONENT?

Brown and Wall nau describe a @mponent as “ a nortrivial, nearly independent, and replaceable part of a
system that fulfil sa clear functionin the context of a well defined architecure” .

Brown and Wallnau describe aSoftware component as “ a urit of compasition with contractually spedfied
and explicit contex dependencies only. A software component can ke deployed independently and is
subjed to compaosition by third paties’.

Another Definition of Software component is also described as “software cmporents are binary units of

independent production, acquisition, and deployment that interact to form a functioning system”

1.4 CHARACTERISTICS OF COMPONENT

The charaderistics of a omponent are:

« It is a marketable entity. A component is a self-contained, shrink-wrapped, binary piece of software that
one can typicdly purchase in the open market.

< It is not a complete gplicaion. A component can be combined with other components to form a
complete goplication. It isdesigned to perform alimited set of tasks within an appli cation domain.

« It can be used in urpredictable combinations. Like red-world objeds, a cmmponent can be used in ways
that were totally unanticipated by the original developer. Typicdly, components can be mmbined with
other components of the same family — cdl ed suites using plug-and-play.

« It has awell-spedfied interface Like a ¢assicd objed, a mmponent can only be manipulated through its
interface This is how the component expases its function to the outside world. A component’s interface is
separate from its implementation. A component can be implemented using objeds, procedural code, or by
encgpsulating existing code.

« It is an interoperable objed. A component can be invoked as an objed aadossaddress paces, networks,
languages, operating systems, and todls. It is a system-independent software antity.

« It isan extended ohed.

Thus a cmponent is areusable, self-contained pieceof software that is independent

of any application.

1.5 REUSABLE SOFTWARE COMPONENTS

The main Reusable software components are [3, 20, 24]:
Project Plans: The basic structure and much of the mntent (e.g., the SQA plan) of a software projed plan)

can be reused from projed to projed. This reduces the time required to develop the plan. Schedules,



budgets, assignments, and status evaluations for the management of an Applicaion Engineeing projed are
parts of projed plan.

Cost Estimates: Because similar function is often implemented in different projeds, it may be possble to
reuse to estimates for that function with littl e or no modification.

Architecture: Reuse of architedures include cmmponent interface interconnedions between components,
and platform configuration.

Requirements. Models and spedficaions for classes and objeds are obvious candidates for reuse, In
addition, analysis models (e.g., data flow diagrams) developed using conventional software engineeaing
approaches can also be reused.

Designs: Architedural, data interface and procedural designs developed using conventional methods are
candidates for reuse. More commonly, system and oljed designs are reused.

Source Code: Verified program components written in compatible programming languages are candidates
for reuse.

User and Technical Documentation: It is often possble to reuse large portions of user and technicd
documentation, even though the spedfic gpplicaions differ.

Human interfaces: Probably the most widely reused software atifadt, GUI software is commonly reused.
Because it can acount for 60 percent of the ade volume of an application, the benefits of reuse ae
significant.

Data: Among the most commonly reused artifads, data encompasses internal tables, lists, and record
structures, as well as files and compl ete databases.

Test cases: Whenever a design or code cmmponent is to be reused, the relevant test case should be
“attached” to it.

1.6 THE CBSE PROCESS

CBSE is in many ways smilar to conventional or objed-oriented software engineaing. A software team
establi shes requirements for the system to be built using conventional requirements elicitation techniques.
An architedural design is established. Here though, the processdiffers. Rather than a more detailed design
task, the team now examines the requirements to determine what subset is diredly amenable to

compasition, rather than construction [15, 22].

For eat requirement, the team will ask:
« Are ommercia off-the-shelf (COTS) components avail able to implement the requirement?
e Areinternaly developed reusable cmmponents avail able to implement the requirement?
e Aretheinterfaces for avail able cmponents compatible within the achitecure of the system to be
built?
The team will attempt to modify or remove those system requirements that cannot be implemented with

COTS or in-house mmponents. Thisis not always possble or pradicd, but reduces the overall system cost



and improves the time to market of the software system. It can often be useful to prioritize the
requirements, or else developers may find themselves coding components that are no longer necessary as
they have been eliminated from the requirements already.

The CBSE processidentifies not only candidate components but also qualifies ead components’ interface
adapts components to remove architedural mismatches, assembles components into selected architecural
style, and updates components as requirements for the system change.

CBSE has two magjor adivities: Domain Engineeing, which produces components for future reuse, and

Comporent-Based Devdopment, which produces appli cations that reuse the existing components.

Domain Engineering

Domain Software Reusable
Analysis »| Architedure »| Comporent
Development Development
A A
y
.| Domain Structural Repasitory
| Model Model Reusable

Comporents

Component c .
Based Comporent omporen
Develonment » Quadlificaion Update
|
l 1S | Comporent l 4
Analysis | Architecura > Aldaptatlon
"| Design L Comporent Application
Composition Software
.| Comporent X
”| Engineeing Testing

Figure 1.1: CBSE Process

1.6.1 Domain Engineering

The Domain Engineeaing, also cdled development “for reuse”, deds with the cmponrents construction.
Based on some problem domain requirements, the mmporents are @nstructed for later reuse. A CBSE
must suppart domain analysis, components design, implementation, padaging and publi shing.

“Domain Engineaing is about finding comnonaliti es among systems to identify Comporents that can be
appied to many systems, and to identify program famili es that are positioned to take fullest advantage of

those comporents’.



Devdopment for Reuse: “addresses the acumulation of potentially reusable software objeds in an
organizaional experiencebase... [This] involves mechanisms for:”

- Developing rew objeds or extrading objeds from completed projeds.

- Qualifying the objeds.

- Recording the objed for the experience base.

- Packaging (generali zing, tailoring, and formali zing) the objeds.

- Providing feedbadk to improve process

1.6.2 Component Based Development
The Component-Based Development, also cdled development “with reuse”, deds with the gplicaions

construction. These gplications are composed by reusing existing components. If needed, new components
can be developed, or even aaquired from third party. Animportant issue in CBSE isthat it is more desirable
to reuse an existing comporent than to develop a new one, even if the requirements are not entirely
attended. This reduces bath cost and time to market, but requires a seaching mechanism to accessall the
available components. Thus, to be dfedive, a CBSE must provide ways for finding, conneding and
adapting existing components. It must also suppat the addition of components that are developed or
aqquired during this phase.

Devdopment with Reuse: “assumes the existence of a sufficient number of potentially reusable software
objeds in an experience base...[ This] involves mechanisms for:”

e Spedfying reuse requirements.

e Retrieving candidate objeds from the experience base that match requirements.

« Evaluating the seleded oljeds for suitability and passbly seleding one or more.

* Modifying the primary objed to correspond with the requirements.

* Integrating the objed into the desired environment.

There aethreestagesin this process These ae
» Component Qualificaion
e Component Adaptation

« Component Compositi on.

(a) Component Qualification

Component Qualification examines reusable mmponents. These ae identified by characteristics in their
interfaces, i.e. the services provided, and the means by which consumers access these services. This does
not always provide the whole picture of whether a component will fit the requirements and the achitecural
style. This is a process of discovery by the Software Engineea. This ensures a candidate component will
perform the function required, and whether it is compatible or adaptable to the achitectural style of the
system. The threeimportant charaderistics looked at are performance, reli abili ty and usability.



(b) Component Adaptation
Component Adaptation is required because very rarely will components integrate immediately with the
system. Depending on the component type (e.g. COTS or in-house) different strategies are used for

adaptation (also known as wrapping). The most common approadhes are:

White box wrapping: Here, the implementation of the component is diredly modified in order to resolve
any incompatibiliti es. This is, obvioudly, only possble if the source ®de is available for a wmponent,
which is extremely unlikely in the cae of COTS.

Grey box wrapping: This relies on the component library providing a cmponent extension language or
API that enables conflictsto be removed or masked.

Black box wrapping: This is the most common case, where accessto source @de is not available, and the
only way the component can be alapted isby pre/ post - processng at the interfacelevel.

It is the job of the software enginea to determine whether the dfort required to wrap a component
adequately is justified, or whether it would be “cheger” (from a software engineeing perspedive) to
enginea acustom component which removes these onflicts. Also, once a omponent has been adapted it s
necessary to check for compatibility for integration and to test for any unexpeded behavior which has

emerged due to the modifications made.

(c) Component Composition

Component Composition integrated the components (whether they are qualified, adapted or engineaed)
into a working system. This accomplished by way of an infrastructure which is established to bind the
components into an operational system. This infrastructure is usually a library of spedaized components
itself. It provides a model for the mordination of components and spedfic services that enable components
to coordinate with one another and perform common tasks. Many of the feaures of a software system come
from the interadions of its components. It is easy to see that the aedion of feaures from component
architedure can be thought of as careful component composition. Currently, there ae two standard

mechanisms to compose amponents: interconnedion languages and standardized interfaces.

Interconnection Languages. Interconnedion languages are spedal purpose description languages that
describe how components are mnneded. At a minimum, the interconnedion language describes the general
structure of a system. Advanced interconnedion languages describe the functionality of the system as well
as communication protocols and connedor properties. Interconnedion languages have the benefit of
abstradly spedfying comporents in a separate modeling language. Although this improves the darity of
the model, it adds the burden of updating the system spedficaion whenever a components definition
changes or whenever comporents are compaosed dfferently. The most basic variety of an interconnection

language is a module interconnedion language (MIL).



