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Abstract

Conceptual models (CM) serve as the blueprints of informatiotesyssand their quality plays decisive
role in the success of the end system. It has been witndssethajority 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 apmioach for

conceptual models that also resulted in federating the existialgyframeworks.

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 quabg), 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. '"HYHORSPHQW RI D VRIWZAIXDHD SWRWRXWISHURMIRWISH LPSOHPHQV
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 experito 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, Quaitiributes, Metrics.
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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 implerment&br example, enterprise wide
systems support the entire organization by providing therh wdmprehensive and processed
information for taking decision at the enterprise level. dear, 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 egsiatposition in the decision making

process will be questionable and users might not utilize it

Incorporation of missing/new requirements or functionalitiethe information systems comes
under its evolution or maintenance. Such change requesth (fl@o 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 ifexycle stage at which these missing
requirements were identified or new requirements were rgé&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 changiopgregnents. Even if the information
system was successfully developed and deployed, its maimtencost 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 yimldonsidered as an important
issue in research laboratories and in IS firms. Quality problean inflate system development
cost and consume scarce resources in addition to incezemedetection 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 &esta IS adoption is linked to IS
quality, satisfaction and usage as reported by [Nelsoh, &085].

Information systems evaluation has always been a hot issuey d&féorts are devoted towards
the research and development of methods to improve the aefiquality. Different researchers
have proposed different perspectives and methods to evaluatginiarly, 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
DOSKD WHVWLQJ LV GRQH RQFHGWXMGVRXW BD SHLRW 1WA O\WAHEBHS
late to identify the defects and deficiencies if the soféw#s 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 mardi 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 (msteof 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 defet#écton 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, tiriezave 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 correctitns 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 implementatiorCMAsorecede 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 adrigjuality 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 deliverablesigder 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 induktityese 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 ¢hient 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. lbothiling is constructed based
on the architectural models, then adding an underground pacdkiar the constructed building
ZLOO EH DOPRVW LPSRVVLEOH HYHRVW ZMOG BRVWERELDPR WK HQ
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 éighan 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 quatigndards have been proposed by different
autonomous bodies for information systems such as ISO/IEG-f&it2software product quality,
ISO/IEC-14598 for software product evaluation, ISO/IEC 15504 fivvepe process assessment
etc. ISO/IEC-9126 (2001) has widely been employed for evaludtiiogmation systems. This
standard defines a set of six characteristics (functiynaleliability, usability, efficiency,
maintainability and portability) to evaluate software qualifthe biggest shortfall with these
evaluation methods is that they are applied on the alredaleloped software. All the
characteristics described in ISO/IEC-9126 (2001) make séttse software is already developed.
Once the software is developed, we can employ theseagialumethods 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 afititation, 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 phasede&l the end-system based on
the requirements gathered during the requirements ¢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 tttetliat they are an abstraction of
the future solution and not the solution itself. Indeed, in oraléest information systems, we can
H[HFXWH WKH SURJUDP DQG UXQ WIRYW FBVSRQR/@ LV MUIFHBEWD!
evaluate the model, we have to execute the test casmsatltyato check if the model remains
valid. Moreover, there is a population who considers comeg¢pnodeling as a time wasting
activity. Thus demonstrating the importance of implementjonglity approach for CM to this
population is out of question. Even for populations who regard gpbnake 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 ofetli&ds, then how will we define
STXDOLW\" VR WKDW GLITHUHQW PHPBP¥XRW ¥ HRJD Q) REUH HF [FORPSSBDUIHH GG

4|Page



Chapter 1Introduction

researchers have evaluated the models based on theiresatieglthen how can we compare their
results? How can we predict that the value assessed mese&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
ZKDW PDNHV D 3JRRG" FRQFHSWXDO PRGHOD IRUHRHGMHW DEHRDS
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 qualing 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.

x  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 factWKDW H[LVWLQJ IUDPHZRUNV RQ &0 TXQ@® LG\R QN WH GLLQDZ
conclusions from other works. Most of the existing qualignfeworks propose their vision of
CM quality and emphasize on their identified charactiessas 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.

ORUHRYHU WXistahy @optedc) ®r 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. Tdtesence of consolidated and agreed quality
criteria for CM has de-motivated the acceptance and adopfi@valuation based strategies for
CM.

5|Page



Chapter 1Introduction

The presence of these autonomous and independent qualitgwWoaks 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
DWWULEXWH 3FRPSOHWHQHVV"™ VWHKHEKWLKH XOHE\R KW Y RIQD RV RV KUHH \HV]

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 exaroptapleteness for some researchers is a
quality attribute whereas for others it is a dimensioewn a metric. Moreover, the reader gets
confused by the existence of different classification volsalms such as dimensions,

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

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

Both types are not good for wide acceptability as usuallyptlaetically viable frameworks
ODFN VXEVWDQFH DQG WKXV GROQWKHRYHW LGIDOL FXDMHDRUVBDY 2
understand and implement. [Moody 05] have reported that mosthef existing quality
frameworks in CM quality have never been validated. He foundapjtoximately 18% of the

total quality frameworks have been validated.

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

sure of their benefits.

x 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@e&ledbout 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 anwilbfa 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 glarimg the proposed set of criteria in

hand. Moreover, in the domain of CM quality therR#H VQIW H[LVW DQ\ DSSURDFK W
existing knowledge and past experiences so that it camedtiby analyst/designer to identify the

best set of evaluation criteria for the problem in hand arstaof recommendations for its
improvement. Thus if someone is interested in evaluating€ie 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.

x 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 ineigentifying 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 riadels.

x Lack of automation in quality evaluation

One of the major hurdles in evaluating the quality of concéptieadels is the lack of tools
automating the evaluation process. Most of the existing fimgdsoftware tools such as Rational
Rose, Objecteering, etclGRQITW SURYLGH D FRPSUHKHQVLYHQIYDOMDWLR

some of the problems related to the absence of automatibn too

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

neither be added nor edited.

i. Since they evaluate the models based on metrics thirdritexpretation 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 qualityleatdons or customizable

evaluation processes.

iv. None of the softwares provide post evaluation recommendat@mnimprovements 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 variouswaynodel 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 mdallowing goas.

