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Abstract

In the COTS selection process, it is unavoidablerioounter mismatches between
system requirements and COTS products’ capabiliflétese mismatches are the
result of the lacking COTS attributes or their aowatch with the system

requirements.

Many researchers have proposed various techniquesedrch and select COTS
components. But only few have worked upon the hagdbf mismatches. These

techniques have their own advantages and disadyemta

This thesis work proposes a COTS selection apprtsthaims at addressing COTS
mismatches among COTS attributes and system reqems during the requirement
engineering phase. In this process COTS evaluatiortore activity of COTS
selection, is performed using the Goal Questionriget(GQM) based Feature
Analysis technique. GOQM based Feature Analysisigwaluation strategy used for
measuring the compliance of the COTS capabilitigh wesired features using the
formulated metrics. A case-study is used to illtstrthis process and to discuss its
feasibility.

Keywords. Goal Question Metric paradigm, Feature Analysi®TS evaluation &
selection.
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CARE
CBD
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CRE
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GQM
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MCDM
MiHOS
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PORE
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SuUD
WSM

WYSIWYG
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Chapter 1

Introduction

1.1 Background

In the computer market, existing technologies dpstotete speedily than in any other
industry. This rapid-fire pace demands continuomsreéase in productivity and
competitiveness for the computer market. Many itmes like health care,
manufacturing, transportation and retail — depeme¢@mputer products and services
for their vitality. So, in order to deliver the phacts and services to these industries,
product development life-cycles are continuallyréasing.

In the last several years, software development e upraised by reusing the
existing software or the commercial-off-the sh&fQTS) software products. So, the
purpose of software reuse is to develop large systBy incorporating previously
developed or existing software. By this way, sofevdevelopment organisation is
able to cut down development time, costs and effagtired for the development of
the same from the scratch. While developing theéwsoe with reuse, existing
potential reusable software are need to be evauatbether they meet the
application-specific requirements or not. If nbien it requires the modification in the
application-specific requirements or adaptation @OTS itself. After this,
compatibility of this reusable software is checkeith the desired environment. In
this way, the idea of reuse-centred software dgwveémt is known aReuse-Based

Development

1.2 Reuse Based Development

The main idea of the reuse-based development idibgiisystems from pre-existing

components. This assumption has several outcomeshéo system development
lifecycle. First, the concept of Development witeuRe is entirely different from

Development for Reuse. In the development with eemrethodology, the reusable
components should already been developed and possid in other products when
the system development process starts. But in Dpuetnt for Reuse, components
are developed for general purpose and reused ity mggplications that may or may
not exist presently. Also, requirements and busindsas are not much application

specific. Second, a new separate process will apgeploration and selection of the

1



components are the additional tasks that demandh nuansideration in the
development with reuse. Reuse Based Developmémtused on the identification of
reusable entities and relations between them, hegjrfrom the system requirements
and from the availability of already existing compats. The difference between

these two methodologies is well discussed throbglvtmodel [1] given below.

Crperation &
System development Maintenance
Spen Te
| System Integration |

Systermn Design

Unit
mplementalion

r"

P
=3
| Find |—Il| Evaluats |

¥

Component development

Figure 1.1: V-Model for Reuse Based Development [1]

Instead of performing activities that often aredimnd efforts consuming like unit
design and implementation, simply selection andluaten of the appropriate
components is performed and then integrated irsyiseem. However, two problems
appear here which break this simplicity: (i) thei#ability of the component for the
desired application, and (ii) the fithess of théesid components to our overall
design [1]. The first fact shows that we must hayarocess for finding components.
This process includes activities for finding thenpmnents, and then the component
evaluation. The second fact indicates for a needoaiponent adoption and testing
before it can be integrated into the system. Batpitocess of finding, evaluation and

selection of the components need much considerasancomes early in the cycle.



1.3Need of Reuse Based Development
In today’'s world of competition, more and more c@mies compete in order to
deliver the product faster and provide better iratiwe services to their customers. As
a result of faster delivery, software organizatians not able to produce manageable,
high quality, cost-effective software. This resutisdecreased business performance
of the organisation. In order to improve the buss@erformance, the software
companies have to shorten the time required togbenproduct to the market,
reducing software development and maintenance ,castsincreasing the quality of
their software. To meet these business orientets goeganizations are switched to
reuse based development. Following are some ofb#eefits that reuse based
development provide [2]:
* Increased Product Trustworthiness as the reusabiganent are tried and
tested in working environments.
* High Maturity as COTS products go through multipideases starting from
beta versions to final versions.
* It reduces the risks involved in the developmenticpss as the cost of
development is lesser as compared to traditionadldpment.
* It reduces the risk of failure as the components eertified for their

performance, quality and reliability.

1.4 Reusable Software Product

Different researchers have attempted to define wigatnean by a “reusable software
product”. In this thesis, we adopt the definitigrovided by Vigder et al. [3] which
defines a reusable software product or COTS softwerduct as:

“A reusable software product: developed by a thiaty (who controls its ongoing
support and evolution); bought, licensed, or acqdifor the purposes of integration
into a larger system as an integral part, i.e. thall be delivered as part of the system
to the customer of that system; which might or migst allow modification at the
source code level, but may include mechanismsustomization; and is bought and

used by a significant number of systems develdpers.

Typical examples of COTS products are Notepad, VWRvatessors, Picture Manager,
Internet Explorer provided by Microsoft, Adobe Rbeitop etc.



1.5 Challenges to Software Reuse

The use of COTS software products provides varlmrgefits stated in section 1.3.
Besides the benefits several challenges are alsouatered during the software
development with reuse. Many system failure occliire past because the system
failed to overcome these challenges. For exampke,Lbndon Ambulance Service
fiasco in 1992, in which the system descendeddhsms and reverted back to manual
operation partly because of inappropriate COTSctiele which would be discussed
in section 1.6 ([4],[5]). Following are the chaltges to Reuse Based Development

paradigm [2]:-

* Requirement Engineering and COTS Selection
Some components don’t suit exactly with the desmeguirements. So, an
analysis of the feasibility of requirements in tela to the available
components is done which is followed by the refdation of requirements or
component adaptation sometimes.

» Lack of Tool Support
Purpose of software reuse is to build systems fremsable components
simply and efficiently and to deliver the productdue time, and this can only
be achieved with the help of tool support. For egl@ntool for component
selection and retrieval, component test, tool fanaging the component

repositories.

e COTS Integration
In Intensive COTS based systems, multiple COTSsatected. As a result,

their interoperability issues arises which putfallenge to COTS integration.

1.6 COTS Selection

Building software systems from various commerciltioe-shelf (COTS), software
components are very appealing because they cacadte development risks and
costs while increasing the functionality and cajigbof software systems. Selecting
the components with the desired capabilities angsele mismatches with the
stakeholder’s requirements is of much concern. ddredidate components are gone
under the evaluation phase which is the most drtask of the selection cycle and

resulting in various mismatches. Many COTS selectiechniques are already



proposed, but only few, like PORE, MIHOS, has femasthe concept of mismatch
handling, which resolve mismatches at prior. Tleiduces the time and effort spent
over the integration of COTS in COTS based develgm

1.6.1 COTS Selection Criteria
Following are some of the criteria on the basis ©QTS selection should be
performed ([2], [6]):

* Acquisition of Changing Requirements (C1)
Requirements form main criteria for understandirige tsystem under
development. This is because it is requirementst tiie concerned
stakeholders have to communicate about, agreefdisagon. They become
criteria for evaluating and selecting of candidatemponents and are
embedded in the legal contract (SRS). Requirenmeardgn provide acceptance
criteria to check when the system is delivered tihaimeets customer’s
expectations. Most current methods and tools suppystems design and
integration but neglect the requirements engingeand product selection
processes that must precede design and integrdtiospite of this lack of
focus on requirements engineering, there is an gingerconcept of iterative
requirements engineering process that entertaimsreéuirement change in

component based development which leads to greastomer satisfaction.

* Multiple Stakeholders and the Interaction (C2)
The COTS selection process usually involves mdtgthkeholders, each with
his/her set of needs, preferences, and constraufiich may be in conflict
with those of other stakeholders, thus leading tmegotiation problem.
Moreover, the stakeholders have to establish a snfaninformation sharing
and for group representation of the problem in prdeselect COTS that

satisfies the needs of every stakeholder as mupbsssble.

» Presence of Similar COTS Components (C3)
When COTS are procured from multiple vendors tlaree a quite possible
situation when two or more searched COTS componbate the same



functionalities but differ only in the name & thejuality aspects. This leads to

extra overhead while evaluating their charactessti

Non-Functional Requirement (NFR) Description (C4)

A complete COTS selection process includes congiglethe desired

functionality together with the understanding of nfianctional aspects

(performance, reliability, scalability, user friedpd.). In general, vendors don’t
provide the non-functional requirement descripti®o, it emerges out as a
challenging activity to take out a component witle trequired features and

“lities” as well.

Decision Making Analysis (C5)

COTS selection is not based on single decisioha# to pass over a level of
decisions that makes a hierarchical process. Tharatdthical process

comprises of the search for candidate componevéd aion of candidate list,

and compliance of the evaluated components withfapational aspects and
so on. There are available many decision makinignigaes which facilitates

DSS like Multi Criteria Decision Making (MCDM), gaartheory etc [7].

Cost and Benefit Analysis (C6)

From the alternative list of COTS components faieaired functionality, cost

and benefit analysis of the component in regartheforganisation forms an
elimination criteria. Cost estimation for the attative components comprise
of acquisition cost, adaptation cost and integrataost in the owner’s

environment

Handling Mismatches during Component Selection (C7)

In CBD, in order to decrease the development timigration and testing
time increases. There are various possibilitiesiisinatches, for example: (1)
COTS products have extra capabilities that aredesired by stakeholders,
and (2) COTS products don't meet all specified irequents. So, in order to

decrease the possibility of these kind of mismaicKe integration time,



integration issues (architectural & COTS mismatytesuld be considered
while the COTS selection.

1.6.2 COTS Evaluation

COTS evaluation is one of the core activities of[@3selection. There are a number
of different COTS evaluation methods, each with oign features; some place
emphasis on different quality attributes and sowed graph based evaluation, others
use strong evaluation criteria definition. Basedlmse aspects, this thesis focuses on
a Features Analysis [8] of the COTS product usirgplGuestion Metric (GQM)
paradigm [9] applied to a single case study of 8®uCode Editor. This Features
Analysis makes two contributions; on the one otha&nd it pinpoints some of the
aspects that must be present in a COTS productanthe other, it identifies the
characteristics of the COTS evaluated. These dtiengre determined by their
dynamic behaviour in response to the features meghoProposed features are based
on the GQM technique. Once the features and suforésaare identified, metric
should be defined in order for the evaluation a& @OTS products and to get the
satisfaction value of the different COTS. A meiniovhich the degree of satisfaction

of the COTS must be measured or judged is defined.

1.7 Summary

In this chapter concepts related to Reuse-Basedl@mwent and reusable software
component are described. Also various benefitsciiatlenges for software reuse are
explored. Brief of the GQM based Feature Analysisthe COTS evaluation is also
given in this chapter. Various COTS selection cateare explored here but

techniques would be reviewed in the next chapter.

1.8 Thesis Outline

In the thesis, Chapter 2 gives the overview ofauaiCOTS selection techniques and
their drawbacks. Various decision making technidieeshe evaluation purpose and
Mismatch taxonomies, proposed earlier, would bésreed also.