Standardized Interfaces: The method in which comporents are composed dfferentiates gandardized
interfaces from interconnedion languages. In interconnection languages, connections between components
are explicitly spedfied in a higher level language. Standardization allows a mmponent to explicitly invoke
a service defined in a standardized interface ad then be composed with any component that redizes that
interface A standardized interface is developed for ead redm. Finally, components are developed to
implement the interfaceof a spedfic redm. Components that explicitly reference the standardized interface
of other redms are said to be parameterized by those redms. Component composition is the process of

repladng aredm parameter by a spedfic component from that redm.

1.7 DESIGN FOR REUSE

If spedficaion matching yields components that fit the need of the current application, the designer can
extrad these mmponents from a reuse library (repository) and use them in the design of new systems. If
design components can not be found, the software engineer must apply conventional or objed oriented
method to creae them. It is at this point-when the designer begins to creae new components-that design for
reuse (DFR) should be mnsidered.

Number of issues that form a basis for design for reuse-

Standard data: The goplication domain should be investigated and standard global data structure should be
identified. All design comporents can then be tharaderized to make use of these standard data structure.
Standards interface protocols: Threelevels of interfaceprotocols $ould be established: the nature of intra-
modular interfaces, the design of external technicd interfaces, and the human/macine interfaces.

Program templates. The structure model can serve & a template for the achitedural design of a new

program.

The development of a ammponentware is adually a process of developing software, and therefore, can aso
be divided into such sub-phases, namely, component spedficaion, component design, component
implementation, component testing, and component maintenance[18].

Component Specification: These serve & contrads between customers and manufadurers of software
systems. For complex systems or components, requirements analysis may be necessary. Thisinvolves steps
like problem analysis, document analysis, data analysis, feasihility study, etc. Software components are
typicdly less complex and do not always requires al these adivities. Functiona and nonfunctional
requirements are among the most important parts of a spedficaion. Other parts include user interfaces,
error behavior, acceptance citeria, system environments, etc.

Functional requirements: Servicesthat are expeded by end-users.

Nonfunctional requirements: Constraints under which software hasto operate.



Spedficaions $ould completely and consistently define the requirements on components. A component’s
spedficaion not only serves as a contrad between component developer and component user but also as a

valuable source of information for evaluating a amponent’ s use valuein a cetain context.

Component Design: After component requirements have been analyzed and spedfied, a design has to be
made. Component design is an iterative processand involves describing a component at different levels of
abstradion. Designincludes various adivities:

Comporent or interface design defines component’sinterfacein detail .

Data structure design defines data structures that are used for the implementation
Algorithms design defines the dgorithmic decompasition of components.

Top-Down design is typicd for components being built from scratch. Tasks are decomposed into subtasks
urtil these can easily be formulated as algorithms.

Bottom-Up design proceeds in the oppdsite diredion. Fundamental components are defined first and used
to redizethe next level of abstradion. Each level comprises what is cdled an abstrad machine. Bottom-Up
designis essential for the reuse of existing components.

Good designis crucial for the quality of a software component. There is no exad definition of what a good
designis, but good designs are considered to have the foll owing charaderistics
Moddarity: A component should be logicdly partitioned into subcomponents that perform spedfic
functions.

Couging: Loasely coupled components are as independent of other components as passible. For example,
they do not have ashared state and donot interchange @ntrol information with other components.
Cohesion: Cohesive cmmponents represent single entities including all operations on these entities.
Understandablity, adaptability: To make components understandable and adaptable, they should be
loosely coupled and well documented.

Various categories of design methods exist, for example, function-oriented (li ke stepwise refinement), data-
oriented (like Jadkson Method) and objed-oriented methods as proposed by Booch and Rumbaugh.

Component Implementation: Implementation is the process of transforming a design into an executable
form. For software systems this typically means coding in a certain programming language. According to
definition, software components can have avariety of forms. They can be implemented in a programming
language or be mmposed of components of any kind.

Idedly, the design of a component is independent of its implementation. In pradice, however, thisis often
imposshble. For example, we have to consider reusable components already during the design phase.
Depending on what kind of components we cnsider, we make assumptions about the implementation of

the component under development.



Component Testing: The purpose of testing is to ascertain whether a ammponent satisfies its requirement by
discovering as many errors as posshle. Tests can be gplied to dfferent aspeds of components. Various
kinds of testsinclude the foll owing:

Spedfication test: Spedfication tests check for the completeness, clarity, consistency and feasibility of a
component spedficaion. This could be done together with potential component users.

Comporent test: Component test reved discrepancies between a component’s Pecificaion and its
implementation.

Integration test: Compaosing tested components can reved new kinds of errors that stem from the
interadion d components. Integration tests are gplied to sub-systems or components being composed of
|lower-level components.

Acceptance test: The development of software products ends with an acceptance test where red operating
conditions are used. This may not be possble for software components where potential reuse andidates

might not even be known at the time.

Various testing methods and strategies include:

Satic/dynamic testing: Static testing involves adivities to find errors via static and semantic analyses. For
dynamic tests components have to be exeauted or ssimulated.

Black-Box/White-Box testing: Bladk-Box tests involve input/output relationships of components. White-
Box tests consider the inner structures of components as well.

Top-down/Bottom-Up testing: In top-down testing the main components are tested first by using stubs for
components that are not yet available. In bottom-up testing basic components are tested first, followed by
higher-level components that rely on lower-level components. With software component, software quality
can beincreased and testing efforts can be deaeased.

Component Maintenance: Component maintenance is the modificaion of a software component after its
first delivery. Such modificaions include eror corrections, performance or other improvements,
functionality extensions, or adaptations to changed environments. Component maintenance is by far more
than just fixing bugs. Maintenance adivities fal into the following categories:

Adaptive maintenance To make asoftware mmponent usable in a cthanged environment, e.g., adapting a
component to anew version of an operating system or application framework.

Corredivemaintenance To overcome existing errors, i.e., diagnosing and correding bugs.

Perfedive maintenance To improve performance maintainability, or other quality attributes, e.g.,
enhancements demanded by users.

Preventive maintenance To prevent future maintenance ativities, e.g., redesigning, recording, and/or re-

testing, sometimes complete re-engineaing.

1.8 BENEFITS OF CBSE



The avent of component software is one of the most important new developments in the software industry
sincethe introduction of high-level programming languages. Component software cmbines the alvantages
of custom software and standard software. It enables solutions that are better evolvable, are more realily

maintainable, can be extended over time, and can be modernized incrementally.

1.8.1 BusinessBenefits of CBSE

Businesshenefits of component based software engineeing are

Shat Time to Market: Applicaions with components can be delivered synchronously with the business
change cycle time

Adaptable: Componentized applicaions can be ale to respond rapidly to change without forcing costly
rewrites of the entire system.

Supporting Integration: There is often no time or judtification to replace legacy applicaions. New
functionality can be integrated with other padkages, existing appli cations, and data sources.

Applicable: Componentized applicaions can align with the business It is unaccetable to require the
businessto change to the goplicaion functionality.

Upgradeable: Improvements to an existing function can be possble without impad to ather functions.

1.8.2 Tedhnical Benefits of CBSE

In the view of component users, the Technica benefits can be summarized as foll owings:

Power users will find it second nature to assemble their own personalized appli cations using off-the-shelf
components. They will use scriptsto tie the parts together and customizetheir behavior.

Small devdopers will find that components reduce expenses and lower the barriers to entry in the software
market. They can creae individual components with the knowledge that they will integrated smoothly with
existing software aeaed by larger development shops - they do not have to reinvent al the functions
around them. They can get fine grained integration instead of today’s ‘band-aid’ integration. In addition,
they get faster time to market because the bulk of an application is arealy there.

Large Devdopers, IS shops and §stem integrators will use mmponent suites to crede enterprise-wide
client/server applicationsin record time. Typicdly, about 80% of the function they need will be available &
off-the-shelf components. The remaining 20% is the value-added they provide. The dient/server systems
may be less complex to test because of the high reliabili ty of the pre-tested components. The fad that many
components are bladk-boxes reduces the overall complexity of the development process

Desktop vendas will use components to assemble gplications that target spedfic markets. Instead of

selling monster suites at high rices, they will be ale to provide their consumers with what they redly



need. Even the Pay-per-Use can be achieved, when customers use the CORBA compatible products, which
provide this CORBA Service Increased customization and more mall eable products will creae new market
segments. Consumers will not be & the mercy of long product relesse cyclesto get new functions. They can

buy add-on functions, in the form of components, when they nee it.

1.9 SUMM ARY

In this chapter concept related to component and component base software engineeing (CBSE) is
described. The complete CBSE process and design for reuse has been discussed. Also various benefits of

CBSE are explored. Various component retrieval techniques are considered in next chapter.

