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ABSTRACT

Traditional software development process is gradually being replaced by Commercial Off-the-
shelf (COTS) based software development (CBSD). The reason for this replacement is the
availability of ready-made software packages. There are numerous benefits to the use of
packaged software, reduced cost and less development time being few. The selection of only the
most suitable COTS software product is an indispensable task in CBSD that should be done
circumspectly. The success of such a development depends on the evaluation & selection
methodology being followed. A perfect evaluation approach is expected to separate the wheat
from the chaff. Various evaluation approaches have been proposed over the last few decades
which rely on different criteria for singling out favorable contenders but the absence of a formal

method indicates that this area of research is still miles away from its heyday.

Thorough approach for evaluation and selection of COTS products (TAES-COTS) proposed in
this thesis is an approach that evaluates COTS products based on progressive filtration. It is a
five step approach that evaluates products against different criteria at three different stages. It
evaluates COTS software based on both functional and non-functional requirements and assists
the evaluators in choosing the optimal software product in times of uncertainty. Effort has been
made to come up with an approach that overcomes the limitations found in other approaches
with the objective of being thorough enough to cover all aspects of COTS software selection and
at the same time being simple enough to be practically implementable. To save the evaluators
some time, this approach is accompanied by a prototype tool “COTSEVAL” that helps the
examiners conduct the Non-Functional Requirements (NFRs) based evaluation.

vii
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Chapter 1 Introduction

This chapter consists of a brief introduction about various terminologies and concepts that are a
part of this research work. The objective of this chapter is to build: a basic understanding of the
concepts and the purpose of this research work. This chapter is divided into various sections.
COTS, its examples and its benefits are discussed in section 1.1. Section 1.2 discusses
differences between a software development process that involves use of COTS products and
traditional software development process. Section 1.3 contains a discussion about the COTS
product selection. Section 1.4 briefly discusses non-functional requirements. In section 1.5,
decision support system is described. Section 1.6 contains information about AHP. Rule-based
reasoning is discussed in section 1.7. Section 1.8 comprises background, motivation and scope.

Section 1.9 contains the problem statement and thesis outline is describes in section 1.9.
1.1 COTS
“COTS” stands for Commercial Off-The-Shelf. Two things need to be discussed over here:

e Commercial
e Off-the-shelf

Commercial means that software is available for the use in the market but the consumer has to
pay a fee for its usage or acquisition. Off-the-shelf means that the user needs not to develop it
since it is already developed and available. So a COTS product refers to software that is readily

available but its users are charged an amount for it [1].
1.1.1 Examples of COTS

A number of software products can be considered COTS. It can be antivirus software, Enterprise
resource planning (ERP) software, an operating system etc. The most common example is
Microsoft Office.

1.1.2 Advantages of COTS

There are a number of advantages of using COTS products. They are cheaper as compared to

custom built software systems. Since they are readily available, the time consumed in



development is saved. Design or production bugs are fixed earlier as there are numerous users to
provide feedback [2].

1.2 COTS Based and Traditional Software Development
Traditionally, software development consists of phases like:

e Requirement:

e Design

e Implementation
e Testing

e Deployment

e Maintenance

But the phases and their order vary from model to model followed for the development. Also the
activities conducted in each phase may vary as well. On the other hand a COTS based software

development might contain Phases such as:

e Identification: Identification phase normally consists of activities like Preparation,
Requirement Gathering, Planning, Methodology Selection, Product searching etc.

e Selection: In this phase activities regarding selection of most suitable candidate from a
list of available candidates are conducted e.g. evaluation.

e Integration: Activities like integration of multiple COTS products etc are carried out

followed by documenting the process etc.
And just like traditional software development, activities may vary here as well [3].
1.3 COTS Selection

The main focus of our research is COTS product selection. A number of selection methodologies
are discussed in detail in chapter 2. The COTS selection phase of COTS based software
development is a process in itself and perhaps the most crucial and decisive one. The successful
completion of the whole development process depends mostly if not solely on choosing the right
COTS candidate [4]. It is not possible to choose a suitable product in absence of a proper

selection mechanism. A number of techniques have been proposed over the last few decades
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which rely on different criteria for singling out favorable contenders. The criteria used for this

might be:

e Functional Requirements

e Non-Functional Requirements (NFR)

No matter what criterion is used, a good criterion should be able to tell apart and identify desired

product for the ease of its users [5].
1.4 Non-Functional Requirements

The NFRs unlike functional requirements describe the way of assessing how the system operates
instead of describing the functionality. They determine the quality of a piece of software. The
terms non-functional requirements, constraints and quality attributes are often interchangeably
used [6]. Some consider non-functional requirements a broader term that encapsulate various
attributes. Figure 1 shows that non-functional requirements contain quality attributes,

architectural attributes, domain attributes and organizational attributes as subsets[5], [7].

/NON-FUNCTIONAL REQUIREMEI\D
Quality
Attributes
Architectural
Attributes
Domain
Attributes

Organizational

\ Attributes /

Figure 1: Non-Functional Requirements

1.5 Decision Support System (DSS)

As its name suggests, a DSS is a software tool that aids in decision making. It takes into

consideration a number of factors and proposes the best possible solution to the user. DSS is in

3



no way a substitute for human beings but help them in making complex decisions [8]. Such
decisions are often critical and human beings are likely to skip important factors which should be
otherwise taken into consideration. A Decision support system consists of the following

elements:

e A knowledge base or Database
e Model that specifies the criteria of evaluation

e A user interface that enables the users to interact with the DSS
Above mentioned elements serve as the building blocks of any DSS architecture [8][9].

1.6 AHP

AHP stands for Analytic Hierarchy Process. It is a mathematical technique for examining and
solving complex decision problems, which was invented by Thomas L. Saaty in 1900s. It is

based on the principle of “divide and conquer”. Consider the figure 2 for a better understanding:

GOAL
CRITERIA 1 CRITERIA 2 |---ocveeeeiienenes CRITERIA 'n’'
OPTION 1 OPTION 2 OPTION3 |--ooooovee OPTION 'n’

Figure 2: Analytic Hierarchy Process AHP

It is applied is situations where one option amongst a list of available alternatives is to be
selected [10]. It uses a hierarchal approach for dividing a main problem into sub problems and

then evaluates various different solutions that are present to solve the problem. The working of
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AHP is described by example in Figure 2. Here the example of achieving a certain goal is
presented. To achieve this goal the goal itself is divided into a number of criteria that will help in
achieving it. Various different options are evaluated against these criteria and mapped to the
overall goal [11]. The application of this technique is not bound to a single field. It can be

applied in a number of areas including, education, business, healthcare and numerous other
fields.

1.7 Rule-Based Reasoning

Rule-based reasoning refers to a kind of reasoning that makes use of statements that have “IF-
THEN-ELSE” format. It is implemented using a rule-based system. In a rule-based system,
inference mechanism tries to locate a rule that matches the desired pattern and then acts
accordingly. Expert System is an example of such systems. The IF portion of the statement
checks if the condition stands true, the THEN portion specifies taking a particular action, and the
ELSE portion specifies an action which will be carried out in-case the IF stands FALSE.
Consider the example:

IF points are greater than 100

THEN deduct 10

ELSE deduct 5.

Normally a rule-based system consists of [12]:

e Rule Base (Knowledge base)
e Inference Engine
e Memory

e User Interface

Basic Architecture is shown in Figure 3. User interacts with the system through a user interface.
Based on that interaction and input, the inference engine takes an action. Inference engine first
tries to match the input to the rule-base/knowledge base, if a match occurs; it looks for the action

to be taken and then takes an action accordingly.
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Figure 3: Rule-Based System Architecture

1.8 Background, Scope and Motivation

The Process of Software development is changing rapidly. With the evolution in technology and
growth in software industry, user requirements have started to change exponentially faster. This
has lead to the creation of a whole new approach that serves as a replacement for the traditional
software development. This approach is implemented through the use of pre-existing software
packages called COTS [5]. The success of such approach largely depends on the selection
methodology that is being followed [13]. If chosen correctly, the use of such products can result
in reduced cost, less development time and various other benefits [14], [15]. There are a number
of available methods, each having its own advantages as well as limitations but unfortunately

there is no method that fits in all situations and could be formalized [5], [16].

This research work is an effort to address various problems that are faced during the COTS
evaluation and selection process. Questions like how and what should be done are answered in
detail. A thorough approach is presented for the evaluation for products that is supported by a
working prototype tool. Effort has been made to come up with an approach that has strengths of

as much as possible number of methodologies and limitations of none.