Chapter 3 includes the problem definition and ttwps of the thesis work.

Chapter 4 includes proposed model for COTS selecRooposed model is explained
with the help of Data Flow Diagram for various pésmand sub-phases.



Chapter 5 includes the validation of the proposextieh with the help of the case
study of Source Code Editor.
Chapter 6 includes the Conclusion and Future Scope.



Chapter 2

Literature Review

As discussed the various COTS selection criterid-QZ) in the previous chapter,
selecting the components with the desired capigsildand maximum satisfaction with
these criteria is of much concern. So, in this teragifferent types of existing COTS
selection techniques are investigated in subsecohto 2.5. Only few, like CARE,
PORE, and MiIHOS have focussed over the conceptisinatch handling (C7) at
prior. This reduces the time and effort spent dherintegration of COTS in COTS
based systems. OTSO has considered the criteria&Bsnefit analysis (C6) which

estimates the cost & benefit for the developingaargation. Decision making

techniques are also explained in the subsectian 2.6

2.1 Procurement Oriented Requirement Engineering (BRE)
2.1.1 Description of PORE

The PORE approach has three main components [10]:

* A Process Model that identifies undertaken fundaaieprocesses like
requirement acquisition/ validation, supplier setet software package
selection, package acceptance and managementeifnisgsocurement.

* A Method Box that includes methods, techniquestants that is available to
help and achieve each of the processes.

* A Product Model that enables effective product eatibn and selection using
the use case modelling, goals-based requiremertioghetand architecture
modelling techniques.

PORE, [10] which support the requirements engimgeriand product
evaluation/selection processes for CBSE developnmntess. PORE uses an
iterative process of requirements acquisition armblpct evaluation/selection as its
main approach as discussed by Fox et al. in [1d]imfigure 2.1.

» It selects products by rejection [12], (i.e. th@ducts that do not meet core
customer requirements are selectively and iterigtivejected and removed

from the candidate list).



* It makes use of various tools and techniques lde sorting & laddering for
requirement acquisition, MCDM [7] & AHP [13] for dision making during
component selection.

* It makes use of the Feature Analysis techniquef¢8]scoring the match

between COTS features and desired requirements.

2.1.2 Drawbacks of PORE

» lterative acquisition of requirements is a tediamsl complex task and thus
time & effort consuming.

* |t partially addresses the mismatch problem. Al#sn't talk of the influence
of the mismatch on System Under Development (Suid)reow to handle that
mismatch.

* |t doesn't support the resolution of the issue réigg the similar COTS
components acquired from multiple stakeholders.

* Cost & Benefit analysis of the procured COTS isandilable.

¢ Drawbacks of AHP limit its use.

aceuire

information
from

staleeholders

[F meorect!

IF acquisition is
finished

[F incorrect/
mcomplete

select one meomplete mformation
of more information analyse
candidate acquired
information

products IF msufficient

mformation

IF decision
unclear

IF sufficient
mformaton to
malie rejection

decisions

IF decision made
about product
rejection’ selection

gbout product-
requirement
compliance

Figure 2.1: COTS Selection Process using PORE [17]
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2.2 COTS Aware Requirement Engineering (CARE)

2.2.1 Description of CARE

The CARE approach is characterized as goal-orierdgdnt oriented, knowledge
based, and has a defined methodology or procegsCaheprocess framework ([14],
[15], [16], [17]) is based on five activities (asfigure 2.2):

Define Goals, Match Goals, Rank Components, Neigot@ahanges and Select

Components.

Define Goals
create a System Goal Model using

marios, NFR Framework, efc.

Select Component:
select set af CO

Match Goals
search for COTS
components that
match SUD goals
(functional first,
non-functional
second)

to COTS, SUD

Rank Components
perform a gap analvsis to
rank the COTS components
wsing the NFR Framework

where

SUD is the svstem under development

Figure 2.2: CARE- An iterative process for ComponehBased
Development [16]

» It defines two types of requirement: Native (acqdifrom the stakeholders)
and Foreign (acquired from the COTS capabilities).

* Knowledge Based: Because without the knowledge tred COTS
components, they cannot be used [17]. Repositanaistained for storing the
native requirements and the foreign requirementgedis

* Agent Oriented: The agents [18] are the varioukettalders involved in the
SUD. An agent possesses characteristics includiadsgbeliefs and abilities
that can make autonomous decisions, choices, gmehds on other agents to

accomplish goals, complete tasks, or furnish resssur

11



» Goal OrientedThe goals [19] are used to drive the developmeth@bystem.
First, the goals are iteratively refined into systeequirements which further
refined into software, hardware, or interface reguients.

* It follows a well defined development process us€@QTS, so, it produces
sustainable software. It is an iterative processdquirement acquisition, so it
can welcome the changed objectives also.

* Maintenance of repositories, for knowledge basedtufe, of vendor’'s
information that eases out the vendor selectioblpro.

* Use of NFR framework [20] leads to heavy documemriabf goals given by
the NFR. But it increases the efficiency of compurselection for same goals
in near future.

* It uses the elimination method by ranking the congmis based on the level

of satisfaction of the requirements by the particabomponent.

2.2.2 Drawbacks of CARE

» lterative nature of the elicitation, analysis, dalion of requirements increases
the time to deliver the frequent deliverables.

* Assumption of the characteristics of COTS compameptesent in the
repository puts restriction over the search of congmts for the desired goals
of SUD.

* |t partially addresses the mismatch problem agdésd’t talk of the influence

of the mismatch on SUD and how to handle that misma

e Drawbacks of AHP limit its use.

2.3 COTS Requirement Engineering (CRE)
2.3.1 Description of CRE

* CRE, as proposed by Alves et al. [21], is an iteeaprocess for COTS
component selection which aids the entertainmenhahged requirements.
* Itincludes mainly 4 phases which goes iteratively.
o Requirement acquisition

o0 Product ldentification

12



0 Product Description

0 Product Acceptance

» Itis goal oriented, i.e. each phase is orienteghteglefined goals. Each phase

has a template (in figure 2.3) that includes sonidadines and techniques for

requirements acquisition/modelling and productduation. These templates

describe the main goals as well as the final reqafleach phase.

Goals:

Final result:

Templatel

Steps sequence:

Important considerations:

Information and requirements to acquire:

Figure2.3: Part of CRE Templates [21]

Non-functional - —— = —y

System
Requiremen

Reqrements

Alternatives

for
Technical
Evaluation

L-

NER

Framework

INegotiation
and

Priontization

o
Alternatives

Decision

Making

Products
Elimination

N

Product
Identification

J

Product
Description

Figure 2.4: NFR Framework in Requirement Acquisitian [22]

* NFR framework [20] is focussed as the main evabmatriteria for COTS as

explained in figure 2.4 and thus selection of CQftthponent is based on

rejection on the basis of time restriction, costb&nefit analysis, vendor

reliability and many more “lities”.

* Decision making analysis is done using the Multiptgeria Decision Making
(MCDM) techniques [7] such as Weighted Score Metlfd(SM). It aids

component

evaluation.

2.3.2 Drawbacks of CRE

* In case of large no. of COTS alternatives and eelo criteria, decision

making process can be very complex due to theewfant of NFR’s.
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e Exit criteria from the evaluation of all NFR's amet cleared.
* Mismatch Handling process of unsatisfied goal isealb
+ All drawbacks of WSM limit its use.

2.4 Off The Shelf Option (OTSO)

2.4.1 Description of OTSO

It was the first COTS selection technique propaset995, which presents a method
(as in figure 2.5) for evaluating and selecting-M#&-Shelf software components to
be reused in software development. Following dbssrithe main motivation and
principles of the method and provides a detailextdption of it.

* It provides a well defined, systematic and detaikedaluation criteria
definition ([23], [24], [25]) based on functionaquirements, product quality
characteristics, strategic concerns, and architectompatibility.

* It provides a method for estimating the relativéoef and cost-benefits
analysis of different alternatives [24].

* Weighted Score Method (WSM) [7] is there for bettecision making for the

evaluation of potential alternatives.

Search Screening

I'I )
% | Evaluation
“JOL.E Analysis
/

Y

/N

Deployment pgsessment

Figure 2.5: The Main Activities of the OTSO proces$24]

~—

rlxlurl'n bler pf raltt-ls-rqatilveg; |

Time

* It reduces the time for COTS evaluation as it remscurrently the evaluation

criteria for the searched components.

14



* A method for comparing the “non-financial” aspectsalternatives, including

situations involving multiple criteria [24].

2.4.2 Drawbacks of OTSO

» It directly starts with the evaluation criteria ohetion and fixed requirements
as initially acquired.

* It doesn’t identify mismatches that arise betwel® tequirements and the
COTS features and resolution action for them.

* Drawbacks of WSM limit its use.

2.5 Mismatch-Handling aware COTS Selection (MiIHOS)
2.5.1 Description of MIHOS

By A. Mohammed et al. ([26], [27], [28], [29]), MBS, (Mismatch Handling aware
COTS Selection) a COTS selection approach distaigpd from other approaches by
its capability to address COTS mismatches undeitddnresource constraints. The

main activities involved are pointed out here aagicted in figure 2.6:

* As name suggest, in this approach Mismatch handéinfigcussed in which
mismatches and their resolution actions are andjyze selected set of

mismatches is then resolved.

* It addresses COTS mismatches (not architecturamaiihes) during two

main phases of the selection process:

0 During COTS evaluation: It qualitatively handles smiatches and
resolution will be just by refining the requiremgniand rest

mismatches are postponed to next phase.

o After COTS evaluation: mismatches are quantitagiaeldressed using

matching level metric defined for each technicadlgo

» COTS are selected on the basis of the maximum ipatex fithess value

depending over the cost & effort required for rgsa that mismatch.
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* Weighted Score Method (WSM) [7] is there for bettecision making for the

evaluation of potential alternatives.

START
COTS Selection Mismatch Handling
m Qualitative Mismatch Handling
( Identify Evaluation | [ Adsth
= Criteria = I w..l e mﬂrfws
o Resolve
= N
=1 If mismatch - .
3 Mismatch is defected ,+ Delectod °. Handling
E '{ Menitoring ~Jamathos g fxion?
w
g
i |
g BN Search COTS | L I Do nothing Tolerate
a RN Filter COTS
LM Evaluate COTS
LY
e lm:l Quantitative Mismatch Handling
o [P Select the best-# | _ +* Anticipated",
" COTS product [ \, fitness s
= - -~ S
E 4 Repositary of
E : P posipened
O m Resolve mismalches | +" Resolution ™, mismarches
= of the selected GOTS product s, plans g
1 P o

Figure 2.6: Two Phase Mismatch Handling in MiHOS [B]

* Interactive Decision Support like Sensitivity Ansity ([27], [28]) of the
COTS is also performed for the metric like antitgubfitness and DIFF metric
[28].

* MIHOS-PT tool is used to help in applying IDS-SA.

* It also presents a taxonomy of COTS mismatchesMaighing Level (ML)
metric [26] which is described below:

0 iff there is a ZERO MATCH

ML = € (0, 1) iff there is a PARTIAL MATCH

1 iff there is a MATCH
Undefined for OVERMATCH & SURPLUS
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2.5.2 Drawbacks of MIHOS

. Drawbacks of WSM (as discussed in section 2.6.8) ar
incorporated as the estimation of the weights @mlgo Goal Graph is vague
and subject to stakeholders.