X 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 drawindusioios from other works. This
has resulted in a non-optimal and non-converging solutionstMbf 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.

X  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 modeldgpe

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 appradould 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 ddantif
X Propose a guided process for quality evaluation and intfpvement
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$QRWKHU SUREOHP ZLWK H[LVWLQJGKOPPUWWUBSRKRWVRDIF KIKY QNG
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 apgrostoould 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.

x Develop a software utility to automate the evaluation and im@vement process

4AXDOLW\ HYDOXDWLR @ctln@angisers RHIiVIQ difficuld v @vdluate the nhode
manually. People find it difficult to calculate the miedrby hand. This situation gets worse if the
metrics or model is complex. Similarly, identifying thedavant quality criteria with respect

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 attributesyics, 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 inairegguand 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 occupiedhstantial 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 prdpsrof 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.

x Formulation of comprehensive quality criteria by federating existing quality

frameworks

In order to reply to the problems mentioned in Sedtion-1.2 anddeide a common yet

comprehensive basis for quality evaluation, we have relied @prposition 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 fiteenpreviously 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 attribukeg 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 theeptwad models such as complexity,
maintainability, etc. Moreover, the advantage of this psecwas the elimination of redundant
concepts in addition to unification of different framewosdsd identification of grey areas. This
can be regarded as an important step in our approach. Tiihraent activity contributed in the
literature by providing a more comprehensive and flexileeas quality criteria for conceptual
models. We identified a set of quality attributes timbrporates 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-

2.5.2.9)
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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
FRPSOHWHQHVYV ZLWKLQ D VLQJOHRPZDE WHQBWWUDRRXW R WPDXFOD
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 lk# tlimensions, attributes,
characteristics/sub-characteristics, criteria, priger 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.

X ldentification of quality patterns to encapsulate past-expdences 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 ekptiarget the quality.

We adapted the idea behind design patterns to propost ef gjuality 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 swraeehas the same type of
problem, he/she can easily employ our proposed qualitgrpatb evaluate and improve his/her

models.

x 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 speaii@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.

X  Software tool automating our proposed approach

We implemented our proposed approach in a software protd@@weQuality. 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/designéficsgeality goal.

iii. It helps the analyst/designer in identifying the relewprdlity 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 recommendatmmsnodel

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 existieler such as Rational
Rose, Objecteering, etc. as long as they are capablgpofteng their models in XMI

(XML Metadata Interchange) standard.

x  Validation of proposed quality approach
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twofold: one to study the evaluation strategy employed intjp@@nd second to validate our

approach. We involved experts both academics and practsiarsgng surveys, interviews, etc.

For example, in order to be sure that the resultant set ofty@iributes (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 wasnpdml and performed having
professionals including practitioners as the respondéiis validation exercise tried to collect

WKH UHVSRQGHUVY YLHZV RQ WKH XIR® LPRNGIHO V XIDE LINVG GR W MRKC
feedback over the identified/selected set of quality daiteFheir feedback was evaluated and

modifications were made to selected set of evaluatioarait

Similarly, we also tried to extract knowledge about the fpras by asking them feedback
questions such as to identify the quality aspectsahaimportant to them in a conceptual model.
Such questions enabled us to study their practices and afsadtthe quality criteria that had
been used in practice but are unknown to theory. For example o0& datr 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. &tgeriment 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 pattep V] XQGHUVWDQGDELOLW\ DQG HDVH RI X\

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

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

1.5 Organization of the thesis

The thesis is organized in a sequential way starting wittoetigh 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 siththe 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 whereutlined 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 concepuafity 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 (Q2diMk 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 distius®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 Reddlartning (ERP) software. The
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original model was approximately ten times bigger than dhlected 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. La8iby,initial results were compared

with the post-implementation results and the findingsewdiscussed.

In chapter-6 we presented our software prototypé& G 4 X D O imiMémenting 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 applipatiod 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 ouroaphpr 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 alongthégtitonclusions of the

thesis.

Six appendixes are given at the edghpendixA describes the twenty one quality attributes
that were federated through the literature revié\ppendix-Bdescribes the different quality
patterns. Appendix-Cillustrates the human resource ontology used in chdpt® identify
different clusters for improving model complexitfppendix-Dlists the excerpts from the user
requirement document (for HR system, as mentioned above)ateatised i@ 5 for

evaluation.Appendix-Eis the evaluation report generated by our prototypefgppendix-Fis the

summary of the thesis in French language

Bibliography is given after the appendixess OLVW RI DXWKRUTV SXEOLFDWLRQ
last part of the thesis.
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Chapter 2 State of the Art

Chapter 2
State of the Art

Quality is defined differently by different researchesscality is highly contextual and is
dependent on multiple view points (consumer, producer, €cality 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 objeatdipst, 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 exammnternational Organization for
Standardization (ISO) has formulated more than 500 standamdsensuring 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 (propheciess, services, etc.) with respect to
best practices. Thus, conformance of a process or productesjlect to the best practices in ISO
standards is considered to be of good quality. Thus, inheneadity related to ISO standards
implementsthee TXDO LW\ DV D @s Hdfinét @Y[Re@\esiét al. 1994].

In the field of computer science, the notion of quality is dafirand 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#isyefore 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 softvearadity.

2.1 Software Quality

Information Systems (IS) require high cost for their maintenaatévities 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 theaseftquality. 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 staislelts. 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 evaluatimg 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
i. 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.
ii. 7KH YDOXH DGGHG DSSURDFK (IITHFWWW RR QUK/HSWHWY MR PD @ RH
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 indusirg btrongly affected the above
mentioned approaches. For example, the procurement costiofrch 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 opinidnthe 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. 8VHU VDWLVIDFWLRQ ,QGLYLGX\OL® X\D-ERMXWRE K@heRX@\F \R URV,
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 tagter lacks functionality then

user opinion about the usefulness of the system might hurt.

