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Abstract

Actually, software products are increasing in atfagy and are used in almost all activities of hunfige.
Consequently measuring and evaluating the qualitg software product has become a critical task for
many companies. Several models have been proposedit diverse types of users with quality isstlibs.
development of techniques for building softwareihfisenced the creation of models to assess thdtgu
Since 2000 the construction of software startedepend on generated or manufactured components and
gave rise to new challenges for assessing qualihese components introduce new concepts such as
configurability, reusability, availability, betteguality and lower cost. Consequently the models are
classified in basic models which were developed 2000, and those based on components calledréailo
quality models. The purpose of this article is ésctibe the main models with their strengths andtpaut
some deficiencies. In this work, we conclude thathe present age, aspects of communications play a
important factor in the quality of software
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1. Introduction

Research on software quality is as old as softvearestruction and the concern for quality
products arises with the design of error-free progr as well as efficiency when used. Research
to improve the quality of software is generated thueisers demand for software products with
increasing quality. Actually, this is consideredesngineering discipline [1].

According to the IEEE Standard Glossary of SoftwArgyineering Terminology [2,3,28], the
quality of software products is defined as 1) tegrée to which a system, component or process
meets specified requirements and 2) the degreehichva system, component or process meets
the needs or expectations of a user.
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An acceptable definition for a software productyegi by Xu [4], was “a packaged software
component configuration or a software-based serthe¢ may have auxiliary components and
which is released and exchanged in a specific miarkkere packaged components refer to all
kinds of programs. The software product takes diffe forms [4]: small, COTS (Commercial

Off-The-Shelf Components), packed software, largemercial software, open source software
and services.

In this paper we focus on the quality of the sofewvproduct, that is, in the final product rather
than on the processes that lead to its constryatieen though they are closely related.

The use of models is an acceptable means to suppality management software products.
According to ISO/IEC IS 9126-1 [5] a quality modsl "the set of characteristics, and the
relationships between them that provides the b#misspecifying quality requirements and
evaluation". The models to evaluate the qualitysaftware have been constructed defining the
fundamental factors (also called characteristiasy within each of them the sub factors (or sub
characteristics). Metrics are assigned to eacliasibr for the real evaluation.

Figure 1 updates the work of Thapar [6] and shithvesevolution of quality models from the Mc

Call first model in 1977 until 2013. This evolutidvas categorized the models in: the Basic
Models (1977 - 2001) whose objective is the total aomprehensive product evaluation [6] and
the Tailored Quality Models (from 2001 onwards)eoted to evaluations of components. In this

work models oriented to evaluation of Free Softwae also considered because of their actual
importance.
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Figure 1 Quality Models

The Basic Models are hierarchical in structureytiban be adjusted to any type of software
product and are oriented to the evaluation andorgment. The six most important are: Mc Call
et al in 1977 [7], Boehm et al in 1978 [8], FURP®dél in1992 [9], Dromey model in 1995 [10],
ISO 9126-1 model in 2001 [5] and its standardsbimth external metrics: ISO / IEC 9126-2 in
2003 [11], internal metrics: ISO / IEC 9126-3 in03(0[12] and quality in use: ISO / IEC 9126-4
in 2004 [13]. The ISO -9126 model received inpusif previous models and sets standards for
assessing the quality of software. In 2007 an wgutlatas established as the ISO 25010 model:
ISO / IEC CD 25010 [14]. The ISO 25010 actuallkieown as SQuaRE (Software engineering-
Software product Quality Requirements and Evalmtio

Tailored Quality Models began to appear the yed12@ith Bertoa model [15], followed by
Georgiadou Model in 2003 [16], Alvaro Model in 20[1%], Rawashdesh Model [18]. The main
characteristic is that they are specific to a patér domain of application and the importance of
features may be variable in relation to a generatleh These models arise from the need of
organizations and the software industry for spedifiality models capable of doing specialized
evaluation on individual components. They are biudin the Basic Models, especially the ISO
9126, with the adding or modification of sub fast@nd the goal to meet needs of specific
domains or specialized applications. In recentyéae software construction has focused on the
reuse and development of Component-Based Soft&B8D). As a consequence the success of
a product strongly depends on the quality of themonents.

33



International Journal of Software Engineering & Apations (IJSEA), Vol.5, No.6, November 2014

Other authors classify the models according to 'sisgmaracteristics. For example Klas [19]
distinguishes three categories of models that spoed to: 1) the level of general public use or
specific domain, 2) organizational level that fooms satisfying the interests of a specific
organization, and 3) the level project that appiiea specific project to ensure quality.