. Assumption of the single resolution action for tlentified
mismatches.

. Non-functional requirements are ignored

2.6 Decision Making Techniques

When selecting a suitable COTS product, each CQOfEghative should be ranked on
how well it fits customers’ requirements. Decisioaking techniques have been used
in existing COTS selection methods for this purpddee two most commonly used

approaches are the Weighted Score Method and takt#hnHierarchy Process.
2.6.1 Weighted Score Method

The WSM [7] method calculates the overall satistector each product against the

set evaluation criteria using the formula:
Total Score=} (weight- Scorg) fori=1ton

where weightis the weight of theth criterion, and scojes the satisfaction score of

the;th alternative in terms of thth criterion.

The weights are assigned by stakeholders, andatiefagtion score represents the
compliance of the product with a specific criter{@h An example is shown in Table
2.1, where the weights are represented on a 9-poait:

COTS1 is selected as its total score, calculatedyule formula given above, and has

the maximum value. WSM technique is easy to apptiylass time consuming.

Table 2.1: Example of Weighted Score Method

Criteria Weight COTS 1 COTS 2 COTS 3
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Cost 5 1 0.5 0.5
Reliability 8 1 0.3 0.6
Performance |9 0.7 0.8 0.4
Usability 5 0.3 1 0.6
Security 9 0.8 0.6 0.7
Total Score 28.0 22.5 20.2

Drawbacks of WSM

* The results are represented by real numbers, whight be misinterpreted as
difference between the candidates is very close.

» Estimation of the weights is difficult as it depsndn the stakeholder’s

decision and also the number of criteria.

» Consolidation of the evaluation results into a Engcore is sometimes

misleading because a high score in one attribuitehidie a poor performance

in another.

2.6.2 Analytic Hierarchy Process

The AHP method [4] is based on arranging the evaliecriteria in a hierarchy,
descending from the overall goal, the criteria, $hb-criteria, and finally the COTS
alternatives. The relative importance of the cidteat each level of the hierarchy is
assessed by comparing them in pairs. Saaty efLl3].iftroduced the following 9-

point intensity scale which can be used in this ganson:

* 1lindicates that criteria C1 and C2 are of equalartance

* 9indicates that criterion C1 is extremely more ami@nt than C2

* Any value between 1 and 9 represents differentldeokrelative importance,

while reciprocals means C2 is more important than C

The results of the comparison are then convertenormalized rankings using an
eigenvalue [13] techniqgue on the comparison matfike normalized rankings

represent the weights of the compared criteria.il&ily, the total weighted scores of
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different products can be estimated by compariegédhproducts in pairs with respect

to each criterion.

Table 2.2 shows an example of applying AHP to wéighfour criteria at one level of

the hierarchy. A pair-wise comparison is performaetbng the criteria, and the results
are represented using the 9-point scale describedea For instance, criterion C1 in
Table 2.2 is extremely more important than C2, Qi is extremely more important
than C1. The resultant normalized ranking (i.e.ghBi of each criterion is shown in

the right part of Table 2.2.

Table 2.2: Example of Analytic Hierarchy Process

Criteria C1 Cc2 C3 C4 Normalised
Value

C1 1 9 3 1/9 .208

Cc2 1/9 1 5 1/9 .074

C3 1/3 1/5 1 1/7 .043

C4 9 9 7 1 675

Drawbacks of AHP
» Comparison involves stakeholder’s decision whicghhbe misleading.

* AHP involves many pair-wise comparisons, which wlouéquire a large

amount of effort and time for a large number ofesta.
2.6.3 Feature Analysis using GQM paradigm

A Griman et al. [31], the Features Analysis makes tontributions; first it pinpoints
some of the aspects that must be present in a Q@ddbict and, second, it identifies
the characteristics of the COTS evaluated. Thesngths are determined by their
dynamic behaviour in response to the features exgholn order to identify the
features of the evaluation, the steps indicatedKitghenham [8] were taken as a
reference in order to draw up lists of featureseskhare: identification of groups of

users with different types of requirements, revigithe initial list of requirements
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that represent different groups that have alreadgnbidentified, and lastly,
identification of a suitable metric for each of iieThis last step is based on the
paradigm Goal Question Metrics (GQM) proposed bgilB§0]. Figure 2.7 depicts
the hierarchy of goals, questions and their metrics

Goal 1 Goal 2

[ Question ] { Question

[ Question ] [ Question

[ Question

[ Metric ] [ Metric ] [ Metric ] [ Metric ] [ Metric } [ Metric ]

Figure 2.7: GQM paradigm by Basili [9]

A specific feature can be broken down into subtfesst, which can be broken down
further into conceptually simpler elements. Thelegnents can be named attributes.
Attributes are simply measurable physical or abstruality of an entity [8]. A
Gariman et al. [31] has used this technique fotyasiteg and comparison of different
Architecture Evaluation Methods like Design and Usfe Software Architecture
(DUSA), Architecture Trade off Analysis Method (A®A, and Architectural
Evaluation Methods (AEM).

2.7 Mismatch Handling

Unlike traditional development, in Reuse Based Dmyeent, simultaneous tradeoffs
are performed among the COTS features, User regaits, System architecture.
These trade-offs are performed in order to deteztmismatches between the COTS
features & user requirements or architectural cffiees between the desired system
and of the COTS. According to A. Mohammed et a6][2wo types of mismatches
are encountered during component selection: A thitectural Mismatches which
means difference in programming language, databgses, calling procedures of
different functions and (ilCOTS Mismatchesyhich means COTS features are not

compatible with the stakeholder’s requirements.
Yakimovich et al. [32] classified mismatches inmbeottypes: (i) wrong functionality,
which means different functionality is incorporatadrder to implement the required

feature and (ii) missing functionality, which medhs absence of a required feature.
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Alves et al. [33] reformulated this work and invgated different types of issues
caused by COTS mismatches. The 3 step framewou®s (as given in figure 2.8)
classifies COTS mismatches into three types: {fileD it means that there is a partial
match between a COTS feature and a stakeholdeggireenent. For example, a
requirement states that “the COTS product shall thaidocument as attachment and
export as text or HTML file format,” but a COTS prect does not support the mail as
attachment. (iiExtend:It means that there are extra features presetmteilCOTS
when compared to the requirements. This excesstnhighe helpful, neutral, or
hurtful effects on the system. For example, a C@id&luct allows one user to open
the files from remote location using FTP client batnot required. This extra feature
might have a hurtful or helpful effect dependingtbe situation and (iiifail: This
type occurs when there is a zero match betwee@@ES product and requirements.

This type is similar to the missing functionalitysmatch in Yakimovich’s work [32].

COTS
Mismatches

Differ Extend Fail

o

Figure 2.8: Mismatch taxonomy proposed by Alves

MIHOS, a COTS selection approach proposed by A. &wuned et al [26] has
defined relationship between the COTS featuresthedechnical goals as MATCH
and MISMATCH. The further classification is givemfigure 2.9. He also proposed

Matching Level metric as defined in subsectionRdhove.
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Relationship
(r)

Match Mismatch
I
'| [
i Ditiererce Equivalence
[ [
Zero Match Partial Match Overplus Surplus

Figure 2.9: Mismatch taxonomy proposed by MiHOS [2b
2.8 Summary

This chapter has presented state of the art in C&di&ction. It began with the
description of the 5 COTS selection process andr tthawbacks also. Then it
provided an overview of the two mostly used decisiwaking techniques viz AHP &
WSM. Then the overview of the GQM based Featurelysm technique. The next
chapter describes the proposed COTS selection ggacging GQM based Feature

Analysis technique which incorporates mismatch hagalso.
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Chapter 3

Problem Statement

In previous chapter we explored five COTS selecpoocesses for the development
with reuse. We have also seen advantages and digages of all the techniques. But
no technique is fully efficient. Because some af firocess like CARE, PORE,
supports the partial mismatch handling but the whmocess become complex for
large no. of COTS alternatives whereas MiHOS sugpmismatch handling in two
phases but it also incorporates the drawbacks oMWSOTS are represented in
functional, non-functional and architectural atitds in CRE but the whole process is
not well defined as it doesn’t talk about the exiteria from NFR framework. OTSO
presented a selection process with well defineduatian criteria but doesn’t support
the changing requirements. All the above proceasesompared against the COTS
selection criteria (C1-C7) defined in sub sectigh 1L with the help of the table 3.1.

Table 3.1: Comparative study of COTS selection prasses.

Criteria C1l C2 C3 C4 C5 C6 C7
CSP

OTSO C C B C B A C
PORE A B C B C C B

CARE A B C B B C B
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In [30] A. Mohammed et al. has surveyed and domectbmparative analysis of 18
most of the significant approaches (from 1995-20@®at contributed to the
improvement of current COTS selection practices also highlighted some open
research issues relevant to the selection proeessconcluded with a discussion of
possible future directions to address these issues.

In the previous chapter, Feature analysis techniggieg GQM paradigm is also
explored in which refinement of goals into featusesl sub-features is done and
operational questions with their quantitative nostrare formulated. These metrics
would help in evaluating the operational charastes of the COTS components.

Our aim in this thesis work is to propose a COTI8dt®n process with the help of
the GQM based Feature Analysis technique to do Ce&uation. We also aim to
identify maximum no. of mismatches between the C©@aabilities and the gathered

requirements so as to decrease the time and sffertt over the COTS integration.
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Chapter 4
Proposed COTS Selection Process

As we have discussed in the chapter 3, many COIEStEm techniques are already
proposed but they have some limitations also. Mbghe techniques make use of
WSM and AHP as a decision making technique foretveduation of different COTS
products. But these techniques come with drawbaldas AHP involves many pair-
wise comparisons, which would require a large arhotieffort and time for large no.
of components. In WSM, estimation of weights ¢atfires or sub-features is very
vague in nature. Techniques like CARE, PORE handismatches partially. In order
to overcome these aspects, the proposed modele®ons GQM based Feature
Analysis of COTS products in order to have the ithletaevaluation of most promising

candidates.

4.1 The Systematic Process
The systematic process of the proposed COTS sabeptocess has been divided into
six phases (as in figure 4.1):-

* Requirement Acquisition

» Searching

» Filtering

» Detailed Evaluation with Dynamic Analysis
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* Mismatch Handling

* Ranking the Components

4.1.1 Requirement Acquisition

Requirement forms the basis of any effective CO€&Rcdion techniques as they
provide the acceptance criteria of any COTS. Requénts are elicited from various
stakeholders on the basis of the various requirénedinitation techniques like
interviewing and brain storming session. This phasels with the requirement

specification document.

4.1.2 Searching

In this phase, potential reusable candidates ametifced. In initial phase, keyword
based search is performed over many COTS sourckseseT sources can be
organisation specific in-house libraries or ovee thternet (For Eg: Google.com,
yahoo.com, infoseek.com) as they contains the epdabformation about the
commercial, shareware and freeware software as v&gdhrch results in the name of
the potential components, their www address, verfuetory, product licensing
features and characteristics.