2.1.2 Defect Detection and Redctification

[Ackoff 67] took a different direction and regarded existence ééae to hamper IS quality.

He can be seen as a pioneer to identify the reasonadéieficiencies in information system

rather than discussing deficiencies alone. He identffiedl assumptions, made by IS-Designers,

which trigger deficiencies in IS. These assumptions are:

The critical deficiency under which most managers opersit¢he 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).

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 thsigting the change order

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

A manager does not have to understand how his/her informsystem 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 assonwptthey are likely to design

information systems that have limited deficient functidgies 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:

5HTXLUHPHQWY 'HIHFW (UURUV PBIGIHFD@W MRKH R3 HWMKH W KR
requirements. This includes defects found in functionatifipations such as interface,

design, and test requirements; and specified standards.

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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Vi.

Code defect: A mistake made in the implementation alingpof a program. It includes
all the defects found in program logic, interface handluofata definitions, computation,

and coding standards.

'REXPHQW GHIHFW 7KHVH LQFOXGSUR & XYW S XFEDDGIF DVWRL R R ||

include mistakes made to requirements, design, or codiogndents.

Test case defect: A mistake in the test case thatesathe software product to give

unexpected results.

Other work product defect: These defects include the efoansd in software artifacts
that are used to support the development or maintenamiegties 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 tewedantified some prevention

techniques.

2.1.3 Identification of Quality Criteria (Dimensions, Attrib utes, 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:

Infrastructure Quality: The quality of the infrastructure tbdtardware and software

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

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

software by IS.

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

all sources.

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

systems.

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.eigpwa of information from different
sources. Similarly, [Chang et al., 2000] has assessegetiermance of an information system
along three dimensions: System performance, informagftectiveness 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 tegooposed a Problem Count
Definition Checklist and numerous supporting forms to orgasiiware problem and defect
measurements. The report lists the following five atiigi that should be checked for possible
defects to improve the quality: Product synthesis, Inspegtitormal 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 softwaresgexcel 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 regardstioust, 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 testeith@viene.
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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 fart 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 simp2QG GRHVQITW UHTXLUH DQ\ LQWHUSUHW!
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 qualitypformation systems. [Parasuraman
et al., 1988] can be regarded as the most influentiglefor evaluating the service quality. They
proposed a 22-item instrument (SERVQUAL) to access custpereeption 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 andberprompt services

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

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

Different researchers have applied SERVQUAL model onitifiemation 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@dsyar 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 msthad 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. Howevsrevident 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, 1SO14E598 for software product
evaluation, ISO/IEC 15504 for software process assessnen§imilarly, standards such as ISO
9001 and ISO 9000-3 can be applied on software quality systemseftfying 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 chasiicierand the relationships
between them which provide the basis for specifying qualityireopents and evaluating
quality [ISO9126, 2001], [ISO25030, 2007].

i. External Metrics: This document contains all the nestrthat are used to measure
attributes or characteristics of a software product. Theseics 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-executaofware 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.

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 eafuliher divided into attributes that can be
TXDQWLILHG HPSOR\LQJ PXOWLSOH PHWDURBY GRRYK®YMWU L Q\FKOH

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:

Vi.

Functionality: This characteristic includes the setatifibutes that verifies the existence

of required or specified functions or functionalities withie Software product.

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

under stated conditions verifying its reliability.

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

with which it can be learned and used.

Efficiency: This includes the attributes to evaluate kvel of performance with respect

to the usage of resources under stated conditions.

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

software product.

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

its transferability among multiple environments.

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

Figure - 2 briefly explains each of the above listed charatitey using simple questions.

Whereas| Figure - |3 lists the proposed characteristiod subeharacteristics available in
ISO/IEC-9126.

1ISO-9126
T
I I I [ I |
Functionality Reliability Usability Efficiency Maintainability Portability
[ | _
. Understandab Time . .
| | Accurateness Maturity L L lity behaviour |_| Analyzability Adaptability
. . Resource . L
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-9126@asthmo evaluate the quality

of software components. The Table |- 1 shows their proposatitygmodel. The authors have

identified multiple attributes against each sub-chartierof 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 components ldolyever with some efforts,
this model can be generalized for quality of software in gen€ha$é model can serve as a good
example to apply and extend the standard to other types of sefpna@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 charasted and overlapping with respect to
measured properties. They considered the standard unsuitablmeasuring design quality of

software products.

Another important stream of literature in the field of compwteience, 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 define/a3 I LWQHVYV IRU XVH™ LPSO\LQJ WWKDMW WKH |
relative. Thus, data with quality appropriate for one usagginmot possess sufficient quality for
another usage .Therefore, data quality should be evalu&ied aultiple dimensions andog
EH\RQG WKH IDPRXV TXDOLW\ PHDVXOJH RI 3@DWe ® FFFDXWD FNX D@
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, etggicll Impacts such as poor decision
making, more difficult to reengineer, increased organizatiomisirust 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 ardusity

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 usedpteuthetrics 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 empiritalias 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 correctsgssactic correctness and
precision factors to evaluate data accuracy. Each of tese factors utilizes multiple quality
metrics such as semantic correctness ratio, syntactieatness ratio, granularity, etc. to calculate
data accuracy. [Cherfi et al., 2002a] found attributes siclacguracy, timeliness, precision,
reliability, currency, completeness, accessibility arlduancy 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 informat@woducts. 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 tpeaposed 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 multiplecsdd evaluate data quality.

They also demonstrated how their approach can be applieddticera

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
guality characteristics classified under the two proposedmbints of ISO/IEC-25012 and four
FDWHJRULHV RI 3'40 3RUWDO 'DWDQLHXDD3MWUY DW GR®D QdH 3 & RAMWMH
S5 HSUHVHQWDWLRQDO" 3URSRMNb&G $3'40 LV LOOXVWUDWHG LQ
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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
- 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 byrawipg 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 [ThiagarajanetL8B4]. [Avison et al., 1993] argued that
the evaluation of information systems should be done at etagg of the lifecycle to improve its
quality. He has also emphasized the need of evaluatiarbeoad 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. fohmylated a quality meta-model
encompassing both data quality and model quality. Theyogs®ja 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 s@p@O design process are carried out
with care and caution and hold a certain degree of qualitypgbgmaps the resulting system be of

good quality.