Chapter 2
Classificaion and Retrieval Techniques




A retrieval technique is concerned with the comparison of the representation d a query and the
representations of documents for the purpose of identifying and or retrieving those documents that are
relevant to that query. A retrieval technique is not diredly concerned with the way of adually representing
the documents and queries, but different ways of representation may imply using different retrieval
tedchniques. In this snse representations and retrieval techniques are interrelated. In principle, information
storage and retrieval is smple. Suppase there is a store of documents and a person (user of the store)
formulates a question (request or query) to which the answer is a set of documents stisfying the
information need expressed by his question. User can obtain the set by reading al the documents in the
store, retaining the relevant documents and discarding all the others. In a sense, this constitutes ‘perfed’
retrieval. This solution is obvioudly impradicable. A user either does not have the time or does not wish to
spend the time reading the entire document colledion, apart from the fact that it may be physicdly
impaossble for the user to doso. Often also the term retrieval model is used. In the literature exists alot of
confusion about the difference between model and technique. In fad both terms are frequently used
without, that it is redly explained why. If we want to make some diff erence after all we could roughly say
that aretrieval technique is mostly concerned with the matching of the document descriptors and the query
representations. Whereas a retrieval model is going a little beyond this, also taking into account the way of
representing the documents and the indexing process Intelledually it is posshble for a human to establish
the relevance of a document to a query. For a cmputer to do this we need to construct a model within
which relevance dedsions can be quantified. It is interesting to note that most reseach in information
retrieval can be shown to have been concerned with different aspeds of such amodel.

There exist a grea number of retrieval models or techniques providing different approaches to the way of

locaing information.

2.1 THE RETRIEVAL PROCESS

In the retrieval process the IR system extrads the documents or more generally, the pieces of information,
which will presumably answer the information need formulated

by the user. This retrieval processis usually separated into a preliminary step of indexing the documents,
followed by an operational step of retrieval. The retrieval processcan beiterative, if the user provides ssme

feedbadk on the retrieval results. Figure 2.1 shows a general view of the retrieval process
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Figure 2.1: A General View of the Retrieval Process

Information retrieval system has threebasic issues, these ae:

. The formulation of the query
. The indexing process
. The matching function

Formulation: The problem of the formulation of a query is closely related to the issue of information need.

Information need is distinguished into two types:-

e The etensional information need.

e Theintensiona information need.
An extensional information neal is a dea and spedfic information neal. The seacher knows predsely
what heislooking for and where he can find it. For example the title of a bodk that has to be found in some
caaogue. In this case the user is very well able to formulate his information need into a request since he
knows very well what he wants. Consequently, his query is likely to be an exad representation of the
information need. On the contrary, an intensional information need is much lessclea and spedfic. The user
does not know exadly what he is looking for; he usually only has a general idea doout his information
need. For example, he might be looking for information on a particular subjed, but he does not know
exadly what kind of information he requires. His information neal is thus impredse aad probably

incomplete.

Indexing: Before an automatic system is able to retrieve aly information, this information must first be
stored in some way in the system. In generd, it is unlikely that the full text of each document is gored in
the system, espedally if alarge document colledion is concerned. Therefore, ead document is assgned a

descriptor, which is a representation d its informative cntent within the system. The processby means of



which such a representation is generated is called indexing. Indexing can be done manually or
automaticaly. Manual indexing is usually performed by trained experts. They scan the documents contents

and acordingly assgn descriptors on the basis of their knowledge and experience

Matching and Relevance: Once the user has formulated his information need into a request, this query is
compared with the document representations. This comparison is cdled matching in Information Retrieval.
The distinction is made between exad matches and partial matches. In case of an exad match the query
representation and the document descriptor must be egual in order to retrieve the document. In case of a
partial match, the document is retrieved when the representation of the document is smilar enough to the
representation of a query. Here we touch upon the matter of relevance. When a document is ‘similar
enough’ to a query, it is ‘relevant’ with resped to that query. Relevance is a very important notion in
Information Retrieval, since the main purpose of Information Retrieval is to retrieve & many relevant
documents as posshle in response to a user request. Since relevance is a subjedive notion, it is very
difficult to define what is relevance Users often only have ageneral idea dout what kind o information
they request on a particular subjed. Different users probably have different ideas about which documents
are relevant to them and which documents are not. Often they are not able to formally define why they
consider a particular document relevant. If you would ask them, they would probably reply “It looks
interesting; there might be something in it”. Furthermore, relevanceis context dependent. The cntext of a
document within a mlledion o documents is the subset of documents that are somehow related to that
document, for example through bibliographicd citations or because of a cetain overlap in their informative

contents, which is expressed in the usage of the same index termsin the different document representations.

2.2 MAIN APPROACHESFOR SOFTWARE
CLASSIFICATION AND RETRIEVAL

Various Software dasdficaion and retrieval techniques are avail able; some of them are discussed in this

sedion. These ae:

Classification Schemes
*  Enumerative Scheme
* Faceded Classificaion

e Formal Spedfications

* Knowledge- Based Approac

e Hypertext

«  Browsing

*  Behavior Based Retrieval

e Automatic Indexing



e Soft Computing Techniques

e Fuzzy Logic Based Retrieval

* Neural Network Based Approach

*  Genetic Algorithm Based Retrieval
e Probabili stic Retrieval

2.2.1 Classification Schemes

A fundamental problem in software reuse is organizing colledions of reusable cmmporents for effedive
seach and retrieval. There ae two main clasdficaion schemes- enumerative scheme and faceed

clasdfication.

2.2.1.1 Enumerative Scheme

Classificaion schemes such as Library of Congress and Dewey Decima are Enumerative. In an
Enumerative scheme dl possble dasses are pre- defined. The librarian seleds the classthat best fits the
attributes of the new item by traversing the dassification hierarchy.

In (entities) the Dewey Dedmal System, for designs example, if we want to classfy the programs title
"Structured Systems Program- structures ruing,” we look at the hierarchicd systems structure and try to

find the predefined class that best describes the title. A partial expansion of the Dewey hierarchy is shown

inFigure 2.2.
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Figure 2.2: Partial Expansion of the Dewey Dedmal Hierarchy



Structured Systems Programming could match any of the following classes: 00161 (systems analysis),
001642 5(software), 003 (systems), 620.72 (systems analysis), or 620.73 (systems construction). Implicit
in enumerative dassificdion is the expertise of the librarian in both the dassification scheme and the
subjed matter or domain of the title. Dedding which the most appropriate dassis a difficult task. Thetitle
in this example is entered under 001.642 5 (software). Cross-references establish links among related
clases to smplify the class seledion and to fadlitate searching, but they add a complex network of

relationships that is difficult to represent and maintain.

2.2.1.2 Faceted Clasdfication
Facded classficdion offers certain feaures that not only improve seach and retrieval, but suppat the
potential reuse seledion processand contribute to the development of a standard vocabulary for software
attributes. Classificaion in a facded scheme is straightforward. A facded scheme may have several faces
and ead facet may have several terms. A hypotheticd facded scheme with two faces, entities and
adivities, isintroduced hereto ill ustrate the dassificaion process[36].

Table 2.1 Faceted Schemes

{entities} {activities}
designs analysis
programs design
structures evaluation
systems programming

To clasdfy the title in our example, we seled from each faced the term that best describes ead of the
concepts in the title. "Systems" is sleded from the entities facet, and "programming,” from the adivities
facd. The resulting synthesized classis systems/programming. Facded classification tailors the dassto a
perfea fit, while in enumerative schemes the librarian must shop for the best fit from a wlledion of
standard sizes.

Table 2.2: Simplified Faceted Scheme for UNIX Components

DOMAIN - UNIX toadls

{by action} {by objed} {by data structure} {by system}

get file-names buffer li ne-editor
put identifiers tree text-formatter
update line-number table

append charader file

chedk number archive

deted expresson

locae entry

seach dedaration




evaluate line

compare pattern

build

Whil e the previous example deds with a hypotheticd facaed scheme, the examplein Table 2.2 isafaceded

scheme developed for UNIX components. It consists of four faces: the function performed by the
component, the objeds manipulated by the function, the data structure where the function takes place and
the system to which the function belongs. The example shows the class of UNIX components that locate

line numbersin afile and are part of aline dlitor.

Why Faceted Classification?
Current approaches to information retrieval are often classified along a scde whose end pants are freetext
analysis and controlled vocabulary. Free-text analysis, also referred to as uncontroll ed vocabulary, consists
in analyzing word frequencies in natural text. Relevant keywords are derived automaticdly by their
statisticd and pcsitional properties, thus resulting in what is cdled automatic indexing, which is the
asdgnment of preferred terms to represent or define an item. A fundamental assumption in this approac is
the eistence of a large "corpus' of text to justify the statisticd analysis. This technique has proven
relatively effedive for text intensive documents such as bodks and journal articles.
On the other hand, controll ed vocabulary approaches rely on a predefined set of keywords used as indexing
terms. These keywords are derived and defined by experts and are designed to best describe or represent
concepts relevant to the domain of discourse. Software products have cetain charaderistics that make
controlled vocabulary a more dtradive gproad over freetext analysis:
e Source mdeisvery low on freetext,
«  Keyword meanings are usually assigned by convention or by programmer preference,
e Itisnot obvious"what" components do and "how" they doit, and
¢ Human intervention istypicd when describing component functionality.
In a mntrolled vocabulary, keyword-represented concepts are organized as a dassficaion scheme. A
clasdficdion scheme provides a network of predefined relationships, thus introducing some semantic
information absent in free-text analysis.
A clasdfication scheme for coll edions of reusable software mmponents should meet the following criteria:
1. It must acommodate mntinually expanding colledions, a daraderistic of most software
organizdions.
It must suppart finding components that are similar, not just exad matches.
It must suppart finding functionally equivalent components acrossdomains.
It must be very predse and have high descriptive power (both are necessary conditions for
clasdfying and cataloging software).
5. It must be eay to maintain, that is, add, delete, and update the class gructure and vocabulary
without neal to redassfy.

