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ABSTRACT

Quality of any product always is an asset for any organization. The implicit nature of
the quality is subjective or qualitative. The answer of the question pertinent to any
product “how is the product?” always comes up with “it is good” or “it is not up to the
mark” and many other responses may be received as an answer to the above question.
Quality of a software product is also subjective or qualitative in nature. Thus the
question is “how can exactly the quality of software as a product be measured?” The
answer to this question can be given only after performing the quantitative
assessment. Thus, there is a requirement of particular kind of a framework which
converts qualitative aspects of software product in to quantitative one, based on

software quality factors (SQF) to obtain overall quality numerically.

A software development organization includes entities such as stakeholders, investors,
quality managers, SQA team, developer, tester and B-Users with their different roles,
but collectively, goal of all of them is to develop a quality software product. Broadly
all entities may be divided in to four distinct categories (1) decision makers includes

stakeholders, investors, quality managers (2) developer, (3) tester and (4) p-Users.

The proposed research focused upon quantifying the overall quality of a mobile
application as a software product during its development. For this a fuzzy based
mathematical framework is proposed which include software quality factors as per the
domain of the mobile application by considering its limitations and quantify them

using two inputs: fuzzy rate and fuzzy weight.

Mobile application has its own limitations as compare to desktop application. There
are additional quality aspects in mobile application such as customization, data-
availability and test for mobility, which are considered in proposed study. Three
different perspectives of mobile application are taken in the proposed research work:
(a) Developer (b) Tester and (c) B-User. Additionally, the implicit perspective will be
offered by the decision makers with the assistance of proposed FW-MA (Fuzzy
Weight for Mobile Application) algorithm based on pair-wise comparisons of quality
factors and then appropriate fuzzy weights are assigned. The overall rating of three

different perspectives which were analyzed using inputs fuzzy weight and fuzzy rate
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ultimately resulted in an overall fuzzy rating. To measure the total crisp quality,
defuzzification is performed. Defuzzification provides overall numeric value for
quality of a mobile application. This numeric value will be the base for improvement

in quality taken initially, if it’s required.

The proposed fuzzy logic based mathematical framework MAQM-MA (Multi
Attribute Quality Model for Mobile Application) which will be used for quantification
of software quality factors of mobile application. The quality standard ISO/IEC 9126
and ISO/IEC-9241-11 are the basis for considering SQFs to design the proposed
mathematical framework. The SQFs for developer and tester are considered from

ISO/IEC-9126 and the SQFs for B-Users are considered from ISO/IEC-9241-11.

The main objectives of the proposed research work are as follows:

1. Understand the mobile application and allocate software quality factors (SQF)

according to developers, testers and -users.

2. Designing the five scale fuzzy based questionnaire for developer, tester and p-users

to calculate the fuzzy rating for the metrics assigned by decision makers.

3. Relative priorities of software quality factors (SQFs) calculated by the proposed
fuzzy based mathematical algorithm FW-MA for developer, tester and B-users. These
relative priorities are the basis for decision makers to assign the appropriate fuzzy

weights.

4. Evaluate the overall fuzzy rating of a mobile application under development from
the perspective of developer, tester, B-user and their combined impact using the

proposed fuzzy based mathematical framework MAQM-MA.

5. To evaluate the crisp quality, perform defuzzification using the centroid method for
each fuzzy rating obtained from developer’s, tester’s, B-user’s perspective and their

combined impact, validated using the MATLAB Fuzzy logic tool.



Thus, the aim of this research is to design an appropriate fuzzy based mathematical
framework for all mobile applications to measure the overall quality of mobile
applications in accordance with their respective domains. In the field of quality
management, this will be helpful to reduce the gap in between the quality of a mobile

application and the customer’s expectations.

This research study presents a novel application to perform pair wise comparison of
SQFs in the form of fuzzy based mathematical algorithm named as FW-MA. The
purpose of this algorithm is to determine the proper fuzzy weight for software quality
factors of mobile applications. The proposed algorithm FW-MA will be of great help
to the mobile application industry in quantitative evaluation of mobile application
during the development process. The proposed MAQM-MA framework will also be
implemented with a tool developed in Java Script and Node.js runtime. The MAQM-

MA framework has also been tested on M-Commerce application as a case study.

The proposed fuzzy based mathematical framework MAQM-MA, increases investor

and stakeholder confidence in mobile application development.

The results calculated with MAQM-MA for developer, tester, B-Users and the
combined impact of these three perspectives are 75.89%, 62.80%, 58.75% and
62.65% respectively. After validation with the MATLAB fuzzy tool, the results
obtained for developer, tester, B-Users and the combined impact of these three
perspectives are 75.59%, 62.67%, 58.21% and 61.77% respectively. The results
obtained with the proposed MAQM-MA and MATLAB fuzzy tool are almost
identical, which shows that the proposed fuzzy based mathematical framework

MAQM-MA serves its purpose.
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION

According to ISO/IEC 9000:2015 quality is a “degree to which a set of inherent
characteristics of an object fulfils requirements”, where object referred as product,
Service, process, person, organization, system and resource [1].Quality is a subjective
approach thus; it is possible that various individuals will have different methods to
understand it. One of the most significant aspects of quality isthat it is the factor that
establishes the value of a product or service and it plays a significant role in achieving
customer satisfaction, which in turn has an impact on the success of a company [2]. In
order to guarantee the quality of the products or servicesthat are being provided, there
are a number of measures that are taken to ensure that the requirements and
preferences of the consumer or client are satisfied. This is the ultimate goal of any
company or organization.

A management approach which works for establishing the desired level of excellence
or expected overall quality called as quality assurance. Quality assurance is the study
of building trust in meeting quality standards [3]. Quality can basically be described
by how well a product, service, or event meets the needs of the customer. Quality of a
software product is decided by the customer, not the developer. This is something that
needs to be understood. Also, the idea of quality is not scientific but subjective.
Quality of a software product varies in some different way; it is possible to measure
quality of the software product as how well the factors of software quality meet the
expected requirements of its userg4]. While deciding the quality, many attributes
come into play, such as usefulness, speed, dependability, growth, security,
maintainability, and customer happiness etc., but this subjective criterion must fulfill

with the optimal or required number of attributes.



Software Quality Management, often known as SQM, defines as “systematic
examination of the product or computer system, for example, when evaluating quality
in use as part of quality assurance and quality control” [19]. Furthermore, it should
work efficiently and without any errors. Also, the software should put security first,
keeping private information safe and fighting against possible risks. Additionally, it
should be easy to update, so that changes and bug fixing can go smoothly. Lastly, the
software should be able to meet growth goals, which means it should be able to
handle more users and data without affecting any of its functions.

The Software Development Life Cycle, aso referred to as the SDLC, is a methodical
procedure that involves strategic planning, the creation of software, testing,
deployment, and maintenance. Integrating quality into every step of the software
development lifecycle is necessary because it is so important at all stages of the
software development process [5]. Development of software is an experimental rather
than theoretical process [9]. To make sure the quality of software, devel opment teams
must come up with and strictly follow a thorough quality testing strategy. The
suggested plan should include a complete set of methods, steps, and rules that make it
easier to test and confirm the quality of software in a planned way. Another thing that
the system should be able to perform is to find out possible risk areas, like issues
related with security, maintainability or performance etc. This will aso include an
organized plan for dealing with such issuesin more structured way [6].

Software quality assurance is a planned and systematic process that includes all the
procedures which are required to offer sufficient confidence that an item or product
corresponds to the technical standards. Quality assurance plans need to be looked at
and updated on a regular basis to make sure it is meeting the goals of the software.
High-quality software is essential for both business growth and customer happiness.
To effectively achieve desired goals, it is necessary to develop the quality assurance

plan and put it at the top priority.

A lot of different things, including modules and sub-modules that are built into the
program itself, can affect the quality of a software product. To measure the quality of
a software product, it can be divided into two groups. internal and externd
measurements [7]. Internal measurements decide about different features of program
related to its developer. They include things like how reliable, maintainable, flexible,
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and efficient it is. External measurements, on the other hand, are how the user feels
about the program and include its usefulness, functionality, and user-
friendliness.Different software quality models were proposed by various researchers
in[11, 12, 15, 22]. These models are proposed for generic software applications. Out
of these models, ISO/IEC 9126 [15] is the most prominent standards. Sticking to well-
known standards for quality, like ISO/IEC 9126 [15] and ISO/IEC-9241-11[28] are
used to judge the quality of software. These standards give an organized way to judge
the quality of software by looking a six main factors such as. functionality,
efficiency, portability, maintainability,reliability and usability. It's important to note
that the above quality factors play more important role to determine the quality of
software as compared to other quality factors.This requires a systematic software
quality model for developing and evaluating the software product [25].

The important aspects of research in the field of quality assessment of a software
product under development are the “quantification of software quality factors”.
Various researchers have made attempts to quantify the software quality criteria [10,
49, 50]. Costing is one of the aspects that must be considered during process of
guantification [13]. While judging the quality of software, all of the necessary factors
must be taken into account and carefully designed the overall quality model and then

quantify.

1.1.1 Desktop Application vs. M obile Application

A desktop application is a kind of computer program that may be run directly in the
desktop environment's graphical user interface (GUI) or command user interface
(CUI), often in its own window, and without using the web browser. When
developing desktop software, developers often have a particular goal in mind. This
may be anything: word processing, spreadsheet management, accounting, browsing
the web, handling email, playing movies, viewing files, editing images etc. In contrast
to mobile apps, desktop applications are often installed locally on the user's machine.
Mobile applications, sometimes known as "mobile apps,” are programs developed to
use on portable devices like smartphones, tablets, and other similar gadgets. Google

Play, Apple's App Store, and BlackBerry App World are examples out of the many



app shops available for downloading programs for various mobile devices. A lot of
mobile apps can also be downloaded from outside sources. There are many mobile
apps that can perform variety of tasks. Some of these functions are entertainment
through games, online learning, and online shopping.Mobile app creation is the
methodical process of planning and making software programs that are especially
made to work on mobile devices, such as Smartphone and tablets. Desktop apps are
usually put as a user's computer and are used to do many things, like editing
documents, working with spreadsheets, browsing the web, and more. Mobile apps, on
the other hand, are made to work on small, movable devices like Smartphone and
tablets. Most of the time, desktop programs have more functions and choices than
their mobile versions. Desktop apps may use more system resources, which mean they
might not work well on devices with limited access to those resources. Mobile apps,
on the other hand, are designed to be easy to use and not require a lot of processing

power [8]. This makes them perfect for people who are always on the go.

The following table (Table 1.1) illustrates the Comparison between mobile
applications and desktop applications:

Table 1.1: Mobile Application vs. Desktop Application

Mobile Application Desktop Application

1. Mobile applications often display a| 1. Desktop application has much higher
smaller allocation of resources and a more | configuration of resources than mobile

limited functional scope. application.

2. Mobile verson of software can be | 2. Desktop version of the same mobile
missing certain feature due to limited | application has al features.

resources.

3. Reduction in the overall user experience | 3. Desktop application does not have

dueto small screen size. such limitation.

4. There must be a tradeoff in between | 4. Desktop application does not have
performancewith software and hardware | such limitation, due to capacity of
overhead. The mismanagement may lead | software and hardware up gradation.

to slower loading times and performance




difficulties with some apps on mobile

devices.

5. Mobile apps have a stronger tendency | 5. Desktop application does not have
to use resources than desktop programs do | such limitation.

which resultsin a higher battery usage.

6. Mobile applications are more likely to | 6. Desktop application does not have
be prone to security concerns than desktop | such limitation, because they do not have
applications. This is because mobile | issue of mobility.

applications are more likely to be
downloaded and installed on mobile

devices with the help of internet.

The next important question is “how to understand the requirement of mobile
application”? Researchers have their opinions to understand requirements of mobile
users by surveying [57] and thus improve the quality of mobile app [55]. Extend the
well defined quality standards to align with the mobile environment [53].
Quantification of software quality factor for mobile application is one of the

challenges while considering its limitations [67].

1.2 RESEARCH PROBLEM

Quality of a product as software is a subjective or qualitative aspects. The overal
quality depends upon many software quality factors. The qualitative aspects depend
upon optimal number of software quality factors, carefully chosen by decision
makers of any software development organization. When a software product is
converted from a desktop program in to a mobile application,demand on quality
increase even more. In situations where time is of the essence, mobile apps are often
used, and consumers expect them to work reliably and consistently. There are so
many quality standards that are taken to be considered which may customized in such
a way that design a generic software quality model for mobile application. This
research study considers quality standardsISO/IEC 9126 [14] and ISO/IEC 9241-11
[28], two key standards used to evaluate the overal quality of mobile application
under development.




Mobile devices come with their own set of constraints, such as power issues, limited
resources, connection, and so on; quality managers understand these issues in
conjunction with other software quality concerns. This will provide a basis which
formulates overall qualitative aspects. The goal is to numerically measure the
gualitative aspects of a given mobile application, which can then be further used in
variousways, to compare the developed prototype of a mobile application with
another existing application. This is only possible if we convert the qualitative
aspectsinto a quantitative evaluation, which requires a suitable mathematical

framework.

There are a number of difficulties associated with assessing theoverall quality of

mobile applications, some of them are:

1. Qualitative assessment: The components that determine quality are often subjective
and can be difficult to measure. For this reason, it is very chalenging to design
gualitative aspects for the respective area.

2. Customization of software quality factors (SQFs): Collecting software quality
factors according to the mobile application domain can be challenging. Adapting the

software quality factors to the respective mobile application is another challenge.

3. Designing software quality metrics: Themethodology behind the design of software

guality metrics or questionnaires can be challenging.

4. Data: To be considered valid, quality measures must be based on data that is both

accurate and relevant, which can be difficult to obtain.

5. Assessment: For quality assessment to be successful, it must be quantifiable. This
requiresa system of quality standards that is recognized by the industry.

6. Designing a mathematical framework: Designing an optimized mathematical

frameworkcan be a challenge.

7. Vadidation: In order to guarantee that the quality evaluation is correct and
trustworthy, it is necessary to verify it. The fact that this situation calls for a
substantial quantity of testing and validation might make it challenging to achieve
what is needed.



In view of the above challenges, it is therefore necessary to design a suitable

framework for mobile applicationsin order to access the software quality factors.

1.3 RESEARCH OBJECTIVES

The main objectives of the proposed research work are as follows:

1. Understand the mobile application and allocate software quality factors (SQF)
according to developers, testers and B-users. The SQFs for developer and tester are
considered from ISO/IEC-9126 and the SQFs for B-Users are considered from
ISO/IEC-9241-11.

2. Designing the five scale fuzzy based questionnaire for developer, tester and B-users

to calculate the fuzzy rating for the metrics assigned by decision makers.

3. Relative priorities of software quality factors (SQFs) calculated by the proposed
fuzzy based mathematical algorithm FW-MA for developer, tester and B-users. These
relative priorities are the basis for decision makers to assign the fuzzy weights.

4. Evaluate the overall fuzzy rating of a mobile application under development from
the perspective of developer, tester, B-user and their combined impact using the
proposed fuzzy based framework MAQM-MA.

5. To evauate the crisp quality, perform defuzzification using the centroid method for
each fuzzy rating obtained from developer’s, tester’s, B-user’s perspective and their

combined impact. The results are validated using the MATLAB Fuzzy logic tool.

Thus the aim of this research is to design an appropriate mathematical framework for
all mobile applications that contains improved quality criteria and measures the
overall quality of mobile applications in accordance with their respective domains. In
line with quality management, this will help to reduce the gap in between overall

quality of mobile application and the customer’s expectations.



1.4 MOTIVATION

Mobile applications have become an essential part of the digita lifestyle that
everyone lives today. They are used extensively to provide support in a variety of
facets of persona and professional life. However, the quality of mobile applicationsis
aqualitative issue, but for analysisit is necessary to represent the quality in numerical
form.To solve this problem, a mathematical framework is required that quantifies the
overall qualitative aspect of mobile applications. Sucha model will enable developers,
tester and B-user’s to make timely informed decisions about the overal quality of
mobile applications, so that decision makers can take corrective actions that will
minimize the gap between the actual customer requirements and the delivered mobile

application.

The motivation to develop a fuzzy based mathematical framework to access the
overall quality of mobile apps might originate from a number of various sources. The
fact that the framework is able to provide numerical ratingsfor the quality of mobile
apps is one of the main motivations for the current research efforts. So far, thereis no
mathematical framework that could help developers and testers who need to access the
quality of their apps and make adjustments. This leads to the fact that there is a
significant need for such a framework. Evaluation in numeric formcan also be used to
facilitate comparisons between different applications and the identification of areas

for improvement.

1.5 RESEARCH METHODOLOGY

This research is conducted using qualitative and quantitative research methodologies.
Fuzzy questionnaire based on five scales for developers, testers and f-users to
calculate the fuzzy rating for the metrics as designed. A survey was conducted on
prototype of M-Commerce application and the questionnaire was filled by devel oper,
tester and PB-users to determine the fuzzy rating for each metric. These fuzzy ratings
along with the fuzzy weight provided by decision maker, serve as input to a proposed
fuzzy based mathematical framework. This framework calculates the overall fuzzy
and crisp quality according to developer, tester, B-users and their combined impact.

Thus, the overal quality of the mobile application from these three perspectivesand
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their combined effect is quantitatively evaluated using the proposed framework. Fig.

1.1 shows the workflow of the proposed research work.

Start

A\ 4

Find out relevant attributes with the help of qualitative aspect as per
decision makers

\ 4

Assign SoftwareQuality Factorsto Attributes for Developer’s, tester’s view
asper | SO/IEC-9126 and B-User’s viewas per ISO/IEC-9241-11

v

Allocate metrics to quality factors as per developer’s view, tester’s view and
B-user’s view by decision makers of M obile Development Company

A 4

Evaluate Fuzzy Rating for each Quality Factor with the help of Fuzzy
weight and Fuzzy rate of metrics

'

Evaluateréative ranking of each quality factor with the help of FW-MA
algorithm and allocate appropriate fuzzy weight to each quality factor

'

Evaluate overall Fuzzy rating with the help of Fuzzy rating and Fuzzy
weight for each quality factor as per developer, tester and p-user’s view and
their combined effect with the help of MAQM-MA.

Perform Defuzzification and obtain crisp valuefor over-all quality of mobile
application

\ 4
Implement MAQM-M A framework

A\ 4

Validate results obtained by MAQM-MA with the help of MATLAB
simulation

'

End

Fig 1.1:Workflow of the Proposed Research Work



1.6 ORGANIZATION OF THESIS
Thisproposed research work is divided into nine chapters, listed below:

Chapter 1 Introduction

In this chapter, the research problem is precisely defined along with the research

objectives. This chapter ends with the research methodology and workflow.

Chapter 2 Review of Literature

This chapter provides detailed information about the research studies that have been

conducted in the area of quantifying software quality factor for mobile applications.

Chapter 3 Software Quality Factorsfor Mobile Application

This chapter explains the strong correlation between the software quality factors for
mobile application and the metrics and concludes with the establishment of usability
framework for a mobile game app as a case study, which is further utilized for the
purpose of quantification.

Chapter 4 Fuzzy Logic based Quantification for Mobile Application

This chapter explains the quantification process computed using fuzzy logic and
performs the fuzzification and defuzzification. In this chapter, fuzzy logic is used for

converting qualitative assessments into quantitative ones.

Chapter 5 Proposed Mathematical Framework MAQM-MA: Multi-attribute
quality model for M obile application

In this chapter, a fuzzy based mathematical framework MAQM-MA is proposed. This
chapter starts with the concept and design process of MAQM-MA, which includes
another fuzzy based mathematical agorithm FW-MA used to assign fuzzy weights

depending on the decision maker.
10



Chapter 6 Quantification of Quality factorsusing MAQM-MA Framework

In this chapter, a case study on M-Commerce is used to quantify a fuzzy-based
mathematical framework MAQM-MA together with the FW-MA agorithm. The case
study evaluates the overal fuzzy and crisp quality from three perspectives. The
quantification helps in evaluating the quality of mobile application throughout the
development of the mobile application.

Chapter 7 Implementation of MAQM-MA Framewor k

This chapter discussed software modules for implementing the fuzzy-based
mathematical framework MAQM-MA using Java Script and Node,js.

Chapter 8 Validation of MAQM-MA Framework

This chapter explains about data validation through MATLAB Fuzzy Logic Tool.
Chapter 9 Conclusion & Future Scope

This chapter concludes about various aspects of MAQM-MA mathematical
framework along with the discussion about a novel agorithm FW-MA, which

evaluates relative order with in quality factors and provides feedback to decision
makers for allocation of appropriate fuzzy weight.
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CHAPTER 2

REVIEW OF LITERATURE

21 INTRODUCTION

There is a clear correlation between the quality of any product and their level of
trustworthiness. An excellent piece of software has a significant bearing on the degree
to which people have faith in it. There is a correlation between the software's
reputation and the likelihood that people will trust it and utilize it. On the other hand,
if the program has a poor reputation, users could be less inclined to trust it and utilize
it. The quality of the software product is critical for establishing confidence between
users and developers, as well as for enhancing the level of happiness experienced by
customers. The user experience is improved when quality software products are more
dependable, simpler to use, and include fewer problems. All of these factors
contribute to a satisfactory user experience. In addition, software products of high
guality often have a greater number of features and better documentation, which
makes it simpler for customers to comprehend how to make use of the product
effectively. An increase in user trust, which in turn leads to increased customer
satisfaction and improved customer loyalty, is one of the overal benefits of superior
software solutions.

For the purpose of review of existing literature the current research activity is divided

into four distinct categories:

(a) Software Quality Factors and Software Metrics.
(b) Application of soft-computing to quantify software quality Factors.
(c) Application of MCDA for quantification.

(d) Quantification of Software Quality Factors for mobile application.

12



22 SOFTWARE QUALITY FACTORS AND SOFTWARE

METRICS

Software metrics that are used to determine the degree of quality produced by a
software product are referred to as software quality factors. In addition to
functionality, usability, dependability, maintainability, performance, security,
scalability, and portability, quality considerations may also contain other similar
characteristics. It is important for a developer or quality assurance team to do an
analysis of each of these factors when assessing the quality of software. Software
metrics represents software quality factor, hence software metrics are carefully

designed to enhance the impact of software quality factor.

V. R. Basli,[9] explain that software development activity should be considered
asexperimental rather than theoretical, and this paper presents anew project-specific
model that can be better understoodwith the aid of knowledge, process, and product.

Thismodel isintended primarily for educational and researchpurposes.

V. R. Basili,[10]explain that anassessment
model shoul dcontai nmetri csthatquantifythequalityoftheengineeringprocess. There are
manyvariables which
influencestheoverall qualityof softwareprograms.Thus,thegoa of quantification is to

improve the entire quality of software as a product.

J.A. McCallet. a [11], proposed an approach to establish quantifiable criteria to
produce reliable and error-free software system for Air force system. All qualitative
terms defined as a subjective term, due to which it is not possible to find out overal
quality of software product. Thus there must be some method to quantify qualitative
termsin order to judge the overall quality of software product. This paper suggests the
following steps:

1. Explore set of quality factors

2. Define criteriafor each quality factors.

3. Define matrices for each criterion

4. Find overal rating.

5. Vaidate matrices with data of air force system.
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Transfer result in to guide lines or standard which isused in air force.

R. G. Dromey, [12] defines a comprehensive framework for assessing the set of
defects in a programming language to realize degree of defects and enhances
improvements and providing feedback on the quality of the product. The model can
be applied to existing systems or to new systems, and can be adapted to specific
situations. As a result, it can provide an effective means of improving quality of

software product. The paper provides an effective approach in the following ways:

1. To implement quality factorsin to a programming language.

2. This model aso provides an assistance to explore the area of defects.
3. Thiswill help to provide set of defects for any particular language.
4. Anyone can readlize the degree of defects.

S. A. Slaughteret. a [13], is to visualize software quality improvement as an
investment. There must be trade-off in between investment for software quality and
total budget, do not invest too much for software quality. Software companies must
ensure about finance involved vs. software quality improvement efforts. The paper

discussed the following points:

1. Anayze the trade-off in between investment and improvement of software
quality.

2. Paper raises an important issue regarding quality improvement process such as
avoidance of design reviews and code inspection.

Paper proposed two parameters COSQ (cost of software quality) and ROSQ (return
on software quality) and evaluate them to justify investment and quality of software

Improvement of software quality viewed as an investment, thus it is important to
justify each software quality improvement effort and reduce the total cost on software

quality.

L.Buglione and A. Abran[14], analyzes importance in order to design a
mathematical tool for quality measurement of software based upon three dimensions.
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1. Economic dimension as manager’s view

2. Socia dimension asuser’s view

3. Technical dimension as developer’s view
Paper proposed a mathematical model to evaluate overal quality factor (QF) from
three viewpoints. This paper collects data with the help of checklist based upon
|SO/IEC-9126.

ISO/IEC 9126-1:2001quality model [15] defines six quality characteristics for
software products: functionality, reliability, usability, efficiency, maintainability and
portability. The model provides an effective way to assess software product quality
and can be used as a basis for developing quality assurance programs. It is important
to note that the quality model does not provide a definitive assessment of software
product quality; instead, it is intended to serve as a reference for assessing software

quality relative to the goals and objectives of the software product.

O.Lamouchiet. al [16], propose a design framework which evaluates quality of 1S in
an organization. This paper proposed IS quality model as set of properties such as
reliability, maintainability etc. arranged in the form of hierarchy. The paper describes
an approach to evaluate overal IS quality model according to top-down approach,
where top represents most general properties understood by variety of people but
difficult to measure directly and bottom includes metrics to quantify overall quality
model.

Y. Jianget. a [17], proposed a tool for software quality prediction with the help of
design and code metrics, it is expected to explore faults in software product as early
as possible in software development life cycle. Design, code and requirement metrics
have been used for predicting fault prone modules. This paper anayzes thirteen
dataset from NASA metrics data program based upon code and design metrics. This
paper aso conclude that models that use combination of design and code level

perform better than those models who use either of code or design metric set.

Y. Kanellopouloset. al [18], come up with a methodology for the evaluation of source
code. The proposed methodology draws upon the ISO/IEC quality framework, which
15



has been widely accepted by the global community. This methodology comprises
four distinct stages. In the primary stage, specific ISO/IEC 9126 quality standard
characteristics are selected, which depends upon source code internal quality and
static behavior. The second stage involves identifying the source code attributes that
directly influence characteristics and sub-characteristics selected in the first stage.
These attributes should enclose all aspects of a software system, regardless of the
paradigm (structured or object-oriented) employed in its development. Next, the
methodology demands to choose metrics that are suitable for the evaluation of
structured or object-oriented systems. The final stage involves assigning weights to
source code attributes, which reflect their significance in evauating 1SO/IEC-9126

characteristics and sub-characteristics.

SQuaRE system [19] as described in the ISO/IEC 25022:2016 standard, provide a
comprehensive framework for software and system quality requirements and
evaluation. It covers all aspects of quality from design, implementation, and testing to
deployment and maintenance, and provides a solid foundation for organizations to use
when creating and evaluating software quality. The SQuaRE system and software
guality models can help organizations to focus on quality improvement, ensure
compliance with industry standards, and continualy improve the quality of their

software systems.

Ming-Chang Lee, [20] proposed a designed framework of software quality criteria
and define software metrics and applies in software life cycle with software quality
assurance. This paper proposes one or more QA quality measure matrices focus on
ensuring the quality of the process and the resulting product. This paper discussed
software quality matrices which includes RADC’s methodology, project metric,
reliability matrices, readability matrices, customer problem matrices, test product,
process matrices etc. Overall this paper improves software product, processes and

customer services with the help of appropriate set of quality matrices.

R. M.Ammadet.a [21], proposed that software quality factors and metrics are
essential for improvement of SQA process. This paper explores the most effective
factors and matrices which are helpful to enhance the degree of SQA process. This
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paper identifies important factors and matrices based on literature survey and study of
different research works. This study can be treated as an asset for students, scholars,

researchers and software devel opers.

B. W. Boehmet. a [22], proposes a conceptua framework and some key pointsin the
analysis of characteristics of software quality. This paper focuses on:

1. Attention to characteristics of software quality.
2. Itisimportant because current state of art imposes specific limitation.
3. A wedll defined hierarchy must be defined, from higher level structure to lower
level matrices.
4. Software quality evaluation matrices have been defined and classified.
5. Redlize software life cycle which have significant impact on software quality.
This paper states that it provides a well-defined framework for accessing the issues

associated with software quality.

V. R. Badli, [23] proposed a model known as GOQM (Goal Question
Metrics)paradigm, which
isastrongtool forsoftwaremodelingandmeasurement. GQM of fersathoroughframeworkfo
rdefiningandassessi ngsof twareobj ectives,questi ons,andmeasurements. T hi sparadi gmen
abl essystemati canal ysi sandimprovementof softwareprocesses, products,andservices.

Softwareengineersmay use the GQM paradigm to minimize the complexity
ofsoftware development while increasing the efficacy oftheir software modelsand

metrics.

Robert B. Grady and Deborah L. Caswell,[24] viewstheenhancement of software
development process in termsof quality, cost, and time necessitates the first steps
ofissuediagnosi s,establishmentof performanceobjectives, and evaluation of software
proj ect

efficacy.Organizationsmayenhancetheirlevel of successbydedi cati ngresourcestowardsth
eestablishmentandexecution of a comprehensive software metrics program,which

enables them to get a deeper comprehension oftheir software developmentprocedures.

M. Ortega et a. [25], designed a model prototype that reflects the essential attributes
of quality. This model was evaluated using a method so it can be validated and also

enhanced. The evaluation method consisted of: designing a survey, formulating,
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validating and applying the measurement instruments. When evaluating a software
product using the model prototype, it was possible to ascertain its compliance with the
standards and use the results to improve it. Since the evaluation was systemic,
processes that affect certain characteristics of the product could be identified.

Companies can benefit from the model proposed because it serves as a benchmark.

Reliability and usability are two critical attributes with all other attributes, because
these attributes are directly impact the user experience, operationa efficiency and
overall success of software products. Ensuring high reliability and usability should be
a primary goa in any software development company to meet user expectation,
achieve business objectives and maintain a competitive edge in the market. Thus
reliability and usability are two important attributes that contribute to the overall

software quality.

Reliability refers to the ability of the software to perform its intended functions
without errors. Usability, on the other hand, is concerned with how user-friendly the
software is and how easy it is to use. Both reliability and usability are important for
ensuring that the software meets the needs of its users and provides the desired level

of quality.
Some of the research papers related to reliability and usability are discussed below:

J. R. Brown and M. Lipow,[26] proposes a model for evaluating reliability
assessment and prediction with the help of development and validation. This paper
analyses various paths through path testing as per flow diagram of none to node
branching and evaluating with the help of probability distribution. It is important to
evaluate the reliability of software products before their release to the public. Testing
should also be performed at regular intervals to ensure that any software changes do

not introduce new problems related with reliability.

Ronan Fitzpatrick and Catherine Higgins, [27] suggest that now it is time to
review usability aspect and in order to measure usability which demands optimal
attributes that must be measured along with required matrices to be expected. Theam
of this paper is to identify all those attributes which should be measured. This paper

also focuses on one of the important question “how the study of software usability has
18



advanced over past twenty years by reviewing formal definitions of usability”? In
order to ensure that software is both usable and of high quality, it is necessary to
apply both European Community Law and Human-Computer Interaction principles
and practices. This will ensure that software is designed and developed with

expectation of end-user and provides a safe, efficient, and enjoyable experience.

|SO/IEC 9241-11 quality standard [28] defines a framework for understanding the
idea of usability and applying it to scenarios, where consumers access interactive
software systems. This standard includes three measures for usability: efficiency,

effectiveness and satisfaction.

J. Nielsen, [29], explains iterative user-interface design which constitutes a pivotal
component in the creation of successful user experiences. Through the adoption of a
user-focussed approach and the employment of an iterative design process to refine
and enhance the design, user-interface designers can effectively craft solutions that
are customized to the specific needs, goals, and preferences of users. By
understanding user needs and integrating them into the design process, user-interface
designers can construct more efficient and intuitive solutions, thereby facilitating

users' achievement of their objectives.

Nigel Bevan, [30], explain that the creation of a product or service permits
consideration of various factors. Proper utilization of usability can guarantee ease of
use and customization of the product or service to meet customer needs. It aso
facilitates universal access for all users regardless of their technical proficiency or
ability. Optimal usability yields highest level of customer satisfaction, increased
customer loyalty, and amplified profitability.

Manuel F. Bertoa and Antonio Vallecillo,[31] illustrate the significance of usability
metrics in relation to software components. These metrics offer a means to measure
the efficiency of a user interface and facilitate the identification of areas that require
enhancement. Furthermore, they are an necessary tool for providing feedback to
software developers and designers. As a means of ensuring an optimal user
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experience, usability metrics need to be incorporated into an organization's software

devel opment process.

Observation derived based upon the reviews of above resear ch papers:

A software quality model is an essential component in guaranteeing software quality
through the provison of an evauative framework for enhancing software
applications quality. This model typically enclosed a range of quality aspects, metrics
and measurement methods that enable organizations to assess their software's quality.
The model servesto identify specific areas that require improvement, establish quality
targets, and track progress towards achieving those objectives. Additionaly, it
facilitates organizations in comparing their software's quality with industry standards

and best practices.

Quality factors may be treated as asset, if they are carefully designed according to
domain of software application. The visualization of quality factors in a software
application is depends upon the domain in which it is being utilized. For example in
the healthcare applications, the quality factors included as accuracy, security,

performance, user-friendliness etc.

The methodology utilized for metrics guided by software quality factors is
conventionally grounded on universally-recognized benchmarks such as 1SO/IEC-
9126 standard. This includes the identification of the distinct quality factors
appropriate to the software application, then design metrics that appraise those
factors. These metrics methodology enclosed the execution of testing and analysis to

accumul ate data and authenticate the metrics.

2.3 APPLICATION OF SOFT-COMPUTING TO QUANTIFY
SOFTWARE QUALITY FACTORS

Evauation is the key aspect, which requires a proper mathematica tool. This
mathematical tool will be responsible to convert quditative aspects to quantitative
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assessment. Qualitative aspects to quantitative assessment require a suitable framework

which accepts the input, processit and evaluates in the form of overal output.

The following research papers include various soft-computing methods for
evaluation:

T.J. Ross, [32], explain that fuzzy logic has emerged as a strong tool for engineering
applications due to its power in handling imprecise, incomplete, and uncertain
information, rendering it suitability for several complicated real-world applications.
Additionally, it can simplify certain control systems and offer well made solutions in
the face of dynamic conditions. Its pliability, intelligibility, and potential to integrate
with other technologies make it a compelling approach for a multitude of application
domains. The progressive evolution of the domain of fuzzy logic is bound to discover

novel prospects for engineering applications.

ReenaDadhich and BhaveshnMathur, [33], concludes that the application of fuzzy
logic can effectively measures the dependability of aspect-oriented software. It is
observed by the authors that the utilization of fuzzy logic can present a more precise
and dependabl e measurement as compared to the conventional techniques of software
reliability evaluation. Moreover, the authors propose that this approach can be
implemented for diverse software engineering activities, including testing, debugging,
and maintenance. The authors further conclude that software developers can benefit

from the use of this approach to increase the reliability of software.

K. K. Aggarwal et a. [34], proposes four factors which affect maintainability. This
paper explains about four factors LV, LS, ACC, CR which acts as an input for the
proposed fuzzy model. This paper uses centre of gravity method for defuzzification to
guantify maintainability. This paper quantifies maintainability with the help of fuzzy
logic and results prove that the measurement obtained from this model has a strong

co-relation with maintenance time.

James Senior et a.[35], proposed a method which analyzed and visualized overall
metric score so that project managers or stakeholders can easily evaluate the expected
performance. The solution proposed here visualized in the form of tree structure
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with the help of fuzzy logic. Fuzzy logic was employed in the calculation of metric
tree scores. The fuzzy inference engine used to meet the needs of the customer. Fuzzy
logic evaluated in metric analysis, Global Tech demonstrates its efficiency and
potential.

Harish K. Mittalet. a [36], proposed a way to quantify quality of software modules
on the basis of inspection rate and error density of the software product with the help
of fuzzy logic. This paper uses triangular fuzzy function to quantify two metrics
inspection rate and error density/KLOC of software product. Software modules
evaluated with the help of quality grades by using fuzzy logic. Fuzzy logic hasits own
advantage to convert qualitative aspect to quantitative evaluation with the help of
fuzzified inference rule. Software modules are rated on scale of 1 to 10, where scale 1
is supposed to more error prone. The paper states that proposed model is generalised

in nature henceit is used in other area of software engineering.

Deepak Guptaet.al [37], presents a case study of different software quality estimation
technique to propose a framework of different quality models and compare the
performance of each one, some of them are ANN, Case-Base rule, rule based system,
regression tree, multiple linear regression and fuzzy system. This paper states that rule
based system technique and fuzzy technique are two most prominent techniques for
designing a software quality model. This paper concludes that single technique is not
effective as compare with combination of techniques such as fuzzy and rule based
technique are more effective than fuzzy technique or rule based techniques
individually.