1.9 Problem Statement

» The aim of this work is “to propose a comprehensive approach for systematic evaluation
and selection COTS components.” This can be broken down into two sub-tasks:

o To propose an approach that evaluates COTS software based on both functional
and non-functional requirements and assists the evaluators in choosing the
optimal software product.

o To propose an approach that is thorough enough to cover all aspects of COTS
software selection and at the same time simple enough to be practically

implementable.
1.10 Thesis Outline

The structure of this thesis is shown in figure 4. It has five chapters. Chapter 1 introduces its
readers to various terminologies and concepts that are a part of this research work. Chapter 2 is
literature review, which discusses different related methodologies and techniques. Chapter 3 and
4 are about the proposed approach and its implementation & results, respectively. Chapter 5

concludes the thesis.

THESIS OUTLINE

| CHAPTER 1

| INTRODUCTION
| CHAPTER 2

| LITERATURE REVIEW
| CHAPTER 3

| PROPOSED APPROACH
| CHAPTER 4

| IMPLEMENTATION & RESULTS
CHAPTER 5

| CONCLUSION & FUTURE WORK

Figure 4: Thesis Outline



Chapter 2 Literature Review

This chapter discusses noteworthy contributions in literature relevant to evaluation and selection
of COTS software. Section 2.1 discusses various approaches and section 2.2 contains a summary

of best practices and common limitations found in most of the methodologies.
2.1 COTS Evaluation & Selection

A number of COTS evaluation methods have been proposed over the last couple of decades.
Some propose evaluation criteria and some suggest, instruct and guide about making the
evaluation efficient. In this chapter few of those methods have been discussed. Summary of each

is given in the following sub-sections:
2.1.1 OTSO

OTSO (Off-The-Shelf-Option) [17] proposed by J. Kontio is a method for comparison of COTS
products. It is one of the earliest methods and perhaps the most widespread method which serves

as a basis for many other approaches present in literature. It is divided into six steps:

e Search
e Screen
e Evaluate
e Analyze
e Deploy
e Assess

It conducts cost-value analysis which serves as the criteria for evaluating COTS software. The
analysis for each software product, under consideration, is carried out based on AHP model. It is
often criticized for not being effective in cases where large numbers of products are to be

evaluated since it uses AHP which uses pair-wise comparisons.
2.1.2 lusWare

lusWare (IUStitia softWARIs) [18] proposed by M. Morisio and A. Tsoukias claims to be a

COTS evaluation methodology that formally and thoroughly evaluates products. It is based on



multi-criteria decision aid (also known as MCDM or MCDA) which is an area of operational
research that deals with techniques to improve decision making capabilities. It works in two

phases:

e Designing of model

e Implementation of the designed model.

The strength of this approach is that it considers quality attributes and its weakness is not taking

into consideration, the user requirements.
2.1.3 CEP

The CEP (Comparative Evaluation Process) [19] proposed by Barbara Cavanaugh Phillips and
Susan M. Polen is an approach established on spreadsheet model that helps evaluate the software
components, particularly COTS. It introduced the use of credibility factor (CF) which takes into
consideration the reliability of the data originator. Importance is given to the trustworthy sources,
and the credibility factor in combination with the criteria determines the overall rating of a

product. The process is shown in figure 5. It is based on five activities:

e Effort estimation

e Search & Screen

e Define Evaluation Criteria
e Evaluate

e Inspect results

It is praised for its use credibility factor but just like ITusWare, it doesn’t focus on the

requirements and presumes that they already exist.
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Figure 5: CEP (Comparative Evaluation Process) [19]
2.1.4 CRE

CRE (COTS based on Requirements Engineering) [20] is a requirement centered COTS selection
approach by Carina Alves and Jaelson Castro. It selects by rejecting the unwanted candidates

while working in iterations. It works in four phases:

e Identify
e Describe
e Evaluate
e Accept

The strength of this approach is that unlike few others it considers both functional and NFRs in
evaluation process. This requirement driven approach is limited to a lower number of products
under evaluation and fewer evaluation criteria. Cost value analysis is emphasized but guidelines

to achieve such balance are not provided in this approach.
2.1.5 CAP

CAP (COTS Acquisition Process) [21] is a COTS selection method proposed by Michael Ochs et
al. It claims to be a systematic and efficient method and suggests customization of not only the

inspection criteria but the inspection process as well. The method has three basic elements:
e CAP-IC (Initialize)
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e CAP-EC (Execute)
e CAP-RC (Reuse)

The best features of this method are its estimating the overall effort required and use of RC
(Reuse Component) that will keep information helpful in future. But like few other methods it

also assumes that the requirements are already available.
2.1.6 CARE

CARE (COTS-Aware Requirements Engineering) [22] is a process-oriented approach proposed
by Chung Lawrence et al that targets the requirement stage in particular. It introduces the
concept of requirement negotiation and argues the existence of requirements that may not be
provided. The overview is given in the figure 6. It consists of five stages starting with objective
definition, followed by search for COTS, classification of products, change settlement and

finally selection of favorable candidate.

The strength of this approach is its ability to address the problem of mismatching issue. But it is

also considered its weakness because not sufficient guidelines are provided to solve this problem.

Define Goals
create a System Goal Model using

% R Framework, etc.

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

select set of COTS,
components

Changes
to COTS, SUD

Rank Components
perform a gap analysis to
rank the COTS components
using the NFR Framework

where
SUD is the system under development

Figure 6: CARE (COTS-Aware Requirements Engineering) [22]
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2.1.7 STACE

STACE (Social-Technical Approach to COTS Evaluation) [23] proposed by Douglas Kunda and
Laurence Brooks highlights the importance of customer involvement in the evaluation of
products. It argues the importance of non-technical issues that are often neglected in the selection
process like social and institutional features. The basic framework is shown in figure 7.

The strength of this approach is taking into account the social and other non-technical issues but

it requires an immense effort to practically implement it.

Market Studies Requirements

elicitation

System
documents

Domain

Social-technical knowledge Stakeholders
criteria / \
Technology Functionality Customer Available
factors characteristics Participation alternatives
in
Quality Social-economic Techniques such as market
characteristic factors research, Internet search and fairs
\ / Alternatives
Customer Evaluation identification
Participation Strategy
Evaluation Data Data
(assessment) collection analysis
techniques techniques

Figure 7: STACE [23]

2.1.8 PECA

It is an approach proposed by Santiago Comella-Dorda et al [24] that focuses on collecting the
appropriate data necessary for the evaluation process instead of focusing on the evaluation. It
gives detailed instruction about customization of the process to suit oneself. It consists of four

steps:

e Plan

e Establish criteria

12



e Collect info

e Analyze data
Customizability can be considered its strength.
2.1.9 MIHOS

MiHOS (Mismatch Handling for COTS Selection) [25] proposed by Abdallah Mohamed et al
targets the mismatches that are encountered during the selection process. It can be integrated
with other approaches both during and after the selection and evaluation. It relies and focuses on
functional requirements only. Also practically implementing this approach can prove to be a

tedious job.
2.1.10 Storyboard

Storyboard approach [26] proposed by Sallie Gregor et al emphasizes on the use of use-cases and
screenshots to gain complete knowledge of user requirements which will eventually lead to
selection of most suitable COTS product. It does not provide an evaluation technique but
suggests that clear requirements will result in less effort required for evaluation and future

integration.
2.1.11 UnHOS

UnHOS (Uncertainty Handling in COTS Selection) [27] is a method for COTS evaluation
proposed by Hamdy Ibrahim et al. It is a mixed approach based on AHP and BBN (Bayesian
Belief Network). Probabilities are graphically shown in BBN models. UnHOS considers the
quotient of uncertainty about the data provided for a COTS product in their selection process.
AHP does all the evaluation whereas BNN is used to present the doubts associated. A tool

supports the evaluation method.

Consideration of the uncertainty can be considered strength of this approach since it is a serious

issue associated with COTS evaluation and selection.
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2.1.12 W-Shaped Framework

Vinay et al proposed W-shaped framework [15] for component selection and product
development process which provides guidelines for both the activities. This method addresses
the issues faced during CBSD (COTS based software development). It considers both functional
and NFRs for filtering out the candidates. The overall framework is shown in figure 8.