Due to the importance of COTS components Ayala Eblishes a process to select software
components. It was based on observations and ietesvwith developers of COTS-based
components. The study concludes with varying res@ne of the findings was discovering the
use of informal procedures to find, evaluate andoske components, and hence there exists the
need for methods to do components selection angbstiwols to help in the evaluation.

Some companies have also developed their own gualddels, like the FURPS model [9]
already mentioned and set by Hewlett Packard. &mework by Samarthyam is the MIDAS
model (Method for Intensive Design assessmentg)d&thblished by the company Siemens that
is used for the design of software products initigistry, energy, Health and Infrastructure. A
description of some particular models used in lessas may be found in Pensionwar [22] and
guality modelling for software product lines in Midowicz [23].

We notice that many efforts have been done fordiaeelopment of software product quality
models. Furthermore several authors have donewsw the literature on quality models and
they included some benchmarking. Among these warkscan mention: Al-Badareen in 2011
[24], Dubey in 2012 [25], Al-Qutaish in 2010 [28khayathri in 2013 [27] and Samadhiya in
2013 [28]. All these works refer to the Basic QualModels. In this work we review the
literature of software product quality models irdihg the Basic Models and the Tailored Models
and based on the ISO 25010 model we perform a catipa evaluation. Finally and because of
the increasing importance we include a review ofdpct-oriented models for Open/Free
Software.

This paper is organized as follows: section 2 dessrthe methodology used and a common
terminology, shown in Table 1 is established, sect® describes the Basic Quality Models,
Section 4 describes some Tailored Quality Modelsomting to their relevance, section 5
considers the Free Software oriented models, itid®e6 we make a comparative assessment of
the models and in Section 7 some conclusions éableshed.

2. Methodology

2.1 Search strategies

Quality models have been found using the searclinen@oogle Scholar, databases Science
Direct, Ebsco, Trove (repository of informationtbé National Library of Australia) and NDTLD
(Networked Digital Library of Theses and dissedas).

The main keywords used were "quality of softwar&hodels for quality of software",

"Evaluation of the quality of software", "metricerfevaluation of software”, “general quality
software product models” , “models for COTS compurg “Models for free/open source
quality”, “Tailored quality models”. The articles ene classified according to the division
established: Basic Quality, Tailored Models and i©feurce Models.
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2.2 Inclusion and exclusion criteria

The articles were classified according to theievahce preferring those describing models. In the
state of the art articles we found several synomnygrierms. Table 1 was constructed, using the
literature review, to clarify the terminology andncepts related to quality. Regarding the
exclusion criteria, the articles oriented to thaleation of the software building process were set
aside, since the purpose of the article is aimeguatity aspects of finished software products.
The terminology uses mainly the international séadd stated American Society for Quality [29]
and in the ISO [5,11,12,13,14].

Table 1 Terminology used.

Terminology | Synonyms Definition Reference
Acceptanc Is all about the way the productreceivecin the (Duijnhouwe
user community, as this is largely indicative & th| r 2003)
product’s ability to grow and become a prominent

product
Accountabili The degree to which the actions of an entiin be | (ISO/ IEC
y traced uniquely to the entity. CD 25010
2008)
Accuracy The degree to which the software proguatides | (ISO/ IEC
the right or specified results with the needed degr CD 25010
of precision 2008)
Adaptability Versatility The degree twhich the software product can (ISO/ IEC

adapted for different specified environments CD 25010
without applying actions or means other than thgs2008)
provided for this purpose for the software

considered.
Affordability How affordable is the compont? (Alvaro
2005)
Analyzability The degree to which the software product ca (ISO/ IEC

diagnosed for deficiencies or causes of failures in CD 25010
the software, or for the parts to be modified to bg 2008)

identified.
Appropriaten The degree twhich the software product provid | (ISO/ IEC
ss an appropriate set of functions for specified tasks CD 25010
and user objectives. 2008)
Appropriatene| Understandabi| The degree to which the software product enableqISO/IEC
ss lity users to recognize whether the software is 9126-1
recognisabilit appropriate for their needs 2001), (1IsO/
y IEC CD
25010 2008)
Attractiveness The degree to which the softwaoelyct is (ISO/ IEC
attractive to the user.. CD 25010
2008)
Authenticity The degree to which thdentity of a subject ¢ (ISO/ IEC
resource can be proved to be the one claimed | CD 25010
2008)
Availability The degree to which a software comeohis (Dromey
operational and available when required for use.| 1995) (ISO/
IEC CD