SaumendraPattnaik et a. [38], explain that the use of fuzzy logic is required for any
kind of quantitative or qualitative analysis. Since the evaluation process contains
ambiguity, fuzzy logic is one of the greatest techniques for dealing with such

situations.

T. L. Saaty [39], proposed an evaluation procedure, which is determined by the
relative importance of the many quality parameters. The first step toward a more
effective assessment procedure will be determining the idea value of the weights.
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AHP, which stands for "analytic hierarchy process,” is one of the ways in which pair-
wise comparison is conducted to determine the relative significance or preference of
items by comparing them in pairs.  This is accomplished by giving numerical
numbers that signify the intensity of preference. These values are often represented
on a scale, such as the Saaty scale, where a value of 1 implies equal significance, but
other values imply different levels of preference. This approach helps where anyone

may determine an acceptable weight by doing pair-by-pair comparisons.

J.J. Buckley [40], extends the concept of the conventional AHP methodology by
using fuzzy logic, known as fuzzy anaytic hierarchy process (FAHP). Fuzzy logic
enables the incorporation of ambiguity and inexactness in the process of decision-
making. In a fuzzy Analytic Hierarchy Process (FAHP), the pair-wise comparison
matrix is expanded to include fuzzy numbers. Instead of giving an exact value,
decision-makers have the option to articulate their judgments using language phrases
such as "dightly more important” or "strongly more important,” which are then
trandated into fuzzy numbers.

Observation derived based upon the reviews of above resear ch papers:

Most of the researchers found that fuzzy logic is the most well known soft—computing
method. Fuzzy logic is one of the mathematical approaches which have capability to
convert qualitative aspectsto quantitative assessment. The literature survey found that
fuzzy logic is one of the prominent mathematical approaches to deals with vague and
ambiguous situations of real world problem.

2.4 APPLICATION OF MCDA (MULTI CRITERIA DECISION
ANALYSIS) FOR QUANTIFICATION

A real world problem depends upon many criteria’s, where these criteria’s are
conflicting to each other. This kind of problem aways is solved by MCDA, which
proposes a proper decision making keeping in view about all conflicting criteria’s.
Fuzzy MCDA is one of the effective tools which incorporate MCDA aong with the
impact of fuzzy logic.
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ChristerCarlsson and Robert Fuller [41], inferred that fuzzy multiple criteria
decision making represents a potent and promising tool for tackling decision making
in intricate problem domains. This approach has the ability to furnish decision makers
with a comprehensive framework for addressing the intrinsic uncertainty and
vagueness of the decision-making scenario. Additionally, recent advancements in this
domain have bolstered the potential of this technique in providing efficient solutions

to multi-criteria decision making challenges.

Salvatore Greco et a.[42], proposes the set of decision rule for MCDA. This paper
uses rough set theory to design MCDA. Two important properties uses by paper:
1. Cdculation with the help of dominance relation which deals with preference
order properties of criteria.
2. Analyze pair wise comparison table, allow handling preference relation for
choice and ranking.
The decision rule approached by this paper in the form of “if then ”. This proposed
model used in the paper based on elementary concepts and mathematical tools.
With the increasing complexity of decision making problems, the use of these sets can
be invaluable for decision makers.

Michel Grabisch and Marc Roubeng[43], proposes Choquet integra as a general
tool to deal with multiple criteria decision making. This paper discussed theoretical
aspect of choquet integral and then discussed practical problems in the form of fuzzy
measures. This paper proposes two approaches MSE method and CS method, where
MSE method always gives a solution, which identifies a hidden decision behaviour.
The CS method based on ordinal information. The advantage of CS method over MSE
method is that, it does not violate the ranking provided by decision maker. This
method is more suitable than MSE.

G.Buyukozkan et a.[44], proposed a selection framework based on fuzzy multi
criteria evaluation approach to improve quality of decison making in the
development of software project. This model based on fuzzy AHP to access tangible
and intangible qualitative factors. The combine effect of two factors will give
alternatives for software development strategy to select the most appropriate among

existing. The effect of the model will be demonstrated with real time case study. This
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paper concludes that the ambiguities involved in the assessment effectively represent,
which increases the efficiency of proposed framework, thus produces effective

decision making.

Ajit P. Singh and A. K. Vidyarthi [45], conclue that the Fuzzy Multi Criteria
Decision Making (FMCDM) approach is a viable approach for the optimal allocation
of landfill disposal sites. FMCDM combines the advantages of both the crisp multi-
criteria decision-making (MCDM) approach and the fuzzy logic approach, allowing
for the consideration of fuzzy criteria and factors. This approach is effective in taking
into account both technical and non-technical factors and provides an effective

decision-making framework for landfill site allocation.

P. R.Srivastava et al.[46], proposes fuzzy multi-criteria decision deals with the
uncertainty due to qualitative perception and intuition of decision makers involved in
the process of development of software product. We know that development of
software product depends upon certain time-frame and budget; with-in that error free
software must be delivered, so that paper focused to evaluate preference degree of
each alternative and to select most appropriate among all alternatives. This paper also
states that mathematical concept of MCDM as well as proposed method applicable to
real world problem where values can be either numerical or linguistic. This paper
concludes that this work can be extended by evaluating the sub-characteristics of

software quality model.

Sanjay K. Dubey and Disha Sharma,[47], proposed an evaluating model, with the
help of 1SO/IEC-9126 where ISO/IEC-9126 acts as baseline model. The proposed
model design with the help of ISO/IEC-9126 and 3 new sub-characteristics flexibility,
robustness and supportability. The proposed evaluating model evaluate with the help
of fuzzy multi criteria approach. The proposed model has better performance than the
ISO/IEC-9126 model. Performance will be compared by evaluating the crisp value of
net software quality for both 1SO/IEC-9126 model and proposed model, with the help
of defuzzification. The results of this research provide a useful platform for further
study on software quality appraisal.
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FarhadL otfi et al.[48], proposed a way to determine fuzzy weights, with a specific
emphasis placed on the fuzzy least square error approach and the fuzzy BWM (Best
Worst approach). The purpose of this chapter is to provide readers with a better
knowledge of fuzzy weight determination techniques and the possible applications of

these approaches in decision-making situations that occur in the real world.

P.R.srivastava and K. Kumar [49], explain about three perspectives, a project
manager, a developer, and a tester, and further developed the research. However, the
focus of these studies remains on devel oping a framework to ensure the production of

high-quality software products and quantifying them as desktop applications.

P. R.Srivastava et a. [50],proposes quantification of qualityfactors. The
guantification of quality factors investigates a method to examine quality variables or
justify overall quality while the software product is being developed. This paper
examines the application of a fuzzy multi-criteria approach to quantify software

quality.

Observation based upon the reviews of above resear ch papers:
Researchers found that real-world problem naturally support multiple criteria. Thus
multi-criteria assessment is a decision making process used to evaluate and prioritize

it. Multi-criteria assessment can be implemented by Fuzzy AHP, Fuzzy TOPSIS etc.

2.5 QUANTIFICATION OF SOFTWARE QUALITY FACTORS
FOR MOBILE APPLICATION

Quantification of software quality factors is necessary to understand the quality
expectation of mobile application during its development by considering its
limitations such as screen size, memory, mobility etc. A framework must be designed
which taking care of such limitations. Quantification of software quality factors
provides a structured approach to measuring, analyzing, and improving the various
aspects of quality of mobile application. Quantification is a systematic approach
which, improve and maintain high-quality standards in mobile applications.
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AzhamHussain and Maria Kutar [51], proposed a framework for determining the
usability of mobile phone applications is a powerful instrument for evaluating
applications usability. The framework offers an all-encompassing array of
measurements that gauge mobile phone applications usability, presenting devel opers
and testers with a structure that guarantees usability and fulfills user demands. The
suggested framework can enhance the user's application experience, decrease
expenses related to the development process, and secure that applications fulfill user

requirements.

Euler HortaMarinho and Rodolfo Ferreira Resende [52], assert that optimal
approaches for the development of mobile applications necessitate the incorporation
of quality factors to guarantee that mobile applications fulfill the demands of users
and offer the utmost level of gratification. Quality factors, such as usability,
performance, security, maintainability and scalability, ought to be taken into account.
Furthermore, it is indispensable to integrate quality assurance and testing into the
development process so as to ensure that mobile applications are of the highest quality

and provide an optimal user experience.

Ali Idriet. al[53], proposed the utilization of ISO/IEC 9126 as a benchmark for
software quality in mobile environments is a feasible and efficient approach to
guarantee the quality of mobile software products. The standard is all-encompassing,
and its implementation has the potential to enhance the usability, dependability,
efficiency, and maintainability of mobile software products. This paper suggests that
the adoption of the standard can result in elevated customer satisfaction and the

deployment of mobile software products.

Maximilian Wich and Tommi Kramer[54], states about the usability aspect of
mobile business applications. The survey instrument, developed as part of this study,
has been established as a legitimate and dependable means to assess the usability of
mobile business applications. The instrument is exhaustive and adaptable, making it
suitable for evaluating the user experience of mobile business applications in diverse
settings. Furthermore, the instrument can aid the design process of mobile business

applications by identifying areas requiring improvement. The implications of this
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study's results are anticipated to be useful in the creation of effective mobile business

applicationsin the future.

S. Panichella et al. [55], explain that user reviews can serve as a vauable repository
of data for software maintenance and evolution endeavors. Through the utilization of
Machine Learning methodologies, it is possible to effectively categorize user reviews
into distinct classifications pertaining to software maintenance and evolution. With
continued refinement and enhancement, this framework could be implemented across
other software platforms, thereby aiding developers and software maintainers in

upgrading their products.

ZuhairElkheir and Ariffin Abdul Mutalib[56], observed that mobile learning
applications present a considerable potential for improving learning and collaboration
in diverse educational settings. However, the development of such applications is a
demanding task that necessitates consideration of various aspects, including user
experience, privacy and security, assessment, and collaboration. This investigation
has furnished a comprehensive overview of the contemporary research on mobile
learning applications and the challenges linked with their design. It has also indicated
the requirement for further research aimed at advancing the efficacy of mobile
learning applications and addressing the assorted challenges and design

considerations.

André Nitze and Andreas Schmietendorf [57], explains that the perceptions and
anticipations of mobile users with regards to software quality exhibit notable
variations, contingent upon diverse factors such as the platform, age of the user, and
the type of application employed. The findings of this study are instrumental in
guiding mobile application developers to enhance their ability to meet the quality
expectations of end-users and augment their overall user experience. Moreover, these
results furnish valuable discernment into how mobile users assess and construe
software quality, thus enabling developers to devise applications that cater to the

preferences and necessities of users.
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PauliusPaskevicius and RobertasDamasevicius [58], explain that the creation of a
functional interface for a mobile e-commerce system is a multifaceted endeavor that
necessitates the consideration of numerous factors, including but not limited to
usability, accessibility, and security. By taking into account the needs of the end-user
and incorporating the most current mobile technologies, designers can develop an
interface that is both user-friendly and enjoyable. With the appropriate methodology,
the interface will be able to provide the end-user with an experience that is secure,
efficient, and pleasurable. Through comprehending the demands of the end-user and
constructing a functiona interface, developers can establish an e-commerce system

for mobile devices that is successful in providing a superior user experience.

Lawrence Barnett et al.[59], has demonstrated that the efficacy of mobile gamesis
significantly influenced by user-friendly navigation, clear instructions, and
appropriate feedback, all of which are usability factors. Additionally, the quality of
graphics and overall game design are crucia elements that significantly impact the
user's experience. Based on the results of this study, mobile game developers can
enhance their game design and thereby create a more engaging user experience.
Furthermore, further research is necessary to comprehensively comprehend the user

experience of mobile games.

A. Hussain et al. [60], proposes an assessment of the e-reader application predicated
on the mobile experience. Severa features, such as page-turning, bookmarks, and
collections, enhance the enjoyment of consuming digital literature. Moreover, the
application boasts a user-friendly interface that is facile to navigate, with an
uncomplicated and uncluttered design. To encapsulate, this application provides a

remarkable reading experience that is sure to be savored by e-reader enthusiasts.

S. Shafig and T. A. Khan, [61], emphasized the significance of usability in mobile
educational applications. Specifically, this paper investigates the usability of chosen
mobile educational applications in the domains of mathematics and reading skills,
with the objective of detecting the usability issues identified by the participants.
Subsequent to usability assessment through the testing of these mobile applications on
school children, comparisons are drawn between the results obtained from usability

29



and learning evauation to substantiate our hypothetical claim that usability has a

substantial effect on learning.

David Parsons and HokyoungRyu [62], endeavors to explore the means by which
guality can be evaluated within the framework of mobile learning design. Our
analysis considers the specific areas within our framework that may be assessed using
established quality metrics. Additionally, we offer a discussion on the further design
considerations that must be taken into account during the M-learning system
development process, including the user's role and collaborative support, which have
not received the same level of attention as the technological aspects of the M-learning
context. Lastly, we introduce three metrics that we believe could supplement the
current ISO/IEC 9126 metrics for evaluating M-learning environments. metaphor,

interactivity, and learning content.

KarimaMoumane et al.[63], presents an empirical study with the help of a
framework which measures and evaluates usability expectation of two mobile
applications, Google apps and Google maps running on different mobile OS, such as
android, ios and Symbian. The framework designed according to ISO/IEC 9126
quality standard. This paper evaluates usability expectation with feedback of 32 users
and explores usability issues related with hardware and software. The feedback will

be taken care by designers and devel opers to take corrective measures.

Fernando Rosell-Aguilar[64], presents an evaluation framework which evaluates
language learning app on the basis of four categories i.e. technology, pedagogy, user

experience and language learning along with set of criteriawithin the categories.

SerenBasaran and Firass El Homsi,[65] presents a decision making mathematical
approach Fuzzy TOPSIS to implement MCDM. This paper evauates ranking within
six mobile mathematical learning applications. This paper adopts 1SO25010 software
quality standard. The aim of this paper to retrieve the best alternative among present
applications. This approach helps to decision makers. Mobile game is one of the fast

growing businesses.
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Paula Bitrian et a.[66],focused upon“how to engage more and more users through
gamification?”. This paper conduct an analysis with the help of datafrom 276 users of
mobile gamified app and conclude that gamification depends upon three factors need
for competence, autonomy and relatedness. This paper also provide a theoretical and
practical implication, which helps to developers so that they think about more

effective mobile game.

Manish Mishra and ReenaDadhich [67], presents a complete framework to convert
gualitative aspects to quantitative assessment and evaluates over-all quality for mobile

application with the help of Fuzzy logic.

Manish Mishra and ReenaDadhich [68], presents a complete framework to convert
gualitative framework to quantitative measurements, which design a framework for
usability expectation of M-Commerce application with the help of GQM and
ISO/IEC-9241-11 aong with the assistance of fuzzy logic.

Manish Mishra andReenaDadhich[69], presents a novel fuzzy based mathematical
algorithmwhich,evaluates relative order in the software quality factors for usability
expectation of mobile game with the help of pair wise comparison and with this
information, decision maker is able to allocate appropriate fuzzy weight.

HaiqiFenget al. [70], suggest that
Firmsmustunderstandcustomerneeds,dothoroughmarketresearch,andstaycurrentontech
nol ogytosucceedinthisfield.Businessesmustinvest in research and development,
customer service,and marketing to succeedin mobilecommerce. Today, users may use
their mobiledevices to make online purchases, pay hills, and

managethei raccounts.M obilecommercel scomplicatedanddependsonseveralfactors.

Mengtian Cui andLibo Zhu, [71] present amodel for determining the most effective
user interface from a variety of alternatives by analyzing user interviews and
guestionnaire responses and satisfying user expectations for a mobile game
application. Mobile gaming is one of the most complex domains, where considerable
effort was required to ensure that mobile game applications were usable.
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PawelWeichbroth [72], suggests that, the ease of use of a mobile gaming application
is and will continue to be a key factor, particularly for first-time users and other
inexperienced players. In order to have a good usability quality framework, one must

ensure that the optimal amount of quality el ements must be present.

SorinNadaban et al. [73], presents a survey paper that will explore the decision
making strategy with a real world problem which has multiple criteria. This paper
presents a decision making for MCDA with th e help of fuzzy TOPSIS method. This
paper offer a general view of the developments of fuzzy TOPSIS methods, literature
review and explore different fuzzy models that have been applied to the decision
making field along with some applications of fuzzy TOPSIS.

J.R.S.C. Mateo [74], presents two methods, weighted sum method and weighted
product method used for evauation in the problem of multi criteria analysis in

renewable energy industry.

Observation based upon the reviews of above resear ch papers:

Mobile application is one of the prominent areas which are expended exponentialy in
the recent years. Now mobile application has countless area of application. This
popularity enhances the competition within the mobile applications market.
Customers have so many choices for a mobile application within one particular
domain. Thusit is required to observe overall quality of the mobile application under
development. The quantification of quality factors ensures about the quality of mobile

application with customer expectation.

26 RESEARCH GAP

This has been noted as limitations of the existing literature according to the literature
review done for the purposed research work:
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1. Quality frameworks for mobile applications or qualitative aspects have been
discussed in an existing research study, but it lacks with complete quality framework

according to the maobile application development company.

2. The gquantitative assessment of desktop-based applications were the main focus of
the majority of the study article, whereas mobile applications were considered less

important.

3. The process of quantification is function of inputs. fuzzy rate and fuzzy weight.
Nearly all of the papers analyze fuzzy weight, like fuzzy rate. The purpose of fuzzy
weight will be entirely different than fuzzy rate, thus it is necessary to take into
consideration fuzzy weight, while keeping in mind the relative importance among the

quality factors.

4. The existing body of literature does not adequately address about the views of all
entities of mobile development company involved with in the development of mobile
application, despite the fact that the complete scenario of any mobile application
development company is dependent on the perspectives of developers, testers, and
end-users, as well as the perspectives supplied by stakeholders, investors, and quality
managers who are referred to as decision makers.

The following points are considered for research gap, in view of above mentioned

limitations as per literature review.

1. Complete generic framework for evaluating the quality of mobile applications that

are customized to specific domain is not present.
2. Optimal set of quality metrics those are specific to the domain.

3. Quality metrics according to quality standards, which are centered on the

developer, tester and B-users.

5. Designing of most significant metrics together with opinion of professionals such
as Security Metrics.
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7. To identify the limitations of the current methodology and develop a benchmark.
8. Evaluate the quality assessment based on the effects over the long term.

9. Assessment of Overall Quality based on several platforms (Operating Systems and
Hardware).

10. Recommendations for the mobile application business and areas of further

research.

27 SUMMARY

This chapter explores various observations of the researchers regarding the quality
aspects of software as a product. These observations are divided in to four distinct
categories. First category discuss about quality framework which has suitable number
of quality factors along with their metrics. Metrics are basic building block which
strengthen quality factors and thus converted in tosuitable overall quality framework.
The second category discuss about the suitable soft computing technique which
evauates the quality framework and thus qualitative aspects converted in to
guantitative assessment. Most of the researchers found that fuzzy logic is one of the
appropriate soft computing techniques. Third category discusses the application of
multi criteria decision approach for the purpose of quantification. Forth category
discusses quantification of software quality factors for mobile application. Many
researchers have their views about framework and quantification of quality factors for
mobile application. Most of them focused on usability framework and evaluation. It is
observed that no framework or methodology is available which assess the overal
quality of mobile application being developed by considering all the entities i.e.
investors, stakeholders, quality managers, developer, tester and B-users of a software

development company.
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CHAPTER 3

SOFTWARE QUALITY FACTORSFOR MOBILE
APPLICATION

3.1 INTRODUCTION

The quality of the application is an essential factor to consider while evauating
software. Both software developers and users have a huge difficulty when it comes to
the assurance of the quality of software. This is because there are a great number of
software quality factors that come into play when determining the quality of software.
Some of these factors are very important and they become the basi ¢ building block for
overal quality of mobile application under development. A significant amount of the
program's effectiveness, or lack thereof, is determined by these factors. As a
consequence of this, it is of the utmost importance to develop strategies during
software development process [24] that improve the quality of the program and cut
down on mistakes. The software developers and designers of an organization do
significant research and make use of a variety of techniques in order to assess and
record the quality of their software products before they are released to the market
[25]. As an additional point of interest, they do routine quality assurance checks on
their software products across the whole of the software life cycle, looking for
techniques and criteriathat improve the overall level of quality. There is a widespread
consensus that the quality of a program is contingent upon a number of different
characteristics that may be used as metrics to evaluate the overall quality of mobile
application programs that are in the process of development. The aspects that are
included in these factors include those that are immediately observable, such as
logical flaws, as well as those that are indirectly measurable termed as functional and
non-functional aspects.

In order to access the quality of mobile application, only specific software quality
factors are taken into account including essential metrics [20, 21]. In addition to
functioning as a trustworthy indication of the demand for software development and

maintenance, software quality factors are an essential and ideal measure for

35



evaluating the quality of mobile application [52]. Within the corporate sectors, where
businesses are expanding and making efforts to improve the quality of their
operations, the relevance of software quality factors are growing, and they are also
becoming more widely accepted. Quality measurements, on the other hand, are
guantitative evauations of the degree to which a program addresses a particular
quality factor that has an effect on the program's overall quality.

This chapter divided in to 5 sections 3.1 to 3.5. Section 3.1 introduces the importance
of software quality factors for any mobile application. Section 3.2 explains about
significance of quality factor with in mobile application along with impact with some
important quality factors. Section 3.3 discuss about designing of quality factors, while
section 3.4 discuss about designing of software metrics for mobile application.
Provide an explanation based on a case study which establishes the appropriate
gualitative usability framework for mobile game application along with relevant

metrics.Section 3.5 concludes with summary of this chapter.

32 IMPACT OF QUALITY FACTORS IN MOBILE
APPLICATION

When it comes to determine the overall quality of any software application, quality
aspects are aways going to play a significant role. The quality of software is a
multifaceted notion that enclosed a variety of attributes as quality aspects, and the
ultimate objective isto bring all of these quality aspects together to generate a product
of high quality. The aspects of quality contribute to the identification, access, and
assurance of the standards that are required. Different generic software quality
standards, each define their own unique collection of quality parameters. There are a
great number of these standards [1, 15, 19]. Considering that these quality parameters
are applied according to domain, it is inevitable that they will always come up with
customization. The purpose of this research work is to examine one of the most
prominent quality standards, which is used by industry as well as in theoretical
aspects like ISO/IEC-9126 standard [15]. A number of quality factors that contribute
to an application's overall performance, user experience, and market acceptability al
plays agreat role in determining the overall quality of mobile application according to

customer expectations and theirrequirements.
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The following is a list of some of the important quality factors and their impact on
development of mobile applications, if the quality factors will not be considered
adequately:

1. Performance

Impact: It is possible for users to get frustrated and quit a product if the performance
isslow or inefficient.

Thingsto Take into Account: Response time, load time, and general responsiveness
are all very important considerations with regard to performance. One should
undertake performance testing, optimize the code, and reduce the amount of resources
needed.

2. Reliability

Impact: Unreliable applications may lead to unpredictable results,loss of data, and
thus may lead to bad impression.

Things to Take into Account: It is important to take into consideration that doing
exhaustive testing, addressing errors, and performing frequent updates to repair

problems all contribute to enhanced reliability.

3. Usability and User Experience

Impact: User-friendly Interfacesincreases levels of customer satisfaction and
retention.

Things to Take into Account: Design, navigation, accessibility, and feedback
systems are fundamental components that must be taken into consideration in order to

provide a user satisfaction.

4. Safety and Protection

Impact: Having security flaws may result in data breaches, identity theft, and harm to
the app's reputation, among other negative consequences.

Things to Take into Account: It is important to take into consideration the
following: implement safe coding methods, make use of encryption, conduct frequent

security audits, and ensure that software dependencies are kept up to date.
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5. Scalability

Impact: If the existing network architecture is not able to manage a rise in the number
of users or the amount of data, then this may lead downtime or a decline in
performance.

Thingsto Take into Account: The architecture of the application should be designed
in such a way that it supports SOA, distributed network, load balancing, scalable
database, auto scaling, CDN, message queue, caching etc., which makes a system
scalable and reliable.

6. Compatibility

Impact: If the application is not compatible with a variety of different hardware
configurations, operating systems, or screen sizes, it may restrict its accessibility.
Thingsto Take into Account: One thing to keep in mind is to test the application on
avariety of devices with different hardware configuration, operating system versions,
and screen sizes. Maintain compatibility with well-known frameworks and libraries
that are provided by third parties.

7. Maintenance

Impact: There is a possibility that the app may become obsolete if it is difficult to
maintain and update it.

Things to Take into Account: It is important to make use of code that is both
modular and well-documented, to adhere to the best practices for coding, and to make

preparations for future upgrades and improvements.

8. Compliance

Impact: In any case when legal and regulatory criteria are not met, it may result in
legal complications and negatively impact the reputation of the application.

Things to Take into Account: Keep updated on the laws and regulations that are
relevant as per current scenario, and put into place the required compliance

procedures, such as privacy and data protection requirements.
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9. Testability

Impact: Inadequate testing might lead to faults and problems that are not found right
away.

Things to Take into Account: Important considerations include the creation of
exhaustive test cases, the implementation of automated testing where it is feasible,

and the execution of exhaustive testing across the whole SDLC process.

10. Efficiency in Cost M anagement

Impact: Apps that are not properly optimized may result in increased hosting costs
and a decrease in profitability.

Things to Take into Account: There are a few things to take into consideration,
including optimizing resource use, selection of hosting options that are cost-effective,

and thinking about the long-term financia ramifications of design choices.

When it comes to development of mobile application that is both profitable and
sustainable, it is very necessary to address these quality factors across the whole
SDLC process. In order to maintain and improve the quality of amobile application
over time, it is essential to provide regular updates and to be sensitive to the feedback

provided by developer, tester and p-Users.

3.3 DESIGN OF QUALITY FACTORS

The creation of software includes a qualitative aspects known as the design of quality
factors [14]. In addition to the functional requirements, the roles have much more
importance for non-functional requirements [29]. These quality factors must be
satisfied in order to create a high quality software product. It is necessary to maximize
these qualitatively defined quality factors and meticulously design a framework that is
readily measurable in order to guarantee that all of the human resources connected
with software development process are able to produce high-quality software.

The design of quality factors is a continuous and ever-changing process that requires
the involvement of all stakeholders, including developers, testers, and B-users, in
addition to quality assurance team. Therefore, it is essential to establishcohesion

among al of them in accordance with the objectives and limitations of mobile
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application development. The whole of this effort will aways be appreciated when
the developed application eventually provides a user friendly interface and usability
expectation of its users as well as the requirements of all stakeholders.

34 DESIGN OF SOFTWARE METRICS FOR A MOBILE
APPLICATION

Software metrics are essential for the foundation of any mobile application. Designing
this part requires careful consideration of software metrics [17], as they represent
important quality factors. The following case study demonstrates the process of
designing metrics for amobile game to meet usability expectations.

3.4.1 Design of software metrics for assessing the usability of mobile

game: Case Study

Usability refersto the ease of use and overall user experience of a software product. It
examines how effectively a customer can utilize the interface to execute activities
efficiently, happily, and without irritation? [30, 51]. Usability metrics are utilized to
assess how simple and effective the software product for customers. These metrics
provide an approach to measure the effectiveness of usability [31, 54].The usability

assessment of a mobile game has a significant influence [59, 71, 72].

This section introduces a fuzzy-based assessment framework for assessing the
expected usability of mobile games [66]. In order to do this, anISO/IEC 9126
[15]have been considered as a quality standard. According to 1SO/IEC 9126 [15],
there are four quality factors defined for usability that are to be extracted from
thisquality standard. These quality factors are learn-ability, understandability,
attractiveness, and operability. There are seven other quality factors that are need to
be taken into consideration: simplicity, memorability, efficiency, attractiveness,
challenge, user happiness, and error and recovery to complete the usability assessment
framework as shown in Table 3.1. There are two fuzzy inputs: fuzzy weight and fuzzy

rate, for fuzzy weight it is necessary to make a decision based on priorities of quality
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factor, and the fuzzy rate is determined through the questionnaire responses filled or
submitted by B-users. This case study takes into account the experiences of both
novice and expert users as shown in Table 3.2. Five scale triangular fuzzy functions,
VH (very high) to VL (very low) are used in order to consider for both type of input

parameters.

Table 3.1: Usability Attribute Along with Quality Factors

Attribute Quality Factors

Learn ability

Understand ability

Simplicity

Usabilit
Yy Memo ability

Efficiency

Attractiveness

Challenge

User satisfaction

Effectiveness

Error and recovery

Operability

Table 3.2: Quality Factor according to users

SN Quality Factors Type of user
1 Learnability Novice user
2 Understandability Expert user
3 Simplicity Novice user
4 Memorability Expert user
5 Efficiency Expert user
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6 Attractiveness Novice user
7 Challenge Expert user
8 User-satisfaction Expert user
9 Effectiveness Expert user
10 Error & recovery Expert user
11 Operability Novice user

The remaining part of this section gives a short description of each and every quality

factor given as:

1. Learnability: Learnability defined as the degree of easinessto learn a mobile game
without any help. It is animportant quality factor for the novice user, Novice users
always search for easy to learn model. Although differentalternatives are available in
any mobile game in the form of informative text, demo etc. to understand the game
but anovice user always go for natural learning as per user’s intuition. Metrics are

designed for mobile game as shown in Table 3.3:

Table 3.3:Metrics of Quality Factor L earnability with its Description

Metrics Description
Numberofattempts Gamehasoptimal numberof attemptstofinisheach task of each
level.
Probabilityforerrors Probabilityforerrormust be in lower side.

Duration for searchingabutton | Timemustbeminimum  for searchingabuttontoperform
specific function.

Sufficientassistance Inbuiltassi stmustbeprovidedwhichhel psusers specially novice,
during execution of game.
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2. Under standability: Understandabilitydefinedasunderstanding of
logical conceptsforeachtask.Itisanimportantqual ity factors for the expert user. Metrics

are designed for mobile game application as shown in Table 3.4:

Table 3.4: Metricsof Quality Factor Under standability with its Description

Metrics Description

Identification of pattern Recognizethepatternwhichappearsamongal ltask o
level

Self descriptiveicons An icon of each game player represents “what

they do in the game™?

Reaction of environment Reacti onofenvironmental objectfoll owdescribedga

me rule as per user action.

Skillsetof game player Properdescriptionofskillsetof game players
intheformof textual information, demonstration

etc.
Al logic Al isincluded or not in the mobile game
Flow andlogic Expert user easily

understandsflowandl ogi cof mobilegame nminimum

time.

Sufficientknowledge Properdescriptionof mobilegamei nthef ormoftextual

information, demonstration etc.

Rulesto score Properdescriptionhowtoscorepoints within

the mobile game

3. Simplicity: Simplicity defined degree of being easy to understand design. It is an
important quality factor for the novice user. Metrics are designed for mobile game

application as shown in Table 3.5:
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Table 3.5: Metricsof Quality Factor Simplicity with its Description

Metrics Description

Description of options Menu options are descriptive in such a way)

that user can easily understood.

Characters are interactive Characters attracts novice user

Navigation for destination  [Proper navigation to reach destination

Modeling of symbols Symbolicrepresentationwill besameforeachtask
or level

Compatible with screensize M obilegameinterfacecompatibl ef oreachscreen

size

Proper orientation M obilegamei nterfaceproperlyalignedasportrait

or landscape.

Compatibility of key board Key board will be compatible as per the size

of the screen.

Time to search particular button |Avg.timewillbeminimizedtosearchparticularbu

tton for afirst time user

Zoom in or out Iti shel pful andnecessarytovisual izeamapbased

mobile game.

4. Memorability: is defined as the degree of easy with which a user efficiently can
remember how to use an application.Itis basically trade off in between time and recall
pattern. This attribute specially design for expert user. Metrics aredesigned for mobile
game application as shown in Table 3.6:
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Table 3.6: Metricsof Quality Factor Memorability with its Description

Metrics

Description

Recallpattern for hours

Doesexperienceduserrecallallfunctionsassociat
edwithataskwhichwasinterruptedby him  for

few hours?

Recallpatternfordays

Doesexperienceduserrecallallfunctionsassociat
edwithataskwhichwasinterruptedby him  for|

few days?

5. Efficiency:Efficiencyis defined as ability of user to complete a task with speed and

accuracy. This quality factor specially designs for expert user. Metrics are designed

for mobile game application as shown in Table 3.7:

Table 3.7: Metrics of Quality Factor Efficiency with its Description

Metrics

Description

Duration onscreen

Timedurationmustbeopti mizedasperthenature

of mobile game for each level.

Durationtocompl etetask

Timedurationmustbeopti mizedasperthenature

of mobile game for al task of each level.

Average number of errors

Average number of erors must be

minimized.

6. Attractiveness. Attractiveness is defined as degree to which application has been

made attractive. This quality factor speciallydesignsfornovice user.lt
t radeoffinbetweentotal ti mespentandrel axati on.Metricsaredesi gnedformobile
application as shown in Table 3.8:

is

game
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Table 3.8: Metricsof Quality Factor Attractivenesswith its Description

Metrics Description
Eventbasedsoundeffect /A uniquesoundappearswheneveraneventoccurs
Font of text and graphics Font of text chosen as per the theme of

game,whilegraphi cssuitabl ef orl atestgraphicsh
ardware.

Nightmode Night mode available to play the game in the
night.

7. Challangeability: Challangeabilityis defined as to maintain the challenge for every

one level increment i.e. from n"level to n+1™ level. This quality factor specially

designs for expert user. Metricsaredesignedformobile game application as shown in

Table 3.9:

Table 3.9: Metrics of Quality Factor Challangeability with its Description

Metrics

Description

Degreeofchallangebility

Challangebilitymaintainedforeachlevel ofincre

ment.

Consistencyinprogressivelevel

Difficulty maintained as per level.

8. Satisfaction: Satisfaction defined as per user’s perceived level of expectation and

need. Metricsaredesignedfor mobile game application as shown in Table 3.10:

Table 3.10: Metrics of Quality Factor Satisfaction with its Description
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Metrics

Description

Execution of allfunctions

Ifansi syesthenfuzzyval uei sV Hotherwisefuzzyval ue
isVL.

Experience asperexpectation

Overal experience of the game as per expectation

regarding its peers.

Gaming experience

User satisfied with over all experience with the

game.

Overadll user interface

User interface will be comfortable regarding long

duration of the game.

Overdl functionality

Overall perception of playing the game.

Overdl chalenge

Overadl Challenge experience in the whole game

9.

Effectiveness: E ffectivenessi sdefinedasabilityof usertocompl eteataskingivencontext. T

hisquality factorspecially designs for expert user. Metricsaredesi gnedformobile game

application as shown in Table 3.11:

Table 3.11: Metrics of Quality Factor Effectivenesswith its Description

Metrics

Description

k

Numberof successfull ycompl etedtas|| ssachandeverytaskwithitsspecificcontextexec

uted as per the requirements?

Number of steps

Numbers of steps are
opti mizedasperthecontext for a particul ar task.

10. Error and Recovery: Error defined asamount and type of errors whichoccur

during task execution. Metricsaredesignedfor mobile game application as shown in

Table 3.12:
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Table 3.12: Metrics of Quality Factor Error and Recovery with its Description

Metrics Description

Recoverfromerror Definedasrecoverabl etaskdividedbytotal noof

errors
Errorrel atedwithdevel oper If it is yesthen very serious issue

Warningmessages \Warningmessagesproperlyunderstoodbyfirstti

me user
Interrupts during game Offlinegamepausedandrestartduring Incoming

voice call or videocall, if yes then fuzzy value
isVH, otherwise VL

11.
Oper ability: O perabilitydefinedasrel ativeeaseof| earningapp.M etricsaredesi gnedformo
bile game application as shown in Table 3.13:

Table 3.13: Metrics of Quality Factor Operability with its Description

Metrics Description

Optionforcolorblindperson Optionavailablesothatacol orblindperson plays

the mobile game.

Action& reaction Eachandeveryactionproperlyrespondsasperthe
rule.
Response Proper response in terms oftime and

reactionwhenever user operates with buttons

(softwareor hardware)

Web browser version Web browser version is available , if yes then
fuzzy value will be VH else VL

Compatible for OS Compatible for each mobile operating system,
If yesthen fuzzy valueif VH else VL
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The case study mentioned above is being explored here, where metrics will be
developed according to the mobile application that is particular to the domain. In
order to facilitate the process of converting qualitative aspects into quantitative
assessment, these metrics have been created in such a manner that they can be easily
transformed into a fuzzy-based mathematical framework. This framework will be
used for computation and evaluate numeric value, both of which are components of
the process.