Domain Documentation
Analysis
. Component f
Requirement PO
. Repository System
Analysis ; :
Testing
Desired \ System
Component / Selected Assembly
Specification Component
Component Customization/
Selector Adaptation

Figure 8: W-Shaped Framework [15]

2.1.13 IROTS

Idealize Recommendation Off-The-Shelf (IROTS) [14], proposed by M. Shakeel Faridi et al
argues the lack of knowledge regarding COTS evaluation approaches in under development
countries. It focuses on the use of ISO/IEC 25010 quality standard. It discusses issues associated
with the CBSD, the categories of COTS product available in the market and proposes a nine

stage process for product selection.
2.2 Discussion

Based on the critical analysis of the COTS evaluation & selection methods discussed in section
2.1 and other methods from the literature we can conclude that the general problems or

limitations found in most of these approaches are:
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2.2.1 Assuming User requirements Pre-EXxist

Without well understood and properly obtained user requirements, it is not possible for the
evaluators to produce quality results [28]. A number of COTS evaluation methods skip this very
important phase [4]. Without focusing on this phase of the selection process, one increases the
chances of the whole process to become a failure. A formal technique to collect and record
requirements prior to the search of eligible candidates can guide the selectors to the path of

success.
2.2.2 Having a Single Evaluation Criteria

Relying on a single evaluation criterion is another problem that can result in a disaster. One
criterion might consider a particular aspect of a software system in depth but the evaluators
would be overlooking a number of other factors, hence a quality product might get rejected and it
would result into the selection of product that would lead to the failed selection process. Having
multiple criteria gives evaluators the capability to better discriminate the software under
inspection [5], [29].

2.2.3 Not Considering NFRs in the Evaluation

Not considering non-functional requirements while carrying out the assessment is considered a
major shortfall of an approach [30]. NFRs are believed to be an important criterion of evaluation
which plays an important part in efficiently differentiating the products [5], [31]. Evaluation
based on consideration of cost or functional requirements will get the evaluator a product that
seems to be a right choice but it may not essentially be the right and quality product. So,

considering NFR’s is a must in such evaluations.

2.2.4 Not Describing in Detail, What To Do?

One of the main reasons for the selection of COTS based on ad-hoc manner is the limited
assistance provided by the approaches in literature [32]. Many approaches give general
guidelines about how to conduct the selection, but do not describe in detail; what to do? How to
do it? An implementable approach should be thorough enough and should provide guidelines

about each activity conducted during the process.
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2.2.5 Higher Complexity/Effort Level

One can say that there is a trade-off between effectiveness and complexity/Effort. Evaluators
don’t tend to practice approaches that have higher complexity level and require more effort to
execute since such practices will be time-consuming. A supporting tool to assist in conducting
the evaluation process reduces the overall effort and hence the time spent in it. But unfortunately

only a couple of proposed approaches have a tool to support the process [33].

An approach that successfully deals with the above discussed issues can be considered to be

practicing the best practices in COTS selection.
Summary

In this chapter we discussed several COTS evaluation & selection approaches. Strengths and
weaknesses for each were discussed along with the way they work. In the end the common
limitations found in most of the approaches were discussed.
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Chapter 3 Proposed Approach

This chapter discusses the proposed approach in detail. Section 3.1 introduces the approach and
section 3.2 contains its detailed discussion.

3.1 TAES-COTS

Thorough approach for evaluation and selection of COTS products (TAES-COTS) is an
approach that evaluates COTS products based on progressive filtration. It is a five step approach
that evaluates products against different criteria at three different stages. Figure 9 shows the
overall process. The process is divided into five steps that are briefly described in section 3.1.1
and discussed in detail in section 3.2.

3.1.1 Main Steps

e STEP 1: First step of this approach is the preparatory step. Activities like requirement
gathering and roles definition are performed in this approach.

e STEP 2: Second step is searching for the potential candidates to evaluate. Activities
related to search of COTS products that seem to meet the criteria are performed here.

e STEP 3: Third step is the first evaluation that screens out the COTS products based on
functional requirements and cost factor.

e STEP 4: Fourth step is second evaluation that is the detailed COTS evaluation based on
non functional requirements. The products that meet the criteria in step 3 are further
evaluated here. This is the most important step in the evaluation process.

e STEP 5: The last Step is the final and optional evaluation that results in the selection of
most suitable candidate. After this evaluation the process is documented and then

terminated.
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Figure 9: TAES-COTS Approach

3.1.2 Evaluation Criteria

The complete set of criteria and a product’s journey throughout these criteria is shown in figure
10. The products are first evaluated in step 3 based on functional requirements and budget
constraint/cost factor. The products meeting the criteria are forwarded to step 4 for further
evaluation based on the set of non-functional requirements and the rest are rejected. After these
two evaluations, if a single product with significantly higher score then others is found, it is

selected. Otherwise, the top few products are again evaluated based on their vendor information.
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3.2 TAES-COTS in Detalil
This section discusses all the five steps of TAES-COTS in detail.
3.21 STEP1

The first step of this approach is the preparation step. In this step first the roles and

responsibilities are defined. And then user requirements are gathered.
3.2.1.1 Roles and Responsibilities

The team that has been assigned the task to evaluate and select COTS products will have more
than one member in it. It is important that each of them should be aware of his/her

responsibilities. Team needs to manage its manpower efficiently so that the selection is
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conducted well in time and efficiently. The responsibilities of a single member will differ based
on the size of the team. In larger teams one member might only perform a single duty, but in
considerably smaller teams, the responsibilities will increase accordingly. M. Morisio et al [34]
and [35] discuss various roles and responsibilities. For our approach, following key
responsibilities should be divided amongst the team members before starting a formal evaluation

process.

e Requirement gathering (Functional): Requirement engineering is the process of
gathering and recording the user requirements. The person(s) responsible for gathering
the requirements should have knowledge of techniques associated with this process.
Requirements regarding the desired functionality provided by the product are to be
collected from the user by the person responsible.

e Searching the products: The search for the COTS products is another responsibility.
The person responsible for this activity should have knowledge and access to the places
where products are likely to be found.

e Collecting evaluation data (Non-Functional): Gathering input data that will be used in
evaluating the products is perhaps amongst the most important and lengthy tasks. The
person responsible should gather data for each product under evaluation very carefully. If
more than one person is assigned the duty, they should work in pairs for better results.

e Conducting the evaluation: Preferably, more than one person should be assigned the
task to perform this duty. Since this activity will decide the final output of the process,
ideally an experienced, knowledgeable and cautious person(s) should be assigned this
duty.

e Documenting the process: A person should be assigned the task to record the overall
process. Such information might prove helpful in future selections.

e Managing overall process: A person should be responsible to manage the overall
process and keep a check on each activity and also check progress from time to time. And
divide the work amongst the individuals as well. Usually a project manager performs
such duties.

e Checking quality of work: Additionally, a person should take the responsibility of

keeping a check on the quality of work being conducted during the process.
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Other roles and responsibilities can be formed according to needs. The interaction amongst the

individuals involved is a must.
3.2.1.2 Requirement Gathering

Many approaches present in the literature do not discuss this very important activity of COTS
software selection called requirement gathering. Before the evaluators can evaluate the products,
they should know exactly what they should be evaluating. Only correct requirements can lead the
process to the selection of correct product. Combination of questionnaires, use-cases and
storyboards is proposed for gathering functional requirements. Using multiple techniques in
combination will help gather complete and accurate requirements besides that; different
techniques will overcome the limitations of each other. Example of each is shown in figure 11.
Sallie Gregor et al [26] discussed benefits of using storyboard and use-case together in detail.

The brief discussion about each is as under:

e Questionnaire: It is one of the requirements gathering techniques that comprises of a
series of questions. It is a cheap technique and requires considerably less effort to collect
information. But the information gathered via a questionnaire is limited to the questions
asked in it. It should particularly be used to clarify vague information provided by the
user.

e Use-case: A use-case graphically shows the functionalities provided by system in general
from a user’s perspective. A use-case may not describe in detail how the system works
but will definitely describe the overall features present in a system.

e Storyboard: Storyboard is an efficient way of collecting user requirements. It shows
how the system will work in detail with the focus on GUI. Mockups, drawing or screen

captures from similar software are the contents of a storyboard.

Showing the storyboards and use-cases to the user and taking feedback from them on the spot
will help a lot in getting the complete requirements. Once the requirements are gathered, it is
necessary that the user signatures be taken on each of these documents to conclude the
requirement gathering. Note that the focus of this requirement gathering stage will be to capture
functional requirements and information regarding budget constraint for the first evaluation

performed in step 3.
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Figure 11: Questionnaire, Use-case and Storyboard Example

3.22 STEP2

The next step is to search for potential candidates. The main objective of this step should be
gathering information about as much as possible COTS products that seem to meet the criteria
instead of going into the details of whether or not they meet the criteria and at the same time
keeping the search specific [36]. Going into details at this stage of the process will not only result
in more time required to complete this step but also result in missing out the potential candidates
that might have been the required product. Search might be internal or external [19]. The internal

and external search areas are:

e Internal Search Areas: If the evaluation team works for an organization that has a
repository of COTS products, or database containing information regarding COTS
products, it is preferable to first look there for software. If not the previous case, another
area to look for product’s information can be the documents containing information about
the evaluations performed in the past. Not only will it save time, but also information

regarding non-functional requirements needed for evaluation in step 3 will be acquired
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without any effort. The information collected internally will be more reliable since it will
be information based on in-house use of the products.

e External search Areas: Looking online for potential candidates is always an option.
Using search engines might help find a number of candidates easily. Using keywords in a
search engine will suggest a number of packages in no time. Advantages of looking up
for packages online is that not only a greater number of products can be found but also
the products that are newest in market and up-to-date in technology can be spotted pretty
quickly. Besides looking online, organizations that develop software can be contacted
and asked to provide information about their products. Also other organizations that have
friendly relations with the evaluating organization might be requested for such

information if they keep any.
3.2.3 STEP3

Once the information about probable candidates has been collected, it is now time to evaluate
them. This step serves as initial screening of the products; they will be evaluated for the very first
time here. This step considers functional requirements & cost factor as evaluation criteria and
this is where the requirements gathered in step-1 will come into play.

