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Abstract

Conceptual models (CM) serve as the blueprints of informatiotesgsand their quality plays decisive
role in the success of the end system. It has been witndsstethajority of the IS change-requests result
due to deficient functionalities in the information systeiserefore, a good analysis and design method
should ensure that CM are correct and complete, as they are the comtimgnicediator between the users
and the development team. Our approach targets the probiated to conceptual modeling quality by
proposing a comprehensive solution. We designed multiple artifactdifferent aspects of CM quality.

These artifacts include the following:

i. Formulation of comprehensive quality criteria (quality attribptestrics, etc.) by federating the
existing quality frameworks and identifying the qualityteria for gray areas. Most of the existing
literature on CM quality evaluation represents disparate andnaotous quality frameworks
proposing non-converging solutions. Thus, we synthdsigexisting concepts proposed by
researchers) and added the new concepts to formulate a comprehensitye apmoach for

conceptual models that also resulted in federating the existialiyframeworks.

ii. Formulation of quality patterns to encapsulate past-experiemzkgood practices as the selection
of relevant quality criteria (including quality attributaad metrics) with respect to a particular
requirement (or goal) remains trickier for a non-expert user. €llgeslity patterns encapsulate
valuable knowledge in the form of established and betterisnhito resolve quality problems in

CM.

iii. Designing of the guided quality driven process encompgssiethods and techniques to evaluate
and improve the conceptual models with respect to a speciéc negjuirement or goal. Our
process guides the user in formulating the desired qugbg}, helps him/her in identifying the
relevant quality patterns or quality attributes with respethéoquality goal and finally the process
helps in evaluating the quality of the model and propose metevacommendations for

improvement.

iv. Development of a software prototype “CM-Quality”. Our prototype implements all the above
mentioned artifacts and proposes a workflow enabling its useevaluate and improve CMs

efficiently and effectively.

We conducted a survey to validate the selection of the quatlityputes through the above mentioned
federating activity and also conducted three step detailed expetrito evaluate the efficacy and efficiency

of our overall approach and proposed artifacts.

Keywords: Conceptual Model Quality, Quality Evaluation, Quality Assesst, Quality Improvement,

Quiality Criteria, Quality Framework, Quality Patterns, Qualitiributes, Metrics.
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Chapter 1Introduction

Chapter 1

Introduction

1.1 Domain of the thesis

Information systems (IS) create, process, store, and geriefatmation to help individuals
make meaningful decisions [Gupta 01]. These systems cant lperaonal, workgroup and
enterprise levels depending upon their usage and implerent&br example, enterprise wide
systems support the entire organization by providing therh wamprehensive and processed
information for taking decision at the enterprise level. doear, IS are useful only if they bring
the required information and functionalities they are edved for. If IS are not able to furnish the
information required by different stakeholders then their efiatposition in the decision making

process will be questionable and users might not utilize it

Incorporation of missing/new requirements or functionalittethe information systems comes
under its evolution or maintenance. Such change requestth (flmo missing and new
requirements/functionalities) can be minimized or avoided chyeful analysis and design
activities during the system development lifecycle. Theomajoblem with maintenance and
evolution activities is their high costs depending on tfexycle stage at which these missing
requirements were identified or new requirements were rg&tk These high
maintenance/evolution costs can play a decisive roleetidihg the fate of future information
systems. Information systems projects failure is a commory.sMost of these failures were
resulted due to increase cost induced by rapidly changipgresnents. Even if the information
system was successfully developed and deployed, its mairtencost can darken its future.
[Erlikh 00] reported that the relative cost for maintaining 1S arahaging its evolution represents

more than 90% of the total cost.

It is due to the above mentioned reasons that software yigldonsidered as an important
issue in research laboratories and in IS firms. Quality problean inflate system development
cost and consume scarce resources in addition to incezamedetection and correction costs

[Thiagarajan et al., 1994]. Moreover, [Ackoff 67] found that the eris¢ of defects or
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deficiencies can hamper IS quality and put its adoption &kesta IS adoption is linked to IS
quality, satisfaction and usage as reported by [Nelsoh, &085].

Information systems evaluation has always been a hot issuey &féorts are devoted towards
the research and development of methods to improve the aefiguality. Different researchers
have proposed different perspectives and methods to evaluatginiBarly, IS industry has
appreciated the benefits of employing software qualityrasse (SQA) activities to improve the
software quality and reduce the modification cost. Howetver,major problem with the existing
SQA or software evaluation activities is that it is perfed at the last stage of development i.e.
usually SQA activities are placed as the last stagefofiae development lifecycle. The famous
alpha testing is done once the software is fully developed and just prior to its deployment. It’s too
late to identify the defects and deficiencies if the soféw# already developed, as the
maintenance cost of these defects could be enormous agitk nequire major design or
architectural modifications. It is withessed that mokthe missing requirements are identified
during the beta testing by the clients (testing dantae client site before IS acceptance) or post
deployment after the acceptance. It has been noticed thptrity of the IS change-requests
results from deficient functionalities in the information teyss such as the lack of desired
functionalities within a system, etc. However, as mardib above, these change order requests
will be expensive to fix as the system is already developethe early stages of development, it
is emphasized that the resulting system should work (mstef execution) whereas once the
systems works, it is deemed that it should work correctht i it is too late to hope for a
correctly working system, if correctness has not been taken afaie all the steps of the
development lifecycle process. Studies show that defetdcton in the early stages of the
application development can be thirty three times mose effective than testing done at the end
of development [Walrad et al., 1993]. More precisely, thdéiezave can measure the quality of
future software, the more we can improve it by being &bleorrect errors at the specifications

level and the less will be the cost of these correctittngs improving software quality.

Therefore, it is imperative to emphasize the need of intiaduguality mechanisms at the
earlier stages of development such as during analysis and dedigis. now been widely agreed
that the quality of the end-system depends on the qualitheofdesign deliverables such as
conceptual models (CM). CMs serve as the blueprints of irdbom systems and their quality
plays a decisive role in the success of thd-gystem. CMs are designed as part of the analysis
phase and are the basis for further design and implementatiorCMAgrecede the other
development activities, therefore it will be more effeetio catch requirements defects as soon as
they occur [Moody et al., 2003].
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As mentioned above, majority of the IS change-requeststsetug to deficient functionalities
in the IS. Therefore, a good analysis and design method shosideethat CMs must adhere to
some quality criteria, as they are the communicating imte@d between the users and the
development team. Hence if the conceptual models aensd for defects and the defects be
corrected then it is likely to reduce the number of chaegeests for the end system. Moreover,
these errors and deficiencies in the CMs will not be pgaped along the development process.
Improvements in the quality of the conceptual models leadartds the improvements in the
overall quality of the delivered systems [Moody 05]. Thus adrgluality CM will yield a higher
quality 1S and will affect the efficiency (time, cost, @ff) and effectiveness (quality of results) of

IS development and maintenance.

For these reasons, different methodologies propose differetitods and guidelines to ensure
a certain degree of quality to the produced deliverablesgder there exist numerous difficulties
and problems in evaluating the quality of conceptual modeigy are discussed in the next

section.

In order to illustrate the importance of implementing gyadit the conceptual models, let us
consider an example in a totally different industry and domarchitectural diagrams such as
floor plans can be regarded as CMs of the construction indukthyese architectural diagrams
contain errors that are diagnosed once the building risady constructed then the cost of
rectifying these errors will be enormous. For example, if ¢ient wants a parking in the
underground area and showrooms on the ground floor whereascttieetural diagrams models
parking on the ground floor and showrooms on the first floor. lbthiling is constructed based
on the architectural models, then adding an underground pacdkiar the constructed building
will be almost impossible. Even if it’s possible then the cost will be enormous or perhaps its
incorporation poses severe threats to the already constrbatieling. However, if this design
flaw was found before the construction then the cost afrparating these modifications would
be marginal. The same situation holds for CM in IS. Sometibasic changes in IS require major
architectural and design modifications or can pose thredtsetoverall system. Analogously the
cost of incorporating post development modifications is &mighan the cost of redeveloping the

entire system from scratch.

The problems addressed during this thesis are discusdeel firext section.
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1.2 Problem statement

The domain of software quality evaluation is more than threadts old and is well matured.
This can be witnessed by the fact that multiple qualigndards have been proposed by different
autonomous bodies for information systems such as ISO/IEG-fit2software product quality,
ISO/IEC-14598 for software product evaluation, ISO/IEC 15504 ftivvepe process assessment
etc. ISO/IEC-9126 (2001) has widely been employed for evaludiimgmation systems. This
standard defines a set of six characteristics (functilynaleliability, usability, efficiency,
maintainability and portability) to evaluate software qualifhe biggest shortfall with these
evaluation methods is that they are applied on the alradaleloped software. All the
characteristics described in ISO/IEC-9126 (2001) make séttse software is already developed.
Once the software is developed, we can employ theseagiaiumethods or standards to identify
the errors or shortcoming and may be to classify the errordbukttification of these errors is

expensive and difficult [Boehm 84]

In response to the above issue, ensuring the quality a&lititation, analysis and design levels
becomes essential. Within the context of this thesis vee cancerned with the quality of
conceptual models that are designed during the design phased&l the end-system based on
the requirements gathered during the requirements é¢licitgphase. The quality of conceptual

models can play a decisive role in the success of theystens.

The problem in evaluating conceptual models is due to ttetliat they are an abstraction of
the future solution and not the solution itself. Indeed, in oralé¢est information systems, we can
execute the program and run test cases on it to obtain the system’s response. Whereas in order to
evaluate the model, we have to execute the test casmsatiyato check if the model remains
valid. Moreover, there is a population who considers cometpnodeling as a time wasting
activity. Thus demonstrating the importance of implementjoglity approach for CM to this
population is out of question. Even for populations who regard pbnake modeling as an
important design activity, it gets difficult to demonséréthe importance of incorporating a quality
mechanism on CM as it is difficult to visualize the prabland solution since CM are not

physical.

Another class of problems is related to the fact that rekees treat conceptual models as
objects and thus try to measure them by defining diffemegitics whereas conceptual models are
imperfect, incomplete and abstract representationbeofuture system. Thus they are difficult to
predict and calculate. Even if we measure the quality ofetlt&ds, then how will we define

“quality” so that different measures can be compared with each other? For example, different
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researchers have evaluated the models based on theiresgtieglthen how can we compare their
results? How can we predict that the value assessed mesea&rcher is comparable to the value
computed by another researcher? Or which measure is batee Bterature lacks such

classifications?

The domain of CM quality evaluation is rather young and thulikeithe software engineering
discipline where there is a proliferation of the methodd metrics for evaluating the quality of
the product, there is significantly little literature deaa towards the quality of the conceptual
models [Cherfi et al., 2002b]. This literature includegesal quality frameworks for evaluating
the quality of the conceptual models. However, therenaregyenerally accepted guidelines for
evaluating the quality of the conceptual models and Btjeeement exists among the experts as to
what makes a “good” conceptual model. Moreover, despite the wide agreement among the
research community and industry leaders, to date thereiier a standard nor an agreed

framework for managing quality of the conceptual models.

[Moody 05] reviewed existing work on conceptual modeling qualitg dound lack of
generalizability among the frameworks and lack of collabonatoetween researchers and
practitioners. He identified that only a handful of qualitameworks have been empirically

validated.

The main problems targeted within the context of this thergidisted in the following.

e Disparity among existing autonomous quality frameworks

One of the major reasons behind lack of adopting quality dveonk(s) for CM in practice is
due to the facthat existing frameworks on CM quality are independent of other and don’t draw
conclusions from other works. Most of the existing qualignfeworks propose their vision of
CM quality and emphasize on their identified charactiessis relevant to quality. This leads to
the existence of disparate and autonomous quality frameword@oging non-converging
solutions. Thus a designer is left with a perplexed visibproblems related to CM quality and

existing solutions to cater them.

Moreover, there doesn’t exist any approach (or an ontology) that can help in theifaberion
of these existing evaluation criteria or quality frameworksudTit is left to analysts/designers to
identify and use the relevant criteria individually. Tatesence of consolidated and agreed quality
criteria for CM has de-motivated the acceptance and adopfi@valuation based strategies for
CM.
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The presence of these autonomous and independent qualitgwoaks has resulted in the
existence of multiple definitions for the same concept diffdrent names for semantically same
concepts. For example [Nelson et al., 2005] have idedtifiine different definitions for quality
attribute “completeness”. Such issues have also restricted the adoption of the existing quality

frameworks in practice [Moody 05].

Another related problem is associated to the classificadfothe identified quality concepts.
All existing criteria proposed by researchers have bdassitied by themselves into their self
identified dimensions, attributes, characteristics, prige etc. that are not even at the same level
of abstraction as their other counterparts. Thus same aritexve been placed by different
researchers at different levels of abstraction. For exarnptapleteness for some researchers is a
quality attribute whereas for others it is a dimensiomwn a metric. Moreover, the reader gets
confused by the existence of different classification volzals such as dimensions,

characteristics, properties, attributes, conceptsaett what differentiates each one of them.

e Lack of validation
Most of the existing work on CM quality can be categorizgd two types:
i. Frameworks having theoretical basis but no practical vadidatnd viability and
. Frameworks having practical validation and viability but notleécal basis.

Both types are not good for wide acceptability as usuallyptlaetically viable frameworks
lack substance and thus don’t cover difficult areas whereas theoretical frameworks are difficult to
understand and implement. [Moody 05] have reported that mosthef existing quality
frameworks in CM quality have never been validated. He foundapjatoximately 18% of the

total quality frameworks have been validated.

Absence of practical validation questioned the applicabgitygl feasibility of the quality
frameworks. Usually if validation or experimental result® aemonstrated along with the
frameworks then they are considered as practically viableeatters can analyze the results to be

sure of their benefits.

e Absence of capitalization of experiences

With the existence of multiple quality criteria, the procéssselecting the relevant quality
criteria (including quality attributes) with respectagarticular requirement remains trickier for a
non-expert analyst/designer as it requires in-depth kn@&ledout each of these attributes and
what they propose. We found that there is a lack of methgas putting together the evaluation
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of CMs through a guidance process. Often the readers amwilbfa proposed set of evaluation
criteria that can be used for evaluation. And sinceettmsluation criteria are independent of
other proposed criteria thus the reader can only think glarmg the proposed set of criteria in
hand. Moreover, in the domain of CM quality thereesh’t exist any approach that capitalizes

existing knowledge and past experiences so that it caredtiby analyst/designer to identify the
best set of evaluation criteria for the problem in hand arsktaof recommendations for its
improvement. Thus if someone is interested in evaluating€e then he/she must have in depth
knowledge about each and every available quality criternhat the best set of evaluation

criteria can be selected for the problem.

e Lack of guided process

Quality evaluation is only a step to improve the conceptuadiels but most of the quality
frameworks focus exclusively on defect detection (quality eatadn) and ignore the defect
correction (quality improvement) aspects. Thus they may inelgentifying the problem but the
analysts must rely on themselves for the solution [Moody 05]. I&ilyi the domain of CM
quality lacks a guided process helping analysts/desigoeidentify the relevant quality criteria

with respect to their needs and also help them in improving rinadels.

e Lack of automation in quality evaluation

One of the major hurdles in evaluating the quality of concéphieadels is the lack of tools
automating the evaluation process. Most of the existing fimgdsoftware tools such as Rational
Rose, Objecteering, etdon’t provide a comprehensive evaluation mechanism. Following are

some of the problems related to the absence of automatibn too

I, Rational Rose, Objecteering, etc. incorporate sonse lraetrics for evaluation that can

neither be added nor edited.

i. Since they evaluate the models based on metrics thirdritegpretation is difficult for a
non-expert analyst/designer due to lack of abstraction adcseesults are difficult to

interpret and require in-depth knowledge about metrics.

iii. None of the existing utility supports goal-based qualitylatdons or customizable

evaluation processes.

iv. None of the softwares provide post evaluation recommendat@nimprovements with
an exception to UMLQuality (evaluation software) that proposksited

recommendations in an add-on.
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1.3 Objective of the Thesis

The primary objective of a conceptual model is to provideddneeloper with a semi-formal
vision of user requirements. However, there are variousuwaynodel the universe of discourse.
Although these various formulations can be correct, thightmot necessarily be equal in terms
of their usage. The core objective of this thesis is to dpv@loomprehensive quality approach for

conceptual models. But this objective can be divided medallowing goas.

e Federate the existing work

One of the major problems in the domain of CM quality ikdioh with the existence of
independent and autonomous quality frameworks not drawinduioes from other works. This
has resulted in a non-optimal and non-converging solutionostMof the existing work is

concentrated on complexity and maintainability of conceptuadels thus creating gray areas.

At this stage, it becomes essential to perform a thoroughalure review to federate the
existing works so that a comprehensive quality frameworkbeaformulated and gray areas can
be identified. This will help us in targeting the gray area that a more crisp and clear picture of

CM quality can be obtained.

e  Structure quality knowledge

One of the problems with the existing quality frameworkshiat they are generally only
applicable to a particular CM type such as class diegr&R diagrams, etc. If we classify the
existing literature then we will find that most of the ddure on quality evaluation is valid only
on class diagrams, ER diagrams or Use-cases as these frekeavere formulated with respect
to these specific model types. [Moody 05] reported that oy &f the existing quality
frameworks are generalizable (that is they can be appliedultiple types of conceptual models)

whereas the remaining 95% are valid for a certain modeldype

In view of the above, it becomes imperative that the fdabed/proposed quality approach
should encompass evaluation criteria that should be geaed remains valid for different types
of conceptual models. Moreover, this formulated quality apprahould be easy to use so that

more and more designers use it while evaluating their lmode

Similarly, in order to measure the formulated quality crterelevant and effective metrics

should be proposed or devised so that the impact can be gdantif
e Propose a guided process for quality evaluation and imrpvement
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Another problem with existing quality approaches is that they don’t propose a guided process.
They merely identify and propose evaluation criteria andelethe analyst/designer on his/her
own for evaluation. Similarly, majority of the quality framewofkdls to provide post-evaluation
recommendations for improvement. Thus once the analyst/designdone with evaluation,

he/she is left without any guidelines for improvement.

It is therefore required that the proposed quality appgrostoould encompass a complete
guidance process helping analysts/designers in seldtingelevant quality criteria with respect
to their goals, evaluate the model and guide them in impgothie quality of their CM based on

the evaluation results and quality goals.

o Develop a software utility to automate the evaluation and immvement process

Quality evaluation in CM doesn’t attract many users as it is difficult to evaluate the nhode
manually. People find it difficult to calculate the mie$rby hand. This situation gets worse if the
metrics or model is complex. Similarly, identifying thedavant quality criteria with respect o

quality goal is a time consuming activity.

CM quality evaluation can become much easier and eftidighe proposed quality approach
is supported by a software tool able to perform the follgwin

i. Implement a guidance system
i Manage a hierarchy of quality criteria such as attributesdyics, etc.
iii. Maintain a knowledgebase of evaluation criteria
iv. Define new quality criteria
v.  Calculate metrics automatically on the model
Vi. Provide post-evaluation recommendations for improvement

vii. Implements a mechanism for capitalizing knowledge or pgstréience so that it can be
reused in future to guide non-expert analysts/designers inairgguand improving their

models.

1.4 Overview of the Solution

Conceptual modeling is still considered as an art wtschoiorly supported by methods and
tools. The subject of CM quality evaluation has occupiedlestantial part of the effort devoted
towards conceptual modeling. The impact of CM quality fiscentral concern to computer

scientists, as well as to end-users, and more generallyose who seek to evaluate software
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quality. The literature provides lists of desirable prdiperof CM. The formalization of these
properties is not yet sufficiently well understood and theneo general agreement on the list of

desired properties and on the way they could be measured.

The domain of CM quality is rather young and is fighting wiitle problems mentioned in

Section-1.2. During this thesis we tried to address thes@lems in the following way.

e Formulation of comprehensive quality criteria by federating existing quality

frameworks

In order to reply to the problems mentioned in Section-1.2 anddeide a common yet
comprehensive basis for quality evaluation, we have relied @prtposition by [Moody 05] and
considered synthesizing existing concepts proposed by chsgarand adding new concepts to

formulate a comprehensive quality approach for conceptual isiode

In order to formulate a consolidated set of criteria for CMliguavaluation, different quality
criteria from the previously existing quality frameworksliterature were extracted and filtered.
This aggregation activity used the philosophy behind cone¢ptodeling and quality as its basis
and enriched the model by extracting different concepts fitenpreviously existing literature.
This activity involved the selection of numerous metried garious attributes from the literature,
selecting generic quality attributes (quality attributest tare generic to every conceptual model)
and merging non-generic attributes into generic attribubeg are closest with respect to

semantics.

This consolidation activity resulted in the selectidafitification of a set of quality attributes
that were generic and represent different aspects of theeptwrad models such as complexity,
maintainability, etc. Moreover, the advantage of this psecwas the elimination of redundant
concepts in addition to unification of different framewosddsd identification of grey areas. This
can be regarded as an important step in our approach. Tiikraent activity contributed in the
literature by providing a more comprehensive and flexileeas quality criteria for conceptual
models. We identified a set of quality attributes timzbrporates a wide range of quality criteria
already existing in the literature. Moreover, this comprehenview helped in the identification
of uncovered/gray areas of conceptual modeling quality. For deame identified that only a
handful of researchers have addressed the notion of socialygmalihodels. Social quality is
linked with the stakeholders agreement about the modeldBgeality is discussed in Section-
2.5.2.5)
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In order to cater the issues related to the existence ofpteudtefinitions for the same concept
and different names for semantically same concepts, outi@olincorporates these concepts as
attributes and their different definitions as metricor Fexample, as per our approach
completeness is equivalent to a quality attribute and tha combined all the definitions of
completeness within a single quality attribute named as “completeness” and formulated different
metrics to cater the dissimilar requirements of the evgstiine definitions. Thus, completeness

will have different meaning in different contexts with redpte different metrics.

The existing work on CM quality has classified its evaratcriteria into dimensions,
characteristics, properties, attributes, metrics, Etere is a clear distinction between metrics and
other classification categories due to the widely acceftenat of metrics. However, there exists
a huge confusion among the definitions of attributes,edsions, properties, etin order to
address this issue, we merged all the attributes, diimes, properties, etc. into either attributes or
metrics. A quality attribute in our approach aggregates ladl tlimensions, attributes,
characteristics/sub-characteristics, criteria, prig®r etc. Whereas if an existing concept is a
measurement criterion or a formula then it is class$ifie a metric. This simple distinction among
different concepts helped us in facilitating the comparisetween different concepts by reducing

it at concepts on the same level.

¢ Identification of quality patterns to encapsulate past-expeences and good practices

Design patterns can be regarded as a good example for stoshgxyzeriences as they
encapsulate valuable knowledge in the form of establishedbatter solution to resolve design

problems. However, design patterns were not meant to ekptarget the quality.

We adapted the idea behind design patterns to propost ef guality patterns targeting
quality problems in conceptual models. We identified tleeiméng problems in CM and proposed
the best set of quality criteria for their evaluation and impnoent and encapsulated this
information in the form of quality patterns. Thus whenever soreehas the same type of
problem, he/she can easily employ our proposed qualitgrpatd evaluate and improve his/her

models.

e Propose a guided evaluation and improvement process

We proposed a quality driven process encompassing methodscamigtees to evaluate and
improve the conceptual models with respect to a speaif@lyst/designer requirement or goal.
Our approach guides the analyst/designer during each step pfdbess. The analyst/designer
starts by formulating the desired quality goal. Our approhelps the analyst/designer in
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identifying the relevant quality patterns or quality atites for CM evaluation. Once the relevant
quality patterns or attributes are identified, the procesduetes the model and proposes

recommendations, based on the evaluation results, to imgrevaddel.

The strength of our guided process lies in the fact that evealysifdesigner (including
experienced and inexperienced) can employ our process to &vand improve the model
without any prior knowledge about any evaluation criterion wality framework. Our process
employs a knowledgebase containing all the identifiedityueriteria including quality patterns,

quality attributes, metrics, etc.

e  Software tool automating our proposed approach

We implemented our proposed approach in a software protd@@wheQuality. CM-Quality
incorporates a complete guidance process for evaluating mpobving CMs. The following

functionalities are proposed through CM-Quality:

i. It implements and stores a hierarchy of quality conceptadired) quality patterns, quality
attributes, metrics, recommendations, etc. in a knogdbdse. All these quality concepts

can be added/edited/deleted from the knowledgebase.
. It can be used to evaluate CM based on an analyst/designédicsgeality goal.

iii. It helps the analyst/designer in identifying the relevardlity criteria with respect to their

formulated quality goal.
iv. It can even evaluate dynamic models.

V. It proposes post-evaluation feedback in the form of recommendafmmsnodel

improvement.

vi. It provides three different levels of abstractions i.ealify goals, quality patterns and

quality attributes. Therefore the understandability of eaaduin results is fairly simpler.
vii. Multiple models can be evaluated or compared using CM-Qualit

viii. It can be used to evaluate models designed using any existideler such as Rational
Rose, Objecteering, etc. as long as they are capablgpofteng their models in XMI

(XML Metadata Interchange) standard.

e  Validation of proposed quality approach
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Our approach involves practitioners’ viewpoint as its practical foundation. The basic idea was
twofold: one to study the evaluation strategy employed intjp@@nd second to validate our
approach. We involved experts both academics and practgiarséng surveys, interviews, etc.
For example, in order to be sure that the resultant set ofty@iiibutes (identified from the
literature or defined as new concepts) represents aidbe important aspects (if not entirely) in
the evaluation of CM, an interim validation exercise wasnpéml and performed having
professionals including practitioners as the respond@itis validation exercise tried to collect
the responders’ views on the holistic quality of the conceptual models in addition to their
feedback over the identified/selected set of quality daiteFheir feedback was evaluated and

modifications were made to selected set of evaluatioarzit

Similarly, we also tried to extract knowledge about the fpras by asking them feedback
questions such as to identify the quality aspectsat@aimportant to them in a conceptual model.
Such questions enabled us to study their practices and afgsadtthe quality criteria that had
been used in practice but are unknown to theory. For example o0& daotr respondent listed the
aspects related to practicability of the model to bevegleto quality. They consider that if models
are not practicable due to implementation difficultisach as unprocurable technology, scarce
resources, etc.), design difficulties or time constraihentit is not good. Thus we selected
practicability into our set of quality attributes. Practitiapis different from the already existing
implementability quality attribute as implementability related only to the efforts needed for
implementing a model meaning that model is feasibl& implementable. Whereas practicability

is related to the factors that signifies that the maglabt feasible and implementable.

Such large scale experiment has never been performed vétrermics and practitioners as
respondents. We have carefully selected the respondentsigovalidation experiment and the
average modeling experience among our respondents turned ouifttobe years. Whereas most
of the previously reported experiments were conducted on gswidemd thus lacked the

experience.

Another validation exercise in this regard involved an expearinie assess the efficiency of
employing our approach to improve the conceptual models. 8tgeriment consisted of three

steps in which respondents were required to do the following:

i. Improve the quality of a model using their existing knowledgeagnition. With this
exercise, we tried to study the cognitive efforts put in byoadents and the criteria

employed by them to evaluate and improve the CM using thestirgi knowledge.
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Moreover, this step served as an interesting source of kngevléat identifying and

enriching our proposed quality patterns.

ii. Improve the quality of a model using proposed quality pattentegat. This step helped

in validating the quality pattes’ understandability and ease of use.

iii. Evaluate the results of quality improvement obtained byyapp quality patterns on the

given CM. This step helped in validating the efficiency of gsinality patterns.

1.5 Organization of the thesis

The thesis is organized in a sequential way starting wittoetgh state of the art in chapter-
2. Different existing evaluation methodologies and qualitymfrvorks are categorized and
discussed in detail to obtain an overall idea of currene sihthe target domain. We have also

discussed the other aspects of information systems qualitysaadjdality.

In chapter-3 we discuss our proposed solution in detail. It starts vhithformulation of a
multi-faceted quality approach for conceptual models whexeuwilined the theoretical, practical
and epistemological foundations of our work. It is followsdthe description about our quality
model including the descriptions about each of its compisnsuch as goals (including details
about formulating structured goals), questions and qualitieqmes. This complete data model is
illustrated by a brief example. As our solution is basedjoality pattern and it is one of our
major contributions therefore we describe the concepuality pattern in details along with all of
its components such as quality attributes, metrics amdmmendations. Lastly we include a

complete quality pattern description along with all tHevant details as an example.

In chapter-4 we discuss the quality driven development process (Q2dik dhapter is
divided into two main parts. In the first part, we discties processes involved in the creation of
the quality vision such as the identification of new dygbatterns, quality attributes and metrics
whereas in the second part, we describe the processdgeidvn applying our quality vision on
the CMs. It includes the processes to formulate andlsigner specific quality goals (in a
structured way), mapping of these goals onto quality patteattsputes and metrics for
evaluation. In the last section of this chapter we distus®valuation and improvement process

proposed by our approach.

In chapter-5 we applied our proposed solution and process on a casetetedwluate their
efficacy. We took a real world class diagram of a HanResource (HR) system for evaluation
and improvement with respect to a quality goal. Thisgldiagram is extracted from a model that

was used to develop the HR module for a huge Enterprise Redlartning (ERP) software. The
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original model was approximately ten times bigger than ghlected one and contains several
organization specific concepts that were difficult to emsland by normal readers. Therefore we
selected only those classes and concepts, for our aadg-stodel, that are common among
different organizations and thus might be easier for reddensderstand. Next we formulated a
quality goal and identified the relevant quality patternsl attributes with respect to the
formulated goal. All the metrics were calculated and meo@ndations were generated following
the processes describeddnapter-4 In the next step, we applied all the recommendationthen
target class diagram and re-evaluated the transformed Intodeheck if the proposed
recommendations actually improved the model or not. La#iby,initial results were compared

with the post-implementation results and the findingsewdiscussed.

In chapter-6 we presented our software prototyp€M-Quality” implementing our proposed
solution and process. In the first part of the chapter we desthie application architecture at
multiple levels of granularities whereas in the second par presented different interfaces
available in CM-Quality for quality definition and quality dwation operations. We have taken
small examples to demonstrate the flow of the applipatod also described the searching
process for automatic detection of relevant quality patteritis ngspect to a formulated quality

goal.

In chapter-7,we discuss the two validation experiments conducted for ouroappr In the
first section, we describe on first experiment and gwilts aiming at validating the selection of
the quality attributes from a thorough literature review.Ha second section, we discuss our
second experiment that was conducted to validate theeffiof our complete approach including

quality patterns.

In chapter-8some perspectives of the work are discussed alongthaéttconclusions of the

thesis.

Six appendixes are given at the edghpendixA describes the twenty one quality attributes
that were federated through the literature reviévppendix-Bdescribes the different quality
patterns. Appendix-Cillustrates the human resource ontology used in chdpt® identify
different clusters for improving model complexitgppendix-Dlists the excerpts from the user
requirement document (for HR system, as mentioned above)atkatised in Chapter 5 for
evaluation.Appendix-Eis the evaluation report generated by our prototypefppendix-Fis the

summary of the thesis in French language

Bibliography is given after the appendixes list of author’s publications is provided in the
last part of the thesis.
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Chapter 2
State of the Art

Quality is defined differently by different researchesscpality is highly contextual and is
dependent on multiple view points (consumer, producer, €aality is not an absolute measure
but approximated on the factors considered important for aecofproduct, process, servigces
etc.) from a particular viewpoint. Thus, the notion of qudidy an object from one viewpoint

might not hold for another viewpoint. [Reeves et al. 1994] édfiiour views of quality:
i. Quality as an excellence i.e. quality accessed on soswdudb standards.

ii. Quality as value i.e. assessment of standards of excelleiib respect to the cost of

achieving it.

iii. Quality as conformance with specifications i.e. coesistand quantifiable delivery of

value in relation to specific design ideal.
iv.  Quality as meeting expectations i.e. conformance vefipect to customer expectations.

Quality is considered as an integral part of every objeaid{pt, process, services, etc.).
Different methodologies or factors have been identified iffgrént societies or bodies to ensure
the quality of these objects within their domain. For exampnternational Organization for
Standardization (ISO) has formulated more than 500 standardsensuring standardized
processes (production, distribution, etc.). These standamedsvidely adopted in every industry
and bring prestige to its implementing organization. Tistaedards incorporate the best practices
and tend to propose the criteria to evaluate objects (prophaciess, services, etc.) with respect to
best practices. Thus, conformance of a process or productesjplect to the best practices in ISO
standards is considered to be of good quality. Thus, inhenreadity related to ISO standards

implements the‘quality as an excellence” as defined by [Reeves et al. 1994].

In the field of computer science, the notion of quality is dmfirand evaluated for the

following objects (but not limited to):
i, Quality of Requirements Engineering (both process and pradett as documents, etc.)

ii. Quality of Models (conceptual models such as class dimgr entity-relationship

diagrams, etc.)
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iii. Quality of Computer Systems
iv.  Quality of Data
v.  Quality of services

As this thesis is concerned with the quality of mod#isrefore we will be discussing quality
of computer systems and quality of data in this chapter iitiaddo quality of models. We chose
to review literature on quality of computer systems as tiseaggroup of researchers who consider
that model quality is computer systems quality as maaglsesents computer systems. Similarly,
another group of researchers considers model quality as iafiemquality and thus we chose to

review literature on quality of data to identify if indeed mogiedlity is information quality.

In the next section, we review existing literature on softvearagity.

2.1 Software Quality

Information Systems (IS) require high cost for their maintenaaxtévities and therefore
software quality is considered as an important issueseareh laboratories and in IS firms. The
relative cost for maintaining software and managing its eioluepresents more than 90% of the
total cost [Erlikh 00]. Quality problems inflate systeravdlopment cost and consume scarce
resources in addition to increase error detection and cmmecbst [Thiagarajanet al., 1994].
Similarly, successful adoption of an information system ikelihto its quality, satisfaction and

usage [Nelson et al., 2005].

Information systems evaluation has always been a hot issuey &fforts are devoted towards
the research and development of the methods to improve theraseftquality. Different
researchers have proposed different perspectives and methodwvatuate IS. However,
importantly the evaluation of IS must be based on the @itarceptable to users. For example, if
a user demands a graphical interface then he will nopa@mmmand line software (like UNIX,
DOS). [Boehm 81] considers high user satisfaction levelsabiity, maintainability, robustness
and fitness of use to be the constituents of systemstyjudlhereas, [Elion 93] argues that user
satisfaction levels are inappropriate measures of qualitysas satisfaction is subjective and
varies from person to person and thus cannot yield staisiglts. Similarly, [Hamilton et al.,
1981] also argued about the evaluation of IS based on the uséact@n level. He highlighted
the need to consider different viewpoints for evaluating I8 and thus regards the user

satisfaction to be just one view point.

Literature on software evaluation can be divided into four braadsis:
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i.  General (abstract) evaluation approaches for informationragste
. Defect detection and its rectification
iii. Identification of quality criteria (dimensions, attrilest metrics, etc.) for evaluation

iv. Evaluation of service quality

2.1.1 Evaluation Approaches for Information Systems

[Avison et al., 1993] identified that existing IS evaluatimpproaches can be classified into the

following:

I. Cost substitution: Comparison between the procurementafostd systems and new

system.
. The value added approach: Effects of the systems on the organization’s performance.
iii. Organizational evaluation: Impact on organization strucametuser attitudes.
iv. Evaluation of the process by which systems are produced.

However, rapid development and changes in the IS induairg btrongly affected the above
mentioned approaches. For example, the procurement costifrch less now as compared to
previous times due to abundance of software developmerg fimd outsourcing. [Avison et al.,

1993] has proposed different approaches to evaluation. Such as:
i. Impact Analysis: IS impact on the operations and funstiofithe organization.

ii. Measures of effectiveness: Economic effectiveness (cosffibamalysis), satisfaction of
system objectives, the extent of system use and the opiménthe systems and

information users.

iii. Economic Approaches: Economic benefits attained bytlganizations due to IS such as

decrease in costs, etc.
iv. Objectives: Extent to which the system has satisfiedbjsctives.

v.  User satisfaction: Individual users’ opinions or satisfaction about the functionality of the

IS.
Vi. Usage: Effective systems are frequently used by users.

Vii. Standards: Achievement of the satisfactory standasdspposed to the attainment of the

objectives.
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vii. Usability: Deficiencies of the system for example, if lagter lacks functionality then

user opinion about the usefulness of the system might hurt.

2.1.2 Defect Detection and Rectification

[Ackoff 67] took a different direction and regarded existence ééae to hamper IS quality.
He can be seen as a pioneer to identify the reasonadbdieficiencies in information system
rather than discussing deficiencies alone. He identffiexlassumptions, made by IS-Designers,

which trigger deficiencies in IS. These assumptions are:

I. The critical deficiency under which most managers operstéhe lack of relevant
information (whereas current IS provide so much informatibat its management
becomes a difficult task for managers and the latter eftewlith confused minds as to

what should be appropriate for their requirements).

ii. The manager needs the information he wants (Thus implyirtgrthaagers are aware of
their needs whereas in reality managers have only a fragftimea about their needs and
thus new requirements emerge over the evolution of IS thsidting the change order

requests).
iii. If a manager has the information he needs his decisionngakill improve.
iv. Better communication between managers improves organizhpenformance.

v. A manager does not have to understand how his/her infonmsygtem works, only how
to use it. Whereas, an IS must never be installed umtessnanagers, for whom it is

intended, are trained to evaluate and hence controhigréhan be controlled by it.

Thus, as per [Ackoff 67] if IS designers get over these assonptthey are likely to design
information systems that have limited deficient functidies and thus reducing the maintenance
cost and improving the quality of the information system. €gien Mellon report [Florac 92]

contrasts the above findings and classified the softdefects to be either of the following type:

i. Requirements Defect: Errors made in the definition or specification of the customer’s
requirements. This includes defects found in functionatifipations such as interface,

design, and test requirements; and specified standards.

i Design Defect: It includes all the defects made in thsigh of a software product such as
defects found in functional descriptions (interfaces, contrgic, data structures, error

checking etc)
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iii. Code defect: A mistake made in the implementation alingpof a program. It includes
all the defects found in program logic, interface handlohaga definitions, computation,

and coding standards.

iv. Document defect: These include defects made to software product publication but doesn’t

include mistakes made to requirements, design, or codiogndents.

v. Test case defect: A mistake in the test case thadesathe software product to give

unexpected results.

vi.  Other work product defect: These defects include the efoansd in software artifacts
that are used to support the development or maintenamiegtias of a software product
such as defects in test tools, compilers, configuratioraries, computer-aided software

engineering tools, etc.

[Lausen et al., 2001] chose a narrower definition and proposédSttaefects can be divided
into either implementation defects or requirements defethey have empirically shown the
impact of these defects on the system development and tewvedantified some prevention

techniques.

2.1.3 Identification of Quality Criteria (Dimensions, Attributes, Metrics, etc.) for
Evaluation

Another stream of literature targets the identification ofliuariteria to evaluate the quality
of information systems. For example, [Stylianou et al., 20@®hidentified six dimensions of

information system quality:

i Infrastructure Quality: The quality of the infrastructure tbdtardware and software

(operating system and other utilities required by the builivsott).

ii. Software Quality: The quality of the developed/maintaisedported application or

software by IS.

iii. Data Quality: The overall quality of the data entering toitfiermation systems through

all sources.

iv. Information Quality: The quality of the output or reports origingtirom the information

systems.

v.  Administrative Quality: The quality of the management bé tIS functions such as

budgeting, planning, and scheduling.
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vi.  Service Quality: The quality of the service componentefiS such as customer support

processes, help desk, etc.

Whereas, [Thiagarajanet al., 1994] divides the systemitguato two dimensions: product
quality (system quality and information quality) and processlipu (productivity and
development cycle time). [Nelson et al., 2005] proposed angiremlly validated five
dimensions of systems quality: Accessibility i.e. #ase with which information can be accessed
from the system, Reliability or uptime, response time,ilfldiky i.e. the degree to which a system
can adapt to variety of user needs, and integration i.eiggwa of information from different
sources. Similarly, [Chang et al., 2000] has assesse@etiermance of an information system
along three dimensions: System performance, informagftactiveness and service performance

and three perspectives: IS effectiveness/Success, ISdortaluation and IS service quality.

[livari et al., 1987] identified three constructs, informatigss, accessibility and adaptability
to be the measure of systems quality. Informativeness camebsured by employing relevance,
comprehensiveness, recentness, accuracy and credibilireaghaccessibility can be measured

by convenience, timeliness and interpretability.

[Florac 92] proposed a structure for deriving and describing unable attributes for software
problems and defects to quantify software quality. This tepooposed a Problem Count
Definition Checklist and numerous supporting forms to orgasiziware problem and defect
measurements. The report lists the following five ati&igi that should be checked for possible
defects to improve the quality: Product synthesis, Inspegtitmrmal review, testing (Modules,
Components, Products, Systems, User publications, and lamistal procedures) and customer
service. [Garcia et al. 2006] propose a software measmeontology and provides a framework
that integrates the modeling and measurement of softwaresgescel hey also propose a model

driven software utility that can be used to evaluate diffeaspects of conceptual models.

[Stylianou et al.,, 2000] have identified multiple attribsitto evaluate quality for two IS
processes. Such as for System Development, he regardstiouest, bugs, ease of use, user
satisfaction and ease of fixing problems to be related thitguaimilarly, for system maintenance
he proposes problem resolution time, service quality, ciigle and responsiveness to changes.
Likewise, [Hamilton et al., 1981] regards compliance to glescompleteness of controls, data
currency, response time, and turnaround time as the criibgpiartant for the quality of a system.
Whereas, [Thiagarajanet al., 1994] emphasizes the ingfaetisability on the quality of systems

as reusable components carry maturity and have been testeiti@viene.

22|Page



Chapter 2 State of the Art

There exist several articles discussing the use of rdififequantitative measures such as
metrics to quantify the impact of quality attributes. Sws, [Purao et al., 2003] performed a
thorough review about different types of metrics that can $ml Uo evaluate object oriented
systems. They presented a survey about existing metrics fat abjented systems. For example,
they analyzed the metrics for the coverage of entitigsipates and development states (or
stages). They classified these metrics in multiple wagh ss each metric belongs to either direct
metric type (i.e. metrics that are simpled doesn’t require any interpretations such as number of
classes) or indirect metric type (i.e. metrics reqgirimterpretations). Moreover, they also

provided the evolution of different metrics over the time.

2.1.4 Evaluation of service quality

Another stream exists for evaluating the service qualitynformation systems. [Parasuraman
et al., 1988] can be regarded as the most influentiglexfor evaluating the service quality. They
proposed a 22-item instrument (SERVQUAL) to access custpareeption of service quality in
service and retail organizations. However, SERVQUAL haseived equal appreciation and
adoption into the information system domain. Several reseeschave used SERVQUAL to
measure IS service quality such as [Jiang et al., 20 RRVRUAL classifies the 22-items

instruments into five dimensions:
i Tangible i.e. physical facilities, equipment and appeegaf personnel
ii. Reliability i.e. the ability to perform promised servidependably and accurately
iii. Responsiveness i.e. willingness to help customers andbierprompt services

iv.  Assurance i.e. knowledge and courtesy of employees and tlikity &binspire trust and

confidence
V. Empathy i.e. providing caring and individualized attentorustomers

Different researchers have applied SERVQUAL model onitifi@mation systems domain.
For example, [Jiang et al., 2002] has used SERVQUAL itemngxamine its validity in IS
professional population. Their empirical results sholnet SERVQUAL can be usefully applied
on IS service evaluation systems. Contrary, several i@szar have criticized the adoption of
SERVQUAL model in information systems. [Van-Dyke et al.,971P provides a review of
different problems and issues regarding SERVQUAL that laghlighted by different IS

researchers.
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Similarly, a lot of research has been done in devising methad approaches to evaluate the
software quality automatically. For example, [Akoka et B996] proposed an expert system for
evaluating the information systems in a semi-automatic Whgir system combines qualitative

and quantitative techniques to propose domain specific@&ian of information systems.

After going through the literature one can be ascertain abfmutabundance of different
approaches to evaluate the information systems. Howe\ugrevident that none approach will be
sufficient to evaluate the system. Therefore, it will in@artant to formulate a comprehensive and
multi-perspective evaluation approach for implementing tbdon of quality on information
systems. Here it will be important to re-emphasize Henjilton et al., 1981] argument about the
importance of different viewpoints. That is if the systes evaluated only on one viewpoint then

this clearly shows that all the other viewpoints @itber neglected or are not being discovered.

2.1.5 Standards

Different standards have been proposed by different autor®rbodies for information
systems such as ISO/IEC-9126 for software product quality, ISO14E598 for software product
evaluation, ISO/IEC 15504 for software process assessnmen§imilarly, standards such as ISO
9001 and ISO 9000-3 can be applied on software quality systemsefftfying processes,
products and services within a software development orgamiz according to the 1ISO 9000
model [Wang 02]. However, ISO/IEC-9126 (2001) has widely been aradl for evaluating

information systems within the IS community.

2.1.5.1 ISO/IEC-9126

ISO/IEC-9126 is an international standard formulated by i&Gevaluating software product
quality. Its first version was proposed in 1991 and defiseftware quality through six quality
characteristics and proposed software product evaluation sgoo®del. Current version of
ISO/IEC-9126(2001) is a revision of ISO/IEC 9126 (1991), and retamsame software quality

characteristics. The major differences, as mentionetsing126, 2001], are:
i. The specification of a quality model;
. The introduction of quality in use;

iii. The Removal of evaluation process (which is now specifiedhe ISO/IEC 14598

standards);

iv. The Co-ordination of the content with ISO/IEC 14598-1.
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ISO/IEC 9126: Software Engineering Product Quality (Year 2001) has been divided into

four parts:

i, Quality Model: This is the first, the most influentiahd widely renowned part of ISO
9126 standard. This document contains the set of chaslicierand the relationships
between them which provide the basis for specifying qualityireopents and evaluating
quality [ISO9126, 2001], [ISO25030, 2007].

. External Metrics: This document contains all the neetrthat are used to measure
attributes or characteristics of a software product. Thmeseics can only be applied on

the executable software i.e. in later stages of development.

iii. Internal Metrics: This document contains all the nestthat are derived from the product
itself. These metrics are applicable to non-executasfware products i.e. during

designing and coding [Zeiss et al., 2007].

iv. Quality in use Metrics: This document contains theriogtthat can be employed only if

the software product is used in real conditions.

[Suryn et al., 2003] summarized the ISO/IEC-9126 quality modkl mespect to product life
cycle. Relationships among each of the four parts, merdi@b®ve, can be understood easily

from Figure - 1.

process software product effect of software
product

influences mﬂucnu:s influences

depends on

depends on

depends on

process internal c‘{renml quality in use
measures measures measures measures

contexts
ot use

Figure - 1. ISO/IEC 9126-Model of quality. Source: [Suryret al., 2003]

ISO/IEC-9126 classified software quality into six charactiess and multiple sub-
characteristics. Each of the sub-characteristics eafutiher divided into attributes that can be
quantified employing multiple metrics. However, the ISO standard doesn’t include any

information about the attributes and metrics as the stdnidageneric for all type of software
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products whereas, these two criteria tend to be softwardupt specific as mentioned in the

standard. The six characteristics include the following:

i. Functionality: This characteristic includes the setatifibutes that verifies the existence

of required or specified functions or functionalities withie Software product.

i Reliability: Set of attributes that are used to testghdormance of the software product

under stated conditions verifying its reliability.

iii. Usability: This characteristic is related to evaluatihg software with respect to the easy

with which it can be learned and used.

iv.  Efficiency: This includes the attributes to evaluate bvel of performance with respect

to the usage of resources under stated conditions.

v.  Maintainability: It includes the attributes to evaludke efforts needed to modify the

software product.

vi.  Portability: This characteristic includes the attrémito evaluate the software product for

its transferability among multiple environments.

Are the required
functions available in
the zoftware?

Howeasy is to transfer
the software to another
enwironmert?

Functionali
ity Hawereliable is the

software?

Portabil ity Reliability

Maintainability Usability

|z the software
easytouse?

Howeasy isto
modify the software?

Howveefficient is the
software?

Figure - 2. Proposed characterstics in 1ISO-9126. Sougc[IS09126]

26|Page



Chapter 2 State of the Art

Figure - 2 briefly explains each of the above listed charatiter using simple questions.
Whereas, Figure - 3 lists the proposed characteristiod subeharacteristics available in
ISO/IEC-9126.

1SO-9126
I
I I I [ I |
Functionality Reliability Usability Efficiency Maintainability Portability
[ | _
. Understandab) Time o .
| | Accurateness Maturity L L ility behaviour |_| Analyzability Adaptability | |
. . Resource o o
Security Fault tolerance| | | | Learnability behavior |_|Changeability Installability | |
|_|Interoperability| | Recoverability | | | | Operability | | Stability Conformance| |
Suitability | Testability Replaceability| |
| | Compliance

Figure - 3 Characteristics and sub-characteristics propsed in ISO9126.

[Andreas et al., 2007] applied and extended the ISO/IEC-9126fathmo evaluate the quality
of software components. The Table - 1 shows their proposatitygmodel. The authors have
identified multiple attributes against each sub-char@tierof the model. Similarly, they have
formulated numerous metrics to quantify attributes. Th&lrggestions and experimental
modifications to ISO/IEC-9126 improve the understandabiitythe ISO quality model. They
have proposed this new quality model for software componentsldolyever with some efforts,
this model can be generalized for quality of software in gen€haé model can serve as a good
example to apply and extend the standard to other types of sefpn@ducts.
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Table - 1. Proposed quality model for software component§ource: [Andreas et al., 2007]

Characteristics | Sub-characteristics Attributes

Platform Independence
OS Independence
Hardware Compatibility
Data open-format compatibility
User satisfaction
Functionality Completeness Service Satisfaction
Achievability

Access Control
Resistance to privilege
Auditing

Data Encryption

Error Prone

Error Handling
Recoverability
Availability
Correctness
Transactional

Time to use
Learnability Time to configure
Time to administer
Help completeness
User Manual

Help tools Installation and Administration
Documentation
Usability Support Tools
Operation effort
Operability Customizability effort
Administration effort
Directory Listing
Search & Retrieve
Categorization
Explainability
Throughput

Response Time Capacity

Parallelism

Memory Utilization
System Overhead Processor Utilization
Disk Utilization
Upgradeability
Changeability Debugging

Backward compatibility
Trial version

Test Materials
Parameterization
Customizability Adaptability

Priority

Interoperability

Security

Service Stability

Reliability

Result Set

Identifiability-Reachability

Efficiency

Maintainability | Testability
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Similarly, there have criticisms to ISO/IEC-9126 standadvall. For example, [Cherfi et al.
2007] regarded it as a poor standard for effective quality assesshieey argue that the quality
characteristics defined by the standard have differenhimgs for every life-cycle phase. Thus
they should use different metrics for every characteratieach lifecycle stage for evaluating the
quality. [Kilidar et al., 2005] performed some experimemd found ISO/IEC-9126 ambiguous in
meaning, incomplete with respect to quality charastes and overlapping with respect to
measured properties. They considered the standard unsuitablemeasuring design quality of

software products.

Another important stream of literature in the field of compuwteience, on the notion of
quality, involves the literature on data quality. Theeagshers in data quality domain regards the
above mentioned quality evaluation approaches to be very gefwerdheir domain. They
formulated their domain specific quality frameworks for evahgtdata quality. In the next
section, we discuss some of the existing quality evalndtimmeworks for data quality. We also
discuss the [ISO25012, 2008] standard as it defines a denedity model for data retained in a

structured format within a computer system.

2.2 Data Quality

Data quality can best be defined ditness for use” implying that the concept of data quality is
relative. Thus, data with quality appropriate for one usagginmot possess sufficient quality for
another usage .Therefore, data quality should be evalu&ded aultiple dimensions andog
beyond the famous quality measure of “data accuracy” [Tayi et al., 1998]. Bad data quality leads
to issues such as relevancy, granularity, accuracy, censigtcurrency, completeness, privacy
and security [Redman98]. He identified numerous impacherient to bad data quality and
classified them into three types: Operational Impacts sachreduced customer satisfaction,
increased cost, lowered employee satisfaction, etggicdl Impacts such as poor decision
making, more difficult to reengineer, increased organizatiorisirust etc; and Strategic impacts

such as difficulty to set and execute strategy, issuestafadenerships, etc.

[Wang et al., 1996] categorized data quality into four caiegoand identified quality
dimensions for each one of them. [Wang 98] employed the sategories and dimensions for

information quality:

i. Accuracy of data: Dimensions include Accuracy, ObjettjviBelievability and

Reputation
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ii.  Accessibility of data: Dimensions include Access aadusity

iii. Relevance of data: Dimensions include Relevancy, ValueeAddTimeliness,

Completeness and Amount of data

iv. Representation of data: Dimensions include InterpritygbiEase of understanding,

Concise representation and Consistent representation

[Nelson et al.,, 2005] proposed four dimensions of informationlityuaAccuracy of
information, Completeness of information, Currency of informmaiad Format or presentation of
information. [Pipino et al., 2002] took a broader picture angh@sed an approach employing 16
data quality dimensions: Accessibility, appropriate amafntlata, believability, completeness,
concise representation, consistent representation, easemafipulation, free-of-error,
interpretability, objectivity, relevancy, reputation, setyrtimeliness, understandability and

value-added.

Another stream of literature proposes different qualityitattes and metrics for evaluating
data quality. For example, [Bouzeghoub et al., 2004], [Peealtd., 2004], [Peralta 06b] regards
data freshness to be the most important attribute of datdity for data consumers. They
classified data freshness into two factors and usedpieuthetrics to measure them. Their factors
include currency and timeliness. They have employed nsedrich as currency, obsolescence and
freshness rate to measure the currency factor and timglinesic to measure timeliness quality
factor. Similarly, [Peralta 06a] used surveys and empiritaliss to prove that data freshness is
linked to information system success. They regard data fesshand data accuracy (correctness,
reliability and error-freeness of the data) to be the two ndaimensions of data quality and
provide a review of both quality criteria from multiple pgectives and identified multiple

metrics for their quantification.