35 SUMMARY

This chapter explains the importance of software quality factors along with metrics.
The frameworks for designing the metrics are dependent upon particular quality factor
and thus carefully designed as per the current scenarios. Today’s market is a highly
competitive environment. This is taken into account as an important approach in the
development of metrics. This chapter also designs a usability framework for mobile
game application as a case study, which will be further converted form qualitative
aspect to quantitative assessmentand hence compute crisp value which will be used
for quality enhancements.
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CHAPTER 4

FUZZY LOGIC BASED QUANTIFICATION FOR MOBILE
APPLICATION

4.1 INTRODUCTION

This chapter presents one of the prominent soft computing approach fuzzy logic, to
guantify software quality factors for mobile application [37]. Fuzzy logic is a
powerful approach for problem-solving that may be used in variety of fields,
including embedded control and information processing, amongst others [32]. When
compared to traditional logic, fuzzy logic provides a more user-friendly approach to
the process of drawing definitive conclusions from data that is very imprecise,
unclear, and confusing. Fuzzy logic helps to ease the analysis of imprecise data in
order to arrive at exact answers. It does this by bridging the gap between artificial
intelligence and human decision-making processes. Fuzzy logic alows for the
modeling of complex systems through a higher level of abstraction, which is derived
from our experiential and cognitive knowledge. This is in contrast to classical logic,
which requires a profound comprehension of the system at hand. Fuzzy logic does not
require a deep dive into the complexities of the system itself.

Quantification that is based on fuzzy logic is understood to be a suitable
mathematical approach for evaluating and signifying indeterminacy or ambiguity for a
software system that uses fuzzy logic [36]. In contrast to fuzzy logic, which alows for
depictions with varied degrees of accuracy, binary logic, sometimes known as "crisp”
logic, is only effective with true or false values that are correct. Whenever there is a
lack of precision or uncertainty in the information, fuzzy logic almost always plays a
constructiverole.

This chapter is divided in to six sections:4.1 to 4.6. Section 4.1 introduces the
importance of fuzzy logic and its applicability within uncertainties. Section 4.2
explains the method to quantify with the help of fuzzy logic. Section 4.3 discuss about
fuzzy operations applying within process of quantification, while section 4.4 discuss

about the process of fuzzification and defuzzification. Section 4.5 explain
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aboutevaluation process with the help of case study; usability expectation of mobile

game application for expert user. Section 4.6 concludes with summary of this chapter.

42 METHOD FOR QUANTIFICATION USING FUZZY LOGIC
The research presented in this thesis considers quantification via fuzzy logic to be the
process of converting qualitative aspects into quantitative assessment. This process
contains three fundamental processes that constitute the higher level of abstraction as
shown in Fig. 4.1:

1. The procedure of fuzzification.

2. Computationaccording to fuzzy inference system (FIS).

3. The procedure of defuzzification.

The current effort focuses on devel oping a thorough approach for quantifying data via

the use of fuzzy logic.

Step 1: Understand the real-world problem in such away thatapproaches all the issues
and its formulation as per the domain specific mobile application. The decision
makers understand the attributes of mobile application along with quality factors as
per the current scenario.

Step 2: Carefully design the metrics associated with each quality factors.

Step 3: Define linguistic variables as per fuzzy input and output values, which
obtained with the help of fuzzy inference system (FIS).

Step 4. Define fuzzy sets along with membership functions that are appropriate for the
mobile application. Apply membership functions to each input and output linguistic
variable.Functions such as triangular, Gaussian, and trapezoidal etc. are representative
examples of membership functions. This step is achieved with the help of triangular

membership function.
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Step 5: Assign fuzzy values according to the linguistic variable. For example, there
are four scale linguistic variables, H1, H2, H3 and H4 associated with their triangular
fuzzy values as shown in Table 4.1.

Table4.1: Linguistic Variable and Their Fuzzy Values

Lig. Var. Fuzzy Values
H1 (0, 0, 0.25)
H2 (0.25, 0.375, 0.50)
H3 (0.50,0.625 , 0.75)
H4 (0.75, 1, 1)

Step 6: Aggregate the rules, which involves combining all of the outcomesto generate
aggregate fuzzy output value. Methods such as maximum, minimum, and weighted

average are used often. This step considers maximum method for aggregation..

Step 7.Perform defuzzification, the process of converting the aggregated fuzzy output
values into numeric value (fractional or percentage form). This step considers centroid

method as defuzzification technique.

Step 8: Validate the model based on the output in comparison to other methods,
rectify the model if divergence exists. Simulate the input and output values, and

visualize the whole function.
Step 9: Deploy the numeric outcome as directed by decision makers of mobile

application Development Company. Reconsider the model if it does not meet the
benchmark.
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Crisp Inputs

J

Fuzzification

J

Fuzzy inputs (five scales)

J

Fuzzy Inference System

U

Aggregation

J

Fuzzy output

U

Defuzzification

J

Crisp Output

Fig 4.1: Process of Quantification via Fuzzy Logic

43 FUZZY OPERATIONS

The present study employs the technique of weighted average for fuzzy sets in order
to enhance software quality. In this thesis, the Extension Principle is adopted to carry

out the fuzzy operations. The subsequent section elaborates on fuzzy operations [32],

including fuzzy addition and fuzzy multiplication.

(x,y,2) = (axx, bxy, cxz).

Fuzzy Multiplication - Assuming (a,b,c) and (x,y,z) are two triangular fuzzy sets, the

multiplication of triangular fuzzy sets is mathematically represented as (ab,c) x
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Fuzzy Addition - Considering (a,b,c) and (x,y,z) as two triangular fuzzy sets, the
addition of these fuzzy sets is defined as (ab,c) + (X,y,2) = [max(ax), max(b,y),

max(c,z)].

44 FUZZIFICATION & DEFUZZIFICATION

Fuzzification is the procedure which transforms a crisp input into a fuzzy input. This
procedure requires the mapping of a precise input value to afuzzy set. Fuzzification is
areference to the process. Fuzzy input may takeany value bounded between two crisp
inputs. The purpose of fuzzification is to represent the data with such flexibility , not
provided by crisp inputs. This is accomplished via the use of fuzzy logic. In order to
provide a concrete illustration of this idea, let us take a look at a particular case that

involves the fuzzification of recoverable errors as shown in Table 4.2.

Table 4.2: Process of Fuzzification as Per Criteria

Metric Description Probability criteria Fuzzy rating

Probabilit 0<P<0.2 VL (verylow) |(0.0,0.1,0.3)
y (P) to p= m’r‘:j::i:::l‘;‘::zm 02<P<0.4 | L (low) (0.1,0.3,0.5)
evaluate 0.4<P<0.6 | M (medium) (0.3,05,0.7)
recoverabl 0.6<P<0.8 | H(high) (0.5,0.7,0.9)
€ errors 08<P<1 |VH (veryhigh) |(0.7,0.9,1.0)

Defuzzification is the procedure which converts fuzzy output in to crisp output.

There are afew different approaches to defuzzification.

1. Centroid Method (CM)

When it comes to defuzzification, the centroid method is one of the most easy
approach presented till now. It determines the center of gravity of the fuzzy set by
locating the centroid of the region that is covered by the membership function of the
fuzzy set before doing the calculation.
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2.Weighted Average Method (WAM)

When this approach is used, each point in the fuzzy set is given aweight is assigned
to each point in the fuzzy set that is determined by the degree to which it is a member
of the set. After that, the crisp output is computed by taking the weighted average of
all of the points that are included inside the fuzzy set.

3. Mean of Maxima Method (MOM)
To calculate MOM, first the maximum values of the membership functions must be

determined, and then the average of these maximum values must be calculated.

4. Bisector Method (BM)
To locate the point at which the region that is under the membership function of the
fuzzy set is split into two equa halves, The bisector approach is used. The value of

bisector point is numeric.

5.Smallest of Maxima Method (SOM)
Using this method, the highest membership value is determined, and the numeric

output that corresponds to the rule that smallest of these maximais chosen.

6. Height Method (HM)
It looks for the point on the y-axis that corresponds to the highest possible
membership value and chooses that location.

7. Lambda-Cuts method (LC)
In order to trim the fuzzy set at a certain level, a threshold is considered known as

lambda.

The particular properties of the fuzzy logic system and the needs of the application
both play a role in determining thedefuzzification. Each approach has its own set of
benefits and drawbacks, and the way that is best appropriate for a given situation
should be chosen depending on the specific circumstances in which it is used.

The use of the centroid method is utilized in thepresent research study.

[ piz)zds

Centroid formulaz” = —
Julzldz

Where 7' is defuzzified crisp value and p(z) is membership function.
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45 EVALUATION PROCESS

Fuzzy logic is considered to be an effective assessment method for predicting
software quality [38] or automatically visualizing it with the help of total metric score
[35]. The purpose of quantification is to quantify qualitative aspects in to quantitative
assessment. The quantification helps in many ways, developer can compare their
assigned quality factors during mobile application development and visualize the
weaker area. Tester can compare the same quality factor as per developer but with the
different set of metrics and find the gap in between tester’s view and developer’s
view. This section outlines the evaluation process that should be followed in order to
accurately assess the overal usability attribute of a domain specific mobile

application.

45.1 Fuzzy LogicFramework: Design and Evaluation

This section presents following steps to evaluate software quality factors for mobile
application with the help of fuzzy logic as:

Stepl. Design qualitative aspectsfor the mobile application. The framework depends
upon quality factors. Quality factors play a major role and hence optimal numbers of
quality factors have to be considered.

Step2. Design a framework for the metrics according to the quality factors
undertaken.

Step3. Fuzzy weight is determined by the stakeholders, investors, quality manager or
collectively called as decision makers, and fuzzy rates are determined by the
developer, tester and B-users in line with prototype of mobile application under
devel opment.

Stepd. Calculate the overall fuzzy ratings for metrics, quality factors and finally
usability expectation for any mobile applicationwith the help of weighted sum method
[74]:

Overall fuzzy rating=ri x wi+r2 X wz + ......... +n X Wn= Y1 X Wi
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Step5. The final step is to convert overal fuzzy rating in to crisp valueswith centroid
method. Centroid method is one of the well-known methods for defuzzification. Thus,

the overal crisp valuein terms of percentage for overall quality obtained.

452 Converson of qualitative aspects to quantitative

assessmentmodel: Case Study

Usability of mobile application refers to the effectiveness and ease of use of a mobile
application on a device [27]. Assessment of usability may be extended by existing
quality standards [63].

This sectiondiscussed the usability expectation of mobile game for expert users,
which is based on the fuzzy logic based evaluation model. The proposed model
defines six quality factors, namely Understandability, Memorability, Efficiency,
Challengeability, Effectiveness, and User Satisfaction as shown in Table 4.3, to assess
the overall quality of a mobile game.Two fuzzy inputs are used in it, namely fuzzy
rate and fuzzy weight. The weight is determined according to the priorities of quality
factors identified by decision makers, while the fuzzy rate is based on a questionnaire
and the experience of expert users for beta version. Both inputs are evaluated using
the triangular fuzzy function.
Table 4.3: Usability Attribute and its Quality Factors

Attribute Quality factors
Understandability

Memorability
Usability Efficiency
Challengeability
Effectiveness

User satisfaction

Proposed model is described in the following steps and illustrated with the help of the
diagram as shown in Fig. 4.2.
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Define quality factors for usability attribute as per expert user

U

Define fuzzy weight for each quality factors on the basis of relative
distance within quality factors by decision makers

U

Evaluate fuzzy rating as per p-users on the basisof mobile application
prototype under development

U

Evaluate net fuzzy rating for each quality factors

U

Evaluate net fuzzy rating for usability attribute

U

Evaluate net numeric quality rating (defuzzification) for usability
attribute

U

The net numeric rating will be used as a feedback for B-version of
mobile game application for stakeholders of the mobile application
development organization and takes corrective measures, if required

Fig 4.2: Process Flow Diagram for UEM-$

For example a mobile app development company ‘ABC’ conducts the survey for beta
version to evaluate the usabilityas per expert users. This evaluation model has six
quality factors, where each quality factor has two inputs; fuzzy rate and fuzzy weight.
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All quality factors are evaluated based upon fuzzy values and evaluates overall fuzzy
rating for six quality factors which further combined to produce overal quality in

fuzzy values. Defuzzification will be applied to convert fuzzy output to crisp output.
The ‘ABC’ mobile game company adopts five scales, VH(very high), H(high),
M(medium), L (low), VL (very low) ratings [45] whose fuzzy values illustrated as

Table4.4.

Table 4.4: Five Scale Fuzzy Weight and Fuzzy Rate

Scale | Fuzzy Weight | Fuzzy Rate
VH (0.75,1,1) (0.7,0.9,1)
H (0.50.75,1) | (0.5,0.7,0.9)
M | (0.25,0.50,0.75) | (0.3,0.5,0.7)
L | (0.0,0.25,050) | (0.1,0.3,0.5)
VL | (0.0,0.0,0.25) | (0.0,0.1,0.3)

Now evaluating each and every quality factors according to UEM-p:

1. Evaluating the overall fuzzy rating of under standability:

Understandability defined as understanding logical concepts for each task. It is an
important quality factor for the experienced user. Metrics designed for
understandability and calculate average rating as per average fuzzy rate and average
fuzzy weight is calculated as:
Average Fuzzy rate (decided by expert users as per responses of questionnaires): High
(0.50, 0.70, 0.90)

Fuzzy Weight (decided by decision makers): Very High (0.75, 1.0, 1.0)

Thus overall rating calculated as:

Rave(Understandability)= (0.50,0.70,0.90)x(0.75,1.0,1.0)
= (0.50x0.75, 0.70x1.0, 0.90x1.0)
=(0.38, 0.70, 0.9)
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2. Evaluatingthe overall fuzzy rating of memor ability:

Memorability is defined as the degree of easy with which a user efficiently can
remember how to use an application.It is basically trade off in between time and recall
pattern, this quality factor specially design for experienced user. Metrics designed for
memorability and calculate average rating as per average fuzzy rate and average fuzzy
weight is calculated as:
Average Fuzzy rate (decided by expert users as per responses of questionnaires):
Medium (0.30,0.50,0.70)

Fuzzy Weight (decided by decision makers): High (0.5,0.75, 1.0)

Thus average rating calcul ated as:
Rave(Memorability)= (0.30,0.50,0.70)x(0.5,0.75,1.0)
= (0.30x0.5, 0.50x0.75, 0.70x1.0)
=(0.15, 0.38, 0.7)

3. Evaluating the overall fuzzy rating of efficiency:
Efficiency is defined as ability of user to complete a task with speed and accuracy.
This quality factor specially designs for expert user. Metrics designed for efficiency
and calculate average rating as per average fuzzy rate and average fuzzy weight is
caculated as:
Average Fuzzy rate (decided by expert users as per responses of questionnaires): Low
(0.10, 0.30, 0.50)
Fuzzy Weight (decided by decision makers): High (0.5, 0.75, 1.0)
Thus average rating cal culated as:
Ravc(Efficiency)= (0.10,0.30,0.50)x(0.5,0.75,1.0)
=(0.10x0.5, 0.30x0.75, 0.50x1.0)
=(0.05, 0.23, 0.5)

4. Evaluating the overall fuzzy rating of challengeability:

Challangeability is defined as to maintain the challenge for every one level increment
i.e. form nth level to n+1 th level. This quality factor specially design for experienced
user. Matrices designed for challengeability and calculate average rating as per

average fuzzy rate and average fuzzy weight is calculated as:
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Average Fuzzy rate (decided by expert users as per responses of questionnaires): High
(0.50,0.70,0.90)
Fuzzy Weight (decided by decision makers): Very High (0.75,1.0,1.0)
Thus average rating calculated as:
Ravg((Challengeability)= (0.50,0.70,0.90)x(0.75,1.0,1.0)
= (0.50x0.75, 0.70x1.0, 0.90x1.0)
=(0.38, 0.70, 0.9)

5. Evaluating the overall fuzzy rating of effectiveness:

Effectiveness is defined as ability of user to complete a task in given context. This
quality factor specialy designs for experienced user. Matrices designed for
effectiveness and calculate average rating as per average fuzzy rate and average fuzzy

weight is calculated as:

Average Fuzzy rate (decided by expert users as per response of questionnaire): High
(0.50,0.70,0.90)

Fuzzy Weight (decided by decision makers): High (0.5,0.75,1.0)

Thus average rating calculated as:
Rave (Effectiveness)= (0.50,0.70,0.90)x(0.5,0.75,1.0)
= (0.50x0.5, 0.70x0.75, 0.90x1.0)
=(0.25,0.53, 0.9)

6. Evaluating the overall fuzzy rating of satisfaction:

The user’s overall level of satisfaction with the system.User’s satisfaction evaluated in
terms of feedback. Satisfaction defined as user’s perceived level of expectation and
need. Matrices designed for satisfaction and calculate average rating as per average
fuzy rate and average fuzzy weight is calculated as:

Average Fuzzy rate (decided by expert users as per response of questionnaire): High
(0.50,0.70,0.90)

Fuzzy Weight (decided by decision makers): Very High (0.75,1.0,1.0)
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Thus average rating calculated as:
RavgSatisfactiony = (0.50,0.70,0.90)x(0.75,1.0,1.0)
= (0.50x0.75, 0.70x1.0, 0.90x1.0)
=(0.38, 0.70, 0.9)

Thus Overall rating calculated (RusasiLITy) as:
RaveUnderstandabilityy+RaveMemorability)+RavcEfficiency)+RaveChallengeabili
ty)+RavcEffectiveness+Rava(saTisracTion)
=(0.38,0.70,0.9)+(0.15,0.38,0.7)+(0.05,0.23,0.5)+(0.38,0.70,0.9)+(0.25,0.53,0.9)+
(0.38,0.70,0.9)

=(0.38,0.70, 0.9)

Fuzzy rating obtained as :(0.38, 0.7, 0.9)
Computation of crisp rating (on applying centroid formula):

0.7, 1)
M)
(0.38,0) (0.7,0) (0.9, 0)
z —»

Fig 4.3: Defuzzification using Centroid Formula

Equation of line passing through (0.38, 0) and (0.7, 1)
M(z) =3.125z-1.1875

Equation of line passing through (0.9, 0) and (0.7, 1)
M(z)=45-52

o.7 o.e
Jyae(3.1252-1.1875) z dz+ [ , (4.5 —-5z)z dz

*

[y2{3.125 z-1.1875)dz+ [, . (4.5-52)dz

_0.09493 +0.07667
- 0.16+0.1
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01716
T 0.26

=0.66

The crisp value evaluated as 0.66, or66%. Thus the overal quality of mobile
application will be calculated as 66%

46 SUMMARY

The purpose of this chapter was to offer a fuzzy-based assessment model that
transforms qualitative aspects to quantitative assessment. The model was
demonstrated by a straightforward case study that assesses the usability expectations
of an expert user for a mobile game application by UEM-B. The quantification may be
applied in avariety of different ways, such as the technigue that is adopted by mobile
business companies as an agile software development life cycle (SDLC). By doing so,
decision makers of mobile companies will ensure that quality will be approached in
the appropriate manner. In the event that corrective steps are required, the quality
manager is able to readily examine and compare the various software quality aspects
and methodologies being considered. As aresult, fuzzy logic is used as a useful tool,
which ultimately becomes the fundamental notion for qualitative to quantitative

assessment.
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CHAPTERS

PROPOSED MATHEMATICAL FRAMEWORK
MAQM-MA: MULTI ATTRIBUTE QUALITY MODEL FOR
MOBILE APPLICATION

5.1 INTRODUCTION

This chapter presents the fuzzy based mathematical evaluation frameworknamed as
MAQM-MA (Multi Attribute Quality Model for Mobile Application). This proposed
framework MAQM-MA accepts two fuzzy based inputs, fuzzy weight and fuzzy rate.
These two inputs have their own impact and they differ with their aim. Multi attribute
guality model is a basic framework having qualitative aspects along with multiple
attributes. Fuzzy weight will be helpful to determine the relative importance among
all software quality factors and thus helps decision makers of any mobile application
development company. Fuzzy weight is determined by the decision makers, whereby
the pair-wise comparison of software quality factors (SQF) provides a suitable
mathematical agorithm on a fuzzy basis, FW-MA (Fuzzy Weight for Mobile
Application), which evaluates the relative ranking of the quality factors according to
their importance for the quality consideration. Fuzzy rate is an input provided by
developer, tester and B-users based on their own questionnaire to calculate the fuzzy
rating for the metricsprovided by the decison makers. It becomes a live input
represents the prototype of mobile application under development. The combined
impact of fuzzy weight and fuzzy rate has to be considered the overall impact of
guality and may take the corrective measures during the development of mobile
application. The framework MAQM-MA analyzes the qualitative aspects and
evauates it in to quantitative assessmentby considering the perspectives of three
different views: the developer, the tester, and the p-user in the form of fuzzy rate
along with view of decision maker in the form of fuzzy weight.

The Fuzzy Analytic Hierarchy Process (FAHP) is a decision-making process that uses
fuzzy logic and combines qualitative and quantitative methodol ogies to assess various
aternatives and prioritize them, which will be used to determine fuzzy weight
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[69].Fuzzy weight also be evaluated with the help of fuzzy least square error approach
and fuzzy BWM [48]. The FAHP, introduced by JJ Buckley [40], is an extension of
the AHP originally created by TL Saaty [39].

Mobile apps have become an essential component of modern society and have a
significant impact on severa aspects of our daly routines, including mobile
commerce, mobile gaming, and mobile learning. Severa researchers have focused on
the field of mobile learning. They began by examining the concept and challenges
through a survey [56]. They then developed a framework for assessing the quality of
mobile learning applications [62, 64]. Additionally, they used Fuzzy TOPSIS to select
the best mathematics mobile learning application [65]. Further, they evaluated an e-
Reader mobile app [60] and studied the role of usability in game-based learning
mobile apps [61].Researchers also provide their perspective on the factors
contributing to the success of mobile commerce applications [70], as well as the
design of interfaces to enhance usability [58]. They also examine usability
expectations using the GQM paradigm and ISO/IEC-9241-11 quality standard [68].

This chapter divided in to eight sections 5.1 to 5.8. Section 5.1 introduces about FW-
MA agorithm and fuzzy based mathematical framework MAQM-MA. Section 5.2
explains the concept about proposed framework MAQM-MA. Section 5.3 discuss
about designing of MAQM-MA framework.Section 5.4 discussedthe quality factors
and metrics along with evaluation criteriafor fuzzy rating as per developer’s view.
Section 5.5 discussed the quality factors and metrics along with evaluation criteriafor
fuzzy rating as per tester’s view. Section 5.6 discussed the quality factors and metrics
with the help of GQM paradigmas per B-user’s view. Section 5.7 presents flow graph
for over-all view of MAQM-MA. Section 5.8 concludes with summary of this
chapter.

5.2 CONCEPT OF PROPOSED FRAMEWORK: MAQM-MA

This section proposed a fuzzy logic based mathematica framework MAQM-MA,
which is used to evaluate overall quality of a mobile application. The observation

depends upon three views developer, tester and B-user during the development of
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mobile application. The purpose of fuzzy based mathematical framework to evaluate
and fulfill the purpose to convert qualitative aspect to quantitative assessment. The
overall quantifiable quality depends upon combination of quantification of three
views. Quantification depends upon two inputs, fuzzy rating and fuzzy weight. Fuzzy
rating: an input which depends upon feedback of prototype of mobile application
during its development. This input has five scale fuzzy rating input as Very Low,
Low, Medium, High and Very High. Fuzzy weight depends upon relative importance
among quality factors with a constraint such that sum of weights of quality factors
will be one. Relative importance of quality factors is decided by the stakeholders,
investors, quality manager collectively called as decision makers.

A mobile application development organization mayconsist of stakeholders, investors,
quality managers and customer or collectively called as decision makersalong with
domain specialist beta-users as well as technical or non-technical persons as -user

tester, al of them are viewedas an asset for any mobile application business.

Purpose of fuzzy weight and fuzzy rate serve as.

Fuzzy weight of quality factor: The fuzzy weight is defined according to the relative
significance of the quality factors and this will be assessed by decision makers or a

subset of decision makers via pair-wise comparisons.

Fuzzy rate of quality factor: The fuzzy rate will be assessed by the developer, the
tester, and the B-users based on their feedback as per questionnaires or checklists that
are directed by the decision makers and guided by the software prototype.

5.3 DESIGN OF PROPOSED FRAMEWORK MAQM-MA

The proposed frameworkincorporates some of the features of two well-known quality
standardsI SO/IEC-9126 and 1SO/IEC-9241-11. The baseline standard referred to as
ISO/IEC-9126 is used in this study for developer and tester’s view and ISO/IEC-
9241-11 for B-user’s view. Accordingly, the quality elements that need to be taken
into consideration for the developer, the tester, and the p-user are those that are based

on ISO/IEC-9126 quality criteria. During the assessment, the fuzzy rating and fuzzy
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weight of each and every metric that is related with its quality component as indicated
by 1SO/IEC-9126 are taken into consideration. Obtaining the overall fuzzy rating of a
specific quality factor is accomplished by combining two fuzzy operations, namely
fuzzy multiplication of fuzzy weight and fuzzy rating of particular metric. These
fuzzy operations are then combined with the assistance of fuzzy addition operation,
which ultimately results in the overall fuzzy rating of a particular quality factor. The
same procedure is carried out in order to achieve the overall rating from the
perspective of the developer, the tester, or the B-users.

This research study takes into consideration the following quality factorsfrom
the perspectives of the developer and tester. Customization and data availability are
two additional quality factorsthat have been added to the list of quality factors that
have been extracted from quality standardl SO/IEC-9126.All those quality factors that
are to be considered marked with v* (tick) as illustrated in table 5.1. Quality
standardl SO/IEC-9241-11 considered for usability, recognized world-wide. All of the
quality factors are taken to be considered for B-users, marked with v* (tick) as
illustrated in table 5.2.

Table5.1: Quality Factorsfor Developer and Tester according to | SO/IEC-9126

Attributes Quality-Factors Developer | Tester
Functionality Suitability v v
Accuracy v v
I nteroperability v v
Functionality Compliance v v
Security v v
Customization-new v v
Efficiency Time Behavior v v
Resource Behavior v v
Efficiency Compliance v 4
Scalability v v
Performance v v

67



Data-avail ability-new v 4

Portability Replace-ability v v
Adaptability v 4

Install-ability v v

Co — existence v v

Portability Compliance v v

Maintainability | Analyzability v 4
Changeability v

Testability v

Stability v v

Maintainability Compliance v v

Reliability Maturity v
Fault Tolerance v v

Recoverability v v

Reliability Compliance v v

23 26
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Table 5.2: Quality Factors for f-User accordingto | SO/IEC-9241-11

Attribute Quality factors Users

Usability Feature

Timetaken

Accuracy

Security

l3_
v
v
Learn ability v
v
v
v

B-user’s feedback

5.3.1 FW-MA algorithm to evaluate prioritization of fuzzy weight for
developer, tester and B-user perspectives. The proposedalgorithm is
based on the procedure given byNadaban&Dzitac[73]:

Stepl. Design the qualitative framework for any mobile application.

Step2.Decide pair-wise priorities (crisp value) among software quality factors

as per decision maker.

Step3.Replace crisp value with corresponding fuzzy values accordance as

linguistic variable such as equally imp, strongly imp etc.
Step4.Cal culate fuzzy geometric mean (FGM) for all quality factors (QF).

Step5.Calculate normalized fuzzy weight (NFW) from fuzzy geometric mean
(FGM) for al software quality factors (SQFsS).

Step6.Convert normalized fuzzy weight (NFW) in to corresponding crisp
value and find the relative distance in between quality factors.

Step7. Assign fuzzy weight by decision maker as per relative distance in
between the quality factors.
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5.3.2 Flow graph of FW-MA algorithm
Flow graph of the FW-MA algorithm, which evauates the relative ranking of the
software quality factors (SQFs) according to their importance for the quality

assessment as shown in Fig 5.1.

SOQF for Developer, Tester and fi-User

| l

’ Designing C , with crisp value ‘

|

Replace crisp value with fuzzy value

| SQF for Developer, Tester and fi-User | l Pair-wise priorities (cnisp value) among

Evaluate fuzey geometric mean (FGM) each
SQF

Evaluate normalized fuzzy weight (NFW)
for cach SQF

Convert NFW to crisp value for each SOF

|

Prioritize SQF and find relative distance

) l

Assign fuzzy weight for Developer’s view,
Tester's view and f-User’s view

Fig. 5.1: Flow graph of FW-MAAIlgorithm

5.3.3MAQM-M Aframework to evaluate overall quality (crisp):
Stepl. Allocation of appropriate fuzzy weight for each metrics as per decision
makers.
Step2. Allocation of appropriate fuzzy rate accordance as evauation criteria
for each metrics by devel oper, tester and B-users provided by decision makers.
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Step3. Evaluate appropriate fuzzy rate for each quality factors with the help of
fuzzy weight and fuzzy rate of metrics.

Step4. Establish the priority with in quality factors with pair-wise comparison.
Step5. Allocation of appropriate fuzzy weightfor each quality factor
accordanceasthe priority among quality factors.

Step6. Evaluate overall fuzzy ratefor developer, tester and B-users with the
help of fuzzy weight and fuzzy rate of quality factors .

Step7. Evauate overall quality (crisp) for developer, tester and B-users with
the help of defuzzification.

54 DEVELOPER’S VIEW

According to the developer, the qualitative aspect of a mobile application depends on
the software quality factors that are associated with the developeralong with the
metrics. The following section5.4.2illustrates the relevant quality factors, as well as
the metrics and the evaluation technique for fuzzy input rating as shown in Table 5.3.
One of the issues that concerns stakeholders, investors, quality managers, and all
thosereferred to as decision makers, is the appropriateallocation of fuzzy weight. An
additional fuzzy-based mathematical algorithm known as FW-MA, thatusespair-wise

comparison to prioritize quality factors.

5.4.1Flow graph of MAQM-MA (Developer’s View)
Flow graph of the MAQM-MA framework, which evaluates the overall crisp quality

according to the devel oper as shown in Fig 5.2.
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Allocate fuzzy-rate (n) by Developer as per

evaluation criteria for each metrics by taking

responses of prototype of mobile application
under development

Allocate fuzzy-weight (wi) for each metrics
as per decision maker

v

v

Evaluate fuzzy-rate for each quality factor (QF) using Evaluate fuzzy-weight (Wi) for each quality

Fuzzy-rate (overall) = 3’ Ri * W

weighted sum method (3 wi* ri) factor (QF) with the help of FW-MA
Algorithm
Fuzzy-rate (QF) = REwi* ni+w2* nn+....+ wa*ru
v
Evaluate overall fuzzy-rate :

A

Evaluate crisp value using defuzzification

(centroid method)
o windzds
T Inlz ds

Fig. 5.2: Flow graph of MAQM-MA: Developer’s View
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5.4.2Assessing fuzzy rating for each metric: developersview

Table5.3: Evaluation criteriafor assigning fuzzy rating according to developer

Quality factor Metrics Evaluation Criteria Fuzzy Parameter
Suitability M1: Find P for operations If p=1 then VH
: . total no ofimplemented operations .
Impl emented. (P) Probabil |ty = no of operationsas per document providedto developer otherwise L
Accuracy M1: Find P for accurate If p=1 then VH
o total no of operations producing accurate result for each sensor H
results for each sensor. (P) Probabil |ty = total no of operations for eachzenzor otherwise |
M2: Find P for accurate If p=1 then VH
: . total no of operations producing accurate result for each multiple sensor :
results for multi ple Sensors. (P) Probabil |ty: total no of operations for each multiple zenzor otherwise H
I nteroper ability M1: App behaves well for | Is app behaves well in both the platforms as per combination of H/W and | If true then VH
all H/W& OS. OS (android or 10S)? otherwise L
M2: Behavior of each API | Is app behaves well as per API functions in both the platforms as per | If true then VH
functions. combination of h/w and OS (android or 10S)? otherwise L
M3: Behavior of each | Isapp behaveswell asper sensorsin both the platforms as per combination | If true then VH
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Sensor. of h/iw and OS (android or 10S) otherwise H
Functionality M1: Adherence to | Feedback as per developer VHtoVL
Compliance functionality standard
Security M1: Degree of access | appropriatelevel of abstraction with: Biometric (VH)
controllability. 1. Biometric OTP based (M)
2. OTP based login/password (L)
3. Login/ Password
M2: Mode of payment | Most trusted and popular payment gateway. VH, H, L
gateway.
Customization- M1: Display as per device | Overall content of application including buttons displayed as per device | VH,M,L
new screen. screen.
M2: Font size and style as | Font size and style as per Ul provided by client and feedback during agile | VH,H, M
per Ul provided by client. | development.
M3: About landscape and | Support landscape and portrait mode as per size of screen. VH, L
portrait.
M4. Fill a complete form | Optimized to fill acomplete form as per size of screen. VH, M, L
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as per size of screen.

Time Behavior

M1: About responsetime

Compare response time with server emulator and different devices.
Response time = Application Delay + H/W Delay + N/W Delay

If timeis same VH
otherwise H, L

M2: Throughput Rate How many requests executed in unit time? VHtoVL
Resource Behavior | M1, Memory and | 1.memory and processor as per app VHtoVL
processor as per app 2.H/W selection as per domain of mobile app VHtoVL
M2.H\W selection | 3. Tradeoff in between combination of H/W and power dissipation. VHtoVL
M3.Tradeoff in between | 4. Tradeoff in between duration of execution of app and power dissipation. | VH to VL
H/W selection and power | 5. tradeoff in between n\w selection and execution of app VHtoVL
dissipation.
M4.Duration of execution
of ap and power
dissipation.
M5. N\W selection and
execution of app
Efficiency M1: Adherence to | Overall feedback as per devel oper VHto VL
Compliance efficiency standard
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Scalability M1. Support for multiple | 1. Support for multiple user. VHtoVL
USer. 2. What if users randomly increased. VHH, L
M2. What if users| 3. Test overall performance as per N\W selection in lab and outsidethelab | VH toV L
randomly increased?
M3. Mobility Test
Performance M1.Optimal threading | 1. App does not stop functioning. if yes VH

model to avoid suspension
or shut down of thread.
M2.Algo to implement

2. Check priority wise application.

otherwise VL
if it is behaves
properly then VH

priority among threads. otherwise VL
Data-availability- | M1LApp with data to|1. App installed first time with data even no connectivity. Then VH | VH, H
new display initialy, even if | otherwise H
low or no connectivity.
M2.Use  of Caching | 2. Optimal utilization of caching and local storage of data. VH,H, M
scheme and local storage
of data. 3. Data optimization in case of data dependent application. VH,H, M

M3.Specia care about data
dependent application.
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Replace-ability Opportunity to adapt app in | Response time almost same in both platform if yes then VH | time is| VH, M , VL
android aswell as 10S. average then M, time too long VL

Adaptability 1. Optimal combination of | Check response time for each platform if yesthen VH,M,VL VH, M, VL
H/W for al devices and for
all platforms.

Install-ability Relative ease of installing | Compare timeto install app for both platform,android as well as 10S VH, M, VL
software for a given
platform

Co - existence: | Frequency of deadlocks If frequent occurs then VL otherwise ,M,VH VH, M, VL

ability to exist

with other

independent

software

Portability M1: Adherence to | Overal feedback as per devel oper VHTOVL

Compliance Portability standard

Analyzability M1.KLOC (size oriented | 1.KLOC / team member VHtoVL
metric) VHtoVL
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M2.Skills 2.Skills:exp in that software skill: VHtoVL
M 3.Experience VHtoVL
M4.Documentation 3.Experience:overall exp VHtoVL
M5. CMM applicable. VHtoVL
4.Documentation VHtoVL
Easy documentation, understood by other developer.
5. CMM applicable (level 1t0 5). VHtoVL
VHtoVL
Stability M1. No of global variables. | 1.If lesser no of global variablethen VH else M, VL VH, M, VL
M2.Support error handling | 2.Exceptional handling for all kind of errorsthen VH VH ,H, L
or exception handling.
Maintainability M1: Adherence to | Overall feedback as per devel oper VHTOVL
Compliance Maintainability standard
Fault Tolerance M1: Specific level of | 1.If exception handling then VH else L VH, L
performance
2.P=no of successfully updated functions/no of fault prone functions VH TO VL

M2: Performance after

Where P is probability of functions successfully met after updation..
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updation. If P=0VL
P=03L
P=06M
P=0.8H
P=1VH
Recover ability M1: Degree of | If data backup provided by nearest cloud then VH else VH, L
recoverability. L
Reliability M1: Adherence to | Overal feedback as per devel oper VHTOVL
Compliance Reliability standard

5.5 TESTER’S VIEW

According to the tester, the qualitative aspect of a mobile application depends on the software quality factors that are associated with the tester

along with the metrics. The following section 5.5.2 illustrates the relevant quality factors, as well as the metrics and the evaluation technique for

fuzzy input rating as shown in Table 5.4. An additional fuzzy-based mathematical algorithm known as FW-MA, that uses pair-wise comparison

to prioritize quality factors.
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5.5.1 Flow graph of MAQM-MA (Tester’s View)
Flow graph of the MAQM-MA framework, which evaluates the overal crisp quality according to the Tester as shown in Fig 5.3.