Suppose we have total ‘n’ number of candidates for inspection, if ‘X’ represents the set of all the

candidates and ‘x’ represents a single candidate, then:

X=x1,x2,x3,...,xn ... Eg-3.1

Further suppose that we have total “t” number of functional requirements, if ‘Y’ is a set of
functional requirements that a candidate must possess, ‘y’ represents a single functional
requirement and ‘Z’ is the Budget restriction (i.e. upper limit for the cost of a COTS product)

then:

Y=vy1,yv2,y3,.. ,yt .. Eqg32

23



Now each candidate ‘x” will be examined for Y and Z (i.e. both functional requirements and
budget constraint) and only those candidates will be forwarded for further evaluation in step 4

which fully meet the criteria here.

After stage 3, we will have ‘S’ candidates, such that:

S=X-R ... Eq-33

Where, ‘R’ is the set of rejected candidates and ‘S’ represents the set of selected candidates

(candidates that meet the Y+Z criteria). Figure 12 graphically shows the above discussion.

INITIAL SCREENING

SELECTION CRITERIA

Examine

X
'n' candidates

Y (Bl z

8 R
Selected candidates Rejected candidates

Figure 12: Initial Screening

This evaluation serves two purposes:

e |t eliminates the irrelevant products that can’t be the suitable choice.

e It narrows down the list of products that have to be evaluated in detail in the step-4.

Since only two factors would be considered in evaluation, and only presence or absence of a
requirement will be checked in each product without having to have complex mathematical

calculations; it can easily be done by making a table with checklist. A template has been
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provided in Appendix-A (Table A-1). One key thing to note here is that the functional
requirements have been divided into two lists: mandatory and optional requirements. At the time
of requirement gathering the users must be enquired about the list of functional requirements that
they consider essential for their desired software and the list of those that are optional. Now,
while evaluating the software, the evaluators will reject the products that don’t meet the
mandatory requirements, even if they meet the budget constraint and all the optional
requirements. Only those products will be selected for further evaluations which meet both
mandatory functional requirements and budget constraint. But the products which meet both
mandatory and optional requirements along with the cost factor will be given preference in the
final selection decision after all the evaluations have been conducted. Use of a special flag or tag

is suggested for each candidate meeting the criteria. Table-1 shows the flags:

Table 1: Priority Flags

Products that meet: Products that meet:
e Mandatory Functional e Mandatory Functional
Requirements Requirements
e Optional Functional e Budget Constraint

Requirements
e Budget Constraint
FPS SPS
Flags/Tag (First Priority in selection) (Second Priority in selection)

These flags will play a key role in final selection if multiple products with equal scores are
encountered during the detailed evaluation. In such cases, preference will be given to products
carrying FPS flag.

3.24 STEP4

This step is the main focus of this research work. Here products will be evaluated in detail based
on non-functional requirements. Evaluation based on functional requirement is not a difficult
task to perform, anyone with sufficient knowledge of software can perform such evaluation by
checking the presence of a particular functionality. But consider a scenario where multiple

products meet the functional criteria. How should a product be selected amongst them? In such
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uncertainty, it is essential to perform an evaluation that selects quality software. This step

addresses the same issue.

The underlying logical model for this evaluation is AHP and the quality model being considered

is proposed by Alexandre Alvaro et al [37], [38].
3.2.4.1 Quality Model

As discussed in section 1.4, non-functional requirement is a broad concept that encompasses
quality attributes, architectural attributes, domain and organizational attributes. The problem
with evaluating software based on such characteristics is their qualitative nature. It is important
to find a way and convert these qualitative characteristics into quantitative form. Alexandre
alvaro et al [37] [38] proposed a quality model that divides the basic non-functional requirements
into sub-characteristics and further into sub-sub-characteristics or attributes such that those
attributes are directly measurable. The model has been altered to suit our approach. It is not
practical to use all of the attributes proposed by them, so, after detailed literature survey and
discussion with various professionals, 18 attributes have been selected for use in our approach.
The reason for choosing these attributes was to eliminate the irrelevant or “difficult to measure”
attributes and make it possible for the evaluators to collect data for these attributes easily for
every product under inspection. But at the same time the aim was to retain all those attributes
that comprehensively evaluate the products considering all aspects of software quality. Each of

these 18 attributes belongs to one of the six basic characteristics, which are:

i.  Functionality
ii.  Reliability
iii.  Efficiency
iv.  Usability
v.  Maintainability

vi.  Portability

The attributes, what they mean in our approach and their parent characteristics are shown in
Table 2.

26



Table 2: Attributes and Their Parent Characteristics

S- Attributes Definition Parent

No Characteristic

1. Data Encryption The data encryption mechanism for protecting | Functionality
data

2. Auditability Mechanism for keeping track of users who Functionality
access the data or system

3. Error Handling Mechanism for handling the errors(e.g. Reliability
Exception handling)

4. Response time The time between getting a request and Efficiency
responding to that request

5, Documentation Documentation, Demos, API’s, Tutorials which | Usability

. assist is understanding the COTS product
available

6. Testability Test suits, Info about the errors found, Maintainability
Confirmation that formal testing was done for
that component

7. Memory utilization The memory needed by the component Efficiency

8. Disk utilization Disk space needed by the component Efficiency

9. Modifiability The level of modification that can be done to a | Maintainability
component till it can function properly

10. | Operability Complexity and effort to operate a component | Usability

11. | Customizability Number of customizable attributes that a Maintainability
component offers

12. | Deployability Effort to deploy a component in a particular Portability
environment

13. | Standardization If a component conforms to standards or laws Functionality

14. | Certification If a component is certified by any organization | Functionality

15. | Configuration Effort to transfer a component to other Portability

. environments
capacity

16. | Dependability If a component is dependent on any other Functionality
component to provide its services

17. | Learnability Time and effort to learn to use/configure the Usability
component services

18. | Configurability Effort and time to configure the component Usability

correctly
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3.2.4.2 AHP and Quality Model

As discussed earlier the proposed evaluation is based on AHP. AHP as described in section 1.6
divides the goal into sub-goals and if required, sub-sub-goals. In our approach the goal is to
“Select the optimal COTS product” and to achieve this goal four priority classes have been used.
Each of these classes comprises different attributes discussed in previous section. The classes
along with the attributes they have are shown in table-3, which is as under:

Table 3: Attributes Class Division

CLASSES | ATTRIBUTES
CLASS-A | Data Encryption
Auditability

Error Handling

Response time

Documentation available

Testability
CLASS-B | Memory utilization

Disk utilization
Modifiability

Operability

Customizability
CLASS-C | Deployability

Standardization

Certification

Configuration capacity
CLASS-D | Dependability

Learnability

Configurability

Not all aspects of a single characteristic are equally important, some are preferred over others.

Their distribution in classes help in prioritizing these attributes. The class-A is the top priority
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class, followed by class-B. Class-C is third in priority and class-D the last. The AHP model here
gets the form shown in Figure 13. The value of each attribute will determine the score of class
that it belongs to, and the classes together will determine the overall suitability of a COTS
product. Unlike traditional AHP comparisons, our approach uses a modified version and relies

on rule-based reasoning for comparisons.

AHP in TAES-COTS
GOAL
(CHOOSE OPTIMAL
PRODUCT)
CLASS-A Attribs CLASS-B Attribs CLASS-C Attribs CLASS-D Attribs
Attrib 7 Attrib 12

Attrib 1 Attrib 8 Attrib 13 Attrib 16
Attrib 2 Attrib 9 Attrib 14 T
e Attrib 10 Attrib 15 TR
Attrib 4 Attrib 11

Attrib 5

Attrib 6

COTS Product 1 COTS Product 2 COTS Product 3

Figure 13: AHP in TAES-COTS
3.2.4.3 Attributes, Class Values and Rule-Base

The values of attributes determine score of classes and the classes eventually show the overall
suitability of a product under evaluation. The range of values that can be entered for each
attribute is between 0 and 1. Whereas the score of a class is calculated by taking average of the

values of attributes. The equation for calculation of class’s score is as under:

72

_ 1 2 - -

ClassScore = . = e Atrrlbi Eq 3.4
=1

i
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Where Attrib; is the value of a single attribute and “n” is the total number of attributes present in

a class. The metrics used to measure the attributes are:

e Presence: P(Present)/A(Absent)

e Level: L(Low)/H(High)

To determine the value of an attribute, the evaluators should check the presence or level of an

attribute. The metrics, value ranges and desirable values for each attribute are given in table-4.