[Peralta 06a] and [Peralta 06b] employed semantic correctisgssactic correctness and
precision factors to evaluate data accuracy. Each of these factors utilizes multiple quality
metrics such as semantic correctness ratio, syntactieatnass ratio, granularity, etc. to calculate
data accuracy. [Cherfi et al., 2002a] found attributes siclacguracy, timeliness, precision,
reliability, currency, completeness, accessibility anldvancy to be extensively studied for data
quality evaluation. [Wang 98] presented a Total Data Quaanagement methodology, and
illustrated how it can be applied in practice. They dgved concepts, principles, and procedures
for defining, measuring, analyzing, and improving informatmoducts. Their methodology is
based on the notion that organizations must treat infeomais a product that moves through an
information manufacturing system, much like a physical pcadsimilarly, [Mecella et al., 2002]
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proposed a framework to support data quality managemertddpecative information systems.
This framework includes the design of an infrastructureise for brokering and improving data
quality. They used factors such as accuracy, compledepasency and internal consistency to

evaluate data quality.

[Bouzeghoub et al., 2004], [Peralta 06] analyzed different dmfitrd and metrics of data
freshness that evolved over time in addition to factorsittiltences it. This taxonomy is based
on the nature of data, type of application and synchronizatibciggounderlying the multisource
information system. [Peralta et al.,, 2004] employed tpeiaposed framework to evaluate data
guality in data integration systems to evaluate data freshinedifferent scenarios. [Pipino et al.,
2002] presents a subjective and objective assessmentaofjdality. They employed simple ratio,
min-max operators and weighted average to develop multiplecsd¢d evaluate data quality.

They also demonstrated how their approach can be applieddiicera

2.2.1 Standards

[ISO25012, 2008] is a first version of a new standard and eefingeneral quality model for
data retained in a structured format within a computer syskegan be used to establish data
quality requirements, define data quality measures, am phd perform data quality evaluations.
ISO/IEC-25012 considers two view points (inherent and systependent) and classifies quality

attributes into fifteen characteristics.

[Moraga et al., 2009] extended the ISO/IEC-25012 and proposed aygoaldel, SPDQM
(SQuaRE-Aligned Portal Data Quality Model), for web podata. Their model includes 42
quality characteristics classified under the two proposedpbints of ISO/IEC-25012 and four
categories of PDQM (Portal Data Quality Model) i.e. “Intrinsic”, “Operational”, “Contextual” and
“Representational”. Proposed SPDQM is illustrated in Table - 2.
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Table - 2 SPDQM for web portal data. Source: [Moraga et al., 2009]

system

Consistent
Representation

Point of view | Category Characteristic Sub-Characteristic
Accuracy
I Objectivity
Credibility Reputation
Traceability
Correctness
Intrinsic: This denotes Expiration
that data have quality Completeness
in their own right Con5|st.er.1.cy
Accessibility
Compliance
Confidentiality
Inherent Eff|C|_ency
Precision
Understandability
Availability
Interactive
Accessibility Ease of operation
Operational: This Customer Support
emphasizes the Verifiability
importance of the role| Confidentiality
of systems that is, the| Portability
system must be Recoverability
accessible but secure Reliability
Validity Scope
Applicability
Contextual: This Value-added: Flexibility
S : Novelty
hlghl.lghts the . Relevancy Timeliness
requirement which _|"Specialization
states that data quality Usefulness
must be considered -
within the context of Tracea_blllty
the task in hand Com_plllance
Precision
System Re ) Tl Concise '
presentational: Thig Representation
Dependent denotes that the

must present data in
such a way that they
are interpretable, easy
to understand, and

Understandability

Interpretability

Amount of data

Documentation

Organization

concisely and

Attractiveness

consistently
represented

Readability

Efficiency

Effectiveness
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2.3 Conceptual Model Quality

Systems quality was initially thought to have achieved byrdwipg the programming quality
and productivity. Later it was revealed that these twoedisions have very marginal impact on
systems quality [Akoka et al., 2007] proposed as compareddigrdquality that accounts to 72%
errors in systems development activity [ThiagarajanetLl8B4]. [Avison et al., 1993] argued that
the evaluation of information systems should be done at stagg of the lifecycle to improve its
guality. He has also emphasized the need of evaluatiabeoad range of factors including those
of social and organizational. Similarly, [Akoka et al., 20@fpposed interesting notion of
interdependencies between model quality and data quality. fohmwlated a quality meta-model
encompassing both data quality and model quality. Theyoseja three level evaluation model
for quality consisting of dimensions, factors and metricggiaantification. [Bansiya et al., 1999]
argued that most of the existing available metrics cag balapplied on the completed systems
and there is a huge need for designing quality metricscha be used early in the stages of

requirements and design to improve the quality.
[Booch 91] have outlined four steps involved in Object-Oriented (D€xign process:
i, Identification of different objects or classes
ii. Identification of the semantics of those objects or classe
iii. Identification of relationships among those objectslasses
iv. Implementation of those objects or classes

Thus, it can be hypothesized that if all of the four sEp®O design process are carried out
with care and caution and hold a certain degree of qualitypgbgmps the resulting system be of

good quality.

2.3.1 Conceptual Models (CM)

Conceptual Models (CM) are the abstraction of the univefgiscourse under consideration
[Cherfi et al., 2002b]. They are designed as part of theysisalphase and serve as a
communicating mediator between the users and the dewelupteam. They provide abstract
descriptions and hide the implementation details. CMwadely used in organizations to design
information systems. [Davies et al., 2006] studied theceptual modeling in different
organizations. They identified different modeling technigeemloyed by them and measured the

practitioners’ interest in conceptual modeling.
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Within the context of this thesis we will be using tleent conceptual models to denote the

following:

i. Unified modeling language (UML) Diagrams such as class dimguse case diagram

etc.

i. Entity Relationship Diagrams (ER).

2.3.1.1 Unified Modeling Language (UML)

Unified modeling language (UML) was proposed by Booch, RumbaunghJacobson [RSC
1997] and has become a standard in the IS industry for aiyjeated analysis and design models
[Marchesi 98]. UML 2.0 proposes 14 types of diagrams to designtansy3 hese diagrams can

be classified into three categories:

i.  Structure Diagrams: they include class diagram, compatiegtam, composite structure

diagram, deployment diagram, object diagram, package diagna profile diagram.

ii. Behavior Diagrams: they include use case diagram, gctilagram and state machine

diagram.

iii. Interaction Diagrams: they include sequence diagram, corivaton diagram,

interaction overview diagram, and timing diagrams.

However, UML diagrams have received some criticism on thsisbaf their inherent
complexity. [Siau et al., 2001] employed complexity mettx®valuate the complexity of UML
diagrams with respect to other object oriented methdteir investigation concluded that the
UML diagrams are approximately between 2 and 11 times moneplex than other object

oriented diagrams.

2.3.1.2 Entity Relationship Diagrams (ER)

Entity-Relationship (ER) diagrams were originally propoded Peter Chen [Chen 76] to
model data. ER-diagrams are widely used by researchesglagas practitioners to formulate a
conceptual model or semantic data model of a system. Thiegist of entities and associations

among entities.

Different researchers have proposed evaluation models toag¢@and improve ER-diagrams.
For example, [Batini et al., 1992] can be considered aspiarfor introducing the first structured
approach for conceptual schema evaluation mainly for databaBeey have identified
completeness, correctness, minimality, expressiveneadability, self explanation, extensibility

and normality as the criteria to evaluate the schemas. However, their approach doesn’t include
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any metrics for precise quantification of these criterreemeas their approach encompasses some
transformations for improving the conceptual schemaadd¥ 98] extended the work of [Batini

et al, 1992] by identifying a set of 25 metrics to quantifgheiquality factors for entity
relationship models. He categorized each of the eighttguflctors into four types of actors:
business users (understandability, flexibility, integritgnd completeness), data analysts
(correctness, simplicity), data administrators (integrgti and application developers
(implementability). However, these metrics have neveenbénplemented in any tool nor
validated by some research.

Similarly, [Assenova et al., 1996] identified a set of segeality criteria for evaluation in
addition to providing a set of transformations for improvithg quality of conceptual schemas.
Their evaluation criteria include homogeneity, explicisesize, rule simplicity, rule-uniformity,
query-simplicity and stability. In [Cherfi et al., 2003b], thethors have proposed quality criteria
for multidimensional database models. They defined sitrios to quantify analyzability and
complexity in these models. Their main objective was to mepyuality criteria to increase the
analyzability and reduce the complexity of these multetisional database models. [Genero et
al., 2005] concentrated on ER-Diagram complexity and proposedod aetomatable metrics for
its evaluation. [Garcia et al., 2007] proposed a meta-madetrd measurement process and uses
relational models as an example to evaluate the qualitygy Tised measures such as number of
tables, number of attributes, tables maintenance irdipth of relational tree, number of foreign
keys, schema connectivity index, etc. to evaluate thétgud relational models. However, they
claim that their approach and method can be used for other typenoéptual models as it is
generic and based on UML’s MOF (Meta Object Facility) standard. In [Cherfi et al. 2007], the
authors conducted an experiment with a sample of 120 panisipand have identified a strong
relationship between measured quality and perceived qualigy iave used quality metrics such
as clarity, minimality, expressiveness and simplicity teamjify the measured quality of the
models. They provided 8 models to the participants and &sk th rank those 8 ER models on

the same quality criteria used for measurement purpose.

2.3.2 Conceptual Modeling Quality

Although a CM may be consistent with the universe of diss®, it might not necessarily be
correct. Since CM are designed before the actual implétion of the system, therefore errors in
them are propagated throughout the development cycle andhélawdly impact the development
and quality of an information system [Lausen et al., 2001]s Bhggests that there is a strong

urge for a quality-oriented approach that can help in ensunegdnsistency and correctness of
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the conceptual models. Research in software quality iseramature and produced several
standards such as ISO 9126 and ISO 25030:2007 whereas, dorten of CM, research on
quality evaluation is rather young. The first structuredrapgh dates back to the contribution of
[Batini et al., 1992]. They were the pioneers in proposing gqualiiteria relevant to CM

evaluation. In [Lindland et al.,, 1994], the quality of modeds eivaluated along the three
dimensions: syntax, semantics and pragmatics. [Kaiyal.et2@04] compared different use
diagrams to deal with non functional requirements and [tval.e 2004] proposed a method and

tool to refactor use case models.

Another approach on the evaluation of CM quality puts light enitfiportance of aesthetics.
For example, [Eichelberger 02], [Purchase et al., 2002], [Puratasle 2001b], [Purchase et al.,
2000] have insisted on the importance of aesthetics withinodel. [Cherfi et al. 2007] and
[Cherfi et al., 2002a] have also employed some aspects dfediestsuch as clarity, legibility to
evaluate the understandability of their models. [Purchase.,e2002], [Purchase et al., 2001b]
[Purchase et al., 2000] have identified criteria suchmagmization of bends, minimization of
edge crossing, orthogonality, etc. to improve the aesthefidJML diagrams or ER diagrams.
Their approach evaluates the aesthetics and provides hlgsrir transformations to improve it.
[Eichelberger 02] also provides an implementation of their gggr by proposing a utility that
helps in the evaluation of these aesthetics criteria automatically. However, they haven’t formally
defined any metrics for the evaluation purpose [Cherfi eR@07] and [Cherfi et al., 2002a]

provided clear definitions of metrics to evaluate some aspdanodel aesthetics.

Similarly, another research stream consists of proposirgreaiaible approach or utility driven
evaluation approach to ease the evaluation process by amaigaomputation of metrics. For
example, [Ali et al, 2007a], [Ali et al, 2007b], proposedftware driven automated
methodologies to evaluate different aspects of UML ai@grams such as structure, correctness
and syntax. Their work was inspired from the automatedpedented in [Forsythe et al., 1965]
to evaluate the different diagrams designed by studemda8y, they have also taken ideas from
[Shukur et al., 2004] who have proposed computer-aided markiaterss for engineering
drawings. However, the major shortfall in [Ali et al., 20Pp@ad [Ali et al., 2007b] approach is
due to the fact that they evaluate the models with @sppeone model designed by an expert.
Thus, their approach or utility can only be applied on clasgraias that have a version designed
by an expert. Similarly, the criteria they have usedefealuation is not exhaustive for example,
they compare number of attributes in a class desiggeghbexpert to the class designed by non-
experts to evaluate the completeness of a model. Thais,ajproach could yield wrong results if
non-experts have captured the missing information in somez otass.
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Another big problem in the area of CM quality is due to thegres of autonomous qualit
models. Most of the research done in this area is independent and doesn’t draw their thesis from

other work or doesn’t extend what has already been done in the field. This has led to two issues:

i, Most of the work done in CM quality evaluation is concentrateanodel complexity and

its maintenance.

. There exist multiple definitions of the same concepd different names for semantically
same concepts. For example, [Nelson et al., 2005] idedtdifferent definitions of the
same quality concepts e.g. there exist nine different diefirsi for quality attribute
“completeness”. Similarly, there exist numerous definitions for the same quality concept
and identical names for some semantically differentrice{Purao et al., 2003]. Such
issues have restricted the adoption of the existing quaditpdworks in practice [Moody
05].

The existing work on CM quality classified the evaluatioitecia into dimensions, attributes
or metrics. Therefore, we will be discussing CM quatititeria for each of these types to have a

broader and crisper picture.

2.3.2.1 Quality Dimensions

Different researchers have classified CM quality into déférdimensions based on their
viewpoint. For example, in [Lindland et al., 1994] the qyatit CM is evaluated along three
dimensions: syntax, semantics and pragmatics. [Cheafi,e2002a] proposed a three dimensional
(specification, usage and Implementation) quality frameworkcbnceptual models. They have
regarded model quality through users’ point of view and demonstrated that conceptual models
should be supported by facilities for accessing, developirgyzing, changing and maintaining
concepts used in their construction. [Bajaj 02] zoomed withim different dimensions and

defined readability in CM along three dimensions: Effectass efficiency and learnability.

2.3.2.2 Quality Attributes

Most of the evaluation approaches in CM classify their tualiiteria into multiple quality
attributes that can be quantified employing multiple nueeretrics. For example, [Cherfi et al.,
2002a] [Cherfi et al., 2002b] divided their three dimensianellity framework into the following

quality attributes:

i.  Legibility (the ease with which a conceptual schema carae)
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i. Expressiveness (representation of requirements in a natuyasavéhat it can be easily

understood without additional explanation)
iii. Simplicity (A schema is said to be simple if it contaiihe minimum possible constructs)
iv. Correctness
v. Completeness (degree of coverage of user requirements withmddel)
Vi. Understandability (ease with which the data model camteepreted by the user)
Vii. Implementability (amount of effort needed to implement the efjod
viii. Maintainability (the ease with which a model can evolve)

Similarly, we performed a thorough literature review and idietimultiple quality attributes
for CM quality evaluation. These attributes include: dued complexity, modularity,
modifiability, understandability, readability, etc. Qitya attributes are not independent from one
another and thus they can affect other quality attrbouter example in [Cherfi et al., 2008], the
authors mentioned that expressiveness quality attribute féeat aimplicity quality attributes as
increasing the expressiveness of the model will leadadrttiusion of numerous model elements
for explicit knowledge addition. Thus the model will contain smetements which can increase
complexity that in turn will influence the understandabiland maintainability as shown by
[Genero et al.,, 2002a], [Genero et al.,, 2001b], [Genero eR@1c], [Genero et al., 2000b],
[Manso et al., 2003].

2.3.2.3 Quality Metrics

Most of the research done in the field of CM quality evaluatias devoted to the definition
of numeric metrics for quantifying different characteristafs model. A metric is a specific
instrument that can be used to measure a given qualityrfadere might be several metrics for
the same quality factor [Bouzeghoub et al., 2004]. The afnmetrics are essentially to provide
hints about the quality such as to estimate development aidtenance cost [Marchesi 98].
Some of these metrics can be calculated automatically whereas some can’t because the definition
of these metrics (non automatable metrics) is not basetthestructural characteristics of the
model or those semantic characteristic that are easaltmulate. In the literature, there exist
numerous metrics to evaluate UML class diagram, use-desgams and ER-diagrams. For
example, [Chidamber et al., 1994] have developed and emlpriested a set of six metrics to
measure the three non-implementation deliverables (ldzation of different objects/classes,

Identification of the semantics of those objects/cladsesitification of relationships among those
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objects/classes) identified by [Booch 91]. These metrickidlec weighted methods per class,
depth inheritance tree, number of children, coupling betwegacish responses for a class and
lack of cohesion in methods. The development of these gretteived huge appreciation from
the researchers and triggered a stream of research on usiegnbkeics to evaluate complexity at
different levels and models of design. Similarly, several isog) studies were carried out to

evaluate the efficacy of these metrics. However, thedeianeeceived some critiques as well.
For example, [Churcher et al., 1995] argued about the level thabeess these metrics carry and
failure to provide implementation details, such as whioclmgonents should be included in the
calculation of these metrics. They take an example of nuofo@ethods metrics and argued that
the metric doesn’t provide details about what should be included in its calculation and thus can

lead to multiple interpretations of the same model.

[Cherfi et al., 2002a] and [Cherfi et al., 2002b] have propdsdBdwing quality metrics for
qguantifying their quality attributes:

i.  Clarity: computed as a ratio between number of line crgssin the total links in the

schema
ii. Minimality: calculated as the ratio of non-redundant cpte¢o the total concepts

iii. Concept expressiveness: ratio between the expressive corfegptinheritance link as it

is more expressive than association) and all the conpegdsnt in the model

iv.  Schemas expressiveness: compares model expressiveriesespiect to other models

representing the same reality

v.  Syntactic Correctness: A Schema is syntactically correchdf doncepts are properly

defined in the schema

vi.  Semantic Correctness: A Schema is semantically coiifethe concepts are used

according to their definition (grammar).

[Siau et al., 2001] employed complexity metrics to evaldlagecomplexity of UML diagrams
with respect to other object oriented methods. They prapgsantitative measures to compute
UML complexity. [Cherfi et al., 2006] proposed a set of nustiio measure entropy and lack o
cohesion in use cases. These metrics are use caséicsped cannot be generalized to other
models within the UML. Moreover, they also propose a set lelsrthat can be used by model
designers to decrease complexity in use cases. SimilgEherfi et al., 2003a] proposed a

documentation degree metric to evaluate the understaitgaimodels.
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In the next sub-sections, we have classified some of tistirgg metrics into automatable
metrics or non-automatable metrics. Automatable metrare usually based on structural
characteristics, or some semantic characteristics dhateasy to automate, and thus can be
measured using some software utility. Non-automatableicaetepresents all the metrics that

require manual input for computation and thus’the computed using a software utility.

2.3.2.3.1Automatable Metrics

[Ojha et al., 1994] proposed some really good metrics to ewallifferent aspects of code
complexity such as number of classes, number of attsbugte. Most of these metrics are
transferred to CM quality domain and have been used by heultgsearchers for automatic
evaluation of CM. For example, In [Genero et al., 2004], [Genela. eR003], [Genero et al.,
2002a], [Genero et al. 2002b], [Genero et al., 2001a], [Genero, 2(dl1b], [Genero et al.,
2001c], [Genero et al., 2000a], [Genero et al., 2000b], [Manso, 20413] the authors have used
two sets of automatable metrics (which they referred wizzsand structural complexity metrics)

to evaluate different quality attributes in UML Clasagtam. These sets of metrics are:

i. Size Metrics such as: Number of Classes(NC), Numbektivibutes(NA), Number of
Methods(NM)

ii. Structural Complexity Metrics such as: Number of Asatens (NAssoc), Number of
Aggregations (NAgg), Number of Aggregation Hierarchies (NAggHumYer of
Generalizations(NGen), Number of Generalizations Hieias¢NGenH), Number of
Dependencies(NDep), Maximum Depth Inheritance Tree(MMX) and Maximum

Aggregation Hierarchies(Max AggH).

The authors have used these metrics and applied differeptarah methodologies and

conducted different sorts of experimentation to concludéatawing:

i. There is a significant correlation between the structuwalplexity metrics and the three

maintainability sub-characteristics (understandabilibglgzability and modifiability).

ii. There is a significant correlation between structural glerity metrics and maintenance

time.

iii. The structural and size metrics of class diagrams candikasgood predictors of class

diagram maintainability.

[Marchesi 98] have identified multiple metrics for usesealiagrams and class diagrams that

can be automated. For example, he proposed simple metdlhsas number of use cases, number
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of communications among use cases and actors, etc. ashspphisticated metrics include a
metric to calculate the total number of communicatiansong use cases and actors but without
the redundancies that are introduced due to ‘extend’ and ‘use’ relationships. Similarly, his

proposed metrics for class diagrams include:
i. Total number of classes, total number of inheritance hibies
. Weighted number of responsibilities of a class (inherited §r no
iii. Weighted number of dependencies
iv.  Percentage of inherited responsibilities with respect td totaber, etc.

However, from the above metrics we can notice that [Maich®] emphasizes more on the
inheritance and dependency relationships than on assosiat@gregation, composition, etc.
Similarly, the proposed metrics are related to the coxityleof conceptual models, thus
narrowing the scope of quality evaluation to one dimension. {lal.e 2003] also employed
metrics such as total number of classes, total numberhefitance relationships, total number of
use relationships, total number of parameters etc taulzaée the architectural complexity of the

models in the early stage of development lifecycle.

[Rufai 03] has used multiple criteria to evaluate the lgirty between a pair of UML models.
He proposed two interesting metrics Shallow Semantmil&iity Metric (SSSM) and Deep
Semantic Similarity Metrics (DSSM) to compare the naméghe classes (SSSM) and the
attributes and methods (DSSM) of two UML models representireg same reality. He also
proposed to match the signatures of the classes to findirthiarity between the classes of two
models. Likewise [Zhou et al., 2003] have proposed an entropydbstsecture complexity
metrics to evaluate the complexity of class diagrams.s Thetric employs the structural
complexity metrics defined in [Genero et al., 2002a], [Gerdral., 2000a], [Manso et al., 2003]

to calculate the entropy.

[Yi et al.,, 2004] provides a limited review of the avai@ahbmetrics for evaluating the
complexity of UML class diagrams. The authors have congpamme of the above mentioned
metrics from different viewpoints and found that most b& tchosen metrics have their
shortcomings while being effective or efficient for somecsgecharacteristics of systems. The

acceptance of metrics in practice depends on its conejsteith their view of complexity.

2.3.2.3.2Non-Automatable Metrics
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Another set of proposed metrics in the domain of CM evaluationotd®automated due to

the following reasons:

Inherent complexity of the metrics.

Model properties that aren’t exported in XMI (XML metadata interchange). For example,
XMI doesn’t contain layout information about model elements and thus metrics related to

aesthetics (line crossings, gtean’t be automated.

Absence of technology to automate parts of the metrics @dcsophisticated natural
language processing (NLP) tools to extract important infoonatfrom textual

documents).

Some of the metrics that are not automatable (now, psrpassible in the future) include the

following metrics proposed by [Cherfi et al., 2003a] for quamifytheir quality attributes:

Requirements coverage degree: Comparison between the conceygred by the
modeling element of the conceptual schema and the onesssep by the users through

the requirements.

Reasons: The automation of this metrics is signifigamiifficult as it is difficult to
identify if the mapped concept is the same concept thpio user requirements. Perhaps
by employing advanced NLP techniques we can have soméenoé on the result of
this metrics.

Cross modeling completeness: Compares completeness amoaigl schemas modeling
the same reality i.e. ratio between the number of congeetsent in the model and the

union of all the distinct concepts present in all tbleesnas representing the same reality.
Reasons: Difficult to design multiple models for same fawob

Documentation degree: Every model element (classeshuiéis, etc.) should have

comments associated with it.

Reasons: Most of the model elements have documentat@ilable as a separate
document. For example, entities are modeled in ER-Diagvhereas described in High
Level Documents.

User vocabulary rate: Users can make easy correspondenceehetive modeling

elements contained in the model and the requirements iexheal description.

Reasons: Difficulty in identifying which model elemeodrresponds to which textual

description.
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v.  Cohesion & Coupling: These metrics are usable only ire adsmultiple modules of
conceptual models. It is deemed to have high cohesion fory emedule and low

coupling among modules.

Reasons: There exist some metrics to calculate amhmesid coupling of modules and
some of them might be calculated but most of them arec@nplex and require manual
input.

In the next section, we assess some of the leading sefanlications that propose quality
evaluation for conceptual models. We selected ObjecteeRagional Rose and StarUML
modeling software for assessment as all they are widedd us the industry for designing
different CMs and also offers functionalities for CM evaloat Moreover, we selected

UMLQuality as it is the only application that is dededto CM evaluation alone.

2.4 Software Tools for Modeling and Quality Evaluation

There exist numerous modeling tools for designing differgmes of conceptual models based
on different notations/standards such as UML, Entity Rmaiatiip, etc. These tools include
Enterprise Architect, Objecteering, Rational Rose, Stdi.|WVisio, etc. However, only a handful
among them provides any means to evaluate the quality of tbelsndesigned through them. In
this section we will assess some of these modelingstanld the evaluation methodology
proposed by them. We will only consider the evaluationhawtlogy proposed for conceptual

models and thus will not take into account those for codedject-oriented programs.

In addition to assessing the above mentioned modeling, tae will also assess a tool called
UMLQuality. This tool doesn’t provide modeling capabilities and was conceived for model

evaluation only. Some of the literature used in this sedt adapted from [Kersulec 08]

2.4.1 Objecteering

Objecteering is a commercial modeling tool widely usedhe industry. It supports UML
(Unified Modeling Language) and MDA (Model Driven Architectur)can be used to design
UML diagrams such as use case diagrams, class diagemmysence diagrams, state transition
diagrams, etc. In addition to its modeling capabiliti®@gjecteering also provides an evaluation
methodology for static elements such as classes, packetgesjowever, most of the evaluation
criteria are based on syntactic quality of the modeldofiig are some of the short comings in

Objecteering’s evaluation method:

I, It doesn’t provide any evaluation methodology for dynamic diagrams such as use case
diagrams, sequence diagrams or state transition diagrams.
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i. The evaluation metrics can’t be defined or edited by the user. Thus, the user is

constrained to use the existing set of metrics.

iii. The user can’t choose the criteria important for his/her particular needs. All the metrics

will be calculated automatically whether required or not.

iv.  Users have to interpret the metrics results by themseh@fave to imagine the ways to

improve the model.

v.  There is no post evaluation guidance process or mechanisnottal improvement.

2.4.2 Rational Rose

Rational Rose can be regarded as one of the oldest andywidel modeling tool in the
industry. It supports UML diagrams such as use case daiegralass diagrams, sequence
diagrams, state transition diagrams, collaboration diagraetc. However, as compared to
Objecteering’s evaluation capabilities, Rational Rose provides a very limited set of metrics for the
verification of models. Following are some of the short comings in Rational Rose’s evaluation

methodology:
i. It doesn’t provide any evaluation report.
. It doesn’t provide an evaluation method for dynamic diagrams.
iii. The evaluation metrics can’t be defined or edited by the user.

iv. Users can’t choose the metrics with respect to their needs. All the metrics are calculated

automatically.

v.  There is no post evaluation guidance process or mechanisnottal improvement.

2.4.3 Star UML

StarUML is an open source modeling tool designed to remlagenmercial applications such as
Objecteering and Rational Rose. It supports UML diagraoth as use case diagrams, class
diagrams, sequence diagrams, state transition diagattaboration diagrams, etc. However, it
doesn’t provide support for object diagrams and package diagrams. Similar to Rational Rose,
StarUML provides a very limited set of metrics for the veaifion of models. Following are some

of the short comings of StarUML evaluation methodology:
I, It doesn’t provide any evaluation report.

ii. It doesn’t provide an evaluation method for dynamic diagrams.
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iii. The evaluation metrics can’t be defined or notified by the user.

iv. Users can’t choose the metrics with respect to their needs. All the metrics are calculated

automatically.

v.  There is no post evaluation guidance process or mechanismgoriement.

2.4.4 UMLQuality

UMLQuality est un outil puissant qui s'adresse essentielidnaux experts qualité ou bien
encore aux responsables désireux d'améliorer au pluslatéqualité des produits qu'ils
construisent. UMLQuality is a powerful tool designed to kvaith existing modeling tools such
as Rational Rose, etc. to evaluate the quality of moidstead of designing the models. It is
intended for quality experts aiming to target the qualitythafir models. UMLQuality utilizes
XMI to evaluate models designed using other modelers. Mervdollowing are some of the

shortcomings in UMLQuality:
i.  Absence of any interface for metrics definition

i. Absence of adequate level of abstraction. Users are Idit métrics results and thus it

gets difficult for them to interpret.

iii. There is no guidance process for the users enabling therhotmse the metrics with
respect to their requirements. Either the user seleetsmttirics by himself/herself or all

the metrics are calculated automatically.
iv. Two models can’t be compared to each other

V. Recommendations are not incorporated within the tool.llg-in must be installed in

order to have an access to the recommendations.

Despite the above mentioned short-comings, UMLQualitythe best existing tool for
evaluating the quality of models as mentioned in [Kersujc Dable - 3 summarizes the above

mentioned points about the four evaluated tools.
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Table - 3. Comparison between evaluation methodologiesgposed in different tools

Criteria Objecteering | Rational | StarUML | UMLQuali ty
Rose

Evaluate Static Diagrams Yes Yes Yes Yes

Evaluate Dynamic Diagrams No No No Yes

Granularity of evaluation criteria Metrics Metrics Metrics Metrics

Possibility to Add/edit evaluatin{ No No No Yes

criteria

Interface for defining/modifying th¢ No No No No

evaluation criteria

Guidance process for selecting t| No No No No

requirement/project specifi

evaluation

Comparison of multiple models No No No No

Provision of evaluation report Yes No No Yes

Provision of post evaluatio| No No No Yes (limited

recommendations with plug-in)
In the next section, we classified the existing literatumeconceptual model quality into the

differen

quality,

t types of qualities (such as syntactic quality, asstio quality, pragmatic quality, physical

etc.) proposed in [Krogstie et al., 1998{e chose to use Krogstie’s framework for

conceptual modeling quality for the following reasons:

It is an extended version of the famous quality framework prapbgdLindland et al.,

1994] and so can be considered a bit matured.

It is richer than the preceding quality frameworks as it tified additional types of
gualities in conceptual models such as physical qualitsiakquality, empirical quality

etc.

It is well known among the CM quality community as it Heeen employed by multiple
researchers such as [Cherfi et al., 20JF]aes et al., 2007][Nelson et al. 2005]
[Schuette 91], etc.

2.5 Towards an Instrumented Approach for Quality Management

Considering the literature review presented above, wddceummarize the situation as

follows:

On the one hand we have frameworks. Their main advantagebeir global vision of
quality assessment and their ability to structure theomiag about what to assess and
how to do it. However, they lack agreement about the defindiod the meaning of the

guality concepts they use. These frameworks are also grasged and contain very few
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details on how to use them. This is why they are diffitm understand and even to use

for quality assessment.

ii. On the other hand we have quality assessment approachmagleiuality characteristics
and/or metrics. Their main advantage is the fact that #ére fine grained and could be
operationalized for quality assessment. However, as thagoge no global vision of the
guality, the exploitation of the assessment resultsfikdit to analyze and to generalize.

As for frameworks, they also lack agreement on the quediticepts they define.

In view of the above, we propose to combine the two aboveiomeat visions of quality in an
attempt to exploit the advantage of both. We propose to enrigluatity framework with
guidelines and measurement methods to make the framavsatde for quality understanding,
quality measurement and quality improvement. We have chosegetiaric quality framework
proposed in [Krogstie et al., 1995]. This work will firstopide a synthesized vision of the
existing literature and second by enrich the framework by miogosuitable metrics for the

evaluation of conceptual modeling quality facets.

2.5.1 Krogstie’s Framework for Quality of Conceptual Models

Krogstie’s framework for conceptual modeling quality extends the framework proposed by
[Lindland et al., 1994]. Krogstie pointed out some deficiea in the original framework
concerning the difficulty of quality evaluation based owly the model and introduced the
consideration of participant’s domain knowledge. The resulting framework is depicted in Figure -

4.
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Participant l: ::g:r;'v;g Social actor
knowledge . interpretation
quality
Physical Social pragmatic quality
quality
’j empirical quality
Modeling Semantic Model Syntactic Language
domain quality externalization quality extension

Technical
pragmatic
quality

Technical
actor
interpretation

Figure - 4. [Krogstie’s et al., 1995] Framework for quality of models

In Figure - 4 quality aspects are described as the correspoadeetween two statements
represented by boxes. Modeling domain refers to the set efretats describing the problem in
hand. Language extension contains all the statementsdlét be expressed given a modeling
language. Model externalization is the conceptual modefesenting the domain. Social actor
interpretation is the knowledge perceived by the audieatmeut the model. Technical actor
interpretation is the interpretation of the model by thegoBinally, participant knowledge is
related to the statements made by persons involved in thelimpdrocess to represent the

domain.

The framework defines also seven quality dimensions défasethe correspondence between
pairs of statements. For example, semantic quality chéekmbdel and the domain by verifying

the validity of the represented knowledge and its compéeste regarding the domain.

2.5.2 Instrumentalisation of the Conceptual Modeling Quality Framework
In this section we will present for each quality dimension:
i. A clear and precise description of means associated alityqdimensions. Means could

be guides, methodological advices, tools or any other kindnofwvledge aiming to

facilitate both the dimension understanding and the measent of quality values;

ii. A set of references from the literature to quality att@sudnd metrics containing both the
detail of attributes description and metrics definitioralding a precise characterization

of quality dimensions as well as their assessment.
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2.5.2.1 Syntactic quality measurement

Syntactic quality requires a correspondence between thatioto used and the model
produced. The quality attributes related to this qualitgeshsion deal with correctness regarding
the concepts and constraints of the notation. In theatitee this dimension is measured through
syntactic correctness (the model is syntactically coyresgmtactic completeness (the model is
syntactically correct regarding the notation) and eventuatiymalized (when the notation
requires normalization). To achieve this quality we meshadd tools dedicated to the notation
should develop mechanisms for error prevention, detection angction. For example, an entity
relationship diagrams editor should not allow the definitof a relationship among relationships

and should enforce the completion of cardinalities and iidenrst definition.

Quality means: Error prevention, detection and correction

Quality attributes Proposal

Syntactic Correctness [Ali et al., 2007a], [Ali et al., 2007b], [Cherfi et aR002a],
[Cherfi et al., 2002b], [Moody et al., 2003], [Moody et ¢
2000], [Moody 98], [Moody et al., 1998], [Shanks et ¢
1997], [Zamperoni et al., 1993], [Zhou et al., 2003]
Syntactic completeness | [Briand et al., 1997], [Cherfi et al., 2006], [Cherfi et &
2003a], [Chidamber et al., 1994], [Harrison et al., 19¢
[Lange et al., 2004], [Li et al., 1993], [Marchesi 98]
Normality [Batini et al., 1992]

2.5.2.2 Physical quality

Physical quality refers to the possibility to access rimdel. The model should be visible
somewhere and in a given form. This requires two thingstl¥irthe language or the notation
used should have a mean for model externalization sudiegsossibility to display or to print a
graphical or a textual description of the model. Secgrttie produced model should be available

and accessible in the adequate form for the audience.

At the language level, this requires an adequate chéite motation used. This is captured by
language expressiveness language adequacy and suitabilityy gatalibutes that enable the
measurement of externalization capabilities of a language. ifternalization evaluation,
implementability allows measurement of the effort needednpldment a model in a target

technology (database, web pages, programming language etc).
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Quality means: Externalization : language implementability, model impdetability
Internalization : models availability

Quality attributes Proposal

Implementability [Cherfi et al., 2002a], [Cherfi et al., 2002b], [Moody et,
2003], [Moody et al.,, 2000], [Moody 98], [Moody et a
1998], [Shanks et al., 1997]

Model expressiveness | [Batini et al., 1992], [Cherfi et al., 2002a], [Cherfi et, ¢
2002b]

Language expressivenes [Cherfi et al., 2002a], [Cherfi et al., 2002b]

Language adequacy [Schuette et al., 1998]

Suitability [Kesh 95]

2.5.2.3 Semantic quality measurement

Semantic quality deals with the adequacy of the modetl@dlomain. This includes both the
actual statements coverage and the further extension irgpllgen extensions possibilities of the
model. This requires the measurement of requirements ageethe relevance of the model
representations, the completeness of the model théd beumeasured directly if comparison to
the domain is possible or indirectly using other models ewsirelated to the same domain. It
also required the semantic correctness of the modé&ehsents based on ontology and reuse of

domain knowledge representation or meta-models.
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Quality means: Consistency Checking, Completeness Checking, Relevancykibhec
Quality attributes Proposal

Completeness [Batini et al., 1992], [Cherfi et al., 2002a], [Cherfi et, al
2002b], [Kesh 95], [Lange et al., 2005], [Lange et al., 20(
[Moody et al., 2003], [Moody et al., 2000], [Moody 98],
[Moody et al., 1998], [Shanks et al., 1997], [Simsion, 94]
[Solheim et al., 2006]

Compliance To Meta- [Solheim et al., 2006]

model

Cross Modeling [Cherfi et al., 2003a]

Completeness

Extensibility [Batini et al., 1992], [Kesh 95]

Flexibility [Levitin et al., 1995], [Moody et al., 2003], [Moody et &
2000], [Moody 98], [Moody et al., 1998], [Shanks et ¢
1997], [Simsion 94]

Maintainability [Cherfi et al., 2002a], [Cherfi et al., 2002b], [Genero et
2005], [Genero et al., 2003]

Modifiability [Solheim et al., 2006]

Relevance [Levitin et al., 1995], [Solheim et al., 2006]

Requirements Coverage | [Cherfi et al., 2003a]

Reusability [Simsion 94]

Semantic Correctness [Ali et al., 2007a], [Ali et al., 2007b], [Batini et al1992],
[Cherfi et al., 2002a], [Cherfi et al., 2002b], [Moody et ¢
2003], [Moody et al., 2000], [Moody 98], [Moody et a
1998], [Shanks et al., 1997], [Zamperoni et al., 1993]

Semantic Robustness [Levitin et al., 1995]
Soundness [Kesh 95]

2.5.2.4 Pragmatic Quality Measurement

Pragmatic quality is related to the understanding of mobglsaudience. There have been
several empirical studies on the factors having a tlirepact on understandability. These studies
demonstrated that there are several factors impactiegthjithe understandability of models. The
most cited one is complexity related to both structure aizé of models. However the
understandability could also be impacted by the usagemgfisiconcepts, the documentation, the
naming conventions or simply by choosing model elements n&orsa vocabulary close to the
audience vocabulary (domain vocabulary for example).In order tp heagmatic quality
improvement some means or techniques such as visualiztiifferent levels of abstraction or

detail, animation techniques, prototyping, translatida, @uld be used.
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Quality means: Inspection, Visualization, Filtering/Views, Explanation
Generation, Simulation, Animation, Reporting, Execution/®tygting

Quality attributes

Proposal

Complexity

[Cherfi et al., 2003b], [Chidamber et al., 1994], [Garcia et
al., 2007], [Genero et al., 2005], [Genero et al., 2003],
[Genero et al., 2002a], [Genero et al., 2002b], [Genero el
2001a], [Genero et al., 2001b], [Genero et al., 2000a],
[Genero et al., 2000Db], [Gray et al., 1991], [Lange et al.,
2005], [Lorenz et al., 1994], [Manso et al., 2003], [March
98], [Poels et al., 2000], [Zhou et al., 2003]

Comprehensiveness

[Cherfi et al., 2007], [Levitin et al., 1995]

Essentialness

[Levitin et al., 1995]

Conciseness

[Boehm et al., 1978], [Boehm et al., 1976], [Kesh 9
[Lange et al., 2005]

Self-descriptiveness

[Batini et al., 1992], [Boehm et al., 1978], [Boehm et |
1976], [Lange et al., 2005]

Documentation Degree

[Cherfi et al., 2003a]

User Vocabulary Rate

[Cherfi et al., 2003a]

Explicitness

[Assenova et al., 1996]

Size

[Assenova et al., 1996], [Genero et al., 2005], [Genero €
2003], [Genero et al., 2002a], [Genero et al.,, 200;
[Genero et al., 2001a], [Genero et al., 2001b], [Genero e
2000a], [Genero et al., 2000b], [Li et al., 1993]

Simplicity

[Assenova et al., 1996], [Cherfi et al., 2007], [Cherfi et
2002a], [Cherfi et al., 2002b], [Moody et al., 2003], [Moo
et al., 2000], [Moody 98], [Moody et al., 1998], [Shanks
al., 1997]

Minimality

[Batini et al.,, 1992], [Cherfi et al.,, 2007], [Cherfi et a
2002a], [Cherfi et al., 2002b]

Understandability

[Assenova et al., 1996], [Cherfi et al., 2002a], [Cherfilgt
2002b], [Moody et al., 2003], [Moody et al., 2000], [Moo
98], [Moody et al., 1998], [Shanks et al., 1997]

2.5.2.5 Social Quality Measurement

The social quality underlying hypothesis is that a modekthie result of a stakeholders
agreement about the model. Social quality requiresrtbasurement of the degree of agreement.
However as the collaborative process is not captured irmtheéel direct measurement of this
quality is impossible. However, as this collaborative pssccould generate several versions,
models, views, documents comparison techniques should prawégns for indirect measurement

by capturing similarities and differences.
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Quality means: AgreementCross modeling comparison

Quality attributes

Proposal

Cross Modeling
Completeness

[Cherfi et al., 2003]

Integration

[Moody et al., 2003], [Moody et al., 2000], [Moody 98],
[Moody et al., 1998], [Shanks et al., 1997]

Model Similarity

[Rufai 03]

2.5.2.6 Empirical Quality Measurement

An empirical quality measures how easy to read the med#lis related to aesthetics.

of color

Quality means: Expressive economy, Use of emphasis, Graph and document,lageu

Quality attributes

Proposal

Language Aesthetic

[Eichelberger 02], [Lange et al., 2005], [Lange et al., 200

Minimization Of Berds

[Purchase et al., 2002], [Purchase et al., 2001a], [Pur&ia
al., 2001b], [Purchase et al., 2000]

Minimization Of Edge
Crossing

[Purchase et al., 2002], [Purchase et al., 2001a], [Purdia
al., 2001b], [Purchase et al., 2000]

Orthogonality

[Purchase et al., 2002], [Purchase et al., 2001a], [Psecht
al., 2001b], [Purchase et al., 2000]

Clarity [Cherfi et al.,, 2007], [Cherfi et al., 2002a], [Cherfi et, ¢
2002b], [Schuette et al., 1998]
Legibility [Cherfi et al.,, 2007], [Cherfi et al., 2003], [Cherfi et &

2002a], [Cherfi et al., 2002b]

Communicativeness

[Boehm et al.,, 1978], [Lange et al., 2005], [Lange et
2004]

Readability

[Batini et al., 1992]

Structure

[Ali et al., 2007a], [Ali et al., 2007b]

2.6 Conclusion

One of the major problems in the domain of CM Quality isekistence of independent and
disparate quality frameworks. Most of the existing gydliameworks propose their vision of CM
quality and emphasize on their identified characteristicpeatinent to quality. Thus a reader (or
may be user) is left with a list of different frameworksrearoposing different quality criteria for
evaluation and he/she has to rely on his cognition to ifgethte relevant quality criteria among
that list for his problem. But the qualityf @Ms can’t be improved by employing just one or two

perspectives leaving all other perspectives. Quality is dio@nsional problem and thus must be
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addressed through multiple perspectives. This requiresthibatiser must know all the existing

literature to find a better solution for his/her quality dembs. But this requirement will restrict

the evaluation and improvement activities to quality expertly. However, if some guidance

process can be proposed to users that helps them in idegtifyé relevant quality criteria for

their problem and then guides them through the evaluation mptbvement of the CMs then

perhaps non-experts users might be able to integrate &éwvalaad improvement activities as part

of designing phase. In the following chapters, we presantsolution for the above mentioned

problems. Our solution includes the following:

Federation of existing quality frameworks to formulate a cahensive quality approach

incorporating different evaluation criteria.

Identification of quality patterns, a concept similar toigespatterns but dedicated to
guality, to encapsulate past experiences and good praciitesiescribe the concept of
guality patterns in details along with all of its compomentich as quality attributes,

metrics and recommendations.

Description about our quality model including the desaripgi about each of its
components such as goal (including details about fortinglatructured goals), questions

and quality patterns.

Details about the guidance process helping the usersaioate their CM with the least
possible efforts. This process includes the processesnufate quality goal, mapping of
relevant quality criteria (quality patterns, quality dttries) with the formulated goal,

evaluation of CM and finally propositions or recommendatimn<CM improvement.

Designing of the software utility automating our proposed apgroalong with all the

processes for guiding a user.
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Chapter 3

Proposed Solution

A lot of researchers have proposed numerous metrics to ifyjudimé¢ different aspects of
conceptual modeling such as [Cherfi et al., 2002a], [Chérdil.e 2002b], [Genero et al., 2004],
[Genero et al.,, 2002a], [Genero et al.,, 2001a], [Genero e@D1b], [Genero et al., 2000a],
[Marchesi 98], [Moody et al., 2003], [Moody et al., 2000], [Mygoet al., 1998], etc.. These
guantifying metrics tends to help the modelers in idemt@ythe sensitivity of the problem. Some
of these metrics can be computed automatically such aghDaeperitance tree, cohesion,
coupling, and numerous size and structural complexity ose#&$ defined in [Genero et al., 2004],
[Genero et al, 2001a], [Genero et al.,, 2001b], [Genero eR@bPa], [Moody et al., 2003],
[Moody et al., 2000], [Moody et al., 1998], etc. Similarlyns® of the metrics are difficult to
automate and require human interference or manual inpeh, asuto calculate the number of line
crossings or to compute the requirements coverage watmmodel as proposed in [Cherfi et al.,
2002a], [Cherfi et al., 2002b]. However, the common probleroragrall of these metrics is that
they are at a very low level implementation and thus thedretstanding alone is a cumbersome
and time consuming task. On the one side, the matheahfdienulation tends to complicate their
understanding while on the other side their manual catioun is regarded as repetitive and
fastidious task. Metrics can be compared to low level @mgning module (such as modules
written in assembly language). They don’t carry any abstraction and thus are difficult to
understand and compute manually. It is due to this tteat adoption is not widely acknowledged
in practice. Similarly, it gets difficult for inexperiertenodelers to choose the relevant metrics
for evaluating their models from the list of numerous mstpecoposed by the researchers. For
example consider the following list of metrics: shalloswnantic similarity metric, deep semantic
similarity metrics, total number of classes, total nembf inheritance hierarchies, weighted
number of responsibilities of a class, weighted numberepeddencies, percentage of inherited
responsibilities, weighted methods per class, depth ir@mee tree, number of children, responses
for a class, coupling between objects, lack of cohesion irhadst rule simplicity, query-
simplicity, rule-uniformity, etc. Now if the modeler isterested in checking if his/her model is
easy to maintain or not, it gets very difficult for him/heridentify the relevant metrics from this

list. He/she would require additional support and doatat®n to choose the relevant metrics.
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Thus, he/she will only be interested in employing the dfefew metrics supported by some

modeling tool such as Objecteering.

In reply to these issues, researchers introduced a levebshfaation and proposed quality
attributes that employ different metrics for quantifioatiFor example, [Cherfi et al., 2002a] and
[Cherfi et al.,, 2002b] have defined quality attributes sash clarity, legibility, readability and
maintenance and employed different metrics for their queatibn. Similarly, [Genero et al.,
2002a], [Genero et al., 2001b], [Genero et al., 2001c], [Gesteab, 2000b], [Manso et al., 2003]
have used numerous metrics to calculate complexity retatesize and structure of the model.
[Moody et al., 2003], [Moody et al., 2000], [Moody et al., 989 have also proposed different
attributes and metrics for evaluation. However, despiteettistence of different attributes or
metrics for quality evaluation, there are no generally acdepigidelines for evaluating the
quality of the conceptual models and little agreement eaisisng the experts as to what makes a

“good” conceptual model [Moody 05].

[Moody 05] performed a review of the existing quality framewoidaniplete and partial)ro

conceptual models, his findings can be summarized ale Tdb

Table - 4. Summary of Findings by [Moody2005]

Research Practice' Collaboration'?
Number of proposals 29 8 2
Percentage of Total 74 % 21 % 5%
Empirically Validated 6 0 1
Percentage 20 % 0% 50 %
Generalizablg 5 0 0
Percentage 17 % 0% 0%
Non Generalizable 24 8 2
Percentage 83 % 100 % 100 %

Following are some of the findings inferred from Table - 4:

i. Researchers did not converge towards one quality framewaekt@the proliferation of

quality frameworks).

! Research, Practice and Collaboration represent the source of thevereme
2 Collaboration means that the researchers and practitionersl&eahthe framework in mutual agreement.
3 Generalizable: This implies that the framework can be appligd oanceptual models in general and is

not specific to a particular class of models (e.g. data modeksparticular notation (e.g. ER models).
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i. Practitioners are not actively involved in evaluating theliy of the conceptual models

(due to the scarcity of quality proposals originating from phactice).

iii. There is a lack of collaboration between researchers and aetig (Just 5% of the
guality frameworks were the result of mutual efforts frone ttesearchers and the

practitioners).

iv. There are few frameworks that have been empirically validgdegroximately 18% of
the total).

v. There is a lack of generalization since there exist only 5 fnames that can be
generalizable while others are specific to some dadismodels (e.g. data models) or to

any particular notation (e.g. ER models).

Moreover, the literature review on the quality of the cqgal models suggests that the
researchers have a very little agreement on a “standardized” set of quality criteria for conceptual
models [Moody 05]. Therefore, there is abundance of quality fnaories for conceptual models
and only few of them inherit the ideas from the othemiworks. This has resulted in the
existence of several definitions for the same conceptlsfiteet al., 2005] have identified
different definitions of the same quality concepts e.g.etlexist nine different definitions for
“completeness”. Similarly, there exist numerous definitions for the same quality concept and
identical names for some semantically different metfiRsrao et al., 2003]. Such issues have

restricted the adoption of the existing quality frameworks acfice [Moody 05].

Thus the task to evaluate a conceptual model gets diffieub non-expert due to the absence
of any standardized set of criteria. Moreover, as mentionedeakihe existence of similar
concepts with different names or same names for sembytitiéferent concepts worsen the
situation. In order to reply to the above evidences and to pravidommon yet comprehensive
basis for quality evaluation, we have relied on the prdaposby [Moody 05] and considered
synthesizing existing concepts proposed by researchergddirdyahe new concepts to formulate

a comprehensive quality approach for conceptual models.

3.1 A Multi-Faceted Quality Approach for Conceptual Modeling

The goal of above mentioned enrichment activity was to proposeulti-faceted quality
approach for conceptual modeling that should be generidbldeand remains valid for different
types of conceptual notations (ER models, UML diagrams). éihis proposition aggregates the

existing quality proposals and provides some suggestions rgplete missing elements or
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concepts. We identified a set of 21 quality attributesoubh this activity. The approach

encompassed theoretical, practical and epistemologioabifations.

3.1.1 Theoretical Foundations

Information systems represent a perceived real-world systentarzkptual models are the
first step in their development as they model these systbnorder to create a CM, we need a set
of constructs to model these systems. To determine wioishtizicts should be needed, different
researchers have proposed different approaches as thdoigtidalines. These approaches
include the use of ontology (for ordering and structuring #wedityy), classification theory (for
categorizing knowledge) [Wand et al., 1995], etc. Therer@riews on understanding the use of
CM and their constructs. Similarly, a lot of researchalis about employing ontology for helping

the creation of realistic models for real-world informationteyss.

Likewise, in the field of conceptual modeling quality esmlon, there exist
methodologies/approaches for evaluation. But the problem itiegheir disparity and non-
converging solutions. The existing work on CM quality is irelepent of one another and thus it

gets difficult to have a comprehensive and complete picture.

In order to evaluate a CM, we need a set of criteria anéahamism to structure and classify
these criteria so that they can be identified for usageture. As mentioned above, researchers
have proposed different criteria for evaluation but they arepiewi@ent from one another.
Moreover, there doesn’t exist any approach (or an ontology) that can help in the identification of
these evaluation criteria. Thus it is left on analysifjiess to identify and use the relevant criteria
individually. The absence of consolidated and agreeditguaiteria for CM has demotivated the
acceptance and adoption of evaluation based strategies for C#&1.h&ve shown that
analysts/modelers acknowledge the importance of implengem@iinevaluation strategy for CM
but most of them don’t know if any of such material existed despite their existence. This gap
between existing literature on CM evaluation and its usage dnotipe is due to the fact that
neither a standardized set of criteria exists in the titeeanor a consolidated quality approach has

been proposed and diffused on a wide level.
Two streams of literature can be witnessed within the CNuatian domain:

i. Evaluation literature on a higher level of abstraction suddegifying different types of
qualities, etc. For example, [Lindland et al., 1994] idédiand proposed three different
types of quality for CM. Similarly, [Krogstie et al., 1995|5iau et al., 2001], etc.

extended his framework and identified additional types ofitiesl
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Literature proposing different evaluation criteria at diffeéréevels of abstraction and
granularities such as proposing different quality concegitsbutes, characteristics, sub-

characteristics, metrics, etc.

The main problem with these two independent streams is that they don’t converge at a point.

For example, there doesn’t exist any literature classifying the quality criteria into the quality types

proposed by [Krogstie et al., 1995], [Lindland et al., 19948, &ll the criteria proposed by

researchers have been classified by themselves into gbkiidentified dimensions or quality

types, etc. This has led to several issues, for example:

Same criteria have been placed by different researchetferent levels of abstraction.
For example, completeness for some researchers is a cuttlibute whereas for some it

is a dimension or even a metric.

Everyone defines the narrower version of these quality @&iteraccommodate his/her
vision of it and thus the same concept has been definaderous times by different

researchers differently.