2.3.1 Conceptual Models (CM)

Conceptual Models (CM) are the abstraction of the univefsiscourse 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
SUDFWLWLRQHUVY LQWHUHVW LQ FRQFHSWXDO PRGHOLQJ
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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 diaguse case diagram

etc.

. 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 designtansy3hese diagrams can

be classified into three categories:

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

diagram, deployment diagram, object diagram, package aiagna 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 mongplex 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. Thiesist 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 databaEBeey have identified
completeness, correctness, minimality, expressiveneadability, self explanation, extensibility

DQG QRUPDOLW\ DV WKH FULWHUADY WR NWKCHOXID V/$HS WKBPIFK FER R
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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 eighttgufalctors 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, explicésesize, rule simplicity, rule-uniformity,
query-simplicity and stability. In [Cherfi et al., 2003b], thethors have proposed quality criteria
for multidimensional database models. They defined sbtrics 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 multatisional database models. [Genero et
al., 2005] concentrated on ER-Diagram complexity and proposedod asetomatable 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
JHQHULF DQG EDVHG RQ 80/fV 02) OoBWD 2@ WKW UIDLFHOLW O
authors conducted an experiment with a sample of 120 panisipand have identified a strong
relationship between measured quality and perceived qualigy fiave 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 qualiiteria 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 [tral.e 2004] proposed a method and
tool to refactor use case models.

Another approach on the evaluation of CM quality puts light @nitfiportance 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 suchmasmization 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 eggr by proposing a utility that
KHOSY LQ WKH HYDOXDWLRQ RI| DWMKIHA\DHD OH VWVRKZHHW HEV WK HW KD LYE
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 proposirggreaiible approach or utility driven
evaluation approach to ease the evaluation process by amaitacomputation of metrics. For
example, [Ali et al, 2007a], [Ali et al, 2007b], proposedftware driven automated
methodologies to evaluate different aspects of UML aiagrams 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 studeimdla8ly, 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,afpproach 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
PRGHOV ORVW RI WKH UHVHDUFKHQ®RQ B QL3 GARHWQ HW H®U D\Z MWKEH-
RWKHU ZRUN RU GRHVQTW H[WHQG ZIKHDOM KDKLNOKIHW GH 6 HWAR) W& R

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
SFRPSOHWHQHVY™ 6LPLODUO\ WEKRQW IR[WWW B XVHUHR X X DGOH
and identical names for some semantically differentricee{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 evaluatioibecia 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
UHIJDUGHG PRGHO TXDOLW\ WKURXJK WV B WWGcSRaQNdeRR Qr LHZ L
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 tualiteria into multiple quality
attributes that can be quantified employing multiple nueneretrics. 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 camrae)
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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 withimddel)
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 attrdbouter 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 leadadritiusion of numerous model elements
for explicit knowledge addition. Thus the model will contain smetements which can increase
complexity that in turn will influence the understandapiland 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 characteristas 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 ainmetrics are essentially to provide
hints about the quality such as to estimate development aigtenance cost [Marchesi 98].
6RPH RI WKHVH PHWULFV FDQ EH UFHDDVF YRPW H®D QKW EEMHDPW X ¥ Bl OWD
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-dasgrams and ER-diagrams. For
example, [Chidamber et al., 1994] have developed and emlpjriested a set of six metrics to
measure the three non-implementation deliverables (ldeation 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 metrickidiec weighted methods per class,

depth inheritance tree, number of children, coupling betwegagcish responses for a class and

lack of cohesion in methods. The development of these gae®ceived huge appreciation from

the researchers and triggered a stream of research on usegibkéics 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, thegeianeeceived 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

WKH PHWULF GRHVQIW SURYLGH BOGXNIH® L @ ERIWFE D OB W O\DRARLARO

lead to multiple interpretations of the same model.

[Cherfi et al., 2002a] and [Cherfi et al., 2002b] have propdsBowing quality metrics for

qguantifying their quality attributes:

Vi.

Clarity: computed as a ratio between number of line crgssto the total links in the

schema
Minimality: calculated as the ratio of non-redundant cpis¢o the total concepts

Concept expressiveness: ratio between the expressive corfegptinheritance link as it

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

Schemas expressiveness: compares model expressivenies®spiect to other models

representing the same reality

Syntactic Correctness: A Schema is syntactically correchdf doncepts are properly

defined in the schema

Semantic Correctness: A Schema is semantically coifethe 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 thu€xXhW EH FRPSXWHG XVLQJ D VRIWZDL

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 rneultgsearchers for automatic

evaluation of CM. For example, In [Genero et al., 2004], [Geneia. eR003], [Genero et al.,

2002a], [Genero et al. 2002b], [Genero et al., 2001a], [Genero, 2(d1b], [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 wizsand structural complexity metrics)

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

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

Structural Complexity Metrics such as: Number of Asatens (NAssoc), Number of
Aggregations (NAgg), Number of Aggregation Hierarchies (NAggHum¥er 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 differeparah methodologies and

conducted different sorts of experimentation to concludéatawing:

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

maintainability sub-characteristics (understandabilibglgzability and modifiability).

There is a significant correlation between structural glewity metrics and maintenance

time.

The structural and size metrics of class diagrams candik asgood 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 metdhsas 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
WKH UHGXQGDQFLHYVY WKDW DUH LQWURCDWHEBQE¢XHSWR 6|LIR VDB

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 [Maich8] emphasizes more on the
inheritance and dependency relationships than on assocat@gregation, composition, etc.
Similarly, the proposed metrics are related to the coxiyleof 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 taulzaé 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 Semantil&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 representiieg same reality. He also
proposed to match the signatures of the classes to findirthitarity 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], [Gersdral., 2000a], [Manso et al., 2003]

to calculate the entropy.

[Yi et al.,, 2004] provides a limited review of the avai@abmetrics 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.