Table 4: Attribute’s Metric, Value, and Desirability

S-No Attributes Metric Values Desirability

1 Data Encryption (P/A) | (0to1) (1.0 for P/0.0 for A) | Presence is desirable
2 Auditability (P/A) | (0to1) (1.0 for P/0.0 for A) | Presence is desirable
3 Error Handling (P/A) | (0to1) (1.0 for P/0.0 for A) | Presence is desirable
4. Response time (L/H) | (0to1l)(1.0for L/0.0 for H) | Low level desirable

5 Documentation available | (P/A) | (0to 1) (1.0 for P/0.0 for A) | Presence is desirable
6 Testability (P/A) | (0to1) (1.0 for P/0.0 for A) | Presence is desirable
7 Memory utilization (L/H) | (0to1l) (1.0 for L/0.0 for H) | Low level desirable

8 Disk utilization (L/H) | (0to1l)(1.0for L/0.0 for H) | Low level desirable

9 Modifiability (L/H) | (0to1)(0.0for L/1.0 for H) | High level desirable
10. Operability (L/H) | (0to1l) (1.0 for L/0.0 for H) | Low level desirable

11. Customizability (L/H) | (0to1) (0.0 for L/1.0 for H) | High level desirable

12. Deployability (L/H) |(0to1l) (1.0 for L/0.0 for H) | Low level desirable

13. Standardization (P/A) | (0to1) (1.0 for P/0.0 for A) | Presence is desirable
14, Certification (P/A) | (0to1) (1.0 for P/0.0 for A) | Presence is desirable
15. Configuration capacity (L/H) |(0to1l) (1.0 for L/0.0 for H) | Low level desirable

16. Dependability (LH) | (0to1l) (1.0 forL/0.0 for H) | Low level desirable

17. Learnability (L/H) | (0to1l) (1.0 for L/0.0 for H) | Low level desirable

18. Configurability (L/H) | (0to1) (1.0 for L/0.0 for H) | Low level desirable

Based on the score of a class, its value is determined as under:
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e If (ClassScore >= 0.0 & ClassScore <= 0.4) then ClassValue = L(Low)
e If (ClassScore > 0.4 & ClassScore <= 0.7) then ClassValue = M(Medium)
e |f (ClassScore > 0.7 & ClassScore <= 1.0) then ClassValue = H(High)

And the values of these classes determine the overall suitability of a COTS product. Values of
these classes are taken as input and matched against the 81 rules. The 81 rules are given by the
formula 3”4, where 3 is the total number of values a class can have (L/M/H) and 4 is the total
number of classes (A, B, C and D). The input can be any of the three values (i.e. L/M/H) and

output will be any of the following five values describing the COTS product appropriateness:

e L (Low)

e LM (Low-Medium)
e M (Medium)

e MH (Medium-High)
e H (High)

A single block of the rule base is as under:

IF

CLASS-A VALUE = LOW
AND

CLASS-B VALUE = LOW
AND

CLASS-C VALUE = LOW
AND

CLASS-D VALUE = LOW
THEN

COTS SUITABILITY = LOW

Table 5 shows the overall suitability of a COTS product considering different values for each

class based on the 81 rules.
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Table 5: The Rules

Class-A Class-B Class-C Class-D
S-No Value Value Value Value COTS Suitability
1 A (Low) B (Low) C (Low) D (Low) L(Low)
2 A (Low) B (Low) C (Low) D (medium) | L(Low)
3 A (Low) B (Low) C (Low) D (High) L(Low)
4 A (Low) B (Low) C (medium) | D (Low) L(Low)
5 A (Low) B (Low) C (medium) | D (medium) | L(Low)
6 A (Low) B (Low) C (medium) | D (High) L(Low)
7 A (Low) B (Low) C (High) D (Low) L(Low)
8 A (Low) B (Low) C (High) D (medium) | L(Low)
9 A (Low) B (Low) C (High) D (High) L(Low)
10 A (Low) B (medium) | C (Low) D (Low) L(Low)
11 A (Low) B (medium) | C (Low) D (medium) | L(Low)
12 A (Low) B (medium) | C (Low) D (High) L(Low)
13 A (Low) B (medium) | C (medium) | D (Low) L(Low)
14 A (Low) B (medium) | C (medium) | D (medium) | L(Low)
15 A (Low) B (medium) | C (medium) | D (High) L(Low)
16 A (Low) B (medium) | C (High) D (Low) L(Low)
17 A (Low) B (medium) | C (High) D (medium) | L(Low)
18 A (Low) B (medium) | C (High) D (High) LM(Low-Medium)
19 A (Low) B (High) C (Low) D (Low) LM(Low-Medium)
20 A (Low) B (High) C (Low) D (medium) | LM(Low-Medium)
21 A (Low) B (High) C (Low) D (High) LM(Low-Medium)
22 A (Low) B (High) C (medium) | D (Low) LM(Low-Medium)
23 A (Low) B (High) C (medium) | D (medium) | LM(Low-Medium)
24 A (Low) B (High) C (medium) | D (High) LM(Low-Medium)
25 A (Low) B (High) C (High) D (Low) LM(Low-Medium)
26 A (Low) B (High) C (High) D (medium) | LM(Low-Medium)
27 A (Low) B (High) C (High) D (High) LM(Low-Medium)
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28 A (medium) | B (Low) C (Low) D (Low) LM(Low-Medium)
29 A (medium) | B (Low) C (Low) D (medium) | LM(Low-Medium)
30 A (medium) | B (Low) C (Low) D (High) LM(Low-Medium)
31 A (medium) | B (Low) C (medium) | D (Low) LM(Low-Medium)
32 A (medium) | B (Low) C (medium) | D (medium) | LM(Low-Medium)
33 A (medium) | B (Low) C (medium) | D (High) LM(Low-Medium)
34 A (medium) | B (Low) C (High) D (Low) LM(Low-Medium)
35 A (medium) | B (Low) C (High) D (medium) | LM(Low-Medium)
36 A (medium) | B (Low) C (High) D (High) LM(Low-Medium)
37 A (medium) | B (medium) | C (Low) D (Low) M(medium)
38 A (medium) | B (medium) | C (Low) D (medium) | M(medium)
39 A (medium) | B (medium) | C (Low) D (High) M(medium)
40 A (medium) | B (medium) | C (medium) | D (Low) M(medium)
41 A (medium) | B (medium) | C (medium) | D (medium) | M(medium)
42 A (medium) | B (medium) | C (medium) | D (High) M(medium)
43 A (medium) | B (medium) | C (High) D (Low) M(medium)
44 A (medium) | B (medium) | C (High) D (medium) | M(medium)
45 A (medium) | B (medium) | C (High) D (High) M(medium)
46 A (medium) | B (High) C (Low) D (Low) M(medium)
47 A (medium) | B (High) C (Low) D (medium) | M(medium)
48 A (medium) | B (High) C (Low) D (High) M(medium)
49 A (medium) | B (High) C (medium) | D (Low) M(medium)
50 A (medium) | B (High) C (medium) | D (medium) | M(medium)
51 A (medium) | B (High) C (medium) | D (High) M(medium)
52 A (medium) | B (High) C (High) D (Low) MH(Medium-High)
53 A (medium) | B (High) C (High) D (medium) | MH(Medium-High)
54 A (medium) | B (High) C (High) D (High) MH(Medium-High)
55 A (High) B (Low) C (Low) D (Low) MH(Medium-High)
56 A (High) B (Low) C (Low) D (medium) | MH(Medium-High)
57 A (High) B (Low) C (Low) D (High) MH(Medium-High)
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58 A (High) B (Low) C (medium) | D (Low) MH(Medium-High)
59 A (High) B (Low) C (medium) | D (medium) | MH(Medium-High)
60 A (High) B (Low) C (medium) | D (High) MH(Medium-High)
61 A (High) B (Low) C (High) D (Low) MH(Medium-High)
62 A (High) B (Low) C (High) D (medium) | MH(Medium-High)
63 A (High) B (Low) C (High) D (High) MH(Medium-High)
64 A (High) B (medium) | C (Low) D (Low) MH(Medium-High)
65 A (High) B (medium) | C (Low) D (medium) | MH(Medium-High)
66 A (High) B (medium) | C (Low) D (High) MH(Medium-High)
67 A (High) B (medium) | C (medium) | D (Low) H(High)
68 A (High) B (medium) | C (medium) | D (medium) | H(High)
69 A (High) B (medium) | C (medium) | D (High) H(High)
70 A (High) B (medium) | C (High) D (Low) H(High)
71 A (High) B (medium) | C (High) D (medium) | H(High)
72 A (High) B (medium) | C (High) D (High) H(High)
73 A (High) B (High) C (Low) D (Low) H(High)
74 A (High) B (High) C (Low) D (medium) | H(High)
75 A (High) B (High) C (Low) D (High) H(High)
76 A (High) B (High) C (medium) | D (Low) H(High)
77 A (High) B (High) C (medium) | D (medium) | H(High)
78 A (High) B (High) C (medium) | D (High) H(High)
79 A (High) B (High) C (High) D (Low) H(High)
80 A (High) B (High) C (High) D (medium) | H(High)
81 A (High) B (High) C (High) D (High) H(High)
3.25 STEP5