Similarly, the widely accepted quality types by [Krogstieabt 1995] and [Lindland et
al., 1994] have pre-defined and fixed boundaries. And thugxisting criteria are
classified into these types then most of the criteria ldvdae left unclassified. For
example, [Krogstie et al., 1995] version of pragmatic qualikges$ainto account only the
concepts related to the fact that the model is beimderstood and not understandable.
Thus, all the concepts that are related to improvingutingerstandability of the models
couldn’t be included in this dimension. Whereas, [Siau et al., 2001] considers pragmatic
quality to be related to the fact that only one meaning @fntledel can be extracted with
the least possible cognitive efforts. Thus, implicithcorporating all the concepts that
improve the understandability of the model within thisneinsion. We adopted this
extension of [Siau et al., 2001] to [Krogstie et al., 1995ppratic quality and included
all the concepts that improve the understandability ohibeel to be related to pragmatic
quality as well. For example, in Section-2.5.2.4, we idetll quality attributes such as
user vocabulary rate, documentation degree, etc. to thygnpta quality as they help in
the understandability of the model whereas if we would hemained within the
boundaries laid by [Krogstie et al., 1995] then such attebitave been left unclassified

despite their importance.

In view of the above issues, it becomes imperative thatethsting literature should be

consolidated and classified accordingly employing somistieg framework such as that of
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[Krogstie et al., 1995] and [Lindland et al., 1994] as was doremnceptual modeling domain or

any other domain.

Thus, in order to formulate a consolidated set of criteniaCil quality evaluation, we used

existing literature on CM as its theoretical foundation to fadete the following:
i.  Identify the hierarchy of evaluation criteria such as digiens, attributes, metrics, etc.

ii. Define each identified evaluation criteria clearly ananpoehensively such that there
should be one and only one definition associated to it.ebM@r, these criteria can be
classified to only one place at a hierarchy. For eXapgompleteness must fit only to the

definition of one of the following: dimension, attributes, trics, etc.

iii. Devise a mechanism to incorporate or merge different flagbthe same concepts within
the newly formulated criteria. For example, a way to merige different definitions of

completeness into one.

iv. Identify existing or formulate new quantifiable measures fghér level concepts such as

attribute etc. so that their impact can be calculated.

In order to achieve all of the above, different quality ciatefrom the previously existing
quality frameworks or literature, were extracted and filtefiglis aggregation activity used the
philosophy behind conceptual modeling and quality asbé#sis and enriched the model by
extracting different concepts from the previously existibgrdture. The process consists of the

following steps:
i, Selection of various attributes from the literature (detaie discussed in Section-3.)6.1

ii. Identification and classification of relevant metricsoimespective quality attributes for
measurements. For example, metrics such as number of clasedser of attributes, etc.

are used for measuring complexity quality attribute.
iii. Grouping of quality attributes with respect to commonality

iv. Selecting generic quality attributes (quality attributest tare generic to every conceptual

model)

v.  Merging non-generic attributes into generic attributest thre closest with respect to

semantics

This process resulted in the selection/identificatidnaoset of quality attributes that were
generic and represent different aspects of the conceptualelsn such as complexity,

maintainability, etc.Moreover, the advantage of this process was the eliminafisrdundant
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concepts in addition to unification of different framewosdd identification of grey areas. This
can be regarded as an important step in our approach. Tiékraent activity contributed in the
literature by providing a more comprehensive and flexileleo quality criteria for conceptual
models. We proposed 21 quality attributes that incorporatel@ nange of quality criteria already
existing in the literature. Moreover, this comprehensiew helped in the identification of

uncovered areas of conceptual modeling quality.

3.1.2 Practical Foundations

The above mentioned strategy to formulate a consolidatel @mprehensive quality
evaluation approach is incomplete without incorporatingitisghts from the practice and can be
questionable without exercising a proper validation. Most ofwbek done in the field of CM
guality evaluation has originated from research and only a hkoflfine proposals have been
initiated from the practice [Moody 05]. Software Quality Assure (SQA) activity is regarded as
of utmost importance in any organization developing or impleémgnsoftware commodity.
Similarly, the strategic importance of SQA operations banwitnessed by the following two

facts:

i.  SQA team works in the same fashion as that of auditolatiisg themselves from other

teams involved in the development activities.

ii. SQA team is headed by the manager of managers or senirtiggs. Thus, SQA can

influence decision process.

It has been widely accepted in research and practicesftalt the quality of the CM has a
severe impact on the quality of the final product. SirhildAvison et al., 1993] also emphasized
on the extension of SQA scope to all the activities ofdbiware development life cycle. We
conducted a survey to study the modeling practices of diffepapulations (including
practitioners) of IS domain and also to validate the seledf quality criteria from the literature.
Almost all the participants from the practice respontihed their conceptual models are evaluated
and checked by either of the following: analyst, designer, soétweagineer and even project
manager. This implies that the evaluation strategy for Clhisntegral part of testing (could be
within SQA) yet there exist only a handful of proposals origigafrom the practice. Following

can be inferred from the above findings:
I. There is no formal mechanism of CM evaluation in practice

ii. If there exist some formal mechanisms, then either #heyconfidential or proprietary
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However, the commonality in both of the above mentioned dagkat there is knowledge out
there in practice that has not been solicited, formalizet ublished in the research. Similarly,
these practices have never been studied in depth and cooatathiThus, we planned to study

those practices and to incorporate them into our consolid@iglity approach.

Our approach involves practitioners’ viewpoint as its practical foundation. The basic idea was
twofold: one to study the evaluation strategy employed intjge@@nd second to validate our
approach. We involved professionals including practitisngsing surveys, interviews, etc. For
example, in order to be sure that the resultant set ofitguattributes (identified from th
literature or defined as new concepts) represent mosteaifrthortant aspects (if not entirely) in
the evaluation of CM, an interim validation exercise wasnpdal and performed having
professionals including practitioners as the respondditits validation exercise tried to collect
the responders’ views on the holistic quality of the conceptual models in addition to their
feedback over the identified/selected set of quality catefiheir feedback was evaluated and
modifications were made to select a set of evaluatider@i(Details about this experiment can
be consulted from the Chapter 7). Their feedback/viewpoint im considered as a practical

foundation to our approach.

Similarly, we also tried to extract knowledge about theacfices by asking them feedback
guestions such as to identify the quality aspectsat@mimportant to them in a conceptual model.
Such questions enabled us to study their practices andaafsedtthe quality criteria that have

been used in practice but are unknown to theory.

Another approach in this regard involved a set of experimemdumded on post graduate
students over the efficiency of employing our approach to imptbgeconceptual models. We
tried to study the cognitive efforts put in by these studantsthe criteria employed by them to
evaluate and improve the CM without any prior knowledgeuabexisting CM evaluation

methodology. All such activities serve as practical ftations to our approach.

3.1.3 Epistemological Foundations

Epistemology is the branch of philosophy concerned with kndgdgnature and its sources),
and the acquisition of knowledge [Hirschheim 85]. It can baestdered as the theory of
knowledge seeking answers to questions such as whabtsl&dge and how is it acquired? What

differentiates between adequate and inadequate knowletige? e

Many studies in the domain of conceptual models evaluatiorreasidthe problem of

miscommunication between business and IT actors. One ofed®arch directions aiming to
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understand this problem considers an epistemologicalt pifinview based on well-founded
assumptions [Ribbert et al., 2004] , [Schitte 99]. We stutliese approaches as a source for
devising the selection of quality criteria for CM evaluatié-or example, in order to extend the
horizon of our methodology towards epistemological foundatisresemployed [Becker et al.,
2007] epistemological framework. Their framework is fuellegd a set of the following five

questions crucial to building epistemological foundation:
I, What is the object of cognition? (Ontological aspect)
ii. What is the relationship between cognition and the olgecbgnition?
iii. What is true cognition? (Concept of truth)
iv.  Where does cognition originate?
V. By what means can cognition be achieved? (Methodologzct)

Similarly, within the field of Conceptual modeling, [Reckeat al., 2008] have discussed the

following three questions to be crucial when discussingtepiological theories:

i.  What does it mean to engage in conceptual modeling? It refettset epistemological

implications towards the perception of the concepts “model” and “modeling”.

ii. What does it mean to judge the outcome of conceptual mg@elimhis aspect of
consideration refers to epistemological implicationsdads the evaluation methodology,

i.e. as to how evaluation can be conducted.

iii. What does it mean to achieve quality in conceptual modelifig8 aspect refers to

epistemological implications towards the perceptibgumlity.

Within our approach, we tried to find the answer to the almoestioned questions through the
literature review to achieve a strong epistemologggalind. One of the important problems that
exist now is that the researchers don’t take into account the epistemology behind the modeling. It
is very important to understand the logic behind the modelirth different types of conceptual
models. We dig down the classics of modeling and conceptuadels to identify the
characteristics, properties and practices that are dkémmeortant for modeling. This has helped
us in identifying and highlighting the errors in the CM. Sarly, we have also consulted the
literature and detailed meta-models of the important cdoaépnodels to formulate metrics for
the identification of errors and recommendations to imprbeent We translated [Becker et al.,
2007] and [Recker et al., 2008] frameworks into the following sétquestions to guide our way

towards achieving epistemological basis of our approach:
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i.  What are conceptual models (CM)?

i Why do we make CM?

iii. How do CM originate?

iv.  What was the rationale behind CM origin?

v.  What are the alternatives to CM?

vi.  Why do people use their cognition while designing CM?
vii. How do people translate their cognition into CM?
vii. What is the notion of quality for CM?

ix.  Why do we need quality for CM?

X. How can we distinguish between good and bad models?

Xi. How can we prevent bad modeling? etc.

All of the above questions (or similar types of questionspdwlus in identifying the
epistemological foundation of our approach that in turn enahiedin devising effective
evaluation and improvement approach for conceptual modelialityju=or example, we tried to
seek the answer to question “Why do we make CM?” We identified all the reasons that led to the
employment of CM for designing the system such as CMsuaesl to translate end-users

requirements to developers. Thus this leads us to igeamtdf important things about CMs:

i CMs communicate users requirements to developers (oothry recipient) and thus they
should be complete otherwise the missing requiremeiitsiot be included in the final

system.

ii. Since CMs are designed for subsequent stages of developanédnvery often for
developers so that they can know about the users’ requirements. Thus if CMs are not
understandable then the developers might not interprein tlwerrectly or their

interpretation might be wrong.

In view of the above findings, we identified the existing &tere that talked about
completeness and understandability aspect of CM and incltiemd in our approach. This

enrichment process is described in detail in Chapter 7
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3.2 Quality Model Overview

Our approach encompasses methods and techniques to evaluatepeomk the conceptual
models with respect to a certain aim or more precisgjgad and thus this goal oriented approach
relies partially on the famous Goal Question Metric (GQiyproach proposed in [Basili et al.,
1994] and [Basili et al., 1984] can be regarded as pioneeesnfloy goal based evaluation
methodology. [Basili et al., 1988] developed an improvemeiginted software engineering
process model that employs the goal question metric paragiigntegrate the constructive and
analytic aspects of software development. They defin@#1Go be a mechanism for formalizing
the characterization, planning, construction, analysig,nieg and feedback tasks. Moreover,
GQM represents a systematic approach for setting needfisgatiject goals of an organization
and defining them in an operational and tractable waysi[Bet al., 1987] found goal oriented
approach to be feasible and beneficial. Goals areea@finto a set of quantifiable questions that
can use multiple metrics for quantification. [Basili et 4994] provides more details about how
goals are formulated and how the GQM approach can be empldyey. aim to specify a

measurement model for GQM at the following three levels:

I. Conceptual level (Goal): A goal can be defined for an olseth as product, process
and resource) for any reason such as with respect to qualitiffferent points of views

etc.

. Operational level (Questions): In GQM, set of questionsarployed to characterize the
assessment or achievement of a specific goal. Questibasacterize the object of
measurement with respect to a selected quality issue froselected view point.

Similarly, questions can also be used to elaborate theavggais.

iii. Quantitative level (Metric): a quantitative measureadquired to answer the questions

related to a goal using a set of data associated to it.
[Wernick 00] employed GQM and formally elaborated the four siepsGQM-based study:
i The definition of goals
i Posing of relevant, objective questions to determine th@éatent of goals
iii. The definition of collectable metrics which relate to digass

iv.  The analysis of the results to determine the answerstqubstions and their relationship

to the goals.
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There are several research papers that have used GQM dpfooawvaluation. For example,
[Cherfi et al., 2008] and [Cherfi et al., 2002b] employed GQdpraach to evaluate different
dimensions of quality in conceptual models. [Bouzeghoub.ef@01] used GQM as a basis to
construct a quality model for data warehouse. Similarly spiledis et al., 1999] extended GQM
to capture the interrelationships between differerglity factors with respect to a specific quality
goal to evaluate and improve the quality in data warehdbiek et al., 2001] and [Nick et al.,
1999] use GQM technique to systematically develop a measmtgmnogram for the evaluation of
an experience base (an organizational memory for softergaeering knowledge). They also
demonstrated the practical benefit of GQM through a cask svhere GQM was applied to an
existing case-based reasoning system/application. [Degpralz, 2007] applied GQM to create an
assessment methodology specifically tailored to evalleesvolvability and robustness of Free
and Open-Source Softwarel@SS) endeavors. Similarly, [Wernick 00] used GQM to derive
relevant metrics from their FEAST (Feedback, Evolution aafiwi&re Technology) goals to be
used as the basis for data collection programs. [Bouzeghoub et al., 1999], haven’t explicitly
employed GQM approach but have used quality goal based avalaaid improvement approach

for data warehouse.

GQM has been widely used in the industry for different evadnaasks. We employed GQM,
as our approach is based on an analyst/designer specificagoaliLe. an evaluation method
adopted for a particular requirement or formally a pardicujoal. Moreover, our approach
encompasses different evaluation criteria at differea¢ls of abstraction and thus we require a
method to map these evaluation criteria to the analysgfteisspecific needs or goals. However,
our adoption of GQM is slightly different from the traditiof@@QM adoption as in the original
version Goals are translated into metrics via questioher@as in our approach metrics are
numerous and are at the lowest level of abstraction. Thuseed to map these goals to quality
criteria that are at a higher level of abstraction. Anothain reason to link goals with some
higher abstraction criteria is due to the fact that ourr@ggh is applicable to all types of
conceptual models and thus there can exist numerotricséor different aspects of different
types of conceptual models. However, the same aspegtit imbld for a particular quality concern
for all types of models. For example, in order to evaluate theplodity of any model, we can
evaluate the structural complexity (complexity relatechs gtructure of the model) of the model.
This aspect of structural complexity will hold for every aéypf conceptual models. If we would
have opted for direct mapping of goals to metrics then theluBon of this complexity goal

would differ for every type of conceptual models as most ofnietrics are specific to model
types.
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Our approach also employs questions, as proposed by GQivhgagoals to quality criteria as
sometimes analysts/designers specified goals are vageestds and it is difficult to predict the
domain of goals. Our approach lets analysts/designer evaluateptoal models with respect to
their desired quality goal. These goals can be vague asdabyproposed by GQM, questions are
used to transform these goals into more concrete statenTdr@se questions help in narrowing
the domain of the evaluation. In our adoption of GQM, goaldrareslated into quality patterns
through questions. These quality patterns are at thehighiel of abstraction and are responsible
for finding answers to the questions raised in the goalli@uymatterns are discussed in detail in

the following sections.

Figure - 5 depicts the adoption of GQM to our approach. It easelen that different goals are
formulated for evaluating different aspects of conceptuabetso These quality goals are
generally vague and need to be précised in order to operationadizeathievement. Even if
goals are not vague then it is important to interpret thetné same way as was deemed by the
analyst/designer. Thus in order to map the goal into relevalityjgriteria that is relevant to the
analyst’s vision (or any other who formulated the goal) of quality goal, our approach employs
questions. These questions help in identifying the relevpality patterns with respect to
formulated goal. Our approach maps the quality goal on to yyaditterns rather than metrics.
The identified quality patterns are responsible for ewalgathe CMs and later help in their

improvement. The next sections describe each of the comimdepicted in Figure - 5.
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Figure - 5. An iterative quality improvement based appoach

3.2.1 Quality Goal:

Quality goal is the objective desired by an analystfffesi to attain for the object of interest.
As mentioned above, quality goals may be defined for angcgbfor a variety of reasons, with
respect to various quality models, from various points efwgi and relative to a particular

environment. Goals can be defined for the following typfesbjects [Basili et al., 1994]:

i. Products: Artifacts, deliverables and documents such asifispdion documents,

conceptual models, design diagrams or documents, prograshsutes, etc.

i Processes: Time constrained activities related to softwach as specifying, designing,

developing, testing, etc.

iii. Resources: Items used by processes in order to produce tiy@it such as personnel,

hardware, software, etc.

For example, an analyst/designer might be interested to ¢higtler conceptual model for its
correctness, thus the goal in this scenario is correstaed the object of interest is the conceptual
model. This goal can be used to evaluate and improve tleetabjder consideration (conceptual

model in this case).
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However, sometimes a goal statement could be vague anddkds to be translated into more
concrete statements. Thus, in order to obtain these etensratements from the goal, we propose
to employ a Goal Question Metrics (GQM) approach proposd@asili et al., 1988] and [Basili
et al.,, 1984] can be regarded as pioneers to employ goatl masluation methodology. They

categorized goals into two categories:

i Goals that may be used to evaluate a particular softWarelopment methodology

relative to the claims made for it;
ii. Goals common to all methodologies.

GQM represents a systematic approach for setting need-{spexibject goals of an
organization and defining them in an operational and tractahje Similarly, [Basili et al., 1987]
employed the notion of goals to implement the improvementegs® by setting project
improvement goals, characterizing those goals and the emvinoinvia defect profiles in a
guantitative way, choosing methods and tools to evaluate dlualabehavior and refining the
project goals based on the evaluation results. Goals fémedénto a set of quantifiable questions

that can use multiple metrics for quantification.

[Basili 93], [Basili 92], [Basili et al., 1988] proposed a séttemplates for formulating goals
and a set of guidelines for deriving questions and metricadorexperience analyst/designer as
the process of setting goals and refining them into quabnigfiguestions is a complex task and
requires adequate experience. The authors proposed that geal should have purpose,
perspective and is valid for an environment. The purpose of theigito define the object(s) of
study. There can be several object(s) of study from niellpprspectives within a same goal but it
might be wise to break such complex goals into severallsingpals. Similarly, perspective of a
goal is meant to position it for evaluating the object(sktoidy at a particular angle or set of
angles. The purpose of environment is to define the coonfestudy by defining all aspects of the
project. The environment should include all those fadtioas may be common among all similar
projects and must be stored for future comparison. Howevethdnabsence of any storage

mechanism or for independent goals, this aspect can beeijno

The scope of each of the above mentioned components for fornguéagoal are as follows (
Table - 5), formally defined by [Basili 93]. These categatians or guidelines can be used to

structure goals or help the analyst/designer in formulatialy goals effectively and efficiently:
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Table - 5. Goal formulation template

Purpose to analyze objects such as products, processes, resources
for (or why) characterization, evaluation, prediction, motivatic
improvement
Perspective | with  respect tg cost, correctness, defect removal, changes, reliab
(focus) effectiveness, user friendliness, etc.

from the point of| user, developer, manager, customer, corporation, etc
view of (who)

Environment | in context of process factors, people factors, problem factors, resc
factors, methods, tools, constraints, etc.

For example, the goal to evaluate the completeness of coratepbdels can be structured

using the above guidelines in the following way:

to analyze Conceptual model
Purpose :

for Evaluation

with respect to Completeness
Perspective | from the point of |Analyst

view of

In the above example, we can notice that an analyst/designéficsgeal in natural language

can easily be transformed into structured goals using tlielings proposed in [Basili 93].

Next step in our approach involves the employment of GQM’s questions to translate vague

goals for evaluation.

3.2.2 Questions:

Qudity goals are translated into questions. These questiogslp analysts/designers in
narrowing the scope of goals yet specifying its domain ande@sing the details about it.
Moreover, these questions also help in identifying the et criteria with respect to the
formulated goal. If the goal is clearly formulated, thers thénslation process could be effective
and easy. However, if the goals are vaguely defined therintn@duction of questions will
enhance its mapping onto the appropriate evaluation crit@riguality estimation and possible

improvement.

The process of setting goals and refining them into quabléfiguestions is a complex task
and requires adequate experience. [Basili 93], [Basili 9Bhsili et al., 1988] identified

guidelines to formulate product and process related quedtiomsthe formulated goal. For each
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target product/process there are three major sub goaladhdtto be addressed: definition of the
product/process, definition of the quality perspectives tdrést and the feedback related to the
quality perspectives of interest. The summary of eacheaxfetlguidelines are presented at Table -
6. Since we are interested in formulating questions foceptual models, therefore we adopted

only the propositions with respect to models.

Table - 6. Guidelines to formulate questions related toomceptual models

Sub-goals Type of Questions (Specific to Conceptual Models)
Definition It includes questions related to:
i. Physical attributes such as size, complexity, etc.
il. Modifiability or maintainability of the model
iii. Defects such as errors, missing requirements, etc.
iv.  Context of the model
Quality Perspectivey It includes questions related to the following:
of Interest i. Readability, understandability, etc.
. Aesthetics of the model
iii. Conformance to the syntactic requirements of the modeling
language
iv. Validity of the model for a target domain (semantic vayidit
v.  Semantic completeness of the model

Vi Model effectiveness
Vii. Substantiation of the model (i.e. whether results argoregble
from various perspectives)
Feedback It includes the questions related to improving the modatixe to the

qguality perspective of interest and suggestions for improvement

For example, the following set of questions can be gertetat®ugh the above mentioned

guidelines for the quality goal presented in the previoos@eabout model completeness:
i, Is completeness related to syntax?
i. Is completeness related to semantics?
iii. Is completeness related to requirements coverage? Etc.

Each of the questions helps in the identification of @wa@bn criteria relevant for the quality
goal in context. In the above set of questions, if the answer to the three questions is “yes”, then it

means that the model must be evaluated for completengssaspect to:
i.  Syntactic requirements by the modeling language
ii. Semantics requirements by the modeled domain and
iii. The user specified requirements.
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In our approach, questions help in the identification of relearality patterns for model
evaluation and improvement. These quality patterns ara htgher level of abstraction as

compared to metrics. Quality patterns are describeldeimext section.

3.2.3 Quality Pattern:

As mentioned in Section 3.1.1, we performed a thorough retoegapitalize knowledge and
we formulated a set of 21 quality attributes. This prooddshowledge capitalization involved a
thorough literature review and identification of new quadittributes for the gray areas. However,
the selection of the above mentioned quality attribfesany evaluation project can be trickier
for a non-expert analyst/designer. Even though it will be muabler if compared with the direct

selection of employing metrics for evaluation due to @il®Wing reasons:

i. There exist numerous metrics to measure diverse aspecifseoéit types of conceptual
models. Thus it is difficult to remember all the meatrend finding the relevant metrics

from the directory of metrics can be a difficult task and rigbur errors.

ii. Attributes serve as an abstraction and consolidatet afsall metrics relevant to a
particular aspect of conceptual modeling. For example, “structural complexity” attribute
will contain all the metrics relevant to the comptgxof every type of models due to their

structure.

The process for selecting the relevant quality attribwiigls respect to desired goal remains
trickier for a non-expert analyst/designer and thus requiretsepth knowledge about eaclh o
these attributes and what they propose. We found thet thea lack of methodologies putting
together the evaluation of conceptual models and their imprewenrough a real guidance
process. Often the readers are left with a proposed sewalfiation criteria (dimensions,
attributes, metrics, etc.) that can be used for evaluafiod. since these evaluation criteria are
independent of other proposed criteria, as mentioned ablows,the reader can only think of

employing the proposed set of criteria in hand. This cante#tree problems:

I, Either the readers find an incomplete solution due tolithiked amount of information

provided by propositions in hand, as most proposals tend totbeamous.

i The reader finds a non-optimal solution to a problem for ipierhaps a better solution

is proposed by some other proposal.

iii. It gets difficult for the readers to interpret the evalatesults in order to improve their
models, as most of the proposals fail to provide postuatiain improvement guides
[Moody 05].
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From the above problems, it can be noticed that the doofagonceptual modeling quality
lacks a consolidated approach that capitalizes existingvledge and past experiences and fails

to provide a guidance process incorporating both evaluation gmdwement aspects.

The above mentioned problem in conceptual modeling cacobmpared to problems incurred
by programmers in the early days of software developmeniptise as it lacked capitalizations
of knowledge, sharing of experiences, etc. back then. Thesy@ne sought his/her particular
solution to a common set of problems indulging into recurringraddndant activities. The main
shortfall in their autonomous effort was the absence of mgueskisting experiences i.e. devising a
not-so-good solution for a problem where a better solution exisiéé. same scenario holds for
design activity. The remedy to this was the proposition ofgdepatterns addressing recurring
problems by proposing a fairly good solution and most impdytashévising an approach to
capitalize experiences. Design patterns encapsulatahal knowledge in the form of established
and better solution to resolve design problems for addrgsigEsign quality [Hsueha et al., 2008].
However, design patterns don’t explicitly target the quality but propose an established solution to
a common problem. In order to incorporate the notion of qualityuatian or improvement
within the design patterns, a new concept (named aktygpatterns) has recently emerged. It
uses the epistemology of design patterns and includesriarito guide the evaluation of
conceptual models and suggestions to improve them. Theegbé quality patterns was first

proposed by [Houdek et al., 1997] and it targets the softaragmeers.

[Cherfi et al., 2008] argues for employing quality pattermgytiide the evaluation process.
They proposed a quality pattern meta-model and a three phasation process. Their proposed
phases include, quality specification phase, quality nreasent phase and quality improvement
phase. They have also tried to find a relationship betwlesign patterns and proposed quality
patterns. Their work can be regarded as a ground breaking fotyquettern driven modeling
process. We adopted this concept of quality patterns, to incoepthra guidance process in the
selection of the relevant and related quality attributeg¥atuation process. Thus, next portion of
our approach is based on the idea proposed by [Cherfi 208B]. We extend their approach and
present a more comprehensive quality pattern driven ev@uand improvement process for

conceptual models.

3.3 Example of approach:

We will use a simple example to demonstrate each ofdbhe domponents of our approach,
For example, consider an analyst/designer interested in éwgluand improving his/her
conceptual model. He/she defines the following goal: “Is my model easy to change?” We can
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structure this goal by employing the guidelines spetifie [Basili 93] and demonstrated in the
above sub-section. In this goal, we can identify thatpimpose of the defined goal is to analyze
the CM for evaluation and the context of the goal is to tatigetproblems related to future

extension and evolution of the CM from the analyst’s point of view.

Is ease of change related to
new requirements?

Purpose: To analyze the
Model for Evaluation Is is ease of change related to

model maintainability?

Goal Question
Perspective: Ease of Change

from Analysts Point of View Is ease of change related to
model understandability?

Model Maintainability

Model to be evaluated

Quality Pattern

Model Understandability

Figure - 6. An example of our quality improvement approah

However this defined goal could lead to multiple solutions. To precise the analyst’s/designer’s
requirement, we can employ the following questions to natfmvscope yet précising the exact

requirements:

Q1: is ease of change need related to new requirememsgerations?
Q2: is ease of change need related to model maintaiy&bili

Q3: is ease of change need related to understandabiline ahddel?

It can be noted from the above questions that Questions 2 areldirectly related to change
with respect to incorporating and/or modifying the existing negments, whereas question 3 is
related to understandability of model that is indirectliatred to the ease of change. Thus by

answering to these questions, the direction or domain ajdhkcan be narrowed to modifiability
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and/or understandability. The final decision will helpe thnalyst/designer in choosing the

respective quality patterns for evaluation.

In this example, we can see from the Figure - 6 thaatiadyst/designer is interested in both
aspects of the goal i.e. modifiability and understandglof the model. Thus, only those quality
patterns will be employed for evaluation and improvementdhatelated to these two aspects of

the model.

3.4 Quality Pattern Meta-Model

Quality patterns can be identified and formulated usinggireeric and simple quality pattern
metamodel presented in Figure - 7. A Quality pattern usesiptelguality attributes for quality
evaluation. Each of the quality attributes can employ maltipetrics for quantification. These
metrics can be dependent on model type (ER-diagrams degram, etc.) or model element
(entities, classes, ejcFor example, “Number of class” metrics can only be applied on the classes
(model element) of UML class diagram (model type). Howesinjlar or equivalent metrics can
be devised for other model elements of different types of méaelexample, an equivalent of
“Number of class” metric for ER-diagram would be “Number of entities” metric so on and so

forth.

The strength of our approach lies in the post evaluation feedhaitle form of predefined

transformations, textual recommendations and/or appropiésign patterns for improvement.
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| Related patterns

QualityAttribute Uses QualityPattern

1..n 0..n
Measures
0.*
Suggests
QualityMetric
Calculated on
Is applied on -
ModelElement Recommendation
ﬁ&
Transformation DesignPattern TextualRecommendation

+Rglaied Pattjms

Figure - 7. Quality Pattern Meta-Model

3.5 Quality pattern

From the above quality pattern meta-model (Figure - 7)aritlze noted that a quality pattern
can use multiple quality attributes to solve a problenthiwia context. Similarly, a quality
attribute can be used by multiple quality patterns. Aaliy attribute in turn employs multiple
metrics for quantification. All quality attributes are geneaind thus remain valid for all model
types. However, the metrics are dependent on elemeldssés, entities, etc.) of different
conceptual models (Class diagram, ER-diagram, etci.ekample, “Structural Complexity”
attribute can be used for class diagrams, ER-diagramd;lewever, the selection of metrics will
depend on model type. In case of class diagram, thibw@erivill use metrics such as number of
associations, number of aggregations, etc. whereas ino€&f-diagram the metrics will be the

number of identifying relationships, the number of mamynany relationships, etc.

Based on the results of different metrics, numerous re@mations are proposed for
improvement. These recommendations could be in the formextual recommendations,

transformations (automatable or non-automatable) and/ogrdgstterns. As visible from the
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model, a metric can propose multiple recommendationsil&8ly a recommendation can be

proposed by multiple metrics.

Quality patterns capitalize the experience and providesaablished solution to a recurring

problem. In order to define the structure of quality pattems, merged the propositions of

[DeLano et al., 1998] and [Gamma et al., 1995] for design patterd add additional information

for helping the automatic searching. Quality pattemescamposed of:

Vi.

Name: A significant name summarizing the pattern objective. &me is very important
as it is used to communicate the usage of the qualiterpatib analysts/designers. If the
name doesn’t clearly identify the quality pattern then it might not be found and employed

by the implementer.

Context: Characterization of the situation in which the pattgppli@s. The context must
be defined clearly in order to apply the pattern on the sitnatit is deemed for. Every
quality pattern can’t be applied to all the situations. Most patterns are specific to a

situation or a class of situations.

Problem: Description of the problem to solve or the challenge to be adédde Problems
should be mentioned clearly so as to help the implementdeitifying the problems that
can be solved using this pattern. The problem definitioanismportant part of quality
patterns as it educates the implementers about thes tgp problems and how such

problems can be solved.

Solution: The recommendation to solve the problem. The solution shbaldwell

explained so that the problem can be rectified with easthdymplementer. If a quality
pattern proposes a better solution for a recurring problem atiieifsolution is well
defined then it can be deemed that this quality pattethbeiemployed frequently for

improving the quality.

Keywords: A list of keywords related to the pattern content. These aktgords are
included in the quality pattern so as to ease the effideatching of quality patterns.
Every quality pattern should have relevant, self explanaamiy as many keywords as
possible so that the quality pattern be found by the im@fder or software utility

efficiently and with ease.

Related Patterns:Patterns that are closely related to the one descritbedidentification
of related patterns can bring significant improvement ingih&lity process as the scope

of evaluation can extend after including the relevant relatealitqupatterns to the
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evaluation process. Similarly, related patterns can alslp hthe implementers in
understanding the different problem dimensions and dytpes of problems related to the

one they are targeting.

3.5.1 Quality Attributes

Quality attributes can be defined as the group of propedieservable over the product
lifecycle [Preiss et al., 2001] or the group of properties efdérvice delivered by the system to
its users. The service delivered by a system is its wi@has it is perceived by its user(s)
[Barbacci et al., 1995]. Similarly, [SEI, CMU] defined quglittributes to be the benchmarks that
describe system’s intended behavior within the environment for which it was built. The quality
attributes provide the means for measuring the fitnesssaitability of a product. Within system
engineering domain, quality attributes can also be redaaddghe non-functional requirements for
evaluating the performance of the system. These attsbarte also refetd to as “ility” due to
suffix of many of the quality attribute such as “compatibility, extensibility, modifiability, etc.”
[Manola 91] defines "ility" as a characteristic or qualifya system that applies across a set of

functional or system requirements.

There exist numerous definitions of quality attributes #gedo different domains and
applications. Similarly, the semantically equivalent concept of term ‘quality attribute’ has been
synonymized into different terms such as characteristissialS0O-9126, etc.), dimensions,

factors, etc.

Quality attributes provide an abstraction to a set of tfasdated and similar metrics. In our
approach they are at the second level of abstraction gdiaity patterns. Different aspects of
conceptual modeling quality are identified and classifi@d multiple attributes. Each attribute
has to be generic and should remain valid for all types of @bmakmodels. Thus attributes
related to some specific notation (UML, ER, ptean’t be selected. Different researchers have
placed attributes at different levels of abstractiod #ius there exist numerous attributes in the

literature that are specific to a particular notation.

Similarly, the existing work on CM quality has classified tkgaluation criteria into
dimensions, attributes and/or metrics. There is a dstinction between metrics and other
classification categories due to the widely accepted folhametrics. However, there exists a
huge confusion among the definitions of attributes and dsio&is. Some researchers have
defined a concept as a dimension whereas some ottearcbsrs have used the same definition
and called this concept an attribute. Consider the fatigwable (Table - 7) listing numerous

dimensions proposed by different researchers:
78|Page



Chapter 3Proposed Solution

Question: What are Quality Attributes?

Answer: Quality attributes are the group of properties observable
over the product 1lifecycle [Preiss et al., 2001] or the group of
properties of the service delivered by the system to its users.
The service delivered by a system 1is 1its behavior as it 1is
perceived by 1its user(s) [Barbacci et al., 1995]. Similarly,
[SEI, CMU] defined quality attributes to be the benchmarks that
describe system’s intended behavior within the environment for
which it was built. Within system engineering domain, quality
attributes can also be regarded as the non-functional
requirements for evaluating the performance of the system. For us
quality attributes provide an abstraction to a set of closely
related and similar metrics relevant to some property or
characteristic of CM evaluation. Every quality attribute must be
generic i.e. 1t should remain valid for all types of conceptual
models.

Table - 7. Dimensions proposed by researhers

Proposal Dimensions

[Bajaj 02] Effectiveness, efficiency, learnability

[Unhelkar 05] syntactical correctness, semantic correctness and consistanky,
aesthetics

[Moody et al., 2003], Flexibility, integration, implementability, correctnessompleteness
[Moody et al., 2000], integrity, simplicity and understandability
[Moody et al., 1998]

[Levitin et al., 1995] | Relevance, unambiguous definition, obtainability of value,
comprehensiveness, essentialness, attribute granuldoityain
precision, naturalness, occurrence identifiability, homegly, semantic
consistency, structural consistency, robustness, filayib

[Ballou et al., 1985] | Accuracy, timeliness, completeness and consistency

[Pipino et al., 2002] | Accessibility, appropriate amount of data, believability, ptateness,
concise representation, consistent representation, easardpulation,
free-of-error, interpretability, objectivity, relevancy, reputatj security,
timeliness, understandability and value-added

[Wang et al., 1996] | Identified four categories, each having multiple dimensions:
i. For data accuracy: Dimensions include Accuracy, Objegtivit

Believability and Reputation

il. For data accessibility: Dimensions include Access asulifSty

iii. For data relevance: Dimensions include Relevancy, Valded,
Timeliness, Completeness and Amount of data

iv. For data Representation: Dimensions include Interpretabiige
of understanding, Concise representation and Consistent
representation
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The above mentioned dimensions can be directly quantifigoging metrics. For example,
completeness can be easily quantified using metrics sischequirements coverage degree,
semantic completeness, etc. Thus these dimensiensairat the same level of abstraction as
being the quality dimensions/types proposed by [Lindlandlet1994] (syntactic, semantic,
pragmatic), [Krogstie et al., 1995] (syntactic, semanticgmatic, perceived semantic, social) or

[Cherfi et al., 2002a] (specification, usage, implemeatgtietc.

In our approach, we combine all the dimensions in Table(and similar dimensions) as
attributes. However, the dimensions proposed by [Lindldaral.e1994], [Krogstie et al., 1995],
[Cherfi et al., 2002a], etc. are not at the same level bstraction as the above mentioned
dimensions and thus can’t be considered as attributes. Moreover, these dimensions are just a way

of classifying different criteria.

Similarly, 1SO-9126 standard classified the quality crteinto characteristics (such as
maintainability) and sub-characteristics (such as chailijga testability, customizability).
However, these quality characteristics are variousliedajuality dimensions, factors, principles,
criteria, categories, goals, etc. Curiously, none of topgsals uses the ISO terminology [Moody
05]. In our approach ISO sub-characteristics are equivalequatlity attributes and thus we have
also merged some important concepts from this standaaw oot attribute set such as

maintainability.

Another problem in the area of CM quality is the preserfcedependent and autonomous
quality frameworks. These frameworks does not position anttagsinthemselves with existing
frameworks or use them as basis for extension. Thus thatlite on CM quality evaluation is not
converging to a set of agreed concepts and this divergence $dtedein the existence of
multiple definitions for the same concept and différaames for semantically same concepts.
[Nelson et al., 2005] have identified different definigoaf the same quality concepts e.g. they
have identified nine different definitions for quality attribute “completeness”. Similarly, there
exist numerous definitions for the same quality concept arehtithl names for some
semantically different metrics [Purao et al., 2003]. Sssliés have restricted the adoption of the
existing quality frameworks in practice [Moody 05]. Our approdsb &corporates these issues
and includes these concepts as attributes and theiratiffdefinitions as metrics. For example, as
per our approach completeness is equivalent to a qualiipuaétrand thus we combine all the
definitions of completeness within a single quality attribute named as “completeness” and
formulated different metrics to cater the dissimilar requiats of the existing nine definitions.

Thus, completeness will have different meaning in difiemntexts.
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Summing up, a quality attribute in our approach aggregatéseatiimensions that are at the
lower level of abstraction (as explained above), attriputbaracteristics or sub-characteristics,
criteria, etc. However, all the high level criteria (those that can’t be directly quantified by metrics

such as specification) are accommodated as goals.

As mentioned in Section 3.1.1, we performed a review anduiated a set of 21 quality
attributes from a thorough literature review and identifiza of new quality attributes for the
gray areas. We also employed a web-based survey to validatsetection of these quality
attributes from professionals including practitionergtdils about selected attributes and their
definitions can be consulted from Appendix-A, whereas de¢ails about validation can be

consulted from the Chapter 7

Quality Attributes
&Name
&Description
<Keywords

Figure - 8. Quality Attributes

In our model, each attribute has a name and descriptiociassd to it. We have also kept the
keywords along with every attribute to help the automaéarching during the implementation
phase (Figure - 8 depicts the structure of a qualitybat). As mentioned above, concepts such
as sub-characteristics, characteristics, factors, guti@s etc are all quality attributes in our

approach.

Following are some of the selected quality attribute® (tketails about all the selected

attributes can be consulted from Appendix-A
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Name Completeness

Description| This quality attribute evaluates the model completene$th respect to botl
syntactic and semantic completeness. Syntactic coerss relates to the notati
used (e.g. verifying that multiplicities are defined fagsaciations in a clas
diagram). Semantic completeness is related to the cgpwerfauser requirements.
could be checked by verifying conformance between conceptgteépin the
conceptual model and the ones expressed by the users thimugdguirements o
even by comparing the concepts appearing in severalfispéions related to the
same reality).

Keywords | Completeness, requirements coverage, semantic com@édsten syntactic
completeness

Name Structural complexity

Description| This attribute represents the model complexity due toetistence of differen’
relational elements within the model. These elemeatis include association
aggregations, generalizations, dependencies for classadiagmd number o
transitions, etc. for state diagrams and number of idengifgind non identifying
relationships, etc. for ER diagrams.

This attribute contains several metrics that are proposéterature and have bee
tested for their efficacy in model complexity and maintainighil

Keywords | Complexity, structural complexity, maintainability

3.5.2 Quality Metrics

Measurements provide data or basis for comparable evaigato assess the static and
operational qualities of software or application artifabdgtrics are the measures or evaluation
processes that assign comparable numeric or symbolic viaduerstities in order to characterize
selected qualities or features of the entities. Eaelrimhas a scope, the set of entities/objects to
which it is applicable; a range, the set of possible oreamsent results; and the measurable
property or feature or behavior which the measure charaeseffor example, programming code
line count has software applications as one of its scattelime length as one of its measurable
feature. Explicitly representing the scope and the mebhkupmoperty/feature/behavior allows for
the consideration of different metrics which charactetize same attribute for the same set of
entities. Each measurable property/feature/behavior mag maultiple, identifiably distinct
metrics [ADM-OMG, 2009]. Similarly, [SPEM-OMG, 2008] defmenetrics to be an instrument

containing one or more constraints to provide measuren@anasiy model element.

Most of the work done in the field of conceptual modeling quadi based on the formulation
or proposition of different sets of metrics. Metrics in concapmmodels are the measures of their
properties, features, behaviors, characteristics or othmgrortant aspects. It is a specific
instrument that can be used to measure a given qualitudélr There might be several metrics

for the same quality attribute [Bouzeghoub et al., 2004]eRehers started devising metrics to
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guantify the impact due to the existence of different prisggrcharacteristics, etc. of models so
that these aspects can be controlled to improve thetyju8lome of these metrics can be
calculated autom#ally whereas some can’t. In the literature, there exist numerous metrics to

evaluate various types of models such as UML class diagnasescase diagrams, ER-diagrams

etc. Table - 8 lists some of the existing automatats¢rics.

Table - 8 Some of the existing automatable metrics

Proposal Target Metrics

[Genero et al., 2002a] Complexity for| Number of Attributes, Number of Method
[Genero et al., 2001b] class diagram | Number of Associations, Number of Aggregatio
[Genero et al.,, 2001c] Maximum Depth Inheritance Tree(Max DIT), etc.
[Genero et al., 2000b]
[Manso et al., 2003]

[Marchesi 98] Complexity Number of use cases, Number of communicati
metrics for use amag use cases and actors, Non-redundant nut
case diagram of communications among use cases and actors

[Marchesi 98] Complexity Number of classes, Number of inheritan
metrics for class hierarchies, Weighted number of responsibilities
diagram a class, etc.

[Rufai 03] Similarity Shallow Semantic Similarity Metric (SSSM), De«
between UML| Semantic Similarity Metrics (DSSM).
models

Question: What are Quality Metrics?

Answer: Metrics are the measures or evaluation processes that
assign comparable numeric or symbolic values to entities in order
to characterize selected qualities or features of the entities.
Each metric has a scope, the set of entities/objects to which it
is applicable; a range, the set of possible measurement results;
and the measurable property or feature or behavior which the
measure characterizes. Explicitly representing the scope and the
measurable property/feature/behavior allows for the consideration
of different metrics which characterize the same attribute for
the same set of entities. Metrics 1in conceptual models are the
measures of their properties, features, behaviors,
characteristics or other important aspects. It 1is a specific
instrument that can be used to measure a given quality attribute.
A quality attribute can employ multiple metrics to measure
different aspects of CMs.

Similarly, some of the non-automatable metrics incltelguirements coverage degree, Cross

modeling completeness, documentation degree, user vocabalar etc. [Cherfi et al., 2003a] or
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aesthetics metrics such as minimization of bends, mhation of edge crossing, orthogonality
[Purchase et al., 2002], [Purchase et al., 2001b], [Puechiasl., 2000].

In our approach, we have used metrics to quantify differentitguetributes. We employed
both automatable and non-automatable metrics to medserdifferent aspects of an attribute.
Based on the values of those metrics, different recommiendatcan be proposed for

improvement.

Quality Metrics

¢Name

&Description
&Formula Calculated on
&Keywords

I

NonAutomatableMetric ComplexMetric Basic Metric

ModelElement

¢Name

AutomatableMetric

Figure - 9. Model for metrics

Figure - 9 presents the formal model for metrics. Eachimbtas a name, description and
measurement formula associated to it. A Measurement farmepresents the algorithm to
compute the metrics. We have also kept the keywordsgaleith every metrics to help the
automatic searching during the implementation phaseatt be seen that every metrics is
calculated on model elements such as classes, enttigfutes, etc. Moreover, our model

proposes the following two types of metrics:

i. Basic Metric: It is an atomic metric i.e. a basic metric is a metric that doesn’t employ
other metrics for measurement. For example, the metric to calculate “number of classes”

in a class diagram is a basic metric.

ii. Complex Metric: These types of metrics use at least additional metric for
measurement i.e. a metric depending on other metrics &asaomement is a complex
metric. For example, the metric to calculate “number of model elements” in a class
diagram is a complex metric as it is dependent on attetrics such as number of classes,

number of associations, number of association classespetmeasurement.
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Similarly, we classify each of the metrics (basic or camplto be either automatable, i.e.
those that can be calculated automatically withoutiiretg human input, or non-automatable. For
example, a metric to calculate “number of line crossings” in a class diagram is a non-automatable
metric since we can’t calculate the line intersections automatically as this information is not

availale in the exported model file. Whereas, metrics such ‘“number of classes”, “number of

associations”, etc. can be calculated automatically and are thus auabmeanetrics.

We have performed a thorough literature review and classtiedifferent concepts into a set
of quality attributes and classified different existing rost into each of those attributes for
guantification. Similarly, we also identified the grey offtdever areas and thus have also
formulated some new metrics to quantify those left-caeras. Some of the newly formulated

metrics includes the following:

i Degree of defined multiplicities: This metric calc@atthe ratio between the total

numbers of defined multiplicities within a model to tloéat number of associations in a

model.

Let:

X = Number of defined (or existing) multiplicities or
cardinalities;

Y = Number of association links;

Number of composition and aggregation links;

Then:

X

Degree of Defined Multiplicities = ——
2* Y + Z

Range:

Degree of Defined Multiplicities=1l, if both ends of the
association 1links, compositions 1links and aggregation
links are defined.

Degree of Defined Multiplicities=0, if no multiplicities
are defined in the model.

i Degree of named associations: If proper naming is assignexdey relationship or
association then it enhances the understandability of ddemThis metric calculates the

ratio between the number of named associations and thesstadiations.
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Let:
W = Number of named relationships or associations;
X = Number of association links;
Y = Number of association classes;
Z = Number of composition and aggregation links;
Then:
. . W
Degree of Named Associations = —
X =Y + Z
Range:
Degree of Named Associations = 1, if all the association
links, compositions 1links and aggregation 1links are
defined except those association 1links that have
association classes.
Degree of Named Associations = 0, if no associations are
named in the model.

Technical vocabulary rate: It is based on the assumphianhthe understandability of a
model will be enhanced if the reader can make easy correspondegtween the

modeling elements contained in the conceptual schema anelghieements in the textual

description.

Let:
X = Number of technical labels in the model;
Y = Total number of labels in the model

Then:
Technical Vocabulary Rate = ;

Range:
Technical Vocabulary Rate = 1, if all the employed
labels including the associations names are technical
terms instead of common language terms.
Technical Vocabulary Rate = 0, 1if all the employed
labels are common language terms instead of technical
terms.

iv. Overall model reuse. This metric is adopted from [Baxtilal., 1990]. It calculates the

aggregated reuse of the whole model by summing the reusergfiegezidual concept in

the model. This metric uses the following formula folcatation:

86|Page



Chapter 3Proposed Solution

Let:
X = Any concept present in the model;
Reuse (X) = Count of all the ancestors of the concept “X”
and the concepts inherited by concept “X”
I = Number of all the distinct concepts in the model
Then:
Reuse (Model) = z: Reuse (X1)
I
Range:
Overall Model Reuse = =, 1if all the concepts have
multiple ancestors and numerous inherited concepts.
Overall Model Reuse = 0, if none of the concept has any
ancestor or any children.

3.5.3 Recommendations

Quality evaluation is only a step to improve the conceptoadiels but most of the quality
frameworks focus exclusively on defect detection (quality es&dn) and ignore the defect
correction (quality improvement) aspects. Thus they may ineigentifying the problem but the

analysts must rely on themselves for the solution [Moody 05].

Question: What are Recommendations?

Answer: Recommendations are the suggestions,
propositions or corrective advices in the form of text,
transformations or design patterns for Improving the
quality of CMs. Analysts/designers can employ the
suggested/proposed recommendations for improving the
quality of CMs as recommendations are dependent on the
evaluation results or more precisely on metrics values.

For many software development approaches and methods, dotation providing
understandable guidance for best practices is more iargatian precise models [SPEM-OMG,
2008]. SPEM 2.0 combines a guidance mechanism with a grastescture. Its architecture
allows associating guidance elements with process tateielements. [SPEM-OMG, 2008]
provides semantics for the following guidance kinds: ChisckConcept, Estimate, Example,
Guideline, Practice, Report, Reusable Asset, Roadmappdting Material, Template, Term
Definition, etc. Figure - 10 provides the guidance mageicified in [SPEM-OMG, 2008].
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smetaclasss
Class

wslErsoty pe
Guidancekind
#Stereotypes wStErety pae wSIEr0ty pae #StEreotypee wShareoty pae #5tEreotypee
Template Example Guideline Practice Report SupportingMaterid
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EstimationConsiderations Checklist Cancept Estimate TermDefinition ToolMentor ‘Whitepaper

Figure - 10. SPEM 2.0 Guidance Kinds

SPEM 2.0 provides a good mechanism to incorporate the notignidance with the process
structure elements. However, all the guidance kinds peotagitual descriptions and thus they can
lead to different interpretations. Moreover, some guidakiogls will be beneficial in some
scenarios whereas not so useful in some other. Thaan iget trickier for an analyst/designer to

identify the best set of guidance kinds for the problem irdha

Corrective actions (quality improvement) are the essence opmposed solution. The last
level of our quality aware approach suggests the recommensldtomuality improvement. As
quality patterns encapsulated botésearcher’s and practitioner’s quality practices thus they

provide good solutions to recurring problems.

The recommendations for improvements are dependent on medticss. Thus upon metrics
calculation, relevant recommendations are proposed fowowe the model through a guided

process. These recommendations can be in the form of ahg &dltowing three types:
i.  Textual recommendations (in the form of descriptions)
ii. Transformations (in the form of rules for improvement)

iii. Design patterns (proposing a recommended solution to arregyroblem)

3.5.3.1 Textual Recommendations

Quality patterns can propose recommendations in the fortaxtifial descriptions for quality

improvement. Textual recommendations are proposed inisitisasuch as:

i. When the domain of thergblem can’t be formalized
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When the improvement actions can’t be formalized into step-wise transformations and

require detailed information about the problem and its reisolut

For example consider the following problems and their u@xtrecommendations for

resolution:

Problem: Missing Requirements

Identify all the requirements that are communicated by the user but don’t exist in the model.
Identify the existing concepts that can accommodate issimg requirements. For exampl
if date of birth information of an employee is missing then iderifian Employee clas
exists in the model. If it exists then add this missing reguént within the existing concept
If existing concepts don’t exist that can incorporate the missing requirements, then add the
new concept(s) to incorporate the missing requiremerds. eikample, if Employee clas
doesn’t exist then add this class and then add the date of birth information within the class.

iv. Verify that the model contains all the requirements gigst implementation modificatio
will be difficult and expensive.
The following recommendation is applicable only to a cllisgram and can be modified for
ER diagram.

Problem: Missing Multiplicities

Following steps can be performed:

iv.

Identify proper multiplicities for both ends of the normalazsations.

Identify proper multiplicities for composition and aggregatielationships.

If a many{o-many relationship exists between two classes/entitiesfy that an associatin
class or entity exists for its resolution.

Multiplicities must not exist for generalizations.

model types (class diagrams, etc.) and sometimes even mledednts (such as classes) as they

are associated to metrics and metrics are calculated adelnelements (see quality pattern

From the above two examples, it can be noticed that the reeadations are dependent on

model).
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CheckList SupportingMaterial Example
V ‘ |
Guidelines Publication
SupportedDocuments eAuthor
¢DocumentTitle - ¢CompleteReference
&Source
io--i
TextualRecommendations WhitePaper ResearchArticle
¢Name
¢Description

%ﬂd Recarmendations

Figure - 11 Model for textual recommendations

Figure - 11 presents the model for textual recommendatifaxsh textual recommendation has
a name and description associated to it. Moreover, a ferdgammendation can associate
multiple textual recommendations to cater the requiresnefita compound recommendation.
Each textual recommendation can have multiple supportedngerts as references. These
supported documents can help the analyst/designer in untirgfadhe recommendations easily.
Supported documents can be of the following types: chetckjiuidelines, examples, publicatigns
etc. Publications can be either a white paper or a r&éseaticle publication. We have adopted

this classification of supported documents from [SPEM-OKI@8].

3.5.3.2 Transformations

Quality patterns can also propose recommendations irfattme of transformations to be
applied on the model for improvement. Some of these transtions can be applied
automatically on the model via a software tool while some can’t due to complexity or lack of
information about the model elements. For example, afibamation to divide a model into small
modules can be performed semi-automatically (requiring s1pwim analyst/designer) whereas
the transformation to reduce the line crossings within a class diagram can’t be automated since the

information about line intersections is not necessarigilable in the exported model.

Transformations can only be formulated when the domaiheptoblem and solutions can be
formalized. Following are some of the examples of the transfiwmarecommended through our

approach:
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Problem: Model complexity due to the existence of numerauobjects (classes, attributes
etc.) within a model.

In order to reduce the structural and relational complexitiiin a model, they must be divide
into smaller modules. Model division can be done in tmays: Structural Division and Seman
Division. Following transformations can be performed:

i. Structural Division is an easier but non-efficient method. Randomly selectntoglel
elements and divide them into multiple modules. But beldcsion of elements can lead
low cohesion and high coupling among the resulting modules.

ii. Semantic Divisionis a difficult but efficient method. Read the model &alig¢ and classify
the model elements with respect to some similarity atiadship. For example, classify th
elements with respect to common functionality or inteesgl@ncy. The elements with
common set of goals or functionalities should be grouped togethea module. Such
division will increase the cohesion and reduce the cogplin

iii. Another possible type of division is to identify the compjearts of the model and divid
them into multiple modules to reduce the complexity.