ORGHO SURSHUWLHYV WKDW DUHQ T WLtergisaRdé WHeGexarg@ple0, ;0/ P
;0, GRHVQTW FRQWDLQ OD\RXW LQIRQE DWLRQ PD-BARXIW WP RE 1
aesthetics (line crossings, etcFDQITW EH DXWRPDWHG

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 conceptred by the
modeling element of the conceptual schema and the onesssep by the users through

the requirements.

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

Cross modeling completeness: Compares completeness amoaigal schemas modeling
the same reality i.e. ratio between the number of congegtent 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 fewob

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

comments associated with it.

Reasons: Most of the model elements have documentah@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@mnplex and require manual
input.

In the next section, we assess some of the leading sefaynlications that propose quality
evaluation for conceptual models. We selected ObjecteeRadional 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.|Visio, etc. However, only a handful
among them provides any means to evaluate the quality of thelsndesigned through them. In
this section we will assess some of these modelingstanld the evaluation methodology
proposed by them. We will only consider the evaluationhagtlogy 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
80/4XDOLW\ 7KLV WRRO GRHVQIYWHSUPRWQICGHDFRRERQERUYHIZS D

evaluation only. Some of the literature used in this sadti 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 diagsemsence 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 modeldofitg are some of the short comings in
2EMHFWHHULQJYY HYDOXDWLRQ PHWKRG

i. W GRHVQTW SURYLGH DQ\ HYDOXDWLR® PXMKKBGEROWRH \F IR
diagrams, sequence diagrams or state transition diagrams.
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ii. 7KH HYDOXDWLRQ PHWULFV FDQIYW V¥HU GHKDOUHGWRH MGHYV
constrained to use the existing set of metrics.

iii. 7KH XVHU FDQYW FKRRVH WKH FUWWHWXLAD UPG Rtfi@éD Q3D ORW
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 andywidedd modeling tool in the
industry. It supports UML diagrams such as use case daiegralass diagrams, sequence
diagrams, state transition diagrams, collaboration dragraetc. However, as compared to
2EMHFWHHULQJTY HYDOXDWLR @ FFDIS®OHL. WL WH BY O P WAL R Q DVH B/ RR/

YHULILFDWLRQ RI PRGHOV )ROORZL@UV DLLH S5\DRAPLHR @ D OV 5 R WHJR/U
methodology:

i. W GRHVQIW &lu&ionrepbrt.D Q\ H
i. W GRHVQIW SURYLGH DQ HYDOXDWLRQ PHWKRG IRU G\QDP
iii. 7KH HYDOXDWLRQ PHWULFV FDQYW EH GHILQHG RU HGLWHG

iv. 8VHUV FDQTW FKRRVH WKH PHWW\WLF$O0AO WK K HP\HSAHUFIWF W B UWA
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 remlagemercial applications such as
Objecteering and Rational Rose. It supports UML diagraoth as use case diagrams, class
diagrams, sequence diagrams, state transition diagataboration diagrams, etc. However, it
GRHVQYW SURYLGH VXSSRUW IRU REMHBWPGQDUWUWRYV5DQGERRDK
StarUML provides a very limited set of metrics for the vesaifion of models. Following are some

of the short comings of StarUML evaluation methodology:
i. W GRHVQIW SURYLGH DQ\ HYDOXDWLRQ UHSRUW

. W GRHVQIW SURYLGH DQ HYDOXDWLRQ PHWKRG IRU G\QDP
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iii. 7KH HYDOXDWLRQ PHWULFV Fptieu®erEH GHILQHG RU QRWLILE

iv. 8VHUV FDQITW FKRRVH WKH PHWWWYF¥$O0A WK K HP\HSAHIFIWF W R U

automatically.

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

2.4.4 UMLQuality

UMLQuality est un outil puissant qui s'adresse essentielfldnaux 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. Merydollowing are some of the

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

. 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. 7ZR PRGHOV FDQMTW EH FRPSDUHG WR HDFK RWKHU

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 [Kersu&dDable - 3 summarizes the above

mentioned points about the four evaluated tools.

45|Page



Chapter 2 State of the Art

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
different types of qualities (such as syntactic quality, asgtio quality, pragmatic quality, physical
quality, etc.) proposed in [Krogstie et al,, 1995 H FKRVH WR XVH .URJVWLHYfV IL

conceptual modeling quality for the following reasons:

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

1994] and so can be considered a bit matured.

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

etc.

iii. 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 Manage ment

Considering the literature review presented above, wddceummarize the situation as

follows:

i, On the one hand we have frameworks. Their main advantageseir 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 defin@iod the meaning of the

guality concepts they use. These frameworks are also grasged and contain very few

46|Page



Chapter 2 State of the Art

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 approaclm@agleiuality 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 enrigluadity framework with
guidelines and measurement methods to make the framavsatde for quality understanding,
quality measurement and quality improvement. We have chosegetieric 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 . URJV WL H fewojkJar Buality of Conceptual Models
.URJVWLHYV IUDPHZRUN IRU FRQFHSW XIDJ® FPHRARHNL GU RXXBDOH @&

[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
FRQVLGHUDWLRQ RI SDUWLFLSDQWMQJGIRJHIPLI-QZRI@@MH@;HEILWWH(
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Participant Zg:rfzir:/t?: Sacial actor
knowledge ) interpretation
quality
Physical Social pragmatic quality
quality
’j empirical quality
Modeling Semantic Model Syntactic | Language
domain quality externalizatio quality extension
Technical
pragmatic
quality
Technical
actor
interpretation

Figure - 4.[.URJV W L H 1995Hani2v@ork 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 statementsdinét be expressed given a modeling
language. Model externalization is the conceptual modetesenting 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 Qual ity 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 kindnofvledge 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 coyresmtactic 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 angctiorr. For example, an entity
relationship diagrams editor should not allow the detinitof a relationship among relationships

and should enforce the completion of cardinalities and ifdgenrst 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 rimadel. The model should be visible
somewhere and in a given form. This requires two thingstlfirthe 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 chéiteemotation 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 neededntpldment 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 thdd 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 ef, 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 usagemgflsiconcepts, the documentation, the
naming conventions or simply by choosing model elements n&ormsa 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, translatido, @uld be used.
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Quality means: Inspection, Visualization, Filtering/Views, Explanation
Generation, Simulation, Animation, Reporting, Execution/®ggting