Allocate fuzzy-rate (ry) by Tester as per Allocate fuzzy-weight (wy) for each metrics
evaluation criteria for each metrics by aking as per decision maker
responses of prototype of mobile application
under development
v v
Evaluate fuzzy-rate for each quality factor (QF) using Evaluate fuzzy-weight (Wi) for each quality
weighted sum method (3 wi* ) factor (QF) with the help of FW-MA
Algorithm
Fuzzy-rate (QF) = REwi*nn+wa2*rn+....-wa®*ra

y

Evaluate overall fuzzy-rate:

Fuzzy-rate (overall) = ¥ Ri * Wi

v

Evaluate crisp value using defuzzification
(centroid method)

Lo Twisdade
& Iuiz) ds

Fig. 5.3: Flow graph of MAQM-MA :Tester’s View
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5.5.2 Assessing fuzzy rating for each metric: tester view

Table5.4: Evaluation criteriafor assigning fuzzy rating according to tester

Quiality factor Metrics Evaluation criteria Fuzzy parameter
Suitability M1: Implementation of all functions. Check all the functions are implemented or not. VH,H, M
If all implemented then VH
Accuracy M1: Behavior of sensors Does each operation well execute as per input wrt | VH, H, M
sensors .accurately then VH
M2: Precision of computation All computation performs up to required precision | VH, H, M
then VH
I nter oper ability M1. Easily instaled first time for android | If easily installed then VH VH,H, M
and ios.
M2. Uninstalled, then again installed easily | If easily installed then VH VH,H, M
for android and ios.
M 3. Behavior of multiple sensors. If multiple sensors behave well for androidandios. | VH,M, L
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then VH

Functionality M1: Adherence to Functionality standard Overal feedback as per Tester VHTOVL
Compliance
Security M 1:Degree of access controllability, Test for appropriate level of abstraction with: VH,H, M
(Biometric)VH,
(OTP based)H
(login/password)M
Customization-new M1: Overall content of application including | 1. Test overall content of application including
buttons displayed as per device screen. buttons displayed as per device screen. If it is|VH,H, M
displayed for all screen then VH
M2: font size and style. 2. Test font size and style as per Ul provided by | VH, H, M
client and feedback during agile development. then
M 3:Landscape and portrait mode VH,H, M
3. isit support landscape and portrait mode then VH, M
M4: Optimized to fill a complete form as per | VH
size of screen. 4. Isit Optimized to fill a complete form as per size | VH, H, M
of screen? Then VH
Time Behavior M1: Response time as per devices and | 1 if there is feasible (expected) response time for | VH, H, M
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network.

alconditions then VH

Resour ce Behavior M1:App behavior as per battery. 1. if app behaves well even if battery islow. VHtoVL
VHto VL
M2: Level of battery as per duration. 2. Is level of battery reduced drastically as per | VHto VL
duration of execution of app?
Efficiency Compliance | M1: Adherenceto efficiency standard Overall feedback as per Tester VHTOVL
Scalability M1: Support multiple users 1. Support for multiple user. VHtoVL
M2: Load of users 2. What if users randomly increased? VH,M,L
M3: Mobility test 3. Test for N\W selection in lab and outside VH,M,VL
Perfor mance M1: loading time for app. 1. Loading time for app not to be too long. If yes | VL, H
then VL otherwise H
M2: Functioning when switch to other app. 2. App does not stop functioning when switch to | VL, M, H
other app. If yesthen VL
M3: Phone calls do not create obstacle in | 3. Phone calls do not create obstacle in functioning | VH, M, VL
functioning of app. of app. If yesthen VH
4. Check response time under various devices and | VH, M, L
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M4:Response time as per devices and n\w.

n\w sdlection. If timeisfeasible then VH

Data-availability-new | M1: Dataavailable in first time. Is data available in first time even if connectivity is | VH, M
low or no connectivity? If yes then VH otherwise M

Replace-ability M1: Updation in app. Is easily update to its new version if yesVH VH,H, M

Adaptability M1:Response time for each platform Check response time for each platform if yes then | VH, H, VL
VH

Install-ability M1: Install formsource in both platform. Compare timeto install app with in both platform. VH,M,VL

Co - existence M1:App hangs for each platform. Check app hangs for each platform or not, if | VHtoVL
frequent then VL

Portability M1: Adherence to portability standard Overall feedback as per Tester VHTOVL

Compliance

Analyzability M1: Easy to understand mobile prototype Easy to understandall functional and non-functional | VH to VL
aspects

Stability M1: Degree of stability If anyone attempts for unexpected input? VHtoVL
Proper exception handling or not?

Maintainability M1: Adherence to maintainability standard Overall feedback as per Tester VHTOVL

Compliance

Fault Tolerance M 1:Breakdown avoidance X=1-(A/B) VHtoVL

A isno of breakdown
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B isno of failures

If X=0VL
X=0.3L
X=0.6 M
X=0.8H
X=1VH
Recoverability M1: Degree of recoverability Feasible time for recoverability VHtoVL
Rédliability Compliance | M1: Adherence to reliability standard Overall feedback as per Tester VHTOVL
Changeability M1.Updated versions 1.Easy to modify as per updated versions VHTOVL
M2. Removal of errors 2.Easy to modify as per removal of errors VHTOVL
Testability M1: Optimal no of test cases. 1.Test cases are optimal VH, M, L
M2: Cyclomatic complexity. 2. If CC<10then VH VH,H,M
M3: Kinds of test. 3. (functional, performance, APl , usability etc) | VHTOVL
M4: Manual and automated testing. have to be performed.
4.Perform both testing VH, M
Maturity M1:Failure density against test cases 1.X=A1LA2 VHTOVL

Alisno of faillures
A2 isno of test cases
If x=0VH
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M 2:Failure resolution

X=.3H

X=6M

X=.8L

X=1VL

2. Y=A1UA2

Alisno of failureresolved
A2 istotal no of failure detected
If Y=0VL

Y=0.3L

Y=0.6 M

Y=0.8H

Y=1VH

VHTOVL

5.6 B-USER’S VIEW

The B-user's perspective is focused on the usability factor. The baseline standard for usability is derived from 1SO/IEC-9241-11, the most recent
quality standard for usability, which incorporates the suggested framework MAQM-MA. Section 5.6.2 illustrates the usability factors and
metrics for M-Commerce application according to 1ISO/IEC-9241-11 along with GQM (Goa Question Metrics) approach [23], to access fuzzy
rating as shown in Table 5.5. An additional fuzzy-based mathematical algorithm known as FW-MA, that uses pair-wise comparison to prioritize

quality factors.
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5.6.1 Flow graph of MAQM-MA (B-User’s View)
Flow graph of the MAQM-MA framework, which evaluates the overall crisp quality according to the f-User’sas shown in Fig 5.4.

Allocate fuzzy-rate (ri) by [J-user as per Allocate fuzzy-weight (wi) for each metrics
evaluation criteria for each metnes by taking as per decision maker
responses of prototype of mobile application
under development

v v

Evaluate fuzzy-rate for each quality factor (QF) using Evaluate fuzzy-weight (W) for each gquality
weighted sum method (3 wi* ry) factor (QF) with the help of FW-MA
Algorithm
Fuzzy-rate (QF) " Rimwi ™ rr+wa2™ r2 4.0+ Wwa™ ra

A
Evaluate overall fuzzy-rate:

Fuzzy-rate (overall) = ¥ Ri * W,

e

Evaluate crisp value using defuzzification
(centroid method)

o Inz)zaz
I nie) dz

Fig. 5.4: Flow graph of MAQM-MA :B-User’s View
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5.6.2Assessing fuzzy rating for each metric: p-User’s view:

Table5.5: Evaluation criteria for assigning fuzzy rating according to p-User’s

Usability Goal Question Metric Fuzzy Parameter
factor
Efficiency Features | About display & | Impact of text, font and colors | VH to VL
navigation?
Degree of navigation in App VHtoVL
Suitable for night vision VHtoVL
What about | Finding information about | VH to VL
search pattern | product are easier
(text pattern and | Speech to text converted | VHtoVL
Speech pattern)? | accurately
What about | About description of product | VHto VL
product :
description? Display of product photograph | VH to VL
About display of product price | VHto VL
Display of product status|VHtoVL
(available or out of stock )
What about | Easy to register VHtoVL
purchase process?
Easy to change customer | VHtoVL
information
Easy to order product VHtoVL
Shopping cart’s information is | VH to VL
accurate
Adequate information about | VH toVL
how to order
Adequate information about | VHtoVL

payment options
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Adequate information about | VHtoVL
how to cancel the product
Adequate information about | VHtoVL
return & refund policy
Adequate information about | VHtoVL
order detail
Adequate information about | VHtoVL
delivery time
Adequate information about | VHtoVL
delivery cost
Adequate information about | VHtoVL
delivery area
Delivery to other address VHtoVL
Online order tracking | VHto VL
available
Time What about time | Search particular product VHtoVL
taken to search a sub-
task?
What about time | Timeto complete atask VHtoVL
to complete a
whole task?
Effectiveness | Learn- What about | Easy to learn interface VHtoVL
ability intuitive learning
about mobile app? Adequate content management | VH to VL
What about help | Adequate help (demo version) | VH to VL
or customer
cervice? Adequate help (text version) | VHtoVL
Accuracy | What about | Mobile app respond properly | VH to VL
Mobile app | as per action
response as per | Every component of interface | VH to VL

action?

respond accurately
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What about | Probability to search | VHto VL
chance for | successfully task completion
successful in 1% attempt
completion of | Probability to completion of | VHtoVL
task or sub-task? | task within given time
Satisfaction | Security | What about | Adeguate information about | VH to VL
security of | privacy policy
personal data & | Secure socket layer used by | VHto VL
financia data? mobile app
Well recognized  secure | VHto VL
payment methods
Different mode for verification | VH to VL
such as OTP based
Feedback | What about | Overal features VHtoVL
feedback process?
Overal learning process VHtoVL
Overal accuracy VHtoVL
Overall security VHtoVL
Overal experience to use this| VHto VL

mobile app
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57 MAQM-MA (OVER-ALL VIEW): FRAMEWORK
Flow graph of the MAQM-MA framework, which evaluates the overal crisp quality as shown in Fig 5.5.

Evaluated fuzzy-rate for each view (Developer’s (Ra), Allocate fuzzy-weight for each view
Tester’s (Ri) & B-User's (Rp) Views) (Developer’s (Wa), Tester’s (W) & -
User’s (Wp) Views)

l l

Evaluate overall fuzzy quality as per three views with
the help of Weighted sum method

Overall fuzzy quality = Wa* Ra+Wi* Re+ Wp* R

l

Evaluate overall crisp quality with the help
of defuzzification (centroid method)

o Julzdzdz
In(z)dz

Fig. 5.5: MAQM-MA (Over-all View): Framework
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5.8 SUMMARY

A generic fuzzy-based assessment framework known as MAQM-MA is presented in
this chapter. Thisframework includes a total of 23 software quality factors and 46
metrics specific to developers, 26 SQFs and 43 metrics specific to testers, six SQFs
and 42 metrics specific to p-users. This framework considers three different
perspectives developer, tester and B-users. Two of the perspectives, developer and
tester, share some common quality factors as per ISO/IEC-9126 quality standard, but
they assess the quality by using distinct sets of metrics. The B-user's perspective is
focused on the usability factor, derived from ISO/IEC-9241-11, the most recent
quality standard for usability.
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CHAPTERG

QUANTIFICATION OF QUALITY FACTORSUSING MAQM-MA
FRAMEWORK

6.1 INTRODUCTION

Software quality factors represent an specific software quality attribute. Quantifying
quality factors involves measuring a specific attribute. Certain software products may
possess a specific attribute that holds great significance. In such cases quantification
have tried to evaluate software quality attributes reliability [26], reliability of aspect
oriented software [33] and maintainability [34]. ISO/IEC-9126 standard can be
extended to evaluate source code attribute [18]. Quantification of software quality

factor can aso be evaluated bytop-down approach [16].

Fuzzy multi-criteria decision making (FMCDM) employs fuzzy logic to solve MCDM
issues using vague or unclear data and may use for the selection of software
development strategy [44] . FMCDM represents a promising tool for addressing
decision making in intricate problem domains [41]. Similar analysis has been done
using the ISO/IEC-9126 quality standard [46, 47]. An aggregation method choquet
integral, used to solve problem of fuzzy multi criteria decision approach [43], or by
using the rough sets and fuzzy sets[42].

This chapter presents the quantification of fuzzy based mathematical framework
MAQM-MA, discussed in chapter five, with the assistance of a case study that is
based on an M-Commerce application. The scope of this case study involves three
viewpoints: the developer view, the tester view, and the pB-user view. Each of these
perspectives has its quality factors aong with own set of metrics and quality
considerations. In this case study, two fuzzy inputs, fuzzy weight and fuzzy rate are

taken into consideration. The fuzzy weight of the input is considered to be implicit,
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and it is taken into consideration by the investors, stakeholders, software quality
management, or collectively caled as decision makers in the mobile application
industry. The fuzzy weight of the input was assessed according to relative importance
of quality factors to the concerns that were shared and mutually agreed by the
decision makers. During the process of developing a mobile application, the input
fuzzy rate was analyzed in accordance with the prototype of the mobile application
under development. MAQM-MA combines two quality standardslSO/IEC-9126 and
ISO/IEC-9241-11. 1SO/IEC-9126 quality standard considers for developer and tester
viewwhile ISO/IEC-9241-11 considers for B-user, because it is specialy meant for
usability.

This chapter divided in to five sections 6.1 to 6.5. Section 6.1 defines quantification
process for the fuzzy based mathematical framework MAQM-MA. Section 6.2
explains the process of quantification of MAQM-MA framework for three
perspectives i.e. Developer, tester and B-user, as a result obtained overal fuzzy
rating.Section 6.3 explains about process of quantification as anoverall effect of three
perspectives. Section 6.4 discussed the process of defuzzification and obtained overall
crisp quality as per three perspectives and their overall effect. Section 6.5 concludes
with summary of this chapter.

6.2 QUANTIFICATION OF SOFTWARE QUALITY FACTORS
USING MAQM-MA FRAMEWORK

In the case study of the mobile commerce application, there are three perspectives that
are taken into consideration, and each perspective requires two fuzzy inputs. fuzzy
weight and fuzzy rate. When making decisions about mobile businesses, fuzzy weight
should be taken into consideration by the decision makers, and fuzzy ratings should
be reviewed according to the prototype for each perspectives. The overall quality of
mobile application depends upon quantification as per three perspectives and their
combined effect.
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6.2.1 Quantification of quality factorsusing MAQM-MA framewor k

:Developer’s view

The developer has atotal of 46 metrics, MD1 to MD46 and 23 quality factors, QFD1
to QFD23. Fuzzy weight and fuzzy rate are the two inputs that are used for each
measure. This calculation adopts algorithm as discussed in sections5.3.1 and 5.3.3 of
chapter 5. Fuzzy rating for each quality factor was examined with the assistance of
both fuzzy inputs that were given for metrics, and as a result, an overal fuzzy rating
of the developer viewpoints was generated with the help of fuzzy weight and fuzzy

rating of quality factors.

Thefollowing steps will illustrate the evaluation:

Stepl. Evaluate overall quality (fuzzy rating) for quality factors QFD1 to QFD23 with
the help of fuzzy weight and fuzzy rate assigned for each metrics as shown in Table
6.1. The questionnaire facilitates the assignment of fuzzy rates for the metrics
(APPENDIX-1).

Table 6.1: Evaluation of Fuzzy Rating for each QF: Developer’s View

Fuzzy Rating

Quality Factors Fuzzy Rating(Metrics) Fuzzy weight(Metrics) .
(Quality Factors)
QFD1 Suitability MD1 | VH | 07 | 09 | 1 [VH|O075| 1 1| 052 | 09 1
MD2 | VH | 07 | 09 | 1 [VH|O075 | 1 1
QFD2 Accuracy 0525 | 0.9 1
MD3 | H 05| 07 |[09|VH|O75| 1 1
MD4 | VH | 07 | 09 | 1 [VH|O075| 1 1
QFD3 | Interoperability | MD5 | VH | 0.7 | 09 | 1 | H | 05 | 075 | 1| 0525 | 0.9 1
MD6 | H 05| 07 |09 H | 05 |075 |1
Functionality
QFD4 _ MD7 | H 05|07 |09 H | 05 |075|1| 025 |0525| 09
Compliance
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_ MD8 | VH | 07 | 09 | 1 [VH|O075| 1 1
QFD5 Security 0525 | 09 | 1
MD9 | VH | 07 | 09 | 1 [VH|O075 | 1 1
MD10| VH | 0.7 | 09 | 1 [VH| 075 | 1 1
Customization- | MD11 | H 05| 07 |09 |VH|O75| 1 1
QFD6 0525 | 09 | 1
new MD12| VH | 0.7 | 09 | 1 [VH| 075 | 1 1
MD13| VH | 0.7 | 09 | 1 | H | 05 |075 |1
_ _ MD14 | H 05| 07 |09 |VH|O75| 1 1
QFD7 | Time Behavior 0375 | 0.7 | 09
MD15| H 0507 |09 H |05 |07 |1
MD16| VH | 0.7 | 09 | 1 [VH| 075 | 1 1
MD17 | H 05| 07 |09 H | 05 |075 |1
Resource
QFD8 _ MD18 | H 05| 07 |09 |VH|O75| 1 110525 | 09 | 1
Behavior
MD19 | H 05| 07 |[09|VH|O75| 1 1
MD20| VH | 0.7 | 09 | 1 | H | 05 | 075 |1
Efficiency
QFD9 _ MD21| H 05|07 |09 H | 05 |075|1| 025 |0525| 0.9
Compliance
MD22 | H 0507 |09 H| 05|07 |1
QFD10 Scalability MD23 | H 05| 07 |09 |VH|O75| 1 1| 0375 | 07 | 09
MD24 | H 05| 07 |09 |VH|O75| 1 1
MD25| VH | 0.7 | 09 | 1 [VH| 075 | 1 1
QFD11 | Performance 0525 | 09 | 1
MD26| VH | 0.7 | 09 | 1 [VH| 075 | 1 1
Data- MD27 | H 05| 07 |09 |VH|O75| 1 1
QFD12 | availability- |MD28| H 05| 07 |09 |VH|O75| 1 1| 0375 | 07 | 09
new MD29 | H 05| 07 |09 H | 05 |075 |1
QFD13 | Replace-ability [MD30| VH | 0.7 | 09 | 1 |VH|075| 1 10525 | 09 | 1
QFD14 | Adaptability [MD31| VH | 0.7 | 09 | 1 |VH|O075| 1 105255 | 09 | 1
QFD15 | Instal-ability | MD32| VH | 0.7 | 09 | 1 |[VH|O075| 1 10525 | 09 | 1
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QFD16 | Co—existence | MD33 | M 03 | 05 |07|VH|O0O75 | 1 |1 025 05 |07
Portability
QFD17 , MD34 | M 03| 05|07 H |05 |075|1| 015 |0375| 0.7
Compliance
MD35| H 05| 07 |09 H | 05 |075 |1
MD36| H 05| 07 |09 | H 05 | 075 |1
QFD18 | Analyzability | MD37 | H 05| 07 |09 H | 05 |075| 1] 0525 | 0.9 1
MD38| H 05| 07 |[09|VH|O75| 1 |1
MD39| VH | 0.7 | 09 | 1 ([VH|O75 | 1 |1
N MD40 | VH | 0.7 | 0.9 1 |VH| 075 1 1
QFD19 Stability 0525 | 09 | 1
MD41| H 05| 0.7 |09 |VH | 075 1 1
Maintainability
QFD20 _ MD42 | H 05|07 |09 H| 05 0751 025 |0525]| 0.9
Compliance
Fault MD43| VH | 0.7 | 0.9 1 |VH| 075 1 1
QFD21 0525 | 09 | 1
Tolerance MD44 | H 05| 07 |09 H | 05 |075 |1
QFD22 | Recoverability |[MD45| VH | 0.7 | 09 | 1 | H | 05 | 0751 | 035 |0675| 1
Reliability
QFD23 _ MD46 | H 05| 07 |09 H | 05 |075|1| 025 |0525| 0.9
Compliance
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Step2 Prioritization of fuzzy weight with pair wise comparison as per decision makers

This section demonstrate the relative ranking of fuzzy weight in between quality factors, where relative comparison among quality factors are decided by the decision makers of mobile company. This section implement algorithm as discussed in section
5.3.1, chapter 5. Pair wise comparison executed with the help of amatrix in between QFD1 to QFD23 asillustrated by table 6.2.

Table 6.2: Pair-wise Comparison Matrix among all QFsfor Developer

QFD1 | QFD2 | QFD3 | QFD4 | QFD5 | QFD6 | QFD7 | QFD8 | QFD9 | QFDI0 | QFD11 | QFDI12 | QFD13 | QFD14 | QFD15 | QFD16 | QFD17 | QFDI8 | QFD19 | QFD20 | QFD21 | QFD22 | QFD23 GFW NFW Crisp-wt
QFD1 | 1 Yy 1 1 U7 | U5 | 13 2 1 13 7 18 1 1 1 Y, 1 13 1 1 15 s 1 | 045] 0520610012375 001768 | 002562 | 0.019
QFD2 | 4 1 1 1 s s 13 2 1 1 1/5 13 Y 13 13 s 1 Vs Vs 1 1/5 Ya 1 | 048] 058[076| 00132 | 001972 | 003192 | 0022
QFD3 | 1 1 1 1 15 3 13 Yy 4 1 15 3 1 1 1 1 4 13 7 5 7 Y, 5 |081|097| 12 | 0.022275 | 0.03298 | 0.0504 0.035
QFD4 | 1 1 1 1 16 | 15 Ya s 1 13 7 15 7 s Vs s 1 1/5 Y 1 13 Y 1 | 037044056 0010175 | 001496 | 002352 | 0.016
QFD5 | 7 4 5 6 1 3 2 2 7 3 13 1 2 2 2 2 7 1 2 7 1 1 7 | 175|241| 3 |0048125| 008194 | 0126 0.085
QFD6 | 5 2 13 5 13 1 7 Y 7 1 13 Y 13 13 13 13 7 7 13 6 15 15 6 | 065|084 1.15] 0017875 | 0.02856 | 0.0483 0.032
QFD7 | 3 3 3 4 s 2 1 5 6 3 Y 1 2 2 2 2 6 2 2 5 1 1 6 | 146|209 271 004015 | 0.07106 | 0.11382 | 0.075
QFD8 | % Y5 4 4 Y5 2 15 1 5 15 2 1 1 1 1 5 1 1 5 7 Y, 5 | 102|124 | 162 | 002805 | 0.04216 | 0.06804 | 0.046
QFD9 | 1 1 Yy 1 U7 | U7 | ue | 15 1 s 15 15 15 15 15 15 1 s Y 1 1/6 1/6 1 | 029]033]038[0007975| 001122 | 00159 | 0.012
QFD10| 3 1 1 3 13 1 U3 | 13 4 1 Y 1 1 1 1 1 5 1 1 5 1 1 5 | 104|117 |133| 00286 | 003978 | 005586 | 0.041
QFD11| 7 5 5 7 3 3 4 5 5 4 1 4 3 3 3 3 7 3 3 7 1 1 6 | 271|347 | 42 | 0074525 | 011798 | 0.1764 0.123
QFD12| 8 3 13 5 1 2 1 s 5 1 Y 1 7 s 7 Y5 3 s Vs 4 15 15 3 |073|095| 129 0020075| 00323 | 005418 | 0.036
QFDI3| 1 2 1 2 s 3 % 1 5 1 13 2 1 1 1 1 4 15 15 3 Vs s 3 | 078|099 125| 002145 | 0.03366 | 0.0525 0.036
QFD14 | 1 3 1 2 s 3 % 1 5 1 13 2 1 1 1 1 3 15 15 4 13 13 4 [ 083|106 1320022825 003604 | 0.05544 | 0.038
QFD15 | 1 3 1 2 s 3 % 1 5 1 13 2 1 1 1 1 3 s Vs 4 13 13 3 | 078|116 1.34 | 002145 | 0.03%44 | 005628 | 0.039
QFD16 | 2 2 1 2 s 3 % 1 5 1 13 2 1 1 1 1 3 Vs Y 4 13 13 3 | 081107139 0022275 | 003638 | 005838 | 0.039
QFD17 | 1 1 s 1 U7 | u7 | Ue | 15 1 15 7 13 Y 13 13 13 1 1/6 1/6 1 1/6 1/6 Y% | 028|033 04 | 00077 | 001122 | 0.0168 0.012
QFD18| 3 4 3 5 1 4 s 1 4 1 13 4 5 5 4 4 6 1 1 5 13 13 4 16 | 2 |247| 0044 0068 | 0.10374 | 0.072
QFD19 | 1 2 2 4 s 3 s 1 4 1 13 4 5 5 4 4 6 1 1 4 13 13 4 | 132|171 22 | 00363 | 005814 | 0.0924 0.062
QFD20 | 1 1 15 1 U7 | U6 | U5 | 15 1 15 7 s 13 s Vs s 1 15 Vs 1 15 15 1 03 | 0.34| 04 | 0.00825 | 0.01156 | 0.0168 0.012
QFD21| 5 5 2 3 1 5 1 2 6 1 1 5 4 3 3 3 6 3 3 5 1 13 4 [192| 25 |304| 00528 | 0085 | 0.12768 | 0.088
QFD22| 4 4 2 4 1 5 1 2 6 1 1 5 4 3 3 3 6 3 3 5 3 1 5 | 211 275|334 0058025 | 00935 | 014028 | 0.097
QFD23| 1 1 15 1 U7 | 16 | U6 | 15 1 15 1/6 13 13 14 13 13 2 14 14 1 14 15 1 | 031]037]|046|0008525| 001258 | 001932 | 0013
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On the basis of crisp weight obtained for each quality factors, decision makers

alocate five rating fuzzy weight criteria to each quality factor as illustrated in table

6.3.
Table 6.3: Allocation of Fuzzy Weight for Developer
Fuzzy Weight Allocation as per crisp value of quality factors
VH QFD5, QFD7, QFD11, QFD18, QFD19, QFD21, QFD22
H QFD2, QFD3, QFD6, QFD8, QFD10, QFD12, QFD13, QFD14, QFD15,
QFD16
M QFD1, QFD4, QFDY9, QFD17, QFD20, QFD23

Step3. Evauation of overal fuzzy rating as per developer for each quality factor as

illustrated in table 6.4.

Table 6.4: Evaluation of Overall Fuzzy Rate: Developer’s View

Quality Factors Fuzzy rate Fuzzy weight Overdl fuzzy rate(QF)
QFD1 Suitability 0525 09 1102505 (075(013125| 045 | 0.75
QFD2 Accuracy 0525 09 105|075 1 | 0.2625 | 0.675 1
QFD3 Interoperability 0525 09 105|075 1 | 0.2625 | 0.675 1
QFD4 | Functionality Compliance | 0.25 | 0.525| 0.9 | 0.25| 0.5 | 0.75| 0.0625 | 0.2625 | 0.675
QFD5 Security 0525 09 1075 1 1 1039375 09 1
QFD6 Customization-new 0525 09 105|075 1 | 02625 | 0.675 1
QFD7 Time Behavior 0375 0.7 [09|075| 1 1 ]028125| 0.7 0.9
QFDS8 Resource Behavior 0525 09 105|075 1 | 0.2625 | 0.675 1
QFD9 | Efficiency Compliance | 0.25 | 0.525| 0.9 |0.25| 05 | 0.75| 0.0625 | 0.2625 | 0.675
QFD10 Scalability 0375 07 (09| 05 |075| 1 | 01875 | 0525 | 0.9
QFD11 Performance 0525 09 1075 1 1 039375 09 1
QFD12 Data-availability-new [ 0375| 0.7 |[09] 05 |0.75| 1 | 0.1875 | 0525 | 0.9
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QFD13 Replace-ability 0525 09 | 1|05 (07| 1 | 02625 | 0675 1
QFD14 Adaptability 0525 09 | 1|05 (07| 1 | 02625 | 0.675 1
QFD15 Install-ability 0525 09 | 1 | 05|07 1 | 02625 | 0.675 1
QFD16 Co — existence 0225| 05 |07 05 (075 1 | 01125 | 0375 | 0.7
QFD17 | Portability Compliance | 0.15 | 0.375|0.7|0.25| 0.5 | 0.75| 0.0375 | 0.1875 | 0.525
QFD18 Anayzability 0525 09 | 1 |075] 1 1 1039375 0.9 1
QFD19 Stability 0525 09 | 1 |075] 1 1 1039375 0.9 1
Maintainability

QFD20 Compliance 025 |0525(09|025| 05 | 0.75| 0.0625 | 0.2625 | 0.675
QFD21 Fault Tolerance 0525 09 | 1 (075] 1 1 1039375 0.9 1
QFD22 Recoverability 035 0675 1 |075] 1 1 | 02625 | 0675 | 1
QFD23 | Reliability Compliance | 0.25 | 0.525|0.9|0.25| 0.5 | 0.75| 0.0625 | 0.2625 | 0.675

Step4. Evauation of overall fuzzy rating as per developer view:
Assessment of overall fuzzy rating utilizing the equation outlined in section 4.5.1.

Overall fuzzy rating as per developer = (0.39375, 0.9, 1)

6.2.2 Quantification of quality factorsusing MAQM-MA framewor k

:Tester’s view

The tester has a total of 43 metrics, MT1 to MT43 and 26 quality factors, QFT1 to
QFT26. Fuzzy weight and fuzzy rate are the two inputs that are used for each
measure. This calculation adopts algorithm as discussed in sections 5.3.1 and 5.3.3 of
chapter 5. Fuzzy rating for each quality factor was examined with the assistance of
both fuzzy inputs that were given for metrics, and as a result, an overal fuzzy rating
of the tester viewpoints was generated with the help of fuzzy weight and fuzzy rating
of quality factors.
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Thefollowing stepswill illustrate the evaluation:

Stepl. Evaluate overall quality (fuzzy rating) for quality factors QFT1 to QFT26 with
the help of fuzzy weight and fuzzy rate assigned for each metrics as shown in Table
6.5. The questionnaire facilitates the assignment of fuzzy rates for the metrics
(APPENDIX-2).

Table 6.5: Evaluation of Fuzzy Rating for each QF: Tester’s View

. _ . . Fuzzy Rating
SN Quality Factors fuzzy rate(metric) fuzzy weight(metric) .
(Quality Factors)
QFT1 Suitability MT1 H 0507|109 |VH| 0.75 1 10375 07|09
MT2 H 0507|109 |VH| 0.75 1 |1
QFT2 Accuracy 0.375 | 0.7 0.9
MT3 M 0305|107 |VH| 0.75 1 |1
MT4 | H [05/07 |09 |VH| 075 | 1 |1
QFT3 Interoperability MT5 H (050709 H| 05 |075|1| 0375 | 0.7]0.9
MT6 M 0305|107 |VH| 0.75 1 |1
Functionality
QFT4 ) MT7 M 0305|077 |VH| 0.75 1 10225 05|07
Compliance
QFTS5 Security MTS8 H 0507|109 |VH| 0.75 1 |1(037% 07|09
MT9 H 0507|109 |VH| 0.75 1 |1
Customization- | MT10| H |05/07]09| H | 05 |075]|1
QFT6 0.375 | 0.7 0.9
new MT11| M |03 0507 H | 05 |[075]1
MT12 | H 05]107|09|VH| 0.75 1 |1
QFT7 Time Behavior MT13 | H 05]107|09|VH| 0.75 1 10375 07|09
Resource MT14| M |03 |05]07| H | 05 |075]1
QFT8 _ 0225 | 05| 0.7
Behavior MT15| M |03|05]07|VH| 075 1 |1
QFT9 Efficiency MT16| H [05|/07|09|VH|O075| 1 |1| 0375|0709
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Compliance

MT17| M |03]05[07| H | 05 |075|1
QFT10 scal ability MT18 | M |03|05|0.7|VH| 0.75 1 10225 05|07
MT19| M |03|05|0.7|VH| 0.75 1 |1
MT20| H |05]07|09|VH|O075| 1 |1
MT21| M |03|05[07|VH|O075| 1 |1
QFT11 Performance 0.375 | 0.7 | 0.9
MT22| M |03]05[07| H | 05 |075|1
MT23| M |03|05[07| H | 05 |075|1
Data-availability-
QFT12 MT24 | M | 03| 05| 0.7|VH | 0.75 1 10225 05|07
new
QFT13 Replace-ability MT25 | H 0507|109 |VH| 0.75 1 10375 07|09
QFT14 Adaptability MT26| H |[05[07[09|VH|O075| 1 |1]| 0375|0709
QFT15 Install-ability MT27 | M |03|05(07|VH|O075| 1 |1]| 0225 |05]|0.7
QFT16 Co—existence |MT28| L |[01|03|05|VH|O075| 1 |1| 0075 |03|05
Portability
QFT17 . MT29| L |01|03|05|VH|O075| 1 |1]|0.075|03]|05
Compliance
QFT18 Anayzability MT30 | H 05]107|09|VH| 0.75 1 |1] 0375 |07|09
QFT19 Stability MT31 | H 05]107|09|VH| 0.75 1 |1(037 07|09
Maintainability
QFT20 _ MT32| H |05[07[09|VH|O075| 1 |1]|0375|0.7]09
Compliance
QFT21 Fault Tolerance | MT33 03[05({07|VH|O075| 1 |1]| 0225|0507
QFT22 Recoverability | MT34 03[05({07|VH|O075| 1 |1]| 0225|0507
Reliability
QFT23 _ MT3| M |[03|05[07|VH|O075| 1 |1 0225 |05|07
Compliance
MT36| M |03]05/07| H | 05 |075|1
QFT24 Changeability 0225 | 05| 0.7
MT37| M |03|05]|07]|VH| 0.75 1 |1
MT38| M |03]05[07| H | 05 |075|1
QFT25 Testability MT39| H |05/07[09| H | 05 |075]1]| 0375 |0.7]09
MT40 | H |05]/07 |09 |VH|O075| 1 |1
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MT41 03/05|07| H | 05 [075
MT42 03/05|07| H | 05 [075

QFT26 Maturity 0375 [ 0.7]09
MT43 05{07|09|VH | 075 | 1

Step?2 Prioritization of fuzzy weight with pair wise comparison as per decision makers

This section demonstrate the relative ranking of fuzzy weight in between quality
factors, where relative comparison among quality factors are decided by the decision
makers of mobile company. This section implement algorithm as discussed in

section5.3.1, chapter 5. Pair wise comparison executed with the help of a matrix in

between QFT1 to QFT26 asillustrated by table 6.6.
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Table 6.6: Pair-wise Comparison Matrix among all QFsfor Tester

QFT

QFT

QFT

QFT

QFT

QFT

QFT

QFT

QFT

QFT

QFT

QFT

QFT

QFT

QFT

QFT

QFT

QFT

QFT

QFT

QFT

QFT

QFT

QFT

QFT1 QFT2 GFW NFW Crisp-wt
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
QFT1 1 Ya 1 1 7 15 13 2 1 13 7 18 1 1 1 Yo 1 13 1 1 1/5 Ya 1 Yo 13 3 0.465 0.543 0.67 0.011 0.017 0.026 0.018
QFT2 4 1 1 1 Ya Yo 13 2 1 1 1/5 13 Yo 13 13 Yo 1 Ya Yo 1 1/5 Ya 1 3 1 5 0.562 0.688 0.893 0.014 0.021 0.035 0.023
QFT3 1 1 1 1 15 3 13 Ya 4 1 1/5 3 1 1 1 1 4 13 Yo 5 Yo Yo 5 1 13 3 0.83 0.97 1.193 0.02 0.03 0.047 0.032
QFT4 1 1 1 1 16 15 Ya Ya 1 13 7 15 Yo Yo Yo Yo 1 15 Ya 1 1/3 Ya 1 15 1/6 1/3 0.34 0.412 0.516 0.008 0.013 0.02 0.013
QFT5 7 4 5 6 1 3 2 2 7 3 13 1 2 2 2 2 7 1 2 7 1 1 7 5 Yo 6 1.755 2.409 3.051 0.043 0.074 0.119 0.078
QFT6 5 2 13 5 13 1 Ya Ya 7 1 13 Ya 13 13 13 13 7 Ya 13 6 1/5 1/5 6 1 4 4 0.741 0.955 1277 0.018 0.029 0.05 0.032
QFT7 3 3 3 4 Ya 2 1 5 6 3 Ya 1 2 2 2 2 6 2 2 5 1 1 6 1 1 4 1.456 2.006 2,544 0.036 0.062 0.1 0.066
QFTS8 Yo Y2 4 4 Yo 2 15 1 5 3 1/5 2 1 1 1 1 5 1 1 5 Yo Yo 5 1 1 4 1.061 1271 1.622 0.026 0.039 0.063 0.042
QFT9 1 1 Ya 1 7 17 16 15 1 Ya 1/5 15 15 15 15 1/5 1 Ya Ya 1 1/6 1/6 1 1/5 1/5 Ya 0.275 0.315 0.456 0.007 0.01 0.018 0.011
QFT10 3 1 1 3 13 1 13 13 4 1 Ya 1 1 1 1 1 5 1 1 5 1 1 5 1 Yo 3 1.019 1.162 1.355 0.025 0.036 0.053 0.038
QFT11 7 5 5 7 3 3 4 5 5 4 1 4 3 3 3 3 7 3 3 7 1 1 6 5 1 5 2.664 3.379 4.071 0.066 0.104 0.159 0.109
QFT12 8 3 13 5 1 2 1 Yo 5 1 Ya 1 Yo Yo Yo Yo 3 Ya Ya 4 1/5 1/5 3 3 1 4 0.813 1.056 14 0.02 0.033 0.055 0.036
QFT13 1 2 1 2 Ya 3 Ya 1 5 1 13 2 1 1 1 1 4 1/5 1/5 3 Ya Ya 3 1 1 1 0.8 0.99 122 0.02 0.031 0.048 0.033
QFT14 1 3 1 2 Ya 3 Ya 1 5 1 13 2 1 1 1 1 3 1/5 1/5 4 13 13 4 3 1 1 0.867 1.092 1344 0.021 0.034 0.053 0.036
QFT15 1 3 1 2 Ya 3 Ya 1 5 1 13 2 1 1 1 1 3 Ya Ya 4 13 13 3 4 1 2 0.832 1.231 1432 0.02 0.038 0.056 0.038
QFT16 2 2 1 2 Ya 3 Ya 1 5 1 13 2 1 1 1 1 3 Ya Ya 4 13 13 3 13 U3 1 0.747 0.965 1.273 0.018 0.03 0.05 0.032
QFT17 1 1 Ya 1 u7 7 1/6 1/5 1 15 7 U3 Ya U3 U3 13 1 1/6 1/6 1 1/6 1/6 Y 1/5 1/5 Ya 0.267 0.315 0.387 0.007 0.01 0.015 0.01
QFT18 3 4 3 5 1 4 Ya 1 4 1 13 4 5 5 4 4 6 1 1 5 13 13 4 1 1 4 157 1.932 2.353 0.039 0.06 0.092 0.063
QFT19 1 2 2 4 Ya 3 Ya 1 4 1 13 4 5 5 4 4 6 1 1 4 13 U3 4 1 Y 4 1.28 1.632 212 0.032 0.05 0.083 0.055
QFT20 1 1 1/5 1 u7 16 1/5 1/5 1 1/5 7 Ya 13 Ya Ya Ya 1 1/5 Ya 1 1/5 1/5 1 Ya 1/6 Ya 0.275 0.324 0.387 0.007 0.01 0.015 0.01
QFT21 5 5 2 3 1 5 1 2 6 1 1 5 4 3 3 3 6 3 3 5 1 13 4 3 Y2 5 1.833 2419 3.006 0.045 0.075 0.118 0.079
QFT22 4 4 2 4 1 5 1 2 6 1 1 5 4 3 3 3 6 3 3 5 3 1 5 5 Y2 5 2.046 2.684 3.324 0.05 0.083 0.13 0.087
QFT23 1 1 1/5 1 u7 16 1/6 1/5 1 1/5 16 13 13 v4 13 13 2 v4 v4 1 14 1/5 1 Ya 1/6 Ya 0.292 0.349 0.43 0.007 0.011 0.017 0.011
QFT24 2 13 1 5 1/5 1 1 1 5 1 1/5 13 1 13 v4 3 5 1 1 4 13 1/5 4 1 1/5 1 0.79 0.94 11 0.019 0.029 0.043 0.03
2
QFT25 3 1 3 6 2 v4 1 1 5 2 1 1 1 1 1 3 5 1 2 6 2 6 5 1 5 154 1.82 2.37 0.038 0.056 0.093 0.062
QFT26 13 1/5 13 3 1/6 V4 v4 14 4 13 1/5 v4 1 1 1/2 1 4 v4 v4 4 1/5 1/5 4 1 1/5 1 0.44 0.54 0.81 0.011 0.017 0.032 0.02
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On the basis of crisp weight obtained for each quality factors, decision makers

alocate five rating fuzzy weight criteriato each quality factor asillustrated in table

6.7.
Table6.7: Allocation of Fuzzy Weight for Tester

Fuzzy Weight | Allocation as per crisp vale of quality factors

VH QFT5, QFT7, QFT8, QFT10, QFT11, QFT12, QFT14, QFT15,
QFT18, QFT19, QFT21, QFT22, QFT25

H QFT1, QFT2, QFT3, QFT6, QFT13, QFT16, QFT24, QFT26

M QFT4, QFT9, QFT17, QFT20, QFT23

Step3. Evaluation of overall fuzzy rating as per tester for each quality factor as
illustrated in table 6.8.