The following transformation is applicable only to the cldisgyrams.

Problem: Complexity in classes

If classes are complex due to the existence of numettritsuges or methods within a class, t

following transformations can be performed:

i. ldentify the attributes or functions that are irrelevaithin the scope of the class (to increg
cohesion).

ii. Try adding these attributes/functions to the existinguat class.

iii. If no class exists that is relevant for these attributastfans, then add these attributes &
functions in a new class and define the associations.

iv. If all the attributes/functions are relevant to the cldn classify them into mandatory a
optional and then split the class into two classes onmtagding all the mandator
attributes/functions and the other containing all the opliatiributes/functions.

m i i Transformations
sName Gl
¢ 0..* | ¢Description
¢
0.+
Trasformation Step
¢Details

¢lsAutomatable
¢ListOfFunctions

Figure - 12. Model for transformations

Figure -12 presents the model for transformations. Each transfawmdtas a name and

description associated to it. A transformation can be ceeghoof multiple steps. These
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transformation steps can be automatable or non-autoreatAbiransformation is applied on a

model element.

3.5.3.3 Design patterns

The use of design patterns to improve the software quasyakiracted an increasing attention
in the area of software engineering. Design patternspsntate valuable knowledge in the form
of an established and recurring solution to resolve design pnsbte improve design quality
[Hsueha et al., 2008]. A design pattern can be defined astiaupar recurring design problem
that arises in specific design contexts, and presentdlgregen generic scheme for its solution

to have a certain level of confidence on the reliability efgblution [Buschmann et al., 1996].

In software engineering, patterns are designed to facilitatisability and capitalize well
known and agreed practices. [DeLano et al.,, 1998] and [Gammlg &B85] and proposes the
GoF (Gang of Four) and AGCS templates for describing desigierpat Some of the most
commonly employed design patterns include Model-View-ColetrqMVC), Facade Pattern,

Proxy pattern, Singleton, Wrapper Pattern, etc.

Similarly, GRASP (General Responsibility Assignment ®afte Patterns) patterns also
received much attention in object-oriented design as it previgieidelines about assigning
responsibilities to classes and objects. GRASP patternsists of Information Expert, Creator,
Controller, Low Coupling, High Cohesion, Polymorphism, Purdri€ation, Indirection and
Protected Variations patterns. There also exist evaluatiethodologies to verify the quality of
design patterns such as the ones described in [Chatzigaoegial., 2008] and [Hsueha et al.,
2008}

In addition to textual recommendations and transformatiquality patterns can also propose
design patterns as recommendations for quality improverdesign patterns provide established
solution to recurring problems. However, employing design pedtBor model improvement is a
manual process. Our approach is unique in a way that, on thehamd it helps in the
identification of relevant design patterns to non-expertyat/adesigner as employed by [Berddn
et al., 2008] and, on the other hand, the inherent prolieoconceptual model is resolved using

better solutions.

For example consider the following problems and proposedgrdegatterns for their

rectification through our approach:
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Problem: Complex classes

i. Use High Cohesion Pattern to reduce the complexity ofsthace class. As in-cohesi
classes are inefficient, large and complex. Thus perfberdllowing tasks:
a. Assign class the responsibilities related to other respitisis of the class.
b. Find if the class contains methods that this class shouldn’t be responsible for and
delegate the responsibility of this method to the suitelalss.

ii. Use High Polymorphism Pattern to reduce the complexityiacmtase the cohesion of tf
class. Following tasks can be performed:

a. Check if a class contains responsibilities that vary bgscigpe. If yes, then thes
responsibilities should be assigned polymorphically to tleeigfization classes. F¢

example, different shapes can use overrided polymorphic (prfawction to draw

their shapes by themselves instead of one complex ge€nadtion to draw all types

of shapes.

From the above examples, it can be witnessed that even thbegbesign patterns are
identified and proposed, their application is a manual proeessrequires knowledge about

design patterns.
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3.5.4 An example of quality pattern: Model Complexity Quality Pattern

Pattern Name: Model Complexity
Context:

i. To check the overall complexity of the model with resgedhe number of instances of
different elements (number of classes/entities/attribetes present in the model. This

pattern is suitable for models containing numerous elements.
Problem:

i. Sometimes models contain several classes/entities/ases;cetc. This can hamper the
understandability of the model. Miller ("The Magical Numlseven, Plus or Minus Two:
Some Limits on Our Capacity for Processing Information”, 19%6yqd that adults can

hold 7 + 2 objects in their working memaory.
ii. Similarly, the existence of numerous elements can inducglexity.

iii. This induced complexity can hamper the maintainabilitg@splex models are difficult

to maintain.

iv. Calculate the following metrics (following metrics applicable to class diagrams only)

to check if this pattern is relevant for the current problefithe model:

a. Number of Classes: Total number of classes in a model.

b. Number of Attributes: Total number of attributes in a model.

c. Number of Methods: Total number of methods or functions irodah
d. Number of cycles: Total number of cycles within a model.

e. Degree of non-redundancy: This metric calculates theo rbetween the non-

redundant concepts and the total concepts present in the.model
f.  Number of Associations: Total number of associations in aginod

g. Number of Aggregations: It calculates the number of aggimygat¢lationships within

a class diagram.

h. Number of Compositions: It calculates the number of contiposirelationships

within a class diagram.

i. Number of Generalizations: It calculates the total numloé generalization
relationships in a model.
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j- Depth Inheritance Tree: It calculates the longest patim fthe class to the root of the

hierarchy in a generalization hierarchy.
Solution:

i. Models can be made simpler if they are divided intolsindependent modules, each one

with a limited number of concepts and functionalities.

i. Following transformations can be employed for improvement ildetabout

transformations are on the next page):

a. Remove redundant elements

b. Factorize associations to remove redundant associations
c. Divide the model

d. Merge classes

e. Divide a class

iii. The following design pattern can be employed to improwe dhality of the model

(details about transformations are on the next page):
a. GRASP high cohesion pattern
b. GRASP polymorphism pattern

Keywords: Complexity Maintainability, Modify; Understandability Size Number of

classes/entities, etdNumber of concepts; Number of attributes;
Related patterns:
i. Model Maintainability (Complex models are difficult tcamtain)

ii. Model clarity (models containing numerous elements canffieui to read)
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3.5.4.1 Details about Textual Recommendations/Transformation/Design Patterns

a. Remove redundant elements

Check the model to identify redundant elements suchaaseas, associations etc

that have the same names or are semantically equivalent.
Remove the redundant elements in a way that no informatilmst

Similarly, if two associations have the same names taify if they can be

factorized.

iv. For example: In the following model, there are four clasepsesenting different
types of doctors (Practitioner, IndependentConsultant, Rasera and
PractitionerResearcher). Since there is no generalizatiherefore there are
multiple redundant associations (three redundant adswtiglasses named as
“Prescription”, three redundant associations named as “Details” and two redundant
associations named as “Attached”). However, if a generalization is introduced for
these four types of doctors then the redundant associagorsecremoved.

Hospital IndependantConsultant
Works «|DoctorName
Name 0..
Address Addrg5§
Speciality
{} 0.*
has| lab has’service
0.* 1.* Practitioner
Laboratory Senvice Attached DoctorName L.
LabName SeniceName . |Address Prescription
1 1. Speciality [ —|PrescriptionDate
p
0. ¢
Research Research Attathed
Prescription
T PrescriptionDate
1.7 1.4
1.* L
Researcher PractitionerResearcher Patie1nt .\
Dozerane e \ e
Speciality Specility 0.* ‘ 1..*|Address
| \
\ Details\
‘ \
PrescriptionDate \\
T Detais R
D \\\1" PrescriptionDetail
rug . —
Prescribe Frequency
DrugName R
0..* |Duration
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b. Factorize associations to remove redundant associations

Check the model to identify same or redundant associatfonsexample

associating having same name.

Now if these associations are within the same levéli@farchy and are present for
all the classes of that hierarchy then this associatian be moved up in the

hierarchy i.e. to the parent class.

For example, if Lecturer and Professor have the same redhtpomwith course and
since they are the only two children of their parent tthis association can be
taken up in the hierarchy i.e. we can remove these two iaisos and instead

relate Teacher with Course (See the model below

Teacher | responsible
Course
& Name
| |
Lecturer Professor

c. Divide the model

Model division can be done in two ways: Structural Divisiomd 8&Semantic
Division
Structural division is an easier but non-efficient methibdandomly selects the

model elements and divides them into multiple modulst bad selection of

elements can lead to low cohesion and high coupling artienigesulting modules.

Semantic division is a difficult but efficient methdflead the model carefully and
classify the model elements with respect to somelaiityi or relationship. For
example, classify the elements with respect to commonctifumality or
interdependency. The elements with a common set of goals natidnalities
should be grouped together as a module. Such division wikaser the cohesion

and reduce the coupling.

Identify if the model contains functionalities or conceptattcan be grouped

together or if the model represents two separable modélgss then divide them
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into individual modules. For example: if the model corgaioncepts to manage the
sale of items and also contains information about the gaufr the application
then they clearly represent two different modules and thay can be split into two

modules, one for sale of items and the other for applicationisecur

v. Another possible type of division is to identify the coeyparts of the model and

divide them into multiple modules to reduce the comipyex
d. Merge Classes

i. Concepts with similar functionalities can be merged asanean be removed to

reduce redundant concepts.
ii. Sort all the relevant and related attributes/functionsragdifferent classes.
iii. Package related attributes and functions within the sdass to increase cohesion.
e. Divide a class if it contains numerous attributes and mettos

i. If there are numerous attributes within a single clagn tperform the following

steps:

a. Identify the attributes or functions that are irrelevaiihin the scope of the class

(to increase cohesion).
b. Try adding these attributes/functions to the existinguaht class.

c. If no class exists that is relevant for these attributestfons, then add these

attributes and functions in a new class and define theasens.

d. If all the attributes/functions are relevant to the clé#ssn classify them into
obligatory and optional and then split the class into ¢lasses one containing all
the mandatory attributes/functions and the other comgirall the optional

attributes/functions.

The following design pattern can be employed to improve thquality of the model:
f. GRASP high cohesion pattern

i. Classes must be identified with care such that all llevant attributes and

functions must be packaged within the same class.
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i. Verify that a class contains all the related respuilitsés. For example, if a sale
contains multiple items then the total of the sale ghd@ calculated by the class
sale and not by SalesLineltem class. So check and deldgatedponsibilities to

the concerned class only (See the figure below).

iii. Incohesive classes are complex to manage and implement

Edo Giwe this class the responsibility
Date to get sales total.
Time
1
Contains
1.* Product N :
. . This class has a simple
SalesLineltem Described by ProductID responsibility to retum the price.
Quantity Description
1.% 1 |Price

total of the line item i.e. it should get the price and

This class should be résponsible to calculate the
calculate the line total.

g. GRASP polymorphism pattern

i.  When related behaviors vary by class type then the resplitiresbshould be
assigned polymorphically to the specialization classeslyn®orphism Pattern

increases the cohesion.
i. ldentify all the hierarchies in the model.

iii.  Within each hierarchy, identify if a parent class impéens a method that could
have different implementations for its children. If yes, th@s tmethod should be

assigned to all the specialized classes to reduce thplerity of the class.

iv. For example, different shapes can use overrided polymorptaav@ function to
draw their shape by themselves instead of one complex gdurditon to draw all

types of shapes.
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Draw() function implementec

Shape
by the parent and thus will b
complex. 7);""0
[ [ \
Square Rectangle Circle
By polymorphism each shag
Shape

implements its own Draw(
function and thus  the Z%

implementation is simple

Square Rectangle Circle

“Draw() “Draw() *Draw()

3.6 Conclusion

In this chapter, we presented our proposed solution to evalodt@rgprove the conceptual
models. We define the employed theoretical, practical apistemological foundations for
formulating multi-faceted quality approach. Next, we desceleh component of our quality
model such as goal, questions and quality patterns. We adigssili 93], [Basili 92], [Basili et
al., 1988] propositions to help the analysts/designer in ftatimg structured goal with least
efforts. One of our major contributions includes the idesdtion of quality patterns to guide the
evaluation and improvement of CMs. Therefore we presentedaheept of quality patterns in
details along with all of its components such as qualitybates, metrics and recommendations.

Lastly we include a complete quality pattern along withhe relevant details as an example.

In the next chapter, we present the quality driven developprecess (Q2dP). We describe
different processes involved in the identification/creatmf the quality concepts such as the
processes to identify new quality patterns, quality attebuand metrics. Similarly, we also
describe the complete evaluation and improvement prooe$3Ms starting from the formulation
of analysts/designer specific quality goals to the evalnatib the CMs and finally to the

recommendations/propositions for quality improvement.
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Chapter 4
Quality Driven Development Process
(Q2dP)

4.1 Introduction

In preceding chapter, we presented our approach for quality agicaluand improvement of
conceptual models. The presented concepts could be seegetasfanethodological tools able to
help analysts and designers in evaluating the quality of thedels and even its improvement.

However these concepts require:
i Expertise for efficient usage

ii. Efforts for selecting a suitable or a set of suitable eptesuch as quality pattern, quality

attribute or metric
iii. Experience for selecting the relevant concepts under tiea gituation

Indeed, as the concept of quality is considered as a namidaal goal, the existing
development processes and methods do not explicitly conbideuality during the early stages.
However, it is widely agreed that mastering quality during élarly stages affects, heavily, the
quality of the final system. This explains the efforts deddb the development of good practices
(Unified Process (UP) [Jacobson et al., 1999], [Kruchten OQO]rnilea 97]; design patterns
[Buschmann et al., 1996], [DeLano et al., 1998], [Gamm& e1@95], [Hsueha et al., 2008]).

We propose to integrate quality as part of the developmeeps. Indeed, we believe that if
developers are delegated the sole responsibility of thigyjoenagement, we cannot be sure if it
is done rigorously and thus we have no guarantee on thdaygoélthe obtained results. This
chapter aims to propose a quality driven development pso@@2dP). Our approach could be
seen as a transplantation operation with an aim to relogaality concerns to the existing

development processes at a much earlier stage. The apjsdlucstrated by Figure 13,
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IS models

Figure - 13. A quality driven development process

The process encompasses two important phases: theyquisibn development and the

quality vision application.

The definition of quality concepts is a hard task requiringh level expertise in quality

management. To guide this activity, our approach proposescé sethodological tools to assist

the quality expert:

I. A quality meta-model presented in Chapter 3.

in Chapter 6).

A set of structured processes for quality concepts defin{detailed in this chapter).

A knowledge base containing predefined quality concepts aidekplanations (detailed

And the trace of previous quality guided IS developmentanamput for quality vision

adjustment and/or correction. Indeed, we believe that teevadidation of the concepts

and of the whole approach requires its application on sevasal studies and the analysis

of the reaction analysts.

The deliverable of this phase is the set of quality cptscépatterns, attributes, metrics and

recommendations) that are used by the second phase devatepiadity driven IS development

process detailed in Section-4.3 of this chapter.
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4.2 Constructing a Quality vision

As mentioned in Chapter 3, our quality vision encompassabtgjwoncepts such as quality
patterns, quality attributes and metrics. The iderifan of these concepts requires expertise and
knowledge about quality in conceptual models. However, vapgsed a set of processes to
identify new quality patterns, attributes and metrimgtide the quality experts. These processes
are formulated with intent to formalize the identifioat of these quality concepts. The

subsequent sub-sections describe processes to idéifitifyent quality concepts.

4.2.1 Identifying New Quality Pattern

Our quality approach is based on the concept of quality patt@umslity patterns incorporate
the guidance process for quality evaluation and improvemenbrdeptual models. However,
identification of quality patterns remains a highly skilladd difficult task. Similar to design
patterns, quality patterns are also identified for rengrproblems and tend to propose better

solutions.

o

Identify Problem

[Non-Recurring Problem] [Recurring Problem]

é [Solution Doesn' Exist] )>

i
[Solution [Exist]
Identify I'-'mblem Statement
B8 = ES
Present Sohition Identify Relevant Qualty Altributes Identify Problerrs Context

Figure - 14. Process to ldentify New Quality Patterns

Despite the difficulties in identifying new quality patiey we intend to help the quality
experts by proposing the following process (depicted as Figlde
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i.  Quality patterns are identified for recurring problemsughif the problem is recurring
then a quality pattern should be identified. For example, cexitglin conceptual models
is a frequent and common problem. Most of the time conitplexxists due to the
numerous model elements within a single model degjctinpattern of common and

repetitive problems and so quality pattern can be identitiethfis problem.

. Once the problem is identified, it is important to detere if a solution (in the form of
guality attribute, metrics or recommendations) can be draovntHis problem. If a
solution can’t be proposed then a quality pattern can’t be identified as a quality pattern

must propose a solution.

iii. After the above two initial checks, the detailed probleatesnent and the context of the

guality pattern should be identified.

iv. Respective quality attributes must then be identifiesalwe the problem. For example, in
case of complexity, quality attributes such as structwadpdexity can be used to solve

the problem.

V. Once the quality attributes are identified for the quagbiagtern, it is important to present
the solution. Our proposed quality approach presents thegestilivo parts: in the first
part, the evaluation results are presented and in the se@hdepommendations are

presented to rectify/resolve the problem.

4.2.2 Identifying New Attributes

As mentioned in Chapter 3, quality attributes in our approaashdstas a single concept
incorporating the existing classification terminologiesctsuas dimensions, attributes,
characteristics, sub-characteristics, criteria, prg®e etc. Different aspects of conceptual
modeling quality are identified and classified into atttédsu Each attribute has to be generic and
should remain valid for all types of conceptual models. Thtisibutes related to some specific
notation (UML, ER, etq. can’t be selected. Different researchers have placed attributes at
different levels of abstraction and thus there existseronms attributes in the literature that are

specific to a particular notation only.
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55

Identify Criteria to Add as Qualty Atiributes

Criterion is a Metric] [Criterion isn't a Metric]

[Criterion Spedfic to a CM Type]

[Critenon Genend to Al CM Types]

[Similar Criterion Exists]

[Samlar Critesion Doesn't Exists]

L Lji:j

Add Criterion as a Qualty Atirbute

L

Figure - 15. Process to identify new quality attributes

In our approach, the selection of quality concept (existingew)ras quality attribute must

adhere to the following process (depicted as Figure:- 15

The concept (or candidate criterion) should be verifiediff & metric or not. A metric is
a measure of a particular property or characteristich®fGM. Thus, if the candidate
concept is a measurement criterion or a formula then it is a metric and it can’t become an
attribute as quality attribetis a higher level concept. For example, Cohesion can’t be
identified as an attribute since it is a measure toutae the relatedness of various

responsibilities of the class or a module.

If the candidate criterion is not a metric then verify ifthriterion is valid for all types of
conceptual models i.e. it is not limited to a certadtation such as class diagram or ER-
diagram. For example, data completeness can’t be selected as a quality attribute, despite
the fact that it is not a metric, since it is valid é@ta models only and is invalid for other

conceptual models such as sequence diagrams, statendsagria.

If the candidate criterion is not a metric and is valid dbrtypes of conceptual models

then it should be verified that a similer semantic equivalent concept doesn’t exist as an
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attribute. This check is important in ensuring that differattributes for semantically
equivalent concepts must not exist. For example, corrsgtoerequirements, correctness
of syntax, and correctness of domain are three different tiefiai of similar concept
Correctness. Thus, there should be just one qualitypatier Correctness while its different

definitions should be incorporated through different measures wicse

4.2.3 Formulating Metrics to Measure Quality Attribute

Quality attributes provides an abstraction to a set ofetjoselated and similar metrics.
Moreover, semantically close concepts are grouped withiange squality attribute. Thus their
differences must be incorporated by enhancing the domaimitteai of the attribute and/or by
formulating corresponding metrics. For example, in case of doess of requirements,
correctness of syntax, and correctness of domain, we mergse tloecepts into one quality
attribute as Correctness. Thus, the domain/definition afégtness attribute should incorporate
the above mentioned three types of correctness. Moreover, momcisg metrics should be

formulated to measure the respective aspects related t@oketshthree concepts.

In our approach, quality attributes are associated to a seteicsmfor measurement. These
metrics could vary with respect to different types of conadptnodels and different model
elements within the same model type. For examplease ©f correctness, there will be a set of
metrics to ensure the syntactic correctness of class disgaad a different set of metrics for ER-

Diagrams as the syntactic requirements are differentdthr types of models.
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Identify the Domein of the Quality Atiribute Select Qually Atirbute
=) =
| I S . | S
Identify Relevant Model erments Formulate Melrics For Measwring the Quality Atiribute
[Formulated Metric Aleady Pxists] [Mew Meiric]

<& [Metric Not Assodated]

Figure - 16. Process to formulate metrics for measuring dality attributes

In order to identify new metrics or to associate existing icgetito a quality attribute, we

propose the following process (depicted as Figur@ -

i Domain or definition of the quality attribute must be idéed clearly. For example, in
the case of three types of correctness, the domainiti@finof correctness should

encompass the requirements of all the three types.

i All the concerned model elements (such as classesgiatiens, entities, etc.) should be
identified for the concerned model type (Class diagrBR;diagram, etc.). For example
in the case of a quality attribute Complexity, reseaicheave formulated different
metrics for model elements such as classes, assodaBatities, etc. Similarly for other

guality attributes, concerned model elements can be fazhtor measurement.

iii. Once the model elements are identified, correspondieigics can be formulated within
the domain/definition of the quality attribute. For exdenpn case of Complexity quality
attribute, following metrics were proposed by researcfarelass diagrams: number of

Classes, number of associations, etc. It can be notedhehsdt metrics depend on model
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elements i.e. in this case these metrics are appdicably to class diagram whereas
Complexity quality attribute is valid for all types of concegdtmodels. Thus, metrics
should be formulated for model elements of other model typels as ER-diagram. For
example the metrics related to the structural complexitERfdiagrams could include

number of entities, number of relationships, etc.

iv. Once the metric is formulated, it must be associatetthe target quality attribute for the

concerned model type.

4.3 Applying a quality vision

It can be witnessed from Figure - 17, that our proposed pramesde integrated to any
development process. Our process is generic and thus canlisel dpmny level of development
cycle. However, their adoption requires expertise and thust bwi managed by quality experts.
This customization results in the selection of suitahiality concepts leading to a more effective
guality guidance. The implementation of Q2dP helps thenEyats in guiding their development

process in a quality aware way.

The generic process

Q Customizes
[ Av Q2dp

Method Engineer A Development process

Jown
L/

IS Analyst

and/or

Quality Expert

Figure - 17. Quality Driven Development Process (Q2dPRoles and Aims

The proposed generic quality process has two main chasiicteri

i. It could be applied on any IS development step as it isripene

108|Page



Chapter 4Quality Driven Development Process (Q2dP)

i. It is flexible. The quality expert responsible for integratidecides about the quality

concepts to be used and even how and when to refer to them.

4.3.1 The Generic Quality Process

Our quality driven process encompasses methods and techimigaesaluate and improve the
conceptual models with respect to a specific quality .gadalmentioned in the previous chapter,
we employ a widely accepted GQM approach, with a sligldification as we map the
formulated quality goals to quality criteria that areaatigher level of abstraction then metrics.
We propose designer/analysts to formulate quality goalsstnuatured way but still some goals
can be vague and complex. Thus we use questions, as edopp&QM, to transform these goals
into more concrete statements. These questions algp imenarrowing the domain of the
evaluation and map goals to quality criteria. In our procesds goa translated either into quality
patterns or quality attributes through questions. Thesetgymliterns and quality attributes are at
the higher level of abstraction and are responsible faliig answers to the questions raised in

the goal.

Our proposed quality driven process aims at helping the achéveof a quality goal
formulated by an IS designer and encompasses the foljosteps (as depicted in Figurel§,

details about each step are included later in the chapter):

i, The process starts with the formulation of a quality goaltligylS designer). We employ
the goal formulating templates proposed in [Basili 93] to hbkp user in formulating
their goals with a least amount of efforts in a structurexy.w-or example, a user is
interested in evaluating a conceptual model with respetietease with which it could be
changed. Thus, the quality goal in this case is modiftghiith it being the perspective

or focus of the goal (refer to goal formulation Section-3.2.1)

ii. As our approach employs GQM, therefore questions are udednislate the formulated

goals into relevant evaluation criteria.

iii. These questions help mapping the goal to quality pattergaality attributes. Thus, once
the goal is formulated, different questions are asked fitenuser to help its translation
into the relevant evaluation criteria. If no relevant qualiifecia could be identified then

the goal should be modified.

iv.  The next step involves the identification of quality atités as we only have a limited set
of quality patterns for recurring problems. Thus if relevant iuailttributes exist, then

they are selected.
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Vi.

Vii.

viii.

Target conceptual model is evaluated employing theetslequality patterns and quality

attributes.

The interpretation of quality patterns and quality attrisutpropose a set of
recommendations leading to the improvement of the CM accotdirthe formulated

guality goal.

These recommendations can propose to use an existing domaiogy for rectifying

particular set of problems. For example in order to reducestnmmmplexity, one of the
recommendations includes the division of the model intaipielsmaller modules. Thus
in order to divide the model, the usage of some existing doroatology can help
implementing the recommendations by identifying differelosters or modules from the
model. One example using domain ontology during our appr@adermonstrated in the

next chapter (Section-5.6.2.4)

However, in our approach a goal can be composed of mustifdegoals or a hierarchy of

goals. Thus the same approach, above mentioned, will loevéd for all the sub-goals.

[Goal guided] i /.

J/[Paﬂ:ern guided]

75 . = ‘1 - N ' S
Define a quality goal Identify quality Identify quality attributes

[Quality attributes guided]

[New quality requirement] |7 74 ‘

Evaluate quality

[Improvement required] é
s

No improvement required]

Improve quality
nd quality session]

[Quality verification required]

Figure - 18. Quality Pattern Driven Process Workflow
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4.3.1.1 Defining a Quality Goal

As mentioned in the previous chapter, quality goal is theablve desired by a user to attain
the object of interest. Quality goals may be definedaioy object (such as products, processes,
resources, etc.), for a variety of reasons (such as charattsm, evaluation, prediction,
motivation, improvement, etc.), with respect to variousliguanodels (such as cost, correctness,
defect removal, changes, etc.), from various points of viewsh( as analysts, managers, users
etc.). Thus we employ the goal formulating templates psegan [Basili 93] to help the user in
formulating their goals with least amount of efforts in adticed way. This structured process
will enable users to clearly identify the purpose, mdidra perspective and point of view behind
every quality goal. Moreover, this structured goal formulapjoocess will reduce the vagueness

in goal statements written in natural language by the users.

Goal Structure Glossary Goal taxonomies

N /

IS Analyst Formulate a Quallty Goal

Refihe a Quallty Goal
Quallty expert

Vocabulary Terms =
Refined Quality Goal

Figure - 19 “Define a Quality Goal” Work definition

In order to formulate a quality goal, we propose to use afsattifacts such as goal structure
artifact, glossary artifact and goal taxonomy artifact.

4.3.1.1.1Goal Structure Artifact

[Basili 93] suggests expressing measurement goals using five fadefeihation. Each goal
statement explicitly contains these facets. We adopsethfacets as per our approach for

conceptual models:
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Object: The product or process under study; e.g., analig@s model, use case model.
For example consider the quality goal to evaluate the naddlity of conceptual models,

within this goal the object of analysis is conceptual nhode

Purpose: Motivation behind the goal (i.e. why we forrmuléhis goal); e.g., better
understanding, better change consideration. For exampleualdy goal to evaluate the

modifiability of conceptual models, the motivation of analysisvaluation.

Focus: The quality attribute of the object under studiiaf); e.g., correctness, defect
removal, changes, effectiveness, etc. For example thpemtige of the above mentioned

goal is to focus on the modifiability of conceptual model.

Viewpoint: Perspective of the goal (who’s viewpoint); e.g., project manager,
programmer, analyst, customer. In the above mentioned go#&hripet viewpoint is not
mentioned. However within the context of conceptual modelinduatians, the target
point of view is that of analysts/designers. However, a gaalbe composed of multiple
perspectives or can focus on multiple aspects of quality. For example a quality goal “to
analyze conceptl model for evaluating correctness, completeness and modifiability”
represents three different perspectives or may be decothpofieree different sub-goals.
Our approach encompasses such complex goals and users haesghndlity to define
multiple perspectives or sub-goals with one goal. Howew#hin one goal the object of
analysis (such as conceptual models, processes, etcthanarget point of view (users,
analysts, etc.) will remain the same while differemitives (evaluation, predictioretc)

and perspectives (completeness, correctness, etc.eaefined.

Environment: Context or scope of the measurement programpeogect X

4.3.1.1.2The Glossary Artifact

The Glossary gathers predefined terms useful for quality gesfsession. These terms

correspond to the five facets used for goals expression. TheeyoHected from literature and are

organized in a way to help expression of quality goals withgiven context.
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Object

Purpose

e understanding,
« reducing,
e improving,

During the goal expression, the glossary content is used to suggest suitable terms. This doesn’t

mean that only glossary terms are allowed, the analysatitgexpert can use his/her own terms.

4.3.1.1.3Goal Taxonomies Artifact

The refinement of a goal aims to precise abstract andléigth goals allowing matching with
quality patterns, attributes and/or metrics. The refinempendess is usually complex and needs to
be helped. This guidance is provided in our approach by questions exploring the “Why” of the
initial goal. The answer to this question could be &sdiby assets of quality goal taxonomies
constructed from several sources: quality standardsijtyj@dlributes and factors definition, etc.

For example, for evaluating the functionality of concepmablels we have built the following

taxonomy:

e class analysis model,
suse case requirements
model,

Focus

e correctness,

o defect,
e change,

« effectiveness

Viewpoint

e project manager,
* programmer,

e analyst,
e customer

Figure - 20. An Extract from the Glossary

Functionalityf

Completeness‘

Relevancy to
Requirements

Practicability

Expressiveness

Reusability

Reliability

Functionality consists of the set of attributes resgalesfor evaluating the model quality
based on functional aspects. These attributes are, Idi@cindirectly, related to the functional

quality of the future product and address issues that couldiéetunctional changes in the final
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product. Furthermore, these attributes tries to iderttify key problems that can hamper the

functionality of the final product.

CompletenessThis attribute is based on the coverage of user requitsmeh evaluates the
quality by comparing the conformance between conceptstdebin the conceptual model and
the ones expressed by the users through the requiremarttsefore, this attribute can be used
to compare completeness among several schemas modbkéngatme reality. A schema is
considered complete if it covers all the modeling elem@mnesent in other schemas representing
the same reality. This attribute can use collaboratattems [Bolloju 04] to enhance the chances
of model completeness. Moreover, this attribute can also &ealhether the number of concepts
present in the model corresponds to the number of conceptsndechdy the user in their

requirements.

Reusability: This attribute has been widely recognized and appreciatédei Object Oriented
Paradigm. Reusability is considered as a major opportusrityriproving quality and productivity
of systems development [Thiagarajan et al., 1994]. We chbasattribute to evaluate the quality
of the model in twofold: First, to check whether thedmloemploys the previously developed
models (e.g. use of existing modules) and secondly to chectherhhis model can be reused in
future (for example to check if this model is specific or ganeBuch an attribute can take into
consideration the use of collaboration patterns to reduceheces of errors [Bolloju 04] and
will help in speeding up the process of modeling. Someesugliggest that reusability is feasible
only if planned at the design stage because of loss of gemdvilifiz at subsequent stages
[Thiagarajan et al., 1994]. Reusability is important in our model since it enhances the system’s
functional reliability since the reused component/modhas been tested multiple times; therefore

errors and deficiencies would have been rectified duts\gaturity cycle.

Relevancy to requirement¥his attribute is different from “Completeness” in a way that it is
employed for finding the relevancy between the conceptseptein the model and the ones
required by the users. It will help in removing the irreleveoricepts from the model; thus it will

implicitly affect the complexity and functionality dimenpsis.

Practicability: This attribute is based on the notion of feasibility of thedel. It verifies whether
the model employs concepts or elements that are lieadisti can be materialized. For example,

there can be some models that require unprocurablestsmaltéd technology for implementation.

Reliability: A system is reliable if it is not prone to failure. Itiisportant to consider this attribute

at the conceptual level as a failure could be a hardwr a software failure. The software failures

are generally caused by errors that could result from asadlesiisions. Consequently, designers
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must design reliability in the system by reusing relialclemponents, designing integrity

constraints to ensure data integrity, facilitating éstability, etc.

Expressivenesdhis attribute evaluates the expressiveness of a modabdel is expressive if it
represents users’ requirements in a natural way and is understandable without additional
explanation. This attribute evaluates whether the emplayedtepts are expressive enough to
capture the main aspects of the reality. E.g. an inhestdimk is more expressive than an
association. So the more expressive concepts are used, thettracschema will be expressive.
Furthermore, this attribute evaluates the expressivengssalidating whether the existing
notations are used to increase the expressiveness or nax&uple, it can verify whether the

cardinalities are defined in a model or not.

4.3.1.1.4Refining Quality Goals

Our approach is based on GQM. Thus we employ questions toubetg in narrowing the
scope of their goals yet specifying its domain and incrgasia details about it. Sometimes goals
contain vague statements that are difficult to interprehdy be due to the fact that perhaps users
were unable to clearly translate their requirements moal statements or may be users are
unaware of the proper aspects of the quality in which theyngerested in. For example, consider
a user interested in evaluating the easiness with whiclodelntan be changed. Thus he/she is
interested in modifiability of the model. Similarly, themee multiple factors that are involved in
modifiability of the models such as understandability, ptaxity, modularity, etc. So it gets
difficult from the goal statements alone to identify tfaetor that are important to user. For
example, is the user interested in complexity or modylar understandability or any two or all
of the three factors? Thus if we simply try to map this gudab evaluation criteria then perhaps
our perceived domain of the goal might be narrow or might ndt libe right path. However,
usage of questions can clarify the motives behind the fbak asking users relevant questions at
this stage will help us in reducing the gap between our peocept the goal and the requirements
of the user. In addition to this, relevant questions wilbanable us to clearly define or border the
domain of the goal along with identifying the relevant qualititeda with respect to the

formulated goal. This process is illustrated in Figu24.-
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Use Perspedive fFous toIdentify Qualty Paltems

[No Relevant Pattems. Found] L [Relevari Paiiems Identifed]

E=XE) =XE)
I_"' Vil el
Use Perspedive/Focus to Identfy Quaity Atiribules Select AlRebted Qually Patlerms

: [Relevant Attributes Tdentiied] |— = 4‘
Select Qualty Pattems Fmploying This Atiriute

L& i:j
[Ne Relevant: Ativibutes Found] |; ’:{-J
Generate Questions To Confim ¥ Identiied &Related Qually Patiemms are Relevant

= =

Seledt Al Existing Qualty Pattems Generate Questions To Idertify Relevant Qualty Pattems.

Figure - 21. Mapping Goals to Relevant Evaluation Criteria(through Questions)

Questions are used to refine the quality goal. We emttieyperspective or focus from the
formulated quality goal to generate questions. We have pedpasstructured way to formulate
quality goals (refer to Section-4.3.1.1) and perspectives or fiwoos such goals can be easily
identified. For example, perspective or focus of the goal cteldcorrectness, effectiveness,
modifiability, defect removals, changes, etc. Questi@me generated under the following

scenarios:

i.  When relevant quality patterns (with respect to perspeatr focus of the goal) exist,

generate questions for all the relevant quality pattenastheir related quality patterns.

ii. When relevant quality attributes (with respect to perspedr focus of the goal) exist but
relevant quality patterns couldn’t be identified, generate questions for quality patterns

employing these quality attributes.
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iii.  When neither relevant quality patterns nor quality attribigrist. This implies that the
goal is difficult to refine employing the defined pessfive or focus alone. Thus
guestions must be generated for all the problems solved theadxisting quality patterns
so as to help the user in relating his goal with the existinglity evaluation criteria.

However, heuristics can be used to order the quality patferformulating questions.

4.3.1.2 Identifying Quality Patterns

Quality patterns can be identified either through the fdated quality goal (goal guided) or
quality experts, having in-depth knowledge about evaluatioer@itncluding quality patterns,
can directly identify and employ the patterns for eva@rat{pattern guided). Pattern guided
evaluation process is not complex. Quality experts manuallgcs and employ the relevant
quality patterns that they think are important for thenowldver in a goal guided process,
identification of relevant quality patterns is linked toethefining of quality goals through
questions. Quality goals are mapped to quality pattermsef@luation and improvement.

Identification of quality patterns is possible through thofeing three ways (Figure22):

4.3.1.2.1Direct identification:

i, Select the perspective/focus of the goal.

. Search the selected perspective/focus in existing quaditierns to identify the relevant

guality patterns.
iii. Select all the identified quality patterns along wathof their related quality patterns.

iv. For ensuring the consistency between the quality goal andlehéfied quality patterns,
generate questions about every identified quality pattednadl quality patterns that are

related to them (quality patterns are related to each)cdhnerquery the user.
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Ciredt Identification J\ User Assisted Identification

Indirect Identification

Identify Relevant Qualily Patterns

Figure - 22. Process to Identify Quality patterns

4.3.1.2.2Indirect identification via quality attributes:

If no relevant quality patterns are identified then sedhehrelevant quality attributes

using the selected perspective/focus (described in tktesnb-section).

For all the identified quality attributes, select thelgyaatterns employing those quality

attributes.
Also select all the related quality patterns of thectel® quality patterns.

Generate questions regarding every identified and all of tekired quality patterns.

4.3.1.2.3Assisted identification via user:
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i. If neither relevant quality patterns nor quality attributes &lentified, then generate

guestions about all the problems solved by all the exjsjimality patterns and query user.

ii. Identify the relevant quality patterns with respect to users’ response to questions.

4.3.1.3 Identifying Quality Attributes
Similar to the identification of quality patterns, theme two ways to identify relevant quality

attributes:

i. Direct selection of quality attributes (quality attributédgd). It can only be employed by
quality experts as it requires in-depth knowledge about thaitguattributes. Quality
experts manually select and employ the quality attribuiastheir discretion for

evaluation.

. Through the selected quality patterns since quality pattembnded to quality attributes.
Once the relevant quality patterns are identified hiagrocess mentioned in the previous
sub-section, different quality attributes are employed bys#lected quality patterns for

evaluation.

4.3.1.4 Evaluate Quality

As described in the Chapter 3, quality attributes employjtiphes metrics for evaluating the
quality of the conceptual models. Once quality attributes identified (following the above
mentioned process), the following process (illustrated guiei -23) can be employed to evaluate

quality:
i. Select all the identified quality attributes.

ii. Select all the associated metrics with respect to #nget model type such as class
diagram, etc. This includes all types of metrics such Iasic/complex or

automatable/non-automatable metrics.
iii. Employ the metrics formulae to evaluate desired aspécjsadity.
iv. Identify all the relevant recommendations based on nieasent results.
V. Present the computed metrics results

vi.  Propose recommendations
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Select All Assodated Metrics Applicable to Target Model Type Select all Identified Quality Attributes

8

—

"i .
ey L i
[d

Calulate Metrics Identify Relevant Recommendations

Propose Recommendations Present Metrics Resulls

Figure - 23. Quality Evaluation Process

4.3.1.5 Improve Quality

Quality evaluation is only a step to improve quality asortly identifies the problems.
However, it’s important to find the solution to solve the identified problems. As mentioned in
Chapter 3, corrective actions (quality improvement) are $iserece of our proposed solution. The
last level of our quality aware approach suggests the reconatiensl for quality improvement.
As quality patterns encapsulate both researcher’s and practitioner’s quality practices thus they
provide solutions to recurring problems. Once the metrm®e calculated, relevant
recommendations are proposed for further improvements throughide@dgprocess. These

recommendations could be any of the following three types:
I. Textual recommendations
. Transformations
iii. Design patterns.

Once the relevant recommendations are identified, thewfing process can be employed to

improve the quality:
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i.  Follow the guidelines or description provided with all th&tdal recommendations to

improve the model.

ii. For transformations, implement all the steps requireditoireate the identified problems
by transforming the initial model into the final modelléwing all the recommended

transformations.

iii. Applying recommended design patterns is a manual and uiffjrocess. In order to
apply design patterns, we have to manually search theewmaoldel to identify the
elements that can be improved by applying those patterns. For example if GRASP’s high
cohesion pattern is recommended for a model, then we haweatmally search for
classes lacking cohesion. In order to achieve this goalmight have to look at the
description of the classes, their attributes, methods, ® identify the elements
hampering cohesion. Similarly for polymorphism design pattemm,have to manually
identify the methods that can reduce the complexity faplémenting polymorphic

functions.

iv. Existing ontologies can also help in implementing thememendations effectively. For
example in Chapter 5, we employ an existing Human Resounteld@y to identify
different modules from a complex model in order to impletm@ recommendation for

dividing a complex model.

4.4 Conclusion

In this chapter, we presented our proposed quality driven develdppreness (Q2dP)
encompassing methods and techniques to evaluate and imfireveonceptual models with
respect to a specific analyst/designer requirement or. doathe first part, we discuss the
processes involved in the creation of the quality vision sisctha identification of new quality
patterns, quality attributes and metrics whereas instmnd part, we describe the processes
involved in applying our quality vision on the CMs. It includiéhe processes to formulate
analyst/designer specific quality goals (in a structured wagpping of these goals onto quality

patterns, attributes and metrics for evaluation.

The strength of our guided process lies in the fact that evealysifdesigner (including
experienced and inexperienced) can employ our processes tatevahd improve the med

without any prior knowledge about any evaluation criterionuality framework.
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In the next chapter, we applied our proposed solution and prooceasase study to evaluate
their efficacy. We executed all the steps of our proposedoapprto evaluate and improve the

case study CM.
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Chapter 5
Case-Study: Goal-Based Evaluation/

Improvement

This chapter applies the quality evaluation and improvemescess, discussed in previous
chapters, over a conceptual model as a case study. [@étesea real world class diagram from an
existing Enterprise Resource Planning (ERP) system thatieredoped for a huge organization
in Pakistan. This model is only an extract of the original ehath human resource module of that
ERP system. The original class diagram (or model) is appeigiy ten times the size of this
model. We selected this class diagram as a case stindg we had several difficulties in
maintaining the original class diagram due to its caxipy and size. Thus we considered testing
our approach using this class diagram as the case studheuvdn we modified the original class
diagram and selected only those concepts that are commamgadifferent organization and easy
to understand. We evaluated this class diagram with respemtspecific goal employing the
proposed quality pattern driven evaluation process. The sebpbged metrics, through selected
quality patterns, were calculated and all the resultingpmenendations were applied on the
model. The resulting transformed model was re-evaluatedoging the same metrics. Results
were compared to highlight the improvements due to the exp@valuation process. The case

study is explained in the next section.

5.1 Introduction to the Case Study

The conceptual model (class diagram) for this case stepsesents information on a human
resource management domain. All the concepts representad imodel (Figure 24) revolve
around an organizational employee referred to as “Personnel”. This model is designed for a

system capable of managing different aspects of Personnel.
Broadly speaking, this model includes the following tgbénformation:

i Personnel related information such as name, address, yamgnd date, marital status,

etc.
i Personnel’s Spouse and children information.

iii. Awards or punishments received by the personnel.
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iv. Overtime performed by personnel.
v. Leaves related information such as type and number of authdeeeks.
Vi. Bank account information for salary transfer.

vii. Salary related information such as different types of pegles and their structures,

different pay components, etc.

viii. Personnel loan information or advances taken by personnel.

5.2 Formulation of Quality Goal

Consider the following user goal in natural language “check my model if it is complete and
easy to understand”. In order to better understand this quality goal, we will transform it into the
structured goal employing the template proposed by [B@3]land described in Section-4.3.1.1

The above mentioned goal is decomposed into fields such assguperspectives, etc. as shown

below:

to analyze Conceptual model
Purpose .

for Evaluation

with respect to Completeness &

} Understandability

Perspective -

from the point of | Analyst

view of

The point ofview can’t be predicted from the goal specified in the natural language. We
supposed that the goal was formulated by the Analyst. In any case this information doesn’t
influence the evaluation process whereas we selected the “purpose for” as “Evaluation” since the

goal says “check my model” meaning the analyst is interested in evaluation only.

As demonstrated in Chapter 3, the interpretation of this goullead to multiple solutions.
Thus to precise the domain of the quality goal, we emplastipns. It will help in translating
this goal into equivalent sub-goals or concrete statenteatsan be mapped onto our formulated

quality patterns or quality attributes for evaluation andriommement.
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Figure -24. Model to be evaluated
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Following are some of the questions that are generatguoging the process described in
Section-4.3.1.1.4.

- Q1:is completeness related to syntactic completeness?

- Q2:is completeness related to semantic completeness?

- Q3:is completeness related to requirements coverage?

- Q4:is understandability related to complexity?

- Q5: is understandability related to the absence of dootatien?

- Q6: is understandability related to readability diffigegt?

Questions 1, 2 and 3 are formulated for completeness whereastions 4, 5 and 6 are
formulated for understandability. For demonstration, we supplogt the user answers the first 4
guestions as YES whereas the last two questions asTN@s, the domain of evaluation will

encompass the directions identified in questions 1,ahd34.

5.3 Selection of Relevant Quality Criteria for Formulated Quality Goal

In order to evaluate the case-study, evaluation criteriaudimedy quality patterns, quality
attributes and metrics should be used. In order to identifyetlegant quality criteria with respect
to the formulated quality goal and the responses of thedaguestions, following steps are

performed:

i.  Search the perspective/focus of the goal and their relatetst(related terms are asked as
questions such as completeness is related to syntastigpleteness and semantic
completeness) in the name, description and keywords ofxibéng quality patterns to
identify the relevant quality patterns. For example, ins tbase we will search
completeness, syntactic completeness, semantic ctenpks, requirements coverage,
understandability and complexity in the above mentioned irdtion of the existing

quality patterns to identify the relevant quality pattern

. If no quality pattern is identified then the same set of sewill be used to search through

the information contained in the existing quality attributes

iii. If relevant quality attributes are identified then we wilest all the quality patterns that

use these quality attributes for evaluation.
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The details about searching process are discussed iimi$dc3.1.2. Once the relevant quality
patterns are identified, all the associated qualityibattes (quality attributes are associated to
quality patterns) and their metrics will be selected for watédn. The mapping process for
identifying the relevant quality criteria with respecttbh@ above mentioned quality goal resulted

in the identification of the following quality criteria:

5.3.1 Selected Quality Patterns

From the existing quality patterns, the mapping procdestified model completeness and

model complexity quality patterns to be relevant. Thuss¢ two patterns can be employed to

evaluate and improve the given model with respect to the almyweufated quality goal. The

details about these quality patterns are as follows:

5.3.1.1 Model Completeness Quality Pattern

Pattern Name: Model Completeness

Context:
i. To check if the model is complete with respect to syntactic
and semantics. This pattern should be employed to validate
and improve the model for its completeness.

Problem:

i. Incomplete conceptual models (CM) pose threats to the later
stages of development as they will result in an end system
that doesn’t provide all the functionalities it was
conceived for. So the CM should be evaluated for any missing
user requirements.

ii. Similarly, if CM is not syntactically complete then it can
hamper the understandability of the model. Syntactic
completeness relates to the notation used (e.g. verifying
that multiplicities are defined for associations or that
associations have a valid name in a class diagram)

iii. Use the completeness quality attribute to identify the exact
problem.

iv. The following metrics, associated to complexity quality
attribute, can be calculated to check if this pattern 1is
relevant for the current problems of the model (metrics Db
and ¢ are applicable to class diagrams only) :

a. Requirements Coverage Degree
b. Degree of defined multiplicities
c. Degree of named associations

Solution:
i. CM should incorporate all the requirements demanded by
users.
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ii. CM should contain all the syntactic elements required by the
target modeling notation.
iii. Following recommendations can be used for improvement:
a. Incorporate missing requirements
b. Define missing multiplicities
c. Define missing associations labels

Keywords: completeness; syntactic completeness; semantic
completeness; requirements coverage;

Related patterns:
i. Model Maintainability (incomplete models need to be
modified)

The structure of the completeness quality pattern can befismarthe following Figure 25.
However, this structure is adopted for this case-study asnie includes only those metrics that
are applicable to class diagrams and employed in this-stagg for evaluation. For example,
completeness quality attribute also contains metricERrdiagrams or other conceptual models
but are not listed in Figure - 25. The first level cordgaime name of the pattern, the second level
contains the quality attributes employed by the qualititgun, the third level contains the metrics
for quantification and the last level contains the recoma&ons (in the form of textual

recommendations, transformations and design patterns).

) Model
Quality Patten @———————— — — Completeness

Quality Attribute — — — — — — — — — —

Metri Requirements Degree of defined Degree of named
enes — — — ————- Coverage Degree multiplicities associations
l"
z {
. Incorporate missing Define missing L.
Recommendations — — — — requirements multiplicities Name associations

Figure - 25. Structure of Model Completeness Quality Patter

5.3.1.2 Model Complexity Quality Pattern

The details about model complexity quality pattern canrdferred from Section-3.5.4

However, the structure of the complexity quality pattern careba §om Figure - 26.
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Quality Patten @ ———————— — — — — — -

Model
Complexity
1

. . Structural Semantic
Quality Attributes — — — — — — - Complexity Complexity

Metrics

Recommendations— —

[ 1 | ]

Number of Associations/ Max DIT/ Number of Classes/ Number of
Generalizations.. Number of cycles.. Entities/Usecases.. attributes/Methods..

— T — e S—

Factorize Remove redundant Remove Divide the Merge Split
associations associations cycles model cl cl

Figure - 26. Structure of Model Complexity Quality Pattern

5.3.2 Associated Quality Attributes for Evaluation Project

The selected complexity and completeness quality pattemploy the following quality

attributes for evaluation:

Completeness: This quality attribute evaluates the modeipleteness with respect to
both syntactic and semantic completeness. Syntactic letemess relates to the notation
used (e.g. verifying that multiplicities are defined fssociations in a class diagram).
Semantic completeness is related to the coverage of reggirements. It could be

verified by checking the conformance between concepts @epiictthe conceptual model
and the ones expressed by the users through the requiremnanten by comparing the
concepts appearing in several specifications related tosdinee reality [Cherfi et al.,

2003].

Size: This attribute evaluates the overall complexitythe model with respect to the
number of instances of different elements present innioelel. It is based on the
hypothesis that the more there are structural elementieinmodel the more it gets
complex. These elements can include entities, classes, cases, actors, attributes,

methods, etc.

Structural complexity: This attribute represents thedel@omplexity due to the existence
of different relational elements within the model. Theskments can include
associations, aggregations, generalizations, dependenasijtions, relationships, etc.
This attribute contains several metrics that are prapasdterature and have been tested
for their efficacy in representing model complexity and manmahility as shown in

[Genero et al., 2002].
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iv. ~ Semantic Complexity: In Natural Language Processing, theceminof semantic
complexity is related to the number of things to "talk abdot'the domain. In our
approach, we propose to relate semantic complexity to the variety of “subjects”
represented within the same model. Intuitively, a model sgmting both stock control
and clients’ accounts information is complex to understand as it refers to two distinct

domain subjects.

5.3.3 Associated Quality Metrics for Quantification

The above mentioned quality attributes employ multipleriegefor quantification. Following
are some of the metrics that are designed for class diagaad will be used to evaluate the case
study model. However, in case of other types of models (asdBR-models or use cases, etc.),
some of the metrics mentioned below might not be apgécamnd similarly some new or
additional metrics can be applied. For example, if wetarevaluate an ER-Model then the
metrics such as number of classes, numbers of methodeatotavalid however metrics such as

number of entities, number of associations etc can be used.

5.3.3.1 Metrics for Completeness Quality Attribute

i, Requirements Coverage Degree [Cherfi et al., 2003]: Thisierie based on the notion of
completeness of user requirements. It has been widegp&ad that if the requirements
errors are detected earlier in the designing phase thenotsteof their correction gets
much lower. This metric calculates the ratio between d¢bacepts covered by the
modeling elements in the conceptual schema and theexpesssed by the users through

the requirements.
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Let:
X = Number of requirements covered by modeling elements;
Y = Total number of requirements;
Then:
. X
Requirements Coverage Degree = —
Y
Range:
Requirements Coverage Degree = 1, if all the
requirements expressed Dby user are covered 1in the
conceptual model.
Requirements Coverage Degree = 0, 1f none of the
requirements expressed by user are covered in the
conceptual model.

. Degree of defined multiplicities: This metric calcuktie ratio between the total number
of defined multiplicities within a model to the totalimber of associations in a model.

This metric is described in Section-3.5.2.

iii. Degree of named associations: If proper naming is assignedety eclationship or
association then it enhances the understandability of tueinThis metric calculates the
ratio between the number of hamed associations and theasstatiations. This metric is

described in Section-3.5.2.

5.3.3.2 Metrics for Size Quality Attribute

Following sets of metrics are proposed in [Assenoval.et1896], [Genero et al., 2005],
[Genero et al., 2003], [Genero et al., 2002], [Genero et A1]20Genero et al., 2000], [Li et al.,
1993]:

i. Number of Classes: Total number of classes in a model.
il. Number of Attributes: Total number of attributes in model.

iii. Number of Methods: Total number of methods or functions inrbdel.

5.3.3.3 Metrics for Structural Complexity Quality Attribute

Following are the lists of metrics to evaluate the cdtrtal complexity of the model. Metrics
iii-vii are proposed by [Genero et al., 2005], [Genero gt24103], [Genero et al., 2002], [Genero
et al., 2001], [Genero et al., 2000]:

i. Number of cycles: Total number of cycles within a model.
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. Degree of non-redundancy [Cherfi et al., 2002b]: This meticulates the ratio between

thenonredundant concepts and the total concepts present in thel.mod

Let:
Xi Dbelongs to <class, association, inheritance 1link,
association class, aggregation link, composition link;
NB (X1) = Number of elements of type Xi;
NBR (Xi) = Number of redundant elements of type Xi in the
model;

Then:

> (NB (i) - NBR(Xi))
D NB(Xi)

Range:
Degree of ©Non-Redundancy = 1, if the model doesn’t
contain any redundant concept.
Degree of Non-Redundancy = 0, if the model contains all
the concepts that are redundant.

iii. Number of Associations: Total number of associations in aeiod

iv. Number of Aggregations: It calculates the number of aggregatiationships within a

class diagram.