25010 2008)
Changeabilit | Changeabl The degree to which the software product enab | (ISO/ IEC
specified modification to be implemented. The eageD 25010
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with which a software product can be modi 2008
Cc-existenc The degree to which the software product ce- (ISO/ IEC
exist with other independent software in a commp&D 25010
environment sharing common resources without| 2008)
any detrimental impacts
Compatibility The ability of two or more softwacemponents to | (ISO/ IEC
exchange information and/or to perform their CD 25010
required functions while sharing the same hardwag908)
or software.
Confidentialit The degree to which the software product provide8SO/ IEC
y protection from unauthorized disclosure of data ¢rCD 25010
information, whether accidental or deliberate. 2008)
Configurabilit The ability of the component to configural (Alvaro
y 2005)
Compliance Conformance| The degree to which thisveoé product adheres | (ISO/ IEC
to standards, conventions, style guides or CD 25010
regulations relating to a main factor. 2008)
Correctness The ease with which minor defectdearorrected (Dromey
between major releases while the application or | 1995)
component is in use by its users
Ease of use Usability, The degree to which the software product makes ilISO/IEC
operability easy for users to operate and control it. 9126-1
2001), (Iso/
IEC CD
25010 2008)
Efficiency Performance | The degree to which the software product provide§l EEE
Efficiency appropriate performance, relative to the amount pfl993),
resources used, under stated conditions (ISO/IEC
9126-1
2001), (1ISO/
IEC CD
25010 2008)
Fault The degree to which the software product can | (ISO/IEC
Tolerance maintain a specified level of performance in cases9126-1
of software faults or of infringement of its spéeif | 2001), (ISO/
interface. IEC CD
25010 2008)
Flexibility Code possesses the characteristic fradality to (Ghayathri
the extent that it facilitates the incorporation of | 2013)
changes, once the nature of the desired change has
been determined.
Functionality | Functional The degree to which the software product provide$lISO/IEC
suitability functions that meet stated and implied needs whe8126-1
the software is used under specified conditions | 2001), (ISO/
IEC CD

25010 2008)
ASQ

Helpfulness The degree to which the software pebgrovides | (ISO/ IEC
help when users need assistance. CD 25010

2008)
Installability The degree to which the softwaredhrct can be (ISO/ IEC
successfully installed and uninstalled in a spedifi CD 25010

environment. 2008)
Integrity The degree to which the accuracy and complete | (ISO/ IEC
of assets are safeguarded. CD 25010
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2008,

Interoperabili | Compatibility | Attributes of software that bear on its ability (ISO/IEC

y interact with specified systems. 9126-1

2001), ASQ

Learnability Easy to learn The degree to whichdbftware product enables | (ISO/ IEC

users to learn its application. CD 25010
2008)

Maintainabilit The degree to which the software product ca (IsO/ IEC

y modified. Modifications may include corrections,| CD 25010
improvements or adaptation of the software to | 2008) ,
changes in environment, and in requirements and(ISO/IEC
functional specifications 9126-1

2001)

Modifiability Corrections, improvements or adajat of the (IEEE 1998)
software to changes in environment and in ASQ
requirements and functional specifications.

Modification The degree to which the software product candaydiiSO/ IEC

Stability unexpected effects from modifications of the CD 25010
software 2008)

Modularity The degree to which a system or corapptogram | (ISO/ IEC
is composed of discrete components such that a| CD 25010
change to one component has minimal impact on 2008)
other components.

Non- The degree to whicactions or events can (ISO/ IEC

repudiation proven to have taken place, so that the events or CD 25010
actions cannot be repudiated later. 2008)

Performance | Performance The degree to which the software ptquavides | (ISO/ IEC

efficiency appropriate performance, relative to the amount pfCD 25010
resources used, under stated conditions. 2008)

Recoverabili | Recover The degree to which the software product ci- (ISO/ IEC

y establish a specified level of performance and | CD 25010
recover the data directly affected in the case of § 2008)
failure

Reliability The degree to which the software protdtan (ISO/IEC
maintain a specified level of performance when | 9126-1
used under specified conditions. 2001), (1IsO/

IEC CD
25010 2008)

Reusability Adaptability The degree to which aneagsin be used in more | (ISO/ IEC
than one software system, or in building other | CD 25010
assets 2008)

Replaceability The degree to which the software product can be (ISO/ IEC
used in place of another specified software produ¢ED 25010
for the same purpose in the same environment. | 2008)

Resource The degree to which the software product uses | (ISO/ IEC

utilization appropriate amounts and types of resources wherCD 25010
the software performs its function under stated | 2008)
conditions.