Table 6.8: Evaluation of Overall Fuzzy Rate: Tester’s View

SN Quality Factors fuzzy rate(QF) fuzzy weight(QF) Overal fuzzy rating
1 Suitability VH | 0375 |07|09| H | 05|075| 1 H1 | 01875 | 0.525| 0.9
2 Accuracy VH | 0375 |07| 09| H | 05|075| 1 H1 | 01875 | 0.525| 0.9
3 Interoperability VH | 0375 |07| 09| H | 05|075| 1 H1 | 01875 | 0.525| 0.9
4 Functionality H 0225 | 05|07 | M |025]| 05 | 0.75 | L1 | 0.05625 | 0.25 | 0.525
Compliance
5 Security VH | 0375 | 07|09 |VH|075| 1 1 |VH| 028125 | 0.7 0.9
6 | Customization-new | VH | 0375 | 07|09 | H | 05 |075| 1 H1 | 01875 | 0.525| 0.9
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7 TimeBehaviour | VH | 0375 | 0.7 |09 |VH |075| 1 1 |VH| 028125 | 0.7 0.9
Resource
8 . H [ 0225|0507 |VH|075| 1 1 | H2|016875| 05 | 0.7
Behaviour
Efficiency
9 . VH | 0375 | 07|09 | M |025| 05 | 0.75 | M2 | 0.09375 | 0.35 | 0.675
Compliance
10 scalability H | 0225|0507 |VH|075| 1 1 | H2|016875| 05 | 0.7
11 Performance VH | 0375 | 07|09 |VH|075| 1 1 |VH| 028125 | 0.7 0.9
Data-availability-
12 H 0225 |05 |07 |VH|075| 1 1 H2 | 0.16875 | 0.5 0.7
new
13 Replace-ability VH | 0375|0709 H | 05075 1 H1 | 0.1875 | 0525| 0.9
14 Adaptability VH | 0375 | 07|09 |VH|075| 1 1 |VH| 028125 | 0.7 0.9
15 Install-ability H | 0225|0507 |VH|075| 1 1 | H2|016875| 05 | 0.7
16 Co — existence M | 0075 |[03|05|H |05|075] 1 |L2| 00375 |0225| 05
Portability
17 . M | 0075 |03|05| M |025]| 05| 075 |VL | 0.01875 | 0.15 | 0.375
Compliance
18 Analysability VH | 0375 | 07|09 |VH|075| 1 1 |VH| 028125 | 0.7 0.9
19 Stability VH | 0375 | 07|09 |VH|075| 1 1 |VH| 028125 | 0.7 0.9
Maintainability
20 _ VH | 0375|0709 | M |025]| 05 | 0.75 | M2 | 0.09375 | 0.35 | 0.675
Compliance
21 Fault Tolerance H 0225 05|07 |VH|075| 1 1 H2 | 0.16875 | 0.5 0.7
22 Recoverability H | 0225|0507 |VH|075| 1 1 | H2|016875| 05 | 0.7
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Reliability
23 _ H [ 0225|0507 | M [025| 05 | 0.75 | L1 | 0.05625 | 0.25 | 0.525
Compliance
24 Changeability H [ 0225|0507 H|05|075| 1 |M1| 01125 |0375| 0.7
25 Testability VH | 0375 |07 |09 |VH|075| 1 1 |VH| 028125 | 0.7 | 09
26 Maturity VH | 0375 (07|09 | H | 05]075| 1 |H1| 01875 [0525| 09

Step4. Evauation of overall fuzzy rating as per tester view:
Assessment of overall fuzzy rating utilizing the equation outlined in section 4.5.1.

Overall fuzzy rating as per tester = (0.2813, 0.7, 0.9)

6.2.3 Quantification of quality factors using MAQM-MA

framework:-User’s view

This section provides an analysis of the B-user's point of view. This section adopts
quality standardlSO/IEC-9241-11, the B-user has atotal of 42 metrics and six quality
factors. Fuzzy weight and fuzzy rate are the two inputs that are used for each measure.
With the assistance of both fuzzy inputs that were allocated for metrics, the overal
fuzzy rate of quality factor was analyzed, and as aresult, an overall fuzzy rating of -
user was generated. This study adopts algorithm as discussed insections 5.3.1 and
5.3.3 of chapter 5, which evaluate appropriate fuzzy weight for quality factors as per
decision makers.

Thefollowing stepswill illustrate the evaluation:

Stepl. Design a quality factor framework for M-Commerce application, illustrated as
table 6.9.
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Table 6.9: Quality Factors for B-User According tol SO/IEC-9241-11

Quality factors

QFBU1

features

QFBU2

time-taken

QFpU3

learnability

QFpU4

accuracy

QFpUS

security

QFpU6

feedback

Step2. Evaluate average fuzzy rating as per the opinion of 33 B-users for each

metrics, illustrated as per table 6.10. The questionnaire facilitates the assignment of
fuzzy rates for the metrics (APPENDIX-3).

Table 6.10: Evaluation of Average Fuzzy Rating According to 33 g-Users

QF Metric VH H M VL | Average Fuzzy Rating
features Consistency in text,
MpBU1 2 14 |14 1 0.39 058 |0.78
font and colors
Easy to navigation
MBU2 | . 4 12 |14 2 04 059 |0.78
in mobile app
MBU3 | Support night vision | 3 10 |10 3 0.33 0.52 0.71
Finding information
MBU4 | about product are 3 13 |13 1 0.39 0.58 0.78
easier
Speech to text
MBUS | converted 5 15 |7 2 041 0.6 0.79
accurately
Description of each
MBUG _ 4 12 |15 1 041 0.6 0.79
product is accurate
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MPBU7

Product photograph

displayed
adequately

14

10

0.45

0.65

0.83

MPBUS

Prices of products
are adequately

shown

16

0.45

0.65

0.83

MPBU9

Status (available,
out of stock ) of
each product is

adequately shown

14

0.46

0.66

0.83

MpBU10

Easy to register

15

0.49

0.69

0.86

MpU11

Easy to change
customer

information

15

0.49

0.69

0.86

MBU12

Easy to order
product

17

0.48

0.68

0.86

MBU13

Shopping carts
information is

accurate

14

0.49

0.69

0.86

MBU14

Adequate
information about

how to order

17

0.49

0.69

0.86

MpBU15

Adequate
information about

payment options

15

0.48

0.68

0.86

MBU16

Adequate
information about
how to cancel the

product

15

11

0.44

0.63

0.82

MpU17

Adeguate

information about

15

0.48

0.68

0.86
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return & refund
policy

MpBU18

Adeguate
information about
order detail

14

11

0.46

0.66

0.84

MPBU19

Adequate
information about

delivery time

13

14

04

0.6

0.79

MPBU20

Adequate
information about

delivery cost

17

0.42

0.62

0.8

MpU21

Adequate
information about

delivery area

12

11

0.44

0.63

0.81

MBU22

Delivery to other
address

14

0.39

0.58

0.77

MBU23

Online order

tracking available

16

10

0.42

0.62

0.8

time-taken

MBU24

Search particular
product

14

0.26

0.45

0.65

MBU25

Timeto complete a
task

12

0.3

0.49

0.69

learbability

MBU26

Easy to learn
interface

12

12

0.39

0.59

0.78

MBU27

Adequate content

management

15

11

04

0.6

0.79

MBU28

Adequate help
(demo version)

10

13

0.35

0.55

0.75

MBU29

Adequate help (text

version)

11

16

0.36

0.56

0.75
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accuracy

MBU30

Mobile app respond
properly as per
action

12

15

0.41

0.61

0.8

MPBU31

Every component of
interface respond
accurately

10

14

0.43

0.63

0.81

MPpU32

Probability to
search successfully
task completion in
1st attempt

13

041

0.61

0.79

MBU33

Probability to
completion of task
within given time

16

11

0.47

0.67

0.85

security

MBU34

Adequate
information about
privacy policy

15

11

0.44

0.63

0.82

MPBU35

Secure socket layer
used by mobile app

20

0.46

0.66

0.85

MpBU36

WEell recognized
secure payment
methods

16

11

0.45

0.65

0.83

MpBU37

Different mode for
verification such as
OTP based

15

11

0.48

0.68

0.85

feedback

MpBU38

Overall features

14

14

041

0.61

0.8

MpBU39

Overadl learning

process

15

13

0.41

0.61

0.8

MpBU40

Overdl accuracy

17

0.43

0.63

0.82

MpU41

Overdl security

19

0.48

0.68

0.86

MpU42

Overall experience

to use this mobile

app

12

14

0.42

0.62

0.8
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Step 3. Evaluate overal quality (fuzzy rating) for quality factors QFpUL to QFpU6
with the help of fuzzy weight and fuzzy rate assigned for each metrics MBU1 to
MBUA42, illustrated as per Table 6.11 and Table 6.12.

Table6.11: Fuzzy Rate and Fuzzy Weight for each Metrics: B-User’s View

QF Metric | Metric Fuzzy rating Fuzzy weight

Features | MBU1 | Consistency in text, font and colors 039058078 H |05 |0.75
MpBU2 | Easy to navigation in mobile app 04 |059]078|VH |0.75|1
MBU3 | Support night vision 033/052{071|H |05 |0.75

Finding information about product are
MpBU4 _ 039058078 VH |0.75|1
easier

MBUS | Speech to text converted accurately 04106 [079|H |05 |0.75

MBUG6 | Description of each product isaccurate | 041 | 0.6 [0.79 | VH |0.75 |1

Product hotograph displayed
MBU7 P o P 045065083 | H 05 |0.75
adequately

Prices of products are adequately
MBU8 sh 045065083 |H |05 |0.75
own

Status (available, out of stock ) of each
MBU9 _ 046066083 |H |05 |0.75
product is adequately shown

MBU10 | Easy to register 0491069086 |VH |0.75|1

MBU11 | Easy to change customer information | 0.49|0.69 1086 |H |05 |0.75

MPBU12 | Easy to order product 048068086 |VH |075|1

Shopping cart’s information is
MBU13 049106908 |H |05 |0.75
accurate

Adequate information about how to
MpU14 g 0491069086 | VH |0.75|1
order

Adequate information about payment
MBU15 _ 048068086 |VH |[0.75|1
options
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Adequate information about how to

MBU16 044063082 M |025|[05 |0.75
cancel the product
Adequate information about return &
MpBU17 _ 048068086 M |025|05 |0.75
refund policy
Adequate information about order
MpBU18 _ 046066084 H |05 |075|1
detall
Adequate information about delivery
MBU19 | 04 |06 [079|H |05 [075|1
time
Adequate information about delivery
MBU20 04206208 |H |05 [075|1
cost
Adequate information about delivery
MBU21 0441063081 |VH 0751 1
area
MBU22 | Delivery to other address 039/058|077|H |05 [075|1
MBU23 | Online order tracking available 04206208 |[VH |075|1 1
Time _
MpBU24 | Search particular product 026045065 |VH |075|1 1
taken
MBU25 | Timeto complete atask 03 |[049/069|H |05 |075|1
Learn- )
. MBU26 | Easy to learn interface 039059078 VH |0.75|1 1
ability
MBU27 | Adequate content management 04 |06 [079|H |05 |075|1
MBU28 | Adequate help (demo version) 03505075 |VH |0.75 |1 1
MBU29 | Adequate help (text version) 036056 [075|H |05 |075|1
Mobile respond properly as per
Accuracy | MBU30 _ PP T Propety P 041/061/08 |[H |05 |075|1
action
Every component of interface respond
MpBU31 043063081 |VH |0.75|1 1
accurately
Probability to search successfully task
MBU32 T 041/061(079|VH |0.75]1 1
completion in 1% attempt
Probability to completion of task
MBU33 047067085 |H |05 [075|1

within given time
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. Adequate information about privacy
Security | MBU34 _ 044063082 M |025|[05 |0.75
policy
Secure socket layer used by mobile
MBU35 046|066 |085|VH |0.75| 1 1
app
Well recognized secure payment
MBU36 045065083 |VH |0.75| 1 1
methods
Different mode for verification such as
MBU37 048 068|085|VH |0.75| 1 1
OTP based
Feedback | MBU38 | Overall features 041/061/08 |[H |05 |[075|1
MBU39 | Overdl learning process 041/061/08 |[H |05 |075|1
MBU40 | Overall accuracy 043/063[082|VH |0.75|1 1
MBU4L | Overall security 048068086 |VH |0.75| 1 1
Overall experience to use this mobile
MBU42 042106208 |VH 0751 1
app

Table 6.12: Evaluation of Overall Fuzzy Rating for each Quality Factors:. -

User’s View

Quadlity Factors Fuzzy Rating (QF)
QFpU1 features 0.3675 0.69 0.86
QFpU2 time-taken 0.195 0.45 0.69
QFBU3 learnability 0.2925 0.59 0.79
QFpU4 accuracy 0.3225 0.63 0.85
QFBU5 security 0.36 0.68 0.85
QFpBUG feedback 0.36 0.68 0.86

Step 4. Detailed evaluation process to prioritize fuzzy weight of quality factors.

The following steps are outlined, which provides an explanation of the approach that

is used to determine the relative importance of al quality elements by using pair-wise

comparison as per FW-MA algorithm discussed in section 5.3.1 .
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(a) Design a pair-wise comparison framework matrix for each pair of quality factors
as per the criteriaimposed upon quality factors, illustrated as per table 6.13.

Decision makers are mutually agreed upon fallowing criteria imposed upon six
quality factors:

1. featuresis 5 times more important than learnability.
2. featuresis 4 times more important than feedback.

3. time-taken is 5 times more important than learnability.
4. time-taken is 3 times more important than feedback.
5. learnability is 4 times more important than feedback.
6. accuracy is 6 times more important than features.

7. accuracy is 7 times more important than time-taken.
8. accuracy is 7 times more important than learnability.
9. accuracy is 5 times more important than feedback.
10. security is 6 times more important than features.
11. security is 8 times more important than time-taken.
12. security is 8 times more important than learnability.
13. security is 2 times more important than accuracy.

14. security is 5 times more important than feedback.

Table 6.13: Pair-wise Comparison Matrix among all Quality Factors for -User

QFPUL | QFPU2 | QFBU3 | QFBU4 | QFPU5 | QFPU6
QFpUL | 1 1 5 1/6 1/6 4
QFpU2 | 1 1 5 17 1/8 3
QFBU3 | 1/5 1/5 1 17 1/8 4
QFpU4 | 6 7 7 1 7 5
QFBUS | 6 8 8 2 1 5
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QFBUG | Ya /3 Ya /5 /5 1

(b) Replace crisp value by fuzzy value as per table 6.14 and table 6.15 and calculate
fuzzy geometric mean (FGM) for each quality factor (QF), illustrated as per table

6.16.

Table 6.14:Linguistic Variable and Corresponding Fuzzy Value

Comparison Linguistic variable Fuzzy value
(crisp)

1 Equally important (1,1,1)

2 In between equally important and weakly (1,2,3)
importance

3 Wesakly importance (2,34

4 In between weakly important and strongly (34,5
importance

5 Strongly importance (4,5,6)

6 In between grongly important and very strongly (5,6,7)
importance

7 Very strongly important (6,7,8)

8 In between very strongly important and absolutely (7,89
importance

9 Absolutely important (8,9,9

Table6.15:Crisp Value and Corresponding Inverse Fuzzy Value

Comparison Fuzzy value Simplified fuzzy
(crisp) (Inverse) Value
1/1 (1,1,1)* (1,1,1)
1/2 (1,2,3)1 (% é %
1 239" G+
o @25" G4
75 56" G52
T 679" G5
w7 679" 72
- 789" 439
7 @99" Ged

Computation of FGM for quality factor QFpUL:

((1* 1% 4* 1/7% 1/7* 3)Y6 (1* 1* 5* 1/6* 1/6* 4) V6 (1* 1* 6* 1/5* 1/5* 5)Y6)=(0.79, 0.91, 1.04)

Similarly calculated for other quality factors.
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Table 6.16: FGM Computation for each QF:p-Users

QFpU1 QFpU2 QFpU3 QFpU4 QFBU5 QFBU6 | FGM
QFpU1 | (1,1,1) (1,1,1) (4,5,6) (U7,1/6,5) | (U7,1/6,1/5) | (34,5) | (0.79,0.91,1.04)
QFpU2 | (1,1,1) (1,1,1) (4,5,6) (1/8,1/7,6) | (1/9,1/8,1/7) | (2,3,4) | (0.69,0.79,0.91)
QFPU3 | (1/6,1/5,1/4) | (1/6,1/5,1/4) | (1,1,1) (1/8,1/7,6) | (1/9,1/8,1/7) | (34,5) | (0.32,0.37,0.43)
QFpU4 | (56,7) (6,7.8) (6,7.8) (1,1,1) (U3,1/21) | (456) | (254,3.07,3.83)
QFBUS | (5,6,7) (7.89) (7.89) (1,2.3) (1,1,1) (456) | (3.22,4.07,4.80)
QFBUS | (1/5,1/4,1/3) | (1/4,1/3,1/2) | (1/5,/4,1/3) | (1/6,1/5,1/4) | (1/6,1/5,1/4) | (1,1,1) | (0.25,0.29,0.38)

(c) Computation of normalized fuzzy weight for each quality factors, illustrated

astable 6.17.

Computation of normalized fuzzy weight for quality factor QFpU1:

(0.79, 0.91, 1.04) * (——, —

11.39" @5 '7.81

Similarly calculated for other quality factors.

) = (0.069,0.096,0.133)

Table 6.17: NFW Computation for each QF:p-Users

FGM NFW
QFBUL | (0.79,0.91,1.04) | (0.069,0.096,0.133)
QFPU2 | (0.69,0.79,0.91) | (0.061,0.083,0.117)
QFPU3 | (0.32,0.37,043) | (0.028,0.039,0.055)
QFPU4 | (2.54,3.07,3.83) | (0.223,0.323,0.490)
QFPU5 | (3.22,4.07,4.80) | (0.283,0.428,0.615)
QFPU6 | (0.25,0.29,0.38) | (0.022,0.031,0.049)
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(d) Computation of crisp weight and priorities for each quality factors, illustrated as
table 6.18.

Table6.18: Prioritiesamong QF’s According to Crisp Weight: p-Users

NFW Crisp Weight | priority
QFpU1 | (0.069,0.096,0.133) | 0.098 3
QFpU2 | (0.061,0.083,0.117) | 0.087 4
QFBU3 | (0.028,0.039,0.055) | 0.038 5h
QFBU4 | (0.223,0.323,0.490) | 0.345 2nd
QFBU5 | (0.283,0.428,0.615) | 0.442 1
QFBU6 | (0.022,0.031,0.049) | 0.034 6"

(e) Computation of relative distance with in quality factors QFU1 to QFBUG as per
crisp weight, illustrated as table 6.19.

Table 6.19: Relative Distance WithinQFs:. B-Users

Relative distance
QFPUS- QFU4 0.097
QFBU4- QFpU1 0.247
QFBU1- QFpU2 0.011
QFpU2- QFPU3 0.049
QFBU3- QFpU6 0.004

(f) Computation of fuzzy weight on the basis of relative distance in between quality
factors QFBUL to QFBUS, decision makers decides the fuzzy weight. One possible
combination, illustrated as table 6.20.
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Step 5. Evaluation of overal fuzzy rating as per developer for each quality factor as
illustrated in table 6.21.

Table 6.20: Allocation of Appropriate Fuzzy Weight for p-Users

Table 6.21: Evaluation of Overall Fuzzy Rate:p-User’sView

Quality factors Fuzzy weight
QFBUS5 VH

QFRU4 VH

QFBUL H

QFBU2 H

QFBU3 M

QFBU6 M

QF Fuzzy Rate Fuzzy weight Over-al Fuzzy Rate(B-user)
QFpU1 |VH [0.3675|0.69 |08 |H 05 |075 |1 0.18375 05175 | 0.86
QFpU2 | VH 0.195 |0.45 | 0.69 05 |07 |1 0.0975 0.3375 0.69
QFBU3 | VH 02925059 [0.79 | M 025 |05 0.75 | 0.073125 | 0.295 0.5925
QFpU4 | H 03225063 |085 |VH |075 |1 1 0.241875 | 0.63 0.85
QFpU5 |[VH [036 [068 085 |[VH [075 |1 1 097 0.68 0.85
QFpU6 |(VH 036 |068 |086 |M 025 |05 |0.75 | gog 0.34 0.645

Step 6. Overal quality (fuzzy rating) as per B-Users evaluated as:

Overal quality = (0.3675,0.69,0.86)* (0.5,0.75,1) + (0.195,0.45,0.69)* (0.5,0.75,1) +
(0.2925,0.59,0.79)* (0.25,0.5,0.75) + (0.3225,0.63,0.85)* (0.75,1,1) +

(0.36,0.68,0.85)* (0.75,1,1) +(0.36,0.68,0.86)* (0.25,0.5,0.75)

Overall quality = (0.1838,0.5175,0.86) + (0.0975,0.3375,0.69) +
(0.0731,0.295,0.5925) + (0.2419,0.63,0.85) + (0.27,0.68,0.85) + (0.09,0.34,0.645)
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Overall quality = (max(0.1838,0.0975,0.0731,0.2419,0.27,0.09),
max(0.5175,0.3375,0.295,0.63,0.68,0.34) , max(0.86,0.69,0.5925,0.85,0.85,0.645) )

Overal quality (fuzzy rating) = (0.27, 0.68, 0.86)

6.3 QUANTIFICATION OF NET SOFTWARE QUALITY

This section evaluates overal quality as per developer, tester and p-user’s
perspectives. The fuzzy rating for each perspective given as:

Developer’s view: (0.39, 0.9, 1)

Tester’s view: (0.28, 0.7, 0.9)

B-user’s view: (0.27,0.68,0.86)

The fuzzy weight for each perspective as per the decision maker of mobile application

development firm given as:

Developer’s view: (0.50, 0.75, 1)

Tester’s view: (0.50, 0.75, 1)

B-user’s view: (0.75, 1, 1)

Overall fuzzy quality rating for devel oper, tester and -user view computed as:

= (0.39, 0.9, 1)* (0.50, 0.75, 1)+ (0.28, 0.7, 0.9)* (0.50, 0.75, 1)+ (0.27, 0.68, 0.86)*
(0.75, 1, 1)

= (0.195, 0.675, 1) + (0.14, 0.525, 0.9) + (0.2025, 0.68, 0.86)
= (max (0.195, 0.14, 0.2025), max (0.675, 0.525, 0.68), max (1, 0.9,0.86))
= (0.2025, 0.68,1)

6.4 DEFUZZIFICATION

Defuzzification is the process which converts fuzzy rating in to crisp rating. This
section presents defuzzification process for developer, tester and [-user’s

perspectives.
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6.4.1 Crisp value: Developer’s view
Fuzzy rating for developer’s perspective: (0.39, 0.9, 1)

Computation of crisprating as per developer’s view (onapplying centroid formula) as

per Fig. 6.1:
(0.9, 1)
Wz
(0.39,0) 09,00 (1,0
zZ—>

Fig 6.1: Defuzzificationfor Developer’s View

Equationoflinepassi ngthrough(0.39,0)and(0.9,1):

1-0
—°_ (z-0.39)

0.9

H(z)-0=
1

M(2) = = (z- 0.39)

M(z) =196 z-0.76

Equation of line passing through (1, 0) and (0.9, 1):

() -0=—"2(z 1.0

0.59-1.0
1
H(2) = y (z- 1.0)
M(z)=10-10z

0.9 1
* rﬂ,gg{l'gs z—0.76) z dz+ JI.DI,;':JU _10z)z dz

J’DD;Q{J 86z — 0.76) d=+ J’;g{m ~10z)dz

7 _0.186 +0.047
T 0.257 +0.05

7% :D.ZEE
0.307

Z*=0.7589 or 75.89%
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Thus the crisp value as per developer’s perspectiveis 75.89%

6.4.2 Crisp value: Tester’s view

Fuzzy rating for developer’s perspective: (0.28, 0.7, 0.9)

Computation of crisp rating as per Tester’s view (on applying centroid formula) as per

Fig. 6.2: 0.7, 1)
H2)
(0.28,0) (07,00 (09,0)
z —»

Fig 6.2: Defuzzificationfor Tester’s View
Equation of line passing through (0.281, 0) and (0.7, 1):

H(2) -0=—=2_(z- 0.281)

0.7—0.281

u@:ﬁ;@amn

M(z)=239z-0.671
Equation of line passing through (0.9, 0) and (0.7, 1):
H(z) -0=—"2(z0.9)

0.7-0L9
(@)= (2-09)
M(Ez)=45-5z

0.7 0.9
o (2392 —0671) z dz+ [ (45 -52)z dz

*

Z =

o.7 0.0
fone, (2392 0671)dz+ [ (4.5-52)dz

_ 01177 +0.07667

*
z 0.2095+0.1
7k = 019437
0.3095

Z*=0.628013 or 62.80%
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Thus the crisp value as per tester’s perspectiveis 62.80%

6.4.3 Crisp value:p-User’s view
Fuzzy rating for B-user’s perspective: (0.27, 0.68, 0.86)

Computation of crisp rating as per B-User’s view (on applying centroid formula) as per

Fig. 6.3:

(0.68, 1)
H(2)
(0.27,0) (0.68,0) (0.86,0)
z—>

Fig 6.3: Defuzzificationfor B-User’s View
Equation of line passing through (0.27, 0) and (0.68, 1):

H(z) -0=—=2_(z-0.27)

0.68—0.27

H(z) = ulﬁ (z- 0.27)

M(z)=244z-0.66

Equation of line passing through (0.86, 0) and (0.68, 1):
H(2) -0=—=>—(z- 0.86)

0.68—0.86

H(z) = —— (z- 0.86)

—0.18

M (z) =4.78 —5.56 z

0.62
. fo.z?{z'

7' =222 o2
[ (2asz—0se)dz+ [ o o(478 - 5.56 2)dlz

0.26
14z -066) zdz+ [ ﬁgn{e.?s _EE&zlz dz

74 = 0.111 +0.0663
T 0.205+0.09

7w 0.1773
~ 0.295

Z*=0.58746 or 58.75%

Thus the crisp value as per p-user’s perspective is 58.75%
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6.44 Overall crisp value (Net software quality)
Overdl fuzzy rating as per three perspectives: (0.20, 0.68, 1.0)

Computation of crisp rating as per developer, tester and B-user’s view (on applying

centroid formula) as per Fig. 6.4

(0.68, 1)

H(2)

(0.20,0) (0.68, 0) (1,0
zZ —»

Fig 6.4. Defuzzificationfor Overall View

Equation of line passing through (0.20, 0) and (0.68, 1):
H(2) -0=—=_(z-0.20)

0.68—0.20

W(2) = —(z-020)

]
M (z) =2.083z-0.417
Equation of line passing through (1, 0) and (0.68, 1):
H(z)-0=——(z- 1.0)

0.68—-1.0

(2 = — (z 1.0)

—=0.32

M(z)=3125-3.125z2

0.62 1
- J’D;D{z.uss z—0.417) z dz+ [, (3.125 - 3125 2)z dz
- JFD.IiiE

0.20

(2.083z — 0.417) dz+ JFDJ:E_Q{S.J.EE -3.125z)dz

_ 01247 +0.1259
0.22+0.16

Z*

0.2506
0.20

* =

Z*=0.6265 or 62.65%
Thus the crisp value as per devel oper, tester and -user’s perspective is 62.65%
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6.5SUMMARY

A fuzzy-based mathematical framework MAQM-MA, which converts a qualitative
aspects in to quantitative assessment presented in this chapter with the help of a case
study for a mobile commerce application. This framework assesses three aspects. the
perspective of developer, tester, and B-user. There are two quality standards that are
included into the MAQM-MA framework: 1SO/IEC-9126 and ISO/IEC-9241-11. The
development of an algorithm FW-MA that analyzes the importance of quality factors
with the assistance of pair-wise comparisons for the developer, tester, and p-user is
also shown in this chapter. Quality for three perspectives obtained as 77.39%, 62.80%
and 58.75%. The overal quality of M-Commerce application obtained as 62.65%.
Throughout the process of developing mobile applications, this quantification assists
in gaining a better understanding of the overall quality and may take corrective

measures if it’s required.
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CHAPTER 7

IMPLEMENTATION OF MAQM-MA FRAMEWORK

7.1 INTRODUCTION

This chapter presents a proposed software module that incorporates the fuzzy-based
mathematical framework MAQM-MA for which the framework was proposed and
discussed in chapter five and quantification of MAQM-MA in chapter six. This
proposed software module has been developed using Java Script and Node,js. The
developer view, the tester view, and the B-user view are the three perspectives that are
considered while evaluating the software modules. The software module as per
MAQM-MA framework combines four sub-modules. First three sub-modules
represents developer, tester and B-user perspectives, while forth sub-module evaluates
over al fuzzy rating based on three different views. The fuzzy rating will be
defuzzified, which evaluate overall quality of any domain specific mobile application
under development.

The overall quality depends upon two inputs: Fuzzy rate and fuzzy weight which have
different roles. The role of fuzzy rate behaves like feedback of the developer, tester or
B-user as per the prototype of mobile application under development. While fuzzy
weight is according to the decision maker of mobile company, fuzzy weight will be
allocated to quality factor as per the given priority of quality factor.

This chapter divided in to eight sections 7.1 to 7.8. Section 7.1 introduces about
software implementation of fuzzy based mathematical frameworkMAQM-MA.
Sections 7.2 explain about hardware and software configuration for software which
implementsMAQM-MA through four sub-modules.Section 7.3 describes MAQM-MA
as a software tool. Section 7.4 to section 7.7 explains about process of evaluation of
overall fuzzy and crisp quality for developer, tester, B-user and their combined effect
via sub-module-1 to sub-module-4. Section 7.8 concludes with summary of this
chapter.
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7.2 HARDWARE AND SOFTWARE CONFIGURATION

7.2.1 Hardwar e Requirement

The details of hardware requirements are as follows:

Windows Edition: Windows 10 Pro
Processor: Intel i5, 11" generation
Installed RAM: 8GB

Secondary Memory: 256 SSD / HDD
System type: 64-bit operating system

7.2.2 Softwar e Requirement
The details of software requirement are as follows [76]:
e Java Script

e Nodejs (Runtime)

7.3 DESCRIPTION OF MAQM-MA ASSOFTWARE TOOL

This software tool has four sub-modules that facilitate the implementation of the
suggested fuzzy-based mathematical framework MAQM-MA. An evauation of the
overal fuzzy and crisp quality is performed by first three sub-modules, i.e
submodule-1, submodule-2 and submodule-3 for the developer, tester, and p-user. The
total quality grade that is ultimately determined is dependent on the three views and
evaluated by forth sub-module submodule-4.

74 DEVELOPER’S VIEW: SUBMODULE-1

This section implements the first sub-module of MAQM-MA, which evaluates overall
fuzzy rating and then defuzzify to obtain overal crisp quality as per developer view.
There are 46 metrics MD1 to MD46 and 23 quality factors QFD1 to QFD23 provided
by the decision makers of mobile application development Company. Overal fuzzy
rating and crisp quality evaluated as per the agorithm discussed in sections 5.3.1 and
5.3.3 chapter 5.

7.4.1 Allocation of fuzzy rate and weight for metrics
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This section discusses the inputs provided to MAQM-MA as per developer. There are
two inputs fuzzy rate and fuzzy weight. The user interface which accepts fuzzy rate
and fuzzy weight for the metrics MD1 to MD46. Decision makers will provide fuzzy
weight for each metrics, while developer alocate fuzzy rate for each metrics as per
their feedback of prototype for mobile application under development. The
submodule-1 of MAQM-MA will provide drop-down facility for five scale input as
fuzzy rate and fuzzy weight in the form of five scale criteria very-high (VH), high
(H), medium (M), low (L) and very-low (VL) asillustrated in fig 7.1.

Suitabrility
A

Furry Rals Wy High i Fuzry Welghr ey Hegh -
AT £ S TR 0D 0 018 SV SO (il ] P
ACCUraCY
Oz

Furry Rais Wary Hingh 'u' Fuzry Welght Very Hegh =
oV e P CF, S0 0 g F e n O (-] P
(SNl ]

Figzery Fimiem 2 HERN b Fuzrmy MWl ht Wiy HEIN =
[ ] o375 or o8

Imteroperability
WA

Figrry Fate 1 Wail Hign - Fuzrrmy Wielght Wl Hegh -

D O ST i O 0. 50 ) 5 ety aa T

Fig 7.1: Submodule-1: Fuzzy Rate and Weight for MD1to MD46
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7.4.2 Allocation of fuzzy rate and fuzzy weight for quality factor

Developer will evaluate fuzzy rating for each quality factor with the help of fuzzzy
rate and fuzzy weight allocated to each metrics MD1 to MD46, now the next step of
computation will be evaluation of fuzzy rating for each quality factors asillustrated in
fig7.2.

=Lz Rate Cuabily Facior Fuzzy Weight Quality Factor =LEEy Rate (Dey View)

Fig 7.2: Sub-Module-1: Fuzzy Rate and Weight for QFD1 to QFD23

7.4.3 Evaluation of fuzzy rate and over all crisp quality

Now developer will evaluate fina triangular fuzzy number or fuzzy rating as
(0.39,0.9,1) and then defuzzified. The overal crisp quality will be obtained by
defuzzification is 75.89 %, asillustrated in fig 7.3.