V. Number of Compositions: It calculates the number of comppwsitélationships within a

class diagram.

Vi. Number of Generalizations: It calculates the total nunddegeneralization relationships
in a model.
vii. Maximum Depth Inheritance Tree: It calculates the lehgath from the class to the root

of the hierarchy in a generalization hierarchy.

5.3.3.4 Metrics for Semantic Complexity Quality Attribute

To measure semantic complexity, we propose to use domé#mogy or a thesaurus. For the
given case dealing with Human Resource (HR) management dowsihave used an ontology
(attached as AnneR) extracted from the documentation of the ERP systems (sameaSRP

mentioned above). This ontology is only an extract of the malgontology used to structure
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different concepts of HR management activities. This ogilprovides information about
different HR areas such as payroll, work time, personatd,draining, skills and competencies

etc.

A thorough and much detailed ontology for HR activities can betauteasing [OPM 10],
[OPM 06] standards and HR-XML vocabularieBut creatingan ontology isn’t the central point
of our thesis. We wanted to demonstrate theifelity of using existing ontology to improve the
model. We propose to measure the semantic complexityeasuimber of clusters in the model.
Thus we relied on the available ontology to identify diéfdr clusters from the original model
(Figure - 24) Similarly, there are numerous research articles progodifferent methods for
identifying clusters. We have manually mapped the orlgnadel on this ontology to identify

different clusters.

5.4 Model Evaluation

The above mentioned selected metrics for this case-stedgoanputed for the original model
(Figure -24). The results are presented in Table - 9. All the ieetemploy the computation
formulae as defined above. However, in order to calculagerdguirement coverage degree

metric, we have employed the requirements mentioned in Wghpd for calculation.

* HR-XML Consortium Library, 2007 (http://ns.hr-xml.org/2_5/HR-XML-5/index.php)
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Table - 9. Computed Metrics for Initial Model

Quality Attribute Metric Value
Requirements Coverage Degree 0.7
Completeness Degree of defined multiplicities 0.1818
Degree of named associations 0.5
Number of Classes 46
Size Number of Attributes 174
Number of Methods 120
Number of Associations 35
Number of Association classes 8
Number of Aggregations 1
.| Number of Compositions 6
SCACRIE ety Number of Generalizations 14
Maximum Depth Inheritance Tree 2
Number of Cycles 7
Degree of non-redundancy 0.927
Semantic complexity| Number of clusters 2

From Table - 9, we can see that the requirements cgeaetagree metric is 0.7 since among
the set of 10 chosen requirements, following three remends are not fulfilled in the model

(consult Appendix-D for the stated requirements):

i. Software personnel are not further specialized into any ofdhe sub types (analyst,

programmer, tester or documenter).

ii. Hardware personnel are not further specialized to any gpb {network support,

hardware maintenance, installations) either.

iii. Requirements states that the leaves are of six typeseaghdhe model classifies the

leaves into four types only.

Similarly, only 18% multiplicities are defined and onl9% associations are labeled in the
model. Thus, the model is incomplete with respectltofahe three chosen metrics. Furthermore,
the size and structural complexity metrics valuesvarg high predicting the inherent complexity

of model.

5.5 Post Evaluation Propositions for Quality Improvement

As demonstrated in the Chapter 3, quality patterns propesemmendations for quality
improvement. These recommendations are the essence ofopospd solution. Once the metrics
are calculated, corresponding corrective actions or tramsftitons can be proposed to optimize

the model. Thus, in view of the above metrics resultsb{@ - 9) and their interpretations, the
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following recommendations can be applied to improve the madeproposed by the selected

quality patterns:
For improving model completeness:
i, Incorporate missing requirements
ii. Define missing multiplicities
iii. Define missing associations labels
For reducing model complexity:
i, Factorize associations (to remove redundant associations
i. Use high cohesion GRASP design pattern (to increase cohesion)
iii. Use polymorphism GRASP design pattern (to increase cohesion)
iv. Divide the model (to reduce semantic complexity)

V. Evaluate all cycles to remove redundant concepts

5.6 Application of Recommendations to the Original Model

All the above mentioned resulting recommendations ardeappd the case-study model. The
resulting modules (the original model is divided into twdependent modules as per the above
mentioned recommendation) are placed as Figu2é and Figure -28. The details about how

these recommendations are applied to the model awided below.

5.6.1 To Improve Model Completeness

Following recommendations are proposed through the maaepleteness quality pattern and
address the issues related to incomplete modelsed@mmendations are dependent on metrics,
thus some of the recommendations are applicable enblass diagrams. However it must be
noted that these are not the only recommendations prognsthe completeness quality pattern.

These are the recommendations resulting from to our satectimetrics in the quality pattern.

5.6.1.1 Incorporate missing requirements

Missing requirements pose threats to the success of the gewglsystem. Moreover, it is
widely accepted that the earlier identification and therpaoration of the missing requirements
reduce the systems correction cost to a greater extent. Adewtfied that the case-study model
was unable to cater three requirements, we incorporatechalimissing requirements in the
following way.
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i.  We added four classes (analyst, programmer, tester and do&umeheriting from the

Software class to further classify software personneltiné¢ four sub-types.

ii. Similarly, we added three more classes (hetwork, maintenand installation) inheriting
from the Hardware class to further classify hardware pewsiointo the required three

sub-types.

iii. Requirements state that the leaves are of six types asdne model classifies the leaves
into four types only. Thus we added the missing two tygfdgaves (Study Leaves and

Medical Leaves) as classes inheriting parent Leave.clas

5.6.1.2 Define missing multiplicities

Multiplicity defines the number of objects taking part ire ttelationship. Multiplicities are
important to understand the semantics behind the re$dtipnof the related classes. We can
notice from the case study model that only 18% of the niligities are defined. For example,
multiplicities are not defined for the association begwPersonnelklass andVorkShiftclass thus
the developer will not know iPersonnelare allowed to work in multiple shifts. We identifidue
correct multiplicities for this association in the tsgsrmed model (Figure 27) and now
developer can see thBersonnelcan work in one and only one work shift. Similarly, we defi

all the unidentified multiplicities for all the assotgms.

5.6.1.3 Define missing associations labels

Proper and expressive association names enhance the undabgtsy of the model. These
names tend to help the reader in understanding the naturedfypssociation between the
associated classes. In the case-study model, only 50% ofsih@atgons are named. For example,
the association betwedPersonnelclass andlransferclass is not named thus the reader of the
model might not understand the description of this association. He/she can’t identify what
Personnelcan transfer or what is transferred? We identified tlopgr name for this association
in the transformed model (Figure27) and now reader can understand tRa&rsonnelcan be
transferred to other work centers. Thus it is clear now plessonnel are the ones who are
transferred rather than personnel transferring something oemuen Similarly, we defined

expressive names for all the associations.

5.6.2 Improve Model Complexity

Model complexity quality pattern proposed the followingammendations to elevate the

complexity and address its inherent factors in concepnalels. These recommendations are
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adopted for our case-study model and thus most of them atieadydp to class diagrams only
with an exception of “Divide the model” recommendation that can be applied to other models as

well. As mentioned above, the listed recommendatiores reot the only recommendations
proposed by the complexity quality pattern. These are ttmmeendations resulting due to our

selection of metrics from this quality pattern with regge@ur case-study model.

5.6.2.1 Factorize associations (to remove redundant associations)

In any conceptual model, redundant concepts increase theledtypand waste resources.
Similarly, redundant associations increase the structaraplexity of the models and thus they
must be identified and removed from the model. There angber of ways to identify redundant
associations. The simplest one is to identify theeaistion having same name. For example, in
the casestudy model we can see that two associations have the same name “Has License” and we
can also notice that this set of associations caretheced to one single association if we move
this association to the parent claBsthis case, we can see that both children of “Technical” class
have this association thus if we move this associdtiothe parent class (Technical) then both
children will participate to the association due to nitaace whereas the redundant conce pt will
be eliminated. We performed the same operation with another association named “Last Diploma”

as it was also redundant.

5.6.2.2 High Cohesion GRASP design pattern (to increase cohesion)

As demonstrated in Chapter 3, quality patterns propose tiymes of recommendations
including the recommendations to employ proposed desigerpattfor improving the model
quality. However, employing design patterns for model impras@nis a manual process. In
response to complexity in our case-study model, the modgbleaity quality pattern proposed to
employ high cohesion pattern to reduce model complexityusTin order to identify the model
elements where this design pattern can be applied, veaddahe complete case-study model and
found that “Personnel” class contains 8 methods that this class shouldn’t be responsible for. Such
as, it contains “CalculatePerfomedOvertime” and “CalculateNonApprovedOvertime” methods
that should be implemented in “Overtime” class rather than “Personnel” class. Thus, by

delegating the responsibilities to proper classes, weeadhuce the complexity of the source class.

5.6.2.3 Polymorphism GRASP design pattern (to increase cohesion)

Similarly in order to apply the recommended polymorphism desaiem, we scanned the
model to identify the elements where this design pattan be applied. For example, we found

that “Leave” class implements a method “OnNewFiscalYearUpdate” that updates the leaves on
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every new fiscal year. However, some leaves can be cumidu{anhnually) whereas some cannot
(lapse on yearend) such as casual leaves can’t be cumulated. Thus, if we implement this method
within the super class “Leave” then we will increase the complexity of this method by including
multiple checking criteria for each type of leaves. Howevevpould be much feasible in this case
to use GRASP’s polymorphism pattern (as proposed through our approach) and implement this

method within each type of leave to reduce the complexity.

5.6.2.4 Divide the model (to reduce semantic complexity)

We employed HR ontology (Annex-B) and identified that thiginal model contains elements
to manage personnel and elements to generate pay. Thosjer to reduce the complexity, we
divided the initial model into two modules: Personnel ang. Far example, the classes such as
Spouse, Children, Designation, Transfer, Attendance, Appointrntre clearly related to
Personnel and thus are placed in Personnel module wh#reaslasses such aBayscale,
PayscaleStruct, PayLoan, PersonnelMonthlyPay, Advagiceare related to pay generation and
thus are placed in Pay module. Moreover, the classesam@kertime, Punishment, Awards, etc.
are also placed in Pay module as all of these cladées the generation of pay. For example, if
personnel works overtime then he/she will receive additisalary similarly if personnel receive
a punishment (let say 20% deduction in salary) then heredive 20 % less pay. By including
related classes to the relevant module will cohesionraddce the coupling among modules. If
classes such &@vertime, Punishment, Awards, eteere placed in Personnel module then every
time a pay is generated, these classes were used Bayhmodule and thus the dependency of

Pay module on Personnel module would increase.

The two newly formulated modules are depicted as Figurean@7Figure - 28. All the metrics
are recalculated for both the modules and the new valuekserd as Table - 10. However, it
must be noted here that if we could find a more compréhesitology then perhaps additional

semantic groups could be identified.

The Following guidelines, as proposed through our approach, ammoyed for model
division:

i. The model division can be done in two ways: Structural vignd Semantic Division

ii. The structural division is an easier but non-efficient metfitehdomly select the model
elements and divide them into multiple modules. But belection of elements can lead

to low cohesion and high coupling among the resulting modules.
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iii. The semantic division is a difficult but efficient meth Read the model carefully (or use
some existing domain ontology) and classify the model ai¢sneith respect to some
similarity or relationship. For example, classify the ederts with respect to common
functionality or interdependency. The elements with ca@mmset of goals or
functionalities should be grouped together as a module. Suohsé&d will increase the
cohesion and reduce the coupling. Similarly, an existing ogyotan be used to identify

different semantic groups.

iv.  Another possible type of division is to identify the compfgarts of the model and to

divide them into multiple modules to reduce the comipex

5.6.2.5 Evaluate all cycles to remove redundant concepts

In conceptual modeling, existence of cycles signifies thftrination is duplicated. In class
diagrams, sometimes cycles are inevitable whereas sometimes it’s just a design error. So
whenever there are cycles in the class diagram they shheulévisited to check weather some
redundant information exists and if yes then it can be elimthdor example, in our case-study
model we can identify a cycle between “Personnel”, “Bank” and “Branch” classes. However we
can notice that all branches are associated to banksjfta personnel is attached to a branch then
we can identify the bank of that branch through the association between “Bank” and “Branch”
classes and thus wedft require the association between the “Personnel” and “Bank” classes and
so we deleted this association. Similarly we also dedletke association between the

“PersonnelSpouse” class and “PersonnelChildren” class.
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Figure - 28. Post Transformation Resulting Module for PairRe-evaluation of the Transformed Model
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Once all the recommendations are applied to the ofigiage-study model, the same set of
metrics is recalculated to demonstrate the improverdaatto our proposed quality evaluation

and improvement process. The results are placed in Table - 10

Table - 10. Post transformation metrics result

Quality Metric Original| Post transformation modules
Attribute Model | Personnel Module Pay Module
Requirements Coverage Degrg 0.7 1 1
Completeness| Degree of defined multiplicities| 0.18 1 1
Degree of named associations| 0.5 1 1
No. of Classes 46 33 23
Size No. of Attributes 174 77 117
No. of Methods 120 44 84
No. of Association 35 11 14
No. of Association classes 8 1 7
No. of Aggregation 1 1 0
Structural | No. of Composition 6 3 3
Complexity | No. of Generalizations 14 17 6
Maximum DIT 2 3 1
No. of Cycles 7 0 1
Degree of non-redundancy 0.93 1 1
Semantic | Number of clusters 2 1 1
complexity

From Table -10, we can see that threquirements coverage degreestric was “0.7” in the
original model whereas it is “1” in the transformed models meaning that all the missing
requirements are covered in the transformed models. Sliynikdegree of defined multiplicities
and degree of named associatiomaetrics are qual to “1” as well signifying that all the

multiplicities are identified and all the associations mamed in the transformed models.

We can also compare that all the metrics (exoeptber of generalizations metyiassociated
to the size and structural complexity quality attribusesh as number of classes, number of
attributes, number of associations, etc. have significdatv values compared to the original
model implying that the transformed models are comparatiesly tomplex as compared teth

original model.

The value of theNumber of generalizations metris higher in the transformed model as the
original model failed to divide the software personned &wardware personnel into sub types.

Similarly the original model classified the leavesoifiour types whereas the requirements states
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that the leaves are of six types. Thus after incorporatiegetimissing requirements, thember

of generalizationsncreased in the transformed model.

5.7 Conclusion

In this chapter, we applied our proposed solution and processeseal world model as a case
study to evaluate their efficacy. We took a class diagpf a Human Resource (HR) system for
evaluation and improvement with respect to a quality goal. itféetified the relevant quality
patterns and attributes with respect to the formulated. gdlalthe metrics were calculated;
recommendations were generated and applied to the originall.niddee resulting transformed
models were re-evaluated to check if the proposed recommerslatirally improved the model
or not. In the end, the initial results were compared with gbst-transformation results. We
identified that the transformed models have significab#yter metrics results than the original

models suggesting that the proposed approach has helped iviingptive original model.

In the next chapter, we present our software prototype “CM-Quality” that implements our
proposed solution and processes. We discuss the arohé@ttthe prototype along with different

interfaces available i€M-Quality.
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Chapter 6
CM-Quality: Software Prototype

Implementing the Proposed Approach

We designed and developed a prototy@€M-Quality”, which implements our quality
approach. This implementation has two core objectivedirdt helps in demonstrating the
feasibility of the approach. The second objective is relatddetovalidation of the approach as we

made the prototype available to students, researchergracitioners to collect their feedbacks.

CM-Quality integrates an independent software tool, QuKlegulec et al., 2009] to use the
services related to metrics definition and calculati@M-Quality has an import functionality
based on XML allowing the evaluation of quality of IS spectimas generated by existing

commercial and open source CASE tools (Rational RosgdBeering, StarUML etc).

6.1 General Architecture

Figure -29 illustrates the general architecture of the solutioll-Quality is able to accept
conceptual models designed using any modeling tool sudRatienal Rose, Objecteering, etc.
However, these models must be exported into OMG’s XMI standard format. CM-Quality is
capable of accepting models in XMI version 1.x and 2.0 fogmiats important to mention here
that XMI contains all the model elements and their datoo information. However, XMl
doesn’t contain information about the graphical objects and their graphical position in the file.

This leads to two issues:

i. We can’t evaluate model based on graphical objects or their placement. For example, we
can’t calculate the number of line crossingsnetrics using models in XMI file as this

information is not available in XMI.

ii. If XMl file is exported back to respective model file for a targeodeling software such
as Rational Rose, then the model will appear in a kathatic form as modeling software
will tend to place the objects randomly on the screeresimcpositioning information is

contained in XMI.
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Figure - 29.General architecture of the solution

CM-Quality is conceived for two types of users Quality Expertandlyst. Quality expert is a
user having in depth knowledge about quality concepts. lHesfonsible for defining the quality
concepts such as quality patterns, attributes, meticsand their relationships with each other in
CM-Quality. In contrast the IS analyst is a normal user wghimamiliar with modeling notations
and is responsible for designing different conceptual modatalysts can only evaluate the

models employing the quality concepts defined by quality expe

CM-Quality contains a knowledgebase storing different tyatoncepts such as quality
patterns, attributes, metrics, etc. defined by qualiperts. Moreover, the knowledgebase also
stores the evaluation sessions. @Mality’s knowledgebase uses multiple XML file that

collectively act as database repository.

CM-Quality applies the selected quality concepts stored eénktitowledgebase on the target
model for evaluation and furnish evaluation results along retommendations for improvement

as an output report.

6.1.1 Functional View for Quality Expert

CM-Quality is conceived for two types of user: Quality Expertd & Analysts. Figure - 30
illustrates the systems behavior with respect to quaiyert. It can be noticed that quality

experts interact with CM-Quality with an aim to defime tquality concepts in the following way:
i. To add, remove or modify quality patterns
ii. Toadd, remove or modify quality attributes

iii. To add, remove or modify metrics
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Vi.

Vil.

Quality Expert \Q

To add, remove or modify recommendations

To define or delete associations between quality patemd quality attributes. This

requires that both quality patterns and quality attribatesalready defined.

To define or delete associations between quality ates and metrics. This requires that

both quality attributes and metrics already exist.

To define or delete associations between metrics ananmaemdations. This requires that

both metrics and recommendations are already defined.

CM-Quality

>

Add/Remove/Modify Quality Attributes

e

/Add/Remove/Modify Metrics
ﬂsociate/msassociate Quality Attributes
with Metrics

Add/Remove/Modify Recommendations

|

Associate/Disassociate Metrics with Recommendations

Add/Remove/Modify Quality Patterns

Assomate/Dlsassomate Quality Patterns with Attributes

Figure - 30. Use Case Diagram: Define the Quality Concepts
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6.1.2 Functional View for Analyst/User

Figure - 31 illustrates the use case diagram to evalyaddity. This use case describes the
systems behavior with respect to IS Analyst. It can be edttbat analysts interact with CM-

Quality to evaluate and improve their models. Their intiiwas include the following:
i. They use CM-Quality to select the target model for evabnati

ii. They can browse existing quality goals to evaluate the moidklrespect to this goal

thus bypassing the automatic detection and selection ofarglguality concepts.
iii. Formulate new quality goals in a structured way
iv. Select the relevant quality patterns for evaluation
v. Select the quality attributes
vi. Select the metrics for measurement

vii. They can execute the evaluation process on the selected. mdde implies that the
system evaluates the model by computing the selectedcsetnd then presents the

evaluation results along with relevant recommendations fpramement.
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Figure - 31. Use Case Diagram: Evaluate the Quality

6.2 Detailed Architecture

CM-Quality is divided into two core modules for two types oéngs quality experts and IS
analysts. The quality expert is responsible for definind aranaging quality concepts such as
quality patterns, attributes, metrics, etc. through aityudtiven methodology whereas the IS
analyst applies these concepts for evaluating the comaleptodels. The quality expert is also
responsible for establishing the relationships among tljesdity concepts. For example, the
quality expert identifies the quality attributes employgdebch quality pattern. Similarly, he/she

also associates the relevant metrics for measuring thesdity attributes.

The quality expert can also evaluate the models but IS analysts can’t define or manage the
quality concepts due to their lack of knowledge. The two memluhdccess a common

knowledgebase Figure - 29.

6.2.1 The quality definition module

The quality definition modulén CM-Quality is responsible for defining the “house-keeping”

information such as quality concepts including quality graft, attributes, metrics and
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recommendations. This module is also responsible for lediaty the relationships among
different concepts. For example, the association betwealitygpatterns and quality attributes is
defined through this model. This module is available onlyuality expert users as identification
of erroneous quality concepts may lead to misleading evatuadisults. This module incorporates

four different utilities to define quality patterns, djtaattributes, metrics and recommendations.

6.2.1.1 Pattern definition tool

Pattern definitiontool implements the quality pattern identification prss described in
Section-4.3.1.2 to guide the quality expert in defining roplity patterns. The quality pattern
identification is a dficult and time consuming task. However the scope of this tool doesn’t
incorporate the identification of quality patterns but metaeir definition to CM-Quality. The
quality experts are provided with editors helping the pattdefmition according to the pattern

definition structure defined in Chapter 3

This tool is also the means for linking quality patternshwelevant and existing quality

attributes for evaluation.

6.2.1.2 Attribute definition tool

The attribute definition toolincludes a rich set of predefined quality attributes witikir
definition and reference to the literature. It also offéwes possibility to add new attributes in a
guided and structured way using the specialized interfac€M-Quality. This tool is also
responsible for associating quality attributes with relévand existing metrics for their
measurement. It is important to mention here that quatiiybutes are generic for all types of
conceptual models whereas most of the metrics are depemah model types (such as class
diagrams, etc.) and model elements (such as classeutass, etc.). Thus in order to measure
quality attributes, all the relevant metrics for all motigles must be associated with it else the

attribute will be limited to certain model types for whichtnos exist.

6.2.1.3 Metric definition tool

The metric definition toolis a complete and complex set of utilities providing botanguage
and a set of editors for metrics definition. This toolyides a GUI based approach for defining
new metrics to measure every possible criterion thhaged on the model elements of different
models types. For example, this tool can be used to dafmetric for calculating the number of
classes in a class diagram. Similarly, the same soo&pable of defining complex metrics such as
to calculate the cohesion in a model. This tool alsviges the expert with a set of predefined

quality metrics that could be browsed and modified.
152|Page



Chapter 6 CM-Quality: Software Prototype Implementing the Proposed Aagio

6.2.1.4 Recommendation definition tool

Recommendation definition toallows the definition of recommendations in CM-Quality for
model improvement. Similarly, this tool is also respbfesfor associating recommendations with
metrics as these recommendations are proposed accordingiten quality threshold of metrics
These recommendations correspond to best practices extfagtediterature or proposed by

quality experts.

6.2.2 The quality evaluation module

This module provides an IS analyst with a set of utilitfes quality evaluation and
improvement. It implements the quality driven process ptesein Chapter 4. This module

performs the following tasks through different utilities:
i. It helps the analysts in formulating their quality goal.

ii. It helps in identifying the relevant quality concepts (qyagbiatterns and attributes) for

model evaluation with respect to the formulated quality.goal

iii. It performs the evaluation by measuring different metrgsoaiated to the selected

guality concepts.

iv. It proposes the recommendations for model improvement.

6.2.2.1 Quality Parameters Selection Tool

The quality parameters selectiontool initializes the quality evaluation session. This

initialization includes the following:
i. The information about the modeling notation used (ER, UBtL).
ii. The specification to evaluate (class diagram, ER diageacy),
iii. The selection of the target model in XMI standard.

iv. The validation of the selected XMI file with respect to OMG’s specifications.

6.2.2.2 Goal Definition Tool

The goal definition toolenables the IS analysts to formulate their quality goah weast
amount of effort following the standardized process illusttan Chapter 4. This tool implements
the goal template proposed by [Basili 93] to formulate actired goal in order to enhance its

understandability and to reduce the vagueness characgeniatnral language.
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6.2.2.3 Quality Evaluation Tool

Thequality evaluation toobffers three main functionalities:

i. Identification of goal’s domain through generated questions.
ii. Identification of relevant quality criteria.
iii. Quality evaluation.

Quality evaluation tooldentifies the relevant quality concepts (quality pateand attributes)
and generates a list of questions to map the analysts’ perception of formulated goal to th&uality
evaluation tool’s perception. This identification uses text matchinditegues based on the goal
expression and quality patterns components such as key woodtext description, related

patterns, etc.

Based on the responses to the questions, relevant qualigrnsatand attributes will be
proposed to the analystQuality evaluation toohelps the analysts in selection of the appropriate
quality patterns, quality attributes and metrics from theomatically proposed conceptsrfo
evaluation. After the selectiorQuality evaluation toolevaluates the model by computing the

selected metrics.

6.2.2.4 Quality Improvement Tool

Finally, based on the obtained quality values, qality improvement tooproposes quality
improvement advices in the form of recommendations. In theetversion, this module does

not automatically apply the proposed transformation rulescéggd to the recommendations.

6.2.3 The knowledgebase structure

Figure - 32 illustrates thatCM-Quality’s knowledgebase is composed of three abstraction
levels. The highest level contains the quality meta-@hadplementation. The intermediate level
is dedicated to quality concepts defined by the qualityeexpt contains the quality attributes,
metrics and recommendations created through CM-Quality.llfsirthe lowest level stores the

results of the evaluation sessions.
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Figure - 32. Knowledgebase Structure

CM-Quality’s knowledgebase is implemented using independent XML. fHesvever, these
files act as a database management system and redwsptbgment efforts due to their reduced

dependencies.

6.2.4 Package Diagram

Functionalities inCM-Quality are divided into seven packages. The package diagram ineFigur
- 33 llustrates the different packages and interactionsvd®n the packages. Different
functionalities of the prototype are grouped into differentkages. For example, th@uality
Evaluator Packagencapsulates all the classes responsible for evaduttte conceptual model.
Similarly, the Quality Improver Packageencapsulates the classes responsible for model

improvement.

As CM-Quality incorporatesan existing prototyp&ualis [Kersulec et al., 2009] for defining
and calculating metrics, therefore this package diagrawm iacludes the functionalities of this
incorporated prototype. For example, tlaality Evaluator Packageevaluates the CM by
calculating different metrics. This metric calculatitunctionality was originally implemented in
[Kersulec et al., 2009] and is part of oQ@uality Evaluator Packagdan addition to other
functionalities. In the following sub-sections, we defitne responsibilities of each package

designed in CM-Quality.
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6.2.4.1 CM Quality Core

CM Quality Coreis the main package responsible for managing all othekagas. It
implements the main functions and employs all other packagperform the desired operations.
For example, this package calls the routines implementbddrface Manager Package design
the different types of interfaces and to incorporate differtypes of validation on user input
fields. Similarly, this package employsMI Parser Packagdo extract the model information
from the exported XMI files and uses this information toleate the model employing the
functions implemented iQuality Evaluator PackageHowever, it is important to mention here
that packages, other thadM Quality Core Packagesan’t access the functionalities of other
packages directly. Every package is designed in such a heythtey work as an independent
entity andCM Quiality Core Packagenanages all the access. In the above exangie Quality
Core PackageemploysXMI Parser Packageo extract the model information and then send this
information toQuality Evaluator Packagéor evaluation. Briefly speaking, this package functions
as the central unit and delegates responsibilitieshéo concerned packages and controls the

overall system.

XMI Parser Quality Quality

Evaluator Improver

A A 7
Interface | CM Quality Reports
Manager Core Generator
\/
Knowledgebase
Manager

Figure - 33.CM-Quality Package Diagram

6.2.4.2 XMI Parser

As mentioned beforezM-Quality incorporatesan existing prototyp&ualis that was capable

of defining and calculating metrics on models exported in XMmfat. XMI Parser Package
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offers these functionalities, implementedQualis, for parsing the XMI models in order to extract
different information about the models. This informatioruged to calculate different metrics
through the functionalities implemented @uality Evaluator Packagend to generate relevant

improvement strategy employing the classes inQhality Improver Package

6.2.4.3 Interface Manager

Interface Manager Packagencapsulates all the classes required to generate andgm
different types of interface components foM-Quality. For example, this package includes the
classes to manage different table<CiM-Quality such as it manages how to bind data to different
columns in a table or how table should be formatted, Btts package also incorporates the
different validation functions employed bgM-Quality for on-form verification of user inputs.

For example, it ensures that the numeric values are terteghin the non-numeric fields.

6.2.4.4 Knowledgebase Manager

In CM-Quality, we have not used the traditional Database ManageBystem (DBMS) for
storing the knowledgebase contents due to deployment aedsing issues while portability.
However, we have used multiple XML files to store the kieolgebase contents. Thus,
manipulating knowledgebase contents from multiple XMEedifrequires a sort of DBMXML
DB Manager Packageencapsulates all the functionalities that helpsnanipulating the data
stored in XML. This package also includes the functiomparse and execute different queries

including complex ones with multiple joins.

6.2.4.5 Quality Evaluator

Quality Evaluator Packagés of high importance i€M-Quality as this package encapsulates
all the classes responsible to evaluate conceptual modikis package is responsible for
formulating the quality goal, identification of relevantadjty criteria (quality patterns, attributes
and metrics) through sophisticated and efficient searchingcess (described later) and
calculation of all the relevant metrics. It is important mention here that metric calculation
functionalities were originally implemented @ualis but after integration they are included in

this package.

6.2.4.6 Quality Improver

Quality Improver Packageencapsulates all the functionalities responsible foreg&ing

relevant recommendations with respect to measured metgdts. These recommendations
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include textual recommendations, transformations and pespdssign patterns as described in
Section-3.5.3

6.2.4.7 Reports Generator

CM-Quality can be regarded as the only model evaluation softwareptioaides proper
printable reports, in the form of Portable Document For(R&F), incorporating both quality
evaluation results and improvement recommendati®eports Generator Packagencapsulates
all the classes required to generate PDF files from XBHult set. These classes include functions
to design the report layou€CM-Quality employs Java API for XML Processing (JAXP) and
Formatting Objects Processor (FOP) for generating the Ppértse Thus,Reports Generator

Packagencludes functions to generate reports using JAXP and FOP.

6.3 Quality Definition in CM-Quality

CM-Quality is a user-friendly tool aiming to implement the qualégyaluation approach
described in Chapter 3. As depicted in the meta-modeju(Ei - 7), quality patterns are
formulated by using the existing quality attributes in khewledgebase. Quality patterns serve as

guidelines helping IS analysts (naive or expert) to achievalityygoal.

CM-Quality offers two interfaces; the first one, dedicated to qualkperts aims to maintain
and enrich the knowledgebase content. Whereas the secalichtdd to quality evaluation and
improvement by IS analysts, attempts to match a quality with the quality patterns and/or

quality attributes stored in the knowledgebase.

6.3.1 Quality pattern definition

As described in Chapter 3, defining a new quality pattestds¢o answer the following three

qguestions:
i. What is the context of the quality pattern or when can thitem be used?
. What is the problem that this pattern can solve?
iii. How can this pattern solve the problem?

Once the quality expert answered the three questicg'shé can use thQuality Pattern
interface(Figure -34) to add a new quality pattern to the knowledgebase. The sfok@ns the
process described in Section-4.2.1. Similarly, the saneefamte can be used to edit or delete the
quality patterns from the knowledgebase. The Informatiefindd through this interface is

required to formulate the body of the quality pattern. As inaetl in the preceding chapter, a
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quality pattern can be related to other predefined quaditfems. These related patterns help in
identifying and elaborating the domain of the defined qualdgl (details are discussed in the

Section-6.4) and can be added using the button o@Qtladity Pattern Scree(Figure -34).

Pattern Name |Model Structural Complexity

Context [To checkthe structural complexity of th

[l »

Problem Sometimes models get complex due

NG

Solution |due tothe existence of multiple level of

e

) Iodel structural complexity,
Keywords |, mner of assaciationsirelationships!
seperated by commas b7 aggregation hierarchies.

[T

Model Size Model Simplicity,

-
Related Patterns =
-
4] I [T*]
| Display Existing Quality Patterns |
Model Clarity To checkwheth...[Maodels usuall... [within them a... [*]
Model Details To checkwheth...|Each ofthe m... |Each ofthe m...
Model Communicati... [To check wheth...|anguage that ... |Due to increa...|
Modeling Concept N...|To checkwheth... |Models usuall... |Models shoul...|_
Model Size To checkthe ov..[Sometimes m...|Models canb...| |
Model Structural Co... [To checkthe str.|Sometimes m... {due tothe exis..
Model Simplicity To check wheth...[Models can ge..[Models shoul...
Model Modifiability To check wheth...[Sometimes it... [This attributei.. ||
4] Il \ [

| [ Add || Delete ] | | Edit || | cancel ||

Figure - 34. CM-Quality Screen: Managing quality patterns

Once the quality pattern is added to the knowledgebasegspmmding or related quality
attributes can be associated to it from the knowledgefdseknowledgebase contains numerous
quality attributes that are ready to use. FiguB5shows the association screen responsible for

associating quality patterns with the existing qualityilattes.
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Associate Quality Patterns with Quality Attributes

Patiern Name ||Mode\ Structural Complexity

Context

Problem

Solution

Keywords
seperated by comm

-

[To check the structural complexity of th

il »

Sometimes models get complex due t

TG

due to the existence of multiple level of]

inD

WModel structural complexity,

8DT, Aggregation hierarchies

Number of associationsirelationships/

NG

Quality Attributes

RETEVANCY 10 TEqUITENTENT:

TS SNMOUTE 15 OMETEnt Il

Praclicability

This attribute is based onih

Reliability

This attribute is crucialto g

Expressiveness

This attribute evaluates the

Syntactic Cormecinass

Schema is syntactically cor

| Semantic Correciness Schema is semantically cor |
= Size This attribute evaluates the |
v] Structural Complexity This attribute represents the
[] Modularity This attribute is based onth__|
L] Standardization This attribute will evaluate
] Currency This atiribute evaluates the

-

4] I

[ ¥

| Associate Quality Patterns I

Figure - 35. CM-Quality Screen: Associate Quality Patternsvith Quality Attributes

6.3.2 Quality attributes definition

Section-3.5.1 defines the concept of quality attributes mapproach and details how existing

equivalent concepts such as dimensions, propertiesactiesistics, etc. are merged into the

unified concept of quality attribute. Moreover, Section-4de2cribes the process for identifying

new quality attributes. This process is implemented éQhbality Attribute interfacgFigure -36)

of our software prototype. Users can add/edit/delete quadtlitipates from the knowledgebase

using this interfaceKeywordsare identified for each quality attribute to help thdertification

during the evaluation process.
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Quality Attribute

Atiribtite Nime ‘Structural Complexity I

This attribute represents the model cnmp‘ =]
Description =

4[] v

Keywords Structural Complexity

seperated by commas

< [nl»

Di

Relevancy to requirem. .. (This attribute is different fr._. |Relevancy fo fid

Practicabilify This attribute is based on th... [Practicability
Reliability This attribute is crucial to g... |[Reliability
Expressiveness This attribute evaluates the ... [Expressivenes|

Svutactic Correctness  [Schema is svatactically cor... [chers mention—

Semantic Correctness  |Schema is semantically cor... [Semantic Cort

Size This attribute evaluates the __ |Size, model sij=
|Structural Complexity is attribute Tepresents the_|Structural Cor
Modularity This attribute is based on th... Modulanity ||
Standardization This attribute will evaluate t... |dély acceptab!
Currency This attribute evaluates the __ |Currency, rec| « |

4] [»]

1l I
[ o ][

Figure - 36. CM-Quality Screen: Manage Quality Attributes

As mentioned before, quality attributes employ multipletrics for their measurement. These
metrics can be computed automatically or might require masaleulation. Thus, adding a new
quality attribute requires its association with the appadprquality metrics for its measurement.
This association between quality attributes and metriogh(lautomatable and manual) can be

defined using the separate screen as shown in Figure - 37.

Associate Quality Attributes with Metrics

Attribute Name | Structural Complexity [~

Description

Tl [

”This aftribute represents the model :on“i

Keywords | stryctural Complexity
seperated by commas

[l 1 I
Quality Metrics
Check All METRIC NAME DESCRIPT ~
O MNBR_Association_Link_XCludeSe...|Nombre d associal
¥ NBR_Associations_XCludeSelf MNombre d'associat|
v MNBR_Inheritance_XCludeSelf_Met... Nombre de classed =
[¥] MNBR_AssociationClasses_XClud... |Nombre de classe:
v MNBR_Aggregation_XCludeSelf_Me...Nombre d'agregati{—|
[¥] NBR_Compositions_XCludeSelf_... |Nombre de compo:
Minimality Mesure de la mini
L] NB_AllAssociationEnds_Metric The number of ass
v Simplicity Mesure de [a simpl|
¥ NOC The numberufcnnif
DT The danth nftha cld 7 |
4] Il | [r]

Figure - 37.CM-Quality Screen: Associating Quality Attributes with Metrics
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6.3.3 Metric definition

Metrics are an important part of the evaluation procaesthay measure the aspects deemed
important to users with respect to their vision of quality.our approach, metrics are used to

measure quality attributes. However, there are two typeagtrics:

i. Metrics that can be calculated automatically such ascutaing number of

classes/attributes, etc.

ii. Metrics that are not automatable due to any reason sucluraber of line crossings,

requirements coverage degree (see details in Chapter.5), etc

In our approach, we employ both types of metrics and thus warpio@ate them in our
prototype. An important strength of our approach is the fatwwbahave developed in a previous
work a prototype Qualis) for metrics definition and evaluation [Kersulec et al., Z0@ualis
implements a metrics definition language and so metrics don’t need to be hard coded providing
more flexibility in their definition. This also allowssample enrichment of metrics. Our prototype
integrates this metrics definition language to defin@matable metrics. Here is an example of

metric definition calculating the number of classes ataas diagram:

<metric name="NB Classes Metric" domain="model" >

<description>The number of classes belonging to a
model.</description>

<projection globalrelation="true" target="class"
condition="id!=""'" />

</metric>

The above mentioned metric definition is performed usingMmetric Definition interface
(Figure -38).
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Add Metrics

Metamodel File :  metamodel. xml

Metrics
(*) Name :
Type :

Operation :

|NB_Classes_Metric

@ Simple

Compasite

projection

Category :

Both Mul

The number of classes belonging to a model.

ml

Domaine :

madel

ti-model

Projection |

|| Relation

|¥] Global Relation

[Tl RelSet  Relset Relation : |id

Add Remove

Target : [7]
Element : ||

Element type: []
Nesting 7 [ ]

Condition :

Sum ? []

class
id
class

Recursive 7 [ | Self-Exclude? [ | Unigue ? ||

id1="|

- :+ | Add Remove associationclass

-

- Add Remove

[ o | [ Camcel |

Figure - 38. CM-Quality Screen: Defining Automatable Metrcc

However, theabove interface can’t be utilized to create non-automatable metrics. uD

approach employs several metrics that can’t be computed automatically but are important for

evaluation and subsequent improvement. We tested sevelil qmaluation utilities such as

StarUML, Objecteering, UMLQuality, etc. but none ofeth provides any support for non-

automatable metrics and thus they discard several impoevaluation criteria that for the

moment require manual computations. Our quality aware aplpno@vides corrective actions for

model improvement and thus we kept these non-automatadtiecenin our knowledgebase so

that relevant recommendations can be proposed to user foelnmprovement. Figure 39

depicts theNon-Automatable Metrics Definition Interfacéll the metrics defined using this

interface are treated as equivalent to automatable agrétd. they can be associated to quality

attributes,

can be employed

for

any evaluation project

and \wibpose

relevant

recommendations. The only difference between these mamtsutomatable metrics is that they

will not be computed by our prototype during the evaluation.
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Non-Automatble Metrics

Name | I

Description ‘ |

4 *

-
Keywords ‘ |

{seperated by commas)
L [3

| Display Non-Automated Metrics ‘I

m

4 1 )

|\ Find |H\ Add |‘ Edit J|\ Save I‘ Delete |

Figure - 39. CM-Quality Screen: Defining Non-AutomatableMetric

6.3.4 Recommendation Definition

As mentioned in Chapter 3, one strength of our approachnlideeipost evaluation feedbacks
in the form of recommendations. These recommendationpateof the knowledgebase and are
proposed to the user for improving their models. Figur0-depicts theRecommendations
Definition Interface This interface can be used to add/edit/delete recamdations from the
knowledgebase. Moreover, our knowledgebase is capable oihgstoelevant supporting
documents for the recommendations to help users in uaddisg the details about such
recommendations. These supported documents are availabldnet user along with the
recommendations for reference. For example, we can storéngxtsiman resource ontolgg
(that was used in Chapter 5) as a reference for helping msielentifying different clusters from
their complex models in order to divide them, as was detraied through our case study in

Chapter 5.
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Recommendation

Name | I

Description | il

4 3

Supported Documents | I| Add Supported Documents I

Display Recommendations I

m

4

nr = 3
[_Find | || [_Add_] | (OSSN | [NESRN | [ Save | || [Cancel]

Figure - 40. CM-Quality Screen: Managing Recommendatios

In our approach, recommendations are dependent on metritsresulthey are proposed for
improvement based on the measured values of the mettias, €ach recommendation must be
associated to at least one metric and proper applicatitariarshould be defined with respect to
each metric so that they can be proposed effectively. Thixiasen between recommendations
and merics can be established using our prototype’s interface as depicted in Figure -41. In our

approach, the relationship between metrics and recomaiend is manyto-many.
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Associate Metric with Recommendation

Metrics Name ‘ AncSet - I

The set of ancestors of the class.

m| »

Description

Recommendations

C... Quality Transfor... Description Minimum value Maximum vi_*
transforamtion3 ... |transformation3 ... (4 33

hameed hameed description |5

quality 2 quality description |6 66 E
ali ali description 7

<\|<=l=)

4 . b

| Associate Recommendation |

Figure - 41.CM-Quality Screen: Associating Recommendations with Metrics

6.4 Quality Evaluation in CM-Quality

The scenario presented in this section illustrates howCtieQuality can be used to evaluate
and improve the models. The quality definition module iscedred for quality experts only as it
requires in depth knowledge about quality concepts. Howeveneagioned in Chapter 4, we
provide two types of mechanisms to accommodate both baalysts and quality experts rfo
quality evaluation module. Quality experts can skip the doahulation and directly start the
evaluation process by selecting the quality patterns ortguatiributes from the knowledgebase.
However, it requires that they are aware of all thestéxj contents of knowledgebase and what

each concept proposes.

The quality evaluation process starts by selecting the ntode¢ evaluated. The model must
first be exported to the XMI (XML Metadata Interchangek fformat. XMl is the standard
proposed by Object Management Group (OMG) for exchanging matadarmation via XML.
XMI has widely been used in the industry for enhancing theapdity of conceptual models
among different modeling tools. Our prototype is based on Xkd thus it can be used to
evaluate models designed using any modeling tool capablepofiteng its models into XMI.
Thus, the user selects the model to be evaluated. Oncedthel is selected, the user is proposed

the following four options:
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i.  Formulate new quality goal (for all type of users) i.e. dtarnh the scratch.

i Use existing quality goal i.e. the quality goals that wareviously used for evaluation

(for all types of users).

iii. Select quality patterns directly (for quality experts onlg) the evaluation process starts
by manually selecting the quality patterns thus skippirggibal formulation process and

the process to map the formulated quality goals on to qu=ditierns.

iv. Select quality attributes directly (for quality expertslydni.e. start the process by
manually selecting the desired quality attributes thuippsikg the goal formulation
process, the process to map the formulated quality goals on lity uestterns and the

selection of quality patterns.

Since most users have limited knowledge about the diffeganlity concepts therefore they
are required to start the evaluation process by formulatiegquality goal. Both the quality
evaluation modes for quality experts are different witlpees to their starting point only. The
complete evaluation process encompasses all the stapgbal formulation to the generation of
evaluation results with recommendations. In the next mectie will describe the complete
evaluation scenario that demonstrates the complete dlothe CM-Quality application starting
from goal formulation to the generation of evaluation results. él@wny we will explicitly

mention the starting point of each of the two modes of evaludbir quality experts.

This scenario doesn’t include the housekeeping of knowledgebase i.e. it doesn’t discuss about
the insertion, modification or deletion of quality pattergsality attributes, metrics, etc to the
knowledgebase. It uses the existing contents of the kugelmse for evaluation and
propositions. However, CM-Quality contains numerous screens for manipulating the
knowledgebase including the screens to manage qualifgrpst quality attributes, metrics, etc. as

shown above.

6.4.1 Goal Expression and Resolution

As described in Chapter 3, we have used the goal formulttioplates proposed by [Basili
93] to help the user in formulating a structured goal withlégast amount of effort. [Basili 93]

divided the goal into four components:
i. Purpose of the goal i.e. object of analysis such as coradlaptwels, processes, etc.
ii. Intention of the goal. For example is it for evaluation, improgat, etc.

iii. Perspective or focus of the goal such as completeness/)edtypetc.
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iv.  Target point of view i.e. is this goal intended for analyssgrs, etc.

We found that dividing the goal into these four componuiltshelp the users in formulating
their quality goal more efficiently, effectively and with theast amount of effort. We have
incorporated this template in our prototype. Figud depicts the interface responsible for goal
formulation. The user can select as many sub goals as r@gHio@ever a quality goal can have
one and only one purpose and one point of view. The contents dbuhecombo-boxes are
mentioned in Section-4.3.1.1. The text box in the interfaceiges a preview of the formulated

quality goal in natural language to help the users in visinalitheir formulated quality goals.

In this example (Figure - 42), the user is interested in atvialy the complexity and
completeness of conceptual models (we will use this thwaughout this chapter as an example).
Structured goals have enabled us to perform efficient Begay@s in this case we will search for
relevant quality concepts corresponding to complexity and taempess only. The CM-Quality
tool integrates a searching engine for identifying reléwvgrality concepts (quality patterns or
attributes) with respect to the user defined quality gogdré&hing process is discussed in the next

section.

Quality Goal
Purpose
To Analyze | Product (Conceptual Model) I For (or why) | Evaluation - I
Perspective
With Respect To (focus) |y, + || From the point of view of (who) | Marager I

|| Reset ﬂ|| Add Sub Goal |

Goal Statement Preview

Purpose of the goal 1s to analvze Product (Conceptual Model)
for Evaluation with Respect to Correctness,

for Evaluation with Respect to Complexity

from the Manager point of view

Search Criteria (To Find Relavent Quality Patterns)

uality Pattern uality Attribute nality Metrics
| Pattern Name | Attribute Name
| Contesxt Description
Problem 7| Keywords
Solution
V| Keywords
| Back | —

Figure - 42. CM-Quality Screen: Quality Goal Formulation Sreen
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6.4.2 Matching Formulated Goal to Quality Patterns

The incorporated search engineGM-Quality uses information contained in quality patterns,
quality attributes and their associated metrics to matghadity goal. This matching could take a
lot of time. However, in order to accelerate the searchimg,user has the option to select the
target fields for searching. The user can choose thectsdale fields from quality patterns,

attributes and metrics.

In the previous section, we formulated a quality goal witkeribtto evaluate a conceptual
model with respect to correctness and complexity. Onegtality goal is formulated and target
searchable fields have been selected, the user launehesarching process. In our prototype,

CM-Quality, the mapping of this goal onto relevant quality concepts wegolour steps:

i. In the first step the user will answer the questions, adetad byCM-Quality’s search
engine, to narrow the domain of the formulated goal, aspngzosed by GQM (refer to

Section-3.2.1 for more information about the generation of guesand GQM).

. Based on the responses of the questi@h4;Quality will propose a set of relevant quality
patterns. In the second step, the user will validate @élextion of the quality patterns. In
this step the user can also manually select the quaditterns if it was not proposed by

the prototype. However, this manual selection necessitadgertise in quality concepts.

iii. In the third step, the user will validate the selection ofqih&lity attributes i.e. he/she will
confirm the selection of quality attributes that shouldused for evaluation. By default,
all the quality attributes associated to all the vaédaquality patterns (from the second

step) will be used for evaluation.

iv. In the last step, the user will choose the quality metricat should be used for
guantifying the quality attributes. By default, all thaality metrics that are associated

with all the quality attributes validated in step-3 widl bsed for evaluation.

6.4.2.1 Step-1: Generating Questions to Identify the Domain of the Formulated
Goal

As mentioned in Section-3.uality goals are translated into questions. These quesstielp
users in narrowing the scope of goals yet specifying its doara increasing the details about it.
Questions also help in identifying the evaluation critesith respect to the formulated goal. In

CM-Quality, the search engine identifies the relevant quality cptscewith respect to the
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formulated goal, and generates questions so as to map tiek segine’s perception of the goal
with respect to users. For example, completeness candted¢b requirements coverage whereas
it can also be related to syntactic completeness (refer ¢tio8€3.5.1 for details about these
terms). In this casezM-Quality will generate two questions asking the user if cotepless is

related to requirements coverage or semantic completeness.

CM-Quality incorporates a sophisticated search engine that hedpautomatic identification
of quality concepts that are in-line with the user definedlity goal. However, in order to
facilitate the searching, the user has the optioretecs the target fields for searching. The user
can launch searching on all the fields of quality pattésagh as name, context, problem, etc.),

quality attributes (such as name, keywords, etc.) and qumadityics.

Upon selecting the target fields, the user will pressNiegtbutton on the goal formulation
screen (Figure 42) to launch the search process. The system will searchgudige/focus of the
goal, in our example completeness and complexity, in all #lected fields for possible

matching.

Please Answer The Given Question

Pattern Name Answer
s Complexity Related to Model Completeness? yes No
l1s Complexity Related to Model Madifiability? yes No
[1s Complexity Related to Model Size? yes No
[1s Complexity Related to Model Structural Complexity? yes No
[1s Complexity Related to Model Detals? yes No
lis Complesity Related to Model Communication? yes o
[1s Complexity Related to Model Modifiability? yes No
Back Next

Figure - 43. Goal Creation Step-1: Generating questions taentify the domain of the

formulated goal

Questions will be generated for all the resulting quatiitterns matching the quality goal.

However, these search results are constituted thanks ®dffferent kinds of search:
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If the quality goal matches the selected fields of thdityupatterns, then a question will
be generated for that quality pattern and added to the regpuétble (Figure - 43). For
example, one of the gligy patterns in knowledgebase is named as “model complexity”,

thus the search will include questions about thisityupattern in the result.

Similarly, the search will look for the goal terms in thdested fields of the quality

attributes and if some matching quality attributes atmdlp then the system will look for
all the quality patterns that are associated with dniglity attribute and will generate and
display the questions about the associated quality patierime result table. For example
knowledgebase contains a quality attribute that has txity as a term in its name and
similarly another quality attribute that has complexisyaaterm in its keywords. Thus the
system will look for their associating quality patterns avil generate and display the

guestions about those quality patterns and not the qudtityldes.

Searching tool will also look for the matching termstlie selected fields of the quality
metrics. And similarly to quality attributes, if some nieg exist that arén-line with the
guality goal in question, the system will first look for theality attributes that are
responsible for these metrics and then will look for the gualitterns containing those
guality attributes and include questions about thoseitguadttern in the resulting table
(Figure -43).

6.4.2.2 Step-2: Validation of Proposed Quality Patterns

Based on the user’s response to the questions generated in Step-1, relevant quality patterns will

be proposed. However, the user can change the selection traddd/her choice. Figure 44

depicts the interface proposing the quality patterns reteteathe formulated quality goal and

user’s response to the questions.
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Please verify your selection of quality patterns.

Quality Patterns

[] Check All PATTERN NAME
Maodel Modifiability
] Model Size
] Model Structural Complexity
[v] Model Details

Figure - 44. Goal Creation Step-2: Validating the selectionf proposed quality patterns

In addition to the proposed quality patterns, the user can adswally select the quality
patterns that he/she thinks can be important for thetgugdial and that were not identified by the
search engine. Similarly, the user can also discard thktypatterns, resulted by the system, that

he/she thinks are not relevant to the quality goal.

Once the user validates his/her selection of the qupliyerns, he/she will press tiNext

button to go to the next step.

6.4.2.3 Step-3: Validation of the Selected Quality Attributes

The structure of a quality pattern contains a set of qudlitjpates i.e. quality patterns employ
quality attribute(s) for evaluation. However, if a qualigttern is selected for evaluation then this
doesn’t require that all of its associating quality attributes will be employed for evaluation. The
user can change the selection and decide the quality atgitube used from each quality pattern

for his/her goal specific evaluation project.

Please choose the quality attributes to be used for evaluation

Default: All associated attributes with the selected quality patterns will be used for evaluation.

Select the Quality Pattern

Model Details ‘v‘ ‘

Select the Quality Attribute
[] Check All Aftribute Mame =
4

Documentation Degree
[m] MNamed Association/Relationships
[ IMuttiplicities

Nt |

Figure - 45. Goal Creation Step-3: Validating the attributesselection for evaluation
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In the third step, the user will see the screen shown inr€igd5. The combo box on top of
the screen contains all the quality patterns selectedemz Upon selection of quality pattern
from the combo box, the table below will list all the duyattributes that are associated with the
selected quality pattern. By default, all the qualityribittes will be selected for evaluation.
However, the user can change the selection and decidedity cattributes to be used from each
quality pattern for his/her goal specific evaluation projéair example, Figure 45 shows the
“Model Details” quality pattern and the three quality attributes associated with this quality

pattern. We can notice that only one quality attributeliesn selected.

6.4.2.4 Step-4: Validation of the Selected Quality Metrics

Figure -46 displays the last screen of the goal creation. The dmstbo box on the screen
contains all the quality patterns selected in step-2redwethe second combo box contains all the
quality attributes selected in step-3. Upon selection ofityupattern from the combo box, the
second combo box will list all the quality attributbst are associated with the selected quality
patterns and were selected by the user in step-3. Oneseheselects a quality attribute from the
combo box, the table will list all the metrics ttame associated with the selected quality attribute.
By default, all the metrics will be used for evaluatiblowever, the user can choose the metrics
on his/her discretion for his/her goal specific evaluapooject. This list will also contain manual
metrics but as mentioned above, manual metrics will betcalculated but will appear in the

evaluation report along with recommendations.

Please validate the selection of metrics to be used for evaluation

Default: All associated metries with the selected quality attributes will be used for evaluation.