Robustnesss The degree to which an executablewoduct (Dromey
continues to function properly under abnormal | 1995) (ISO/
conditions or circumstances. IEC CD

25010 2008)

Scalability The ease with which an applicatiocomponent | (Dromey
can be modified to expand its existing capabilities 1995)

It includes the ability to accommodate major (Alvaro
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volumes of data 2005
Security The protection of system items from accidente | (ISO/ IEC

malicious access, use, modification, destruction,|ocCD 25010

disclosure 2008)
Supportability | Support, The ability to extend the program, adaptability andGrady

adaptability serviceability. The ease with which a system can d€92).
installed and the ease with which problems can bhe

localized.
Self-containe: The function that the component performs mus | (Alvaro
fully performed within itself. 2005)
Testability The degree to which the software pmdwmables | (ISO/ IEC
modified software to be validated CD 25010
2008) ,
Technica The degree of operability of the software proc (ISO/ IEC
accessibility for users with specified disabilities. CD 25010
2008)
Time The degree to which the software product providedSO/ IEC
behaviour appropriate response and processing times and | CD 25010

throughput rates when performing its function, | 2008)
under stated conditions.

Transferabilit | Portability The ease with which a system or compbran be | (ISO/ IEC
y transferred from one environment to another CD 25010
(extend hardware or software environment). 2008)
,(ISO/IEC
9126-1
2001)

3. Basic quality models

According to their importance and following the &lime of figure 1, the main Basic models are
described in this section. They are characterizechlose they make global assessments of a
software product

3.1 Mc Call Model

The Mc Call model established product quality tlyilogeveral features. These were grouped into
three perspectives: Product Review (maintenanesjbility, and testing), Product Operation
(correct, reliable, efficient, integrity and usalyll and Product Transition (portability, reusatyili
and interoperability). Figure 2 shows the model.

The major contribution of the McCall method wasctmsiderer relationships between quality
characteristics and metrics. This model was usdihss for the creation of others quality models
[25].

The main drawback of the Call Mac model is the sacyiin the measurement of quality, as it is

based on responses of Yes or No. Furthermore, tduelngdloes not consider the functionality so
that the user's vision is diminished.
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Figure 2 Mc Call Quality Model — 1977
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Figure 3 — Boehm Model -1978

Boehm [8] establishes largealecharacteristicshat constitute an improvement over the Mc (
model because adds factors at different levels.hidpe-level factors are: a) Utility indicating t
easiness, reliability and efficiency of use of &ware product; b) maintainability that descr

the facilities to modify, the testability and the asfeof understanding;

c) portability in t
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sense of being able to continue being used withamge of environmel Figure 3 25] shows
the model.

3.3 Dromey Model

The Dromey model [10js based on the perspective of product qualitythla way the qualit
evaluation for each product is different and a mibmeamic evaluation iestablishe. The model
states that for a good quality product, all therelets that constitute, should beso. However,
there is no discussion of how this can be doneractire, and this theoretical model is usel
design others more specifitodels. Figure 4 shows the model.

fllaintamanting
MaMananifiy,

Figure 4 Dromey Model
3.4 FURPS Model

The model categorizes thleharacteristics aFunctional Requirements (RF) and -functional
(NF). The RF are defined by the inputs and outpufsectecor FunctionalityF) while the NF art
grouped as Usability (U), Reliability (R), Perfornt@ (P) and product support ([9]. Figure 5
shows these characteristics. Its main problemashmemain featureslike portability, are not
considered.

3.51S0 9126 Model

The 1ISO 9126 model [5kas based on the McCall and Boehm models. The niagetwo mair
parts consisting of: 1)he attributes of internal and external quality 2) the quality in ust
attributes.

Internal quality attributes are referred to thetsys properties that can be evaluated witt
executing, while external refers to the system ertigs that can bessessed by observing duri
its execution. These properties are experienceasbys when the system is in operation and
during maintenance.