Final Dev Vaue
(0.39375, 0.9, 1)

Integrated final value
0.7589

Fig 7.3:Sub-Module-1: Overall Fuzzy and Crisp Quality for Developer
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75 TESTER’S VIEW: SUBMODULE-2

This section implements the second sub-module of MAQM-MA, which evaluates
overal fuzzy rating and then defuzzify to obtain overal crisp quality as per tester
view. There are 43 metrics MT1 to MT43 and 26 quality factors QFT1 to QFT26
provided by the decision makers of mobile application development Company.
Overal fuzzy rating and crisp quality evaluated as per the algorithm discussed in
sections 5.3.1 and 5.3.3 chapter 5.

7.5.1 Allocation of fuzzy rate and fuzzy weight for metrics

This section discusses the inputs provided to MAQM-MA as per tester. There are two
inputs fuzzy rate and fuzzy weight. The user interface which accepts fuzzy rate and
fuzzy weight for the metrics MT1 to MT43. Decision makers will provide fuzzy
weight for each metrics, while tester allocate fuzzy rate for each metrics as per their
feedback of prototype for mobile application under devel opment. The submodule-2 of
MAQM-MA will provide drop-down facility for five scale input as fuzzy rate and
fuzzy weight in the form of five scale criteria very-high (VH), high (H), medium (M),
low (L) and very-low (VL) asillustrated in fig 7.4.

Suitability
WATT

Fizry Rate High - Fuzzy Wielgmi ey Hgh w
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MTT [l A R bt b= e e e {11 o

Imtercperakbility

FATA
Furry Race:  Fugh - Fuzrry Wiewgnt 'I_'-\.-'I: ¥ HE '\-';

T oars e o

Fig 7.4:Sub-Module-2: Fuzzy Rate and Weight for MT1to MT43
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7.5.2 Allocation of fuzzy rate and fuzzy weight for quality factor

Tester will evaluate fuzzy rating for each quality factor with the help of fuzzy rate and
fuzzy weight alocated to each metrics MT1 to MT43, now the next step of
computation will be the evaluation of fuzzy rating for each quality factors as
illustrated in Fig 7.5.

Furzy Rate Qualrty Fachar ruzy Wieight Clushity Factor Fuzzy Ratz [Dev Yiewl

LR B i

Fig 7.5Sub-Module-2: Fuzzy Rate and Weight for QFT1to QFT26

7.5.3 Evaluation of fuzzy rate and over all crisp quality

Now tester will evaluate final triangular fuzzy number or fuzzy rating as
(0.28,0.7,0.9) and then defuzzified. The overal crisp quality will be obtained by
defuzzification is 62.80 %, asillustrated in fig 7.6.

Fina Tester Vaue
(0.2813, 0.7, 0.9)

Integrated final value
0.62801300

Fig 7.6: Sub-Module-2: Overall Fuzzy and Crisp Quality for Tester
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7.6 p-USERS’S VIEW: SUBMODULE-3

This section implements the third sub-module of MAQM-MA, which evaluates
overall fuzzy rating and then defuzzify to obtain overall crisp quality as per B-Users.
There are 42 metrics MBU1 to MBU42and 6 quality factors QFBUL to QFBU6
provided by the decision makers of mobile application development Company.
Overal fuzzy rating and crisp quality evaluated as per the algorithm discussed in
sections 5.3.1 and 5.3.3 chapter 5.

7.6.1 Allocation of fuzzy rate and fuzzy weight for metrics

This section discusses the inputs provided to MAQM-MA as per B-User. There are
two inputs fuzzy rate and fuzzy weight. The user interface which accepts fuzzy rate
and fuzzy weight for the metrics MBU1 to MBU42. Decision makers will provide
fuzzy weight for each metrics, while 3-User alocate fuzzy rate for each metrics as per
their feedback of prototype for mobile application under development. The
submodule-3 of MAQM-MA will provide drop-down facility for five scale input as
fuzzy weight in the form of five scale criteria very-high (VH), high (H), medium (M),
low (L) and very-low (VL) asillustrated in Fig 7.7.
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Fig 7.7Sub-M odule-3: Fuzzy Rate and Weight for MBU1 to MBU42
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7.6.2 Allocation of fuzzy rate and fuzzy weight for quality factor
B-Userswill evaluate fuzzy rating for each quality factor with the help of fuzzzy rate
and fuzzy weight allocated to each metrics, now the next step of computation will be

evaluation of fuzzy rating for each quality factorsas per f-User .

Fig 7.8:Sub-Module-3: Fuzzy Rate and Weight for QFBU1 to QFBU6

7.6.3 Evaluation of fuzzy rate and over all crisp quality

Now B-Users will evaluate fina triangular fuzzy number or fuzzy rating as
(0.27,0.68,0.86) and then defuzzified. The overal crisp quality will be obtained by
defuzzification is 58.74 %, asillustrated in fig 7.8.

Final END USER Values
(0.27. 0.68. 0.86)

Integrated final value
0.58746

Fig 7.9:Sub-Module-3: Overall Fuzzy and Crisp Quality for p-User
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7.7 OVERALL FUZZY AND CRISP RATING: SUBMODULE-4

This section implements the forth sub-module of MAQM-MA, which evauates
overal quality of a mobile application as per three perspectives, with the help of
fuzzy rating evaluated in previous modules and fuzzy weight suggested by decision
makersasillustrated in fig 7.9.

Owverall View

Cevelopers View

a3 1= oS

TeEsTer s Wisw

26 o7 {n

End-User's Wwiew

oET o an i O

Developer's Weight

00 0TS 1

Tester s Weight

T i o7 L]

End-U=ser's VWeight

0TS 1

Result
0.2025, 0.68, 1

Owverall Quality - 0.627 5000000000002

Fig 7.10:Sub-Module-4: Over-all Evaluation of Fuzzy Rating and Crisp Rating
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7.8 SUMMARY

This chapter presents a software implementation of MAQM-MA framework, which
has four sub-modules that facilitate the implementation of the suggested fuzzy-based
mathematical framework MAQM-MA. An evauation of the overall fuzzy and crisp
quality is performed by first three sub-modules for the developer, tester, and p-user.
The total quality grade that is ultimately determined is dependent on the three views
and thus evaluated by forth sub-module of the software. This software module will

access the overall quality of amobile application during its development.
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CHAPTER 8

VALIDATION OF MAQM-MA

8.1 INTRODUCTION

This section provides validation utilizing the MATLAB Fuzzy Logic Tool [75] from
three perspectives: the developer, the tester, and the -user,along with their combined
effect. The overall quality as a results obtained in chapter six, simulated through
fuzzy logic tool and simulated results shows the validation of proposed framework
MAQM-MA.

This chapter is divided in to six sections 8.1 to 8.6. Section 8.1 focused on the process
of validating data received by quantification using MAQM-MA framework, by the
MATLAB Fuzzy Logic Tool. Section 8.2 explains about validation of MAQM-MA
with the help of MATLAB Fuzzy Logic Tool as per perspective of developer. Section
8.3 explains about validation of MAQM-MA with the help of MATLAB Fuzzy Logic
Tool as per perspective of tester. Section 8.4 explains about validation of MAQM-
MA with the help of MATLAB Fuzzy Logic Tool as per perspective of B-User’s.
Section 8.5 explains about validation of MAQM-MA with the help of MATLAB
Fuzzy Logic Tool as the combined effect of all three perspectives. All of the sections
8.2 to 8.5 are discussed with the help of fuzzy inference system (FIS), detail of fuzzy
weight and fuzzy rate as inputs, over-al-rating as output and overall quality obtained
numerically validated through control surface. Section 8.6 concludes with summary of
this chapter.

8.2 VALIDATION: DEVELOPER’S VIEW

The following sub-sections will illustrate the procedure of quantitatively validating
the overall quality of a mobile application using MATLAB Fuzzy Logic Tool, based
on findings from chapter six.

8.2.1 Fuzzy Inference System (FIS) for Developer’s View
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This section explains about the implementation of FIS for developer’s view with the
help of Mamdani Type-1. The FIS includes two fuzzy inputs, Fuzzy-Weight and
Fuzzy-Rate and Over-All-Rating-Developer as output along with fuzzy inference

rules as illustrated in Fig.8.1. The property editor explains the property about FIS as
illustrated in Fig 8.2 along with sample fuzzy rules asillustrated in Fig 8.3.

.- f.i
| . "IJ'I::I.JIIII I.". I'III I|
/ Ilf'l I!-, :J.l' II
| Vit |
| 'l:'ll :'l |
/ ,':::'I _,l"r | | |1
Fuzzy-Rate (6 MFs)
Mamdani —
Type 1
VoA o
,'ll)' Il'l |'II II'. |‘lII
| f \ g b / OVER-ALL-FUZZY-RATING (& M
'.Jll 1 _.'I | |'I
F K |
K | II', ( ||II ]
B 1 II |
|'I|l II'r': lll i
Fuzzy-Weight (5 MFs)

Fig 8.1:FIS: Developer’s View
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PROPERTY EDITOR: FIS

Type: Mamdani Type-1

Mame | Ceveloper |
And method | prod | v |
Or method | max | v |
Implication method | min | - |
Agaregation method | mazx | - |
Defuzzification method |centruid | v |
Inputs: 2

Cutputs: 1

Rules: 3

Fig 8.2:Property Editor (FIS): Developer’s View

Rule Weight |MName
1 If Fuzzy-Rate is VH and Fuzzy-Weight is M then OVER-ALL-FUZZY-RATI. .. 1| rulel
2 If Fuzzy-Rate is VH and Fuzzy-Weight is H then OVER-ALL-FUZZY-REATIN .. 1|rule2
3 If Fuzzy-Rate is VH and Fuzzy-Weight is VH then OVER-ALL-FUZZY-RATI. .. 1|rule3
4 If Fuzzy-Rate is H and Fuzzy-Weight iz WH then OVER-ALL-FUZZY-RATIN .. 1|ruled
5 If Fuzzy-Rate is L2 and Fuzzy-Weight is M then OVER-ALL-FUZZY-REATIN. . 1| rules
b If Fuzzy-Rate i= H and Fuzzy-Weight iz H then OVER-ALL-FUZZY-RATIN .. 1|ruleg
T If Fuzzy-Rate is L1 and Fuzzy-Weight is H then OVER-ALL-FUZZY-RATIN. .. 1| rule?
a4 If Fuzzy-Rate is VL and Fuzzy-\Weight is M then OVER-ALL-FUZZY-RATIN. .. 1|ruled

Fig 8.3:Sample Fuzzy Rules: Developer’s View

8.2.2 Detail of I nput Fuzzy-Weight

The input Fuzzy-Weight includes five triangular membership functions very-high
(VH) to very-low (VL) illustrated in Fig. 8.4 along with the parameters illustrated in
Fig. 8.5.
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Fig 8.4: Member ship Function Plot for Input ( Fuzzy-Weight): Developer’s View

PROPERTY EDITOR: INPUT

Fig 8.5:Parameter Detail for Input (Fuzzy-Weight): Developer’s View

Mame

Fange

| Fuzzy-Weight

[0 1]

Mumber of MFs: 5

[Euenly Distribute MFs]

MName Type Parameters

VH Trangular = ([0.7511]

H Trangular = |[0.50.75 1]
Trangular - ([0.250.5 0.75]

L Triangular - |[00.250.5]

VL Trangular - ([000.25]
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8.2.3 Detail of Input Fuzzy-Rating

The input Fuzzy-Rating includes six triangular membership functions very-high (VH)
to very-low (VL) illustrated in Fig.8.6 along with the parametersillustrated in Fig.8.7.
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Fig 8.6:Member ship Function Plot for Input (Fuzzy-Rating): Developer’s View

PROPERTY EDITOR: INPUT

o3

MName | Fuzzy-Rate |
Range o1 |
MNumber of MFs: &
[ Evenly Distribute MFs |
Name Type Parameters
VH Trnangular - |[0.525 0.9 1]
L2 Trangular - |[[0.250.5250.9]
H Trangular - |[[0.375 0.7 0.9]
L1 Triangular - |[0.225 0.50.7]
VL Trangular - |[0.15 0375 0.7]
Il Triangular - |[0.35 0.675 1]

Fig 8.7:Parameter Detail for Input (Fuzzy-Rating): Developer’s View
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8.2.4 Detail of Output Over-All-Rating: Developer’s View

The output Over-All-Fuzzy-Rating-Devel oper includes eight triangular membership
functions, very high (VH) to very low (VL) illustrated in Fig.8.8 along with the
parametersillustrated in Fig.8.9.
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Fig 8.8:Member ship Function Plot for Output (Over-All-Fuzzy-Rating):

Developer’s View

FPROPERTY EDITOR: OUTPUT

MName | OVER-ALL-FUZZY-RATING-DEVELCPEF |

Range |[0 1] |

Mumber of MFs: &

[ Evenly Distribute MFs |

Mame Type Parameters

VH Triamgular - |[0.39375 0.9 1]

H Triamgular - |[0.28125 0.7 0.9]

I Triamgular - |[0.2625 0.675 1]

VL Trianmgular - |[0.0375 0.1875 0.525]
L1 Trianmgular - |[0.0625 0.2625 0.675]
L2 Triamgular - |[0.1125 0.375 0.7]

L3 Triangular - |[0.13125 (.45 0.75]
L4 Triangular - |[0.1875 0.525 0.9]

Fig 8.9:Parameter Detail for Output (Over-All-Fuzzy-Rating): Developer’s View
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8.2.5 Control Surfacefor Over All Crisp Rating as per Developer

The following figure Fig.8.10, presents a numerical representation of the overall
quality of the mobile application prototype currently being developed, based on the
perspective of the developer.

System: Developer
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Z 0.755918

=
[==]
/

=1
=]
!

=
=
!

=
=y
!

=
[¥%]
!

OVER-ALL-FUZZY-RATING- DEVELOPER
>
Vi

=
ey X
¥

0.4 0.6

0.4

Fuzzy-Weight 0 0 Fuzzy-Rate

Fig 8.10:Control Surfacefor Over-All-Rating: Developer’s View

The altitude Z is represented by the color of the surface in MATLAB surface plot
(control surface), where X, Y and Z are illustrated as shown in Fig 8.10. The color
changes as aresult of change in the altitude. The overall quality of developer’s view is
0.7589 or 75.89% as per proposed fuzzy based mathematical framework MAQM-
MA. The overal quality obtained as per MATLAB simulation is 0.755918 or 75.59%.
Thus the result obtained as per MAQM-MA verified.
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8.3 VALIDATION: TESTER’S VIEW

The following sub-sections will illustrate the procedure of quantitatively validating
the overall quality of a mobile application using MATLAB Fuzzy Logic Tool, based
on findings from chapter six.

8.3.1 Fuzzy Inference System (FIS) for Tester’s View

This section explains about the implementation of FIS for tester’s view with the help
of Mamdani Type-1. The FIS includes two fuzzy inputs, Fuzzy-Weight and Fuzzy-
Rating and Over-All-Rating-Tester as output aong with fuzzy inference rules as
illustrated in Fig.8.11. The property editor explains the property about FIS as
illustrated in Fig 8.12 along with sample fuzzy rules asillustrated in Fig 8.13.

FUzzy-Weight &3 MF3) v

Jamdan I 28

Typs 1 [

i |l '
\ / (rwer-Al-Retng-Teater (% MFs
o,

Fuzzy-Hatrg (3 MFs)

Fig 8.11:FIS: Tester’s View
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PROPERTY EDITOR: FIS

Type: Mamdani Type-1
Name | Tester |
And method | prod E2
Or method | max [+
Implication method | min [+
Aggregation method | max [v|
Defuzzification method | centroid [ v |
Inputs: 2

Outputs: 1

Rules: 8

Fig 8.12: Property Editor (FIS): Tester’s View

Rule Weight |Name
1 |If Fuzzy-Weight is H and Fuzzy-Rating is VH then Over-All-Rating-Tester is... 1(rule
2 |If Fuzzy-Weight is M and Fuzzy-Rating is H then Over-All-Rating-Tester is L1 T|rule2
3 |If Fuzzy-Weight is VH and Fuzzy-Rating is VH then Over-All-Rating-Tester ... T|rule3
4 |If Fuzzy-Weight is VH and Fuzzy-Rating is H then Over-All-Rating-Tester is... T|ruled
5 |If Fuzzy-Weight is M and Fuzzy-Rating is VH then Over-All-Rating-Tester i... 1|rule5
6 |If Fuzzy-Weight is H and Fuzzy-Rating is M then Over-All-Rating-Tester is L2 1| ruled
7 |If Fuzzy-Weight is M and Fuzzy-Rating is M then Over-All-Rating-Tester is VL 1| rule?
& |If Fuzzy-Weight is H and Fuzzy-Rating is H then Over-All-Rating-Tester is M1 1| ruled

Fig 8.13:Sample Fuzzy Rules: Tester’s View
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8.3.2 Detail of Input Fuzzy-Weight

The input Fuzzy-Weight includes three triangular membership functions very-high
(VH), high (H) and medium (M)illustrated in Fig. 8.14 along with the parameters
illustrated in Fig. 8.15.
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Oegreeof Mambership
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It Varialle “Fuzzy-Weight

2 03

Fig 8.14:Membership Function Plot for Input (Fuzzy-Weight): Tester’s View

PROPERTY EDITOR: INPUT

Name Fuzzy-Weight
Range [0
Mumber of MFs: 3
| Evenly Distribute MFs |

Name Type Parameters
VH Trangular = ([0.751 1]
H Triangular = |[0.50.751]

Trangular - ([0.25050.75]

Fig 8.15:Parameter Detail for Input (Fuzzy-Weight): Tester’s View
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8.3.3 Detail of Input Fuzzy-Rating

The input Fuzzy-Rating includes three triangular membership functions very-high
(VH), high (H) and medium (M)illustrated in Fig.8.16 along with the parameters
illustrated in Fig.8.17.
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Fig 8.16:Member ship Function Plot for Input ( Fuzzy-Rating): Tester’s View

PROPERTY EDITOR: INPUT

Name Fuzzy-Rating
Range [01]
Mumber of MFs: 3
| Evenly Distribute MFs |

Name Type Parameters
VH Triangular = |[0.3750.70.8]

Trangular = ([0.2250507]
M Triangular = |[0.0750.30.5]

Fig 8.17:Parameter Detail for Input (Fuzzy-Rating): Tester’s View
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8.3.4 Detail of Output Over-All-Rating-Tester

The outputOver-All-Rating-Testerincludes eight triangular membership functions,
very high (VH)to very low (VL) illustrated in Fig.8.18 along with the parameters
illustrated in Fig.8.19.
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Fig 8.18:Membership Function Plot for Output (Over-All-Fuzzy-Rating):

Tester’s View

FPROPERTY EDITOR: OUTRPUT

Mame | Ower-All-Rating-Tester |

Range | [ 1] |

Mumiber of MEFSs: =

[ Evenly Distribute MFs |

MNam e Type Parameters

WH Trianmngular -~ |[0.28125 0.7 0._9]

HA Triamgular - |[0. 1875 0.525 O.9]
L1 Trianmngular -~ |[0.05G25 0.25 0.525]
HZ Trianmngular - |[0. 15875 0.5 0.7]

rZ2 Trianmngular - |[[0.09375 0.35 0.675]
Lz Trianmngular -~ |[[0.0375% 0,225 0.5]
WL Triamngular - |[[0.01875 015 0.375]
M1 Triamgular - |[0. 1125 0.375 0.7]

Fig 8.19:Parameter Detail for Output (Over-All-Fuzzy-Rating): Tester’s View
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8.3.5 Control Surfacefor Over All Crisp Rating as per Tester

The following figure Fig.8.20, presents a numerical representation of the overall
quality of the mobile application prototype currently being developed, based on the

perspective of the tester.
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Mesh Points: X [ 151 Y r5|-:-':

Hefmrence Inpals:

o ~ ALEeoeaaq
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Fuzzy-Hating Da Fuzzy-WWelght

Fig 8.20:Control Surfacefor Over-All-Rating: Tester’s View

The altitude Z is represented by the color of the surface in MATLAB surface plot
(control surface), where X, Y and Z are illustrated as shown in Fig 8.20. The color
changes as aresult of change in the altitude. The tester's view has an overall quality of
0.6280 or 62.80% according to the suggested fuzzy-based mathematical framework
MAQM-MA. The MATLAB simulation achieved an overall quality of 0.62670,
equivalent to 62.67%. Therefore, the outcome obtained has been confirmed according
to the MAQM-MA.
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84 VALIDATION: B-USER’S VIEW
The following sub-sections will illustrate the procedure of quantitatively validating

the overall quality of a mobile application using MATLAB Fuzzy Logic Tool, based

on findings from chapter six.

8.4.1 Fuzzy Inference System (FIS)

This section explains about the implementation of FIS for B-User’s view with the help
of Mamdani Type-1. The FIS includes two fuzzy inputs, fuzzy weight, FW and fuzzy
rate, FR and OVER-ALL-RATING-END-USER as output along with fuzzy inference
rules as illustrated in Fig.8.21. The property editor explains the property about FIS as
illustrated in Fig 8.22 aong with sample fuzzy rules asillustrated in Fig 8.23.

K AA
(¥ ." 4 11
FR (6 MFs) i) ;"
Mamdani [— / A
Type 1 . f J;_
VAR
/ | -"I ﬂf l'- iq
{ L4 \

I."I / OVER-ALL-RATING-END-USER (6 MFs

FW (3 MFs)

Fig 8.21: Fuzzy Inference System (FIS) for B-User’s View
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PROPERTY EDITOR: FIS

Type: Mamdani Type-1

MName end-user

And method prod v |
Or method miax v |
Implication method min v
Aggregation method max v |
Defuzzification method | centroid v |
Inputs: Z

Outputs: 1

Rules: ]

Fig 8.22: Property Editor for Fuzzy Inference System for B-User’s View

Rule Weight |Name
1 |l Fuzzy-Rating is VH and Fuzzzy-\Weight is H then OVER-ALL-RATING-E. .. 1{rulet
2 |[fFuzzy-Rating is VL and Fuzzzy-Weight is H then OVER-ALL-RATING-E. . T{rule2
3 |lfFuzzy-Rating is L and Fuzzzy-Weight is M then OVER-ALL-RATING-EN... T{rule3
4 |If Fuzzy-Rating is M and Fuzzzy-Weight is VH fhen OVER-ALL-RATING-E... 1{ruled
5 |lfFuzzy-Rating is H1 and Fuzzzy-Weight is VH then OVER-ALL-RATING- ... T{rules
6 |IfFuzzy-Rating is H2 and Fuzzzy-Weight is M then OVER-ALL-RATING-E... 1{rule6

Fig 8.23: Sample Fuzzy Rules for p-User’s View
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8.4.2 Detail of I nput fuzzy weight (FW)

The input fuzzy weight (FW) includes three triangular membership functions very-
high (VH), high (H) and medium (M) illustrated in Fig. 8.24 along with the
parametersillustrated in Fig. 8.25.
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Fig 8.24: Membership Function Plot for Input FW (B-User’s View)

PROPERTY EDITOR: INPUT :

Name

Fuzzzy-Weight

Range [01]

MNumber of MFs: 3

| Evenly Distribute MFs |

Name Type Parameters
VH Trangular = ([0.751 1]

H Trangular = ([0.50.751]
M Trangular = ([0.250.50.75]

Fig 8.25: Parameter Detail for Input Fuzzy-Weight (-User’s View)
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8.4.3 Detail of Input Fuzzy-Rating

The input Fuzzy-Rating includes six triangular membership functions, from very-high
(VH) to very-low(VL) illustrated in Fig.8.26 along with the parametersillustrated in
Fig.8.27.
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Fig 8.26: Membership Function Plot for Input Fuzzy-Rating (B-User’s View)

Input Varlabla Fuzzy-Rating”

PROPERTY EDITOR: INFUT :

Name | Fuzzy-Rating |
Range | [0 1] |
Mumber of MFs: &
[ Evenly Distribute MFs |

Mame Type Parameters

VH Triangular ~ |[0 3675 0 69 0 8]

VL Triangular ~ |[0 195 0 45 0 69]

L Triangular - |[0.2925 0.59 0.79]

M Triangular - |[0.3225 0.63 0.85]

H1 Triangular - |[0.36 0.62 0.85]

H2 Triangular ~ |[0.36 068 0.86]

Fig 8.27: Parameter Detail for Input Fuzzy-Rating (B-User’s View)
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8.4.4 Detail of Output Over-All-Rating-p-User’s

The output Over-All-Rating-End-User includes six triangular membership functions,
very high (VH) to very low (VL) illustrated in Fig.8.28 along with the parameters
illustrated in Fig.8.29.
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Fig 8.28: Member ship Function Plot for Output Over-All-Rating-B-User’s View

PROPERTY EDITOR: OUTPUT :

Mame | OVER-ALL-RATING-END-USER |

Range |[:} 1] |

Mumber of MFs: 6

[ Evenly Distribute MFs |

MName Type Parameters

M Trangular - |[0.1838 0.5175 0.86]
L2 Triangular - |[0.0975 0.3375 0.69]
VL Trangular - |[0.0731 0.295 0.5925]
H Trangular - |[0.2419 0.63 0.85]

VH Trangular - |[0.27 0.63 0.85]

L1 Trangular - |[0.09 0.34 0.645]

Fig 8.29: Parameter Detail for Over-All-Rating-p-User
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8.4.5 Control Surface for Over All Crisp Rating as per f-User

The following Fig.8.30, presents a numerical representation of the overall quality of
the mobile application prototype currently being developed, based on the perspective
of the B-User .

Axes: X [Fuzzy—F!ating v] Y [Fuzzzy-Weigm v] z [OVER-ALL—RATIN... v]

Mesh Points: X | 151 Y | 151

Reference Inputs:

& AE@0Q QR

X 0.714286
Y1
Z 0.582149

0.6 -

0.55 -

0.5

0.45 -

0.4

OWER-ALL-RATING-EMND-USER

0.4 0.6

0.4

Fuzzzy-Weight 0 0 Fuzzy-Rating

Fig 8.30: Control Surfacefor Over-All-Rating-p-User with Over-All Crisp
Quality 58.21%

The altitude Z is represented by the color of the surface in MATLAB surface plot
(control surface), where X, Y and Z are illustrated as shown in Fig 8.30. The color
changes as a result of change in the altitude.The overall quality of B-User’s view is
0.5875 or 58.75% as per proposed fuzzy based mathematical framework MAQM-
MA. The overall quality obtained as per MATLAB simulation is 0.58214 or 58.21 %.
Thus the result obtained as per MAQM-MA verified.
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85 OVER-ALL VIEW

The following sub-sections will illustrate the procedure of quantitatively validating
the overall quality of a mobile application using MATLAB Fuzzy Logic Tool, based

on findings from chapter six.

8.5.1 Fuzzy Inference System (FIS)

This section explains about the implementation of FIS for three perspectives with the
help of Mamdani Type-1. The FIS includes two fuzzy inputs, fuzzy weight, FUZZY -
WEIGHT and fuzzy rate, FUZZY-RATE and OVER-ALL-FUZZY-RATING as
output along with fuzzy inference rules as illustrated in Fig.8.31. The property editor
explains the property about FIS as illustrated in Fig 8.32 along with sample fuzzy
rulesasillustrated in Fig 8.33.

Mamdani —
Type 1

/[ \/ / OVER-ALL-FUZZY-RATING |

FUZZY-WEIGHT (3 MFs)

Fig 8.31: Fuzzy Inference System (FIS) for Over-All View
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PROPERTY EDITOR: FIS

Type: Mamdani Type-1

Mame Over-All

And method prod v |
Or method max v |
Implication method min v |
Aggregation method max v |
Defuzzification method | centroid v |
Inputs: Z

Outputs: 1

Rules: 3

Fig 8.32: Property Editor for Fuzzy Inference System for Over-All View

Rule Weight |Name
[T FUZZY-RATE is Very-High and FUZZY-WEIGHT is High then OVER-ALL. .. 1| rulet
If FUZZY-RATE is High and FUZZY-WEIGHT is High then OVER-ALL-FUZ... 1| rule2
[T FUZZY-RATE is Medium and FUZZY-WEIGHT is Very-High then OVER-... 1| ruled

Fig 8.33: Sample Fuzzy Rulesfor Over-All View
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8.5.2 Detail of Input Fuzzy-Weight

The input fuzzy weight (FUZZY -WEIGHT) includes two triangular membership
functions very-high (VH) and high (H) illustrated in Fig. 8.34 along with the
parametersillustrated in Fig. 8.35.
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Fig 8.34: Membership Function Plot for Input Fuzzy-Weight

PROPERTY EDITOR: INPUT :

Name | FUZZY-WEIGHT |
Range | [0 1] |
Mumber of MFs: 3
[ Evenly Distribute MFs |

Mame Type Parameters

High Trangular = [[0.50.75 1]

Very-High Trangular - [[0.751 1]

mf3 Triangular - [[00 0]

Fig 8.35: Parameter Detail for Input Fuzzy-Weight
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8.5.3 Detail of Input Fuzzy-Rating

The input Fuzzy-Rating includes three triangular membership functions, very-high
(VH) , high (H) and medium (M) illustrated in Fig.8.36 along with the parameters

illustrated in Fig.8.37.
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Fig 8.36: Membership Function Plot for Input Fuzzy-Rating

PROPERTY EDITOR: INFUT

Name | FUZZY-RATE |

Range |[r:r 1] |

Mumber of MFs: 3

[ Evenly Distribute MFs |

Mame Type Parameters
Medium Trangular - |[0.27 0.63 0.36]
High Trangular - |[0.23 0.7 0.9]
Very-High Triangular - |[0.3%9 09 1]

Fig 8.37: Parameter Detail for Input Fuzzy-Rating
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8.5.4 Detail of Output

The output OVER-ALL-FUZZY -RATING includes three triangular membership
functions, very high (VH), high (H) and medium (M) illustrated in Fig.8.38 along
with the parametersillustrated in Fig.8.39.
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Fig 8.38: Membership Function Plot for Output Over-All-Rating

PROPERTY EDITOR: OUTPUT

Name | OVER-ALL-FUZZY-RATING |

Range |[r:r 1] |

Mumber of MFs: 3

[ Evenly Distribute MFs |

Mame Type Parameters
Medium Trangular - ([0.14 0.525 0.9]
High Triangular - |[0.2025 0.68 0.86]
Very-High Trangular - [[0.195 0.675 1]

Fig 8.39: Parameter Detail for Over-All-Rating
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8.5.5 Control Surfacefor Over All Crisp Rating as per three

per spectives

The following Fig.8.40, presents a numerical representation of the overall quality of
the mobile application prototype currently being devel oped, based on the all three
perspectivei.e. developer, tester and B-User.
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Fig 8.40: Control Surfacefor Over-All-Rating with Over-All Crisp Quality
61.77%

The altitude Z is represented by the color of the surface in MATLAB surface plot
(control surface), where X, Y and Z are illustrated as shown in Fig 8.40. The color
changes as a result of change in the dtitude. The overall quality of three perspectives
is 0.6265 or 62.65% as per proposed fuzzy based mathematical framework MAQM-
MA. The overal quality obtained as per MATLAB simulation is 0.6177 or 61.77 %.
Thus the result obtained as per MAQM-MA verified.
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8.6 SUMMARY

This chapter explains about validation with the help of MATLAB Fuzzy Tool. The
process of quantification which involves MAQM-MA framework accepts two fuzzy
inputs, fuzzy rate and fuzzy weight which further converge to overall fuzzy rating and
overall crisp quality of any domain specific mobile application. As a consequence, the
result obtained by the fuzzy-based mathematical framework MAQM-MA discussed in
chapter 6 is vaidated since the simulated outcome produced is identical to the
assessment of the framework MAQM-MA.
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CHAPTER9
CONCLUSION& FUTURE SCOPE

9.1 CONCLUSION

The use of mobile applications has grown tremendously in recent years, these
applications serve variety of functions.A rising number of users are looking for ways
to satisfy their needs in relation to the application itself, such as mobile games, mobile
commerce, mobile-based education, and other types of mobile applications. It is very
important to ensure that these mobile applications should be created in such a manner
which guarantees the high quality of the mobile application. This is done in order to
maintain the satisfaction of users and encourage them to use it. Nevertheless, it is
challenging to evaluate the subjective and usually vague expectations of -users once
the program has been released. Developers, testers, p-users, and decision makers of
the mobile application development industry are constantly investigating apps, for
finding out whether the mobile application has been achieved the decided benchmark
of quality level or not. These decision makers may include stakeholders, investors,
and quality managers in their investigation process. The assessment of qualitative
features that are dependent on software quality parameters will make the
implementation of this endeavor easier to accomplish. Therefore, it is of the utmost

importance to choose the appropriate assessment approach.

The novel contribution of this research study is a comprehensive generic framework
MAQM-MA for quantifying software quality factors of mobile applications, which is
customizable to specific domain requirements. Theproposed framework has
considered perspective of developer, tester and B-user aong with implicit view of
decison makers in the form of fuzzy weight. The decison makers who are
responsible for ensuring that mobile applications are of a suitable quality and
thusdecide fuzzy weight. The framework contains suitable quality factors along with
relevant metrics for developer, tester and B-user’s perspective. Most of the quality
factors are common in case of developer and tester but they have their specific
purpose which can be differentiated by their metrics.Metrics are designed to serve

162



different purposes along with common quality factor. As per agile methodology of
SDLC the usability attribute depends upon perspective of f-user. The customization
for the framework of mobile application mainly depends upon metrics designed for (-
user’s perspective. The B-user perspective is very important that converges in to
popularity and branding for any mobile application which has to be observed by the

decision makers of mobile application development business.

The quality factors are based upon two qualitystandards | SO/IEC-9126 and |SO/IEC-
9241-11 in thisresearch study.There are two inputs that are used in the evauation,
fuzzy rate and fuzzy weight. The assessment of a fuzzy rating system with five scale
fuzzy rating is based on surveys or questionnaires as per developed prototype of
mobile application. The term "fuzzy weight" refers to the relative relevance of various
factors of software quality. This research study presents a novel application of pair-
wise comparison in the form of fuzzy based mathematical agorithm FW-MA
discussed in section 5.3.2. The purpose of this application is to determine the proper
fuzzy weight for software quality factor of mobile applications while they are being
developed as per the mutual concern of decision makers. This will be of great
assistance to the mobile application business in terms of generating and analyzing
fuzzy weights in order to strengthen the process that converts qualitative to
guantitative features during the development of any mobile application. The proposed
MAQM-MA framework is also implemented using atool developed in java script and

Node.js run-time.

Characteristics of proposed fuzzy based mathematical framework MAQM-MA:

1. This framework includes two quality standards 1SO/IEC-9126, for developer,
tester and 1SO/IEC-9241-11, for B-Users.

2. This framework is customizable for any mobile application for developer and
tester.

3. The usability assessment depends upon B-Users as per the domain of mobile

application.
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4. This framework includes a novel fuzzy based mathematical algorithm FW-
MA, which evaluates appropriate fuzzy weight for software quality factors
according to decision makers.

5. This framework accepts two inputs fuzzy weight and fuzzy rate. Quantifies
crisp quality of mobile application during its development. The quantification
may be used for feedback and rectification.

This is a novel framework which includes all entities of a mobile application
development organization and monitors the quality of a mobile app during its
devel opment.

The overal results obtained by proposed framework MAQM-MA aong with fuzzy
based mathematical agorithm FW-MA and validated by MATLAB Fuzzy Tool are
illustrated in table 9.1 and Fig 9.1.

Table9.1: Comparison of Result: MAQM-MA (Calculated Result) and
MATLAB Fuzzy Tool (Simulated Result)

Calculated-Result Simulated-Result
Views (MAQM-MA) (MATLAB Fuzzy Tool)
Developer's View 75.89 % 75.59 %
Tester's View 62.8 % 62.67 %
B-User's View 58.75 % 58.21 %
Over-all View 62.65 % 61.77 %
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Validation

H Calculated-Result (MAQM-MA) ® Simulated-Result (MATLAB Fuzzy Tool)

75.89% 75.59%

80.00% -
62.80% 62.67% 58.75% 58.21% 62.65% 61.77%

70.00% -

60.00% -

50.00% -

40.00% -

30.00% A

20.00% A

10.00% -

0.00% T T T

Developer's View Tester's View B-User's View Over-all View

Fig. 9.1: Validation as per MATLAB Fuzzy Tool
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9.2 RECOMMENDATIONS FOR MOBILE APPLICATION
BUSINESS

One of the most crucia aspects of every research is the analysis of the data collected
during research work. This analysis can be carried out with the use of numerical data,
quality is a subjective field, and the only data that can be used for deductive reasoning
isnumerical data. For thisaim, MAQM-MA is used. Mobile application industry have
the option of using this strategy in order to quantify domain-specific mobile
applications, assess and forecast the numerical data, In order to guarantee that
judgments are taken on an objective basis. As aresult, it is useful in assessing which
areas need improvement, rating the significance of additions or updates, and
enhancing the effectiveness of the development process. Establishing precise goals
and keeping track of progress over the course of time is made feasible as a result of
this.