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 modethie 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 prawigns 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 iseRistence 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 ifgetlite relevant quality criteria among
that list for his problem. But the qualitylo& 0V FDQYfW EH LPSURYHG E\ HPSOR\LQ

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 desaipgi 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 processesrufate quality goal, mapping of
relevant quality criteria (quality patterns, quality dttiies) 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 idemtgythe sensitivity of the problem. Some
of these metrics can be computed automatically such aghDaperitance 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, asito calculate the number of line
crossings or to compute the requirements coverage watmrodel 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 matheahfdgienulation tends to complicate their
understanding while on the other side their manual catliou is regarded as repetitive and
fastidious task. Metrics can be compared to low level @mgning module (such as modules
ZULWWHQ LQ DVVHPEO\ ODQJXDJH FWKRYQ GRXJA WV UDUBIQ G LL
understand and compute manually. It is due to this tieat adoption is not widely acknowledged
in practice. Similarly, it gets difficult for inexperierttenodelers to choose the relevant metrics
for evaluating their models from the list of numerous metpecoposed by the researchers. For
example consider the following list of metrics: shallosynantic 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 iaterested 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
3 JRRG” FRQFHSWXDO PRGHO >0RRG\ @

[Moody 05] performed a review of the existing quality framewoidaniplete and partial)ro
conceptual models, his findings can be summarized aleTﬂ)

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 frpm 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&eaithe framework in mutual agreement.
3 Generalizable: This implies that the framework can be applied 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 maetg (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 validgdpgroximately 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 adisnodels (e.g. data models) or to

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

Moreover, the literature review on the quality of the cqigal models suggests that the
UHVHDUFKHUV KDYH D YHU\ OLWMGHVBEW RHANQ@LRQ BPULWHILQ G
models [Moody 05]. Therefore, there is abundance of quality fnaories for conceptual models
and only few of them inherit the ideas from the othemfworks. 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
SFRPSOHWHQHVYV" 6LPLODUO\ WKHR@YV HIR VWV KK PVHDURRX VT X3DHO L@
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 mentionedealkihe existence of similar
concepts with different names or same names for sembytitifferent 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 researchergddirtyahe new concepts to formulate

a comprehensive quality approach for conceptual models.

3.1 A Multi-Faceted Quality Approach for Conceptual Mod eling

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

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

encompassed theoretical, practical and epistemologioabfations.

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 winishtizicts should be needed, different
researchers have proposed different approaches as thdoigtidalines. These approaches
include the use of ontology (for ordering and structuring #edityy), classification theory (for
categorizing knowledge) [Wand et al., 1995], etc. Therer@ri@ws 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 eation, 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 anéchamism 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 arepiwi@ent from one another.
ORUHRYHU WKHUH GRHVQIYW H[LVW DD/Q\FDQSKIHROF K. QRW KIHQ LIEQIW |
these evaluation criteria. Thus it is left on analysifyiesy 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@inevaluation strategy for CM
EXW PRVW RI WKHP GRQYW NQRZ LI DSLWHRI WX HRAKUP B YN WLHDQDF H [
between existing literature on CM evaluation and its usage dotipe 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., 199515iau et al., 2001], etc.

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

characteristics, metrics, etc.

7KH PDLQ SUREOHP ZLWK WKHVH WZRNKE G BRI B/HBRQ Y WWHD E
JRU HIDPSOH WKHUH GRHVQITW HYIKWHWT B D O IOW W HW IDWHKWLHD FLGDNV R/ |
proposed by [Krogstie et al., 1995], [Lindland et al., 19948, &ll the criteria proposed by
researchers have been classified by themselves into sbkiidentified dimensions or quality

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

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

is a dimension or even a metric.

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

researchers differently.

iii. Similarly, the widely accepted quality types by [Krogstieakt 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
FRXOGQIYW EH LQFOXGHG LQ WKLV GLPWQNRRYLGKHYHDYD JH
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 thisnension. We adopted this
extension of [Siau et al., 2001] to [Krogstie et al., 1995ppratic quality and included

all the concepts that improve the understandability ohtbeel to be related to pragmatic

quality as well. For example, in Sectlon-2.5]2.4, we idetl quality attributes such as

user vocabulary rate, documentation degree, etc. to tlygnpta quality as they help in
the understandability of the model whereas if we would heemained 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.ebh@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 Sectjon-36.1

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 flexileteo quality criteria for conceptual
models. We proposed 21 quality attributes that incorporatiel@ 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 hkoélfine 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 senmirtiggs. Thus, SQA can

influence decision process.

It has been widely accepted in research and practicesftblk 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 ofdbitware 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 respontied 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 origitafrom 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 dagbat 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.

2XU DSSURDFK LQYROYHV SUDFWLADLBQRXYXYGDWHRORIZGW BNVL
twofold: one to study the evaluation strategy employed intjg@@nd second to validate our
approach. We involved professionals including practitisngging 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 respondéditits validation exercise tried to collect
WKH UHVSRQGHUVY YLHZV RQ WKH XRD PRNGLHO V XID@ LMG GR W MRKC
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 tm' 7). Their feedback/viewpoint & 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 knowledge uabexisting 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 knibgdgnature 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 foundatiaresemployed [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? (Methodologazct)

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
LPSOLFDWLRQV WRZDUGY WKH SHUPRSWPRQHOLMKH FRQFH:

ii. What does it mean to judge the outcome of conceptual mg@eliThis 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 perceptibgqumlity.