The quality in use aspectse referred to the effectiveness of the produdidyrctivity, security
offered b the applications and satisfaction of users. igbi[11,12] shows a view of th
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The ISO-9126 model has been used as the basisaiflordd Quality Models. One of its features
was to standardize the terminology regarding qualitsoftware.

Figure 7. 1ISO 9126 Quality Model for external anternal quality

Figure 8. 1ISO 9126 Quality in use

3.6 1ISO 25010Model

This standard emerged in 2007 updating the 1SO 9t86@el. It is subdivided into 8 sub key
features and characteristics. Constitute a setaofdards based on ISO 9126 and one of its main
objectives is to guide in the development of sofewvg@roducts with the specification and
evaluation of quality requirements. Figure 9 illasts the model

This model considers as new characteristics thergg@nd compatibility that groups some of
the former characteristics of portability and thdsat were not logically part of the transfer from
one environment to another. It uses the term tesabflity as an extension of portability.

As with the ISO / IEC 9126, this standard maintdhmes three different views in the study of the
quality of a product, as they were illustrated igufe 6 [14].
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Figure 9 1ISO 25010 Model (ISO/ IEC CD 25010 2007)

4. Tailored Quality Models

From 2001 the development of software was basedoomponents (CBSD). The Non Basic
models Software development concentrated on the aiseCommercial Off-The-Shelf
Components (COTS). Figure 10 illustrates the datiwiof the development of a product based on
COTS available in the market

Figure 10 Activities for the construction of a 3mstusing components
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4.1 Bertoa Model

The Quality Model Bertoa [15F based on the ISO 9126 Model [5]. It defirreset o quality

attributes for the effectivevaluation o COTS The COTS are used by softwedevelopment
companies to build moreomple) software. The model discriminatésose features that me

sense for individuatomponents and shown in figure 11.

Charateristics Sub-Charateristics Sub-Charateristics
(Runtime) ((Life cicle)
Accuracy ‘ Suitability ‘

Interoperability ‘

‘ Functionality 5| . ‘
| — Compliance
Security ‘

Maturity ‘

Suitability ‘
Learnability ‘
| |

#I Understandability

‘ Reliability

‘ Usability

’\’{ Operability ‘
. Time Behavior ‘
‘ Eficiency
Resource Behavior ‘ ‘

Changeability
‘ Maintainability
Testability ‘
Portability
Replaceability ‘

Figure 11 Bertoa Model

4.2 GEQUAMO

This model called GEQUAMQ@Generic, Multilayered and Customizable Modelscreated by
E.Georgiadou [16] andonsists of th gradual breakdown into sub layers fefatures and
characteristics and is intendéal encapsula the various user requiremernis a dynamic and
flexible way. In this formthe use (end user, developer, and manager) can i@ own mode
reflecting the emphasisveight) for each attribute and / or requiremehligure 2 shows the
decomposition of a CASE tofi6].
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Figure 12 Layer of Characteristics applied to d @©ASE

4.3 Alvaro Model

Alvaro method considers a framework for the cerdifion of software components) in order to
establish the elements of quality components []7;Bils framework considers four modules: 1)

Model quality components for the purpose of detamg the characteristics to be considered, 2)
Framework for technical certification, which detémes the techniques that will be used to
evaluate the features provided by the model 3)ctrification process that defines a set of
techniques that evaluates and certifies the soffweamponents with the aim of establishing a
well-defined component certification standard andhé frame containing the metric, which is

responsible for defining a set of metrics evalugatithe properties of the components in a
controlled manner. In this article we refer to theality components model. Figure 13 describes
the model where the introduced sub-features atdigfged in bold.
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Figure 13.Alvaro Model

4.4 Rawashdeh Model

The Rawashdeh Model [18hs as main objective the needdifferent types of user:

The model focuses on using components COTS andbders influenced by the ISO 9126 ¢
Dromey models. The modséts out four steps to creatproduct quality model [1J8that are:

model.