The search should be initiated as soon as mairirezgents or the basic features are
known from the stakeholder’s side. Search and rement acquisition goes parallel
and thus entertains the requirements discoverkedesitstage.
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Sources

Desired Requirement
List

6.0

4.0
Detailed
Evaluation with

5.0
Mismatch

3.0
Filtering

Mos
Promising
Candidate

anjep
value with Mismatch list

COTS Evaluation Data Store

Figure 4.1: The Overview of the Proposed COTS Selan Process
4.1.3 Filtering

In this phase, identified potential candidates examined with the aim of getting
most promising candidates. Basically, list of skatccandidates is filtered out so as
to reduce the time and effort required for the itldaevaluation of each and every
COTS. Filtering is performed using the criteria dshson the requirements like
Operating system support, programming languageereifice, and cost factor.
Moreover, the preparation of requirement checklising the COTS information
gathered in the search phase is also helpful #ffittration. COTS with maximum

availing functionality are filtered out and actraest promising candidates.

4.1.4 Detailed Evaluation with Dynamic Analysis
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The aim of this phase is to evaluate the candidaies out as a result of filtration, on
the basis of their behaviour captured during tdgmamic analysis using pilots, trial
version, hands on demonstrations or execution. @h&uation results are then
documented. Dynamic analysis works well with COD&ponents as they are black
box in nature and available with the .exe filessige specification without source
code and trial demonstrations. So, the techniquiespstraightforwardly to COTS

components, which are particularly difficult to aelsls with traditional testing and

analysis techniques.

Desired Desired

Requli_rernents Feature List
ist

Identified COTS Evaluation
Mismatches Data Store

Promising
candidates

4.2
Calculating
Satisfaction
YWalue

Figure 4.2: Detailed Evaluation of the Promising Cadidates
Detailed evaluation runs into 2 following sub atties as explained in figure 4.2
using data flow diagram:
* Feature Analysis using GQM

» Calculating Satisfaction Value

Feature Analysis using GQM Paradigm

It overcomes the drawbacks incorporated by AHP @MMor decision making in
COTS selection. It makes two contributions; fitgbinpoints some of the aspects that
must be present in a COTS product and, secondkeritifies the characteristics of the
COTS evaluated. These strengths are determindaelrydynamic behaviour captured
during the Dynamic analysis in response to therdédieatures based on the GQM

paradigm.
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GQM based feature analysis template, for exampleness of built-in tools, is given
in table 4.1. Once the features, sub features aed pperational questions are
identified, metric should be defined for each operal question in order for the
evaluation of the COTS products and able to gesé#tisfaction value of the different
COTS. Two types of metrics defined for the measer@nof operational questions
are: Ordinal Metric and Binary Metric As name suggest, ordinal metric is defined
using ordinal scale and binary metric is definethgisiominal scale. These metrics
are clearly explained in the appendix A.2.

Calculating Satisfaction Value

To calculate Satisfaction Value of each promisir@IS, normalization of the ordinal
values assigned to sub features of promising CQOiTthe ordinal scale should be
done. For the normalization process, satisfactimction is defined which calculates

the satisfaction values for all the features ohe@OTS candidate.

Table 4.1 GQM Based Template for “Richness of Buitn Tools”

Feature Functional
Sub-Feature | Richness of Built-In tools
Description | The availability and variety of extra tools buiitthe system

Operational Used Metric
Questions
1. Does it offer a feature in order to have the sgledick of the BIN
document?

2. Does it offer a tool to have the statistics of wards present ORDN
in the document?

3. Is it able to mail the document as attachment/ @exexport ORDN
it?

4. Is the system having the Multi-view feature in arttehave ORDN
the comparison?

5. Does the system support UNICODE Encoding scheme? N BI

6. Is the system having the session management f@ature BIN

Satisfaction Function
Satf: Set of Ordinal Values -> [0, 1] as
Satf () = a*x + b where the given initial conditions are:
Satf (0) =0
Satf (3) =1
1 if the impact is neutral,
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Satf (4) = or helpful

0 if the impact is hurtful
These initial conditions compute a=1, b=0 and Saf3 where xis the ordinal value
assigned as per the scale defined in appendix A.2.
Satf (COTS) = Satf (%)
This COTS evaluation data is then properly docuetmto COTS evaluation data
store.

4.1.5 Mismatch Handling

Mismatch handling process is subdivided into 4vitats (as explained in figure 4.3):

» Classify Mismatches

» Suggest Mitigation Action

. Refine Feature

» Set Mismatch Value: 0
MV (x;) = 1-Satf (xi) for each features of COTS definedtihe template, where
MV (x;) stands for Mismatch Value.
Mismatches identified in the previous phase ardyaad and the decision about their
handling is taken. On the basis of the taken datjgnismatches are classified into 3
categories:-
Resolvable Mismatchesin this category mismatches are resolved byoouising the
COTS functionality using any mitigation action asadissed in sub-section 4.2.2. For
example, “Is the COTS able to mail the documentatiachment or export it as
HTML/ Text". Like the COTS7 viz Notepad++ is able send the document via
outlook but not able to export it as HTML/ Tex&filBy adding plug-in NppExport to

the Notepad++, this mismatch is resolved.
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Figure 4.3: Data Flow Diagram for Mismatch Handling Process

Refinable Feature-This case arises when the corresponding featusbsent but the
said feature is covered by another COTS capabhity. example, in Programmer’s
Notepad the desired feature “Does the system pedvesk support by expert” can be

refined as it provides help through discussionrwsu

Ignorable MismatchesOn the basis of the Mismatch value and their ichjpaer the

application, mismatches are ignored. It is subyectd the stakeholders’ decision.

By suggesting the mitigation action for the respectesolvable mismatches or for
the ignorable mismatches, the mismatch value is\géd to zero. Corresponding
mitigation action and new mismatch values (MY are updated for the respective
COTS in the COTS Evaluation Data Store.

4.1.6 Ranking the Components

Calculate new satisfaction value for each and evenst promising candidate.
Ranking of COTS on the basis of the new satisfactralue after handling the

mismatches is then done.
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Satf(COTS) = (1-MVpew (X))
% of Resolution of Mismatches - MV new (%) /Y. MV (X;))* 100

4.2 Mismatch Mitigation Action
COTS mismatches can be mitigated by taking follgn@mmitigation action:-

4.2.1 Refining Requirements

This strategy suggests modification in the requeets, and thus making a
compromise that reduces the mismatch. This actidaken when the desired feature
is not present in the COTS but another COTS atesatisfies the requirements.
However, the current COTS selection methods onlgress the COTS mismatch
problem during the requirements definition phasg, these approaches do not talk
about the effect of mismatches on COTS selection,do they talk of mitigation

action for the remaining violations. But in thig#liis work this has been considered.

4.2.2 Resolvable Mismatches

This strategy is used to resolve mismatches thatratated to missing COTS
functionality. According to Vigder et al. [5] thisan be realized by several
alternatives such as:
* Acquiring additional plug-ins that add functionglto the COTS product,
» Writing custom code using a scripting language sujgd by the COTS, for
example JavaScript, Visual Basic, and Perl.
* API — Application Programming Interface that isiaterface implemented by
a software program which enables it to interachwther COTS software.
» Parameter based Tailoring
* GUI based Tailoring
* Modifying Source Code
4.3 Summary
In this chapter, we have proposed a six step- formal psocegshe COTS selection so
as to handle the mismatches raised between COTS8bitiips and the desired
features in early phase of the COTS based developrAe the end of this chapter,
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various mismatch mitigation actions are also diseds The next chapter describes its

illustrations and feasibility.

Chapter 5

Experimental Results
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The specific goal of the case study (Source Codmigds to validate the feasibility
of the proposed model for the COTS selection. Tlaesethe editors which facilitate
the editing of source code written in differentgn@mming languages and incorporate
basic editing features also. They help programnenarite effective code in short
duration as it offers many features like syntaxhhghting, code folding, running of
scripts etc. Study shows how the process is usedlézt the best Source Code Editor
having the maximum satisfaction value with the dkiset of requirements among

the other alternatives.
5.1 Application of Proposed COTS Selection Process

5.1.1 Requirement Acquisition

It results in various functional and non-functiomaljuirements (as in figure 5.1)
formulated in requirement specification document the output. Requirement

Engineers and users are involved in this phase.

Requirements

| |
Non-
Functional

| |
[ [ I | I 1 I

= I
Vendor's . e Help & Basic Editing Progrzlarlnmlng Richness of
Usability Flexibility Editing .
Support Support Features Features Built-In Tools

Functional

Figure 5.1: Hierarchy of the requirements
5.1.2 Searching

In order to identify possible COTS candidates basethe gathered requirements, we
have used several information sources, such aseoséarch engines like Google and
Yahoo, as well as specialized websites that list eategorize source code editor
products; e.g. www.cnet.com. This resulted in idgimg an initial set of 15 COTS

candidates. Information about their names, www esklrvendor name and version is

tabulated in the table 5.1 and the snapshots aea gn the appendix C.2.
Table 5.1: List of Searched Candidates
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COTSID Product Name Version Website Vendor
COTS 1 Caderno 2.10.1 Freddy.com Freddy Team
COTS 2 Crimson Editor 3.70 Crimsoneditor.cam  EneeEaditor
COTS 3 Edit Plus 3.12 Editplus.com Sangil Kim
COTS 4 Editpad lite 6.3.1 Editpadpro.com Edit Group
COTS 5 Em Editor 9.01 Emeditor.com Emurasoft
COTS 6 Notepad 2 4.0.23 Sourceforge.net FloridmBa
COTS 7 | Notepad++ 5.6.8 Sourceforge.net Don Ho
COTS 8 | Notepaddotnet 0.2 Dotnet- Moimael
notepad.com
COTS 9 NoteTab Standard 6.20 Notetab.com Fookes
Software
COTS 10 | Powerpad 121 Softpedia.com Natham Osman
COTS 11 | Programer’s 2.1.4 Pnotepad.org Simone Stelle
Notepad
COTS 12 | PSPAD 45.4 Pspad.com Jan Fiala
COTS 13 | Ted Notepad 5.3.1 Jsimlo.sk/notepad/  Binalovic
COTS 14 | Text Edit 1.4 Softpedia.com Apple
Computer
COTS 15 | Total Edit 5.5 Codertools.com Codertools
5.1.3 Filtering

The evaluators collected detailed information abiwaise 15 candidates from their

vendor’s websites or other online sources whiclvideminformation about them.
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tepad++

i ’i‘
]
-

Screenshc:-ts Shop Links

The latest version : 5.6.8

We nee your vote for new web site's look!

Notepad++ is a free (as in "free speech” and also as in "free beer") source code editor and
Notepad replacement that supports several languages. Running in the M3 Windows
environment, its use is governed by GPL License.

Based on a powerful editing component Scintilla, Notepad++ is written in C++ and uses pure
Win32 API and STL which ensures a higher execution speed and smaller program size. By
optimizing as many routines as possible without losing user friendliness, Notepad++ is trying
to reduce the world carbon dioxide emissions. When using less CPU power, the PC can throttle
down and reduce power consumption, resulting in a greener environment.

This project is mature. However, there may be still some bugs and missing features that are
being worked on. If you have any questions or suggestions about this project, please post
them in the forums. Also, if you wish to make a feature request, you can post it there as well.
But there's no guarantee that I'll implement your request.

Support NP++

You're encouraged to translate ad++ |nt0 your native tongue if theres not already a
translatlon present in the Down ction. And if you want, help t ating Notepad++
f = into your native tongue would be greatl\,-r appreciated.

Language

1 hope you enjoy Notepad++ as much as I enjoy coding it.