This is the last stage of propose approach. Ideally, there will be a single optimal COTS product
that will be a leading scorer after evaluation conducted in previous step. In such cases, the
selection process terminates and the whole process is documented for future references. But in

situations where multiple products have equal scores and they are shown to be the right choices,
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they need to be further evaluated. Here, such products are evaluated based on their vendor’s

information.
3.2.5.1 Evaluation Based on Vendor Information

The criteria basically consider the vendor organization’s repute and maturity in the market. A

number of characteristics might be considered for evaluation:

e Time since launch: The time of vendor organization in the market.

e Products available in market: Total number of software products the organization has
produced

e Well known products: Number of well-known or successful products

e User’s comments (word on the street): What do the clients of the organization say
about them

e Organization size: Number of employees or number of locations that the organization
operates at.

e Support availability: Does the organization provide any technical support to its
customers.

e Past experiences: Any purchases or interactions with the vendor organization in the past.

If any, how was the experience?

Other characteristics might be added to suit one’s requirements. Since there will be a small
number of products under evaluation in this stage, the evaluation can easily be done using a
similar approach proposed in step-3. A template has been provided in Appendix-A (Table A-2).
For each entry in the table, the score of 1 shall be given to the product(s) with desirable value
and zero to the rest. In the end, after calculating the total score for each product, the product with

highest score will be the most desirable choice.
3.2.5.2 Documenting the process

[19] Discusses the importance of documentation. All details shall be documented after the
termination of the process. The data about all the products that were considered, the notes about
carrying out a particular step in some specific manner, the problems faced in the evaluation and

every other minor detail. It will prove to be helpful in future evaluations, be it the same team
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carrying out another selection process or a team with new members. The documentation style

and format is out of the scope of this research work.

The main activities of this approach along with the order in which they are performed can be

seen in figure-14.

Gather
( ~* Functional
\ Reqs
Match Match
™ Against Against
Define \ Functional Budget
Roles Reqgs Constrain
Search for ]
Products //
Data for
NERs
I//
Document
the Process - Calculate etermine Done by "COTSEVAL"
Class Class i
Scores Values
Match
Against Match
Vendor Against the
Criteria 4 \\\_/Rule—Base
Figure 14: TAES-COTS Main Activities
Summary

TAES-COTS is an approach that evaluates the COTS products thoroughly and rigorously. In this
chapter the proposed approach i.e. TAES-COTS was discussed. Each of its five steps was

discussed in detail and guidelines were given to efficiently implement each.
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Chapter 4 Implementation and Validation

This chapter discusses the software-tool “COTSEVAL”, developed to assist the evaluators in
step-4 evaluation. It also contains analysis of the results and comparison of TAES-COTS with
other approaches. Section 4.1 contains an introduction of the “COTSEVAL” and discusses its

user interface. Section 4.2 discusses the validation of proposed approach.
4.1 COTSEVAL
4.1.1 Introduction

“COTSEVAL: A Tool for Evaluating COTS Products” is a prototype software that evaluates
COTS products based on the criteria defined in section 3.2.4. It helps in carrying out the detailed
evaluation of COTS products in the fourth step of the proposed approach. The evaluation done in
steps 3 and 5 can easily be done using the templates provided in Appendix-A. But carrying out
the detailed evaluation can prove to be a lengthy and tedious job. So to assist in evaluation and
reduce the evaluation time from days to hours and minutes, this prototype tool has been
developed. The functionalities provided by this tool are shown using a use-case diagram in
figure-15.

Using this tool, a user can perform three basic tasks, which are: User management, COTS
product management and Comparison management. In user management, a user of the system
can add new users, modify information about existing users and delete a user as well. In COTS
management area, a user can add information about a Product, modify information and view
information about a particular product. In Comparison area, a user can perform comparisons,

save them and view information about past comparisons.

COTSEVAL not only serves as a support tool for performing detailed evaluation but also serves
as a data repository for COTS products that may or may not be a part of any comparison activity.
Such information about a product can prove to be useful in future comparisons and will save an

ample amount of time for the evaluators.

The tool has been developed in C# using Microsoft Visual Studio, and database has been created
using Microsoft SQL Server.
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The functionalities and User interface of the tool are discussed in detail in the next section.

Add User

Manage Users

Add
COTS Product Info

Manage
COTS Product
Info

Modify

COTS Product Info

View
COTS Product Info

Compare
COTS Products

Manage Comparisons

View
Past Comparisons

Figure 15: COTSEVAL Use-Case

4.1.2 COTSEVAL User Interface

Only the main functionalities along with the screenshots of main windows are shown in this

section.
4.1.2.1 Main Menu

Once the user successfully logs into the system by providing the correct combination of a

username and a password, the main menu is shown to the user. It has three buttons that redirect
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the user to the user management, COTS product or comparison area accordingly. The snapshot
of the main window is shown in the figure 16 as under:

8 Main Menu

USER MANAGEMENT AREA

COTS PRODUCTS AREA

Figure 16: COTSEVAL Main Menu

4.1.2.2 User Management

Upon clicking on the user management area from the main menu, the user is shown a new
window where user can select any of the available options, which are: to add a new user, modify
user information and delete an existing user. The user-management area is shown in the Figure
17.

39



EE User Mangagement

A Tool For Evaluating COTS Products

MODIFY USER INFO

ADD NEW USER ]

r DELETE A USER

MR-~~~ _ I
| ALY 1 ‘ Hdi

o

Figure 17: COTSEVAL User Management

Il

4.1.2.3 COTS Management Area

In COTS management area a user can add information about a new COTS product which will be
saved in the database, view information about the products saved in the past and modify the
products information which will update the record in the database. The screen-capture of the
COTS management window is shown in figure-18. To be able to perform a comparison, it is
important to first have information about the products that will be considered for a comparison.
This area helps in keeping up-to-date information about all the products. User-friendliness of this
tool enables the user to do so with only few clicks. The buttons enable the user to navigate

between windows very easily.
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Figure 18: COTSEVAL COTS Area

4.1.2.4 Adding Product’s Information

As shown in figure-19, a user has to add two kinds of information about each product i.e.
General Information and Attributes Data. In general information the compulsory fields have an
asterisk sign at the end of their name and rests are optional. In Attributes Data, user selects input
values for all 18 attributes from combo-boxes that will be used in comparisons. The information
about all these 18 attributes is mandatory. Once the information has been provided, the user has
to click on “Save” button to add the entry in the database. The form is first validated and upon
successful validation the information is entered as a new record. The “COTS ID” field uniquely

identifies the products. In-case the user enters an ID that has been previously used, an
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appropriate error message is shown and user is asked to re-enter another ID. Besides that if a
mandatory field’s data is found to be missing, the user is shown an error message and asked to

completely fill the form.

tB Add COTS Product Info

Figure 19: COTSEVAL Add Product’s Info

4.1.2.5 Comparison Area

In comparison area, user has two options: make a comparison by selecting desired COTS
products and view information about the comparison performed in the past by selecting the
Comparison ID from the combo-box. Figure-20 shows the comparison area.
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Figure 20: COTSEVAL Comparison Area

4.1.2.6 Perform a Comparison

To perform a comparison a user has to enter a comparison 1D, select the checkboxes for the
products he/she desires to compare and then click on “Done” button, figure 21-A. Upon clicking
the button, the information about the comparison is saved in the database and same information
and results are shown in another DataGridView. The results contain information about each
product’s class scores, class values and overall score and suitability of the product as shown in
figure 21-B. This comparison and its result can be viewed in future by selecting the comparison

ID from the Combo-Box in “View Past Comparison” window.
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Figure 21-B: COTSEVAL Perform a Comparison



4.2 Comparison and Results
The proposed approach has been validated in three ways:

e Qualitative Comparison
e Validation Part-1 (Data-Set)
e Validation Part -2 (Survey)