Identify a small group of high level quality attuiles, then using a top down techni
each attribute is decomposed into a set of subatelisttributes

Distinguish between interr and external metrics. Internal measure internalbates
such as specifications or source code, and exteystem behavior during testi
operations and componel

Identification of users for each quality attribu

Built the new model is with ide of ISO 9126, and Dromey ModElgure 14 shows th
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Stakeholder High Level Characteristics Product Process

Sub-Characteristics Sub-Characteristics
Accuracy Suitablity
/ Securly Intreroperability
Funcionality [ >
T,
: Reliability |< Recoverability Compatibility
Quality
Assurance
Usabili
\
—— -
Bussiness \ Time behavior Understandability
Owner — .
R Sl
Operability

Projet
Manager -
Manageability Complexity
uality Management
Quality g Changeability

Testability
Quality Management

Figure 14— Rawashdeh Model
5. Open Source Models

Actually free Software products have much popufafior the diverse characteristics &
freedoms they offer and because they are usedferatit contexts. Many of them are directec
perform the same or similar applications than tranal products. or example thg can be Free
Software  Operating Systems (such as Linux, SolarisreeBSD), middlewar
technologies/databases (Apache VServer, MySQL) and product®rf the end user (Mozill
Firefox, Open Office).

Models for assessintpe quality of Free Software products adapt models like-B8@6, adding
someparticular aspects of Free Softw. It is noteworthy that although there is a distiow
between models of first and second generationdeal imodel that captures all aspects of qu
in a free software product has not been define(31].

According to [32,33] thesenodelsstarted in 2003nd all of them emphasizes about the c
source. In the next sectiove describdour models.

5.1 CapGemini Open Source Maturity Model
The model ishased on thenaturity of the produ and is set accordingy maturity indicators.
These indicatorare groupedn productandapplicationindicators [34] For the final evaluatio

each ofthesubindicatorsis given i value betweer and 5giving atotal score. Figure15 shows
the model.
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Group Iﬂl Sub-Indicator
Product Age. Licence, Human Hierarchies,
roduc sclling point, developer community
Intearation Modularity, Collaboration with other
Product il products
Use Standards, Support
Ease of deployment, user community,
Acceptance market penetration.
Usability, Interfacing, Performance, Reliability, Security, Proven
Aplicatgion _ | Technology, Vendor Independence, Platform Independence,
Indicators Support, reporting, administration, Advise, Training, Staffing,
Implementation

Figure 1! Cap Gemini Model for free/ open Software

5.2 OpenBRR Model

The model is called Business Readiness Rframework and wasfluenced by the CapGem
and 1SO 9126 Models. In this context identifiesegatries that are important fevaluating ope
software. The model has seven categories and themebelerates the evaluation proct
ensuring better choices with smallset [32]. The seven categoriean be refined for great
granularity and cover aspects that have not bepsidered at the highest level. The objecis
to keep always in a vegimple level[35]. Figure 16 shows the model.

| Characteristics | | Sub-Characteristic |
— Transferibility |
Opcrational Softwarc —| Securly |
L] Usability |
Support
Consulling service
—] Portability |
Sottware Technology _| Integration |
—| Modular and flexible |
Commnunity and adoption I
| Development Process |

Figure 16 OpenBRR model

5.3 SQO-0OSS Model.

Thisis a hierarchical model that evaluates the souode @nd the community process allow
automatic calculation of metri¢g82]. The model is show in figure lahd accordin to [36], the
model differs from others in the following aspe

Focus to the automation contrast of other models that require heavy ugerference
Is the core of @ontinuou quality monitoring system and allows automatic nest
collection.

It does not evaluateinctionality.
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It focuses in source cot Source code is the mdstportant part of a software proje
Considers only theommunity factors that can be automatically measured

Analizability
Changeability
Stability

Teslability

Maintainability
Product Code Quality

Reliability

Mailing list Quality
Documentation Quality
Developer base quality

Figure 17 — SQO- OSS Model

$SQO-0SS Quality

Characteristics

Community Quality

5.4 QualOSS Model

It is a model that emphasizdsdeaspects: 1) Product characteristics, commuttiigracteristic:
and 3) Software process characteristics are equalbprtant for the quality of a Free/ Op
source product [33]The model is show in figure 18 [31].

Maintainability

Maintainability |

Products

_| Work Product

Availability and Coverage

Repetibility |
Robustness and Size and Regeneration Adecuacy
Evolvability of Community
Interactivity and Workload Adequac
FLOSS Members ki ey
Endeavour —| Composition Adecuacy |
—| Capability of Requiremnts and Change Management |
Software
— 1 Capability of Release Management |
Process

—| Capability of Support and Community Management |

Figure 18 — QualOSS Model

The QualOSSnodel states that quality is highly depending amdbntext in which it is used
the purposes that a company or person pursuest
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This model correspond to a second generation @&/©pen source models and where most of the
assessment is highly automated.