Hplc b Here are the features of Notepad++ :

Forum

F

Syntax Highlighting and Syntax Folding
Mailing List ¥ WYSIWYG
+ User Defined Syntax Highlighting
+ Auto-completion

+_Multi-Dorument

Figure 5.2: Snapshot for Notepad ++

Then evaluators filtered out the most promisingabdidates (snapshots are given in
appendix C) out of 15 candidates based on the sageeules defined as the result of
the brain storming session

Table 5.2: Shortlist of the most Promising Candidats

COTS ID Product Name Version Website

COTS 7 | Notepad++ 5.6.8 Sourceforge.net Don Ho

COTS 11 | Programer’s 2.1.4 Pnotepad.org Simone Stelle
Notepad

COTS 12 | PSPAD 45.4 Pspad.com Jan Fiala

COTS 2 Crimson Editor 3.70 Crimsoneditor.com EnceEditor

COTS 9 NoteTab Standard 6.20 Notetab.com Fookedw &af
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5.1.4 Detailed Evaluation with Dynamic Analysis

The objective of this phase is to evaluate thedisthortlisted candidates as an input
to this phase from the previous phase. Evaluatfcalldhe selected 5 candidates on
the basis of the 7 features and 36 operationaltigmssor sub-features proposed based
on GQM paradigm (as discussed in detail in appeBjlis done by the evaluators by
dynamically executing all the 5 candidates or usitg pilot programs or
demonstrations and then scoring is done in parakéhg the metrics defined in
appendix A.2. For example, the operational questisnthe system provides the
Syntax Folding feature”.

Metric Type: BIN
Value: 0 means the feature is absent in COTS 2.
Type: FALSE

Normalised Satisfaction Value: 0.00 indicates ntiskection between the COTS 2
(Crimson Editor) capability and the required opiersl question.

Features COTS 2 (Crimson Editor) COTS 7 (Notepadtt] COTS11(PN2) COTS 9 (Notetab-5td) COTS 12 (PSPAD)

faction
faction

B
=]
£
o
a
b
®

Metric
GQM Based Operational Questions  Type

Does the system have the
Zoom-i/ out facility? BIN 0
Does it offer a technique to
highlight the syntax for
various languages like C,
C++, JAVA, PHP, Perl,
Python?

fatisfaction

Does it offer Code comment/
uncomment feature? BIN 0

Does the system provide
compilation & execution of
the scripts? BIN 1
Does the system provide
Bracket Matching? BIN 0| 0.00] FALSE | 0] 0.00FALSE| 0| 0.00/FALSE| 0] O0.00FALSE] 1] 100/ TRUE
Does it offer a feature in
order to have the spell check
of the document? BIN 0| 0.00] FALSE | 0] 0.00FALSE| 0| 0.00FALSE| 0] 0.00FALSE] 1] L00|TRUE

Programming E diting Features

Figure 5.3: Detailed Evaluation Results using GQM ased Feature Analysis
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In figure 5.3, it addresses the question “How thsnmatches are detected” and their
metric type and normalised satisfaction value. Bor complete results of each

operational question refer to appendix C.

The corresponding satisfaction values for each CQI& tabulated in table 5.3
below:-

Table 5.3: Summary of Evaluation Results before Mismiatch Handling

COTSID  Satf Count of % of Rank
(COTS) Mismatches Mismatches (Before
(Before to the no. of Mismatch
Mismatch Operational Handling)
Handling) Questions (36)

COTS 2 20.67 18 50 % 4

COTS 7 28.67 10 27.7% 2

COTS 11 27.33 12 33.3% 3

COTS 9 14.33 24 66.6 % 5

COTS 12 30.67 7 19.4 % 1

5.1.5 Mismatch Handling

As per the results shown in table 5.3, COTS 2 a@d £9 are not of much concern
as they involve maximum no. of mismatches. Thusaweetaking COTS 7, COTS 11,
COTS 12 under the consideration for this phase.p@s the process, we have
classified the identified mismatches into the reable, ignorable mismatches and the

refinable features. Firstly we have calculated the
Mismatch Value MV (¥ = 1- Satf (¥ for all the promising candidates.

Mitigation Action is chosen in the stakeholder'srofpct manager & evaluator)
discussion session for the respective mismatches. Mismatch value is assigned to
the resolved mismatches or ignored mismatches aSinally compute the new

Satisfaction value of each feature and then ofeetsge COTS as follows:

Satfew(COTS) =3 (1- MV (X)) + (Total no. of Features - Count of Mismatcte$)
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For example, in Notepad++, mismatches corresponttingnismatch value 1 (spell
check, export, compare, statistics as in the appgi@l3.1) are resolved by adding

the plug-ins. Figure 5.4 shows how the mismatchesbe resolved using plug-ins.

File Edit Search View Encoding Language fSeﬂings Macre Run  TextFX Plugins Window 7
JEE BG4 k|2 Preferences... 1 ([ED | EE DR
B rashmijava I Style Configurator...
= Shortcut Mapper...
1 blass Room
2 1 Import 3 Import plugin(s)...
= float length: Impaort style theme(s)...
4 float breadth;
=
& wvoid getdata (float a, flocat b)
T i
8 length = a;
g breadth = b
10
1z
12 class RoomArea
14 i
15 public static void main(S5tring args [])
16 1
a7 float area;
is Room rooml = new Room ()
19 rooml.getdata (14,10);
20 area = rooml.length * rooml.breadth;
21 system.out.println("Area="+ area);
22 1
23 1
Java source file 297 chars 341 bytes 23 lines Ln:1 Col:1 Sel:0 (0 bytes) in0 ranges Dos\Windows ANSI INS
"7 CATestrashmijava - Notepad=+ (=[@E] = ]
Fo i tep cw® § v | 5 = -
File Edit Search View Encoding Language Settings Macro Run  TedFX Plugins Window 7 X
= I - | Lsac
sEEEBEGE 4Dk ape e =5
Lﬂ Cpen
E rashmi java | - ‘ H |
\ J=| | « rashmi » thesis » plugins + ||| Search 2
1 class Room @U : — =49 | seore
2 {
3 float length:
4 float breadth; Favorite Links Artists Album # Genre >
2 ‘{Jnid getdata (float a, fla [E Documents P ,;_" ,.:.&
e} ) 64
! = length = a: (& Recently Changed - - -
1 g breadth = b; | Recent Places MathPad.dll NppExport....  SpellCheck...
5 Bl Desktop
— & Computer
| 11
[ 12 clazs RoomArea E Bictures
13 { B Music
public static void mailli| J§ Searches
{ JJ Public
float area;
f Room rooml = new R
|| rooml.getdata (14,
area = rooml.lengt
system.out.princin|| Folders -~
5 ¥ File name: "ComparePlugin.dl" "MathPad dil" "NppExpar + | Notepad++ plugin {".dll) ~
\
|

Java source file 297 chars 339 bytes 22 lines Ln:2 Col:2 Sel:0 (0 bytes) in 0 ranges Dos\Windows ANSI INS

Figure 5.4: ComparePlugin.dll, Mathpad.dll, Nppexpat.dll, and SpellCheck.dll
Part (2/2)
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Table 5.4: Results after Mismatch Handling

COTS ID Total Total New % of New
Mismatch Mismatch Mismatch Satisfaction
VEER(YAY) Value (MVpew) Resolution Value
COTS 7 7.33 1 86.33 35.0
COTS 11 8 3.99 50.1 32.0
COTS 12 5.33 2.67 49.99 33.33

5.1.6 Ranking the Components

As per the results in table 5.3, Notepad++ wasaak 2 and the no. of mismatches
were greater than that of PSPAD editor. But afteanmatch handling as in table 5.4,
satisfaction value has increased for Notepad++ {8&ause of the capability of

resolving mismatches as compared to that of PSFBIL38).
So, Notepad++ is selected for our application airSe Code editor.
5.2 Summary

Before Mismatch handling, as in table 5.3, PSPARdE@ot rank 1 with the count of
mismatches 8 whereas Notepad++ came at 2 with $thatches. But after applying
resolution actions like plug-in for resolving thesesmatches, notepad++ moved to

the position 1 due to the presence of the tool “Rileh-in”.
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Chapter 6

Conclusions and Future Scope

The aim of this thesis is to propose a COTS selegirocess which helps in detection
and resolution of the mismatches between the COiffalilities and stakeholder’s
requirement during the COTS selection so as toedser the time and effort spent
over the COTS integration. We have proposed atep-€OTS selection process in
which the evaluation of COTS is GQM paradigm bas#éidmatch mitigation actions

are suggested for the identified mismatches behangio resolvable category.

Refinement of the requirement is carried in casthdéf requirement is satisfied by
another feature of the COTS.

6.1 Conclusions

As the evaluation of COTS in the proposed processairied out on the basis of
GQM based Feature Analysis, which resolves the loaaws of WSM and AHP that
we have discussed in chapter 2, the efficiencyetéating the right mismatches is
better in the proposed process. Major conclusiars/eld from the work undertaken

are:

* GQM based Feature Analysis helps in scoring thecimbetween the COTS

capability and required features to the granukeaelle

* Mismatches are not deferred till the integratiorag#h as it detects most of
them and suggest mitigation action for each mismataring the COTS

evaluation only.

e It also covers functional and non-functional aspect the system under
development compared to MiIHOS where they are ighore

6.2 Future Scope

* The initial keyword based search can be replaceahnlyyother COTS retrieval

technique so as to retrieve more relevant compsnent
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» As the process focuses on the single COTS softhased system, so, it needs
to address multiple COTS selection. For that, issliee interoperability

between COTS and architectural mismatches neexptore.

* Applying the process to different case studiesasfous domains is necessary

in order to evaluate it more deeply.

* The current work can be supported with the helpacotool to make the

selection more effective.

42



References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

I. Crnkovik, S. Larsen and M. Chaudron, “Componeased Development
Process and Component Lifecycle”, 2001.

H. Mili, A. Mili, S. Yacoub, and E. Addy, “Reuse Bed Software

Engineering”, Wiley-Interscience Publication, USB02.

M. R Vigder, J. Dean, “An Architectural Approach Bailding Systems from

COT Software Components”, National Research CoNeiC), 40221.

M. Torchiano and M. Morisio, "Overlooked Aspects @OTS-Based

Development,” IEEE Software, vol. 21 (2), 2004 -93.

M. R. Vigder, W. M. Gentleman, and J. Dean, "COT@t\WBare Integration:

State of the art,” National Research Council Car{ikRC), 39198, Jan 1996.

T. Wanyama and B. Far, “An Empirical Study to Coneptoree Methods for
selecting COTS Software Components”, IJCIR, Vol®1n pp 34-46, June
2008.

T. Wanyama and B. Far, “Towards Providing Decistupport for COTS

Selection”

B. Kitchenham and L. Jones, 1997, “Evaluating Safewv Engineering
Methods and Tools: Part 5, The Influence of Humactérs”, Software

V. Basili, “Software modeling and measurement: goal/question/ metric
paradigm” In Technical Report CS-TR-2956, Universit Maryland, 1992.

C. Ncube and N. A Maiden, “Procuring Software SysteCurrent Problems
and Solutions”, Proceedings REFSQ97 workshop, GaiSBarcelona, Spain,
June 16-17 Engineering Notes 22(1).

G. Fox, S. Marcom and K. Lantner, “A Software Deprhent Process for
COTS-based Information System Infrastructure”, Peamtings of the 5th
International Symposium on Assessment of Softwarelsrand Technologies
(SAST'97), ppl33-143, 1997.