Select the Quality Pattern

|Mode| Structural Complexity ‘v|

Select the Quality Attribute

| Structural Complexity ‘ - |

Quality Metrics

[] Check Al Metric Name E
[v] NB_Associations_Metric
v MNB_Inheritance_Metric L
[v] NB_AssociationClasses_Wetric
v MNB_Aggregation_Metric L
v] DIT
v NumAssociationsLinkedToClass
v InheritedAtiributes
Inherite dAttributes_Hierarchies
L] InheritedOperations
|| InheritedAssociations =

m
w
=
=

| I Execute |

Figure - 46. Goal Creation Step-4: Validating the metricsedection for evaluation
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For example, irFigure - 46, “Model Structural Complexity” is selected as the quality pattern
and “Structural Complexity” is selected as the quality attribute. The table digphll the metrics
associated with the selected quality attribute. Amdhlisged, only seven metrics are selected for

evaluation.

6.4.3 Model Evaluation & Improvement

The model evaluation consists in assessing the qualityheftarget conceptual model by
employing the selected quality criteria. The model evauais dependent on the calculation of
the selected metrics as all other quality concepts &raliktractions for classification. The model
evaluation process starts by calculating the metricshentarget model. Once the metrics are
calculated, corresponding recommendations are proposed tosdrefor improvement. Our
knowledgebase contains numerous recommendations dependitige anetrics values. These
recommendations can be textual recommendations, transfommair proposed design patterns

(details about recommendations and their types can bsilted from Section-3.5.3)

CM-Quality is the only evaluation software that provides an independealuation report

listing details about following:
i. User defined goal
i. Employed quality patterns, attributes and metrics
iii. Detailed results of every metrics
iv. Detailed recommendations with metric for improving the model
The resultant report generated for the quality goal, used incti@pter as an example, is

attached as Appendix-E.

6.5 Comparison of CM-Quality with Other Existing Softwares

In Chapter 2, we used the Table - 3 to compare existing ei@iuabls. Now we will use the

same criteria to position our prototype with respect to igstvaluation tools.

Table - 11. Comparing CM-Quality with existing evaluationsoftware
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Criteria Objecteering | Rational | Star UML | UML CM- Quality

Rose Quality
Evaluate Static Diagrams Yes Yes Yes Yes Yes
Evaluate Dynamic Diagrams | No No No Yes Yes
Granularity of evaluatior| Metrics Metrics | Metrics Metrics | Quality
criteria Patterns,

Attributes &
Metrics
Possibility to Add/edit| No No No Yes Yes
evaluating criteria
Interface for adding/editing th| No No No No Yes
evaluation criteria
Guidance process for selectif No No No No Yes
the requirement/project specif
evaluation
Comparison of multiple modelg No No No No Yes
Provision of evaluation report | Yes No No Yes Yes
Provision of post evaluatio| No No No Yes Yes
recommendations (limited
with
plug-in)

Following findings can be deduced from Table - 11:

Only UML-Quality and CM-Quality (our prototype) provide possiliigls to manage the
evaluation criteria but only CM-Quality provides a graphicser interface for managing
these criteria. In UML-Quality, the absence of dedicatser interface makes it difficult

to manage (add/edit/delete) the evaluation criteria.

Only CM-Quality implements a guidance process for selgctiire requirement specific
evaluation criteria. CM-Quality also incorporates a sdptdased search engine for
automatic detection and subsequent proposition of relevatitygoencepts with respect

to the formulated goal.

CM-Quality is the only evaluation tool that supports thenparison of multiple models
on the same evaluation criteria. Thus users can ideatlfgtter model among multiple

version of the same model.

CM-Quality is the only evaluation tool that generates anpgeddent report in printable
format (PDF) and includes both the evaluation results and ttemrmeendations for

improvement.

In view of the above findings, we can say that CM-Qualigoiporates several shortcomings

present

in other existing evaluation applications. MoreoveM-Q@uality is completely
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customizable. It can be used for other types of conceptuakimofrom other domains) by

formulating the relevant quality concepts for the target domain.

6.6 Conclusion

In this chapter, we presented our software prototy@®/-Quality” that implements our
proposed solution and process. We started by illustrakiagapplication architecture at multiple
levels of granularities whereas in the last part we prededifferent interfaces available in CM-
Quality for quality definition and quality evaluation operatsolVe took examples to demonstrate
the flow of CM-Quality and described the searching process for automatic detextimbevant
quality criteria with respect to a formulated quality go#e also attached the generated

evaluation report as Appendix-E. Following are the lindtaof CM-Quality:

i. CM-Quality evaluates the complete model and proposes reeonaions for the entire
model thus if user is interested in evaluating only certaitispof the model then he can

only do that by turning those parts into an independent model.
. Proposed transformations can’t be applied automatically.

iii. CM-Quality can’t be integrated to other modelers as an add-on. Thus it can work with

other modelers through XMI only.

In the next chapter, we present the two validation experimmmducted for our approach. In
the first experiment, we validated the selection of thaifjuattributes (from a thorough literature
review) whereas in the second experiment, we validated fflomay of our proposed quality

approach including quality patterns.
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Chapter 7

Validation

As mentioned in Chapter, dur approach involves practitioners’ viewpoint as its practical
foundation. The main objective of our validation was twofold: wnstudy the evaluation strategy
employed in practice and second to validate our approadiffetent stages. We involved experts
both academics and practitioners using surveys, interyietes To the best of our knowledge
such a large scale experiment has never been performed with acal@amic practitioners as
respondents. We conducted two experiments to validate ourggd@pproach at different stages.
We have carefully selected the respondents for both thdatmlin experiment such that all the

respondents have prior knowledge about CM and some modelingenqgme

We performed a thorough literature review and selected a sgiatify attributes by federating
the existing quality frameworks or literature (explained iot®@- 3.5.1). Thusafirst experiment
was performed to ensure that the resultant set of quatitiputes (identified from the literature or
defined as new concepts) represents most of the importgscis (if not entirely) in the
evaluation of CM. This interim validation exercise (or experity was performed having experts
from academics and practice as respondents. The mainigbgebthind this first validation were

the following:
i. To collect respondents’ feedback over the identified/selected set of quality attributes.
. To find the quality criteria that had been used in practicebriunknown to theory.
iii. To study the general practices and views of the respondentshevguality of CM.

iv.  To study respondents knowledge about the existing evaluatiethods and/or their

employment of these methods for CM.
v.  To collect respodents’ views on the quality of CM.
vi.  To study if CM is actually evaluated in practice for ensuriagjiality.

The results of the above experiment helped us in valiglathe selection of our quality
attributes and provided us with useful insights about treduation criteria considered important

in practice.
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We performed the second experiment to validate the efficdcguo complete approach
including quality patterns. This experiment consistedhoéé steps and every respondent was
required to complete all the three steps. We were d@sted in seeking the answers to the

following questions through this experiment:
i. Are the respondents sensitive to CM quality?
. Can they improve bad or complex CM by themselves?
iii. Are the proposed quality patterns easy to understand?
iv.  Are the quality patterns useful in evaluating the CM?

v. Is the transformed model, by applying quality patterns, readlifer than the original

model?

The second experiment helped us in validating the strersgttisbenefits of employing our
proposed approach and quality patterns in evaluating and inmgrélve conceptual model. Both
experiments are based on our proposed solutions to evaluhtmprove the CMs. The results of
both experiments represent qualitative data. For exarmpliae second experiment respondents
were asked different questions after each step and theyohaswer by yes/no. The questions
were designed in such a way so as to serve as a feettback approach and can help us in
ensuring the viability of our approach. Moreover, the ctdlecdata could be used to identify

different trends rather than proving or disproving a hypothesis.

In order to answer these requirements, we found that it woaldnbch more useful to
emphasize on Exploratory Data Analysis (EDA) rather than ticedil inferential statistics.
Inferential statistics relies heavily on probability moddlattsometime provide deceptive notion
of precision in not so ideal circumstances and most imptytgahe analysis is driven by
preconceived ideas. On the other hand EDA provides a gtgerbstatistics to examine the data
without preconceptions. It relies on graphical displays €déifit charts and graphs) to extract
meaningful information from the data. Most importantly dedh’t seek more that what data can
provide, as is the case with inferential statistEBA is an approach to analyze and understand
data employing different graphical techniques or chdH®saglin et al.,, 1983] argued that too
much emphasis in statistics is placed on hypothesis{gand there is a dire need to understand
data at first. EDA techniques and charts are extensiusd in different ERP and customer
relationship management (CRM) applications to identify edéht trends and predict different

models from data.
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In both expetients, we have used multiple charts and tables to analyze the respondents’
responses to our questions. We were more interesteddierstanding our respondents feedback
about our selected quality attributes and our approach thessting some hypothesis. We were
interested in detecting different trends among our respusad&hus welivided the respondents’
responses with respects to occupation and modeling expertencederstand and identify
different patterns of data. This view enabled us to analygalata using multiple lenses such as

comparing the responses from academics and practisioner

In the next sections, we describe the two experiments.

7.1 Validating the Selected Quality Attributes

As discussed in preceding chapters, quality evaluation forr€lires a set of criteria along
with a mechanism for their classification. In the domain of @Mlity, researchers have proposed
different criteria for evaluation but the main problemsliin their disparity and non-converging
solutions. The proposed quality criteria or quality framewaeaniesindependent of one another and
thus it gets difficult to have a comprehensive and complete picture. Moreover, there doesn’t exist
any approach that can help in the identification of theseuatiah criteria. The absence of
consolidated and agreed quality criteria for CM has demotiviite acceptance and adoption of
evaluation based strategies for CM. We conducted a surveysdest later in this chapter, and
found that analysts/modelers acknowledge the importance dérimgmting an evaluation strategy
for CM but most of them don’t know if any of such material existed in research. This gap between
existing literature on CM evaluation and its usage in pracis due to the fact that neither a
standardized set of criteria exists in the literature aaonsolidated quality approach has been

proposed and diffused on a wide level.

In Section-3.5.1, we discussed the problems related to thsteege of independent and
autonomous quality frameworks and proposed to federatexiséing literature to formulate a
consolidated set of criteria for CM quality evaluation. Inesrtb identify this consolidated set,
different quality criteria from the previously existing tjtia frameworks or literature were

extracted. Following guidelines were used for this activity:

I. Selection of various quality attributes from the literatsueh that each attribute must be
generic and should remain valid for all types of conceptual lmaleh as UML models,
ER models, etcThus attributes specific to a particular notation (UML, ER etc,) can’t be
selected. However such attributes are merged into genéiiltugds that are closest with

respect to semantics.
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Vi.

All the existing dimensions, characteristics, propert@sibutes, categories, etc. that can
be directly quantified employing metrics can be selectedatiributes. For example,

completeness can be quantified using metrics such agsreetents coverage degree,
semantic completeness, etc. therefore it can be edlead an attribute. However, the
dimensions (such as syntactic quality, semantic qualitggmatic quality, etc.) proposed
by [Krogstie et al.,, 1995], [Lindland et al., 1994], etce arot at the same level of

abstraction and thus can’t be considered as attributes. Moreover, these dimenai@njsist

a way of classifying different criteria.

Identification and classification of relevant metricsoimespective quality attributes for
measurements. For example, metrics such as number of ¢lassaser of attributes, etc.

are used for measuring complexity quality attribute.

As mentioned before, the same quality concept has beamedddifferently by different
researchers. For example, [Nelson et al.,, 2005] identifie@ different definitions for
“completeness”. Thus as per our approach, completeness is equivalent to a quality
attribute and thus we combine all the definitions of ptateness within a single quality
attribute named as “completeness” and formulated different metrics to cater the dissimilar

requirements of the existing nine definitions.

[Purao et al., 2003] identified identical names for sopraantically different metrics and
different names for semantically same concepts. In our appreaehmerged all the
semantically similar concepts as one quality attribuimil&rly for semantically different

concepts having identical names, we merged them ietoellevant concepts.

Identification or enrichment of different quality attributés incorporate different
epistemological foundations/questions for CM. As mergim Section-3.1.3, we tried to
seek the answer to epistemological question such as “Why do we make CM?” We
identified all the reasons that led to the employmerMif for designing the system and
enriched the definition of completeness and understarityadpilality attributes to include
these reasons. For example, we included the semanticsymdctic aspects to the
completeness quality attributes by formulating or idginij relevant metrics. Similarly,
we included all the aspects related to enhancing therstashelability of the CM and its

correct interpretation into the understandability qualityitaite.

The above mentioned activity resulted in the selectionfifieation of a set of quality

attributes that were generic and represent differentcéspd the conceptual models such as

complexity, maintainability, etc. Moreover, the advaygaf this activity was the elimination of
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redundant concepts in addition to unification of different frawmks, identification of grey areas
and provision of a more comprehensive and flexible set of gualieria for conceptual models.
We identified twenty one quality attributes that incorperat wide range of quality criteria

already existing in the literature. These attributes @odnsulted from Tablel1b.

The above mentioned federation activity is incomplete witlioeorporating the insights from
the practice and can be questionable without exercisprger validation. For example, in order
to be sure that the resultant set of quality attributpsesents the most important aspects (if not
entirely) in the evaluation of CM, an interim validation exsecwas planned and performed
having experts, both academics and practitioners as spomdents. Therefore, a web-based
survey, built on the above mentioned selected quality attsbutas formulated. This validation
exercise tried to collect the responders’ views on the holistic quality of the conceptual models in

addition to their feedback over the identified/selected&quality attributes.
Following purposes were envisaged from survey:

i. To observe if practitioners also regard quality evaluadisran important aspect in CM
and, if they do then, to study their knowledge about the exisémgluation methods

and/or their employment of these methods for CM.
ii. To study if actually CM is evaluated in practice for qualitythees software.

iii. To serve as a validation exercise in providing feedback froreréxjpoth academics and

practitioners over the efficacy of the selected qualitsitattes.

iv. ~ To study the general practices and views of the professiomads the quality of
conceptual models. This includes the identificatiorattfibutes or other criteria that had

been used in practice but are unknown to theory.

As mentioned above, a web-based survey was formulated ttucothis study. To the best of
our knowledge, such a large scale experiment has never leefmnped with academics and
practitioners as respondents. This was a closed sungyas accessible through a special link,
provided to the invited participants only to avoid unintendedigipants. We have carefully
selected the respondents for this validation experiments Tlds a comprehensive survey
containing 42 general questions and our selected qualiipuaéts specific questions. However,
all the questions were directly related to the qualitycohceptual models. These questions

include the two feedback questions where the partitcgpaere required to mention:

i Attributes that in their view are crucial to the qualitf amnceptual models (they can
identify up to seven attributes).
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i. How do they compare two conceptual models representingatime reality or modeling
the same problem? They were required to identify and mentip to seven
attributes/properties that they think they will emplaoy dhoosing the best model with

respect to their perception of quality.
The survey consists of the following four sections to targetlifierent types of information:
i. General Information about the respondents.
i. Respondents’ knowledge about CM.

iii. Respondents’ knowledge about CM quality and their feedback over the selected quality

attributes.
iv.  Respondents’ general practices about conceptual modeling quality.

The survey provides the respondents with the dictionary amdnstant help about the
definitions and details of all the terms and conceptd us¢he survey including the definitions of

all the selected quality attributes.

7.1.1 Sample

In total 179 professionals (including IS managers, IS deeefpresearchers, etc.) were
contacted to complete the survey. These respondents eaeefully selected in a way that they
should have prior knowledge and experience about CM. For de&amp selected the authors of
those research articles that were based on quality éiwaiuaspects of CM. These researchers
include some well known researchers in the field of Giklity such as Daniel Moody, Geert
Poels, Islay Davies, Andrew Burton-Jones, etc. Simildhlg survey was sent to analysts/project
managers/developers of a big software development firrmeshead worked in the past for about
four years. However among the 179 contacted respondents, 57etednine survey that resulted
in the response rate of 31.8%. Among the received 57 respdhses were discarded due to

errors in the provided data or incomplete information abaaitrtiportant parts of the survey.

Table -12 provides the basic information about the respondentsaritle seen that our
respondents come with a wide range of experience encsimpasetween one and twenty six
years of experience with a mean of 6.4 years. Similarlg, résspondents have an average
modeling experience of 4.25 years including respondents betome year and fifteen years of

modeling experience.
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Table - 12. Experiment 1: General information about the respndents

Total Respondents 54
Male 49
Female 5
Average Age 30.3 years
Min Age 27.5 years
Max Age 50 years
Average Experience 6.4 years
Min Experience 1 years
Max Experience 26 years
Average Modeling Experience 4.25 years
Min Modeling Experience Less than or equal to 1 year
Max Modeling Experience Between 10 & 20 years

Respondents were required to select their modeling experieomoesix classes (listed below).
These classes d&t have an equal interval as we wanted to have a more precise detail about our
respondents with the least possible classes. We knewlvanae that more than 90% of our
respondents will have a modeling experience of less than 4 yas the survey was sent to
selected respondents only). Thus we formulated the sldaassuch a way to get more precise
information about these 90% respondents. This classditdias also helped us in calculating a
more precise weighted arithmetic mean about our responders we took the mean of each
class and multiplied it with its frequency. For exaejphe have ten respondents that belong to
class “Between 1 & 3 years” thus we took the mean of this class i.e. 2 and multiply it with 10 and
used it to calculate the mean listed in Table - 12 or lattris chapter. Such short interval classes
enabled us to get a more precise estimate about majorityr seepondents and have also helped

in reducing the number of classes. The different clagges a
i. Less than or equal to 1 year
i. Between 1 & 3 years
iii. Between 3 & 5 years
iv. Between 5 & 10 years
V. Between 10 & 20 years
Vi. More than 20 years
Figure -47 depicts the division of respondents with respect tar tm@deling experience. It

can be seen that the majority of our respondents belongslassahaving a modeling experience
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between three and five years. Similarly, we can also contphate&s5% of our respondents have a
modeling experience between three and twenty years compma&8 having an experience of

one year or less. Similarly, 24% of our respondents have &lingdexperience of more than 5

years. The pie chart (Figuret?) represents how our selected set of respondents is riikierse

experience.

0%

M Lessthan orequal to 1 Year
H Between 1 & 3 years

M Between 3 & 5 years

M Between5 & 10 years

M Between 10 & 20 years

™ More than 20years

Figure - 47. Experiment 1: Classification of respondents #h respect to modeling experience

Respondents were required to select their occupation frorst aofl fifteen pre-defined
occupations. However all of our respondents belong to eithdreofallowing five occupations:
analysts, IS project manager, lecturer/professor, researcbitwase developer. Table 13
summarizes the distribution of respondents with respettteio occupation. It also provides min,
max and average information about age, experience, modelingienges for each of the five
occupation categories for richer understanding about our respondiéintsmmum and maximum
modeling experiences are the average of the class boundasieexample, maximum modeling
experience of 7.5 year means that the respondent belongsetioeen 5 and 10 years” class
similarly, min modeling experience of 1 year means that the respondent belong to “Less than or

equal to 1 year” class.
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Table - 13. Experiment 1: Classification of respondents withespect to occupation

IS
Project Lecturer/ Software
Occupation Analysts | Manager | Professor Researcher Developer
Number of Respondents 7 12 7 9 19
Average Age 31.4 30.42 33.2 30.3 28.9
Min Age 27.5 27.5 27.5 27.5 27.5
Max Age 50 40 50 40 40
Average Experience 9.7 7.9 8.7 3.6 4.8
Min Experience 4 4 2 1 1
Max Experience 26 15 26 7.5 15
Average Modeling Experience | 6.8 4.1 8.8 2.1 2.7
Min Modeling Experience | 2 1 1 1 1
Max Modeling Experience| 15 7.5 15 4 7.5

We were also interested in understanding the differeiality evaluation practices for CM
employed by various organizations with respect to theirssiZéhus, the respondents were
required to select the size of their organization from aofistix groups. These groups range from
small organizations having less than 50 employees to as bigvasy more than 1000 employees.
The distribution of respondents with respect to their orgdioal strength is shown in Table -
14.

Table - 14. Experiment 1: Respondents with respect to orgaation size

Company Size: Count
Less than 50 employees 15
Between 50 & 100 employees 7
Between 101 & 200 employees 8
Between 201 & 500 employees 11
Between 501 & 1000 employees 2
More than 1000 employees 9

Not answered 2
TOTAL 54

It can be observed from Figure - 48 that 20% of our respondelatsgo® large organizations
having more than 500 employees including 16% responderitdelang to organizations having

more than 1000 employees. Similarly, 4% of the respondents didn’t provide this information.
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B Lessthan 50 employees

B Between 50 & 100 employees

B Between 101 & 200
employees

N Between 201 & 500
employees

B Between 501 & 1000
employees

B More than 1000 employees

Not answered

Figure - 48. Experiment 1: Respondents with respect to oagization size

7.1.2 Data Analysis

The collected data shows that all of our respondents knewtabMs and 83% of these
respondents use CM at the time of the survey. We also edginom the respondents about their
knowledge on the existence of any standards for evaluatenguality of conceptual models. The
respondents were required to answer the questions in yestheylknew about some standard
then they were required to provide the name of that stdntide asked this information to extend
our horizon on the existence of any evaluation standard foriamiid in the market or used in the
practice but is unknown to us. To our surprise nine respond&®¥%) claimed that they knew a
standard and six provided the name of the standards. The @davadnes include: IEEE standard
(without any reference), object modeling technique (OMJIML, object management group

(OMG). However none of these are standards for CM quality atiatu

In the next section of the survey, we asked the respondenty ittimsider the imposition of
quality approach on the conceptual models to directly infludheeguality of the final product.
85% of the respondents replied in affirmation. However, it ter@sting to note that 90% of the
respondents have never used any method or framework to evétheatpality of conceptual
models (two of the respondents didn’t answer this question so we didn’t include them in
calculating the percentage). Among the five respondents wiyglog any quality evaluation
method for CM, two respondents can be regarded as quality sxgeithey have published at

least one article in the field of CM quality evaluationisTehows that despite the appreciation of
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importance of implementing a quality approach, professiodalsiot employ any methods to
improve the quality. Such a behavior has resulted due tgapebetween research and practice.
To date there does not exist any quality framework thatstendardized, simple and

comprehensive enough to accommodate the requirements ofaittgipners.

In the next part of the survey, we intended to collect the respondents’ feedback over the
efficacy of the selected quality attributes. All the ibtites were put in one table and respondents
were required to mark all the attributes into eithesr related to quality’, ‘I am not sure’,
‘directly related to quality’ or ‘indirectly related to quality’ using radio buttons. However there
was not a real difference between the answers of théwasoptions as respondents have to rely
on their cognition to categories the attributes into whaliiectly related to quality and what is
not. Thus, we found it more interesting to merge thesedptmns as one so that we can have a
clear distinction between the attributes that are edlaé and not related to quality. Moreover, we
were not interested in classifying the attributes imeing directly related or not but to validate if
the selected attributes is related to quality or not. Blspaonses are summarized in the Tallé -
and attributes are sorted with respect'Related to Quality”. All the values are in percentages of
the responses and are rounded off to the nearest tenth Tadte - 15 should be read as, for
example,88.9 % of the respondents think that ‘Documentation’ quality attribute is related to
quality against 0% that think it is not related to qual®milarly, 11.1% of the respondents

declare their inability to categorize ‘Documentation’ quality attribute in any of four classes.
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Table - 15.Experiment 1: Respondents’ feedback on the selected quality attributes

Attributes NOT Related | Related to| Not | am not
to Quality Quality answered sure
Documentation 0 88.9 0 11.1
Naming Convention 7.4 87 3.7 1.9
Minimality 3.7 87 1.9 7.4
Understandability 7.4 87 3.7 1.9
Relevancy 3.7 83.3 3.7 9.3
Extendibility 3.7 83.3 3.7 9.3
Semantic Correctness 1.9 81.5 3.7 13
Reliability 11.1 79.6 3.7 5.6
Usage of standard notations| 3.7 79.6 3.7 13
Clarity 22.2 75.9 0 1.9
Completeness 7.4 75.9 3.7 13
Structural complexity 11.1 75.9 1.9 11.1
Expressiveness 0 74.1 3.7 22.2
Syntactic Correctness 13 74.1 3.7 9.3
Currency 3.7 74.1 3.7 18.5
Modularity 5.6 72.2 1.9 20.4
Size 16.7 70.4 3.7 9.3
Modifiability 11.1 70.4 1.9 16.7
User Vocabulary 11.1 64.8 3.7 20.4
Reusability 16.7 64.8 3.7 14.8
Implementability 22.2 63 3.7 11.1

It is clear from the Table - 15 and the bar chart (Figu48) above that there exist only three
attributes in our selected set of quality attributes foictviless than 70% of the respondents think
that they are related to quality. Similarly, there areyomo attributes (Clarity and
Implementability) for which 22.2% of the respondents think thaly are not related to quality.
Thus, we can say that the selected set of quality atisbarte well identified and represents the

attributes that are also considered important by other piiquta

188|Page



Chapter 7Validation

100

Qo S Q N\ CHE S 3 S N\ < . A . Q
S F SIS S
X ) - b O @ 2> C xC R\ O < O Q@ NS > >
O & SN N X & L & & D LA S <
() & QO Q < 9 ) O N\ & QO
& SN ca@o & &K & TS s \°°@ Q"é, 9 @06 R
& < « S ¢ &R i & &
N S N N &
& © N £ & A
12 Q/(‘)\ 5N o\
&
B NOT Related to Quality ~ M Related to Quality Not answered M | am not sure

Figure - 49, Experiment 1: Bar chart depicting respondents’ feedback on the selected

quality attributes

In the last part of our survey, we tried to study the generaltipeacand views of the
professionals over the quality of conceptual models. We astedespondents to list attributes
that in their view are crucial to the quality of conceptmaldels. Similarly, we also asked them to
identify attributes/properties that they might employ in diog the best CM among multiple CM
representing the same reality or modeling the same proBleisiactivity helped us in identifying
a new quality attribute and also helped in extendingdtiraain of the existing quality attributes.
For example, a lot of our respondents listed the aspeleted to practicability of the model to be
relevant to quality. They consider that if models are pi#cticable due to implementation
difficulties (such as unprocurable technology, scarce ressuretc.), design difficulties or time
constraints then it is not good. Thus we selected pedatity into our set of quality attributes.
Practicability is different from the already existing plementability quality attribute as
implementability is related only to the efforts needed forleamenting a model meaning that the
model is feasible and implementable. Whereas practigals related to the factors that signify

that the model is not feasible and implementable.

In the next section, we describe the experiment thatusad to validate our proposed quality

approach.
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7.2 Validating the Proposed Quality Approach

In Chapter 3 we proposed quality patterns to capitalize egiskinowledge and past

experiences so that they can be reused in future. Howdneeriability of our proposed quality

patterns can only be assessed/validated through an expérinimels, we used the class diagrams

presented in Chapter 5 to formulate an experiment. Thisriexpet consists of the following

three steps:

In the first step, respondents were given the original d#&sgram in Chapter 5 and the
set of requirements (Appendix-D) that was followed to makis tlass diagram.
Respondents were required to analyze this CM (class digdoaidentify the problems in
the model from the provided list. Later they were asked aboiurt ghgposed solution to
remove the identified problems. In this step, respondente wet provided with any
information about any quality attributes or metrics. Thbey had to use their cognition

and/or previous knowledge/experience to identify the probkmdssolutions.

In the second step, respondents were provided with a dotatioenthat explains two
quality patterns: model complexity quality pattern and modeipleteness quality
pattern (described in Section-3.5.4 and Section-5.3.1.1).ddusmentation includes the
problems targeted by these quality patterns and the propadetion to answer these
problems. The respondents were also provided the list ofaloellated metrics so that
relevant recommendations can be adapted by the respondentprtve the model. In
the end respondents were required to answer the set ofansesespondents were not
required to actually do all the modifications in the mddlet to understand the provided

guality patterns and apply them.

In the third step, respondents were explained the problemsdhabe identified in the
original model employing the two quality patterns given ingbeond step. Similarly, the
solution to these problems was also explained to thermwteeg proposed through these
guality patterns. In addition, respondents were provided Wwihransformed models that
resulted after applying all the recommendations, proposedgdhrthe quality patterns, on
the original model provided in stepl (these models canobsudted from Chapter 5).

Respondents were required to evaluate the transformed snanglanswer the questions.

In short this experiment consisted of three steps in widspondents were required to do the

following:

190|Page



Chapter 7Validation

Improve the quality of a model using their existing knowledgecagnition. With this
exercise, we tried to study the cognitive efforts put in Bpoadents and the criteria
employed by them to evaluate and improve the CM using thestirgi knowledge.
Moreover, this step served as an interesting source of kdgeléor identifying and

enriching our proposed quality patterns.

Improve the quality of a model using our proposed quality pattencept. This step

helped in validating the quality patterns’ understandability and ease of use.

Evaluate the results of quality improvement obtained Iplyapg quality patterns on the

given CM. This step helped in validating the efficiency of ggjnality patterns.

7.2.1 Sample

This experiment was given to evening M.Sc. students (irntqatiand/or electronic form) wh

have prior knowledge and experience about CM. Most of theserdtidre currently employed in

an organization. Moreover, this experiment was also sesbitoe professors and researchers

from academics along with some analysts, project managdevelopers, etc. from practice.

Twenty five respondents submitted all the three stéple experiment. The low response rate

was due to the length of the experiment. The experiment tgkoximately one hour (as

communicated by some of our respondents). This experimerdema$o experienced respondents

and most of them were employed. Therefore responding ¢b aulengthy experiment by a

majority was a bit difficult. However, these 25 responderame with different profiles and vast

experiences. This sample size can be considered asisnffio validate our approach due to the

following reasons:

This was a very detailed and comprehensive experimentiédmanded the respondents to
actually understand the provided quality patterns and our agprdhen apply these
quality patterns on a complex model (provided) and finadlgpond to our questions.
Thus the experiment didn’t consist of questions that can be answered just by having an
overview of the approach. The respondents can’t answer to our questions without actually
understanding all the provided material. We analyzed thikeated data carefully to
identify non-serious responses. We found that all thpordents completely read the

provided material, understood our approach and carefully rdsgoim our questions.

All the respondents took part in the experiment voluntafilyey were told in advance

that this experiment will take less than one hour. Thenewet offered any reward or gift
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for taking part in this detailed experiment. So all the rademts submitted their

responses purely on their will and interest in the experiment.

iii. All of our respondents knew about CM especially class diagré@s the provided models

were class diagrams) and most of them have prior experiemeedaling.

iv.  The responses to asked questions are converging and nets#idp There is a clear
convergence of respondents towards every question. For ex&&% of our respondents
think that quality patterns were easy to understand wherdad 8% consider they were
not easy to understand. It would have been difficult ty oel this sample size if the
responses of our respondents were very balanced for example, 5%4d Wwave

responded in affirmation whereas the 45% in negation.

Respondents were required to provide information about their rdjenadeling experience.
They have to select the modeling experience from the follpwix classes: Less than or equal to
1 year, between 1 & 3 years, between 3 & 5 years, between 5 &at§), petween 10 & 20 years
and more than 20 years. The details about selecting tesses for modeling experience and the

method of calculating average modeling experience is time s& in the first experiment.

Table - 16 provides the basic information about the respondentsart be seen that the

respondents have an average modeling experience of 3.1 years.

Table - 16 . Experiment 2: General information about the respndents

Total Respondents 25
Average Age 31.1 years
Min Age 22.5 years
Max Age 50 years
Average Modeling Experience 3.1 years
Min Modeling Experience Less than or equal to 1 year
Max Modeling Experience Between 5 & 10 years

Figure -50 illustrates the division of respondents with resped¢h&r modeling experience. It
can be seen that the majority of our respondents belong tesl@aing a modeling experience
between three and five years. Similarly, we can also conthate44% of our respondents have a
modeling experience between three and twenty years includ@% having a modeling
experience between 5 and 10 years. Moreover, we don’t have any respondent having a modeling

experience of more than 10 years.
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Figure - 50. Experiment 2: Respondents' division with rgsect to modeling experience
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Respondents were required to provide information about tlesiupation so that different

profiles of responses can be identified from the results sultee can be interpreted based on

occupation. Most of our respondents belong to either of thewilg five occupations: analysts,

IS project managers, lecturers/professors, researchergjaseftievelopers with an exception of

three who were respectively a technician, an IT-auditoraotief technical officer (CTO) and

are placed under “others”. Table - 17 illustrates the division of respondentshwispect to their

occupation.

Table - 17 . Experiment 2: Classification of respondents Wi respect to occupation

Lecturer/ Software |Project |Analyst |Other
Occupation Student Professor ResearcherDeveloper Manager
Number of Respondents 9 1 2 4 5 1 3
Average Age 25.3 32.5 30 30 37.5 50 33.3
Min Age 225 325 27.5 27.5 32,5 50 27.5
Max Age 27.5 |325 32.5 32.5 50 50 40
Average Modeling Experience | 2.2 2 3 4.4 3.7 1 4.2
Min Modeling Experience| 1 2 2 2 1 1 1
Max Modeling Experience 4 2 4 7.5 7.5 1 7.5
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Pie chart in Figure - 51 displays the division of respotslaiith respect to their occupation. It
can be seen that 12% of our respondents are academicss§omsfand researchers) compared to
52% from practice (including respondents classifieddeun“other” as all the three are
practitioners). However, 36% of our respondents were postugtadstudents. Minimum and
maximum modeling experience are the average of the class bi@mmdeor example, maximum
modeling experience of 7.5 year means that the respondemgsed “between 5 and 10 years”
class similarly, min modeling experience of 1 year mehas the respondents belongs“Less

than or equal to 1 year” class.

W Student

M Professor

M Researcher

M Software Developer
H Other

M Analyst

4% Project Manager

Figure - 51. Experiment 2: Respondents' division with rgsect to occupation

7.2.2 Data analysis:

This experiment consists of three steps. Respondesris provided with a different material
for each step. They were required to follow the sequence obtdps and not to consult the
documents of the next steps in advance. Neither can theyyntbdir responses of the previous
steps after consulting the documents of the next step. Eatite diree steps were dependent on
each other as we intended to compare the three differamtsesets to evaluate the efficacy of our
proposed approach. For example, if the respondents read the dudatiome provided in the
second step then they will know about the different qualitributes, metrics, recommendations
for evaluating and improving the model. Thus their responsélet first step may be biased by
this knowledge as we intend to test the respondent’s cognition, past knowledge and past
experience to identify the problems in the model withoavimg any knowledge about our

proposed approach or quality patterns.

In the next sub-sections we will analyze the resultsachestep.
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7.2.2.1 Step-1:

Respondents were given a complex class diagram and an eftracfuirements in the first
step. This is the same class diagram (original model) wet used in Chapter 5 to test our
proposed evaluation and improvement approach. Respondentsegeaieed to identify different
problems or errors in the provided model. In this step, resposiaearie not provided with any
information about any quality attribute or metrics. Thingy have to use their cognition and/or
previous knowledge/experience to identify the problems ahdigns. There was no time limit so
the respondents could take as much time as they wamtd@rstand the model and identify the

problems. In the end, they were required to respond to tlewfioll) two sets of information:
i, To select the problems in the provided model from the list

. To select the actions that they think should be used tofyndté model to remove the

identified problems

Table - 18summarizes the respondents’ responses to the provided list of problems. It can be
seen that 10/25 (10 out of 25) respondents consider that numem®uesdssings are a problem in
the provided model. Similarly, 19/25 respondents think ttr@tmodel contains numerous classes,
attributes, etc. that increase the complexity of the mddi@vever, it is interesting to note that all
the respondents (25/25) consider the missing cardinalitikeamed associations, etc. (syntactic

completeness) to be a problem in the model.

Table - 18. Experiment 2: Identified problems in the orignal model by the respondents

Understandability | Numerous line crossings 10/25
Used language in the model 4/25
Complex Number of classes, attributes, methods, etc. in the mo| 19/25
Number of associations, aggregations, generalizgtions
etc. in the model 14/25
Usage of standard notations 1/25
Incomplete Missing requirements 10/25
Syntactic completeness (missing cardinalities, un-narm
associations, etc.) 25/25
Remaining errors | Syntactic errors 10/25
Semantic errors 13/25

Similarly, Table -19 sums up the respondents’ selection of actions to solve the problems
identified in Table -18. For example, twenty two respondents think that they wdidde
improved the model by completing all the syntactic requéaets. However, it is interesting to

note that only 4 out of 25 respondents consider that factorasgciations can be of any help in
195|Page



Chapter 7Validation

improving the model. The lower selection of this solotman be due to the incapability of the
respondent to understand the concept of factorization of iasisos. Moreover, the most popular
employed solution is to complete the syntactic requirgmeuch as identifying the cardinalities

and naming the associations.

Table - 19.Experiment 2: Respondents’ identified solution to the problems in the original

model

Our proposed solution Selected as solution
Redraw the Diagram 6
Delete the classes arbitrarily 7
Merge the classes 13
Divide the model arbitrarily 6
Divide the model wrt some semantics 15
Factorize the associations 4
Complete all the requirements 10
Complete all the syntactic requirements 22
Remove all the syntactic errors 12
Remove all the semantic errors 14

For each of the above mentioned solution selected by the mepisn they were asked to
provide details about their suggested actions or transfansathat they might have employed as
a solution. For example, as mentioned in Table - 19,etrirtrespondents think that they would
have improved the model by merging the classes. Thus dattlese thirteen respondents was
required to provide the details about the classes thel thight be merged or how they would
have merged the classes. But as mentioned in TaB@ enly 5 respondents completed the
respected section for this solution and, among thesepdmdents, only 4 actually identified the
classes that can be merged or suggested a way to merdagbescwvhereas one respondent just
proposedo “merge the classes”. Among all the received suggestions, two were discardedegs th

were not related to any of the solution mentioned in Tab® -
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Table - 2Q Experiment 2: Respondents’ suggested corrective actions in response to selected

solution
Our proposed solution Selected as Responded| Actually Suggested details
solution to details about transformation
Redraw the Diagram 6 0 0
Delete the classes arbitrarily 7 4 1
Merge the classes 13 5 4
Divide the model arbitrarily 6 0 0
Divide the model wrt some 15 12 4
semantics
Factorize the associations 4 2 1
Complete all the requirements 10 6 2
Complete all the syntactic 22 10 3
requirements
Remove all the syntactic errors | 12 2 1
Remove all the semantic ers 14 0 0
7.2.2.2 Step-2

In the second step respondents were provided with detailg alodel complexity and model
completeness quality patterns (described in Section-3aBdl Section-5.3.1.1). These details
include the problems targeted by these quality pattemdstlze proposed solution to solve these
problems. Moreover, all the metrics that are used by thaaéty patterns for evaluation were
calculated for the original model (provided in the firsp3tand were provided to the respondents.
These metrics results helped the respondents in chothsnglevant recommendations from the
provided quality patterns to improve the model. Respondeeate not required to actually do all
the modifications but to understand the evaluation anddwgment process described in these
two patterns so that they can realize the advantagdidiatage of employing quality patterns for
evaluating and improving the model. In the end respondentg wexuired to answer the
following seven questions (we have numbered the questionthase numbers will be used in the

charts to represent these questions):

- Q1: Were the quality patterns easy to understand?
- Q2: Were the quality patterns easy to use?
- Q3: Did they help in identifying the problems?

- Q4: Did they identify the problems that you didn’t identify before?
197|Page



Chapter 7Validation

- Q5: Was the proposed solution good?
- Q6: Did they help in improving the initial model?

- Q7: Will you use the quality patterns in future?

Figure -52 illustrates the respondents’ answers to the above mentioned questions. It can be
seen that 88% of the respondents think that quality patterns easy to understand, 92% think
that quality patterns helped in identifying the problems%7Believed that quality patterns
detected the problems that they couldn’t detect in the step-1. Moreover, 88% of the respondents
regard the proposed solution by quality patterns to be gmadthat it helped in improving the
initial model. Similarly, 92% of the respondents wantuse quality patterns in the future to

evaluate and improve their models.

a7
a6
Qs
s
a3
@

Ql

Figure - 52. Experiment 2: Respondents' feedback to questie asked in step-2

Table - 21 and Figure 53 decompose the responses illustrated in Figure - 52 wipect to
respondents’ occupation. This decomposition will enable us in identifying the different profiles
responses. For example from Figur&2 we learned that 92% of the respondents think that
quality patterns helped in identifying the problems wherfeam Figure 53 we can see that this
92% is composed of 28% weightage from students and 64% fromthedts. However, it is
interesting to note from Table - 21 that this 28% weigatactually represents 77% (7 out of 9) of
the students. Similarly, the 64% weightage of all othersessmt 100% of the responses from all
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other respondents. This can also be interpreted as that tthn 23% students all other

respondents considered that quality patterns actualpel in identifying the problems.

Table - 21. Experiment 2: Responses to questions askedsiiep-2 with respect to

respondents’ occupation

Software Project

Student | Professor| Researcher| Developer | Analyst | Manager | Other | Total
Q1 9/9 1/1 2/2 3/4 1/1 5/5 1/3 22/25
Q2 8/9 0/1 2/2 3/4 0/1 3/5 2/3 18/25
Q3 7/9 1/1 2/2 4/4 1/1 5/5 3/3 23/25
Q4 5/9 0/1 2/2 4/4 0/1 4/5 3/3 18/25
Q5 7/9 1/1 2/2 4/4 0/1 5/5 3/3 22/25
Q6 7/9 1/1 2/2 4/4 0/1 5/5 3/3 22/25
Q7 8/9 1/1 2/2 4/4 1/1 5/5 2/3 23/25
Total | 9 U1 2 4 1 5 3

Let us take another example. Figur&2 illustrates that 88% of the respondents regard the
proposed solution by quality patterns to be good. Now ifoe& at chart on Figure53, we can
notice that this 88% affirmation response is composed of 2&¥ghtage from students, 0%
weightage from analysts and 60% from all others. Howevenreifrefer to detailed statistics in
Table -21 then we notice that this 28% weightage actually represg¥t {7 out of 9) of the
students. Similarly, the 0% weightage from analysts remtss0% (0 out 1) positive response

from analysts.
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B Student M Professor M Researcher M SoftDeveloper M Analyst [ ProjectManager M Others

Figure - 53. Experiment 2: Respondents' feedback to questie asked in step-2 with respect

to occupation

We decomposed the responses illustrated in Figb2with respet to respondents’ modeling
experience into Figure54 and Table - 22 . This view will help us in analyzing tegponses with
respect to modeling experience. It is evident that iferexperienced respondents think that our
quality patterns don’t help in identifying the problem then the weightage of their response should
be of more importance to less experienced respondentsslartalyze the responses for Q6 that
enquires the respondents if the quality patterns helpedpgnoiving the initial model. From Figure
- 52, we can see that 88% of the respondents think that queaitgrns helped in improving the
initial model. Whereas from Figure - 54, we can seétthia 88% is composed of 32% weightage
from respondents having modeling experience between 3 andrS wéeereas 12% have a
modeling experience between 5 and 10 years and the remainingnéifdes the respondents
having one to two years of modeling experience. However,iittésesting to note from Table -
22 that the 44% weightage from experienced respondents (witlelimgpdxperience between 3
and 10 years) actually represent 100% of respondents in these two classes (“between 3 and 5
years” and “between 5 and 10 years). Thus 12% reduction in the response of Q6 is due to the less
experienced respondents (belonging to two lower experiencsskesla From these views it can be
thought that perhaps the proposed solution through qualitgrpatis better understood by more

experienced respondents than less experienced due tonfitadlexperience.
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Table - 22. Experiment 2: Response to questions askedstep-2 with respect to modeling

experience
Less than or Between 1 & 3 | Between 3 &5 | Between 5 & 10
equal to 1 year | years years years Total
Q1 5/5 9/9 6/8 2/3 22/25
Q2 3/5 6/9 6/8 3/3 18/25
Q3 4/5 8/9 8/8 3/3 23/25
Q4 2/5 7/9 7/8 2/3 18/25
Q5 4/5 7/9 8/8 3/3 22/25
Q6 4/5 7/9 8/8 3/3 22/25
Q7 5/5 8/9 7/8 3/3 23/25
Total 5 9 8 3
Q7 D
Qb6 D
Q5 D
Q4 D
Q3 D
Q2 D
Ql D
B Lessthan orequal to 1 Year M Between 1 & 3 years W Between3 &5 years
B Between5 & 10 years M Between 10 & 20 years H More than 20years

Figure - 54. Experiment 2: Respondents' feedback to questie asked in step-2 grouped by

modeling experience

7.2.2.3 Step3

In the third step respondents were explained the problbaisasere identified in the original
model employing the two quality patterns given in the sectay Similarly, the solution to these
problems was also explained that were proposed through thediéy quatterns. In addition,
respondents were given the transformed models that reéswdfeer applying all the

recommendations, proposed through the quality patterns, aritiieal model provided in stepl
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(these transformed models can be consulted from Chapter Shislrstep, respondents were
required to evaluate the transformed models and answer thwifad three questions in addition
to identifying the remaining problems or errors in the transformediel. Respondents were
required to select the problems or errors from the samadistas provided in step-1 for original

model. The three questions are:

- Q1: Are the new models easier to understand as compared iitial model?
- Q2: Do the transformed models contain any errors?

- Q3: Have they solved the problems you identified in the $teg?

Figure -55 illustrates the respondents’ responses to the above mentioned questions. It can be
noticed that 96% of the respondents think that the transtbrmedels are easier to understand as
compared to the initial model. Similarly, 24% of the respgnts think that the transformed
models contain some errors whereas 84% of the responsgsssubat the transformed models

solved all the problems identified in the first step.

Q3

Q2

Q1

Figure - 55. Experiment 2: Respondents' feedback to questie asked in step-3

Table - 23 and Figure 56 compare the number of errors identified by respondents in the
original model and in the transformed model. It can be seantlie number of errors in the

transformed model is reduced significantly implying thneg ¢uality patterns have actually helped
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in improving the CM. For example, 10 respondents identiffea missing requirements in the
original model whereas 5 respondents identified the missitggirements in the transformed
model. However it must be stated here that we have rkelethe transformed model with
respect to the provided requirements (step-1) and found tkieatmodel represents all the
requirements. Thus we are not sure about the requirentexttare identified as missing by the 5

respondents.

Table - 23. Comparison between problems indetified in oginal and transformed model

Original | Transformed
Model Model
Line crossings 10 2
Understandability
Used language 4 4
Numerous classes, attributes, etc. 19 8
Complex — —
Numerous associations, generalizations, etc| 14 6
Usage of standard notations 1 1
Incomplete Missing requirements 10 5
Syntactic incompleteness 25 5
Syntactic errors 10 5
Remaining errors .
Semantic errors 13 5

Similarly it is important to mention here that when thgmslents identified the problems and
errors in the original model (step-1), they have to rely oiir tb@gnition and past knowledge
whereas when they identified the problems in the transdrmodel (step-3), they have sufficient
knowledge about different quality attributes, metricd eecommendations. Thus it is for sure that
they are more trained to identify errors now than in thet Gtep. Thus this factor must be kept in

mind while comparing the results of step-1 and step-3.
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M Original Model  ® Transformed Model

Line crossings 40%

Used language

Numerous classes, attributes, etc.

Numerous associations, generalizations etc.
Usage of standard notations

Missing requirements

Syntactic incompleteness 100%

Syntactic errors

Semantic errors

Figure - 56. Comparision of identified problems in orignal model and transformed model

7.3 Conclusion

In this chapter, we presented the two experiments that voaducted to validate our approach
at different stages. We start by discussing our approachderdte the existing literature and to
formulate a consolidated set of criteria for CM quality esttn. We describe the first
experiment and analyzed the results to validate thestgmbeof the quality attributes federated
thorough literature review. For both experiments, we eggucExploratory Data Analysis (EDA)

[Hoaglin et al., 1983] approach for analyzing the data usinfjiple tables and charts.

In the next section, we discueskour second experiment that was conducted to validate the
efficacy of our complete approach including quality pattefifés experiment consisted of three
steps and responderitad to complete all the three steps and respond to our questiied after
each step. We analyzed the respondents’ responses using multiple charts and tables. We also
analyzed the different responses with respect to respondents’ occupation and modeling experience
classes. These different lenses helped us in idemgifgifferent trends and groups of responses

and have also helped us in understanding the responsestieavbay.
However following are the limitations of our experiments:

i, Most of the quality criteria provided by respondents agealback in first experiment

consisted of those quality attributes that were alreadydrstirvey.

i The sample size of the second experiment is twenty fiviehwrs sufficient for our

requirements but the results could be reinforced by a veidgeriment
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iii. In step-1 of the second experiment, we intended to identifiy s@utions to the selected
problems from the respondents but most of the respondentprimaded the names of

solution that were mentioned in the questions.

iv. ~ Some of the problems identifiebly respondents, in the transformed model don’t exist in
the model. For example, 8% respondents consider that dhsfdrmed model has line

crossings whereas it doesn’t have any line crossings.

v.  The experiment was performed using two quality patterns @dyother quality patterns

can be tested to identify different trends or responses.

vi.  The quality patterns were applied only on one class diagaihthus they must be tested

on multiple models to compare the results.

In the next chapter, we conclude the thesis and provide goengpectives and future

extensions of the work.
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Chapter 8

Conclusion

It has now been widely agreed that the quality of the gistem depends on the quality of the
conceptual models (CM). Therefore, a good analysis and desgmod should ensure that CMs
must adhere to some quality criteria, as they are ¢dhenmnicating mediator between the users
and the development team. Hence if the conceptual madelscanned for defects and the defects
be corrected then it is likely to reduce the number of chaegeests for the end system.
Moreover, these errors and deficiencies in the CMs willbe propagated along the development

process.

Research on CM quality evaluation is rather young and withoutknown standards. Due to
the absence of any standards or guidelines for CM, diiteresearchers have proposed different
quality criteria or frameworks to evaluate CM quality. Hawer, most of these frameworks are
independent of one another [Moody 05] and emphasize on their fiddntharacteristics as
relevant to quality. This leads to the existence of dispamateautonomous quality frameworks
proposing non-converging solutions and resulting in the este@f multiple definitions for the
same concept and different names for semantically same msndéoreover, all existing criteria
proposed by researchers have been classified by themsefeabeir self identified dimensions,
attributes, characteristics, properties, etc. thahateeven at the same level of abstraction as their
other counterparts. Thus, the reader gets confused by thenegisté different classificatin
vocabularies such as dimensions, characteristics, gremeattributes, concepts, etc. and what

differentiates each one of them.

We found that there is a lack of methodologies puttingttegethe evaluation of CMs through
a guidance process. Often the readers are left witto@osed set of evaluation criteria that can be
used for evaluation. Thus if someone is interested in etraguthe CMs then he/she must have in
depth knowledge about each and every available quality oriteso that the best set of
evaluation criteria can be selected for the problem. Maeomost of the existing quality
frameworks help in identifying the problems rather than hglgim removing those problems.
Another major hurdle in evaluating the quality of conceptual etods the lack of tools

automating the evaluation process and proposing correctionador improvements.
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8.1 Contributions

Our solution targets the problems related to conceptual lingdguality in a comprehensive
way. In order to formulate a complete solution, we designeltipteuartifacts for different aspects
of CM quality. These artifacts include the formulation omprehensive quality criteria (quality
attributes, metrics, etc.) by federating the existinglitytframeworks and identifying the quality
criteria for gray areas, formulation of quality patternetapsulate past-experiences and good
practices, designing of the guided evaluation and improvemenegsdor conceptual modeling
quality and finally the development of a software prototypplementing our proposed quality

aware approach and guided evaluation-cum-improvement process.

Most of the existing quality frameworks on CM are independd one another and propose
their vision of CM quality. This has resulted in the exise of disparate and autonomous quality
frameworks proposing non-converging solutions. In reply, wethesized (existing concepts
proposed by researchers) and added the new concepts toldtwnaucomprehensive quality
approach for conceptual models that also resulted in fedgrdte existing quality frameworks.
This activity enabled us in identifying a set of qualityributes that were generic (applicable to
different types of conceptual model) and represent differgmécs of the conceptual models such
as complexity, maintainability, etc. Moreover, we wetlso able to eliminate the redundant
concepts and issues related to the existence of multgfieitibns for the same concept and
different names for semantically identical concepts. Aftee formulation of this set of
comprehensive quality criteria, we conducted a valida¢ioperiment on professionals to collect

their feedback over the identified/selected set of qualitgréa.

Even after the formulation of the above mentioned comprehercpizdity criteria, we
identified that the process for selecting the relevant qualtitgria (including quality attributes
and metrics) with respect to a particular requirement renteidger for a non-expert user. Thus
we proposed to adopt the concept of design patterns topsteexperiences and good practices
and formulated a set of quality patterns. These qualitepettencapsulate valuable knowledge in
the form of established and better solutions to resolvéitgquaroblems in CM. We identified
different recurring problems in CM and proposed the best sequafity criteria for their
evaluation and improvement and encapsulated this informatiahe form of quality patterns.
Thus, we hope that efforts will not be duplicated in filgda good solution for the recurring

problems for which a quality pattern exists.

In order to help the analysts (or anyone) in evaluation the guadlitheir CM, we designed a

guided quality driven process encompassing methods and teekrig evaluate and improve the
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conceptual models with respect to a specific user reapein¢ or goal. Our process guides the user
in formulating the desired quality goal, helps him/her ieniifying the relevant quality patterns
or quality attributes with respect to the quality goal andlfy the process helps in evaluating the

quality of the model and propose relevant recommendationsfmovement.

We developed a software prototype “CM-Quality” implementing our proposed quality
approach and guidance process for evaluating and improving OMrsprototype automates all
the above mentioned steps of our approach and implementskélomoenabling its users to
evaluate and improve CMs efficiently and effectively. CM-f@yamaintains a knowledgebase
storing different quality concepts such as quality pattergsality attributes, metrics,
recommendations, etc. It helps the users in formulatieg tjuality goals in a structured manner.
It then helps the users in identifying the relevant qualitteria with respect to their formulated
quality goal by automatically searching the contents oktimvledgebase. After the selection of
the quality concepts (quality patterns and quality attriju@M-Quality evaluates the model by
automatically calculating the different metrics asated to the selected quality concepts. It then

proposed the post-evaluation feedback in the form of recommenddtr model improvement.