6. It must be eaily usable by both the librarian and end user.



7. It must be amenable to automation.

Facded classification meets most of these demands. Expansion and maintenance (1) is easily accomplished
by adding and updating the facded lists. Predsion and descriptive power (4) is a mnsequence of the
synthetic goproach to clasdficaion. A consistent list of terms for each face provides for a standard
vocabulary that is common to bah the librarian and the user (6), and its tabular format makes it easy to
implement as arelational database (5,7). Therefore, a simplified facded approach was seleded for reusable
software over the dassicd enumerative schemes. A conceptual graph structure was superimposed on ead
set of facd terms to measure class smilarity (2, 3) and a thesaurus was added to eat facd. Thesaurus
enhances query formulation and classification, suppart concept clarification, and simplify maintenance (2,
5, 6).

2.2.2 Formal Specifications

Using forma spedfications to represent software cmponents fadlitates the determination of reusabili ty
because they more predsely charaderize the functionality of the software, and the well-defined syntax
makes processng amenable to automation.

Forma spedficaions use mathematicd notation to describe in a predse way the properties which an
information system must have, without unduly constraining the way in which these properties are adieved.
They describe what the system must do without saying how it isto be done. This abstraction makes formal
spedficaions useful in the process of developing a mmputer system, becaise they allow questions about
what the system does to be answered confidently, without the need to disentangle the information from a
mass of detailed program code, or to speaulate aout the meaning phrase in an impredsely worded prose
description [19, 23].

A formal spedficdion can serve as a single, reliable reference point for those who investigate the
customer’s needs, those who implement programs to satisfy those neals, those who test the results, and
those who write instruction manuals for the system. Because it is independent of the program code, a
formal spedficaion of a system can be mwmpleted ealy in its development. Although it might need to be
changed as the design team gains in understanding and the perceived needs of the customer evolve, it can
be avaluable means of promoting a @mmon understanding among al those mncerned with the system.

In this approach, queries are formal requirement spedficaions (e.g., the spedfication of a signature) and
the system retrieves relevant software from a library of formally spedfied components by invoking a

theorem prover to determine if component spedfications stisfy the requirements.

2.2.3 Knowledge-Based Approach

The text automatic dassfication method is based on the content analysis automaticdly to all ocate the text
into pre-determined caalogue. The methods of text automatic dassification mainly use information

retrieval techniques. Traditional information retrieval mainly retrieves relevant documents by using



keyword-based or statistic-based techniques. Generally, three famous models are used: vector spacemodel,
Boolean model and probability model. One central step in automatic text classficaion is to identify the
major topics of the texts [43].

Knowledge-based software retrieval systems make some kind o lexicd, syntadic and semantics analysis of
natural language spedficaions of software components without pretending to completely understand the
document. They are based ona knowledge base which stores mantics information about the gplicaion
domain and about natural language itself. These systems are usualy more powerful than traditional
keyword retrieval systems. However, they usually require enormous human resources. Knowledge bases
are aeded for eat applicaion domain and are usually populated manually. The principal processfor the
Knowledge —based text classficaion isillustrated as foll owing:
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Figure 2.3: Knowledge-Based Text Classification

2.2.4 Hypertext

A hypertext consists of a set of interconnected units of textual information such a unit of information is
cdled a node the mnnedions between the nodes are cdled links The starting point of alink is cdled the
anchor or the parent node. The ending point is caled the destination or the child node usually links are one
diredional but it isalso posshleto define two dmensional links. Nodes can be achors and destinations of
more that one ink By means of this st of nodes and links a structure isimpased onthe colledion of data a
browsing feaure which has been classfied as a retrieval technique ealier permits the user to wander

through the data thus providing a natural way of accessng the mlledion of data.



Nodes can be of any nature, they could for example be titles of sedions or chaptersin a bodk or they could
be bibliographicd citations names of figures tables etc. Links are pointers from one node to another. They
could be referencesto sedions figures or table's citations etc. The adual information is gored in a database
and the nodes of the hypertext correspond to pieces of the information. Only if a user finds a node
interesting enough the adual information is retrieved. A hypertext is thus a network structure on top d the
adual information in the document colledion. Following the links in the network through browsing there
may be several different ways to read the same node i.e. there ae severa different paths to the same node
from a cetain starting point. Following one diredional links usually means more refinement. At a cetain
point the user might find out he has gone into too much detail. It is then possible to back track along the
path one has taken to that particular node. It is usually not possble to go bad to a different anchor node
than the one the user came from, if the node @ntaining the requested information is found the search can be
ended. The path from a starting pdnt to the final destination node is cdled a seach path. Figure 2.4
presents a simple example of a hypertext structure. The nodes are assumed to contain some kind of textual
information the links represent some kind of relationship between these pieces of textual information. For

the sake of thisexample it is not necessary to adually spedfy the nature of the nodes and links

A 4
A

Figure 2.4: Hypertext Structure

Suppose the user takes node B as a starting point. He chooses to go to node E, but then finds out that is not
what he was looking for. He badk tradks to node B and chooses node D. Again there ae two choices.
Suppacse he takes node F. If this would appea to be awrong choice, he an bad trad to node D sincethis
was the last node on his sach path. It is not passble to go to node C, since this node has not been visited
before and is therefore not on the seach path. Having determined that F was a good choice, the user now
deddes to move to node M, which appeas to contain the information he requested. Therefore, he ends his
seach at this point. The seach path would in this case be B-E-B-D-F-M.



2.2.5 Browsing

Browsing is an example of a retrieval technique that requires a well structured document colledion.
Documents must be represented in the system as a network of inter conneded nodes and a hypertext is a
good way of defining such a structure. With the ad of the system, the user can now browse through this
network to find the information he is looking for. The user does not have to formulate aquery at first, to
represent hisinformation need and there is no such thing as a formal matching process This can be amajor
advantage, espedally when the user does not exadly know what he is looking for. In fad, the adual
matching takes placein the uses mind while wandering through the network of nodes and links, he deddes
whether or not he finds the current node interesting. If so, he might want to retrieve the document
belonging to the node and we uld speak about a match. There are not formal rules for this kind of
matching. The user may be changing his mind and dedde otherwise or maybe he never really made up his
mind about what heislooking for and is not able & all to find any matches[30].

As an example, suppose auser using some kind of drawing program wants to draw a star. He does not
know how to dothis or even if it is posshble & al with the program. So he takes the manua and starts to
browse through it to try and find an explanation on how to draw a star. In this case, the nodes could be the
names of chapters or sedions in the manual, while the links could be the aoss-references between these
chapters or sedions. As a starting point, the user might look for the entry ‘star’ in the index. Reading the
particular page referred to in the index, he finds out that it is only a general introduction. However, he finds
a reference to a more spedfic sedion onthe subjed. In this way the user will continue to follow cross-
references until he finds ome description on how to draw a star, or until he finds out that it is not posshble
to draw stars with the program.

For very large mlledions of documents, browsing can be rather tedious and inefficient and in such cases

querying might be abetter idea. We could try to get the best of both and combine them.

A seach based on browsing requires the user to be positioned in a structured database.
The user moves within this database on the basis of information receve (Figure 2.5). At
no stage is a subset of items ever isolated from the database for separate consideration;
rather the user moves through the whole database focusing on the areas of immediate
interest.
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Figure 2.5: Browsing As Structure of Examination

The functiona requirements for effedive browsing systems are:
. The abili ty for users to position themselvesin an areaof interest of the database

. The aility for users to be ale to reagnize appropriate diredions in which to

further the search
. The abili ty to easily move quickly and efficiently through the database.

A key browsing requirement of a static database is for its structure to be understandable
to the user and to have useful properties to help browsing. Browsing is fast becaiseitisa
pre-coordinate system, it is Smple asthereis only one basic operation, it is adaptable a5 it
applies to any set of objeds, it is versatile a different similarity conditions can be
creded, the user isin control and rever needs to explicitly formulate aquery and it gives

arich environment for credive browsing.

2.2.6 Behavioral Based Retrieval

Behavioral-based retrieval approaches are based on the notion of exploiting the executability of software
components to classify them. Testing the component with different arguments calling his functions yields
dynamic responses, which are collected. This collection is called the component behavior. An ordering on
behaviors is then used to classify components and to search through the library of components. The
programs used to produce the components behavior try to call a subset or all the functions of the component
and recover the results. If the program calls functions that do not exist in the component, the components
will ignore the call. In the behavioral-based retrieval approach, the engineer query is a program that calls
some functions with specific arguments and this program will be plugged to all components of the library
to test the components behavior. The components that respond to the searched behavior will be selected and

presented to the engineer [29,34].



An Exeaution Model
In order to develop a theory of behavioura retrieval, an exeaution model is required to

explan howv comporents exeaute programs and generate output responses [40]. In
exeaution model, a mmporent is represented as a relation between programs and
resporses. This is becaisand a resporse may be evoked by more than ore program.