C. Ncube and N. Maiden, “PORE-Procurement Orienielquirement

Engineering Method for the Component-Based SysteBrgineering

43



[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Development Paradigm”, International Workshop onm@onent Based
Software Engineering, 1999.

T. L. Saaty, “The Analytic Hierarchy Process”, Ne¥ork, McGraw-Hill
1990.

L. Chung, K. Cooper and S. Courtney, “COTS-Awareqiements
Engineering: The CARE Process”, In Proc. of the Bridrnational Workshop
on Requirements Engineering for COTS Componentsptdy Japan,
September 7, 2004.

L. Chung, K. Cooper and D. Huynh, “COTS- Aw&equirement Engineering
Technique”, IEEE International Symposium on Requiats Engineering,
2002.

L. Chung and K. Cooper, “A COTS-Aware Requiremeiisgineering
Process: a Goal- and Agent-oriented Approach”, riocPof the International
Council on Systems Engineering Symposium, Las Veavada, CDROM
index 3.5.4, July 28 — August 1, 2002, pp. 1-8.

L. Chung and K. Cooper, "A Knowledge-based COTS dewRequirements
Engineering Approach”, In Proc. Of the Software iBegring and Knowledge
Engineering Conference, Ischia, Italy, July 152802, pp.175-182.

L. Chung and K. Cooper, “Defining Agents in a COA®are Requirements
Engineering Approach”, Proc., 7th Int. Australiaroiikshop on Requirements
Eng., 2002.

L. Chung, and K. Cooper, “Defining Goals in a COA®are Requirements
Engineering Approach”, System Engineering jouriiél), 2004, pp. 61-83.

J. Mylopoulos, L. Chung, and B. Nixon, “Represegtiand using non-
functional requirements: a process-oriented approdEEE Transactions on
Software Engineering, Volume: 18 Issue: 6, June1pp. 483 —497

C. Alves and J. Castro, "CRE: A Systematic Meth@dGOTS Selection” In
XV Brazilian Symposium on Software Engineering, Rie Janeiro, Brazil,
October 2001.

C.Alves, J. Castro and M. Alencar, “Requirementgji@ering for COTS
Selection” In Il Workshop de Engenharia de Redassi2000.

J. Kontio, “OTSO: A Systematic Process for Reus&@méware Component
Selection” In UMIACS-TR-95-63, 1995.

44



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

J. Kontio, "A Case Study in Applying a Systematicethbd for COTS
Selection”, In Proc. of ICSE-18, 1996, pp.201-209.

J. Kontio, S. F. Chen, and K. Limperos, "A COTSesg8bn Method and
Experiences of Its Use", In Twentieth Annual SoftsvaEngineering
Workshop, 1995

A. Mohamed, G. Ruhe, and A. Eberlein, "MIHOS: Anpipach to Support
Handling the Mismatches between System RequirenamsCOTS Products
" Int. Requirements Engineering Journal, AcceptadJan 2, 2007 (DOI:
10.1007/s00766-007-0041-5).

A. Mohamed, G. Ruhe, and A. Eberlein, "Decision @up for Handling
Mismatches between COTS Products and System Rewgnts”, in the 6th
IEEE International Conference on COTS-based So&waBystems
(ICCBSS'07),Banff, Canada, 2007, pp. 63-72

A. Mohamed, G. Ruhe, and A. Eberlein, "Decision [Bupfor Customization
of the COTS Selection Process," ACM SIGSOFT Sofénamngineering Notes
Vol 14 (4), in Proc. of ICSE'05 workshop on Modalsd Processes for the
Evaluation of COTS Components (MPEC'05) 2005, p#. 1

A. Mohamed, G. Ruhe, and A. Eberlein, "Exploratdkpalysis for the
Mismatch Handling Process" in preparation for sugsion to Int.
Requirements Engineering Journal

A. Mohamed, G. Ruhe, and Armin Eberlein, "COTS &@&ba: Past, Present,
and Future,” in the 14th IEEE International Confees and Workshop on the
Engineering of Computer Based Systems (ECBS'0®Qsdmu Arizona, 2007
A. Griman, M. Perez, L. Mendoza and F. Losavio, dftee analysis for
architectural evaluation methods” In The Journabgétems and Software 79
(2006) 871-888

D. Yakimovich, J. M. Bieman, and V. R. Basili, “S@fre architecture
classification for estimating the cost of COTS gradion”. Los Angeles,
California, United States: IEEE Computer Societgd3r 1999.

C. Alves and A. Finkelstein, "Investigating Confficin COTS Decision-
Making," International Journal of Software Enginegr and Knowledge
Engineering (IDSEKE), vol. 13 (5), 2003 pp. 473-493

45



[34]

N. Fenton and S. L. Pfleeger, Software Metrics: iydrous and Practical
Approach, Secon ed. London, UK: International Thom€omputer Press,
1997.

List of Papers

[1]

[2]

Rashmi Gupta, Shivani Goel, “Comparative Study COTS Selection
Technique§ published in the National Conference on Emergingnd@s in
Information Technology and Computing (ETIC10), GITKurgaon, India
(27" March 2010).

Rashmi Gupta, Shivani Goel, “GQM based Mismattdndling aware COTS
Selection”, communicated in the Communication Magaz IEEE Xplore-

Software.

46



Appendix A

Types of Measurement in Proposed Model

A.1 Measurement Scales

In general, Fenton and Pfleeger [34] have definegirheasurement scales:

* Nominal in which values are assigned to different categoihe values of a
nominal scale have no quantitative meaning; rathey are qualitative and
unordered in nature. For example, “sex” might beasneed on a nominal

scale {*male”, “female’}.

* Ordinal, in which a set of ordered values is used to meaanrentity. But, the
difference between adjacent values is not fixed:r &oample, “technical
support” might be measured on an ordinal scale gtfjp “fair”, “bad’},
where we know that “good” is better than “fair”, tbilne distance between

them is unknown.

* Interval, which preserves the order as well as the difisgen But
multiplication and division are meaningless herer Example, Fahrenheit
scale for temperature. Equal difference betweeengperatures remains same
but the division & multiplication is not allowedike, 30 degree temperature
is not twice as much of 15 degree temperature.

» Ratig, which is similar to interval scales except theyd true zero point; i.e.
it preserves division & multiplication also. Forawple, a 40 year-old person
is twice as old as a 20-year old one.

* Absolute which simply counts the number of occurrencesroél@ment in an
entity. For example, number of LOC is measured dcyynting the number of

lines in an application.
A.2 Metrics in Proposed Model

A.2.1 Binary Metric (BIN)
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These are the basic measure of any COTS evalyatbmess. BIN metrics are used to

indicate the presence or absence of a COTS feaiuneetric x that is BIN-based is

estimated on a nominal scalee XTRUE, FALSE}.

Value Given = 0 iff x= “FALSE”
1iff x =“TRUE

For Example: BIN metric assigned to the questiomé®d the system provide Spell
Check feature” can be fully satisfied iTeRUEor fully declinedFALSE

A.2.2 Ordinal Metric (ORDN)

These are used for qualitative measurement. A metrithat ORDN-based is

estimated on an ordinal scaleeX Zero Match, Very Poor Match, Poor match, Exact

Match, Over Match}. Scale assumes the equal difigzdetween the values.
([ 0iff x = “Zero Matt

Value Given = 1 iff x = “Very Poor Match”

< 2 iff x = “Poor Médtt

3 iff x = “Exact Match”

L 4 iff x= “Over Match”

For Example: ORDN metric assigned to the questisrtife system have the Multi-
View feature in order to have the comparison” canealuated using the ordinal

scale.
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Appendix B
GQM Based Feature Analysis

B.1 Overview

GQM, the acronym for "goal, question, metric", is @proach to software metrics
that has been proposed by Dr. Victor Basili. In, [@¢cording to Basili et al, GQM
presents a systematic approach for integrating sgt@l models of the software
processes, products and quality perspectives effast based upon the specific needs

of the project and the organization.

It provides a 3-step framework for the measurerétiie organisational business:-
* The major goals of the system under development.
* Questions that define goals as completely in eackpective.

* Measurement that provide most appropriate inforomafior answering the

guestions.
B.2 GQM Based Templates

As per therequirements identified in search phase, featuresidentified using

GQM based template.
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B.2.1 Functional Requirements

Table B.1: GQM Template for “Basic Editing Features

Feature Functional
Sub-Feature | Basic Editing Features
Description The Features enable programmers to edit the dodumignmuch
ease.
Operational Used Metric
Questions
1. Does it offer a shortcut to complete an existingdv@uto BIN
complete)?
2. Does it offer line numbering feature? BIN
3. Does the system provide Bookmark facility to thera8 BIN
4. Does the system support Drag-Drop feature? BIN
5. Does the system support multiple undo/redo? ORDUR
6. Does the system able to search the contents witthing BIN
case?
7. Does the system support the regular expressioolsgar BIN
8. Does the system able to search the content in BIN
Files/folders/subdirectories?
9. Does the system have the WYSIWYG text editor? BIN
10.Does the system is able to open the simultanetaumfiabs? BIN
11.Does the system have the Zoom-in/ out facility? BIN

Table B.2: GQM Template for “Programming Editing Features”

Feature Functional
Sub-Feature | Programming Editing Features
Description | These features enable programmers to easily widigrams in short
interval of time & with less effort.
Operational Used Metric
Questions
1. Does it offer a technique to highlight the syntaxJarious BIN
languages like C, C++, JAVA, PHP, Perl, and Python?
2. Is the system provides the Syntax Folding feature? BIN
3. Does it offer Code comment/ uncomment feature? BIN
4. Does the system provide compilation & executiothef BIN
scripts?
5. Does the system provide Bracket Matching? BIN
Table B.3: GQM Template for “Richness of Built-in Tools”
Feature Functional
Sub-Feature | Richness of Built-In tools
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Description | The availability and variety of extra tools buittthe system
Operational Used Metric
Questions
1. Does it offer a feature in order to have the sgledick of the BIN
document?
2. Does it offer a tool to have the statistics of wards present ORDN
in the document?
3. Is it able to mail the document as attachment/ @exexport ORDN
it?
4. Is the system having the Multi-view feature in arttehave ORDN
the comparison?
5. Does the system support UNICODE Encoding scheme? N BI
6. Is the system having the session management f@ature BIN
B.2.2 Non-Functional Requirements
Table B.4: GQM Template for “Vendor’'s Support”
Feature Non-Functional
Sub-Feature | Vendor’'s Support
Description | The trustworthiness of the available vendors.
Operational Used Metric
Questions
1. Has the Vendor been good in past? ORDN
2. How the market as a whole thinks about the product? ORDN
3. A vendor that has been in business for a long tsnmeore ORDN
likely to continue providing upgrades and maintexean
services in the future?
Table B.5: GQM Template for “Help & support”
Feature Non-Functional
Sub-Feature | Help & Support
Description | The level of support and help provided to the systisers.
Operational Used Metric
Questions
1. Does the system provide books and manuals forlliatste ORDN
purpose?
2. Does the system provide free support by expert? WRD
3. Does the system provide free manual & online hetp f ORDN
application usage?
4. Does the system provide free training, video, aading list ORDN

help for application usage?
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Table B.6: GQM Template for “Usability”

Feature Non-Functional

Sub-Feature | Usability

Description | The ease of use that the system provides to theiserd.