8.2 Future Work — Perspectives

Our thesis opens multiple directions for future researtlis future work could be extensions

to the actual work or new perspectives that are new.work

The first research direction aiming at extending our wodkuitles the enrichment of quality
criteria such as identifying new quality patterns, neveligy attributes and new metrics. For
example, we have included numerous metrics for class dmsgiraour knowledgebase. Therefore
different metrics can be formulated for other types of com@dpmodels such as use case
diagrams, sequence diagrams, etc. Similarly, some ameiv more effective metrics could be

formulated to replace the existing metrics.

The second research direction, for improving the actual wodludes the extension of our

prototype in the following ways:

i. To integrate an ontology of quality concepts (if exists) to help itdemtification of

relevant quality concepts efficiently.

ii. To include the automatic application of proposed transftoms. In our approach
transformation are a kind of recommendations. The cumwension of our prototype
provides details about the relevant transformations wketka application of these

transformations is a manual process. However, if transfiomsa can be applied
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automatically then perhaps a good model can be extracted drorude one in a short

span of time.

iii. In the current state, CM-Quality evaluates the completedah and proposes
recommendations for the entire model. For example, it can peopecommendations
related to model’s complexity if the entire model is complex or it can recommend
employing the polymorphism pattern to manage the compléxit it can’t identify the
exact portion of model where this recommendation or patterst tve applied. It will be a
milestone achievement if an extension in this directiom lwa made. This will help the
user in identifying the exact problem areas of the modehabthey can be targeted to

improve the overall model.

iv.  To integrate CM-Quality to existing modelers as an add-orhabduality evaluation is
available on the same time as modeling. At the curragestusers have to first design the
model and then do the evaluation whereas if quality evalu&iawailable at runtime or
during the designing of the models, then it will be frequended by users to evaluate

and improve their models.

The third research direction could be to formulate an ontotdgyuality concepts for CM. As
of today there doesn’t exist any such ontology. With the advent of such ontology, the
identification of relevant quality criteria or quality conceptill be much easier. This ontology
will also help to consolidate the existing quality franoeks at one place and can be used to

identify relationships among these concepts.

The fourth research direction can be to provide the anabljigisa means to improve the CM
with respect to desired value of a quality attribute. For gtamif the user wants that his/her
model should have complexity=0 then the model should be eedluamtd recommendations
should be proposed in a way that the value of complexitybatei becomes 0 if all the
recommendations are applied. Now consider an example wheunser wants to have
complexity=0% and maintainability=90%, thus the recomnaginds should be proposed in a
way that when the model is transformed, the new modiélhaive exact values for complexity

and maintainability.
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Quality Attributes

Fallowing are the details about quality attributes.

1. Clarity

This attribute is based on the graphical arrangement ofetaments within a model. It
evaluates the model quality by referring to the number aghetgs (such as classes, use cases,
attributes, etc.) present in the model and the number ottingsings they have. This attribute is
based on the hypothesis that the greater the number of ékepresent in a model the less clearer
it gets and thus poses difficulty in reading the mo8ehilarly if there are more line-crossings in
a model (such as ER diagram or class diagram) then it migtiffimlt to track the links and

thus it might gets difficult to understand the concept.

2. Completeness

This attribute is based on the coverage of user requireménasll try to evaluate the quality
by comparing the conformance between concepts depictdteiconceptual model and the ones
expressed by the users through the requirements. Furtherth@seattribute can be used to
compare completeness among several schemas modelingnileeaaality. A schema is considered
complete if it covers all the modeling elements preserdther schemas representing the same

reality.

3. Currency

This attribute evaluates the quality based on the currefidhe model. With currency we
means to check whether the model represent the actp&nmnted version of the model. For
example, a database administrator has added a netwudtiin the table without updating the

database model then this model does not represent tned anterlying structure.

4. Documentation
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It is based on the assumption that well documented modéisbev easily readable and
understandable. If documentation is provided for every mogledlement (such as classes,

attributes, etc.) then it will help the reader in underding the model quickly and easily.

5. Extendibility

Software extension is an important and recurring activiiynaw requirements continue to
emerge within the organization. Therefore, if conceptuadlels are designed in such a way that
they can be extended to accommodate the new requirentieen it will ease the software
extension process. This attribute is based on the easewhitth a model can be extended to
include new concepts or functionality. However, we hypotleetiat if conceptual models have
high degree of modularity then they can accommodate new ptEneasily and thus have highly

extendible.

6. Expressiveness

This attribute evaluates the expressiveness of a modelodel is expressive if it represents
users’ requirements in natural way and is understandable without additi@explanation. It
evaluates whether the employed concepts are expressiugleto capture the main aspects of the
reality. E.g. Inheritance link is more expressive thesoamtion. So the more the expressive

concepts are used, the more the schema will be expressive

7. Modifiability

This dimension is based on the attributes that evaliuhtegase with which a model can be
maintained. This dimension is based on the hypothesistiigaquality of the model can be
represented by its degree of maintainability. Several relsees have showed that complexity in
models affect its maintainability or modifiability. Sitaily, the ability to understand a model
contributes towards its maintainability. Howevergdarstandability can be ameliorated by the use

of standard notations or guidelines.

8. Minimality
This attribute is based on the notion of the redundarhehts and is directly or indirectly
related to other attributes. It is based on the hypothésis the model gets more and more
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complex if it contains redundant concepts. Similarly,isi equally based on the notion of
reusability. If the concepts are reused in the model thevillidecrease the size and structural

complexity of the model and thus will contribute towardsrdasing its complexity.

9. Modularity

This attribute is based on the object-oriented practiceb hypothesize that high modularity
leads to ease in maintainability. However, this attribex¢ends its domain and evaluates the
modularity by verifying the cohesion and coupling of the modul@shesion can be defined as a
measure to calculate the grouping of the common resporisthitit functionalities within one
module. It is deemed to have high cohesion in the modulete the common responsibilities
grouped in the same class. Similarly, coupling can be e@fas the dependency of the module to
rely on other existing modules. Coupling is deemed to be as$opossible to have less reliance

on other modules and thus to have ease in maintainability.

10. Naming Convention

It is based on the assumption that the clear and consistening will result in the high
readability of a model. For example if a model uses “FN” to denote a First Name of an Employee
then it will require more effort to decode the abbreviatadable than if it would have used
“FirstName” as the variable. Moreover, this attribute will try to evaluate the different aspects
related to naming such as it will try to check whether tls®@ations are named or not in a class

diagram.

11. Practicability
This attribute is based on the notion of feasibility of thadel. It verifies whether the model
employs the concepts or elements that are realistic andbe materialized. For example, there

can be some models that require unprocurable sophististiedology for implementation.

12. Relevancy to requirements
This attribute is different from “Completeness” in a way that it is employed for finding the

relevancy between the concepts present in the model and theegnaed by the users. It will
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help in removing the irrelevant concepts present in the modsl will implicitly affect the

complexity and functionality dimensions.

13. Reliability

This attribute is crucial to quality in a way that ifetmodel is not reliable then it can
jeopardize all the later stages of the system developnTéris. is a composite attribute and
depends on almost all of the above-mentioned functionalitipatés. In simple words, we can
say that a model is reliable if it covers all the riegoments of the users, does not cover any

irrelevant concepts i.e. it is minimal and is practieabl

14. Reusability

This attribute has been widely recognized and appreciatélei Object Oriented Paradigm.
Reusability is considered a major opportunity for improvingliguand productivity of systems
development. This attribute evaluates the quality of thdahim twofold: First, it checks whether
the model employs the previously developed models (eggoligxisting modules) and secondly
it helps in evaluating the chances of this model to bseein the future (e.qg. is it very specific or
generic?). Some studies suggest that reusability isbleasnly if planned at the design stage

because of loss of generalizability at subsequent stages.

15. Semantic Correctness

Schema is semantically correct if the concepts are asedrding to their definition. This
attribute takes into account the semantic quality dinsendefined in [Lindland et al., 1994]. &/
hypothesize that if we have formalized knowledge about thelgmoldomain then we can
evaluate this attribute by measuring differences betweemmibdel and the knowledge domain.
Semantic correctness can also be measured by compagimgoithel with available and validated
models representing the same reality. This attributeus® collaboration patterns to improve the

evaluation process.

16. Size
This attribute evaluates the overall complexity of thedelowith respect to the number of
instances of different elements present in the modes. ltased on the hypothesis that the more
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there are structural elements in the model the moretst gamplex. These elements can include
entities, classes, use cases, actors, attributedjonset etc. This attribute does not take into
account elements such as associations, generalizatmtiiomships, dependencies, etc. as they

relate to the structural complexity of the model.

17. Structural Complexity

This attribute represents the model complexity dueh® déxistence of different relational
elements within the model. These elements can inclusociations, aggregations,
generalizations, dependencies, transitions, relships, etc. This attribute will contain several

metrics that will measure the different aspects ofstnectural complexity of the model.

18. Syntactic Correctness

Schema is syntactically correct if the concepts are plppdefined in the schema. This
attribute takes into account the syntactic quality dinemslefined in [Lindland et al., 1994].
Though [Purao et al2003] mentions about the maturity of the controls over the syiotgoality
issues in conceptual models, this attribute will make $liat every concept is defined as per the

valid syntactic rules of the employed grammar.

19. Understandability

This attribute is based on the hypothesis that the mamodel understanding leads to ease in
its maintenance. This attribute will try to evaluate tha&se with which the model can be
understood. However, understandability is dependent on attdbutes such as those in
Readability and Complexity dimension. The authors in [Gemgral., 2004] have shown that
complexity in models leads to low understandability angstaffect the maintainability of the

model.

20. Usage of Standard Notations
This attribute evaluate the model on its usage of stanlarguage or notations. Here by
‘standard language or notations’ we mean the use of widely acceptable notations to represent the

models such as the use of Unified Modeling Language oryBER#tationship notations. Here we
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hypothesize that the use of standard notation for the forroolati models will lead to higher

understandability and analyzability and thus will contrikntéhe easy in maintenance.

21. User Vocabulary

It is based on the assumption that the readability of a metdleenhance if the reader can
make easy correspondence between the modeling elemensnednin the conceptual schema
and the requirements in the textual description. Such as using ‘Employee’ label to represent

employees of the company rather than using ‘Emp’ label.
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Following are the identified quality patterns.
1. Model Completeness Quality Pattern
Pattern Name: Model Completeness
Context:

i. To check if the model is complete with respect to syidaantd semantics. This pattern

should be employed to validate and improve the model for itgptateness.
Problem:

i. Incomplete conceptual models (CM) pose threat to the $tages of development as they
will result in an end system that doesn’t provide all the functionalities it was conceived

for. So the CM should be evaluated for any missing user reqaires.

ii. Similarly, if CM is not syntactically complete then itrchamper the understandability of
the model. Syntactic completeness relates to the iontaised (e.g. verifying that
multiplicities are defined for associations or associetibave a valid name in a class

diagram)

iii. Calculate the following metrics (metrics 2 and 3 are iapple to class diagram only) to

check if this pattern is relevant for the current problem$efmodel:

d. Requirements Coverage Degree [Cherfi et al.,, 2003]: Thisianis based on the
notion of completeness of user requirements. It has beerywadeepted that if the
requirements errors are detected earlier in the designiageptien the cost of their
correction gets much lower. This metric calculates th® daetween the concepts
covered by the modeling elements in the conceptual sclagchdhe ones expressed

by the users through the requirements.
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Let:
X = Number of requirements covered by modeling elements;
Y = Total number of requirements;
Then:
. X
Requirements Coverage Degree = —
Y
Range:
Requirements Coverage Degree = 1, if all the
requirements expressed by user are covered in the
conceptual model.
Requirements Coverage Degree = 0, 1if none of the
requirements expressed Dby user are covered in the
conceptual model.

e. Degree of defined multiplicities: This metric calculatég ratio between the total

numbers of defined multiplicities within a model to ttoéat number of associations

in a model.
Let:
X = Number of defined (or existing) multiplicities or
cardinalities;
Y = Number of association links;
Z = Number of composition and aggregation links;
Then:
. . C e X
Degree of Defined Multiplicities = ——
2* Y + 7Z
Range:
Degree of Defined Multiplicities=1l, if both ends of the
association 1links, compositions 1links and aggregation
links are defined.
Degree of Defined Multiplicities=0, if no multiplicities
are defined in the model.
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f. Degree of named associations: If proper naming is assignedety eelationship or
association then it enhances the understandabilityeofribdel. This metric calculates

the ratio between the number of named associations andt#@ssociations.

Let:
W = Number of named relationships or associations;
X = Number of association links;
Y = Number of association classes;
Z = Number of composition and aggregation links;
Then:
. . W
Degree of Named Associations = ——
X =Y + %
Range:
Degree of Named Associations = 1, if all the association
links, compositions 1links and aggregation 1links are
defined except those association links that have
association classes.
Degree of Named Associations = 0, 1f no associations are
named in the model.
Solution:

i, CM should incorporate all the requirements demanded bg.use
ii. CM should contain all the syntactic elements requirechbytéarget modeling notation.
iii. Following transformations can be used for improvement:
a. Incorporate missing requirements
b. Define missing multiplicities
c. Define missing associations labels

Keywords: completeness; syntactic completeness; semantic let@mess; requirements

coverage,

Related patterns:
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2. Model Complexity Quality Pattern

Pattern Name: Model Complexity

Context:

v.  To check the overall complexity of the model with respedhe number of instances of
different elements (number of classes/entities/attribete} present in the model. This
pattern is suitable for models containing numerous elements.

Problem:

i. Sometimes models contain several classes/entitiestases- etc. This can hamper the
understandability of the model. Miller ("The Magical Nber Seven, Plus or Minus Two:
Some Limits on Our Capacity for Processing Information”,6)9tave proved that adults
can hold 7 £ 2 objects in their working memory.

ii. Similarly, the existence of numerous elements can induce lexity.

iii. This induced complexity can hamper the maintainabilitx@splex models are difficult
to maintain.

iv. Calculate the following metrics (following metrics aapplicable to class diagram only)

to check if this pattern is relevant for the current problefitie model:

k. Number of Classes: Total number of classes in a model.

I.  Number of Attributes: Total number of attributes in model.

m. Number of Methods: Total number of methods or functions inrbdel.
n. Number of cycles: Total number of cycles within a model.

0. Degree of non-redundancy [Cherfi et al., 2002b]: This metatculates the ratio

between the non-redundant concepts and the total conesent in the model.
p. Number of Associations: Total number of associations in aginod

g. Number of Aggregations: It calculates the number of aggiamyaelationships within

a class diagram.

r. Number of Compositions: It calculates the number of comjppwsitielationships

within a class diagram.
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s. Number of Generalizations: It calculates the total bam of generalization

relationships in a model.

t. Depth Inheritance Tree: It calculates the longest patim the class to the root of the

hierarchy in a generalization hierarchy.

Let:
Xi belongs to <class, association, inheritance 1link,
association class, aggregation link, composition link;
NB (Xi) = Number of elements of type Xi;
NBR (Xi) = Number of redundant elements of type Xi in the
model;
Then:
> (NB (Xi) - NBR(X1))
D NB(Xi)
Range:
Degree of ©Non-Redundancy = 1, if the model doesn’t
contain any redundant concept.
Degree of Non-Redundancy = 0, if the model contains all
the concepts that are redundant.
Solution:

Models can be made simpler if they are divided into simalependent modules each

with limited number of concepts and functionalities.
Following transformations can be employed for improvement:
a. Remove redundant elements

b. Factorize associations to remove redundant associations
c. Divide the model

d. Merge classes

e. Divide a class

Following design pattern can be employed to improve the qualitye model:
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c. GRASP high cohesion pattern

d. GRASP polymorphism pattern

Keywords: complexity; maintainability; modify; understandability;size number of

classes/entities etc.; number of concepts; number of agsput
Related patterns:
i. ~ Model Evolution (Complex model are difficult to maintgi

ii. Model Readability (models containing numerous elemearsbe difficult to read)
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3. Model Correctness Quality Pattern

Pattern Name: Model Correctness

Context:

To check if the model is syntactically correct i.e. evaygaept in the model is defined as
per the valid syntactic rules of the employed grammar and damaln correct i.e. the
concepts are used as per their definition in the targetaih. This pattern can be used to

evaluate and improve the model for its correctness.

Problem:

V.

Vi,

Vvii.

vii.

Syntactically incorrect CM doesn’t model the concepts correctly with respect to the

employed grammar and are thus difficult to understand byrdiffaisers.

Semantically incorrect conceptual models (CM) can jedparthe development of the
end system as if the requirements are not correctly aepiot the CM then the system

will not perform the functions in the same way as it stidad.

Similarly, if the requirements are wrongly modeled thea developed system will be
unacceptable to the user (e.g. if client follows Amami@accounting principles then he/she

will not accept the systems based on British accountingcipies).
Calculate the following metrics to check if the modehisorrect or contains errors:

d. Degree of syntactic correctneschis metric is based on the syntactic correctness of
the CM. This metric calculates the ratio between thatastic errors and the total

errors identified in the CM.
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Let:
X = Number of existing syntactic errors;
Y = Total number of errors identified in the model;
Then:
. X
Degree of Syntactic Correctness = —
Y
Range:
Degree of Syntactic Correctness=1, 1if CM contains only
syntactic errors.
Degree of Syntactic Correctness=0, if CM doesn’t contain
any syntactic errors.

e. Degree of semantic correctness: This metric calculatsatio between the number

of semantic errors and the total number of errors identifiedermodel.

Let:
X = Number of existing semantic errors;
Y = Total number of errors identified in the model;
Then:
. X
Degree of Semantic Correctness =‘§
Range:
Degree of Semantic Correctness=1, if CM contains only
semantic errors.
Degree of Semantic Correctness=0, 1f CM doesn’t contain
any semantic errors.

f. Degree of relevant requirements: This metric is based @ndkion of relevancy between
the concepts present in the model and the ones requirttehysers. Irrelevant concepts

in the model affect the complexity and functionality. Thigetric calculates the ratio
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between the number of irrelevant requirements modeled in Kher@l the total number

of the requirements communicated by the user.

Let:
X = Number of irrelevant requirements identified from
the model;
Y = Total number of requirements communicated by the
user;
Then:
, X
Degree of Relevant Requirements = —
Y
Range:
Degree of Relevant Requirements=1, i1if CM modeled all the
irrelevant requirements.
Degree of Relevant Requirements=0, if CM contains all
the relevant requirements.
Solution:

i Remove all the syntactic errors from the CM.

ii. Remove all the semantic errors from the CM i.e. al doncepts modeled in the CM

should be defined with respect to the target domain.
iii. Remove all the irrelevant concepts from the model.

iv.  Add all the missing relevant concepts.

Keywords: correctness; syntactic correctness; semantic corregtrregevant requirements;

irrelevant requirements;

Related patterns:
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4. Model Evolution Quality Pattern
Pattern Name: Model Evolution
Context:

i. To check whether the model is easy to modify or extend for future angahg
requirements. This pattern can be used to validate and wephe model with respect to

modifiability and extension.
Problem:

i. Maodification or extension is a continuous and important agtifiar any software project.
They account the most in any maintenance contract. Howsweeretimes it gets difficult
to incorporate the required changes into models due to thyplewity of the models.
Different researchers have empirically shown that conifyler models hampers their

modifiability or extension.

ii. Similarly, if the models are not modular or the defined maogldlave high values of
coupling then the modification to one module can posélpms to other modules and

might require extensive modifications.

iii. Following metrics can be calculated to check if this patis relevant for the current

problems of the model:

a. Cohesion: Cohesion can be defined as a measure to calthatgrouping of the
common responsibilities or functionalities within one medut is deemed to have
high cohesion in the module to have the common respoitisbbijrouped in the same

class. This metric is defined in [Cherfi et al., 2003a].
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Let:
X (i) = Number of links within a module 1i;
Y (i) = Number of couples of modeling elements that can
be constructed from module 1i;
Z = Number of modules in a model;
Then:
Y4
D X(1) /Y (1)
Cohesion = &+—————
7
Range:
Cohesion =1, if all modules have the same number of
links as the number of couples.

b. Coupling: Coupling can be defined as the dependency of thelmbtad rely on other
existing modules. Coupling is deemed to be as low as pedsilhlave less reliance on
other modules and thus to have ease in maintainabilitys Trt@tric calculates the
number of other concepts to which a concept is coupled. vawe for this metric
signifies that the model is modular and promotes encapsuld his metric is defined
in [Cherfi et al., 2003a].

Let:
X = Number of links relating different modules;

Then:
Coupling = X

Range:
Coupling = 0, if all the modules are independent of one
another.
Coupling > 0, 1if at least two modules are dependent on
each other.
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Calculate the following metrics for complexity (followgrmetrics are applicable to class
diagram only and these metrics are definedMondel Complexity Quality Pattejn
number of classes, number of attributes, number of methods,emwohbycles, degree of
non-redundancy, number of associations, number of aggregationsmber of

compositions, number of generalizations, depth inhesédree.

Solution:

Models should be divided into smaller modules with limitedmber of modeling
elements to reduce complexity as structural complexity models leads to low

modifiability and thus directly affects the maintainélyibf the model.

Modules should be identified in such a way that all thiated functionalities and

responsibilities are grouped into the same module to iseréee cohesion.

Modules must be independent of each other and must beloosepled with other

modules.

Following transformations can be employed for reducingntibeel complexity:
a. Remove redundant elements

b. Factorize associations to remove redundant associations

c. Divide the model

d. Merge classes

e. Divide a class

Following design pattern can be employed to improve the gualitye model:
a. GRASP high cohesion pattern

b. GRASP polymorphism pattern

Keywords: maintainability; modifiability; extendibility; modulay;

Related patterns:

Model Complexity
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5. Model Feasibility Quality Pattern

Pattern Name: Model Feasibility

Context:

To validate if the model is the feasible and practioafiplement.

To validate if the model employs the concepts or elemémsare realistic and can be
materialized. This pattern should be employed to validateimprove the feasibility and

practicability of the model.

Problem:

CM can employ the concepts or elements that are radistie and can be difficult to
materialize. For example, there can be some models tbatiire unprocurable
sophisticated technology for implementation such as askingrf automatic feed from a

manual system.

In the current age, technology is changing rapidly hence sgstemds to upgrade to new
platforms or supports new technologies. For example, prdyigoftwares were designed
to work on computers whereas with the advent of smart phanest of the software
vendors tend to provide their software for mobile devices.sTIhCM are specific to
some target technology then they can’t be used to develop systems for other technologies
and the efforts will be duplicated. However, if the CM badm as generic as possible

then they can be implementation using any technology.

Similarly, models might incorporatirrelevant requirements or semantically different but
relevant requirements. If the requirements are wrongly mdd#ien the developed
system will be unacceptable to the user. Thus all the iumadities should conform to

users’ requirements.

Calculate the following metrics to check if this pattés relevant for the current problems

of the model:

a. Degree of conformance to target techmpto This metric verifies if the concepts
depicted in the model can be implemented in the taaygjuage. It calculates the
ratio between the number of concepts that can be implementkd target language

and the total number of concepts in the model.
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Let:

X = Number of concepts that can be implemented in the
target language;

Y = Total number of concepts in a model;

Then:
Degree of conformance to target technology = —

Range:
Degree of conformance to target technology=1, if all the
concepts can be implemented in the target technology.
Degree of conformance to target technology=0, if none of
the concepts can be implemented in the target
technology.

Degree of tool dependant functionality: This metrib#&sed on the notion of generic
models. If models are generic then they can be implerdentany target technology
whereas if the models are specific to some targdinmogy then they might not
remain valid for other technologies. This metric calcugattee ratio between the

concepts that are specific to some target technolothettotal number of concepts.
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Let:

X = Number of concepts that are specific to some target
technology;

Y = Total number of concepts in a model;

Then:

X
Degree of tool dependant functionality =-§

Range:

Degree of tool dependant technology=1l, if all the
concepts are specific to some target technology.

Degree of tool dependant technology=0, if none of the
concept is specific to some target technology.

c. Calculate the degree of relevant requirements metrics. miisics is defined iModel

Correctness Quality Pattern.

Solution:

i, CM must try to be as generic as possible. Thus, ifiplesseplace all the tool specific (or

language specific) concepts by the generic concepts.

. As mentioned above, it is beneficial to have generic Clweéler, if model contains
some language specific concepts then ensure that thosepte are implementable in the
desired target language. If not then replace all thoseepi®awith the desired target

language specific concepts.
iii. Remove all the irrelevant concepts from the model.

iv. Model must incorporate the relevant requirements in the& sense and there must not
be any difference between the concepts present in thelrandehe ones expressed in

user requirements.

v.  Add all the missing relevant concepts.
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Keywords: practicability, feasibility; relevancy to requirements; irrelevant requiratag tool

dependency; conformance with target technology;

Related patterns:
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6. Model Readability Quality Pattern

Pattern Name: Model Readability

Context:

To check if the model is easy to read i.e. the model musiemmand additional efforts to
read. These efforts can be due to any reasons such as h@dcaraarrangements,
aesthetics, language barrier etc. For example, if the modefains numerous line
crossings then it demands additional efforts to identifylitHeng objects (such as classes
in a class diagram). This pattern can be used to evaluateanandve the model for its

readability.

Problem:

Models can have poor arrangement of graphical objects witieim tand thus increases
the number of line crossings and hangtee clarity of the model. Similarlya model can
contain several concepts and object within them (lack oflutasity) and can also use

inappropriate font size thus making it difficult to read.

Similarly, due to increasing outsourcing or offshore procemprojects, it has been
observed that the technical documents or CM are writteneraihguage chosen by the
vendor. This language might not be acceptable to the end{ose example, technical
document or models written in English language might motabceptable to French
speaking end user. The situation gets worse if the usafasniliar with the character-set
of the model language such as Chinese character-set forskrggieaking user. Such

language barriers require additional efforts for readgbilit
Calculate the following metrics to check if the modedif§icult to read:

a. Graphical Objects per Model: This metrics calculates total number of graphical
objects per model (such as classes, entities, assowsatto.). It has been argued by
the researchers that structural complexity increashenwthe number of model
elements increases. Thus the greater the number of graphjeats in a model, the

greater the efforts required to read and understand it.

b. Degree of line crossings: This metric is based on the gralphicangement of the

elements within a model. If model elements are not wedlneyed or if model contains
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numerous elements then the number of line crossings magaise and it gets
difficult to read the model. This metric calculates thtio between the number of line

crossings and the total number of links (such as assmt&tielationships, etc.).

Let:
X = Number of line crossings in a model;
Y = Total number of 1links such as relationships,
associations, etc. within a model;

Then:
Degree of Line Crossings = —

Range:
Degree of Line crossings = 0, i1f CM doesn’t contain any
line crossing.
Degree of Line crossings > 0, if CM contains at least
one line crossing.

C.

Degree of legible font size: This metrics is used to eatalthe font size of different
texts on the model. It calculates the ratio between tinebeu of text objects that are

below the optimum font size (i.e. difficult to read) te timtal number of text objects.
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Let:
X = Number of text objects below the optimum font size;
Y = Total number of text objects in the model;
Then:
. . X
Degree of Legible Font Size =‘§
Range:

Degree of Legible Font Size=1l, 1if all the text objects
are below the optimum font size i.e. all text objects
are difficult to read.

Degree of Legible Font Size=0,

if all the text objects

are equal and above the optimum font size i.e.

all text

objects are easy to read.

d. Language vocabulary rate: This metrics is based on thamgé®n that the
readability of a model will enhance if the model istwm in a language known to
user. For example, if CM is written in Chinese language thindifficult to read by
the user who doesn’t know Chinese character-set. This metric calculates the ratio
between the number of text items that are in an unfamilizgulage and the total

number of text items in the model
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Let:
X = Number of text items in an unfamiliar language;
Y = Total number of text items in the model;

Then:

X

Language Vocabulary Rate =‘§

Range:
Language Vocabulary Rate=1, if all the text items are in
an unfamiliar language.
Language Vocabulary Rate=0, if all the text items are in
a familiar language.

Solution:

Models should be divided into small modules with tedi number of concepts and
objects per model to improve the clarity. Following transfations can be employed for

improvement:

f. Divide the model

g. Merge classes

h. Remove redundant elements

i. Factorize associations to remove redundant associations

Graphical objects in the model must be arranged in a wagduce the number of line

crossings. This can be done in the following way:

a. Place the objects (such as classes) with the most (islkch as associations in class
diagram) in the center of the model and all the associatingctsbfother classes)

surrounding them.
b. Try bending the lines (instead of straight lines) to redbedihe crossings.

c. If intersection is unavoidable then use bridge symbol (~) to maintain the distinction

between the two lines.
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iii. All the text objects should employ proper font size to inseethe legibility of the model.
iv. CMs should use the language acceptable to user.
Keywords: clarity; legibility; line crossingsfont size graphical objects per model

Related patterns:
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7. Model Reception Quality Pattern
Pattern Name: Model Reception

Context:

i. This pattern can be used to evaluate and improve the CMrasfiect to its reception by

the user.
ii. To check whether the model uses terms and language therdneser friendly.

Problem:

I, If CM uses texts/labels in an unknown language or charactewsbtrespect to the user,
then the benefits of CM might not be attained.

ii. If models use difficult terms or labels then they might betperceived correctly by the

user.

iii. Similarly, if a lot of technical vocabulary is used in thedels then the non-technical

users mighfail to perceive the model’s objective correctly.

a. Calculate the following metrics to check if the modah de perceived correctly by
the end user: user vocabulary rate, technical vocabulaey l@tguage vocabulary

rate, etc. These metrics are explainiadthe “Model Understandability Quality

Pattern”.
Solution:
i. Utilize basic and simple terms as much as possible.
. Replace the terms unknown to user by the known terms.

iii. Replace the technical terms/labels from the model to ¢benmon/non-technical

terms/labels.
iv. CMs should use the language acceptable to user.

Keywords: model perception; reception; user vocabulased languagdechnical vocabulary

target language
Related patterns:

i. Model understandability
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Model readability

8. Model Reliability Quality Pattern

Pattern Name: Model Reliability

Context:

To validate if the model can be relied for later stages eéld@ment.

To validate if the model is ufm-date with respect to the implemented model or other

developed models.

Problem:

Software failures are generally caused by errors thadomsult from decisions during
analysis. Every concepts depicted in the model must bdiabde through some
requirement documentf the concepts can’t be verified then either they are irrelevant or

misunderstood

Versioning issues are very common in ISD and it has bei&messed that upcoming
modifications are directly incorporated into the systenmheut updating the model thus

users are left with two different versions of same model.

Similarly, during the alpha or beta testing, new or chapg&quirements are directly
implemented into the systems without updating the CMs tleopardizing the future

maintenance operations.

Following metrics can be calculated to check if this pattie relevant for the currén

problems of the model:

a. Verifiability: This metric verifies if the concepts depad in the model can be relied
for future development. This metric calculates the rdd@ween the number of
concepts that can be verified from the user requiremantsthe total number of

concepts.
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Let:

Number of concepts
user requirements;

Y

Total number of concepts in a model;

Then:

X
Verifiability = —
Y

Range:

Verifiability=1, 1if all
through user requirements.

the concepts
Verifiability=0, 1if none

of the concept
through user requirements.

are

that can be verified from the

verifiable

is verifiable

b. Versioning Control: This metric ensures that the CMpgatdate with respect to the
implementation model. It calculates the ratio betwdenimplemented concepts that

are not modeled in the CM and the total number of concepts.

different from the implemented model.

Versioning Control=0,
are present in the CM.

if all the

Let:
X = Number of implemented concepts not present in the
model;
Y = Total number of implemented concepts;
Then:
Versioning Control = —
Range:
Versioning Control=1, if none of the
concepts are present 1in the CM i.e. CM

implemented concepts

implemented

is totally
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c. Recency: This metric ensures that the CM igapate with respect to the upcoming
new/modified requirements (through change order requests).clilatds the ratio
between the concepts that can be extracted from the newinlanequirements
(through change order request or other documents) and are impldneiite system
but are absent from the CM and the total number of conasjitacted from these

new/changing requirements.

Let:

Then:

Range:

X = Number of implemented concepts, from new / changing
requirements, that are absent from the CM;

Y = Total number of concepts extracted from the new /
changing requirements;

X
Recency = —

Recency=1, 1if none of the concepts from the new/changing
requirements are also modeled in the CM i.e. CM is out-
of-date after the modifications.

Recency=0, 1f All the concepts from the new/changing
requirements are also modeled in the CM i.e. CM 1is up-
of-date.

Solution:

Recheck if the concepts present in CM and missing fromethgirements documents are
not irrelevant or misunderstood. If they are irrelevant then geyld be removed from

the model whereas if they are misunderstood then they shedtdplemented correctly.

All the concepts that are implemented during the maalifbtms must also be updated in

the CM.

241|Page



Appendix B
Quality Patterns

iii. All the concepts from the new/changing requirements railsst be implemented in the
CM.

Keywords: reliability; currency; recency; verifiabilityersioning control;

Related patterns:
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9. Model Reusability Quality Pattern

Pattern Name: Model Reusability

Context:

The context of this quality pattern is twofold. First it ifies if the model employs the
previously developed models (e.g. use of existing modules) awhdly it checks if this

model can be reused in future (for example to check if thiselriedpecific or generic).

Problem:

Reusability is considered a major opportunity for improving ipuand productivity of
systems development. Studies suggest that reusabilfgagble only if planned at the
design stage because of loss of generalizability at subsegtages. Thus, it is important

to verify the reusability of the models.

Evaluating and improving reusability in modelimportant since it enhances the system’s
functional reliability because the reused component/motiale been tested multiple
times therefore errors and deficiencies would have beetified during its maturity

cycle.

Similarly, some models are designed in a way that thewest specific and cannot be

reused in future thus can waste future resources.

Moreover, if the models are not modular or the modules ar@nogerly identified then

the reusability of the model will be compromised.

Following metrics can be calculated to check if this grattis relevant for the above

mentioned problems:

a. Reusability Degree: This metric calculates the ratiobveen the number of reused

concepts and the total concepts present in the model.
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Let:
X = Number of reused concepts;
Y = Total number of concepts in a model;
Then:
L X
Reusability Degree = ;
Range:
Reusability Degree =1, if all the concepts in a model
are reused from exiting modules.
Reusability Degree =0, if none of the concepts in a
model are reused from exiting modules.

b. Overall model reuse. This metric is adopted from [Baikl., 1990]. It calculates the
aggregated reuse of the whole model by summing the reuse of ewbvidual
concept in the model. This metric uses the followingriola for calculation:

Let:
X = Any concept present in the model;
Reuse (X) = Count of all the ancestors of the concept “X”
and the concepts inherited by concept “X”
I = Number of all the distinct concepts in the model
Then:
Reuse (Model) = Z Reuse (X1)
I
Range:
Overall Model Reuse = «, if all the concepts have
multiple ancestors and numerous inherited concepts.
Overall Model Reuse = 0, if none of the concept has any
ancestor or any children.

c. Calculate the cohesion and coupling metrics for modulaFinese metrics are defined

in Model Evolution Quality Pattern.
Solution:
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i, Search the model to identify the concepts for which equitatencepts exists in the

repository for reusability.
ii. Decompose the model into multiple independent module<ilitdse the reusability.

iii. Modules should be identified in such a way that all thiatee functionalities and

responsibilities are grouped into the same module to iertee cohesion.

iv.  Modules must be independent of each other and must belyoosepled with other

modules.

V. Following design pattern can be employed to improve the taatiu of the model that

will enhance the reusability of the model:

a. GRASP high cohesion pattern

b. GRASP polymorphism pattern
Keywords: reusability; reusability degree; model reuse; moduarit
Related patterns:

ii. Model Evolution
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10. Model Semantic Completeness Quality Pattern

Pattern Name: Model Semantic Completeness

Context:

To check if the model incorporates all the requiremeeri®ahded by the user and the
domain of the model. This pattern should be employed tdatiand improve the model

for its semantic completeness.

Problem:

Incomplete CM poses threat to the later stages of develupasethey will result in an
end system that doesn’t provide all the functionalities it was conceived for. So the CM

should be evaluated for any missing user requirements.

Similarly, CM should also take into account the speciéquirements of the modeled
domain otherwise the developed system will not work prgpaéfost of the time user
requirements don’t incorporate the domain specific requirements. For example, user
requirements can state that the future system shouldagedbon American accounting
principles but it will not state the details about tAecounting principles. This
supplementary information is critical to the success ofsilstem and must be taken care
in the CM.

Calculate theequirements coverage degreeetric to check if this pattern is relevant for
the current problems of the model. This metric is desdrimeModel Completeness

Quality pattern

Solution:

CM should incorporate all the requirements demanded bg.use
CM should contain all the domain specific required.

Following transformations can be used for improvement:

a. Incorporate missing requirements

b. Incorporate the missing domain specific requirements
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Keywords: semantic completeness; completeness; requiremewntsage;

Related patterns:
i. Model completeness

ii. Model syntactic completeness
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11. Model Semantic Correctness Quality Pattern
Pattern Name: Model Semantic Correctness

Context:

i. To check if the model is semantically correct i.e. the eptg are used as per their

definition in the target domain. This pattern can be usedvaluate and improve the

model with respect to semantic correctness.

Problem:

i. Semantically incorrect conceptual models (CM) can jedparthe development of the

end system as if the requirements are not correctly aepiat the CM then the system

will not perform the functions in the same way as it stidad.

ii. Similarly, if the requirements are wrongly modeled thea developed system will be

unacceptable to the user (e.g. if client follows Amami@accounting principles then he/she

will not accept the systems based on British accountingipies).

iii. Metrics such aslegree of semantic correctness, degree of relevant regairesetc. can

be calculated to check if the model is semantically incolwecontains semantic errors:

Solution:
i. Remove all the semantic errors from the CM.
ii. Allthe modeled concepts should adhere to their definitichentarget domain
iii. Remove all the irrelevant concepts from the model.
iv. Add all the missing relevant concepts.
Keywords: correctness; semantic correctness; relevant requirenmeetsyant requirements;
Related patterns:
i. Model Correctness

i. Model Syntactic correctness
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12. Model Size Quality Pattern

Pattern Name: Model Size

Context:

To check the complexity of the model with respect to the bemof instances of
numerous classes/entities/attributes etc present in tlkelmbhis pattern is suitable for
models containing several classes/entities/attributesHawever, this pattern does not
take into account elements such as associations, geaé¢iali relationships,

dependencies etc. as they relate to the structural caitypdd the model.

Problem:

Large CM contains several classes/entities/uses-castes that hampers the

understandability and induce complexity.

This induced complexity can hamper the maintainabilitc@®plex models are difficult

to maintain.

Calculate the following metrics to check if this pattés relevant for the current problems
of the model: number of classes, number of entities, numberetases, number of
attributes, number of methods, etc. Some of these eceetie described in Model

Complexity Quality pattern.

Solution:

Models can be made simpler if they are divided into snmalependent modules each

with limited number of classes/entities/attributes/methacs e
Following transformations can be employed for improvement:
a. Remove redundant elements

b. Divide the model

c. Merge classes/entities

Keywords: size; complexity; maintainability; understandability; riuen of classes/entities etc.;

number of concepts; number of attributes;

Related patterns:
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Model structural complexity

Model complexity

Model evolution

13. Model Structural Complexity Quality Pattern

Pattern Name: Model Structural Complexity

Context:

To check the structural complexity of the model with respecttite number of

associations/relationships/depth inheritance treepetsent in the model. This pattern is
suitable for models containing numerous associationistioaships/ generalizations/
compositions/aggregations etc. However, this pattern doetake into account elements

such as classes, attributes, methods etc. as ttag telthe size of the model.

Problem:

CM gets complex due to the existence of numerous diffagedational elements within
the model. These elements can include associatioggtegations, generalizations,
dependencies, transitions, relationships etc. thatgers the understandability and induce

complexity.

Similarly, complexity also can be increased due to the exdsteof multiple level of

inheritance.

Calculate the following metrics to check if this patté relevant for the current problems
of the model: number of relationships, number of assariatinumber of aggregations,
number of compositions, number of generalizations, depttritahee tree, etc. Some of

these metrics are described in Model Complexity Qualitiepa

Solution:

Models can be made simpler if they are divided into shimalependent modules each

with limited number of concepts and functionalities.
Following transformations can be employed for improvement:
a. Remove redundant elements

b. Factorize associations to remove redundant associations
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c. Divide the model
d. Merge classes

iii. GRASP high cohesion pattern can be employed to improve thHigycpfathe model.

Keywords: structural complexity; maintainability; modify; understability; number of

associations/relationships etc.; depth inheritaree; tr
Related patterns:

I. Model size

il. Model complexity

iii. Model evolution
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14. Model Syntactic Completeness Quality Pattern
Pattern Name: Model Syntactic Completeness
Context:

i. To check if the model is syntactically complete i.ech®ck if associations have proper

labels, multiplicities or cardinalities are defineldta types are defined for attributes, etc.
Problem:
i. If CM is not syntactically complete then it can hamperuhderstandability of the model.

ii. Syntactic completeness relates to the notation used\eiflying that multiplicities are

defined for associations or associations have a valid namelass diagram etc.)

iii. If the information such as attribute data type, function retype, parameters etc. are
missing from the model then the chances of errors can eehahring the

implementation.

iv. Calculate the following metrics to check if this pattés relevant for the current problems
of the model: degree of defined multiplicities, degree of edimssociations, percentage
of defined attribute types, etc. Some of these metrics described inModel

Completeness Quality pattern

Solution:
i. CM should contain all the syntactic elements proposed dyaitget modeling notation.
ii. Following transformations can be used for improvement:
a. Define missing multiplicities
b. Define missing associations labels
c. Declare the data types of all the attributes
d. Define all the parameter of the functions

e. Declare the return type of all the functions
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Keywords: syntactic completeness; completeness; nhamed assaosiatiefined cardinalities;

Related patterns:

i. Model semantic completeness

ii. Model completeness
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15. Model Syntactic Correctness Quality Pattern
Pattern Name: Model Syntactic Correctness
Context:

i. This pattern can be used to check if the model is syotdigticorrect i.e. every concept in

the model is defined as per the valid syntactic ruleb®fmployed grammar
Problem:

i. Syntactically incorrect CM doesn’t model the concepts correctly with respect to the

employed grammar or notations.

ii. Syntactically incorrect models are thus confusing andcdififto understand by different

users.

iii. Metrics such as degree of syntactic correctness and defrei@egle notation can be
calculated to check if this pattern can be used for the prolldrand. These metrics are
described in Model Completeness Quality pattern and Modektstahdability Quality

Pattern respectively.
Solution:
i. Remove all the syntactic errors from the CM.

ii. If model employs more than one notation then model shouledesigned employing a

single notation.
Keywords: correctness; syntactic correctness;
Related patterns:
I. Model correctness

il. Model semantic correctness
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16. Model Understandability Quality Pattern

Pattern Name: Model Understandability

Context:

V.

Vi.

To check whether model is easy to understand.

To verify that the model employs widely accepted and stahdotations such as UML,

ER models etc to increase understandability.

To verify that the model employs concepts that is more essgive in defining the
relationships between different concepts. Such as lsimgritance relationships where

applicable instead of associations.

To check whether the model employ terms and language tbaasy to understand by

the end-user.
To check whether the model elements are documented tdétdp understanding.

To check whether the model uses consistent naming throtiffemodel.

Problem:

If models are not understandable then they are difficult totaia or modify.

If CM employs notations that are not standardized or commit affects its
understandability. Similarly, a model can contain différeotations such as using UML

and ER notations in one model that is syntactically wrong

Models frequently use concepts that are easy to managadlgss expressive. Such as
using multiple associations to denote an inheritantzioaship. However, if expressive

concepts are used then they simplify their understanding.

Understandability of a model is enhanced if the readerncake easy correspondence
between the modeling elements contained in the conceptuaingcand the requirements
in the textual description. Similarly, if a lot of techdizgacabulary is used in the models

then it might be difficult for others to understand the modtiaut additional efforts.

Each of the model elements (or concepts) should be documémterovide additional
information to its user for enhancing their understandabilitheWas, several model

elements are left with no documentation thus causingeditfes in their understanding.
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vi. Consist naming plays a vital role in enhancing the understgraf a model. Naming
convention has long been used in programming for easy nhavigatidnsianplistic
understanding of code. Whereas models sometimes failltavfany naming convention
and might include multiple spellings to denote a singlecept. For example, a model can
use ‘EMPLOYEE’ label at one class to denote the employee, whereas it uses ‘EMPL’

label to denote employee for an association thus confulsengeader.

vii. Similarly, due to increasing outsourcing or offshore procemnprojects, it has been
observed that the technical documents or CM are writteneraihguage chosen by the
vendor. This language might not be acceptable to the end{fase example, technical
document or models written in English language might revtabceptable to French
speaking end user. The situation gets worse if the usefasniliar with the character-set
of the model language such as Chinese character-set forskrggieaking user. Such

language barriers require additional efforts for readabilit
viii. Calculate the following metrics to check if the modedésy to understand:

a. Degree of single notation: A model must restrict to ond anly notation. Using
multiple notations within a single model creates coigfiudeading to difficulty in
understanding and is a semantic error. This metric cleslthe ratio between the
numbers of model elements conforming to one notation (suchvasntemy model
elements conform to class diagram notations in a clésgraim) to al the model

elements.

Let:

X = Number of model elements conforming to a single
target notation;

Y = Total number of model elements;

Then:

Degree of Single Notation =

B

Range:

Degree of single notation 1, if model restricts to

only one modeling notation.

Degree o0f single notation < 1, if model employs more
than one modeling notation.
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Expressiveness. This metric is described in [Cherfi.e8D2b]. It measures whether
the used concepts are expressive enough to capture thespasisaof the reality. For
example, Inheritance link is more expressive then assogiato the more the
expressive concepts are used, the more the schema wikpbessive and easy to
understand. Similarly we can also calculate the exprességeof the schema as a
whole. A schema is said to be expressive when it represents users’ requirements in
natural way and can be easily understood without additioqdheation. This metric
assigns the weights of every concept and then takes thebmti@en the calculated

total value of the schema and the union of all the schepssiling the same reality.

User Vocabulary Rate: It is based on the assumptionthieatinderstandability of a
model will be enhanced if the reader can make easy corréspoe between the
modeling elements contained in the conceptual schema ancedquirements in the
textual description. This metric calculates the rateiween the number of user
specific labels (those labels/terms that are alseepriein requirements documents) to

the total number of labels.

Let:

Then:

Range:

>
Il

Number of user specific labels in the model;

Total number of labels in the model

=
Il

X
User Vocabulary Rate =-§

User Vocabulary Rate = 1, 1if all the employed 1labels
including the associations names are also found in the
requirements documents SO user can make easy
correspondence.

User Vocabulary Rate = 0, if all the employed labels are
new to user and 1s not present 1in the requirements
documents.

d.

Technical vocabulary rate: It is based on the assumptminthle understandability of

a model will be enhanced if the reader can make easy comréspce between the
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modeling elements contained in the conceptual schema endcediuirements in the

textual description.

Let:
X = Number of technical labels in the model;
= Total number of labels in the model
Then:
. X
Technical Vocabulary Rate = —
Y
Range:
Technical Vocabulary Rate = 1, 1if all the employed
labels including the associations names are technical
terms instead of common language terms.
Technical Vocabulary Rate = 0, 1f all the employed

labels are common language terms instead of technical

terms.

e. Documentation Degree: It is based on the assumption thatdefined schemas have

comments associated with each of the modeling elemeatséd, attributes etc.).

Let:
X = Number of documented modeling elements in the model;
Y = Total number of modeling elements in the model

Then:
Documentation Degree = —

Range:

Documentation Degree 1, if all the modeling elements

have documentation or comments attached to it.

Documentation Degree 0, 1if of the
elements have documentation or comments attached to it.

none modeling

f. Degree of conformed namek all modeling elements conform to a proper naming
convention then it enhances the understandability of thdemdJsers can easily

identify the type and other information about that modelirgnelnt just by looking at

258|Page



Appendix B

Quality Patterns

its name. This metric calculates the ratio betwdsm tumbers of the conformed

names in a model to the total number of names within a mode

Let:

Then:

Range:

X = Number of conformed names in a model;
= Total number of names in the model;
Degree of Conformed Names = —

Degree of conformed names = 1, if all the names conform
to a single naming convention.

Degree of conformed names = 0, if none of the name
conform to a single naming convention.

g. Language vocabulary ratéamiliarity with the model’s language and character-set

enhances its understandability. This metrics is enpthin the “Model Readability

Quality Pattern”.

Solution:

CM must employ a widely accepted and standard notation f@r ieasnderstandability
such as UML or ER. Thus if CM is designed using some ramndard notations then it

should be redesigned employing an appropriate standard notation.

Model must employs one and only one notation that mustcbeptable to user. Thus, if
model employs more than one notation then model should lesigeded employing a

single notation.

Identify all the portions and relationships where as lexpressive concept has been
employed and that can be substituted by more expressive ¢enddyps will help in

communicating the user requirements in a more natuaglamd with less concepts.

Replace the terms unknown to user by the known terms.théssame terms as in the

requirement document to enhance the end-user understatydabili

Utilize basic and simple terms as much as possible.
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vi. Replace the technical terms/labels from the model to ¢benmon/non-technical

terms/labels.
vii. Provide additional documentation and comments for every medeeients.

viii. Models should use clear and consistent naming to enhaecerntderstandability of a
model. For example, programmers fueqtly use small “m” before naming any method
and uses small “v” before naming any variable. Similarly, models should use same

spelling to denote one concept throughout the model.
ix.  CMs should use the language acceptable to user.

Keywords: standard notationgxpressiveness; schema expressivermssept expressiveness
user vocabularyused languageechnical vocabularytarget languagenaming convention

conformed namesnultiple spellings.
Related patterns:

I, Model complexity

ii. Model readability

iii. Model reception
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The Following requirements, as specified by the ,usali be employed to calculate the
requirement coverage degree metric. These are artly @f the requirements:

i.  Each personnel (employees are referred to as petytas a unique identification number.

ii.  Information such as name, address, employment datetal status, etc. should be included
into the system.

iii. Personnel could be either a regular employee ermanent employee or on contract basis.
iv.  Personnel should belong to either of the two categjaechnical or non technical
a. Technical personnel could be either related to soéwer hardware trade.

= Software personnel must belong to either of theowhg specializations: analyst,
programmer, tester or documenter.

» Hardware personnel must be either of the followiNgtwork support, hardware
maintenance, installations.

b. Similarly, non technical personnel must be eithdrtlee following: Management,
administrative, support and services.

v.  Every personnel is authorized with a limited amairieaves.

vi. Leaves are of the following six types: Earned leawesual leaves, study leaves extra
ordinary leaves, leave prior retirement and medéezales.
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CM-Quality Evaluation Report

Formulated Goal:

Purpose of the goal is to analyze Product (Conceptual Model)
For Evaluation with Respect to Correctness,

For Evaluation with Respect to Complexity

From the Manager point of view

Results:

Pattern Name:
Model Complexity Quality Pattern

Attribute Name
Size

Metric Name: Number of Classes

Model Element Values

Complete Conceptual Model 46

Recommendation: Divide the model (to reduce semantic corgxity)

Application Criteria (Metric Value):
Description: Model division can be done in two ways: Structural Division and Semantic Division
i. Structural division is an easier but non-efficient method. Randomly select the model
elements and divide them into multiple modules. But bad selection of elements can
leads to low cohesion and high coupling among the resulting modules.
ii. Semantic division is a difficult but efficient method. Read the model carefully (or use
some existing domain ontology) and classify the model elements with respect to some

similarity or relationship. For example, classify the elements with respect to common
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functionality or interdependency. The elements with common set of goals or
functionalities should be grouped together as a module. Such division will increase the
cohesion and reduces the coupling. Similarly, existing ontology can be used to identify
different semantic groups.
iii. Another possible type of division is to identify the complex parts of the model and divide

them into multiple modules to reduce the complexity.

Related References: Asuncion Gémez-Pérez, Jaime Ramirez and Boris Villazon-Terrazas: An

Ontology for Modelling Human Resources Management based on standards. KES (1) 2007:

534-541.

Recommendation: Merge Classes

Application Criteria (Metric Value):
Description: Concepts with similar functionalities can be merged as one or can be removed to
reduce redundant concepts.

i. Sort all the relevant and related attributes/functions among different classes.

ii. Package related attributes and functions within same class to increase cohesion.

Related References: NIL

Recommendation: High Cohesion GRASP design pattern (to @anease cohesion)

Application Criteria (Metric Value):
Description: We propose to employ high cohesion GRASP pattern to reduce model complexity
by reducing the complexity of the source class as in-cohesive classes are inefficient, large and
complex. Thus perform the following tasks:
i. Assign class the responsibilities related to other responsibilities of the class.
ii. Find if the class contains methods that this class shouldn’t be responsible for and
delegate the responsibility of this method to the suitable class.

Related References: http://en.wikipedia.org/wiki/fGRASP_(object-oriented_design)

Recommendation: Polymorphism GRASP design pattern

Application Criteria (Metric Value):
Description: Use High Polymorphism Pattern to reduce the complexity and increase the
cohesion of the class. Following steps can be performed:
iv. When related behaviors vary by class type then the responsibilities should be assigned
polymorphically to the specialization classes. Polymorphism Pattern increases the
cohesion.

v. ldentify all the hierarchies in the model.
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vi. Within each hierarchy, identify if a parent class implements a method that could have
different implementation for its children. If yes, then this method should be assigned to
all the specialized classes to reduce the complexity of the class.

vii. For example, different shapes can use overrided polymorphic Draw() function to draw
their shape by themselves instead of one complex generic function to draw all types of
shapes.

Related References: http://en.wikipedia.org/wiki/GRASP_(object-oriented_design)

Metric Name: Number of Attributes

Model Element Values

Complete Conceptual Model 174

Recommendations: Divide a class

Application Criteria (Metric Value):
Description: If there are numerous attributes within a single class then perform the following
steps:
i. Identify the attributes or functions that are irrelevant within the scope of the class (to
increase cohesion).
ii. Try adding these attributes/functions to the existing relevant class.
ii. If no class exists that is relevant for these attributes/functions, then add these attributes
and functions in a new class and define the associations.
iv. If all the attributes/functions are relevant to the class then classify them into obligatory
and optional and then split the class into two classes: one containing all the obligatory
attributes/functions and the other containing all the optional attributes/functions.