Formally, a aomponent ¢ can be dedared as:
C: prog <> Response

A program p € Prog is modelled as a sequence of cdls on the mmporent's interface. A
resporse is a sequence of values in correspondence with a program. Behavioural retrieval
does nat dictate arepresentation for effeds; the representation d effects may or may not
include descriptions of how the cmporent state changed as a result of the cal, or what

informationwas shared with the environment.

Exeaution proceals as follows: when sent a program a comporent will respond by
exeauting each call in the program and producing a @rrespondng output resporse. This
continues urtil al cdlsin the program have been exeauted or a cdl is regected, in which

case the exeaution ceases at that stage.

2.2.7 Automatic I ndexing

Automatic indexing is the processof analyzing an item to extrad the information to be permanently kept in
an index. The system extracts lexicd, syntactic and semantic information from the natural language
description. These gproaches automaticadly extrad words or phrases (usualy pairs of terms) from
documents and from queries in natural language to build their internal representation. Automatic indexing
isrequired for the effective retrieval of information. Indexing is esential to information retrieval becaise it
provides entry points to a mlledion, without the user having to examine the whole mlledion. It tells the
user where the information can be physicdly found and all ows them to seach a @lledion using keywords
or phrases. Indexing hes existed for as long as humans have been keguing written records. There ae two
ways that information can be indexed; manually or automaticdly. In manual indexing a human indexer
compil es the index, while automatic is when the task is done by computer. The am of automatic indexing
is;

“..the @pability for the systemto automatically determine the indextermsto be asdgned to anitem.”
Systems that provide aitomatic indexing of software components can be dassified in two basic groups:
systems that work only at the lexicd level and systems that include

Syntadic and Semantic analysis of software descriptions [26].



Lexical level: The system classfies oftware components acording to attributes automaticdly extraded
from their natural language documentation by using an indexing scheme based on the notions of lexicd
affinity and quantity of information. The retrieval system accepts queries in freestyle natural language and
the same technique used to index software components is applied to queries. Even without attempting any
understanding of the descriptions and without using any kind of syntadic and semantic knowledge, the
system exhibits better predsion than single keyword-based systems.

Syntactic and Semantic analysis: These systems make some kind of syntadic and semantic analysis of
natural language spedfications without pretending to doa amplete understanding of the descriptions. They
are based upon a knowledge base which stores £mantic information about the gplication domain and
about natural language itself. These systems are more powerful than traditional keyword retrieval systems
but they usually reguire enormous human resources becaise knowledge bases are aeaed manually for eah

application domain.

2.2.8 Soft Computing Tedniques

Soft Computing techniques are based on biologicd approadies to problem solving, where mathematics
does not play as central a role @ it does in engineeing problem solving methods. Soft computing
tedhniques are the innovative approaches for constructing computationally intelligent system that poses
human like expertise within a spedfic domain, adapt themselves and lean to do better in changing
environments. There ae three main soft computing techniques. Fuzzy logic, Neural network, Genetic
algorithms.

2.2.8.1 Fuzzy Logic Based Retrieval

This sdion presents the fuzzy classification and retrieval model based on fedures, i.e., term pairs
describing the functionaliti es of reusable components. Fuzzy weight assgnment to features is presented.
The dasdfication is supparted by a Thesaurus where afuzzy synonymiarelationship is defined. We refer to
objed-oriented code and therefore will employ the terminology of objed-orientation. Moreover, we denote
as component a reusable unit of code (either a dassor a dasscluster) whose granularity has been chosen
by the users[12, 16].

Fuzzy Behavioral Descriptors

The Component Descriptors of the SIB (CDs) have a standard objed-oriented part exploiting the
charaderistics of the Telos SIB description language, and a fuzzy part of the following format:

List-of [feaure: fuzzy weight]

Describing the behavior of a software cmponent implies a cetain degree of imprecision due to the
multiplicity of charaderistics usually exhibited even by simple components. A summarization is important
for effedivenessin comprehending and pcsshly reusing code. A multi ple descriptor of code mwmponents
taking into acount several behavioral charaderistics is a viable gproach to ded with this impredsion

source.



Software behavior is described by two terms gructures cdled feaures al owing for a richer semantics than
usual single term description, while remaining simple enough to avoid the need for a formal grammar and
semantics definition of a cmmponent description language. E.g., for objed oriented code, method names are
taken as the first term in the feaure, and the first argument of the method as the second term. A software
descriptor is alist of feaures describing the charaderistics of a software cmponent, that is, of a class, or
set of classes, or library, chosen as a unit of reuse by the system maintainers. A sample etradion
performed on classes belonging to the NIH library will be shown in next section. As far as design
documentation is concerned, the procedure is described for ER schemas. However, this method can be
reaily extended to ather design dacumentations, such as software modules or Abstrad Data Types, which
can be dedt with using a combination of this technique with the one illustrated above for objed-oriented
code. The purpose isto extrad in a purely syntadicd way a descriptor of ER schemas[13, 14].

The dasdfication steps are the foll owing:

1. The descriptor of an ER schema becomes a repasitory class named with the schema name

2. The following filter is applied for ead entity E;: the relevance degree of an entity E; as the number of
relationships in which E; participates plus the number of its attributes. Then, only the entities E , are kept
whose degree ecedls (the integer part of) half of the maximum degreein the schema.

3. Fedures of the form (E; attr) and (E,, E) are alded to the descriptor, where the cmma is the term
separator in the fedure, attr are dl the atributes of the seleded entities, and E; varies among all entities
conneded to E, Duplicaions are avoided, i.e. the diredions of the relationships are ignored.

4. For entities belonging to an is-a hierarchy, all related entities are taken, and feaures of the form (entity
name, attribute) are extracted and added to the descriptor.

5. The descriptor is completed with feaures including the names (if any) of the relationships of the entities
extraded in the previous geps, together with their attributes. The gplied information filter aims at
maintaining the "main" entities of a schema basing on is-a hierarchy and on the number of attributes and
relationships. 1n order to handle dasdfication and retrieval by means of descriptors, the feauresin the list
are adgned arelevance measure expressed by a weight, a number between Oand 1 The role of weightsis
clarified by the foll owing considerations.

Usualy, software aomponents have abasic behavior (e.g., an array will be asigned the basic feaure

"random access') and a set of additional methods that are common to ather comporents (e.g. "'print-
element"). Furthermore, there can be other methods ("sort- self", where "self" is the standard auto-
reference) supparting the basic behavior and charaderizing only partially the ammponent. For these reasons,
the feaures are weighted in order to enhance the visibility of different behaviors. The mechanism of
weights employs a frequency analysis technique of terms used in methods. The technique is taken from text
analysis literature: it is an adaptation of the classicd term weighting functions to the case of software which
has only a skeletal text structure. The weightsin a descriptor are viewed as a fuzzy set and fuzzy techniques

are used for the retrieval.



2.2.8.2 Neural Network Based Retrieval

In Neural network models, information is represented as a network of weighted, interconneded nodes. In
contrast to traditional information processng methods, neural network models are "self-processng” in that
no external program operates on the network: the network literally processs itself, with "intelligent
behavior" emerging from the locd interadions that occur concurrently between the numerous network
components. Neural network models in general are fundamentally different from traditional information
processng modelsin at least two ways.

* First they are self-procesgng. Traditional information procesing models typicdly make use of a passive
data structure, which is always manipulated by an adive external procesgprocedure. In contrast, the nodes
and links in a neural network are adive procesdng agents. There is typicdly no externa adive agent that
operates on them. "Intelligent behavior" isaglobal property of neural network models.

e Second, neural network models exhibit global system behaviors derived from concurrent locd
interadions on their numerous components. The external process that manipulated the underlying data
structures in traditional IR models typicdly has global access to the entire network/rule set, and processng

is drongly and explicitly sequentialized [33].
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Figure 2.6: A Simple Neural Network.

A neural network has three @mponents. a network, an adivation rule, and aleaning rule.

Network consists of a set of nodes (units) connected together via direded links. Each node in the network
has a numeric adivation level asociated with it at timet. The overall pattern vedor of adivation represents
the arrent state of the network at timet.

Activation rule isalocd procedure that ead node follows in updating its adivation level in the context of
input from neighboring nodes.

Learning ruleisalocd procedure that describes how the weights on connedions

should be dtered asafunction d time.

Similarly, Haykin (1999 thinks there ae threebasic d ements of the neuronal model, which include:



A set of synapses or conreding links, ead of which is characterized by a weight or strength of its own.

An adder for summing the input signals, weighed by the respedive synapses of the neuron. The operations
could constitute alinea combiner.

An activation function for limiting the amplitude of the output of a neuron. The adivation function is also
referred to as a squashing function in that it squashes (limits) the permisgble amplitude range of the output
signal to some finite value. Types of adivation functions include: 1) threshold function; 2) Piecevise-linea
function, and 3) sigmoid function. The sigmoid function, whose graph is s-shaped graph, is by far the most
common form of adivation function used in the wnstruction o neural networks.

A Neural Network is an interconneded assembly of simple processng elements, units or nodes, whose
functionality is loosely based on the animal neuron. The processng ability of the network is stored in the
inter-unit connedion strengths, or weights, obtained by a processof adaptation to, or leaning from, a set of

training patterns.