Operational Used Metric
Questions
1. Does it support for Macro recording and playbadility to BIN
ease out the work?
2. Does it provide the feature for Char Case Change? RDIXD
3. Does the system provide feature for staying on top? BIN

Table B.7: GQM Template for “Flexibility”

Feature Non-Functional

Sub-Feature | Flexibility

Description The extensibility of the system, contents, andsiseformation.

Operational Used Metric
Questions
1. Is the user provided with option to change the Surg? ORDN
2. Is the user provided with option to have differEont style ORDN
and colour setting?
3. Is the system having the plug-in feature in ordezxtend BIN
the functionality of the system?
4. Does the system provide Multilanguage Environment ORDN

support like Chinese, Arabic etc...?
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Appendix C
Full Results of the Case Study

C.1 Snapshot of Most Promising Candidates

This appendix presents the various snapshots & trendidates filtered from thé%

phase Filtration with the highlighted features.

C.1.1 Crimson Editor
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Crimson Editor - [CATest\rashmi java] - - @@u
e

| File Edit Search View Document Project Tools Macros Window Help |-||5||x\

|JD FLa|d@ SR seRoc D ans i DERw YE e n |7 f}j‘
@ rashmijava
|| g X| ¢ x [\ class Room =
RZ::]OS '] <) float length;
1y SAVG & B float breadth;
i |, SRecycke Bin void getdata (foat a, float b)
b Boot
_h DELL |ength =¥ £
[t |y doctemp breadth = b;
j, Documents and Settings
j, Drivers
- JJ MS0Cache
iFclass RoomArea P
' public static vaid main(String args [1]
{
float area;
Room room1 = new Room ();
aetdata (14,10);
11 length * room1.breadth;
rintln("Area="+ area);
' i
X
504 i ¢
=
5
Ready ln14, Chdl i ASCI,DOS  READ REC COL OVR
- — —

Figure C.1: Snapshot for Crimson Editor

C.1.2 Notepad++
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T3 caTestwrashmisjava - Motepad++ i 0 |
File Edit Search View Encoding [Language | Settings Macro Run TextFX Plugins Window ? X
RN = N R ="Y N PN I BRI=TEe|lEE 7
=l rashmijava I Hatel
= >
1 class Room
D »
= d F 3
3 float lengi i :
GuidCli
4 float brea o N
5 wvolid getdata
IMMO
=] {
J » Java
7 length = a .
KIxtart Javascript
8 breadth = ¥
L L4 Is5P
=l }
P »
10 }
] >
11
Objective-C
1z class RoomArea = N
13 {
. R & .
14 public stail - , Fing args L1)
15 {
T »
16 float
W »
17 Room x— Yy
HKMAL
18 rooml .
YAML
19 aresa = rooml . breadth ;s
20 system User-Defined =a—"4+ area) ;
21 }
22 }
297 chars 339 bytes 22line Ln:8 Col:17 Sel: 0 (0 bytes) in 0 ranges Dos\Windows AMNSI INS

Figure C.2: Snapshot for Notepad++

C.1.3 Programmer’s Notepad

Programmer’'s Notepad - [rashmi.java] G=ES=18 N

|« File Edit Search Wiew Tools Window Help [= [=][=]
DE BB S 2 el DD e =] = —] 8 Find ~—
HTML -
rashmi.javal IDL 4 ko=
1 R (Java |
class Room JawaScript
=4 LaTex
float lengthgy t‘usg
float breadth; Make
woid getdata (float a, float b) Matlab
=F) Modula-2
MNSIS2 Installer
length = aj; Octave
breadth = bj Output
= Pascal
X Per
¥ PHP
= PHP Script
PLASQL
class Roomfrea Properties i
Python 5
E public static woid main(Str‘E;?;me
—] { Specman
’ float areas ?.8'[
Room rooml = new Room ( VEScrpt
; rooml.getdata (14,1@); E'e_:'iloLg
area = rooml.length * Visual Basic | o
system.out.println”Are XML =
: }
¥
< | e | »
(®m» = -+ 9 -
[12:15]: 22 AMNSI CR+LF IMS Ready .

Figure C.3: Snapshot for Programmer’s Notepad

C.1.4 Note tab Standard
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MoteTab Std (Trial: 11 days left) - ChTestwrashmijava

File Edit Search View Modify Document Favorites Tools Help

DS e | & 0 B2 o ¢ 9 | [W el

PR GBS S O e e

BaL P W
[E3

= Readme. txt I = Readme.otl I = Hellojawa. bt I [ "wihateM e but I © Userinputtzt B rashmijava I H Mol ame0] kxt I

Litilitiess -

class Room

About this librany - :

Clipbook b4 anager
! Switch Library

t Inztall Libraries
t Remove Libraries

float length:

float breadth:
woid getdata (float a, £1
length =
breadth =

=
b:

Test Processing

= Paste Internet acronym
! Underline title 3
! Compare bwo files

Tidy HTML code

Conwert HThL to text
Conwvert Text to HTML
Convert "Mailto" form
Outliree document ko HTML
COutline topics ko HTML

H
! Enable dutol t o
nable AutoCormect mode T e

Without Clipboard i
! Copy/paste public static void main (String args [])
t Cut/pazte f
. F .
¥ Duplicate line Float arear-
Print Room rooml = new Room ()
L F'rinl dialu_g rooml.getdata (14,10):
E E’!nt STBV'BW area = rooml.length * rooml.breadth:
b rink direct system.out.println ("Area="+ area):;
Inkernet ¥

Images to HT kL ¥

25

Select between tags - -
i FormatEmail | @FTP | @HTML | BHTML-ar | @ PasteClips | @ Reminde | @SampleCode | @ Smiies | @ TopStyie || @ Utiities [l

7=13 Ins MoteTab editors available at www.notetab.com (see Help...)

Figure C.4: Snapshot for Notetab Standard
C.1.5 PSPAD Editor
- o - =] EN

EF File Projects Edit Search Wiew Format Tools Scripts HThAL Settings Window
Help [— [=1=]
eoe-aES | D-re-r-PFr@al koo m B

e | rme x| = v [Dée

@wwvcm|

=P B U as o @ ~F G| Change Syntaoc. i = IR ===
[[1.. aBC.jawa | 2.. Area_calcullation | C,-’CEE;-L ~ | saL dialsct:
? AP 20 5250 faten
class Room Cascading Style Sheet Lﬂs?sr.tgfe? -
t float lenath: Fortran My SCIL
float breadth: E?qu:.lrf Oracle
R~ . Sybase
yo id getdata (float a. floa| ::_T;E"“mh'gh"gmer Inares
lenath = a: IMI . aimne =
breadth = b: Inno_Setup Script
T |[Java
T JavaScript L
Kixtart =
class FRoomArea Object Pascal
1 A } : . Ped
public static woid main(S PHP T
hi
float area: :,.Srtson
FRoom rooml = new Floomil: SQ@L (Standard)
rooml .getdata (14,100 : Tai Th
area = rooml.length = r Tex
swstem.out .printlni " Are
T 4 = t LM Shell Script | ]
r MS WBScript
“Wisual Basic
ML Tl
xBE Assembhyr
znot assigned= =
« [ <not assigned:> = Cancel
22:42 (23] [341] = = pag
—

Figure C.5: Snapshot for PSPAD Editor

C.2 Feature Evaluation
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This appendix presents the results of evaluatiofivef promising candidates using
GQM template listed in appendix A.2. It resultstotal satisfaction value of the

COTS components.

Features COTS 2 (Crimson Editor) COTS 7 (Notepad++)  COTS 11 (PN2)  COTS 9 (Notetab-Std) COTS 12 (PSPAD)

Metric
GQM Based Operational Questions  Type

Satisfaction

c c c
2 c 2 g
t t t t
m " n m
5 o 5 b
- - - -
] ] n m
" [ 1] 4]

']

o
T:" o
> F

Does it offer a shorteut to
complete an existing word

[Autocomplete)? BIN 0| 0.00| FALSE 1| 1.00 TRUE 1| 1.00| TRUE 0| 0.00( FALSE 1| 1.00) TRUE
Does it offer line numbering
feature? BIN 1] 100 TRUE 1] 1.00| TRUE 1 1.00[ TRUE 0| 0.00| FALSE 1| 1.00] TRUE

Does the system provide
Bookmark facility to the

users? BIN 1| 1.00] TRUE 1| 1.00| TRUE 1| 1.00] TRUE 0| 0.00| FALSE 1| 1.00] TRUE

Does the system support

Drag-Drop feature? BIN 1| 1.00] TRUE 1| 1.00| TRUE 1| 1.00] TRUE 1| 1.00| TRUE 1| 1.00] TRUE
Very

Does the system support Exact Exact Exact Poor Exact

multiple undo/redo? ORDN 3| 1.00|Match 3| 1.00(Match 3| 1.00(Match 1 0.33|Match 3| 1.00|Match

Does the system able to
search the contents with
matching case? BIN 1] 100 TRUE 1 1.00| TRUE 1 1.00[ TRUE 1/ 1.00| TRUE 1| 1.00] TRUE

Basic Editing Features

Does the system support the
regular expression search? |BIN 1| 1.00] TRUE 1| 1.00| TRUE 1| 1.00] TRUE 1| 1.00] TRUE 1] 1.00| TRUE

Figure C.6: Feature Evaluation Results Part (1/6)

Features COTS 2 (Crimson Editor) COTS 7 (Notepad++)  COTS11(PN2)  COTS 9 Notetab-Std) COTS 12 (PSPAD)

Metric
GQM Based Operational Questions  Type

Satisfaction

c c

o s o o
8 8 8 8
m Id I I
b b 5 %
- - - -
m -} [} [}
v v v wv

']

(]
T:" o
> F

Does the system able to
search the content in

files/folders/subdirectorie? |BIN 1] 100 TRUE 1 1.00| TRUE 1 1.00[ TRUE 0| 0.00| FALSE 1| 1.00] TRUE
Does the system have the
WYSIWYG text editor? BIN 1] 100 TRUE 1 1.00| TRUE 1 1.00[ TRUE 0| 0.00| FALSE 1| 1.00] TRUE

Does the system is able to
open the simultaneous file

in tahs? BIN 1] 1.00] TRUE 1 1.00| TRUE 1 1.00[ TRUE 1/ 1.00| TRUE 1| 1.00] TRUE
Does the system have the
Zoom-in/ out facility? BIN 0| 0.00] FALSE 1 1.00| TRUE 1 1.00[ TRUE 0| 0.00| FALSE 0| 0.00] FALSE

Does it offer a technique to
highlight the syntax for
various languages like C,
C#+, JAVA, PHP, Perl,
Python? BIN 1] 100 TRUE 1 1.00| TRUE 1 1.00[ TRUE 0| 0.00| FALSE 1| 1.00] TRUE
Is the system provide the

Syntax Folding feature? BIN 0| 0.00] FALSE 1| 1.00| TRUE 1| 1.00] TRUE 0| 0.00| FALSE 0 0.00] FALSE

Does it offer Code
comment/ uncomment gy 0| o000 Fatse | 2| 200/tRue| 1 100/ TRUE | o o.00[Fase| 1 1.0/ TRUE

iming Editing Features

Figure C.6: Feature Evaluation Results Part (2/6)
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Features COTS 2 (Crimson Editor) COTS 7 (Notepad+t)  COTS11(PN2)  COTS9 (Notetab-Std) COTS 12 (PSPAD)