Mobile application industry may make use of methods like surveys, user anaytics,
user testing, and feedback as a tool for the purpose of converting qualitative
framework into quantitative data.The evaluation of fuzzy ratings is the responsibility
of each of these methodological techniques. The relevance of fuzzy weight is
dependent on the decision makers reaching an agreement for it to be considered
significant. Consequently, the accuracy of the calculation depends upon the value of
the fuzzy weight's value. Accuracy may be improved with the use of fuzzy AHP. The
attainment of accurate evaluation will be facilitated by this, which will provide an
acceptable basis. Because of this, it is strongly suggested to al of the businesses that
are involved in the production of mobile apps that this framework be used in order to

achieve acceptable computation.

This will ensure that companies who produce mobile applications are able to provide
a full understanding of the performance of their app as well as the satisfaction of its
users viathe use of trustworthy quantitative data. Therefore, it will increase the level
of confidence of investors and stakeholders in the mobile application development

business.
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9.3 FUTURE SCOPE

The present research might be brought into the modern day by using artificial
intelligence or machine learning. It is possible to train and apply the data produced
from this research for cluster analysis, which may be used for a variety of decision-
making strategies. A fuzzy cognitive map is a tool that may be used to assess the
influence of overal quality parameters on a system. As a result, changes in one
quality element will have an influence on another quality factor, and this will alow us
to forecast the behavior of the overall quality perception as a devel oper, tester, and p-
user. Automation has the potential to function as a novel approach, as well as to
optimize time and financial restrictions. In order to get the best possible outcome, it is

possible to include both manual and automated processes.
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SUMMARY

The proposed research work takes its motivation to develop a fuzzy based
mathematical framework to access the overall quality of mobile apps might originate
from a number of various sources. The proposed framework will assign numerical
ratings for the quality of mobile apps. So far, there is no mathematical framework
available that could help developers and testersto numerically access the quality of
their apps and make improvements. This leads to the fact that there is a significant
need for such a framework. Evaluation in numeric form can also be used to facilitate
comparisons between different applications and the identification of areas for

improvement.

This research is conducted using qualitative and quantitative research methodol ogies.
Fuzzy questionnaire based on five scales for developers, testers and B-users to
calculate the fuzzy rating for the metrics as designed. A survey was conducted on
prototype of M-Commerce application and the questionnaire was filled by developer,
tester and B-users to determine the fuzzy rating for each metric. These fuzzy ratings
along with the fuzzy weight provided by decision maker, serve as input to a proposed

fuzzy based mathematical framework.

The novel contribution of this research study is a comprehensive generic framework
MAQM-MA for quantifying software quality factors of mobile applications, which
are customizable to specific domain requirements. The software quality factors are
based upon two quality standards ISO/IEC-9126 and ISO/IEC-9241-11 in this
research study. There are two inputs that are used in the evaluation: fuzzy rate and
fuzzy weight. The proposed framework has considered perspective of developer,
tester and B-user aong with implicit view of decision makers in the form of fuzzy
weight. The decision makers who are responsible for ensuring that mobile
applications are of a suitable quality and thus decide fuzzy weight. The framework
contains suitable quality factors along with relevant metrics for developer, tester and
B-user’s perspective. This framework calculates the overall fuzzy and crisp quality

according to developer, tester, B-users and their combined impact. Thus, the overall
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quality of the mobile application from these three perspectives is quantitatively
evaluated using the proposed framework.

This research study presents a novel technique of pair-wise comparison in the form of
fuzzy based mathematical algorithm FW-MA. The purpose of thisis to determine the
proper fuzzy weight for software quality factor of mobile applications while they are
being developed as per the mutual concern of decision makers. This will be of great
assistance to the mobile application business in terms of generating and analyzing
fuzzy weights in order to strengthen the process that converts qualitative to
guantitative features during the development of any mobile application. The proposed
MAQM-MA framework is aso implemented using atool developed in java script and

Node,js run-time.

Mobile application industry may use the proposed technique to quantify domain-
specific mobile applications, assess and forecast the numerical data, in order to
guarantee that judgments are taken on an objective basis. As a result, it is useful in
assessing which areas need improvement, rating the significance of additions or

updates, and enhancing the effectiveness of the development process.

This will ensure that companies who produce mobile applications are able to provide
a full understanding of the performance of their app as well as the satisfaction of its
users via the use of trustworthy quantitative data. Therefore, it will increase the level
of confidence of investors and stakeholders in the mobile application development

business.
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quality of sodtwime progreen. Aocesdisg 1o MeCsll
{19771 alficial techscal ot bmldise bigh-goadicy
sofranre i i stabbe sl avor-fires iy dependem on the
develpisent of wstable metnes These measmabls
ihicators meresse e overall qaliry of e Alr Foecs
svain winle sbo lnprovmg e espelence of s
comual-amd-comrol  soltware. The envimoument
which sodbiare 1 produced, mambained, aml wibzed has
an imgmc! oo s quality. As s result, it s critical to
examine all of these elements while designing
muintaining, nowd wilizing software 10 emsuwre that W
#ehieves the highest quality stmdands mvmilable The
next critical mssue is i we can consmact merics oA
AVEISIDANN IGHLIET Wsing an appropnaes model, Yes
GOM b the comset sivwer. Basali (1992) GO
jradign 15 & song tool for softwroe weodelng and
mefsnreens. I offies o teorough framework foo
defining and ssecang softwars objectives, guedBiis,
and measwements, Thos padigm eables systematic
mubysis aod  improvemnent  of  softnane  processes,
products, aed senvices B omay ke otlized fe give
softaqme - sakeholders with o sared knowledge of
soffamre sysiems a5 well as m efficient plafoom for
comuuicarion and npreement, Softwire sngoser way

nag e GOM peradipn to msmize the complenity of
sofmare developnsnt while ducreasiog e efficacy of
el sufrwere modals and wetrics,

Software et g 8 vy onporime teal fo any
foren. Acomdmg o Goady asd Caswell (1587} the
enbamcemnet of soffware developisest process i femms
af qoaliry, cost, md nime necessitares the s steps of
s ageests,  estblelment  of  perforancs
objectives, and evalustion of sofware paoject efficacy.
Orpanizations miy eabasee thair devel of suedens by
dodonting resourgsy towards e estoblishmen and
execition of 4 eoapaeliensive softwane memies progrs,
which ensbkes dis 1 g 8 devper coagmelesion of
their sofiwars developm st procedurss

From the peopsctve of sach andividval veer,
nsatibity emserpes oo @ vitnl fampe, Usabdliny pefers o
he evabmation of & systen’s effecriveness fn berms of a
uer's hility w0 nccess, comprehend, ond emgage witdh
it Aceording w0 Bevan (1993, 0 s essemiinl 1o
prioeitize the considerateon of guality of vse o a
prineary  design wite whike developing  miteractive
software prodmees, This research funher posits that the
sipegss of businesses @5 contingent wpen wsability.
heee mevessimting the establishient of nenbility as a
prinary objechive in the  desipn  procsss  The
consideration of wmability is cnactal i ensuricg that
mers are shie 1o scesssfully and efficiently nse a
syelem with liile cognitive and physical exericn

M-codnmerse, of owohile  commmerce,  imvedves
purchasieg mnd sefing pr<hocts and services o smart
phones md mbdets. Today, wers may nse their mokile
devices 10 make culfine purchases, pay bills, aud mwanags
their soeoumts. Bobils conunercs is complicarsd and
depends o weveral factors, accondmp to Feng of o
(0061 Firms muest onderstnid. cussomer peeds, oo
tharmgh market research. and sy ocmmem on
technedogy to scoeed in flis fiebd, Brsinesees must
mvesl io resemch ad development, asbomer service,
and markehing to succeed in motle commerce.

This research introshaces a novel meshodology for
asseszing the overall quality of m-commmernce npps using
the GOM paradipm md TS0 83111 [2018) standard,
nsing fuzry bogic 2 a toal.

GO Pardig aned LRCF 024111

The G paradsem hes 2 heersrchical strchare and
nillizes a top-Soon approsch. 1t begans by estabishing
gnals, Tellowed by the forumlation and collection of
questions, mid concledes by Inling metrics w0 ench
question. The process kmomm as goal-queston-metne i
med o awsewm  the effectvensss of projects and
prograns. This straregy facilitates: the orpacizition o
analyszs of mdmmatices provading gridavee for devision-
making el Snbssquent actons, The proposed appooack
aconpasses llw fion gep of deennining o specific
ohjective or tirget for o cemain HOjsct of Progmin,
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Colkowed by che forrmEacion of mouarses potammig to the
ir=ais b which it might be aclijeved, mmd fhen devising
queaeifinble oeasmes 1o cemidor ol evalute e
nildvancsment wwands said objective,

The use of the poal-questinn=metne methsd proves (o be
very achaningenus i senamos when  project or program
iovohves severnl smkebolders. This apprach fadlimies
effictive communieation mel spables the messnrement of
suneess vin 2 shaed Lanpngee sod fismework. Addifonsdhy,
b mpooads proaoles e esgagement of all meleya
pans i evalating de conssquences of their dioiess mx
behiaviors in selathon w0 the ovemiching objeceee. The wse
of i posl-questionaente srabepy eusbles s w
etfechvely idefify arems for development and cooceminie
ther endeavers i achievimg the ishended resnh

In genetnl, the genl-questios-menic method ie sssn
a valusble metnmmen for avseming the eBectveness of a
project or program, The framenndk offers & systemabic
appraach for asessng restilts and promotes smkeholder
mwareness of the copsegueness of ther chokes and
artiois b felition ot oveseching otjective,

The 130 9241.11 sasdadd & well tevopmeed 2 a
benclimik for svalmimp wsabiity, This resoumrce offers
valuahle insights on the use of efficen messmng
tectmiques i enhanes e naabiliy of softaare prodacs.
Ulsalikiy & defined as the d=gree o winch a product may
be msed by designated wsers o mecesshilly accoemlish
predetermined objectives with effechvemess, efficiency.
and sabisfacon withon 2 cevtams conbext of wiliration [9]
Py Logic

Fuezy loge eopdovs the prieciples of farzy ser duworny
Lo docianely caplae ol artiodare e brnsde bageee)son
mmd vaguenes that chemctertres omam comutbnee processes
ol ukeng, The fmsdaments] (des of this motka s 1l
problevns might bave geveral visble solations, which
requames the use of a "lizen! problemesalviog, technpee o
facilimre decision-makang. Frzzy legic has practical nse im
ceveral docmits sich as image processing. mobotics. okl
nafuml liwggsape peocsssaye. This pomacular metod seenss
ko he paicnlady advamtngeous m senanos  when
corventional decisicn-making processes would exhibet m
exncessive bovel of npediny or wifleadilicy

Fuzzy logie |5 grovsdid oo the ooacept of panial mds,
wherehy simiemeis possass vimving degrees of validity or
applazabilary, a0 oppoded i adhennge sty 1 2 sy
framework of abentute truth or falschood. This approach
Cacibistes n e dsnudive decsioe-nnking jroces by
engbling  padements w be fomolaed beed oo the
mvridlihle evidence, mther than ouly dependicg on a binary
pacome of edher o defenmlive postive or nemtnve
respemee. Py Jogic facilitmiss n Beightened lzvel of
adigataliey in problem-sohing spprosches, s o allows
the system lo acgmre knowledge from son and fhen
ilify its devisicermnakng meshamsn
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Table 1; Fagey weight and fezzy ik

Critaria Fuzzy weights Fuuazy ealhgs
Very Low (VL) [0, 00, 325} {0.0,0:1, 03)
Low (L} [0, £.25, 50} 0.1, 0.3, 0.5)
Mhedineit (M) [ 2500, 500 11,75} L3R5 07
High (#) (%0, (RTE 180 {05 k7,00
Very High {1H) [T 10, L0 {07 R0, B0

The mse o the wimgular fizzy function wethodcdogy
his bezo enployed in e presens mvestigation. The
Triangubsr Frzzy Funcion 8 o speafic fonn of
mathematical finchon thet 1= affen wsed in fizzy lopic
systems for the parpose of axsgnicg & menhership valu
o mn ingrm value, The graph i question ie n trimgle
form that reprssemiz ths mapping of mm g valus o a
cormaspmdites valte raging fean 0-1. In thde confexr. 0
Teprresets e looess value whele 1 represents the highes
value, The poramsters usad o s investigation e
derivied fromy a publication recomenended by Smeh and
Vidyartba {2008}, as seen m Table 1,

Fuzzy Cperattans

This stmdy mdepts o hasic fagzy  opernfions
explnined by Bess (2004

{#] Furzy smlriplssanon
(b)) Fuy addiien

(2] Forry ombiplicason 0 s deloed & the poiawis
product of rwo wiangala foey sels
For example, suppose there are two inangulsr fery
sets (il e, £ aod (g, . 3) then the fuzey undtmlication
s defmed as
e f) =g hip=id=gexh, i

{hy Fazry addiiion it is defined as the pamaise mnmimmim
nf by irimngmilar Froey sets
Fox exammgile, suppose ibewe ge wo dassube fuery
ets (4, e, £ and (g b, i} then the forzy addinon is
defined a5
i, & £ + (3, b, = [ el g, moems e, i), moas 1]

Fuzziflcrrlon and Defuzzifcation

Fuzzificatson 15 defined as the process of cooverlme
& pnneecal imput mio a ey et W oivvalves nappae
a onap iyt value 1o a fuzey valie, allowize the gl
i fake on ary vahie between the two. The puopose of
forzificalbom  is W provide a nsme  accurate
repreeniation of data by allowing greater fexibility m
hew: inpets are mterpreted.

Imzzmification = the precess that comverts matmices of
subechamacterishics of nsghibty min furey vabees. Let ms
define the criferia by tmking m example, copsidering
mairic of emar and recovery 2s illusmied in Tabie 2,



Msmrrh blides s d Fowea Tiadack: Joreral of Conrpaimn Scimes 16049, W (1) 10
DO e D2 §

Tabile 2: Exampls of famfication

Mntric = Dyt

Probabsiity (1) to remver from

errar for each dmsk = —
Defurzificacion 15 defused 2 he peocess of

comverting ® fizzy set of values mio » single cosp vahie,
1t 18 the reverse of the process of fznfication, whach i
the process of taking & crisp valuz and transfonming it
nte & foeey set. Thas sondy adeqis the eestreid methed to
deflarrfin & iangulsr fuzzy ser

Centrofd formmln = = ‘—IJ!'::;“T
Hers. =7 15 the defurmibied cosp valee, ;1= the waluc
o e x-axis, and piz)is the membershy fmetion

Research Approach

The Coal Cuesthm Metric {GOM) fechmigue may
help evaleate mobile phons applicatons, This method
simnplifies serting quamtifiable application goals and
abjectives il hnkisg them o partsoular aeetrics,
Goal-orieted  sasessment,  which  ses elear,
quaniifiable applicatwm goals and ewsures they are
measured, mderpins the GOM  lechmigne. GEHW
makes it easy to idenlify wsability issues and provide
prieciss wWabdhity measinements b sssess eeir impact.
The sirzlegy tedquires selliog tser-ceiered and rask-
focused obpestives. It 15 abso cmcial to choose the
carrest messmss 10 aseess goal achievemsnt. The
GOM approach helps quantify mobile app uwsefulness,
Write ont the applicaticers. obgectives mitally. Afer
gral and target seting. the GOM approach may be
ntilized to nnalyze use precisely. Use the GO
approach 10 Blentify usability issues amd  Ccrzaie
metrics 10 assess beir effecs. Compare chenpes over
1ot ] watch how e softwane evalves nsing GOM

The Goal Question Metme (GOM} technique may be
need to cremte usefiulmese . Equioements for  mebile
applicotions.  The  GoalssestioarMetric (GO
techmigne belps create a franwovsk with  distnet
abjectives aud quesisons. This framework can assess ol
grade mobale phowe app usetilness

To test mobile phope app usefalnese wsing the
Goal-Queston-Mensure  (GOM)  methodology,
caitgpléte these slaps:

1. 3el a gl fiw b abile appe The s sep & o
deserabe and ereste a peal for o mobile app fof 2
cermin Area based on the requirements ond standands.

=ikl WL (0l 0
(1 3ecpenfl 4. L (01,03 0%
g M (05,05 0.7)
[ & 3 H (0.5, 07, 0.9
Lo s (87,09, 14

The gonl shaubd be clear imd conciss about whit vo
want w0 bappen when you wse the mop

1. Figike om e questives: Tihe guestices dwnld b
cimefilhy thoughs et based o the peal of the molale
ApfH N A cortAin aren

3. Esteblish the metric: The metnc should be made so
an o1 mestares o well the mabile agp wocks wich
s goals and qnistsods that have been se

Following the GQM mehod cm help busineses
cropte & eoomplete  framework fe mepuring  smd
evalmating the usefilness of molele phone apps, Thes
framesrork will ensure a constas) and depeadable way o
measire aml evatuas the usability of moktle plume apps.

Procedure

Thas shady proposed the following procedure o
quinffy e oversll usability guabity of m-commeroe
mobile applications

Siep 1 Design a Usshility Meiric framewoik thal depends
upon goals and questions for m-commerse
meobile applicaibon

Step X: Furry weight o per devebopers and tester”s view
mmi fuzzy rates &5 per ends nser's view

Step 30 Caleulate of avesall mting for & goals feanmes,
time faken, lesmi-abiliy, accoracy, securty. md
user's foodmck by talone the user's respoise.
Furry rating of geal fantures, usabiity factor, nnd
overall rasmg for walslity of m-coenmerce mohike
appRcation calenlmed by the followma fommls:

Py rafng =iy Wk P W
R e T AR T

Sep 4 Calenlntion of overall firzy mting for 3 asability
taciors efficiency, effectneness, and salisfzctom
Calenlavion of overall filzry memp for vsabiliny of
i=paniverce mabile apphicatlon

Calculation of crasp valwe of wsability of i
-conuserce mobdle spolcaien by usmg e
cemiroid methiod

Step 5:
Step &

Case Study

Supposs we are gemg to quankdy the ABL m-
commerce molule apphicanon,
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Shep 11 ey mahie fiaevirk T hir ool sl i ‘ABC m-conmwred molile il
Usatility factor _ Ooal Question Metie
Efficizney Feainies What ahour dsplay s megaion Cirirpshiney (0 est, foal, sl colors

Wharahmu senich garism (iess paseam
aisdd spinach padornl}

What shout prodret description

What about the pachase process

Easy (o mavigaie in oanbibe dpg
Support nipht vision

Fineting infienmation st the procdice s easiey
Epich [0 ReAr eoovered acdiriely
Description of each podurt is soourate
Prextul ot aph disphiyed aaequm:-
Frices of products e adequately

Stams (availatile, ot of sk nl":m
prodhoet 5 sdaquatily shown

Easy to register

Eagy bo chanpe cosomer mfoomtion
Easy-io-order product

The shiopping can's befoonation is acoaale
Auliaquaty i foenertion shoet e i ande
Adequate mivrmation shoel payment optices
Julequate mivrmatics sboat how o comcel
the pro et

Adequare infommation sho retims and
malund polizy

Audequale nfrrmation ehoul onler detail
Adesquate misrmation shot delbvery Hme
Aulexyuate foenetion s delivery cost
it fotstions ol the dalivery e
Dielivary fo other sddnes:

Culine order sacking &= moilsble
e istaken.  'Whatabout tine o search o ib-task Search parveular produc
What ahout thime to-conien: o whele wsk Tie w0 complte sk
Eflictivaness Lirarti el y Whsal Al plwitivee lsambg stoul Easw 0 lwim fatwifisci
mehile app Adegquate content maragement
What about help or clomer service? Audeguaie help (dewo version)
Audequate help (bt wersion)
AGEILAEY Whiat ahour ke dpp repons: & Dot agys responds progerly as ger stion
jr st Evesy @m0 i ke Tacsa misspramal
Frobability al szarch succesiilly mek
completion m 1 atepd
What ahout the chisnce for swzessul Frobafiliny #o completion of task witdun
comnilaetoat of Tkl o skt i Ve T
Satisfchan Securiy ‘What about the: securiny of personze] Adequerte mfometion shomt the privmcy policy
bt and financia data Sevine soc ket layer nsa by nobile app
Wel-rpeoiized setiin it
Duffisreut moodes Sor veridic ptiom such a
CITP hasd
Freadbacic What ahout the feediack process Crremil Seatunes
Oreemail lesming process
Orriall sy
Creemall secarity
Crawall i:plﬂb.'-l Uik T (bl g
Seep 3 Asslgm Fuzzy wilghit as per e developes s tester's View oo DIZZY (0068 43 per g« Uaer's View
Usability facloa ioal bletric Average fuzry weight  Avemgs fozy rate
Efficiency " Festures Conshiency m bexi, oot ad coloms (0.5, 0.7, 0.5) (07, 0, 13
Ersy b0 maviguie in mohile app (0L 0% 1L
Sappo neght vision {05 0T, 09)
Finding mivmstion shoet the product (T 0% 10
ATE EEERIAT
Speech o texd commrested. srcuralely LT 0%
The descrphinn nf mach prodnct is acourate (0.8 0T7, 0%
Product photograph depleyed adequeely 0E 0 L
Frices of prodncts ame adequetely shown 0709 10
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Sep 2 Cotiming
St [avalshle oot of sinck) of sack (T 0L 1)
prosduct is adequately showm
Easy W ieihier 5 0.7, 08
Ensy o change customer mformevhion [ ey
By W ofder prodas 1T, 0, L)
The shopping cart’s mdormetion is apounme 0T, 08, L
Auliepte o tistiod Abeur how Do onder LI R
Adequate indormestion shout payiment options T, 05, 10
Adesinte mformition about b ie cooes] (11 A B
tae product
Auliadiiane SoCTTion Aol TeTie A 7, 0, L
refind palicy
Adecpiale niornetiod ahour ondet detal [T, 05, L)
Adespane mforinion about deliveany lime 507, 0%
Adequate informstion shoot delivery con T, 08 1)
Adequants mformortion about the dalivery area (7, 0, L
Dualivany 10 ailiey adadiesses T, I, L)
Ondine ordey tncking svalabls 0.7, 02, 140y
Timee lnken Semrch perticular prodect D i [T, 0% 15
T b 4o capigelsts o fakl L5, 0.7, 0.9
Efectivencss Lemm-abisty  Easy %o lonm mbeface 074, L0, L0 Ly K
Al Ui TaT patwal 05, 0.7, 15
Adecpiate help [demo version) {2, 0.7, 0.9
Adeguaie help Tesi vaso (111 0 R
Acommcy hdobile apy respomds poopenty as per action. {073, L0, B0 ||
Every soroomsnt of inberfic: sespusd 07,08, L
pocuratehy
Pl G50y 10 sierch seecasaiilly 1ask 00T, e, L
comprkatiom i 14 anenpm
Frobability 1o eompletion of ek within JE 0T, 05
iven toe
Satinlesticn Sy Aulipgina LRSCTORIo0 ADOILT IV ACY policy {075, L, hoj [T, 0, L
Secure socket layer used by mohile zpp [ M
Wikl-to ctngi 29 wacsire eyt o iheds T, 0%, 18
Diiferent meedes for verification such as T 0, 1)
OTE based
Fealback Crveradl Esaiire {075, L0, k.0 ILUSEY |
tnerall Leaming, process 0.4, 0.7, 08
Crveall seenrmey 5, 07, 1)
Onvered] secaity [T, 0%, 160
Crverall experienes #nse this mohis app 5 0.7, 09

Saep 3 Celeelstien of ovemnll rataug o & goale Feanmes. tine fake., beam-abdabey. scoracy, saudy, ad near's feadiack by wking

the twer's response

Usabely Sactar Goal Fuzzy Crvemnll fery mbe

Effisimey Fasnires 07515, L4 (035, QTS By
Tiine 1akzn IR 118 (SR 0, 1400

Effaciiveness Leamshiity (075, 10, 1) (035, 0LETS, L)
Azauray (075 1.4, 1.9 @4z 02, 14

Semiefhctoa SRy (075,14, L4 (DELE 0, 15
Lser’s feedback 1074 1.8, 1.4) B 05 10

Step 4: Celcdaticn of ovenall ming for 3 mabilny Bcocs
efficiency, effectiveness and salisfchiom

Usabétty factor Frzy wi verall fuzzy rae 1.304x0.75,
Eﬂilim.r:r [ e S IR ] (U, e, LA

L= 147
Effcctivencas (075, L0, L) (1,204, 0.9, 1.4) - {0296, 0.9, 1.0}
Satisfaction (075, LIL L0} {1304, 09, 100 = {013, 019, |.0)
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Step %2 Calenlation of averall Hi'i.ﬂ.ﬁ for nsahiliy of
ni-coamkerce nelde gpphcaton
Owerall fuzey rarmg = (mex (039075,
O3I04u0TT),  Eux
Eell, 0810y max (10«10, L]0,

{09k,
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Btep & Calenlahon af crsp valee of nsbiliy of the
p-coengres mabele application by wang dee
ceniroad methosd

Exquation of lise passing deowgh (0,30, 0) and (09, 1)

=167 =05

Equatien of lme passmg thromgh {1, 0) apd (G4, 1)
= 10-1ie

I‘ Eflln!z—n S dm+ &L,Jlil‘h—:lu 2

[ b1-B7 B-0E]d24 ]'I',Pl,:lu-l.u Elde

Um pmeing the above miegml obizmed value s
7422, theas the coop wale e per ceminoml methed =
7427 or T4:27%. Thus, the overall |:|.l'.|]l.'_|-' af ABC me
omuteree mobile applicinon will be caleulaed as T 12%,

Materials and Methods

This paper propessd o forre based methensatecal
mewle] whch converts qahitative asgpect of nsabshity for
mecoomuerce  appliciion 1m0 quanhilatnve  aspec,
QilanEalive aepedt always is g begt way for any ki of
annlysis. This paper buglds a structured framework for
nsability metmies based npen GOM and T50-9241-1 1
Hewce this frsnework secepts corfespondice wedght s
it for each dnatrices based on fuzey  pidaimedes
npbazenied by nangular fizzy st Theve me thies
wsability  factors  efficency,  effectiveness
satisfaction, all thess nsahility faciors are conganed with
thye help of fuzey weight and fozzy raee of wairices. The
overnll fixzy raring for nsahility commputed wity the help
of ssbibiny  Gectors efficlency, effectvessss sl
sapgfacoon. The mathematcnl metbod mvelves m
derivanon of equation of twe stieaseht lmes fo results)
tmangninr foezy valne ns

o= LET 705 (1

XXX

A= 10-10 2

The overnll fizry walue then comveried m 1o
cormesponding erp valee with e help of centind
meethmd for detirmficaton as:

e e TLBT B =053 dzt [y 0 18=10 5 i5ea
(0L T 2=0 Gt f, [a0-10 ziix

Which evabuaies overall cwp miieg or overall quakty
equivalen o overall qualitative rspect

Results

The wsabslaty fremeweek evalnmes overall fozry
rating with the help of correspending fuzzy weights
apd fozry ratmg as (030, 0.9 10 Thes shedy
propeses theoretical mathematical framework whach
derives twg lmes of cuation one passing thoough
(030, ) and {9, [ derived ns-

W0 = = (-3

“F |.I.'i|-=.:I'-|

LAy
= — [Z030F
o o

e

=167 1K5 i

and other passing throngh (1, ) and (0.9, 1) derved as:

(]
- fi ﬁ t_:\- 1 |:|}

= -_E:-‘I- (-1
= [E_gk®
o I:-U-.' Ia':l
a=10-10e 121

Cosnpuitatsm pesfimmed by defnzaficason as

b - E .
Lo [L0T 2= 0502 dat ,,-.:I-:--:I-]l:l.lil
Zr= Ty
|l 1 [LEY2=US)de4 llﬂ‘l_!ﬂ—l o Eide

T Boid +355
G =ica

_m3ki

RIS

Y=L 74 ar 74, 46%

Thus dhe cvenll quality will be evahased a5 74 36%
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Discussion

The wilimtion of quantipbve dety gmecaniees the
objectivity of decisions. It is nsefnl for delermining
whech aress  reguoe  Boprovenseut,  raokmg  the
importarce of additines ar updates, and enbancmg e
develogment  proczss's  efficiency. Witk this, the
saftwere developoent company will be abde 1o
eslablish precise and guenifisble succers meincs. Thas
ennhies tie estahlishment of mensumble ohjectives and
(b tackimg of proges over Hne, Quanbmive dia
may also belp allocate avaslable mesources mare
efficiently. [f you mesare the mpact of the varsons
addten: of medificaiom you mphomen, you G
tocus yoor etloets on ihe areas that provede the lnghesi
retien o ipvestment. Thas stretepy will provide & seld
fousdation foc the suesessfis] eonver woo of qualstaive
aspects o quanisative evaluaivon, Thersboe, 8 s
recomendad to all those enterprises. whe produes
walbibe applications, het this freewark approaches
towands adsquale congputation. This will gnaranese thal
app developenent arganizetions are able o pee a
crrgrebeisive kmowladge of ther app's perfarmense
mnd st happinses vin 1eliable graptinative dom, Ac a
resihl, o will be pessible o enbesde st ameng
L esapors aivd gtakelsolders.

This sbsdy presenis a robwst o and  noovalive
npprach to assess the comprehensive quimbstative
galtware guality stmdads of Mecomunence  apjs,
focusimg on  the viewpoint of end wmsers. This
wethodolopy  soppons  staebolders willen  mobibe
appiicetion  enterprizes m iheir pursud of accurate
couguiaion.  fir e amadyvsis of ewerall quakin
thronugheou te devebopreent of mobile applications.

Conclusion

This research stady has presemeed quanrificasion of
usability  expectations  fof  mecomnmerce  mebils
npplcatioas withy the Belp of TS0 9241-01, the GO
appriscll and fiezy loge, I bas demonsiears] har tizey
logic » a wvable ool fir questifymz  wsbadiy
expectations apd proweding an effective framewnrk o
explore the usability goals of o mobile applicotion. The
peanles ohtined from fe propessd  approsch ane
promsing @ wams of proveding & comgerhiasdye ssd
accurale evaluson of the wsalalay of mecoumene
mzohile applicatioss. I terms of fitmre scope of resench
further shulizs comld be comducied to evnlnate the
effectivensss of the proposed approach @ differemr
appicaticn domaims, Furhinmene, & compamanive snidy
coubi be conducied o sxplore the relative perfonnance
of fomy  lop-tased  quonifaies  of  wsallity
expectaions fon m=vanerce nobie applicatons when
comypared to other apponachies. Moreaver, a siudy’ could
he conducted to explore e pobentinl of furzy lngic-

based gmansficabom of wsabelity expecinhoms m the
context of mchile spoliemion seowity. Owverall, this
rescarch paper las provided & comprebensave framework

for gassnifyving the wsability expecinipg of m-eoammTes
mohile mpplcatioes nuth the help of fizy Jogic, The

proposed approach shows petential for use im vapious
mpplication domains axd offers 2 promising fihere for the
developmes of mohads appboations
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RESEARCH ARTICLE

A Fuzzy AHP Approach to Evaluating the

Arsbves of Advasced Engneerrg Sowmee
JI2E, ol 3y | -9
Dl L0 TR D e A ER2ET 1974

Fuzzy Weight of Mobile Game Application
Software Quality Factors: Usability
Expectations for Novice Users

Manish Miskra'* snd Reena Dadhileh®

' Depariment aff Compuer Sciemee & Injformarice. Dviversity of Kota, mo¥e

Absraet; Mobile games Tave biome & popelarsay o essthe time, sl an insreasing aumber ol and inepenioneed s i ssanching
inr enjrgahle and smple-io-leam expenences. | sesemialio @mune e software olihese mobdle games b iniutive and ofhighgqualiny s
ionger o K s salisfiand and coming back. Hoagvar, it is difficult s assee. the subjocie and frequently nebulous sspectations of firsi-
Nette msers o bomwesn the developaneat of mohik gane spphetions, dskchellen i the meekde gane ndistry are comisally caplonieg
applicativa s whese quality is meassred. The depfoymeent of this effort wall be Fecslitated by the geestficason of qualitatve ogpects that
depindd id Alware (ually Bk Thod, 0B anicial % chaoss the peaper Pabstion ehalegy. Thi evaliaios i5 bissd on wa
pammenars: fuzzy e and femry weight, The evalmtion of & fivespaisa fiozy mimg sy sems & based on =rveys of questomsres, and i
mvolvia smightSrwim] Bpuls. Fueey weight pefrs oty ridaliee signilicmed of sollwaee ity sspocty and 7 i3 ddiommed b
ankeholders responsidle 1o eneere sppropeime quality of mobile eppfcaion. ensenng thit the cnsp sam is =gual % e This may be
achived when aaichoiders amee m the eltive sgefuase of poinse mmpamson of sofbwere quadily o oad eomine thei
relative vabue, This technique guarmiees et the fotal msessnen! of qualiy conveerges @ the comect diection. This paper presents a
mived applicaling of B fueey weslylic hicarchy pescess dul eveduiey the approprine fizsy wegh e software qualine actors of
mobile pame applicatins, pamicully for noophyie users. Ths will mid the mohile game application imdusiry i formulating: ard
wvaiabng feery weighie o roisdeess the prodis thil convens quaslinalsd 10 quaniEs e mpetts Janng mobes dpphisibion Jovwlepinl.

Kerwordy; sofwan qualiny S, mobie game, quantifismion, Tizey kagie, wshility, nevice uwe, FAHP

1. Tnerednetion

(Retimg softaane that i hoth sy 10 nse and of good geshiy =
almiys hand m ik worhd of mobile gance, where User cgesicna: 6
everything end things charge quckiy. How well these things woek
Ropether delrmnings how will mobile pames 8o, espacially with
peeple who have aewr plaved them befors or are new I wsng
Wheer phomes, New amers wand g (had o moee Bin and sy
0 ise s he industry goss. Molkle gane Scvdopars hne
champe rvery pard of far genes. and maka thern batter fkan ther
wemtipetiion. momder 0 mes e stmlonds and do Beite 1lim
thar comnpetiore

The quedety o the mobik spphicition 48 & Tired g = this
enly thimg tha will be ohiz o do this, tat there ore teo sceansl
i pstiees thal i 65 be areweedd: whal are the qualify Geses?T
Mieeover, what are the comens thid ere used 1o osess qualiy
faciton theosghom de cration of i apphcaiion” A method o
Trylvoanl isicamesl o presentad in the sialy. The evafusion
mhode] s dependen on two panimeten; fusty salig and ey
weight. The surery of questionnaire thai is hasad on the proocthpe

'limq-l‘ anthar: Mmids bidhs, Deparmen of Compaer Scoiasa &
nkerrotion, Univesiiy: of Kob, Infla. Fread: profrésd ke Sk ain

of the mobile appliconos than & cumenily heirg developed i the
eyt ol the inpul B Tutsy mlng on @ [ve-scale Faey
framework, mch ax WL, L, M. H, @nd VH. A the same e, the
aipel arce ol Tuesy weipghl may abso Be laken as five male faery
welghts, sch as VL, L ML H mnd VH; nevertbeles, weight =
Ftst by one gignifican) sestriction, which ii s (he idal e
equal one. The cemem Iremiuse does na inke this ime 1cooart.
The purposi of Bis shaly i o sldmds b research pap thal aasis
etwees e cumest liemtare ued ascssment oreria hal pooential
mole applicatioa comgamies may us in onder tu wealuaie the
uality of applicaton wisle they ane hetng develgped il acoeis
the ovenall qunkty m the apprognate drection. In order to ackieve
the seszinch obgecanie of (s itudy, |1 i stsmtial o accumioly
evelmie the qeabey of i3e spplicaion or qumtify is overall
il ity fhroughoil fe drdogmenl proses: of 3 mobilk applicdlion,

An imgplicht e that s of wemendous value for any
amensmen] s ihe abibty 0 perfiem peecise calaulaions or
et msvenenet The anpless of thes poesech & on B
jrersiler Beitore, adech conimlnacs 10 fOn: poTEe ares sl
mil. 15 & rest converges to an edequate kevel of overadl guality.
Evary vime o mchik spplsation 13 develioped by pine softwaang or
ol applooton, dskebolden o Bweaon Bwas ploe g

€ Theduths ) 139, Pub e Sy BN WEW FUBLESAG PTE LTR, Thsm anopaes access stk srder the 00 BY Licens feips Soestssmmmons.ong!
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striig itiphiades o T guialite of the makile apphcalios whils i1 s
being developeal. Dren io1he fad that quality is dependers onaqeality
faciors, the firsi thizg that hasine done i patherthe ideal ammani
of quably Tclon aceondig W0 Ge dabdwldes, investon, aud
ity mapes of Joasios mekers of mehile  spplEtion
devaloprrent compamies: The new phase in the process mvolves
quasisfving the cvendl quelny of the mobile epplivaton by
ameslening thi pplimead combination of qialiy fciors thel napsng
mpui for fuzey ot and faorr weight. This mscarch sdy foouscs
of e noios e the camdsive weight of qualicy o must
be preciedy ol o eoe. The papee of this compuser is 1w
crigune the aceuriey of hery wegbls i all cfculstions. selaesd 10
ovemll gealty, 1t ako mds decmam makes i ceomecily
miemprcimg fhes: calculations danng die development of mebils
pplicatishi

T Ty arahitic: hietarchy peodess (FAHP is th cabpod of
this sty paper. 1 is anew and outting-ed ge way i fgare oot bow o
missnre vilie evpecinlims m e conest of sl quaky Taeionm
e mobile et pew biea. Tkt orsd wans af s=ding s lifness do
nod alwwys Show how rew users’ needs are tefferest md ofien
sutjerire. This b especially wed now e mobile game ape ape
e pettisg mene midvid and dilliagid

In our sudy, we ook mio fiesy woghts and come up wid a
new [hmework e oles ime aown the questoss @i
oomembctions. R leppes  daunly  whin  jolgisg e
expeciations of mobile gamers, The fuzey AHP was added = ihai
wit can mevl the mesds of both peple wie e AHP = simple,
clear ways ard people who need %o e i in more compdicarsd,
ipeeific wave This method @ oeeant 5 give moie acinle sl
aloplable dsails on how W klnd B mos imgortan iy
weight safware quabity faciors. A I of poaple will be shiz in
uraderamnd and ese the power of softwere qualiny fackors if ey
keree hirw ta property st th Tacey waght al quality Mcen

It & importard tn remember thal mostng stindands for woffoae
quaalivy und vulee is a hard problem than mesds advanced metkeds 10
sl s il paes choape the vy people Berve im Bn this way,
thispager can be used 2a 3 paids for Sacther reseanch and 22 3 vakable
i [ g dheve bapears witn wainl o bmpeve the way ey e alume
the quakity of gairees i ke miohile ganes tial Lo petng insm:
and e peopde evcided.