Related References: NIL

Metric Name: Number of Methods

Model Element Values

Complete Conceptual Model 120

Recommendations: Divide a class
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Application Criteria (Metric Value):
Description: If there are numerous attributes within a single class then perform the following
steps:
i. Identify the attributes or functions that are irrelevant within the scope of the class (to
increase cohesion).
ii. Try adding these attributes/functions to the existing relevant class.
ii. If no class exists that is relevant for these attributes/functions, then add these attributes
and functions in a new class and define the associations.
iv. If all the attributes/functions are relevant to the class then classify them into obligatory
and optional and then split the class into two classes: one containing all the obligatory
attributes/functions and the other containing all the optional attributes/functions.

Related References: NIL

Attribute Name
Structural complexity

Metric Name: Degree of non-redundancy

Model Element Values

Complete Conceptual Model 0.927

Recommendation: Remove redundant elements

Application Criteria (Metric Value):
Description: Following steps can be performed:

i. Check the model to identify redundant elements such as classes, associations etc that
have the same name or are semantically equivalent.

i. Remove the redundant elements in a way that no information is lost.

iii. For example: if a model contains two classes named as professor and lecturer such that
they are not the child of the same parent (implying that they don’t specialize the
distinction between the professor and lecturer) then they both represent the same
concepts and thus we have a redundant concept. However, if both the concepts have
different attributes and methods then verify if the attributes and methods are
semantically same if not then both of these concepts are non-redundant.

iv. In the first class diagram (Figure-1), lecturer and professor inherit from teacher so they

might have some distinct properties. Whereas in the second class diagram (Figure-1)
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both the classes looks similar and thus can be redundant

Related References: NIL

Recommendation: Evaluate all cycles to remove redundambncepts

Application Criteria (Metric Value):

Description: Existence of cycles signifies that information is duplicated. In class diagrams
sometimes cycles are inevitable whereas sometimes it’s just the design error. So whenever
there are cycles in the class diagram they should be revisited to check if some redundant
information exists and if yes then they can be eliminated.

Related References: NIL

Recommendation: Factorize associations (to remove redundbassociations)

Application Criteria (Metric Value):

Description: In any conceptual model, redundant concepts increase the complexity and wastes
resources. Similarly, redundant associations increase the structural complexity of the models
and thus they must be identified and removed from the model. There are number of ways to
identify redundant associations with simplest being to identify the association having same
name. Thus, all the redundant association must be removed.

Related References: NIL

Metric Name: Number of Associations

Model Element Values

Complete Conceptual Model 35

Recommendation: Factorize associations (to remove redundaassociations)

Application Criteria (Metric Value):

Description: In any conceptual model, redundant concepts increase the complexity and wastes
resources. Similarly, redundant associations increase the structural complexity of the models
and thus they must be identified and removed from the model. There are number of ways to
identify redundant associations with simplest being to identify the association having same
name. Thus, all the redundant association must be removed.

Related References: NIL

Metric Name: Number of Aggregations
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Model Element Values

Complete Conceptual Model 1

Recommendation:NIL

Metric Name: Number of Compositions

Model Element Values

Complete Conceptual Model 6

Recommendation:NIL

Metric Name: Number of Generalizations

Model Element Values

Complete Conceptual Model 14

Recommendation:NIL

Metric Name: Depth Inheritance Tree

Model Element Values

Complete Conceptual Model 2

Recommendation:NIL

Manual Metric Name: Number of cycles

Recommendation: Evaluate all cyats

Application Criteria (Metric Value): >0

Description: Existence of cycles signifies that information is duplicated. In class diagrams
sometimes cycles are inevitable whereas sometimes it’s just the design error. So whenever
there are cycles in the class diagram they should be revisited to check if some redundant

information exists and if yes then they can be eliminated.
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Related References: NIL

Attribute Name
Semantic Complexity

Manual Metric Name: Number of clusters

Recommendation: Split the model into identified clusters

Application Criteria (Metric Value): >0

Description: If different clusters are identified in the model. Then the model should be divided in
such a way that each cluster becomes an independent module. This will help in managing the
semantic complexity of the model.

Related References: NIL

Pattern Name:
Model Completeness Quality Pattern

Attribute Name
Completeness

Metric Name: Degree of Named Associations

Model Element Values

Complete Conceptual Model 0.5

Recommendation: Define missing associations labels

Application Criteria (Metric Value): 0.0 TO 0.99

Description: Proper and expressive association names enhance the understandability of the
model. These names tend to help the reader in understanding the nature/type of association
between the associated classes. Thus if there are unnamed associations in the model, then
expressive names must be defined for all the associations.

Related References: NIL

Manual Metric Name: Requirements Coverage Degree

Recommendation: Incorporate missing requirements
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Application Criteria (Metric Value): 0.0 TO 0.99

Description: Missing requirements pose threat to the success of the developing system. It is
widely accepted that the earlier identification and incorporation of the missing requirements
reduces the systems correction cost to a greater extent. It is advised that all the missing
requirements must be identified and incorporated to the conceptual model.

Related References: NIL

Manual Metric Name: Degree of defined multiplicities

Recommendation: Define missing multiplicities

Application Criteria (Metric Value): 0.0 TO 0.99

Description: Multiplicity defines the number of objects taking part in the relationship.
Multiplicities are important to understand the semantics behind the relationship of the related
classes. Thus, if there are undefined multiplicities in the model, they must all be defined.

Related References: NIL
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Appendix F

Résumé

Les systémes d’Information (SI) créent, traitent et stockent I’information pour aider leurs
utilisateurs a prendre les décisions adéquates [QudtaCes systémes peuvent étre a caractére
personnel ou professionnel ; ils peuvent aussi bien coecdes individus, des groupes de travail
ou des entreprises en fonction de leur usage et de leur impktina. Par exemple un Si
d’entreprise s’adresse a l’intégralité de l’organisation en fournissant une information utile et
précise nécessaire a la prise de décisions au niveau de I’entreprise. Cependant, les SI ne peuvent
étre utiles que s’ils sont capables de fournir I’ensemble des informations et des services pour
lesquels ils ont été congus. Dans le cas contraire c’est la position stratégique de toute 1’entreprise
qui est mise en péril et le systéme d’information est alors remis en cause et abandonné par ses

utilisateurs.

L’autre aspect concerne I’évolution du SI a travers la prise en compte de nouveaux besoins
et/ou 1’évolution des ses fonctionnalités. Les opérations de maintenance sont coliteuses et leur
colt dépend de ’ampleur des changements qu’elles induisent. Ce colt dépend également du stade
du cycle de vie dans lequel elles interviennent. D’ailleurs, 1I’expérience a montré que le colit des
opérations de maintenance peut avoir un impact décisif sur le sort du SI. En effet, I’échec des
projets informatiques est un probleme qui a été longuentadiééet des études montrent que,
méme si un projet a été conduit a son terme, la vie du SI peut s’arréter prématurément si les cotits
de sa maintenance sont élevés. Une étude a montré qoeiferelatif aux opérations de

maintenance peut atteindre 90% du co(t total du projet [EAQlh

En considérant les raisons citées précédemment et la position stratégique d’un SI, la qualité
des Sl est considérée comme un probleme important aeaspbur les équipes de recherche que
pour les entreprises. Les problemes liés a la qualitegd augmenter considérablement les colts
et les ressources nécessaires au développement et au fonctionnement d’un SI en plus des risques
de défaillance qu’ils peuvent engendrer [Thiagarajan et al., 1994]. De plus, [Ackoff 67] et [Nelson
et al., 2005] ont rapporté que la qualité d’un systéme d’information peut affecter la confiance des

utilisateurs et avoir ainsi un impact direct sur sonsailon et son adoption.
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L’évaluation des systémes d’information a toujours été un sujet important et sensible.
Beaucoup d'efforts sont consacrés a la recherche et\amlogpement de méthodes visant a
améliorer la qualité du logiciel. Divers chercheurs orippisé des visions différentes et des
méthodes pour évaluer le $le méme, dans I’industric on s’appuie de plus en plus sur des
approches d’assurance qualité (Software Quality Assurance ou SQA) visant a améliorer la qualité
du logiciel et a réduire le colt des changements. Tostdfoprobléeme majeur avec les approches
SQA existantes est li¢ au fait que 1’évaluation du logiciel est effectuée tardivement dans le
processus de développement & un moment ou le colt du changeamélgve. Le fameux test
alpha est fait une fois le logiciel entierement dévpjuste avant son déploiement. De plus les
besoins manquants ou émergents sont souvent identifiéuesidas tests effectués sur le site du
client avant l'acceptation du produit. Ces tests montrprég la majorité des changements
concernent une mauvaise implémentation des fonctionsalité essentiellement a une mauvaise
compréhension des besoins. Des études montrent ausda qiftection de défauts dans les
premiers stades du processus de développement peutedtie-trois fois plus rentable que les
tests effectués a la fin du développement [Walrad etl@93]. Plus précisément, plus t6t nous
pouvons mesurer la qualité du futur systéme, mieux nous poutaom&iorer en étant en mesure

de corriger les erreurs au niveau des spécifications etsnitené sera le co(t de ces corrections.

Par conséquent, il est impératif d'introduire des mécanismes de mesure et d’amélioration de la
qualité des les premieres phases du développement, dentadalyse et la conception. Le
principal livrable de ces phases que nous désignons pandeéles conceptuels (MC), sert de
base a toute la suite du processus de développement. Ligé gled MC a par conséquent un
impact direct sur le futur systéme a produire. De plusaiteque la génération des MC se fasse
trés tot dans le processus développement rend ces moptiledesdaptés a la détection des erreurs

liées a I’acquisition et la compréhension des besoins et a leur correction [Moody et al., 2003].

En considérant I’importance des MC, il devient crucial pour une méthode d’analyse et de
conception d’assurer la qualité des modeles qu’elle produit. En effet, si une méthode est capable
de détecter les erreurs a travers I’analyse des MC qu’elle produit et si elle propose ensuite les
moyens de les corriger, alors elle pourrait prétendre rédeireaombre de demandes de
changements pouvant survenir a la livraison du systéme wgteassnsi une meilleure qualité de
ses livrables. De plus, la détection de ces erreusgdtédans le processus de développement évite
leur propagation tout au long du processus de développemernduiam ainsi une amélioration

de la qualité de tout le Sl et pas seulement des MG-gxents [Moody 05]. Par conséquent,
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I’amélioration de la qualité des MC est la garantie d’une meilleure qualité du SI affectant sa

performance (temps, co(t, effort) et son efficacité (quaérdsultats).

Pour ces raisons, les méthodes de développement integgenguides pour assurer une
certaine qualité des livrables. Dans le cadre de cette thése nous proposons d’aller plus loin en
intégrant le concept de qualité des Sl (son évaluatiosort amélioration) au processus de
développement. Commencgons par le probléme de I’évaluation de la qualité qui n’est pas un

probléme facile et qui a été abordé a différents nivekans la littérature.
1. Revue de la littérature

Différentespropositions ont été faites afin d’assurer la qualité des S| dans les organisations.
Par exemple, I'Organisation internationale de normaisgiSO) a formulé plus de 500 normes
pour assurer la standardisation des procédés dans diveesrds (production, distribution, etc.).
Ces normes lorsqu’elles sont adoptées par un secteur, offrent une garantic de la qualité des
services proposés. Ces normes integrent les meilleuadisyms et ont tendance a proposer des
critéres d'évaluation de la qualit&insi, la conformité d'un procédé ou d’un produit a une norme
ISO est généralement garante de sa qualité et est éofsidmme une adhésion a 1’excellence

“quality as an excellence” comme ca a tété défini par [Reeves et al. 1994].

Dans le domaine informatique, la qualité est traiedersdivers angles dont voici une liste non

exhaustive:

i, Qualité de lingénierie des exigences (les processiesgiroduits tels que documents,

etc.)

il Qualité des modeles (modéles conceptuels tels quedieagrammes de classes,

diagrammes entité-relation, etc.)
iii. Qualité des systémes informatiques
iv. Qualité des données
v.  Qualité des services

Cette thése s'intéresse a la qualité des modéles conceptuels mais 1’étude de 1’état de ’art a
porté sur 1’étude plus générale de la qualité dans un SI incluant la qualité des logiciels et la qualité

des données.
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Les Systemes d'information (SI) sont caractérisés par aligs €levés de leurs activités de
maintenance. Par conséquent la qualité des logic&lare question importante aussi bien pour

les chercheurs que pour les entreprises.

Divers chercheurs ont proposé des méthodes d’évaluation des SI fondées sur des critéres
d’acceptation par les utilisateurs. Par exemple, si un utilisateur demande un logiciel pouvaat ét
manipulé via une interface graphique, il n'acceptera mass logiciel en ligne de
commande. [Boehm 81] inclut, dans la satisfaction dessatlurs, des facteurs comme la
portabilité, la maintenabilité, la robustesse et la isemen forme en tant que composants
prioritaires de la qualité ; alors que [Elion 93] soutigoe la prise en compte des niveaux de
satisfaction des utilisateurs est une mesure insuffisa@tia qualité puisque la satisfaction des
utilisateurs est dijective, varie d'une personne a 1’autre et ne peut donc pas donner des résultats
stables. De méme, [Hamilton et al., 1981] soulignent I’insuffisance de cette mesure qui devrait,

selon eux, étre considérée comme un élément parmi d’autres dans la mesure de la qualité.

La littérature sur I’évaluation de la qualité des logiciels peut étre subdivisée en quatre grandes

classes:

i, Les approches sommaires d'évaluation des systemes d'infonmB@ap exemple, [Avison
et al., 1993] a recensé différents modes d'éviminatels que l'analyse d'impact, les
mesures d'efficacité, les approches économiques, lesctibhjela satisfaction des

utilisateurs, etc.

. Les approches de détection et de rectification desuesrPar exemple, [Ackoff 67]
considérele nombre d’erreurs détectées comme un indicateur de la qualité. De méme, le
rapport Carnegie Mellon [Florac 92] tenant compte des résud@fAckoff 67] a proposé
une classification des erreurs logicielles en plusieatégories qui sont les erreurs sur les
exigences, les erreurs de conception, les erreurs de lsmderreurs de documentatjon
etc. Une autre classification des erreurs en erreurs d’exigences ou erreurs

d’implémentation a aussi été proposée par [Lausen et al., 2001].

iii. L’identification des criteres de qualité (dimensions,ibatts, parameétres, etc.) pour
I'évaluation. Par exemple, [Thiagarajanet al., 1994] distrigwsysteme de qualité dans la
qualité des produits et la qualité des processus. [Nasah, 2005] a proposé et validé
empiriquement cing dimensions des systémes de quaitéessibilité, fiabilité ou
disponibilité, temps de réponse, flexibilité et intégna. De méme, [Chang et al., 2000] a
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évalué la performance d'un systeme d'information sets dimensions : la performance
du systeme, l'efficacité et la performance des seruvitie$ormation. [Stylianou et al.,

2000] a identifié plusieurs attributs pour évaluer la i@abdes produits et des
processus. Comme pour le systeme de développement, il coleeroét, le temps, les

bugs, la facilité d'utilisation de satisfaction des utilisateunsjaefacilité de résoudre les
problémes liés a la qualité. De méme, pour la maintendacsysteme, il propose le
temps de résolution de problémes, la qualité du serlédemps de cycle et la sensibilité

aux changements.

iv. L’évaluation de la qualité de services. Par exemple, [Beaasn et al., 1988] a proposé
un instrument de mesure composé de 22 criteres (SERVQP®&lr évaluer la qualité de
service pergue par les clients dans le domaine dente au détail. Divers chercheurs ont
appliqué le modéle SERVQUARux systemes d’information. Par exemple, [Jiang et al.,
2002] a utilisé les criteres proposés par SERVQUAL dansomtexte professionnel pour
vérifier la validité de ces criterekes résultats empirigues obtenus montrent que
SERVQUAL peut étreappliqué a 1’évaluation de la qualité de services dans les SI mais
cet avis n’est pas unanimement partagé. [Van-Dyke et al.,, 1997] donne un apercu des
différents probléemes concernant SERVQUAL qui sont mis ddeéice par différents

chercheurs.

Ces travaux ont abouti a la proposition de plusieurs noteiles que ISO/IEC-9126 pour la
qualité du produit logiciel, ISO/IEC-14598 pour I'évaluation dedpits logiciels etc. De méme,
des normes telles que ISO 9001 et ISO 9000-3 peuvent fitiig@és pour la certification des
processus, produits et services au sein d'une organisatiangW2]. Cependant, les normes
proposées ne comprennent pas les informations sur ldaitttet les métriques de mesure de la
qualité puisqu’elles sont génériques et que les métriques ont tendance a étre spécifiques aux

logiciels.

De plus, en analysant ces normes, on se rend compte quearkstéristiques de qualité
définies sont peu précises et souvent ambigiies, rendantutidisation difficile [Cherfi et
al. 2007]. Dans [Kilidar et al., 2005] les auteurs ont meng expérience qui a montré que la
norme ISO/IEC9126 est incompléte a 1’égard des caractéristiques de qualité a mesurer et qu’elle

renferme des redondances en ce qui concerne les proprigsaséms.
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Concernant la qualité des données, les approches proposées s’intéressent a la qualité de la
donnée tout au long de sa vie. Dans [Wang et al., 1996lteara ont identifié quatre dimensions
de qualité : la précision, l'accessibilité, la pentioe et la représentation des données. [Nelson et
al., 2005] ont proposé d’autres dimensions: la précision, la complétude, la qualité et le format de
présentation des données. [Pipino et al.,, 2002] a eu unen yidis large et a proposé une
approche employant 16 dimensions de la qualité des denii@ecessibilité, la quantité de
données appropriées, la crédibilité, I’exhaustivité ou la complétude, la concision de la
représentation, la cohérence de la représentation, li&ade manipulation, la correction, la
facilit¢ d’interprétation etc. Ces approches se sont attachées a définir le sens associé aux

dimensions de qualité ainsi définies et a la définitie métriques permettant de les mesurer.

Par exemple, [Bouzeghoub et al., 2004], [Peralta et al.,, 2(0@4alta 06b] se sont
particulierement intéressés a la fraicheur des données eamnattribut de qualité important du
point de vue des consommateurs des données. lls ont prghosiéurs métriques pour la

mesurer, par exeple 1’actualité (currency) ou la promptitude (timeliness) des données.

En plus des approches mentionnées ci-dessus, [ISO25008] st une premiére version
d'une nouvelle norme pour la qualité de données structuCédt® norme est prévue pour définir
les besoins en qualité des données, définir les rnésigle mesure de la qualité ou planifier des

évaluations de la qualité.

La qualité des SI a tout d’abord été considérée comme atteignable en améliorant la qualité de
la programmation et la productivitBlus tard, on s’est rendu compte que ces deux aspects n’ont
qu’un impact limité sur la qualité des systémes. [Thiagarajanet al., 1994]. [Avison et al., 1993]
ont souligné I’importance de la prise en compte de la qualité a chaque étape du cycle de vie. Ils
ont également insisté sur la nécessité de l'évaluaiovant un large éventail de facteurs, y
compris ceux concernant les aspects sociaux et orgianisals. Dans [Bansiya et al., 1999] les
auteurs ont souligné le fait que la plupart des métrigueposées dans la littérature ne peuvent
s’appliquer qu’une fois le systéme fini et qu’il y a un besoin urgent et important de concevoir des

métriques de qualité qui peuvent étre utilisées dagriamieres étapes du développement.

Les Modéeles conceptuels (MC) sont l'abstraction de vami du discours [Cherfi et al.,
2002b]. lls sont congus lors de l'analyse et servent de mogecothmunication entre les
utilisateurs et I'équipe de développement. lls fournisdestdescriptions abstraites et masquent

les détails d'implémentation. Dans le contexte de dhise, nous avons utilisé le terme de
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modéle conceptuel pour désigner toute spécification concéptuplelle que soit la notation
utilisée (modéles de classes, de cas d’utilisation, etc. en UML ou modéle de données en ER ou

toute autre spécification).

Les problemes de qualité dans un modéle conceptuel peétrerités divers (cohérence avec
I’univers du discours, conformité a la notation, etc.). Cependant les erreurs survenant au niveau
des MC peuvent impacter lourdement tout le processuswiddogement et la qualité du systéeme
Les premiers travaux structurés sur la question remonteat @roposition de [Batini et al.,
1992]. lls ont été les pionniers en proposant des critiregialité pertinents pour I'évaluation des
MC. Dans [Lindland et al., 1994], la qualité des modékségaluée selon les trois dimensions:

syntaxique, sémantique et pragmatique.

Une autre approche sur I'évaluation de la qualité de GM en lumiére l'importance de
I'esthétique. Par exemple, [Achat et al.,, 2002], [Achtatale 2001b], [Achat et al., 2000],
[Eichelberger 02] ont insisté sur lI'importance de l'esthétidans un modeéle. [Cherfi et al. 2007]
et [Cherfi et al., 2002a] ont également utilisé certaisisects de I'esthétique comme la clarté et la

lisibilité pour évaluer la compréhension des modéles.

Divers travaux se sont concentrés sur la définition dgnpdtés observables pour qualifier la
qualité d’un modele et sur la fagon de mesurer ces propriétés. Dans [Cherfi et al., 2002a] les
auteurs ont proposé trois dimensions (spécificatioage®t implémentation) qui correspondent
aux points de vue selon lesquels la qualité d’un modele peut étre considérée. Ils ont défini ensuite
des attributs de qualité et des métriques pour les mesel@ar chacune des dimensions. [Bajaj
02] s’intéresse particulierement a la lisibilité d’un modéle et définit pour cela trois dimensions:

I'efficacité, I'efficience et la facilité d'apprergége.

La plupart des recherches effectuées dans le dordaitiévaluation de la qualité des modéles
ont été consacrées a la définition de critéres ou d’attributs de la qualité et la manic¢re de les
mesurer [Genero et al., 2004], [Genero et al., 2003], [Manab, 2003], [Marchesi 98], [En al.,
2003], [Rufai 03], [Zhou et al., 2003], [Yi et al., 2004], etc.

Cependant, et apreés avoir analysé tous ces travaux et d’autres, nous arrivons aux constats

suivants :

i La plupart des travaux réalisés dans |'évaluation de latéwhs modéles sont concentrés

sur la mesure de la complexité des modeles.
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Ces travaux souffrent d’un manque d’ effort de fédération et de consensus. Par exemple,
[Nelson et al., 2005] ont identifié différentes définitiadess mémes concepts de qualité.
Par exemple, il existe neuf définitions différentes pautr'domplétude”. De méme, on
trouve les mémes appellations pour des concepts sémangqudifférents [Purao et al.,
2003]. Ces questions ont limité l'adoption des cadres didjeaistant dans la pratique
[Moody 05].

L’absence d’une démarche globale qui tiendrait compte de la quaibés tous ses

aspects.

L’absence d’une aide outillée qui faciliterait 1'usage des concepts existants (attributs,

métriques etc.) surtout au vu de la diversité des propasiti

Dans ce manuscrit de theseus avons tenté d’apporter un peu plus de visibilité aux diverses

et nombreuses propositions de la littérature. Nous aywoposé une classification de ces

propositions en s’appuyant sur un cadre proposé par [Krogstie et al., 1995]. Nous avons choisi

d'utiliser ce cadre pour les raisons suivantes :

Il s'agit d'une versioaméliorée d’un autre cadre déja proposé par [Lindland et al., 1994]
et largement diffusé. Le cadre de Krogstie est une éwalgui tient compte de diverses

critiques et il a, de ce fait, un certain niveau de migturi

Il est bien connu dans la communauté de la qualiténteieles et il a été employé par
plusieurs chercheurs tels que [Schuette 91], [Cherfil.e2@07], [Maes et al., 2007],
[Nelson et al. 2005], etc.

Il a été utilisédans d’autres domaines tels que ’ingénierie des besoins ou I’ingénierie des

processus d’entreprise.

Compte tenu des problémes ci-dessus, nous proposons utiersgui englobe les éléments

suivants :

Fédération des cadres existants de la qualité pour forromle démarche de qualité

globale intégrant différents critéres d'évaluation.

Proposition d’un moyen permettant de capitaliser les connaissances et pratiques dans le
domaine de la qualité des modeéles a travers le cordmefatron de Qualité (Quality

Pattern). Ce concept a permis I’encapsulation des concepts tels que attributs de qualité,
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métrique de qualité, amélioration de la qualité et aide a la mise en ceuvre. Il a également

été instancié en identifiant quelques patrons (16 patrons

iii. Définition d’un processus pour I’évaluation et I’amélioration de la qualité. Ce processus
est guidé de maniére flexible, permettant a un ana@mteepteur de définir un besoin de
qualité par rapport a sa spécification conceptuelle et d’étre guidé pas a pas jusqu’a

I’amélioration de cette qualité conformément au besoin exprimé.

iv. Conceptiond’un prototype logiciel qui propose une aide outillée a I’application de

I’approche proposée.
Nous décrivons ci-aprés la solution ainsi proposée.
2. La solution proposée

L’étude de I’état de I’art a révélé I’importance de prendre en compte la qualité des SI dés
I’acquisition des besoins. Dans le cadre de cette thése nous nous intéresstmgj@alité des
modéles conceptuels congus au cours de la phase d’analyse et conception. La qualité des modéles
conceptuels est cruciale et décisive dans le suacésysteme final. L'objectif principal de cette
these est de développer une approche compléte de I&qledi modéles conceptuels qui englobe

les objectifs suivants:
i. Fédérer les travaux existants,
ii. Organiser et structurer la connaissance liée a I’évaluation de la qualité des modéeles,
iii. Proposer un processus guidé pour I'évaluation et I'amétiardé la qualité,
iv.  Proposer un outillage pour I’évaluation et 'amélioration de la qualité,
v.  Valider I'approche proposée

Nous allons décrire chacun des objectifs énumérégssids, les problémes associés et la

solution proposée.

Le domaine de I'évaluation de la qualité des MC estzgssme. Contrairement a la discipline
du génie logiciel ou il y a une prolifération de méthodestatdards pour évaluer la qualité du
produit, il y a peu de littérature consacrée de maniggeifgiative a la qualité des modéles
conceptuels [Cherfi et al., 2002b]. De plus, il manquealesensus sur les concepts proposés. Ce
manque se traduit par I’absence de standards ou normes pour la gestion de la qualité au niveau des

modeéles conceptuels.
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Méme si I’on constate un certain nombre de propositions sous forme de cadres structurants, de
métriques, de critéres de qualité, ces travaux sonemedépendamment les uns des autres. La
conséquence est I’apparition d’une diversité de termes pour désigner les mémes concepts ou, plus
génant encore, I’utilisation d’un méme terme pour désigner des concepts différents. Cette
situation rendcomplexe I’adoption d’une approche de qualité au niveau conceptuel [Moody
05]. .Par exemple, [Nelson et al., 2005] a identifié neufnitédns différentes pour qualifier la
"complétude". Un autre probléme connexe est lié a l’organisation des concepts de qualité
identifiés. En effet, la mesure de la qualité nécessite 1’identification de I’attribut de qualité a
mesurer, un moyen de le mesurer, une facon d’appliquer cette mesure, etc. Cette caractéristique
nécessite 1’organisation de ces connaissances en utilisant des concepts clairs, identifiables et
compréhensibles. La réalité est toute autre puisque 1’absence de consensus a conduit a des
modeles différents et indépendants. On trouve par exemplerees de : attribut de qualité,
critére de qualité, facteur de qualité, caractéristigge qualité, etc. qui sont pour certains des
synonymes, pour d’autres des termes désignant un concept et ses affinements a des niveaux
d’abstraction différents. A cette diversité du vocabulaire et surtout face a cette imprécision des
concepts, il est important de faire une proposition d’un modéle permettant d’organiser les
concepts liés a 1’évaluation et a 1’amélioration de la qualité qui soit clair, complet et facile a

utiliser.

Un tel travail a nécessité un examen approfondi de krditire afin de fédérer les travaux
existants en un cadre global de qualité. Nous nous sorappasg/és pour cela sur la proposition
de [Moody 05] qui fournit une synthése des travaux existantss l[deons mis a jour cette analyse

et avons fait depropositions 1a ou les approches existantes n’apportent pas de solution.

Ce travail de fédération a nécessité tout d’abord I’extraction la plus exhaustive possible des
concepts proposés dans la littérature. Il a ensuiie &alalyser, organiser et filtrer ces concepts en
s’appuyant sur les théories régissant la modélisation conceptuelle et la qualité, en tenant compte
des sens attribués aux concepts par leurs auteurs lodegudéfinitions claires et exploitables

sont fournies.

Ce travail a abouti a la proposition d'un ensemble Wats de qualité génériques et qui
représentent différents aspects des modéles conceptsetputela complexité, la maintenabilité,
etc. .En outre, 'avantage de ce processus a été fiéliom des concepts redondants en plus de la

proposition de nouveaux concepts pour les aspects de I’évaluation des MC non couverts par la
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littérature. Ce travail a été validé par une étude manipees de professionnels. Un autre travail
important a été celui de classer les travaux existamts da méme cadre issu de la littérature et
largement utilisé. Ce travail difficile nous a permis paemple de constater que seulement une
poignée de chercheurs ont abordé la notion de qualité saldal les modéles. La qualité sociale
est liée au consensus des parties prenantes sur lei§icgpiéas produites (développeurs et
utilisateurs) qui est un point trés important et quiditonne lourdement toute la suite du

processus de développement.

e  Structurer la connaissance sur la qualité

Un des problémes avec les cadres de qualité existantpudist ne sont généralement pas
applicables a un type de MC particulier tel que les diagnes de classes, diagrammes ER, etc.
Selon [Moody 05], seulement 5% des cadres de qualitéaexsssont généralisables (ils peuvent
étre appliqués a plusieurs types de modeles conceptiddus nous sommes souciés du caractere
générique des concepts proposés tout en conservant la simplicité du modéle proposé afin d’en

faciliter I"utilisation.

Le deuxieme probléme soulevé est la complexité de lkhogede la qualité face a la diversité
des concepts. Nous avons pour cela proposé un méta-modeéle rquet pge structurer les
divers concepts de la qualité. Nous avons aussi proposé umide
méthodologique et  outillée  pour &ssr non  seulement D’analyste  dans
I’évaluation des modéles mais aussi un expert de la qualité souhaitant
faire évoluer les concepts définis. Nous avons aussi aga@is connaissances dans une base de

connaissance unique qui s’appuie sur le modéle de qualité proposé.

Notre proposition est générique et compléte puisqu’elle permet de tenir compte de diverses
notations (modéles ER, diagrammes UML, etc.). Elle gireeaussi les diverses facettes de

I’évaluation de la qualité : théorique, épistémologique et pratique.

e Proposer une démarche guidée et flexible

Pour compléter le modéle de la qualité et répondre a la complexité inhérente a 1’évaluation de
la qualitéqui nécessite a la fois une expertise et une connaissasqar@gositions faites dans la
littérature,nous avons proposé une démarche d’aide a I’évaluation de la qualité. La spécificité de
cette approche est de guider son utilisateur depuis 1’objectif de qualité souhaité, le dispensant
ainsi de la connaissance précise du vocabulaire attefiaiite aproche s’inspire de 1’approche
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GQM (Goal- Question-Metric) proposée dans [Basili let1094], [Basili et al., 1984]. GQM a

été largement utilisée dans l'industrie pour de nombreux projets d’évaluation.

La démarche consiste a faire exprimer, par un utilisateuicéncepteur de Sl), un objectif de
qualité¢ a atteindre lors de 1’élaboration d’un modéle conceptuel. La démarche d’évaluation se
charge du reste puisqu’elle guidera pas a pas I’appariement de ce but aux concepts de qualité
contenus dans la base dmnaissance, 1’évaluation de la qualité ainsi que la proposition d’actions
correctrices. Ce dernier point est d’ailleurs novateur puisque la majorité des approches étudiées

s’intéresse essentiellement a 1’évaluation de la qualité par rapport a un critére précis.

Les principaux concepts de notre approche sont: Objdetiqualité, Question, Patron de

qualité, Attribut de qualité, Métrique et recommandation.

Objectif de Qualité

Un objectif de qualité est I'objectif recherché par ualyste / concepteur pour atteindre 'objet
d'intérét. Comme mentionné ci-dessus, un objectif de tgupbut étre défini pour un modéle
conceptuel dans sa totalité ou pour une partie de celenadét objectif précise la raison ou le
pourquoi de I’évaluation et intégre le point de vue de celui qui souhaite faire 1I’évaluation. Par
exemple, un analyste / concepteur peut-étre intéressé diervéoin modéle conceptuel pour son

exactitude, I'objectif dans ce cas est la vérificatiofadmrrection du modéle conceptuel.

Question

L’autre caractéristique empruntée a GQM est lI'emploi de questions permettant de préciser
I’objectif de qualité exprimé. Ces questions aident les analystes / concepteursex tdblcritéres
d'évaluation vis-a-vis de Il'objectif formulé. Les questioeent indispensables puisque
I’analyste/concepteur formulera le plus souvent des objectifs avec un vocabulaire éloigné de celui
des concepts de la base de connaissance. Ces questions permettent donc I’appariement entre

objectifs de qualité et concepts de qualité (patrons détéucritéres, métriques etc.).

Attribut de qualité

Un attribut de qualité désigne un groupe de propriétésroakles sur le cycle de vie du
produit [Preiss et al., 2001] ou un groupe de propriétés du eergitdu par le systéme a ses
utilisateurs. Le service rendu par un systeme est son arvempent tel qu'il est percu par ses
utilisateurs [Barbacci et al., 1995]. De méme, [SEIl, CN&/]es attributs de qualité a des repéres
qui décrivent le comportement du systeme au sein de l'emdroant pour lequel il a été

construit.Dans le domaine de I’ingénierie des systemes, les attributs de qualité peuvent aussi
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concerner les exigences non-fonctionnelles pour évaluer farpemce du systéme. Dans notre
approche, un attribut de qualité fourfidbstraction d’un ensemble de métriques étroitement liées
et mesurant la méme caractéristique souhaitée du Mequeh attribut de qualité doit étre

générique dans le sens ou sa définition ne doit paandiép de la notation utilisée pour le MC.

Nous avoR choisi d’utiliser le terme “Attribut de Qualité” pour désigner les concepts de la
littérature tels que : attribut de qualité, dimensitagteur, caractéristique, sous-caractéristique,

critéres, etc. Quelques exemples d’attributs de qualité sont: la complexité, la complétude, etc.

Métriqgue de Qualité

Les métriques sont les mesures ou les procédures d'éemlupti attribuent des valeurs
numériques ou symboliques afin de caractériser les guaitéles caractéristiques des objets.
Chaque métriqgue a une portée définie par I'ensembleentiteés et des objets auxquels elle est
applicable, une plage de valeurs décrivant lI'enseméserdsultats de mesure possibles, et la
propriété mesurée qui correspond a la caractéristique needwméreprésentation explicite des
propriétés des métriques permet de distinguer les quéisi les unes par rapport aux autres,
surtout lorsqu’elles permettent de mesurer le méme attribut. En effet, un attribut de qualité peut
employer plusieurs parametres pour mesurer les difféesptcts d’un modéle conceptuel. Par
exemple, la complexité structurelle comme attribut daligtiemploie des métriques telles que le

nombre d'associations, le nombre d’agrégations, la profondeur de hiérarchies maximale, etc.

Les recommandations

Nous conidérons que 1’évaluation de la qualité n'est pas un objectif mais que I’objectif est de
pouvoir améliorer, si nécessaire et si possible, apttdité. En effet, la majorité des approches
étudiées se concentrent sur I’évaluation de la qualité en proposant des indicateurs et des métriques
permettant de cibler les erreurs ou manques dans les MC. Peu d’approches s’attaquent au

probléme difficile de I’amélioration de cette qualité [Moody 05].

Les recommandations sont des suggestions, des propositiodss conseils sur la fagon de
modifier les MC afin d’en améliorer la qualité. Les recommandations sont proposées dans notre
approche en fonction des résultats obtenus par 1’application des métriques. Les analystes /
concepteurs peuvent employer les recommandations prappeée améliorer la qualité des MC.

Les recommandations peuvent étre :

i. Textueles, elles donnent dans ce cas des conseils que 1’analyste/concepteur choisit
d’appliquer ou non.

287|Page



Appendix E

Résumé

. Sous forme de régles de transformation. Dans ce cagsneliorations sont précises et

s’expriment sous la forme d’actions de transformation du modéle.

iii. Des propositions de patron de conception (design patterns) moapporter une solution

satisfaisante. L’analyste/concepteur a la responsabilité d’appliquer le patron.

Patron de Qualité (Quality Pattern)

Aprés I’étude approfondie des travaux de la littérature, nous avons retenu 21 attributs de
qualité. Mais ces attributs permettent tout au plugulalification de la caractéristique & mesurer.
L’évaluation de la qualité nécessite la définition d’une métrique de qualité et il existe diverses
métriques pour un méme critére. Pour atteindre un objextfudlité, plusieurs critéres de qualité
sont possibles, pour lesquels plusieurs métriques sosilppes ainsi que plusieurs actions
correctrices. Manipuler et faire le choix parmi tous ces concepts nécessite un degré d’expertise
qui explique 'utilisation jusqu’ici limitée des approches de qualité proposées dans la littérature.
Notre réponse a été de proposer un mécanisme gukfieait la capitalisation de I’expertise dans
ce domaine. Ce mécanisme est le Patron de Qualité {QRalitern). Ce concept se rapproche du
concept de Patron de Conception (Design Pattern) qui sumleapes bonnes pratigues de
conception afin d’améliorer le résultat de la conception [Hsueha et al., 2008]. Nowasis donc
proposé une solution similaire cette feispour le probléme de 1’évaluation et de ’amélioration
de la qualité. Le concept de patron de qualité a été peopasr la premiére fois par [Houdek et
al., 1997] pour I’ingénierie des logiciels. Dans [Cherfi et al., 2008] une premiére proposition de ce
concept pour la gestion de la qualité des modéles coralsiété faite. Le travail de cette thése
a été d’approfondir et de définir dans le détail ce concept et de le rendre opérationnel. Nous avons
également entamé la délicate tAche d’identification de patterns de qualité ,tache trés délicate dans

un domaine qui est récent et pour lequel les connaissankessexpertises sont peu structusée

Un patron de qualité peut étre formulé en utilisant notoeléte de qualité. Chaque patron de
qualité adresse un probléme, a un contexte d’utilisation et des mots clés qui permettent de le
rapprocher d’un objectif de qualité lors de 1’évaluation. Il décrit une solution sous la forme d’un
ensemble de critéres de qualité a évaluer et endgsbmétriques permettant leur évaluation et les

recommandations d’amélioration de la qualité appropriées.

Plus précisément chaque patron de qualité contienbflesnations suivantes: nom, contexte,

probléme, solution, mots-clés et patrons connexes.

Voici un exemple d'un modéle de qualité défini par notpr@ghe.
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Nom du patron: la complexité du modele

Contexte:
i. La vérification de la complexité globale d’un modéle
conceptuel, en respectant le nombre d‘éléments (nombre de

classes / entités / attributs, etc.) présents.
Problémes:
i. Il est largement reconnu que la multiplication des éléments
dans un modéle ( classes / entités / cas d’utilisation,
etc.) peut géner la 1lisibilité du modele. Miller ("The

Magical Number Seven, Plus or Minus Two: Some Limits on Our
Capacity for Processing Information", 1956) présente une
étude défendant 1’idée selon laquelle la mémoire humaine
(pour un évenement récent) peut contenir 7 £+ 2 objets
rendant la compréhension d’une ©plus grande collection
d’ objets plus difficile.

ii. De méme, 1l'existence de nombreux éléments peut augmenter la
complexité.

iii. Cette complexité peut nuire a la maintenabilité, parce que
maintenir ou corriger un modele nécessite au préalable sa
compréhension.

iv. Pour vérifier si le pattern est pertinent pour les
problemes actuels du modéle: Les métriques suivantes sont
applicables aux diagrammes de classe seulement

a. Nombre de classes: nombre total de classes dans un
modele.

b. Nombre d'attributs: nombre d'attributs dans le modele.

c. Nombre de méthodes: nombre total de méthodes ou de

fonctions dans le modele.
d. Nombre de cycles: nombre total de cycles dans un modele.
e. Degré de non-redondance: Cet indicateur de mesure
calcule le rapport entre les concepts non- redondant et
les concepts totaux présents dans le modele.

Ci peut étre {classe, association, un 1lien d'héritage,
classe d'association, liens de agrégation, lien de
composition},
NB (Ci) correspond au nombre d'éléments de type Ci et
NBR (Ci) concerne le nombre d'éléments redondants de
type Ci dans le modele M.

f. Nombre d'associations: Nombre total d'associations dans
un modele.

g. Nombre d'agrégations: Il calcule le nombre d'agrégations
dans un diagramme de classes.

h. Nombre de compositions: I1 calcule le nombre de
compositions dans un diagramme de classes.

i. Nombre de généralisations: Il calcule le nombre total de
généralisations dans un modele.
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j. Profondeur d'héritage (Maximale): Il calcule 1le plus
long chemin de la classe a la racine de 1la hiérarchie
dans une hiérarchie de généralisation.

Solution:

i. La division des modeles complexes en modeles plus simples
peut contribuer a améliorer la compréhension

ii. La proximité sémantique des éléments contenus dans un
modele diminue la complexité de celui-ci en minimisant 1la
multiplication des sujets et problémes a assimiler. Par
exemple, si 1’on mélange dans un méme modele la gestion des
formations et celle du recrutement des formateurs, on
augmente la complexité du modele et 1’on diminue aussi
probablement sa compréhension. Il est donc important de
séparer les modeles en sous modéles dans certains cas pour
en améliorer la compréhension.

iii. Les transformations suivantes peuvent é&tre employées pour
l'amélioration (Détail sur 1les transformations Jjoint en
annexe-C) :

a. Supprimer les éléments redondants
b. Pour faciliter la suppression des associations
redondantes 11 faut les factoriser.
c. Diviser le modéle
d. Fusionner les classes
e. Diviser une classe
iv. Les ©patrons de conception suivants (design patterns)
peuvent étre utilisés pour améliorer la qualité du modele:
a. GRASP haute cohésion
b. GRASP Polymorphisme

Mots clés: complexité; maintainabilité; modifiabilité;
compréhension; taille.

Patrons connexes:
i. Maintenabilité des modéles (la complexité rend la
maintenance des modéles difficile)
ii. Clarité des modeles (les modeles complexes sont difficiles
a lire)

e Un processus guidé pour I’évaluation et ’amélioration de la qualité

Une lacwme constatée dans les approches étudiées est 1’absence d’un processus structuré
permettant la mise en ceuvre des concepts proposés. Les approches laissent aux
analystes/concepteurs la charge de sélectionner les concepts adéquats, de les appliquer et d’en

exploiter les résultats.
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Un des apports de cette these est de proposer un processpiet et flexible qui guide pas a
pas le processus de gestion de la qualité conformémantabjectif de qualité que formulera
I’analyste/concepteur. Le processus proposé commence par rapprocher cet objectif des concepts
de qualité contenus dans la base de connaissance. Puis, il a pour but de guider 1’évaluation et
I’amélioration de la qualité conformément au but souhaité. Il utilise les attributs, métriques,
patrons et recommandations de la qualité prédéfiniseiwffrant une certaine flexibilité dans le
choix des concepts a utiliser et du mode de guidage souhaité. Il ne s’agit pas d’un processus
automatique mais d’une aide outillée facilitant le bon usage de la connaissance capitalisée et

stockée dans la base de connaissance.

e Une aide outillée pour le processus d’évaluation et d’amélioration de la qualité

Nous avons constaté que malgré la multiplication depgmitions concernant la mesure de la
qualité dans la littérature, leur adoption et leur applicn restent trés limitées. Malgré
I’importance qu’avouent accorder les professionnels a la qualité des spécifications, ils n’adoptent
pas pour autant ces approches. Nous pensons que cela ekt diffiaulté de maitriser a la fois
tous ces concepts et de les appliquer. A cela s’ajoutent la complexité des spécifications elles
mémes et la diversité des notations utilisées. Les expériences vécues dans d’autres domaines
montrent que I’existence d’aides outillées peut aider a I’adoption des méthodes et techniques.
Nous avons analysé ce que proposent les ateliers de lggmiel du marché pour la prise en

charge de la qualité. Voici nos conclusions :

i. Certains ateliers du marché intégrent quelques mesures trés simples d’évaluation. Ces

mesures ne peuvent cependant pas étre modifiées chiesti
ii. Ces outils ne proposent aucune aide a I’interprétation des valeurs obtenues.

iii. Les mesures proposées par ces outils ne sont pas toujttarshées a des attributs de

gualité et sont par conséquent difficiles a utiliser.

iv.  Aucun des logiciels ne fournit de recommandatiapis 1’évaluation, a I'exception de

UMLQuality (logiciel d'évaluation) qui propose des recomghgtions succinctes.

Nous avons proposé, dans notre approche, un outilq@ality qui prend en charge la totalité
de la démarche proposée. Il offre un ensemble d’aides outillées pour la définition des concepts de
la qualité (attributs, métriques, patrons, recommanda}ianais aussi la prise en charge du
processus d’évaluation et d’amélioration de la qualité dans son intégralité. Il a aussi I’avantage de
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pouvoir s’interfacer avec les ateliers de génie logiciel du marché (les plus répandus comme

Rational Rose, Objecteering, StarUML ¢tc.

CM-quality a deux objectifs principaux. Il permet, dans umpee temps, de démontrer la
faisabilité de I'approch@®ans un travail futur, nous espérons I’utiliser a des fins de validation en

le mettant a disposition d’étudiants et de chercheurs impliqués dans la qualité des MC.

CM-Quality est concu pour deux types d'utilisateurs: legeds qualité et les
analystes/concepteurs. Un expert qualité est un uélisatyant une connaissance approfondie des
concepts de qualité. Il est chargé de définir les quiscde qualité tels que les attributs, les
patrons de qualité etc. . L’analyste Iui a la charge d’établir des spécifications conceptuelles et
souhaite en étudier et améliorer la qualités analystes ne peuvent qu’utiliser la connaissance
définie par I'expert qualitéCM-quality contient une base de connaissances qui setbakiage
des différents concepts de qualité. La base de conna&ssastocke également des sessions

d'évaluation a des fins de trace, en vue notamment de I’amélioration des concepts déja définis.
Les fonctionnalités suivantes sont proposées par CM-gualit

i, Il met en ceuvre et stocke une hiérarchie des concepts de qualité, incluant les patrons de
qualité, les attributs de qualité, les métriqgues recommandations, etc. dans une base de
connaissances. Tous ces concepts de qualité peuverdjéutés / modifiés / supprimés

de la base de connaissances.

il Il peut étre utilisé pour évaluer un MC par un analyste / coagegobnformément a un

objectif de qualité spécifique.

iii. Il aide l'analyste / concepteur dans l'identification detres de qualité pertinents par

rapport alobjectif de qualité formulé.

iv. Il propose des informations post-évaluation sous formeretmmmandations pour

'amélioration du modéle.
v.  Plusieurs modeéles peuvent étre évalués ou comparéseada@M-Quality.

Vi. Il peut étre utilisé pour évaluer les modéles concus eisarttl les ateliers de génie

logiciel du marché, tels que Rational Rose, Objecteeeitny,

Il n’est cependant qu’une premiére implémentation de 1’approche et comporte certaines

limitations ou voés d’amélioration :
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CM-Quality évalue la qualité du modéle complet et proposerelesmmandations pour
I'ensemble du modéle. Ainsi si l'utilisateur est intéressé par 1’évaluation d’une partie du

modéle, il doit extraire un modéle partiel.

Les transformations proposées ne sont pas exécutableg snodele et doivent étre

appliquées « manuellemesnpar I’analyste.

CM-quality ne peut pour le moment communiquer avec leseadelie génie logiciel que

par I’import des spécifications. Une solution plus intégrée pourrait faciliter son utilisation.

Validation de I’approche proposée

La plupart des travaux existants sur la qualité des M@qrgLetre catégorisées en deux types:

Des propositions ayant une base théorique, mais sadat@h pratique associée

Des propositions avec des fondements pratiques et exgrddaox sans fondement

théorique.

Les approches théoriques sont jugées difficiles a mettrpratique et non exploitables alors

que les propositions issues de I’expérimentation sont généralement considéréeS comme manquant

de substance et difficilement généralisables. [Moody 05paep que la plupart des cadres de

qualité proposés pour la qualité de CM manquent de validat®eulement 18% environ des

propositions ont été validées.

Notre approche utilise comme fondement pratique le pentue des professionnels. En effet

nous avons mené une étude aupres de professionnels, éntdie thut était double. Le premier

s’intéressait a étudier la stratégie d'évaluation de la qualité employée en pratique et le second

visait la validation de nos propositions. Nous avons faitigiper des experts universitaires et des

professionnels au moyen d'enquétes, interviews, etc. Par kxeafip d'étre slr que lI'ensemble

des attributs de qualité retenus par I’approche sont des caractéristiques considérées comme

importantes dans 1’évaluation de spécifications conceptuelles, nous avons procédé a une enquéte.

Cette derniére consistait a recueillir les opinions dderviewés sur la qualité globale des

modeles conceptuelsn plus de leurs commentaires sur un ensemble d’attributs de qualité extraits

de la littérature. Leurs commentaires ont été analysée® modifications ont été apportées a

certains attributs et criteres d'évaluation.
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De méme, nous avons essayé d'extraire des connaissamdesrs pratiques en leur posant

des questionsiblées, par exemple d’exprimer leur opinion sur ce qu’ils considérent comme les

caractéristiques importantes dans un modéle concepnslarienter leur réponses. Cette partie

de ’enquéte a été intéressante puisqu’elle nous a permis de considérer les attributs de la qualité

d’un point de vue purement pratique. Par exemple, plusieurs participants ont mentionné le fait que

I’aspect pratique d’un modéle est important. Ils considérent que certain modeles ne sont pas

pratiques par le fait qu’ils exigent, pour leur implémentation, des ressources ou des technologies

indisponibles ou difficiles a acquérir. La praticitél@nc été ajoutée a nos attributs de qualité. Cet

attribut est différent del’implémentabilité que 1’on rencontre dans la littérature et qui est

essentiellement 1i¢ a I’effort d’implémentation alors que la praticité est liée a 1’environnement du

projet dans lequel est proposée la solution conceptuelle

L’originalité de cette enquéte réside aussi dans le fait qu’elle a impliqué des professionnels

issus du monde de I’entreprise alors que les travaux de validations et les enquétes concernant les

travaux de la littérature sont essentiellement faiecales universitaires et majoritairement avec

des étudiants.

Le deuxiéme effort de la validation visait I’approche d’évaluation et d’amélioration de la

qualité. Il a consisté en un travail en trois étapes :

La premiére étape a consisté a proposer aux participamtasnodéle conceptuel
(diagamme UML) issu d’une application réelle. Ils devaient, en utilisant leurs
connaissances en modélisation, analyser la qualité daockle. lIs devaient ensuite
relever les problémes de qualité qu’ils détectaient et proposer un résumé des actions

corrective qu’ils estimaient nécessaires a 1’amélioration du modéele.

Pour la deuxieme étape, nous avons fourni aux particidardes valeurs de mesures de
gualité que nous avions au préalable calculées supnt®lm et 2) des patrons de qualité.
lls devaient essar d’exploiter ces nouvelles informations pour tenter d’améliorer le
modele initial. Le but de cette étape est d’évaluer la facilit¢ de compréhension et

d’utilisation des patrons de qualité.

Enfin, lors de la derniére étape, les participantseond évaluer le résultat de I'application
de I’approche proposée sur le modéle initial et ils devaient donner leur avis sur la qualité
du modéle obtenu et sur son amélioration. Le but de cette étape était de mesurer 1’utilité
des patrons de qualité et des actions correctives.

294|Page



Appendix E

Résumé

Pour les deux expériences, nous avons analysé les répNiosssavons également analysé les
profils des participants (domaine, expérience en modilisatetc.). Toutefois, ces deux

expériences ont leurs limites que nous avons tenté dmeésitrdessous :

i, La plupart des critéres de qualité fournis par les ppgitisen retour de la premiéere

expériencetaient déja dans I'enquéte et ces retours n’ont que peu enrichi la liste initiale.

il La taille de I'échantillon de la deuxiéme expériencedestingt cing participants. Ceci
s’explique par la difficulté de I’expérience et sa longueur. Les résultats obtenus sont donc
difficilement généralisables mais ils nows permis d’avoir un premier retour et aideront

a organiser ultérieurement une autre expérimentation.

iii. A travers les retours attendus par la deuxiéme expérigrmags espérions avoir des
connaissances complémentaires pouvant enrichir nos patrons de qualité. Ceci n’a pas pu
étre atteint essentiellement a cause du degré d’expertise élevé nécessaire en modélisation

conceptuelle parmi les participants.

iv. Quelques-uns des problémes identifiés par les participéexishient pas. Nous pensons
que cela est dii au vocabulaire utilisé dans I’enquéte qu’il faut revoir en fonction de la

population interrogée.
V. La deuxiéme expérience s’appuie sur un seul modéele, ce qui est limité.

Vi. La deuxiéme expérience a utilisé une seule notation detlisaton, ce qui est aussi une

voie d’amélioration.
3. Conclusion

La solution proposée vise des probléemes liés a la quidiié modélisation conceptuelle d'une
maniére globale. Afin de formuler une solution compléteysnavons proposé des concepts
ciblant divers aspects liés a la qualité au niveau gpexifications conceptuelles. Ces concepts
comprennent la formulation de criteres de qualité ibatts de qualité, métriques, etc.) qui ont
I’avantage de fédérer les travaux existants revus et corrigés a la lumiére d’une expérience de
validation. Nous avons aussi proposé et détaillé un comeepiteur, le patron de qualité, visant a
encapsuler les connaissances et les pratiques dans I’évaluation de la qualit¢ des modéles
conceptuels. Nous avons également proposé une approche complete qui guide I’utilisation de ces
concepts de maniére flexible et assistée. Enfin, noussadémeloppé un prototype qui met en
ceuvre la solution proposée.
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