Metric
GQM Based Operational Questions  Type

= = = = =
g s s s g
g % & t g
m ld m ld m
5 i 5 i 5
E - o - E
m 1] m 1] m
1] [7)] [7}] W 1]

E Does the system provide
E" compilation & execution of
£ |the scripts? BIN 1| 1.00] TRUE 0| 0.00| FALSE 0| 0.00| FALSE 0| 0.00 FALSE 1| 1.00| TRUE
Does the system provide
Bracket Matching? BIN 0| 0.00) FALSE 0| 0.00 FALSE 0| 0.00| FALSE 0| 0.00 FALSE 1/ 1.00| TRUE
Does it offer a feature in
order to have the spell
check of the document? BIN 0| 0.00) FALSE 0| 0.00 FALSE 0| 0.00| FALSE 0| 0.00 FALSE 1) 1.00| TRUE
Does it offer a tool to have Very Very
_: the stastics of the words Exact Poor Zero Exact Poor
{2 |present in the document? |ORDN 3| 1.00|Match 1| 0.33|Match 0| 0.00|Match 3|  1.00|Match 1| 0.33|Match
£ [iit able to mail the Very
% document as attachment/ Zero Poor Poor Exact Exact
@ |text or export it? ORDN 0| 0.00|Match 1| 0.33Match 2| 0.67|Match 3|  1.00Match 3| 1.00|Match
@ |Is the system having the Very Very
E Multi-view feature in order Zero Poor Poor Zero Exact
ﬁ to have the comparison?  |ORDN 0| 0.00|Match 1| 0.33|Match 1 0.33|Match 0| 0.00Match 3| 1.00|Match
©  |Doesthe system support
UNICODE Encoding scheme? |BIN 1| 1.00/ TRUE 1| 1.00| TRUE 1 1.00| TRUE 0| 0.00 FALSE 1/ 1.00| TRUE

Figure C.6: Feature Evaluation Results Part (3/6)

Features COTS 2 (Crimson Editor) COTS 7 (Notepad+t) COTS11(PN2) COTS 9 (Notetab-Std) COTS 12 (PSPAD)
c c £ c c
2 2 & z 2
t t 1 1 &
n (] n n n
Metric i B i i i
L] L £ - -
GQM Based Operational Questions  Type a a @ a a
Is the system having the
session management
feature? BIN 0] 0.00 FALSE 1 1.00) TRUE 0] 0.00| FALSE 0] 0.00] FALSE 1| 1.00| TRUE
Has the Vendor been good Poor Exact Exact Poor Exact
in past? ORDN 2| 0.67Match 3| 100\Match | 3| 1.00Match 2| 067Match| 3| L100|Match
s Very
O |How the market as a whole Poor Exact Exact Foor Exact
2 |thinks about the product? |ORDN 1) 0.33|Match 3| 1.00Match 3| 1.00Match 2| 0.67Match 3| 1.00|Match
_ﬂ A vendor that has been in
_E business for a long time is
£ |more likely to continue
e providing upgrades and Very
maintenance services in the Poor Exact Exact Poor Exact
future? ORDN 1| 0.33|Match 3| 1.00Match 3| 1.00|Match 2| 0.67Match 3| 1.00|Match
Does the vendor provide
books and manuals for Zero Zero Poor Zero Poor
installation purpose? ORDN 0| 0.00{Match 0| 0.00Match 2| 0.67Match 0| 0.00Match 2| 0.67|Match
£ Very Very Very Very Very
a Does the vendor provide Foor Poor Poor Poor Poor
7 |free support by expert?  |ORDN 1| 0.33|Match 1| 0.33|Match 1| 0.33Match 1| 033Match| 1) 0.33|Match

Figure C.6: Feature Evaluation Results Part (4/6)
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Features COTS 2 (Crimson Editor) COTS 7 (Notepact#)  COTS11(PN2)  COTS S (Notetab-Std) (COTS 12 (PSPAD)

= c E = =
4 g & 4 =
t t t t t
] ] ] ] ]
Metric % o o s g H %
. ] T T @ §s = T
GQM Based Operational Questions  Type 0n (1] " wy» F 1]
% |Does the vendor provide
% free manual & online help Exact Exact Exact Exact Exact
T for application usage? ORDN 3| 1.00(Match 3| 1.00|Match 3| 1.00Match 3| 1.00{Match 3| 1.00|Match
Does the vendor provide Very Very
free training , video, mailing Zero Poor Poor Poor Poor
list help for application ORDN 0| 0.00(Match 2| 0.67|Match 1| 0.33Match 2| 0.67|Match 1| 0.33|Match
recording and playback
facility to ease out the
5 work? BIN 1| 1.00| TRUE 1| 1.00| TRUE 1| 1.00| TRUE 0| 0.00| FALSE 1| 1.00| TRUE
'E Does it provide the feature Exact Poor Poor Exact Exact
2 |for Char Case Change? ORDN 3| 1.00[Match 2| 0.67|Match 2| 0.67Match 3| 1.00|Match 3| 1.00|Match

Figure C.6: Feature Evaluation Results Part (5/6)

Features COTS 2 (Crimson Editor) COTS 7 (Notepad#+)  COTS11(PN2)  COTS9 Notetah-Std) COTS 12 (PSPAD)
‘ ‘ g : ‘
g ! g ; g
Metric . i % b .
- - o - -
GQM Based Operational Questions  Type 0 b @ @ 0
Does the system provide
feature for staying on top? |BIN 1| 100| TRUE 1| 1.00) TRUE 1 100/ TRUE 1| 100/ TRUE 1) 1.00] TRUE
Is the user provided with
option to change the Font Exact Exact Exact Exact Exact
size? ORDN 3| 1.00Match 3| 1.00[Match| 3| 1.00|Match 3| L100Match| 3| 1.00|Maich
option to have different
Font style and colour Exact Exact Exact Exact Exact
> |setting? ORDN 3| 1.00\Match 3| 100Match | 3| 1.00\Match 3| 100Match| 3| 1.00|Match
E Does the system provide
E Multilanguage Environment Very
“ lsupport like Chinese, Arabic Zero Exact Poor Zero Exact
ete...) ORDN 0| 0.00Match 3| 1.00|Match 1| 0.33|Match 0| 0.00Match 3| 1.00|Match
Is the system having the
plug-in feature in order to
extend the functionality of
the system? BIN 0| 0.0 FALSE 1| 1.00| TRUE 1 1.00| TRUE 0| 0.00| FALSE 0| 0.00| FALSE

Figure C.6: Feature Evaluation Results Part (6/6)
C.3 Identified Mismatches and their Mitigation Action

This section lists the identified mismatches andech mismatch, its mismatch value
MV (x;), description and new mismatch value after hagdiiacision also included. It
also lists the mitigation action like plug-in, med requirements used to resolve the

mismatches identified. After using the action, nengematch value is calculated by
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setting the mismatch value to 0O if the mismatcbospletely resolved or ignored and

remains the same if not resolvable.

C.3.1 Notepad ++

COTS 7 (Motepad ++)

Features
GQOM Based Operational
Questions

Mismatch
Value

New Mismatch

Description Mitigation Action Value (MV)

Does it offer a feature in order
to have the spell check of the
document?

1.00

Feature not
present

Resolve using Spell
Check Plugin

Does it offer a tool to have
the stastics of the words
present in the document?

0.67

Tool counts the
words/char/lines
in the selected
text

Resolve using Math pad
plugin feature

Is it able to mail the document
as attachment or text or
export it?

0.67

It mails the
document via
outlook but not
export it as
HTML/RTF

Resolve by adding
plugin for exporting file
as RTF or HTML

Is the system having the Multi-|
view feature in order to have
the comparison?

0.67

Earlier it supports
Multi-view only
but no
highlighting of
text differnecs

Resolve using Compare
plugin feature

Does the system provide
compilation & execution of
the scripts?

1.00

Feature not
present

Mot Resolvable

Does the system provide
Bracket Matching?

1.00

Feature not
present

Refine using the plugin
"Xbracket "which
provides
Autocompletion of
brackets also

Does the vendor provide
books and manuals for
installation purpose?

1.00

Feature not
present

Resolve by adding the
Documentation for
installation

Does the vendor provide free
support by expert?

0.67

It provides only
online help and
contents help

Refine as the vendor
provide help through
Forum Discussion

Does the vendor provide free
training , video, mailing list

It provides only
online help and

help for application usage? 0.33|contents help lgnore
It provides change
to Uppercase &
Lowercase but not

Does it provide the feature for invertion &

Char Case Change? 0.33|Capitalize feature |lgnore

Figure C.7: Mismatch Handling for Notepad++
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C.3.2 Programmer’s Notepad

Features Programmer's Notepad New

GQM Based Operational Mismatch Mismatch
Questions Value (MV) Description Mitigation Action Value (MV)
Does it offer a feature in order

to have the spell check of the Spell Check feature is Resolve by adding

document? 1.00|absent here. SpellCheck plugin 0

Does it offer a tool to have Tool to count the stastics of

the stastics of the words the characters/words/lines [Resolve by adding

present in the document? 1.00|is absent Mathpad tool 0

Is it able to mail the document Export the document as

as attachment or text or RTF/ HTML is there but not

export it? 0.33|able to send the mail. Not resolvahle 0.33
Multi-view(either

Is the system having the Multi- horizontal/vertical is there)

view feature in order to have but not able to highlight

the comparison? 0.67|the text diffrence Not resolvahle 0.666667
Session management for

Is the system having the the active files is not

session management feature? 1.00|present Not resolvable 1

Does the system provide
compilation & execution of

the scripts? 1.00|Feature not present Not resolvable 1

Does the system provide

Bracket Matching? 1.00|Feature not present Not resolvahble 1

Does the vendor provide Resolve by adding the

books and manuals for Documentation for

installation purpose? 0.33|Feature not present installation 0
Refine as the vendor

Does the vendor provide free it provides online help and |provide help through

support by expert? 0.67 |contents help only Forum Discussion 0

Does the vendor provide free

training , video, mailing list it provides online help and

help for application usage? 0.67 |contents help only lgnore 0

It provides change to
Uppercase & Lowercase but
Does it provide the feature for not invertion, Capitalize
Char Case Change? 0.33|feature lgnore 0

Figure C.8: Mismatch Handling for Programmer’s Notepad
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C.3.3 PSPAD Editor

Features PSPAD Editor

Mew

GQM Based Operational
Questions

Mismatch
Value [MV)

Mismatch
Mitigation Action

Value (MV) Description

Tool count the
Does it offer a tool to have the wordsfchar/lines
stastics of the words present in at the time text
the document? 0.67 |selection Mot Resolvable 0.67
Does the system have the Zoom- Feature not Refine as it provides to
in/ out facility? 1.00|present increase the Font Size 0
Is the system provide the Syntax Feature not
Folding feature? 1.00|present Mot Resolvable 1
Does the vendor provide books Resolve by adding the
and manuals for installation Feature not Documentation for
purpose? 0.33|present installation 0
it provides
online helpand |Refine as the vendor
Does the vendor provide free contents help provide help through
support by expert? 0.67 |only Forum Discussion 0
it provides
Does the vendor provide free online help and
training , video, mailing list help contents help
for application usage? 0.67|only Ignore 0
Is the system having the plug-in
feature in order to extend the Feature not
functionality of the system? 1.00|present Mot Resolvable 1

Figure C.9: Mismatch Handling for PSPAD Editor
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