In ageneral sense, the use of neural networks offers the foll owing useful properties and capabiliti es:
Nonlinearity: A neural network, made up of an interconnection of nonlinea neurons, is itself nonlinea.
Nonlineaity is a highly important property, particularly if the underlying physicd mechanism resporsible
for generation of the input signal isinherently nonlinea.

Input-Output Mapping: The network leans from the examples by constructing an input-output mapping
for the problem at hand. Such an approach brings to mind the study of nonparametric statisticd inference
Adaptivity: Neura networks have abuilt-in cagpability to adapt their synaptic weights to changes in the
surrounding environment.

Evidential Response: In the context of pattern classificaion, a neural network can be designed to provide
information not only abou which particular pattern to select, but also about the confidencein the dedsion
made.

Contextual Information: Every neuron n the network is potentially affeded by the global adivity of all
other neurons in the network.

Fault Tolerance: Its performance degrades gracefully under adverse operating conditi ons.

Neural networks computing, in particular, seems to fit well with conventional retrieval models such as the
vedor spacemodel and the probabili stic model. Doszkocs et al. (1990 provided an excell ent overview of
the use of connedionist models in IR. A major portion of reseach in IR may be viewed within the
framework of connedionist models. For example, to the extent that all connedionist models can be
regarded as input-to-output classficaory systems, document clustering can be viewed as classification in
the document*document space. Thesaurus construction can be viewed as laying out a mordinate system in
the index*index space Indexing itself can be viewed as mappings in the document*index space and

seaching can be nceptualized as connedions and adivations in the index* document space



Kinoshita and Palevsky (1987) predict that applying connectionist approaches to information retrieval will
likely produceinformation systems that will be ale to:

1) Recdl memories despite failed individual memory units;

2) Modify stored information in response to new inputs from the user;

3) Retrieve "neaest neighbor" data when no exad data match exists;

4) Asxciatively recdl i nformation despite noise or missng piecesin the input,

5) Categorizeinformation by their associative patterns.

2.2.8.3 Genetic Algorithm Based Retrieval

Genetic Algorithms (GAs) are alaptive heuristic search algorithm premised on the evolutionary ideas of
natural seledion and genetic. The basic concept of genetic dgorithms is designed to simulate proceses in
natural system necessary for evolution, spedficdly those that follow the principles first laid down by
Charles Darwin of survival of the fittest. As such they represent an intelligent exploitation of a random
seach within a defined search spaceto solve aproblem.

Genetic dgorithms are good at taking larger, potentialy huge, seach spaces and navigating them looking
for optimal combinations of things and solutions which we might not find in alife time.

Genetic dgorithms were introduced as a cmputational analogy of adaptive systems. They are modeled
loosely on the principles of the evolution via natural selection, employing a population of individuals that
undergo seledion in the presence of variation-inducing operators sich as mutation and crossover. A fitness
function is used to evaluate individuals, and reproductive successvaries with fitness[32].

All genetic algorithms follow some sequence of decisions that can be transformed into
the following format, meant to mimic evolution by natural selection.

1) Generate an initial population

2) Select a “fit” subset of the organisms from the present population

3) Produce offspring by crossing different “fit” organisms

4) Allow mutations in the current population

5) Return to 2 until the termination criteria is achieved.

The paradigm of genetic algorithms described above is usually the one gplied to solving most of the
problems presented to GA’s. Thoughit might not find the best solution more often than nat, it would come

up with a partialy optimal solution.

Nealy everyone @n gain benefits from Genetic Algorithms, once he @an encode solutions of a given
problem to chromosomesin GA’s, and compare the relative performance (fitnesg of solutions. An effedive
GA'’ s representation and meaningful fitnesseval uation are the keys of the successin GA’s application. The
apped of GA’s comes from their simplicity and elegance as robust search algorithms as well as from their
power to discover good solutions rapidly for difficult high-dimensional problems. GA’s is useful and

efficient when the seach spaceislarge, complex or poarly understood



« Domain knowledge is carce or expert knowledge is difficult to encode to narrow the search space
e No mathematical analysisis avail able.
e Traditional seach methods fail.

The avantage of the GA approach is the eae with which it can handle abitrary kinds of constraints and
objedives; all such things can be handled as weighted components of the fitness function, making it easy to

adapt the GA scheduler to the particular requirements of a very wide range of possible overall objedives.

2.2.9 Probabilistic Retrieval

This model intends to retrieve documents acarding to their probability of relevance to the query. In the
previously described retrieval models, a document is retrieved when it is in some way similar enouch to a
particular query. More spedfic, one can say that a document representation has a cetain probability of
relevance to the query. When the simil arity between the query and the document representation increases,

the probability of relevance dso increases[28, 31].

In this model, document and queries are represented as n-dimensional binary vedor (Xi, X3 ,...., X,) wWhere
xi=1 or ;=0 indicaes the presence or absence respedively of terms in the representation. Given a cetain
query g for ead document its probabili ty of relevanceis now expresses as: P, (relevance | document)

It is assumed that the relevance of a document to a query is independent of the other documents in the
colledion. With this assumption, it is possible to introduce the probabili stic ranking principle. If the output
of an Information Retrieval System is a ranking of the documents in deaeasing order acording to their
probabili ty of relevance to the submitted query, then the eff ediveness of the Information Retrieval System
will be optimal.

2.3 SUMM ARY

In this chapter all types of information retrieval techniques are explored. Also the tasks associated with
these dasgficaion and retrieval techniques are cnsidered with their respedive features. A genetic

algorithm based best components retrieval model is proposed in next chapter.

Chapter 3



Proposed Model

Information retrieval from components repasitory is a tedious work. The size of repository is often very
large. Repasitory contains large number of components and its gedfication. Repository is a link between
development for reuse, where the cmponents are produced, and development with reuse, where
components are reused.

For effedively reusing the components from the repasitory, the seledion of proper retrieval technique is
esential. Various linea search based retrieval techniques are avail able, which are used for information
retrieval.

Optimizing the retrieved solutions is one of the key issues considered in proposed work. The most
important goal of optimization is improvement, that how much improvement in the possble solution is
achievable. The seledion of best component or optimal solution from the retrieved components is much
more difficult than the simple retrieval. Various ft computing techniques are avail able for optimization.
Genetic dgorithms are one of the soft computing techniques, which can be used to solve this problem.
Genetic dgorithms are mmputerized search and optimization algorithms based on the mechanics of natural
genetics and natural seledion.

Genetic dgorithms are very different from most of the traditional optimization methods. Genetic dgorithms
work with a cding of variables. The advantage of working with a coding of variable spaceis that coding
discretizes the seach spaceeven though the function may be continuous.

Genetic dgorithms offer a robust non-linea seach technique that is particularly suited to problems
involving large numbers of variables. The genetic dgorithm achieves the optimum solution by the random
exchange of information between increasingly fit samples and the introduction of a probability of
independent random change. Compared to ather search methods, there is a need for a strategy which is
global, efficient and robust over a broad spedrum of problems. The strength of genetic dgorithms is
derived from their ability to exploit in a highly efficient manner, information abou a large number of
individuals. Genetic dgorithms take advantage of the old knowledge held in a parent popuation to generate
new solutions with improved performance An important charaderistic of genetic dgorithmsis the fad that
they are very effedive when searching or optimizing spaces those ae not smooth or continuous.

Genetic dgorithms are iterative procedures that produce new populations at ead step. A new population is
creged from an existing population by means of performance evaluation, selection procedures,
recombination and survival. These processes repea themselves until the population locaes an optimum

solution or some other stoppng condition is readed, e.g. number of generation or time.

3.1 PROPOSED MODEL

The proposed system is an information retrieval system based on two step process A component based
repository is made, from which the best solution is to be found. The first step is getting the possible



solutions from the repository; thisis done by keyword based retrieval. The user seleds the keywords and on
that basis al posshle solutions are retrieved. The repository problem is that, seach spaceis often
complicated and one does not know where to look for the optimal solutions or where to start from and this
is where genetic dgorithm is useful. With the retrieval of posdble solutions the first step is complete, these
components now move into the next step for optimization. The next step is genetic dgorithm based
optimization. From these posdble solutions, some cmponents are randomly seleded. On which the
various genetic operators are gplied. These operators are gplied for number of generations or urtil the
said condition is fulfill ed. Once the genetic operations are mwmplete, the components are ranked acording

to their fitness values. This gives the best components that can be reused.

Repository | Keyword Retrieval All | GA’s Fitness |
”| Phase possble ”| Process vaue of "
ol comporents

A 4

A 4

Ranking Best Components

Figure 3.1: An Abstract Diagram of the Proposed M odel

3.1.1 Modeling and Design

The UML is a language for visualizing, spedfying, constructing, documenting the artifacts of a software

intensive system. For the proposed system various UML diagrams are given.
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Figure 3.7: Component Diagram- M odeling Source Code

3.1.2 Component Description

Various components are stored in a database cadl ed as component repository. Our approach for component
description is based on how software component is reused through the reuse model. Component retrieval

bemmes important as Component Based software development requires a large repository to supply



components. Repositories dould provide highly sophisticaed methods for storing and retrieving
components. This is important becaise the size of a repaository is very large. Proper spedficaion of
component in the repository results in easy retrieval of the cmponent. System has been built with the
foll owing functionality.