The pumese of 1his afice & lo elablish the appnpnsk
fimzwk, together with the ideal smount of qoality facton, for
the purpise of makisg mohile games aimple b kam e lisiimes
g, O the othgr hend, it makss was of lieey AHP mooomder 1
delermine she refatve impomance of asch saftware quality foer
(F for modile gaming opps whoke they are s te process of
bing develeped

L. Literature Heview

The term “qumliny® b e on e diai is often used @ desenhing my
o of produsl. Soffwan: 18 armthing el may b coasided
prochact; bence. i 15 uschem how someos cas arges fal softeang
is of Mph muaity™ Moo pokssenals havw desoled e
time ard erergy to ressarchimg amd developing straigheforward
et b8 describe quality with Sie help ol qualing sededs, aich
i Hirohm"s puod] [1] amd Dromay™s mondel [21 A i for
wpssng witwere qualicy and developing o guality model was
perineed by Peburyod of al {34, The Interotional Ozt for
Soibrndimton (180} & & plital epenication that athlishes
wernd qeabry samdands Cme of Sese is the 150 %126 sandard
[3]. However, sach of these models b pesenic masiue, Bl they
may Be mocdhilied 0 omesl B reguimemesis of iy sollwang

applicalioe, Wking 8l aoeoasl the coasins of the panicnla
soffwae applicatisn. These conoipls offer o foendstion [or
encelbznce ma (eendafion. The qudizy famework is a qualingye
clement of the sofwiee proatinet, and this o B uselee il we de
m Bave o oomparison gy for e qualin agpocts or @
tachmique: & Suee 0wt the todal quality | s momenical sprececk.

Theuse of fieezy logic s required for oy kisd ol quastisdve or
il b v ekl 8 Seoda e v i mlion i s e L aabighify,
fizzy Ingic & one of the gresied rochnigques for donling with sech
almiions [4)

Thus the neol lsporemt quethon s how w gquntily te
guantiny  andleies. The qeeshilicetoss o qualiy  fechors
imvestipales. @ mithod 10 examine qualy vaswbles or pehfy
overol qualiey while the sofware product is being developod
My of fhe rescaehen we movaip in s particalar deedio. [n
i sy, Seivastava o &l [5] examise the ipplicitien of & faxsy
mahticriiern epproach in quetify seftware quality. & metheed for
cuantifang the quality of seftwees o proposcd by Dubey and
Shrme [A] wenp a mellicoasia desison apprsach, Simelesly,
Roeres md Bhevesh [T] sappest o tochrgoe for psscseng the
depenidubility of epeci-onemied seftvare by anploying femy
logtic, St and Koo [8] pat Baid the pimpedives of o
peoect manager, o developer, mnd A tester, and furber devel ool
e researchk However, the foods of ihee sudes smams on
drvedopenp @ Eameviork 1 esdoee e produghion of high-qualy
sefrwae producs and guanhifymg them as deskiop applcaions
The nest. significast step in the process i 10 iramiimn geabicioe
NSpCT Wi quantitnive agrects for & mobile spphication [$)
Hilze wnid Sclrtisterdo [ conlus § suvey 0 sgsess the
pereeption amd epecbibion  of moble e memding
saftware qualiny. Idn o ab [ 1] meddfy the B 9126 siandard to
acoomimod sie molile snvinonmenis

The irpead o (e ind i ir i critical o the dateminatiom ofiens o
thar most omcial mpects of prodoc qualty, ie, mahilisy. Bevan.
defined wsshilin os qualcy of uee [12]. The s of =iy
ariger a8 0 reul oF cotisimets” neponses 1 the o], whinch
meght be poskive or megabive commumicbon ameng susomers i
the future Simfar to how Gheelaades snd  Walidar [13)
i italn] o qiariaive uiabibly evakisim, he ek aba
peoposes an emprkal nvessgation. Mobile gamrg = me of the
moe mompler domoirs, whene considamble efion wos regaired b
eraure that mobile gme applications were mabke. {ui and
dhu [14) presit 8 mode] Do detemneng the miml effanve
ey ilirbee o g vanedy of aleenatives by dmilvang user
mstorvicws  and - questionnaine reporses and snefing  user
capeririond, The eaee ol wee of o mobde gemng applicabos &
e will crntimus 10 be g key Boor, miniodbardy S Gra-Sme
s and ofber neapenenced players. [n onder & hevwe & gond
wahiliy qualiy Hawework, one musl ersure tha e opimel
el ol qekry chanems 6 prsam |15] A Tresswork (i
asseming the efficacy of findtme weor expenmer (FTUE) =
eavbile gmmes was nroduced by Bamen etal. [16],

The cvshotion poocedun s dRemmaal by the ke
imporiance of the many quality parsmeters. The fost slep oward
2 mnre effective assesanem procedure will be deiermining the
ideal vakie of the weights. AHP, which steida e “asalylc
himrchy process” & e of he wns o which paimwise
porrpanison & doml oo W etermine e redativg sprifcoeg or
preferesce of meme by comparing  them in paws This &
soomplidial by giving aumemical mumben te sgefy die
istinaity oF profereaiy. Thiss viluds g ol fprisinded on @
sk, mch as fhe Sty scale, when & waloe of | implies equal
egnifizence, bt other values dnply dtfereni bevels of preference.
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This rpproach helps wlice anvose suy ddornene an sceepihle
wright by domg pair-by-pair compansore, imroduced by Santy [17].
The FAHP, aflea kaowa a8 FAHP, wis Gl jocecatal by
Baxkley in 1955 a5 an emtemsion of he AHP [15]. Faoy AHP
hances the imal AHP methedobogy by wsing ey
logic. Puoy Inge emables fe incorporsion of amhiguity and
sl | the precos of dection msbieg, Fuey AHP
ampleye Impuistic vacisbles ad fuzzy numbers e imdicale dhe
amBguy mked 0 pulgments, ds oppeeed 0 g precie
vabies, In a FAHP, the paireis comparison matn & expanded 1o
inchude fuzry numben. betead of prisg an exaal walue, decison
wbera liwee the opbion W amedals ther jodamseali g
larguage phses sech as “slighily mone mgodant™ or “stmngly
st mepeitanl,” which are Sen translated win fuzey sambers

Tae FAHF may be used in o wide vanety of dfferenl conlexis
(Wi Taeni & Chen, 19])

Dats ermvelopment analysis (DHEAL i snodher grantitative
techaipe wed m e felds of opemtions reeach sl
memagemenl scimee b ovakere B effacbveness of decim-
mreaing processes. The resecl of Sharei o ol [20] imroduces a
el Fecev DEA model fie the parpose ol stleciing pran
supplors. The modd docs dis by gathenng expen vl
Sebsegienih. the seppeted modds wee manl W s an
envimmmmenally  friendly  peppli;mr mide an matomobik
cobghmnenie (0 fs peteils case siudy, 3 comgeeleesive
rating of evimumersally fendly providas b achisval

e by prankers ey B e unceriamy sl Mmprecisdon in itk
decrmuirrmaking process by combimnp Nees AHP with porwis
wompanson. A novel sppooact preposad by Tovana e all [21] 0
entanie e limbatees of DEA by incorpording the advastapes
of paimise oonprissas in AHP. I dso proposss sy mew
bybeid MADM-DEA modils with wimving vl of @mpsng
wanplesity and cenaaey.

Thi delermination of ey weiphis i the primary ope of
dsruszon in tus chaper [12], with & speritic emphass placed on
W Dy bt sqen aoi appioach aud 1he Ry bt wors
approach. The purpose of s chemer i o provide readers wrh a
Tt knewdialpe of My weiphl ddominadion lecknkpes wxl

I emtaik the creafinn of 4wl b syaemalically mess sl
evikade ahemales

This wticle dewsibe g oid-olf-b-kid apkaon Wil The
aippon of FAHP and peirense comparson with fie pead of
delimng fexy wetghi of soffware qualiy ficoss fir bl
Eming applcations acoondimg 4o e uahilidy egpeciations of
T

3. Fueey Logic

Fuzay logic 1 @ way of thinkeng sbou mathemates as weE asa
il o loge thal sepeons persn: m (ormmg fdpnets @l
resmig when diey we wmeeriain abowt what the mere hokk.
Froczw Iogic: i abee @ hvpe ol Jgric. In contrast U chissical ke,
wfien kiewn = Boolen logie, which cen paly acoepl “tmee” er
“Taki” vahai a8 mpds, Biesy' e i oable W0 Gk in valess thal
are neifier mee nor flse (b s wiling 10 work with vahies is fhe
et that nepedsal varying deproe: of tilh o pogitions withm a
oollemon. Becwnse of shis, i is wefd when . working with
imfprmiatios 1led & ool erystal chize o prives, Whin # o 0
18 conceq of vanahkes, Bngeistic vanshles oy numhbers thatare
repreries] by Beigmpt wunks OF coneeple apch A Clew”
“mwdium,” anl “high” These exprissions and ool wsad ko dizuss
specidie mumenical valees, bot rafer bosd or qualitneve aspects
of @ gvaban You may, B indande, B o lisgmshic visiabl
lmown s “femperomre” thal crmiens bems sech 08 Voodd”
“eond,” “warm,” and “hed” thal segether Sxurib the kemperiung
of & particular locstion. ‘Whes there & 2 geeat ded of unceroingy
are] posimtegl Tor moking medlakes, Mz lopic and fingiistic
2lemezns. are often wilted jointly o meke fadgmens because of
T Egh conmiction bdween the ™o, This joper adapss a
trianguler fuoey memtership fimctios as fhsmied in Fagure |

I
Trinnzular fizey mumberikip function

it possible epplications of these approaches i decizion-makeing Emirry  wplf Ay segymy oy eogyep  feeteidy op
siatioees than sesor im e el worlil
Pairw i comparison i v iy advimiag oo in Gomphka S son-
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4, Fuzzy AHP

Thi megular AHI 5 enhanced with die FAHE, which adds ferxy
raasoming ko the nommal AHP m order s asest mdividuals m making
chiees wWhen They o2 6ok Bidi T Wil o g AHD Sasls Tiw
Yarelyieal Merarcky proeEsa” ged B0 s o8 meithad for mgking
deasions tha guide you shroogh looking et n st of possibiliies
il raniing them based on @ vaney of crigens. Thomas L. Sedy
i the o whes Tl o oge etk Ul Gosept i the 11708 Thie
AHP = expandod vpom by dhe uzy AHP method, which ansles
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unknowes People win meke jodgments in the el world do ook
wways have oryeisl cler sal scourale lgwes W comgare, and
there ool be sieve anhipums. Wonds il shroes sudh a5 “ery
mporant.” "wmewhd  unportent,”  and Yol mpoctant”  ane
anploved m fery bogic wo demoms e thase confitsing concliminns.

A, Rescarch Methodology

5.1, Research design

A roode] of svelusiion thi is feamy bl i shiown in s dudy.
i corcheer oo o s, e e 1330 520 as our poine o departare. Leam-
andily, altractivencs:, and opembility are the feee qaaliny ltom
thit red W be exbickx] Thiyn B80 FI26 SimplaEry, emor and
recovery. and et sisfaction are Lhe other three qualities thai
have w0 be wken im0 corsideration. Therelore, our propmed
inde] cosi of @ okl ol sx dbracl quabey Delos e
iilustraied. in Tabde |

This research adepes the sircegy thar i presenizd a0 do a pams

wkirnimE e dsan oo mired s o a3 ilhecla) n Tk T
Uncerimnty surrounds the reture of wpight. The tremgular foery
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5.2, Proposed muodel

This paper sdopis 46 algrrtitm drcussed by WEShan & el
([23], P-E2AY The Mllowing s witl aplain the propesad mode

Swp | Design the usahiliy frovgwork for mobile game
applicatinns
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5.3, Data analysis and validation
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Bection 6 |Cose Sty ).
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6, Case Sty

Sippose there = 6 mebile dovelopment eganestion “ABCY
whise stabehoblers. cvalute figry weight fie sin quality Tuioes
QF] d QRS The fllkewmg sieps aloog with mumens vahes
Wustmate it Chatiy factors for suhilify expoctation as per novice
users e mekile game sppkcations sns ilksteeed n Table 3:
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i fa philenl o delemEie the relane weue of cack quicy ¥l Learrabiliy
[ U Sarplicty
F% AT VERLL
Tabile 5 o Cperability
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T. Conclusion and Futnre Seops

This mesewch srady presents an mpovatnve, effecive, md
wovid leshmiqu Tor vl Ty weiph for sofaar qualine
crer for moobile gaming opplications basel on the pespectne
il Begmnes usern This method asalats sskeboldes o mokle
applicston - orgeestsations in schisving Seir gm of comeo
wvaluaton, The Tindings imdcake approprige verifizanom, wit
the help of this velideson; &e tecknique thet wes chozen for ths
imvstipation wie dirgcted in Uhe appropriste dinsslion. Thes wiTl
ako guaramies that the snftware indiedny evafistes the memerical
valoe of the quaity of mobile applicatiods thooeghowt Be
developmen process with meore prezision or scouracy amd wikl
fthes fzke ® few seps forwand in the direction of an accemle
assessiicint of the overall guality of sobile applacations. Existing
stdies will benefid fom this sddifion of 1 mew dimemsion,
expeczally thge mokely applictions that place B sipnilicass
emphate on weoracy or precicion wih el fahmes The
sl beaady or lirdcame dosss nof 1ake imlo sceoonl the Gl el
cro s s one wille peeeearng feey welght wirhom a doubn,
this will estahlish & now standanl within the existing body of
I alune

Thie research seibies wie ol hith the iz ad thaoey and S
AMP i descmbe Bow mew usem® penpeciives mothe solbware
gquatlily elerments in mobile pames o inkeresdh moaias shil
dmgrecie, The wee of FAHP b one of the mus elfecine
methods for accomplishing this gosl. Users and the mobile gome
indesitry an o whole hoth stasd o bensfa fom s deveopoeen
The e of mromabon may alkor for $hs mofhemisdical modd o
e developed 10 a highdr digme The FARF 13 4 wsiful sl for
tacking difficult decisine-makirg, teues then include & mamber
of cxiiria and podentzal solatioms 1 is Hkly 0 prida;) that Serg
will be an inceme in e need for advanced decsion-soppon
echnologies such a5 fuey AHP & decision-making challengos
i mare pomplizated. For betier palgment, fuey AHP may e
ol with  Adfifioal  Isselligence aml  Machine  Leaming
abmithins, W may help aptimise miching eamisg procssss by
aiding m fearare selocvion. medel mscement, and edjesting
mmachine leaming parmmisiers
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Recommendation
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work, mnking the mporance of adkdbtions or wpdakes. and
improwiny  the effiesicy ol the develspmen  poosees. The
software developmeent compamy will ke able b0 set clear and
[uEmimyE suoces mepsunes with the m=sianee of this. This
makes 1 possible fo estiblish comcmtd objectives and momos
pirogress ver the colree of dme. Cumiietve dos miy dio sas
in the more efficdm) aoetion of aaibble e You may
divect por el o the arsis B delver die besl otemn on
imvesment i you measere the effect of the different addions or
mmalilisriong poi ingrkemeni

Urganizations may employ dechniques lile sineys, wsor
analAics, user tesling and Seedback-polwring 1oxls | onker o
ranslale gqualitative featuress e qoantimtive dos Al of thess
wppraches @ mesponsible for mssmsing foey ratings. The
ippalicanes of lizgy weight o contigel on the saldhalden md
investins coming o a ooressus. Therefore, the comedness of the
comgiEion &8 dapendent on the valus of B fucy wephl The
use of fizey AHP helps b assore accuracy. This will give an
mrpropciale [omdsion for the achivemend oF commes! asgsamil,
Thomfore, # is mecomnmded 0 all fos mimpiss, who
prhice meshile spplications, thal this ramework appooaches
trward ademre computabon. Ths will puaamee  tet app
developinen ergasizalins ae able 0 give a comprehangive
krowfedge of dher app's performamce and wser happiness vi
reliably quantiotive dalg, A= 0 msull it will e possiHo o
enhazce trest BN imveskrs and snicholders.

T0is provsmibli B fhe resesmchirs o use this mehsd in ondes e
detenuine warnuis sefs of wephts acooding o the varkis
perspectives. hebd by stakeholers of the mobile ganng company.
Sulveguetily. they wil ddemine which prondype premis o
have a mnne quahisive aspect by caboulaiing fhe svemll quabsy of
varmwd  allemabwies o The prdolpe of the michik R
spplicatios while mobile applicozon developmend is taking place
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Fuzzy Based Analysis of Software Quality Factor Understand-ability
for Mobile Game Application

Manish Mishra Keena Dadbich
Drepaniment of Computer Science & Luinommies
Virveraty of Kals
Fana. Rajasilias
ABSTRACT
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How to Quantify Software Quality )
Factors for Mobile Applications?: gl
Proposed Criteria

Manish Mishra and Reena Dadhich

Abstract The quality and reliallity of any software product are the most important
issues because the quality of any product directly depends upon branding. When one
talks about software as a product then it is a kg question of bow o ensure every
dimension of quality aspect. This issue becomes much bigger when moved from a
desktop program toa mobile application, due to the inherent hmitation of mobile due
to mehility. Thus there 15 a requirement o help quality managers by cusiomizing
suitahle software quality model (e.g.. 1S0-9126, 1S0-250110, ete.) standard to ensure
soflware quality, in mobile environments. This paper proposed criteris o guantify
the quality of a mobile applicition.

Keywords Quantification « Software guality « Mobile application - Furzy logic -
Dluestionnaire « Survey eic
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A Pair-wise Comparison of Software Quality Factors for
Prioritization of Fuzzy Weight using FAHP: Mobile Game
Application Usability Expectations for Expert User

Manish Mishra!, Reena Dadhich?

1 Department of Computer Science & Informatics, University of Kota, Kota,
Rajasthan, India, kota.phd@gmail.com
2 Department of Computer Science & Informatics, University of Kota, Kota,

Rajasthan, India, reena.dadhich@gmail.com

Abstract: A growing number of expert users are looking for entertaining and easy-to-
understand experiences in the increasingly popular mobile gaming industry. Making
ensuring these mobile games have high-quality, user-friendly software is crucial for
keeping players happy and coming back for more. The subjective and sometimes
vague expectations of expert users, however, are hard to evaluate. Stakeholders in the
mobile gaming business are always looking for new apps to test and evaluate as they
build new games. Measuring qualitative features that rely on software quality criteria
can help in deploying this endeavor. Therefore, choosing the right assessment method
is really critical. Two metrics, fuzzy rate and fuzzy weight, form the basis of the
assessment. The assessment of a five-point fuzzy rating system requires simple inputs
derived from surveys or questionnaires. Stakeholders tasked with guaranteeing
suitable mobile application quality decide on fuzzy weight, which is shorthand for the
relative importance of software quality factors along with priority. Stakeholders may
reach this goal when they compare and contrast software quality elements and agree
on their relative importance. The overall evaluation of quality will converge in the
right direction with this method's help. In this paper, we provide a new usage of the
Fuzzy Analytic Hierarchy Process (FAHP) to assess, for expert users in particular.
The mobile game application sector may use this information to better formulate and
assess fuzzy weights, which will strengthen the process of translating qualitative

features into quantitative ones during mobile app development.

Keywords: software quality factors, mobile game, quantification, fuzzy logic,

usability, expert users, FAHP.
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Fuzzy Logic Based Quantification of Usability Expectation for
Novice User in Mobile Games

Manish Mishrs' and Reena Dradhich”
'L, Kor
? Dheparrment of Comprter Serience and Infarmatics, DOK. Kot

Lsabilsty s ome of the insporant characienszics of any mobile game application. This charctenstic
&5 very impoetast because users dmecdy inleract with & moobile applicebion, 5o the opereon of any
end user & imporeant for the suzcess of a mobile game application. Hance i is 1 big challesge o
understiimd e end user's perspectivg on 2 mokile gime, sspeoully who mlemst with & mobke
grime first teme e novice users. Movice users should loak for 2 game that 15 easy to lesm, fom to
phay and has fukmals or imstnictions 1o help Sem ot ganed, Mobile games should also be easy e
use, heve membve conirols, ond be visuelly appealing. Addinonally, mobile games should be
optimized for mobale devices o ensure that they nm smoothly aad quickly. Crallesge and
engagennenl are fundamental & core pars of ihe enjewment of mobile games and ape both
despendent on usabiiry. Thus i &5 regamed fo explone sub-charactenstics of usehility, disign its
it and evalusie it numerically, Unlike most oiber niobile appheations, the focs ol this atick
proposes 4 framewors for cvaluting the nsbilisy of fery logic-hased systoms for novice wsen
This. paper explores sub-characienstics of usabality along with the: heseline model 150 9126,
deipes the nswmoes, amnd evaliaes basal on noviee s respomses, These evaliations e
expresed a5 imprecise, vapie Imgestie expressions wimg o five-pomi Likert scale, very bigh 1o
very low. The theony of furzy Iogic kas hem chisen & the most appropraaie ool - deal with such
ki of engertainty,

Kevmords: Usability, 150 9126, Softoware Qualy, Frve pooes liker scale, Triangular Fuzzy Set,
Fuczzy Mulh Crikena Desison Agprouch o,
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FUEEY LOGIC BASED USABILITY
SUT-CHARACTERISTIC ANALYSIS FOR MELEARNING APPLICATION TILIZING
(M & 15094111
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claraierstes, Thisoemegon will v ovide eedhock o salhobéers, devlopes and s,
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APPENDIX -1
SURVEY QUESTIONNAIRE FOR DEVELOPER

A questionnaire related to access the quality of M-Commerce application is prepared
for the purpose of survey. This questionnaire or metrics contains questions primarily
related to assess each software quality factors (SQFs) as per the developer. This
questionnaire based on five scale fuzzy rating, VH to VL and ISO/IEC-9126

standard.

M-Commerce Application: Developer's
view

Thes guestionnaire iz designed to assess an M-Commerce application as per the developar
based an IS071EC-97 26 and fuzey-ogic

T Marmee of D el opaer

2. Mame of Moblle Aop Development Company

WH H i L WL

MWD -Fnc
Probesbility
for mo. of
operations
implermented

Mark anly ane oval pee fow
WH H Pt L WL

M Find
Probability
A% Py
formmula
[eaach



6.

¥

hark only one oval per row,

VH
MD3:Find

hark cniy one oval per row.
VH
MD&-App
weell for ) (

all HIW
& 05

VL

fark cnly one oval per row

YH

Mark only one oval per row

VH

MD&:Behavior

Ivi



Mark only cne oval per row
VH H

MD7-Adherence
to functionality

10.

Mark anly one-oval per row

VH H

VL

MDE:Degree
of access {
controllability

11.

Mark only one oval per Fow.

VH H

12.

Mark anly cne aval per row.
VH H

MD10:-Display
as per device
SCreon



13.

hark ordy one oval per row

VH H M L YL

MD11:Font
size and
style as
per Ui
provided
by client

14.

hMark aniy one oval per row

VH H M L VL

MD1Z-About
landscape
and portrait

15.

Wark only one oval perrow
VH H M L WL

MD13:Fill
a

complete
form as
per size
of screen

16,

Mark only one oval per row

VH H M L VL
MD14:About

Iviii



17.
Mark only one owval per row.

VH
MD1 5; Throughput .

Rale =

Mark only one oval per row.
VH

MD1 &:Memony
and processor
a5 per app

WL

14.
Mark anly one owal per row.

WL

MDD 7:Synchronization
of H\W selection

Mark only one oval per row,

VH

WL

MD1 8 Tradeaoff
in belween

dissipation




21.

Mar anly one aval per row

VH

VL

MD1%:Duration

of execution of —
app and power '
dissipation

22,

MMark only one oval per row.

WH

MD20:N\W
selection
and
execution
of app

23,
harg only one aval per row.

YH

WL

24,

hark anly one aval per fow
VH

MD22-Support
for multiple -:



295

Mark only ome owail per row,

VH H

MDZ3:What
if usors
randomiby
increased?

Mark-only one oval per row,

VH H

MD24:-Mobility
Test

27.
Mark only ane aval per row,

WH H

MD25:0ptimal
threading
model to
suspension or
shut down of
thread

28.

Mark ooy one Ovar DEr Tow,

VH H

MD26:Algo
1o
implament
pricrity
AMONg
threads

Ixi



29,

30.

31.

Mark only one oval per row

VH

MD27:App
with data to
display
initially,
even if low
or no

connectivity

VL

Marx oniy one oval per row.

VH

VL

Mark only one oval per row.

V0L

VH
MD29:Special
care about
data ?
dependent

application

Ixii



32.

Mark oniy one oval per row
VH H

MD30-0pportunity
to adapt app in .
android as well as — =
I0s

33.

Mark only ong cwal per row
WH H

MD31:0ptimal
combination
of H/W for all
devices and
for all

platforma

34.

Mark cniy one Sual par faw
WH H

MDE2-Relative

ease of

installing :
software for a — —
given

platform

35

Mark I".“-I'II'}' GRe owal per oW

WH H

MOE 3 Frequency . —
of deadlocks = —

Ixiii



36.

Mark only one oval pear row

VH H L L VL

MD34:Adherence
to Portability C 3 ¢ b, -

a7,
Mark only one oval pek M
WH H B L WL
MD35:ELOC
oriented —r s et = =
metric)
38.
Mark only one oval per fow.
VH H M L VL
MD36:Skills B E = =
39.
Mark only one gvel per row,
YH H B L WL
MD37:Experience | | ) | ) Y
40,

Mark only one oval per row

VH H M L WL

MD38:Documentation { O ! : [

Ixiv



41,

Mark Grly Gne oval per fow.

VH H M L

MD39:Applicabilty == = ==

of CMM level — = — —

42.

Mark only one oval per row,

VH H b L VL

MDA0No
of global [
varables

43.

Mark only one oval per row,

VH H M L

VL

MDA Support
of exceplion — — —
handling

a4.
Mark only one oval per row.

VH H M L

MD42-Adherence
to Maintainability
standard

Ixv



45,

46.

47.

48.

Mark only one oval per raw

WH

VL

MD43:Specific
level of ()
performance

Mark only one oval per row

VH

MD44:Performance

after updation —

Mark anly one oval per row

VH

VL

MD45:Degrea
of g
recoverability

|,

Mark only one oval per row

VH

to Reliability £ 3

Ixvi



APPENDIX -2

SURVEY QUESTIONNAIRE FOR TESTER

A questionnaire related to access the quality of M-Commerce application is prepared
for the purpose of survey. This questionnaire or metrics contains questions primarily
related to assess each software quality factors (SQFs) as per the tester. This
questionnaire based on five scale fuzzy rating, VH to VL and ISO/IEC-9126

standard.

M-Commerce Application: Tester's view

Thia guestionnaire |s designed 1o aasess an
bM-Commerce application e per the tester based on ISOAEC-97 26 and fuzzy-logic

1. HMame of Tester

Z Mame of Mobile App Developmeanl Compeam

3
hark only one oval per raw
WH H | L WL
BT Impdermentation
of all functions
4
hlark only ore oval pes row,
WH H T L WL
BT 2 Behayvior . — i =
of seneorE
]
hlark oty ofe Sval D Fow,
WH H i L WL
BAT 3 Precision
of
cormpuiation

Ixvii



Mark only one oval per row.

WH
MT4:Easily
installed
first time
far —
android
and ios

Adark only one owal per row

Adark anly one oval par row

VH

MTo:Behavior
of multiple

Mark only one oval per row

WH

MT T Adherence
to Functionality

Ixviii



10.

Marx oniy one oval per row

VH H

VL

MTE:Degree
of access

controllability

&

Mark only one oval per row,

WH H

MT9:0verall
content of
application
including
buttons
displayed
as per
device

12.

Mark only one oval per row,

VH H

MT10:Font
size and

Ixix

VL

VL



13,

14,

15.

16.

Mark only one oval per row

VH

VL

MT11:Support

Muark aniy one oval per raw

VH

VL

MT12:0ptimized

to fill a

complete form -
as per sire of

SCreen

Mark only one oval per row,

YH

VL

MT13:Response

time as per —
devices and =
nebwork

Wark anly one oval per raw

VH

WL

MT14:App
behavior —
as per —
battery

Ixx



17.

18.

19.

20.

Mark only cne oval per row

VH

VL

MT15Level

of battery
as per time
duration

Wark only one oval per row

¥H

MT16:Adherence
to efficiency
standard

Mark only one oval per row
VH

MT17-Support
multiple users =

Mark only ane oval per row

VH

MT181.0ad
balancing
if users
randomly
increases

Ixxi

VL



21.
Mark only one oval per row

VH H

MT19Responce —
of Mobility test — =

22.

Mark only one aoval perrow

VH H

23.

Mark only one oval par row

VH H

MT21:Functioning - B
when switch to e =
other app

24,

Mark only one oval per row

VH H

VL

MT22:Phone
calls do not

obstacle in = =
functioning
of app

Ixxii



25,

Mark only one oval per row.

VH H M L VL

MT23:Response

time as per T ."" Yy = Y
devices and - S I
NYW

26.

Mark only one oval per row,

27,

Mark only one oval per row,

VH H M i VL

easily in app | o -

28.

Mark only one oval per row,

VH H M L VL

MT26:Response
umeforeach () () (O (O (O

platform

Ixxiii



29,

Mark anly one oval per row

VH

MT27 Installation
form source in
android & 105

a0,
Mark only one oval per row

VH

VL

al.

Mark anly one aval par fow
¥

VH

VL

VL

MT29:Adherence
to portability
standard

32.

Mamk only one oval per row

VH

Responce
of mobile

VL



33.

Mark only one oval per row.

VH H

MT31:Degree

of stability - -

VL

34.
Mark only one oval per row
VH

MT32:Adherence
to —
I'I'Iﬂll'ltﬂll'lﬂﬂ'lr e,
standard

35.

Mark only one oval per row:

VH

36.
Mark only one oval per row.
VH H
MT34:Degree
of — p

recoverability

WL

Ixxv



37.

Mark andy one oval per row.

WH H M

1o I'dhhn‘_'f i b | | : |
slandard

38.

Mark only ane oval per row

VH H M L

MT36:Easy
o modify

39,

Mark andy ane owal per row

WH H M L

VL

VL

MT37:Easy
to modify
as per
removal of
errors

40.

wdark oy ane oval per fow

VH H hA L

MT38:Test
Cases am

oplimal

Ixxvi



47,

42,

43.

43.

Aark only aHe vl Der fo

YiH H

MT39:Cyclomatic
conryphesity

Mark only one oval Der row
vH H

hT-A0:
(Functional,
e i P e,
api , usability
etz ) hawve to
e
perfonmmed

fark only one oval per row,

WH H

KMTAT:Manual
airncd
aulormated
testing both
e o mmreed

Alark only ane ovisl Der roi

WH H

MTAZ:Failure

diensity
against test
Camns

Marg anly ona aval perrow

VH H

MT43:Failure
resolution

Ixxvii

VL

WL

WL

VL

WL



APPENDIX -3

SURVEY QUESTIONNAIRE FOR B-USERS

A questionnaire related to access the quality of M-Commerce application is prepared
for the purpose of survey. This questionnaire or metrics contains questions primarily
related to assess each software quality factors (SQFs) as per the B-users. This
questionnaire based on five scale fuzzy rating, VH to VL and ISO/IEC-9241-11
standard. This questionnaire based upon GQM
approach.

Usability Evaluation for M-Commerce
Application: B-User's View

This questicnnaire based upon usability
ayaluation [GOM Appraach based on ISO/AEC-9247-11 and fuzzy-logic)

1, Parrue of Kaspondaent

2. Age of Respondent

3, Gender of Respondent
Mark anly one aval

hale

Female

Adark oy ane oval per o
WH H ha L VL

KB Consistency
i tead, Tont and
colors

Ixxviii



Mark ondy cne oval per row
VH H hd

MBUZ Easy
to

navigation
in mabile

app

Mark only cne oval par row
YH H M

MBU3Support _
niight vision s -

Mark anly GRe aval frer row
VH H hd

MpBU4-Finding
information
about

product are

Mark only one aval per row
WH H M

MELSSpeech

fo toact y

converied st = =
accurately

Ixxix



Mark anly one oval per row.

10.

fdark only one oval per faw
WH
MBUT Product

displayed

1.

Mark oy one oval per row
VH

MEUE Prices
of products

adequately

12,

Mark cnify one oval per row

VH

MBS Status
{available,
oul of stock
) of each
product is

adequately
shiowm

VL

WL

Ixxx



13.

hark only one oval per row.

VH H

VL

MBUD
Easy o
register

14.

Mark cnly one oval per row.

VH

MBUNT1:Easy

to change
cusiomer —
inf i

15.

Mark anly one oval per row.
WH

MPBUN2:Easy
to order )

product

16,
Mark only one oval per row,

WH

MBU3:Shopping

cart’s -
information is ==
accurate

VL

WL

VL

Ixxxi



17.

fark arly ane avsl per fov
WVH H

MBUT 4 Adequate
inf §

about how to
order

18.

Mark anly one oval per row

WH H

MPpL1 S-Adequate
- "

about paymient
options

19.

fdark andy one oval per row
VH H

MPBLN & Adequate

information

about how to L) i
cancel the

product

fark onfy one oval per row

VH H

MBUT T-Adequate

information —
about retum & el
refund polcy

Ixxxii



21.

2.

23

24,

Mark anly ane oval per row.

MPUT 8:Adeguate
information
about onder

detail

WH

Mark oniy one oval Der row,

VH

VL

MBUTS

Adequate
information

delivery

Mark only one oval pelr row.

MBU20:Adequate
information
about delivery
cost

WH

WL

Mark oniy one oval per row.

MPU21:Adequate
imformation
about delivery

WH

Ixxxiii

Vi

Column
b



26.

27,

Wark anly one oval per row

MBUZ22:Delivery
Lo other
address

fdare oniy ore oval per rome

VH

VH

VL

VL

MPLUZ3:Online
order tracking
available

hark cnly one oval per fow

VH

WL

MBL24:Search

fark enly ore oval per row

VH

V0L

MBU25: Time

to complets
atask

Ixxxiv



29 )
Mark only one oval per row.

VH H

VL

MpU26:Easy -
to leamn Loy
interface

30.
Mark only one oval par row

VH H

MBUZTAdequate
management

31.
Mare only one oval per row,

VH H

MpLUZ8:Adequate _ _
help (demo = 55
version)

32
Mark only one oval per row,

VH H
MpU29:Adequate
help (text

version)

IXxxv

VL



33.

34,

a5

36.

Mark anly one oval per fow,

VH H

MEUS0:Mobile
app respond

properly as
per action

har anly ana oval per row
WH H

MBU3 :Every
component
of mterface
respond
accurately

WL

ilark onfy ope oval per row,
VH H

MPUZZ:Probability
1o search

successfully task .. )
completion in 15t
attemipt

Mark aniy one oval per row
VvH H

MBEUZ3:Probability

to completion of _
task within given — —
time

Ixxxvi



37.

3B.

39

Mafk cRly ane oval par row

WH

WL

MPU34:Adequate
information

about privacy —
policy

Mark only one oval per row

VH

MB35 Secure

socket layer —
used by 2
mebile app

VL

iark orly one oval per row,

VH

VL

MBLU3G6: Well
recognized

SeCune

payment
methods

Wark only ene owal per row

'||I.|'H

MEU3Y:Different
mode for
wverfication such
as OTF based

Ixxxvii

VL



41.

42,

43.

4.

45,

Mark only ane aval per fow

VH

WL

MPBU38:Overall
features

Mark anly one aval per row,

VH

WL

MBU39:Overall
learning
PrOCess

Mark only one oval per row,

-MBIHM
ACCUTACY

WiH

WL

fam only one oval per roew,

MBUA1:Overall
seCcurty

WH

WL

Merk only ane oval per row

VH

VL

MPU4Z:Overall
experience 1o
use this
mobie app

Ixxxviii