6. Model Comparison

Al-Baradeen [24, 37], Al-Qutaish [25], Samarthyarl]] and Ghayathri [27] conducted
comparative studies of Basics Quality Models, raagiifferent conclusions depending on the as
they consider more important.

Table 2 shows a comparison of the basic modelgdagathe main characteristics according to
Table 1. We include the 1ISO 25010 in this evabratbecause it contains the last standardized
terminology.

From table 2 we conclude that Model ISO 25010 ésrttost complete among the Basic Models,
because it covers 26 of the 28 features. Flextidirelated to the manufacturing process [27] and
is considered as an aspect of maintainability. aRdigg Human Engineering this is a particular
feature considered only in the Boehm model andchase relation with operability, but this last
concept is wider.

From the table we conclude that reliability is anooon feature to all models. The reason is the
close relation with the opinion of users and thecsss of any product will depend on the fact of
being used or not.

Table 2 was constructed using the sub charactevisfi the model. However and because these
features are include in larger characteristics fiassible that the presence of a feature imphiss t
other has to be present. For example the trangligrab related with some aspects of portability
and adaptability.

Table 2 Comparison of Basic Models

FUR [Dro- |ISO-|ISO-
Characteristic McCall [ Boehm|PS |mey [9126]25010
Accuracy X [X
Adaptability X X
Analyzability X | X
Attractiveness X[ X
Changeability X[ X
Correctness X X
Efficiency X X X X [ X
Flexibility X
Functionality X X X | X
Human Engineering X
Installability X | X
Integrity X X
Interoperabilit X X
Maintainability X X X | X
Maturity X | X
Modifiability X
Operability X | X
Performance X X| X
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Portability X X X X [ X
Reliability X X X X X [X
Resourc utilization X X
Reusability X X X
Stability X[ X
Suitability X [ X
Supportabilit X X |X
Testability X X X | X
Transferability X
Understandability X X[ X
Usability X X X X | X

Comparison among tailored oriented models is mdffeult because they use the model in a
particular context. The models can be either prodwiented (GECUAMO), or for particular
domains (Bertoa) or adapted from the point of visha user (Rawashdeh). Table 3 has been
made with almost the same features as the basielmaddowever it must be noted that the
absence of a feature does not invalidate any model.

Table 3 Comparison of Tailored Quality Models

Characteristic Bertoa | Gecuamc | Alvaro | Rawashdet
Accuracy X X X
Adaptability X X
Analyzability
Attractiveness
Changeabilit X X X
Compliance X X X X
Configurability X
Compatibility X
Correctness X
Efficiency X X
Fault Tolerance X
Flexibility
Functionality X X X X
Human Engineering
Installability
Integrity
Interoperability X X
Learnability X X X
Maintainability X X
Manageability
Maturity X X X
Modifiability
Operability
Performance
Portability
Recoverabilit
Reliability
Replaceability

X
X

><><><><
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Resource utilization X X X X
Reusability X X

Scalability X

Stability X

Security X X X
Self Contained X
Suitability X X X
Supportability

Testability X X X X
Time Behavio X X X
Understandability X X X X
Usability X X X X

7. Conclusions

The overall conclusion is that there are very gaherodels for assessing software quality and
hence they are difficult to apply to specific cagsiso there exist tailored quality models whose
range is in small domain, using as starting moldel IO 9126. Models for Free/Open source
emphasize the participation of community members.

Tailored Quality Models originated from the Basiodiéls basic consider a specific domain and
selects the features and sub features to condilermodel created in this way is for a specific,
particular product or from the point of view of sem domain. Therefore have limitations.

The ISO 9126 model was updated in 2007 by the ISQLQ that redefines the fundamental
characteristics increasing them from six to eigihthe future the developing of models will have
to consider these characteristics. Future workishaive as main reference this model. In the case
of Free Software the aspects of user communitiealdibe considered as a feature of high level
because the level of influence in both the conitn@nd the product acceptance.

In all the models studied none has incorporatedfipect of communication as one of the quality
factors. At the present time, there is a need fality components for communications at all
levels and especially in complex systems, wherbeitomes a critical factor because of the
Internet.

Finally, we note that in most of the studied modbks factors and criteria have the same value
which is relative because it depends of the apbicadomain. For example aspects of
transferability can be crucial in software thainistalled on different machines.
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