These are discussed in detail in the following sub-sections.
4.2.1 Qualitative Comparison
The following factors are considered in qualitative comparison:
e Stages: Number of stages in the approach.
e Evaluation:
e ET: Evaluation technique used in the approach.
e ES: Evaluation strategy.
e MC: Is multiple criteria used for evaluation i.e. more than one type of criteria.
e RD: Are user requirements discussed and mapped to evaluation technique.
e NFRs: Were non-functional requirements considered in evaluation. Four types of NFRs:
e QA: Quality attributes
e AA: Architecture attributes
e DA: Domain attributes
e OA: Organizational attributes
e SDD: Were stages described in detail and guidelines were provided to perform each task.

e ST: Is there any software tool accompanying the approach to assist in evaluation.
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The comparison is shown in the table 6 as under:

Table 6: Qualitative Comparison

Approaches | Stages/ Evaluation MC | RD NFRs SDD | ST
Steps T ET [ ES QA | AA | DA | OA
IROTS [14] 09 | DNP DNP [DNP | N Y N [ N
Y | Y] Y [Y
W-Shaped 05 ANP el Y DNP Y PNC | Y
[15] DNP [ DNP | DNP | DNP
CARE [22] 05 Ranking PF |DNP | Y Y N N
DNP | DNP | DNP | DNP
CEP [19] 05 Weighted | PF | DNP | N Y PNC | N
Averages DNP | DNP | DNP | DNP
TAES- 05 AHP + PF Y Y Y Y Y
COTS RBR+
Priorities Y Y Y Y
PF - Progressive filtration PNC - Partially and Not Completely
RBR - Rule-based Reasoning DNP - Detail Not Provided
ANP - Analytical Network N - No
Process Y - Yes
*** - Uncertain Strategy

4.2.2 Validation Part-1 (Data Set)

To determine the accuracy of the detailed evaluation technique that is conducted in step-4 of the
proposed approach (described in section 3.2.4), the COTSEVAL was populated with
hypothetical data of 32 products given in Table-B1, Appendix-B. The same data set was shared
with 15 professionals working in various private and public sector organizations. Five evaluation
scenarios were considered, each considering sub-sets with randomly selected products from the

main data set.
Few conditions were established prior to the comparison:

e All the participants and COTSEVAL will have same product’s information i.e. 18

attributes data, in any given scenario.

e All the participants shall consider the same level of priority and distribution of classes for

a fair comparison.
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e The participants may use any technique to evaluate products provided that condition

number two stands true.

e The final product selected by majority of participants will be considered the optimal

product.

e Participants can choose more than one product.

Details of the comparison are shown in table 7.

Table 7: Comparison Information

Scenarios

No of Products

Products Involved

SC-1*

05

CT49600
CT42200
CT19400
CT78990
CT67760

SC-2

08

CT85634
CT42200
CT85600
CT57400
CT90092
CT46940
CT65438
CT90800

SC-3

11

CT84000
CT57400
CT73833
CT85634
CT85670
CT78990
CT89300
CT25630
CT35090
CT94500
CT98600

SC-4

16

CT25630
CT46940
CT57400
CT77820
CT98600
CT84000
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CT84676
CT85634
CT90092
CT90800
CT94500
CT28453
CT94679
CT35090
CT38500
CT42200

SC-5

20

CT84000
CT84676
CT85634
CT85670
CT38500
CT42200
CT46940
CT67760
CT95700
CT77820
CT78990
CT49600
CT57400
CT89300
CT90092
CT90800
CT25630
CT35090
CT94500
CT94679

*SC-1 to SC-5 represents the five scenarios

The results of the comparisons are given in table 8.

Table 8: Comparison Results

Scenarios Participant’s Selection COTSEVAL’s Selection
Product Selected No of
Participants
SC-1 CT19400 15 CT19400
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SC-2 CT65438 12 CT65438 & CT85600
CT65438 & CT85600 3
SC-3 CT73833 13 CT73833
CT98600 & CT78990 01
CT78990 01
SC-4 CT28453 13 CT28453
CT28453 & CT98600 01
CT28453 & CT94500 01
SC-5 CT95700 15 CT95700

In each scenario random products were selected from the data-set and in each case our approach

showed 100 percent accuracy and selected the optimal candidates. Figure 22 shows the

percentage of exact and majority match for each scenario.
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Figure 22: Detailed Evaluation Technique’s Accuracy
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The advantage of this validation is that not only the whole evaluation technique was validated
but also the 81rules were proved to be accurate. The time and effort required to complete the
evaluation were other factor that were witnessed to be very less using COTSEVAL as compared
to the manual evaluation carried out by the participants.

4.2.3 Validation Part-2 (Survey)

The whole approach and detailed evaluation technique were also validated by a survey. A
questionnaire was prepared and participants of the survey were asked to answer 21 questions.
The survey form can be seen in appendix-B. The form has three sections: General Software
evaluation & selection related questions, TAES-COTS approach related questions and TAES-
COTS’s detailed evaluation related questions. The questions asked in the questionnaire helped in
measuring various factors. The factors and the questions whose inputs were used to measure

them are shown in table-9 below:

Table 9: Factors Measured in Survey

Whole TAES-COTS Approach

S-No Factors Questions #
1. Thoroughness 06 & 07

2. Effort 08,12 & 14

3. Simplicity 09 & 15

4. Accuracy 11 & 13

5. Practicality 10

TAES-COTS Detailed Evaluation

S-No Factors Question #
1. Completeness 20
2. Effort 16
3. Time Consumption | 18
4. Simplicity 19
5. Accuracy 17
6. Practicality 21
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20 professionals from various private and public sector organizations participated in the survey.

The results of the survey are shown in table 10:

Table 10: Survey Results

Question Answers
#
General Selection Related Questions
1. Yes No
00 20
2. e Cost

e User Ratings

e Functionalities

3. Evaluation & Requirement gathering
4, Yes No Yes Reason:
17 00 Better results
Other Reason:
Depends on the cost of acquisition
5. Yes No
20 00
TAES-COTS Related Questions
6. Yes No
20 00
1. Yes No
20 00
8. Low Medium High
15 05 00
9. Yes No Comment:
17 01 01 - Gathering data for attributes
No - Initial screening
01 — Requirement gathering

o1



10. Yes No Other:
16 01 01 - Also makes it lengthy
01 -70%
01 —80%
11. Yes No
20 00
12. Yes No Other:
17 00 03 - 80 to 90%
13. Yes No Other
17 00 02-90 %
01 -80%
14. Yes No No Reason:
18 01 It will be time consuming
Other:
01 - Maybe 80%
15. Yes No Yes Reasons:
18 00 e It will be efficient

e Itiseasy to implement
e Itisthorough

Other:

02 - May be 80%

TAES-COTS’s Detailed Evaluation Related Questions

16. Yes No Other
16 00 02 - 80%
02 - 90%
17. Yes No
20 00
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18. Low Medium High
17 03 00
19. Yes No
20 00
20. Yes No
20 00
21. Yes No Other
17 01 02 —70%

Based on the answers given by the participants, the factors discussed in table 9 were measured
and the results are shown in figures 23 and 24. Figure 23 shows the results for the detailed

evaluation technique and figure 24 shows results for the whole TAES-COTS approach.
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Figure 23: Survey Results - Detailed Evaluation Technique
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Figure 24: Survey Results — TAES-COTS Approach

COTSEVAL is the software tool that assists the users in carrying out the detailed evaluation

discussed in previous chapter. This chapter discusses the COTSEVAL’s user interface. Besides

that it also discusses the validation of the proposed approach.
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Chapter 5 Conclusions & Future Work

This chapter concludes this research work and discusses the probable research areas that can be
considered in future. Section 6.1 contains the summary of the research and section 6.2 comprises

the discussion about the future work.
5.1 Conclusion

With an increase in the use of packaged software and availability of multiple products to serve
one purpose, it has become necessary to be able to choose the right option. The main motive
behind usage of such ready-made software is to save time and development cost. If chosen
correctly, the product will rightly serve its purpose. To choose the correct product, one must
evaluate them thoroughly. There are a number of evaluation approaches present in literature. Not
many of them are used practically, reasons varying from their complexity to their not being

detailed enough.