Within our approach, we tried to find the answer to the almoestioned questions through the
literature review to achieve a strong epistemologgralind. One of the important problems that
H[LVW QRZ LV WKDW WKH UHVHWUWKHUS G\RQ WRW R B\HELHXKW Q & R
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 dkémmgortant 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?

iXx.  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 modeliatityju-or example, we tried to
VHHN WKH DQVZHU WR TXHVWLRQ 3:KMNHGRDZAHD PO & DV R VEMIKQ
employment of CM for designing the system such as CMsuaesl to translate end-users

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

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

system.

ii. Since CMs are designed for subsequent stages of develbpanenvery often for
GHYHORSHUV VR WKDW WKH\ FDQ NQRZKBRERKXWSOMWWK B UWH/ QR
understandable then the developers might not interpremn 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 incltlted in our approach. This

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

Our approach encompasses methods and techniques to evaluatepeosvk 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 (GQiygproach proposed in [Basili et al.,
1994] and [Basili et al., 1984] can be regarded as pioneeesnfoy goal based evaluation
methodology. [Basili et al., 1988] developed an improvemeiginted software engineering
process model that employs the goal question metric paragigntegrate 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 area@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 ol{seth as product, process
and resource) for any reason such as with respect to qualitiffferent points of views

etc.

i 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 theavgaais.

iii. Quantitative level (Metric): a quantitative measuredgquired 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 softeragéeering 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 aofiw&re Technology) goals to be
XVHG DV WKH EDVLV IRU GDWD FRCEO HMW DRQ SURIJIUBPY HQ %W >
employed GQM approach but have used quality goal based awvalaaid 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 specificaboali.e. an evaluation method
adopted for a particular requirement or formally a pardicujoal. Moreover, our approach
encompasses different evaluation criteria at differem¢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 traditior@@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 imdld 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 structure 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 thelugon of this complexity goal

would differ for every type of conceptual models as most ofrniietrics 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 asddblyproposed 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, goaldtrareslated 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 - § depicts the adoption of GQM to our approach. It easelen that different goals are

formulated for evaluating different aspects of conceptuabdetso 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 relevalityjeriteria that is relevant to the
DEQDO\WWTV YLVLRQ RU DQ\ RWKHU Z\KRRIRQWPRXD WIS URBIF KJ RID
questions. These questions help in identifying the relevprality patterns with respect to

formulated goal. Our approach maps the quality goal on to gyaditterns 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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Matches Related to

. Improves
Arises P

Figure - 5. An iterative quality improvement based apppach

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 angcpbfor 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 asifispéion documents,

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

ii. Processes: Time constrained activities related to sodtwach as specifying, designing,

developing, testing, etc.

iii. Resources: Items used by processes in order to produce tiy@itosuch 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 corrsstard 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 softWakelopment methodology

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

GQM represents a systematic approach for setting need-{spgxibject 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 emvinonvia defect profiles in a
guantitative way, choosing methods and tools to evaluate dlualabehavior and refining the
project goals based on the evaluation results. Goals famedénto 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 quanigfiguestions 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(setoidy at a particular angle or set of
angles. The purpose of environment is to define the coofestudy 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 beeiyno

The scope of each of the above mentioned components for fornguéagioal are as followﬂ

Table - §), 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 tlielines proposed in [Basili 93].

I1H[W VWHS LQ RXU DSSURDFK LQYROYNWLRIQH WPRS O\RUP QG QWD K

goals for evaluation.

3.2.2 Questions:

Qudity goals are translated into questions. These questioglp 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 etimlo 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 quabliéfiguestions 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 goaladbdtto 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 presentefl at Table -

EI 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.
ii. 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

guality perspective of interest and suggestions for improvement

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

guidelines for the quality goal presented in the previoas@eabout model completeness:
i, Is completeness related to syntax?
. 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
JRDO LQ FRQWH[W ,Q WKH DERYH WHKWWH RVKIWXKHHHV WX RQW LRIQW KN E

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 hatgher level of abstraction as

compared to metrics. Quality patterns are describeldeimext section.

3.2.3 Quality Pattern:

As mentioned in Sectign 3.1.1, we performed a thorough retoegapitalize knowledge and

we formulated a set of 21 quality attributes. This prooddsmowledge 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 tlWing reasons:

i. There exist numerous metrics to measure diverse aspeciféeoéit 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 rmigbur errors.

i. Attributes serve as an abstraction and consolidatet aofsall metrics relevant to a
SDUWLFXODU DVSHFW RI FRQFHSWRWXUMROGHRRYOH)RW\H DV
will contain all the metrics relevant to the comptg»af every type of models due to their

structure.

The process for selecting the relevant quality attribuiigls respect to desired goal remains
trickier for a non-expert analyst/designer and thus requiresepth knowledge about eacli o
these attributes and what they propose. We found thet thea lack of methodologies putting
together the evaluation of conceptual models and their imprenenrough 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 wipierhaps a better solution

is proposed by some other proposal.

iii. It gets difficult for the readers to interpret the evalwatesults 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 doofafonceptual modeling quality
lacks a consolidated approach that capitalizes existingvlegge 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 existbée@. 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 addrgsigsign quality [Hsueha et al., 2008].
+RZHYHU GHVLJQ S DWmarbt@hy qGaRtRuuhpréppSeCah Edtakilished 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. Theepgboé quality patterns was first

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

[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@atuand improvement process for

conceptual models.

3.3 Example of approach:

We will use a simple example to demonstrate each ofdhe domponents of our approach,
For example, consider an analyst/designer interested in éwgluand improving his/her
FRQFHSWXDO PRGHO +H VKH GHIPQH\R KOG HRYORVR GXDRDKO"’
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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 thatpilmpose of the defined goal is to analyze
the CM for evaluation and the context of the goal is to tatigetproblems related to future
HIWHQVLRQ DQG HYROXWLRQ RI WKHZ&0 IURP WKH DQDO\VW¢YV S

Is ease of change related to
new requirements?

Purpose: To analyze the
Model for Evaluation

Is is ease of change related to
model maintainability?

Question

Perspective: Ease of Change

JURP $ODO\VW{V 3RL 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

+RZHYHU WKLV GHILQHG JRDO FRX/ORGSOUHEFBGVW RVEOHOMYB OH W R
requirement, we can employ the following questions to natfmwvscope 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 tlnalyst/designer in choosing the

respective quality patterns for evaluation.