-Descriptions of components are @nstructed using the dassificaion framework.

-Users are aleto seach for components, based on the descriptions gored in the system.

The repository is the mechanism for defining, storing, acessng and managing all the information about a
component. The repository allows software mmponents and information about software wmponent to be
shared aaoss ®ftware systems, life cycle phases. Efficient retrieval of component requires a proper
clasgficaion of components. The dassficaion is supparted by a thesaurus where synonymia relationship

is defined. All terms appeaing in the thesaurus belong to the repasitory.

The component description is divided into threemain parts.
*  Component name
e Text description

e Genetic description

The component description used in the proposed model is given in Figure 3.8.

Component Text Genetic
Name Description Description
Function Return | No. of Type of Attribute Weight
Name Type Argu. Argu. Vedors Vedors

Figure 3.8: Component Description

Component name: It is a uniqgue name given to a wmponent in the repository. It has unique identity,
without any repetiti on.

Text description: It focuses onthe

-Function performed by the mmponent and synonym corresponding to them.

-Return type used by the function,

-Number of argument used by the function,

-Type of arguments.



Genetic description: Genetic description of a component comprises attribute vedors and weight vedors. In
the repository 8 attributes are assgned to a ammponent, the atributes that are present, is assgned the value
‘1", whereas the attributes that are not present is assigned value ‘0’. The dtributes vedors use binary
coding. The weights corresponding to the attributes are dso stored in this description. These weights give
the importance of that attribute in the component. Value of weight vedors ranges from 0 to 1. In the Figure
3.9 Genetic description is own, attribute vedors are given by ‘A;’, wherei =1 to 8 and ‘Wi’ represents

the weight vedors. Thistype of weight vedors are widely used in the retrieval applications.

Al A2 A3 A4 A5 A6 A7 A8

Attribute Vedors

w1 w2 W3 w4 W5 W6 w7 w8

Weight Vedors
Figure 3.9: Genetic Description

3.2KEYWORD-BASED RETRIEVAL

Software reuse needs effedive retrieval techniques to make development with reusable wmponents more
convenient than development from scratch. To this aim, components should be gpropriately described.
Locdizing components in small software libraries can be simple. User can lean quickly where the
available components are and can seled them by name or browsing the library. Finding reusable
components in large libraries is not as smple. Browsing the library can be very laborious and so
mechanism allowing faster searching is needed to retrieve a omponent through the spedficdion of its
main fegures.

The proposed system uses keyword based retrieval for retrieving al relevant components. Keyword
retrieval systems retrieve mmponents through a set of keywords provided by a user employing a controlled
vocabulary. The system based on a @ntrolled vocabulary can exhibit reasonable retrieval effediveness,
depending on the quality of the vocabulary and on its flexihility to include new terms. Keywords systems
are eaier to creae and to modify than classes systems. In fad they alow the aldition o terms to cover
new concepts without affeding existing terms.

Retrieval is asdsted by the thesaurus containing unique terms and synonyms. A user often does not know
the proper keywords. They may use asynonym or a related term or a more general or spedalized term
instead of the proper keyword. This increases the dfediveness of the keyword based retrieval in the
proposed system. For keyword based retrieval, user has to seled the keywords acwrding to requirement
from the interface Figure 3.10 shows the keyword based interface Then the system will match those
keywords with the termsin the repository. The matched results are retrieved and are shown.



. Text Description o ] [

tRetrieval of Best Component Using GA's

. showr Componenttame | Function ame BeturnTvp
Function Name I cl display float
| c2 dizplay float
| Return Type Hoat - cd dizplay float
| » I os J cd display float
ch dizplay float
| No.of Argument Ig j ch display float
| o7 dizplay float
| B |cB dizplay float
| Ist Argument Type Iﬂo at j
2nd Argument Type Iint j ll_l =
All Possible
Solutions  |: LA
Clear Exit

Figure 3.10: Keyword Based Interface

3.30PTIMIZATION USING GENETIC ALGORITHMS

Genetic dgorithms are non-deterministic seach algorithms based on the mechanics of natural seledion and
natural geneticsin abiologicd system. Genetic dgorithms have been used in modeling evolving systems or
combinatorial optimization problems. Genetic dgorithms are robust in many applicaion aress and search a
huge problem spacewhile exploiting historicd information to speaulate on new seach points with expeced
improvement of performance This general strategy belongs to the class of probabili stic algorithm that use
random choices and behave differently even when applied repeaedly on the same data. In this proposed
system, the am of the genetic dgorithmsisto oimize an information retrieval system.
The genetic algorithms attempts to find a best solution or optimal solution to the problem by geneticdly
breeading the population of individuals. The genetic dgorithm transforms a population of individual objeds,
eadt with an assciated fitness value, into a new generation of the population using the Darwinian principle
of reproduction and survival of the fittest and naturally occurring genetic operations such as crossover and
mutation. Each individual in the population represents a possble solution to a given problem.
The keyword based retrieval gives all possible reusable cmmponents. The genetic description corresponding
to these mmponents are to be used for optimizing the search. In order to run Genetic Algorithms, an initial
population is generated consisting of chromosomes and these chromosomes are evaluated using the
objedive function designed. In this two chromosomes are seleded randomly, crossover and mutated them
and replace alow quality chromosome with a new one of high quality. As these processes have been
repeaed, the population consists of high quality chromosomes.
Genetic dgorithms approach comprises[42]:

e Initial Population



e Objedive Function

e Genetic Operations

¢ Seledion and Reproduction

e Crosver

¢ Mutation

e  Termination Criteria

Figure 3.11, shows the best component after applying genetic operators.
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Figure 3.11: Optimization Using Genetic Algorithms

3.3.1 Initial Population

Genetic operators are gplied on theinitial population. A population isa set of chromosomes, in the context
of Genetic dgorithms; the chromosomes provide competing hypatheses on how to evaluate adocument
acording to the information needs. Initial population is generated randomly. This one includes a genetic
pod representing a group of possble solutions. Each chromosome in the population is of 8 genes or
attributes. Each gene has weights assgned to them.

3.3.2 Objective Function

After initializing the population, Objedive function of a chromosome determines how fit a chromosome is
for eadr problem and which chromosomes survive in the next generation. Genetic agorithms favor
chromosome which is of high quality. Objedive Function in genetic algorithms is the function that is
optimized using the genetic process Choasing an appropriate objedive function is very important. For ea
individual in the population, Fitness Value is evaluated as



8
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‘A;" denote attribute vedor W; denote weight vedor corresponding to that attribute vedor, where 'j’ denote
total number of attribute in each chromosomes. It has fixed value i.e. 8. To get the best component the
value of objedive function must be maximized. Objedive function of initial population is cdculated, for

primarily chedk. Generally, the objedive function values increases after each generation.

3.3.3 Genetic Operations

In this gep, genetic operators are gplied to the individuals in the previous generation to generate the next

generation of individuals. It involves these stages.

Selection and Reproduction: Genetic algorithm reproduction operator combine highly fit chromosomes to
produce a more fit individual. Both the seledion of parent chromosomes and the steps within the
reproduction operator are randomized. Chromosomes are seleded on the bases of the objedive
functions. The greaer the objedive function of a diromosome, the more likely the chromosomes will be
seleded for reproduction. The roulette wheel reproduction process is used to select individuals for
reproduction. Roulette wheel seledion is less noisy and is known as stochastic remainder seledion. Each
seleded parent chromosome participates in the reproduction operation. All individuals in the previous

generation are made avail able for reproduction in the next generation.

Crossover: A Single-site aosover isfollowed. In this a dosssite is ®lected randomly along the length of
the mated strings and hits next to the cosssites are exchanged [9].

Crossover is arecombination operator, which proceeds in threesteps-

-Reproduction operator seleds at random a pair of two individual strings for mating.

-Cross-site is sleded at random along the string length.

-The pasition values are swapped between two strings foll owing the aoss-site.

Sngle-Ste CrossOver

In asingle-site qossover, a aqosssite is sleded randomly along the length of the mated strings and hits
next to the aosssites are exchanged as shown in Figure 3.12. If an appropriate site is chosen, better
children can be obtained by combining good substances of parents. Since the knowledge of the gpropriate
site is not known and it is sleded randomly, this random seledion of cross-sites may produce enhanced

children if the seleded siteis appropriate. If not, it may severely hamper the string quality.

1 2 3 4 5 6 7 3
Parent 1 p p p p p p p p

Parent 2
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Figure 3.12: Single-Site Crosover

Mutation: In natural evolution, mutation is a random process where one dlele of a gene is replaced by
another to produce anew genetic structure. In genetic dgorithms mutation is randomly applied with low
probability, typically in the range 0.001 and 0.01, and modifies elements in the chromosomes. Usually
considered as a badkground operator, the role of mutation is often seen as providing a guarantee that the
probability of seaching any given string will never be zro and ading as a safety net to recover good
genetic material that may be lost through the adion of selection and crossover. Mutation of a bit involves
flipping it changing O to 1 and vice versa with small mutation probability P.,. The bit positions and their
values are seleded randomly for mutation.

Mutation Probability is the probability of mutation which is used to cdculate number of bits to be muted.
The mutation operator preserves the diversity among the population which is also very important for the
seach. Mutation causes movement in the seach space and restores lost information to the population.
Mutation probabili ty used in the system is 0.02. The total number of the bits to be danged depends upon
threeparameter, mutation probabili ty, population size and length of individual s in the population.