TAES-COTS is an approach that tries to overcome the limitations found in other approaches
with the objective of being thorough and at the same time simple enough to be practically
implementable. In its five steps, the evaluators are properly guided to perform specific tasks and
also instructed as how to perform them. Using this approach each product will be rigorously
evaluated and only the most suitable candidate will make it till the end. To save the evaluators
some time, this approach is accompanied by a prototype tool “COTSEVAL” that helps the
examiners conduct the NFRs based evaluation. Evaluation starts with a number of products
whose evaluation would otherwise be confusing and impossible, but following this approach will
lead to selection of a single well-suited product that can be trusted to properly perform its

functionalities and maintain the level of performance expected from it.
5.2 Future Work

There is a lot that can be done to better the evaluation of software products. Although a number
of selection and evaluation approaches have being proposed in the last 2 decades but this area of
research is still developing with not having a single formal approach that completely address all

issues that arise in selection process.
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In future we intend to address the issue of evaluation of multiple products simultaneously which
fit together and work in combination to achieve desired functionalities. This multi-product
selection approach will be based on puzzle assembly strategy that will be applicable in situations
where a single product is not sufficient enough to meet the requirements and should be used

together with other product or products.
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Step-3 Evaluation Template

Appendix-A

Table A-1: Functional Requirements Based Evaluation

S-No Functional Requirements | C1* | C2 [C3 |C4 |C5 |C6 | C7 Cn
(Mandatory)

1 Yes** | Yes | Yes | Yes | No | Yes | No

2 Yes Yes | Yes| No | No | Yes | No

3 Yes Yes | Yes | No | Yes | Yes | No

4 Yes Yes | Yes | Yes | No | Yes | No
Functional Requirements
(Optional)

1 Yes Yes | Yes | Yes | Yes | Yes | No

2 Yes Yes [ No | Yes | Yes | Yes | Yes

3 No No | No | No | Yes | Yes | No
Budget Constraint Yes Yes | Yes | Yes [ No | Yes [ No
(Price Within the limit?)

Final Verdict S*** |'S S R R S R

*  Cl, C2, ..., Cn represent COTS products

** Yes/No represent the presence or absence of a requirement

*** S/R represent the status i.e. selected or rejected
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Step-5 Evaluation Template

Table A-2: Vendor Information Based Evaluation

S-No Criteria C1 C1 C2 C2 C3 C3
Score Score Score

1 Time in market 2year 0 10years |1 Syears 0

2 Number of Products 15 1 10 5 0

3 Number of successful 12 1 5 0 3 0

products

4 Word on street Positive | 1 Negative | 0 Positive |1

5 Organization size Large 1 Medium | O Small 0

6 Support Available Yes 1 Yes 1 Yes 1

7 Past Experience none 0 Yes(-ve) | O Yes(+ve) | 1
Total Score
Final Rank 1* - Selected 3rd 2nd
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Appendix-B

Data Set
Table B-1: Validation Data Set
ATTRIBUTE VALUES (18 Attributes)

Product (1 |2 |3 (4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14 |15 |16 |17 |18
CT1|9D400 06[1.0[1.0[1.0[09]10[07|09|10|06|1.0[1.0[08[08][09]10][10]07
CT25630 |04 |00[1.0[02]01[00[20[03|07|10[08[1.0[00/[05[05][08][0.1]10
CT28453 (0.8 |07 (09(06[1.0[08[06[09|10|10|06[08[07[10][10][20/[07]|06
CT35090 |[0.6|00[06[09]08[10[04[03[09|07[06[00][04[01][06][09][10]09
CT38500 [0.3|07[09(1.0[05[04[05[08|00|10[1.0[01[00/[05[03][00][04]|06
CT42200 [0.7|06[09[10]06[10]01]04|05|00[00[07][03[05][01][08][01]0.2
CT44256 |[0.0|10|08|07[1.0[10[06[01[07|09|05[1.0[07[09][10][03][02]00
CT46940 [1.0|10(05(08[1.0[07]04]02|00|10[03]03[08[00][00][00][00]07
CT49600 |[1.0[10[00[00[00[05][09]07|10|10|10]04]07[10][05][06[00]0.2
CT57400 [0.0|04|08[03[00[01[20[00[00|02|05[02[05[03][01][210][00]05
CT59060 |[0.5|1.0(08(00[00({01[09[|08|10|10|1.0[05[09|[10[08][10/[10]|05
CT65438 |[1.0|05(05(1.0[08[09]02[10|10|10[08[07[09[08][09][10][05]09
CT67760 | 1.0 03[05(05[09[04[04[01[00|03[07[06[1.0[09][09][03[09]08
CT73833 [1.0[09|10[08[09[10[10[04|09|08|09[03[04[00][05][00][05]0.7
CT77820 [0.4|03[00[1.0[09[02[10[00|08|10[09[06[00/[04][01][04][00]0.0
CT78334 [09|00|10[07]08|08[08[07|08|09|10[1.0[05[07][09][10][10]08
CT78990 [0.6|08|1.0[1.0[09]06[05[10[10|03|04[01[00/[04][00][06][210]09
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CT79903 |08|0709|10|08|10|09|05|00|10|10|00|06|10|08|04]|00]0.3
CcT82840 |05|09(01(00|07|10/00|20|10|10|10(05|10|09|10|03]01 |04
CT84000 (08|06 |04|07|10(01/03|07|10|01(03|09|10]06|07]02]04]|0.1
CT84676 [ 03|04(01|04|05(02|01|03|08|10|08|10|08]03|06/|0.2]0.2]|0.7
CT85600 (00|10}07|10|10(0905|10|10|07|06|06|1004|07]03]04] 0.1
CT85634 | 10|01}07|00|00|03|07|05|05|00(02|05|00(10|10|03]01]|0.7
CT85670 [ 09)02(07|00|02]00/03|07(09|01(09|07]|09]07|10|05]08]|0.6
CT874%0 |10|10}05|09|06|0703|05(00|05(01(02|10]10|07]09]0.7]|10
CT89300 (02|08 |00|08|00|03|05|02|08|10(00(09]|10(01|10|09]1.0|0.7
CT90092 (08|00}03|01|01|0000|02|00|05|04|08]|03]09|08|01]04]|0.0
CT90800 (07|06 (05|00|01|05/09|08|10|04|06|00]|10]00|04]02]03]|10
CT94500 (02|10(10|08|01|00/08|05(01|03|10(10|08]03|04/|0.7]06]|0.7
CT94679 (060003 |01|10|04/08|05|03|07|06|02|04]01|02|08]0.0]|0.1
CT95700 (0.7|08}09|10|10|10|10|07|08|10|10|05]|10(10|10|02]0.0]|0.2
CT98600 (09 |05|06|00|08|1000|05(10|01(02|07]|02]10|10|09]08]|10
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Survey Form:

Participants Information

Name

Qualification

Designation

Organization

Contact No
Q/A Area
S- Questions Answers
No
General Selection Related Questions
1. | Do you follow any particular approach for product’s | Yes | No | Name/Reason:
selection? State name and reason.
2. In-case of ad-hoc selection, what criteria do you use?
3. | In your opinion, which task of selection process is most
problematic? Why?
4. | Would you prefer a proper method over ad-hoc selection? | Yes | No | Reason:
Keeping in mind that it would consume more time. State
reason?
5. | Do you agree that following a proper method would increase | Yes | No | Other:
chances of project’s success?
TAES-COTS Related Questions
6. | Do you agree that this approach addresses all aspects of | Yes | No | Other:
COTS product selection?
7. | Do you agree that multiple criteria used in this approach will | Yes | No | Other:
completely evaluate a product?
8. | What in your opinion will be the effort required to implement | Low Medium | High
this approach?
9. | Do you agree that evaluators will not face much difficulty | Yes | No | Comment:
using this approach? If no? State area where you think they
will face problems.
10. | Do you agree that the hierarchy of evaluation criteria reduces | Yes | No | Other:
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products in every following step hence reducing the effort and

increasing the implement-ability?

11. | Do you agree that the final product suggested by this | Yes | No | Other:
approach will be the optimal candidate?

12. | Do you agree that this approach is not time consuming, | Yes | No | Other:
considering the results that will be generated using it?

13. | Do you agree that the techniques suggested for requirement | Yes | No | Other:
gathering will help in collecting complete user requirements?

14. | Would you recommend using this approach in cases where | Yes | No | Other:
huge numbers of products are to be evaluated?

15. | Would you prefer implementing this approach over others | Yes | No | Other:
you followed? Why?

TAES-COTS’s Detailed Evaluation Related Questions

16. | Do you agree that the distribution of attributes into classes | Yes | No | Other
and then comparison of classes based on rules reduce the
effort?

17. | Do you think that the 81 rules are accurate enough to select | Yes | No | Other:
best software candidate?

18. | In your opinion, what amount of time do you think will be | Low Medium | High
needed to complete the evaluation?

19. | Do you agree that COTSEVAL makes it simple to carry out | Yes | No | Other:
the detailed evaluation?

20. | Do you believe that the 18 attributes are sufficient and they | Yes | No | Other:
completely address the NFRs of any type of software?

21. | Do you agree that priorities in attributes are essential and | Yes | No | Other:

increase the practicality?
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