Number of bitsto be changed = Mutate Probalility * Pop size * String length

3.3.4 Termination Criteria

In genetic algorithms, the termination criteria for stoppng the processis required. Genetic Processes has
large number of iteration. Termination Criteria is important and vital step. This gives information about
when to stop the process Because the GA is a stochastic search method, it is difficult to formally spedfy
convergence aiteria. As the fitness of a population may remain static for a number of generations before a
superior individual is found, the gplicaion of conventional termination criteria becomes problematic. A
common pradice is to terminate the Genetic dgorithms, after a prespedfied number of generations and
then test the quality of the best members of the population against the problem definiti on.

Two Termination Criteria used in the proposed system are:
Fitness Convergence: A termination method that stops the evolution when the fitness is deemed as

converged. Fitness is deemed as converged when the difference between average fitnessacrossthe airrent



population and previous population is less than the value spedfied. We have used 0.01 for termination
criteria. Average fitnessis cdculated as,

popsize 8
AW .
g 4G popsize

Where A; denote attribute vector, W, isweight vector corresponding to attribute vedor and popsize is the
population size
AVgFitneSS current popuation —Angitness previous popuation <= | OOll

When the said condition is stisfied the processwill step.
Generation Number: In certain cases, above termination criteria is not achieved after large number of
iteration, in that case another termination criterion is used i.e. Generation Number. Generation Number is a

termination method that stops the evolution when the spedfied maximum numbers of evolution have been

run.

Chapter 4
Conclusions and Future Scope

Effective retrieval of information from arepository is difficult and time mnsuming. Software reuse is based
on effedive information retrieval. In the absence of a proper retrieval mechanism the importance of the
software reuse reduces drastically. The ultimate goal isto possessa manageable and predictable component
retrieval tedhnique. To enhance the information retrieval from a repaository, a hybrid approach is proposed
which consists of keyword based retrieval and genetic dgorithms. Keyword based retrieval gives al the
possble reusable components. Keywords systems are easier to creae and to modify than classes g/stems
and they allow the aldition of termsto cover new concepts without affeding existing terms. To get optimal
solution or best component from these components is the aim of genetic dgorithm. Each component has
attribute vedors and weight vedors assgned to them. After applying various genetic operators on weight

vedors, fitness value of the component is evaluated that will identify the best component. A fitness



function is used for evaluating the relative merit of a component. Genetic operators are employed in an

iterative processuntil a solution isfound or atermination condition is met.

4.1 CASE STUDY AND EXPERIMENTAL RESULT S

In the proposed system, user gives query for component retrieval from the repository. The user seleds the
keywords in the keyword based interface The keyword based retrieval will match those keywords with the
repository keywords. After matching, all possble solutions will be displayed. On these posshble solutions
of reusable software comporents genetic algorithms approach will be implemented for optimizing the
result. The repository consists of large number of components. In the given case study, 8 possble solutions
are retrieved. With this retrieval of components the first step of the proposed system is terminated. All
possble solutions are shown in Table 4.1. Possble solutions contain information like: Component name,

Function name, return type, type of argument etc.

Table4.1: All relevant components after keyword retrieval

Compl Comp2 Comp3 Comp4 | Comp5 Comp6 Comp7 Comp8

Comp Name | C1 C2 C3 C4 C5 C6 c7 C8

Function Display | Display | Display | Display | Display | Display | Display | Display
name

Return Type | Float Float Float Float Float Float Float Float
No of Arg. 2 2 2 2 2 2 2 2
Typel Int Float Int Int Float Float Float Int
Type2 Float Int Float Float Int Int Int float

Once the possble solutions are retrieved, the functioning of genetic dgorithms darts for applying genetic
algorithm operations; a randomly seleded initial population is required, becaise genetic dgorithms are
based on probabili stic model. On thisinitial population al genetic operations will be gplied. From the 8
possble solutions, 6 solutions are randomly seleded; this becomes the initial population for the genetic
process Theinitial population seleded randomly is shown in Table 4.2,

Table 4.2: Randomly seleded initial population




C1

C2

C3

C5

C6

C8

Each component has certain attributes. There ae total 8 attributes in the repository corresponding to ead
component. And ead attribute has corresponding weights. Genetic operators are applied on the weight
vedors. Table 4.3 and 4.4 shows attribute vedors and weight vedors corresponding to the components of

initial population.

Table 4.3: Attributes of each component

Attributes
Al A2 A3 A4 A5 A6 A7 A8

Component Name

C1 1 0 1 0 0 1 0 1
C2 0 1 0 0 0 0 1 0
C3 1 1 1 1 0 0 1 0
C5 1 0 0 0 1 1 0 1
C6 1 1 0 1 1 0 1 0
c8 1 0 0 1 0 1 1 0

Table 4.4: Weights asdgned to each attribute in a component.

weights
w1 w2 w3 w4 w5 W6 w7 w8
Compon ame
C1 0.2 0.6 0.5 0.8 0.5 0.6 0.4 0.5
C2 0.3 0.6 0.4 04 0.6 0.3 0.3 0.4
C3 0.8 0.1 0.5 05 0.8 0.6 0.8 0.5
C5 0.3 0.7 0.4 0.4 0.6 0.2 0.3 0.4




C6 0.5 0.1 0.5 0.3 0.8 05 0.7

0.5

Cc8 0.3 0.1 0.4 0.4 0.2 0.2 0.2

04

Fitnessvalue of the eah component is cdculated using this formula.

8
AJW;]

1=1

Fitnessvalues of components of initial population are shown in Table 4.5.

Table 4.5: Fitnessvalue of each component

Component Name | FitnessValue
Cl 1.8
Cc2 0.9
C3 2.7
C5 15
C6 24
C8 1.1

Average fithessis required , so that termination criteria can be obtained..

popS|ze 8
Z AW /
popsize

where popsize= 6.

Average Fitnessof initial population=(1.8+0.9+2.7+15+24+1.1)/6=1.73

After cdculating the average fitness of initial population, various genetic operators are applied to get the

new generation. Various genetic operators used are
» Seedion and Reproduction
* Crossover
* Mutation
New population generated after applying threeoperators, is siown in Table 4.6.

Table 4.6: New population after 1% generation

Comp Name | ALA2 A3 A4 A5 A6 A7 A8 Wil W2 W3 W4 W5 W6 W7 W8

Fitness
Vaues




C1 1 0 10 01 01 0.2 06050508 06 09 05 |18
C2 01 00 00 10O 0.2 06050805 06 04 05 |10
C3 11 11 00 10 08 0.1050508 06 0.8 05 |27
C5 1 0 00 11 01 08 0.1050508 06 0.8 05 |27
C6 11 01 10 10 08 01050805 06 04 05 |26
C8 1 0 01 01 10 08 0.1050508 06 0.8 05 |27

Average Fitnessafter Generation 1= 2.25
Two termination criteria’sare used for stoppngthe process. These ae:

1 AVgFitneSS current popdation_AVgFitneSS previous popuation <= |001|

2. Stop the genetic processafter 100 generation, if first condition is not satisfied.
Angitness First popuation— AVgFitneSS initial popuation =052

Average fitnessdifference between the first population and the initial population is more than the spedfied
value in the termination criteria. So, the genetic processwill continue

Table4.7: New population after 27" and 28" generation

CompName A1A2 A3A4 A5 A6 A7 A8 W1l W2 W3 W4 W5 W6 W7 W8 | Fitness
C1 1 0 10 01 01 09 06050508 06 09 05 Z%U$
C2 01 00 00 10 09 06050508 06 09 05 |15
C3 11 11 00 10 08 01050508 06 09 05 |28
C5 1 0 00 11 01 08 01050508 06 09 05 |27
C6 11 01 10 10 08 01050508 06 09 05 |31
C8 1 0 01 01 10 08 01050508 06 09 05 |28

Average Fitnessafter 27" and 28" generation:- 2.57

The genetic process $ops after 28 generations, because the first termination condition is achieved.

AVgFitneSS after 28th generation _AVgFitneSS after 27th generation =0
Thefirst termination criterion is stisfied. Hence, the genetic processis sopped.

Best Components retrieved are ranked acwording to their fitness values. The best three @mponents
obtained are shown in Table 4.8.




Table 4.8: Best Components

Best Max Fitness
Components

C6 31

C3 2.8

C8 2.8

4.2 CONCLUSIONS

e Possble candidate cmponents are seleded using keyword search, Then genetic dgorithms are gplied
to search the best components, so seach does not start from blind rather seach spaceis narrowed
down first to reduce number of comparisons in the proposed technique.

» Appropriatenessof the seleded componrents will i ncrease, as genetic search is based
on attribute vedor and weight vector.

« Genetic Algorithms are best suited for large seach space proposed technique has been tested with
5000components, which can grow to any size

4.3 FUTURE SCOPE

Potential avenues for future investigation include:

« Keyword based retrieval can be cmmbined with another information retrieval technique to improve
retrieval performancefor candidate components.

e Genetic dgorithms can be cmbined with other soft computing technique to get more optimized result.

e Text description of the components can be enhanced, for better resultsin the future.
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