In this example, we can see from fthe 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 jn Figure t 7. A Quality pattern usesiptelguality attributes for quality

evaluation. Each of the quality attributes can employ meltipetrics for quantification. These

metrics can be dependent on model type (ER-diagrams degram, etc.) or model element

(entities, classes, etc. )RU H[DPSOH 31 XPEHU RI FODVVG RHONW KHVFRDY \RH
(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
31XPEHU RI FODVV’'-®RHDNUDR IRRIX(EG EH 31XPEHU RI HQWLWLHV’
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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QualityAttribute Uses QualityPattern

Measures
0.*
Suggests
QualityMetric
Calculated on
Is applied on -
ModelElement Recommendation
A
Transformation DesignPattern TextualRecommendation

+Rglased Paﬁms

Figure - 7. Quality Pattern Meta-Model

3.5 Quality pattern

From the above quality pattern meta-moflel (Figur¢ - 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. Aaly attribute in turn employs multiple

metrics for quantification. All quality attributes are geneand thus remain valid for all model

types. However, the metrics are dependent on elemeldssés, entities, etc.) of different
conceptual models (Class diagram, ER-diagram, etc.JUJ FBI[DPSOH B36WUXFWXUDO &F
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€&R-diagram the metrics will be the

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

Based on the results of different metrics, numerous reamations 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&ly a recommendation can be

proposed by multiple metrics.

Quality patterns capitalize the experience and providestablished 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:

i. 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
QDPH GRHVQYfW FOHDUO\ LGHQWLIKWKHPRT™WX EAG LIWX Q BVWWIEU G

by the implementer.

ii. 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
TXDOLW\ SDWWHUQ FDQYfW EH DRSOLHE®WWVRHDQ® WKHH W3 M

situation or a class of situations.

iii. 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 definitioanigmportant part of quality
patterns as it educates the implementers about thes tgp problems and how such

problems can be solved.

iv. 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 atiteifsolution is well
defined then it can be deemed that this quality pattethbeiemployed frequently for

improving the quality.

V. Keywords: A list of keywords related to the pattern content. These agktgords 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.

Vi. 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

77|Page



Chapter 3Proposed Solution

evaluation process. Similarly, related patterns can alslp hthe implementers in
understanding the different problem dimensions and dytpexs of problems related to the

one they are targeting.

3.5.1 Quality Attributes

Quality attributes can be defined as the group of propediervable 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 w@has it is perceived by its user(s)
[Barbacci et al., 1995]. Similarly, [SEI, CMU] defined quglittributes to be the benchmarks that
GHVFULEH V\VWHPYV LQWHQGHG EHRDYZRIUFRLWK ZO WEKLBO®Y LT
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 atsbarte also refdd HG WR DV 3LOLW\ G
VXIIL] RI PDQ\ RI WKH TXDOLW\ DW WHMEKQWH. BE\DOFLKW D VPH®RIPIE D B
[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 #mgedo different domains and
DSSOLFDWLRQV 6LPLODUO\ WKHFNSWDRIWWHNEO) TKD)XOLWD\OBIW W
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 classifigd multiple attributes. Each attribute
has to be generic and should remain valid for all types of @btnakmodels. Thus attributes
related to some specific notation (UML, ER, etcFDQ W EH VH O Hds#drndh@ers havd HU HQ W
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 otlearcbsrs have used the same definition

and called this concept an attribute. Consider the fatigwable |(Table - [7) listing humerous

dimensions proposed by different researchers:
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Question: What are Quality Attributes?

Answer: Quality attributes are the group of properties observable
over the product lifecycle [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 is its behavior as it is
perceived by its user(s) [Barbacci et al.,, 1995]. Similarly,

[SEI, CMU] defined quality attributes to be the benchmarks that
GHVFULEH VA\VWHPYV LOQWHQGHG EHK ber emRitbnddnWikrL Q
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. it 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 consisagncy,

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 granuloityain
precision, naturalness, occurrence identifiability, homegly, semantic
consistency, structural consistency, robustness, flayib

[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 asulifty

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

79|Page




Chapter 3Proposed Solution

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 Tabl¢(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
GLPHQVLRQV DQG WKXV FDQTW EHRFYRQVLEKHWE ®IVPBQYWIR.EWX D

of classifying different criteria.

Similarly, 1SO-9126 standard classified the quality criteinto characteristics (such as
maintainability) and sub-characteristics (such as chailifga 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 equivalequatity 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 anttaginthemselves 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
KDYH LGHQWLILHG QLQH GLIIHUWQME XGMHL @R RVALRMHW IHRQH VX D O I/
exist numerous definitions for the same quality concept arehtithl names for some
semantically different metrics [Purao et al., 2003]. Sissliés 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 theiradiffdefinitions as metrics. For example, as
per our approach completeness is equivalent to a qualiipuaétrand thus we combine all the
GHILQLWLRQV RI FRPSOHWHQHVVEAWHK LQDPHELQYOMFRXPOHWH
formulated different metrics to cater the dissimilar requiats of the existing nine definitions.

Thus, completeness will have different meaning in difieentexts.
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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,
FULWHULD HWF +RZHYHU DO WWKMHWK E DKQ 1OM YEHHO GR.W LHVF WD DT X\VID |

such as specification) are accommodated as goals.

As mentioned in Sectign 3.1.1, we performed a review anduiated a set of 21 quality

attributes from a thorough literature review and identiftoa 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 tl—ie Chaptef 7

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® (tletails about all the selected

attributes can be consulted from Appendix-A

8l|Page



Chapter 3Proposed Solution

Name Completeness

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

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

Name Structural complexity

Description| This attribute represents the model complexity due toetistence of differen’
relational elements within the model. These elemeats 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 artifablgtrics are the measures or evaluation
processes that assign comparable numeric or symbolic viduetities 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 oremsent 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 measurenanasy 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 qualitiyudétr 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 prisg®rcharacteristics, etc. of models so

that these aspects can be controlled to improve theityju8lome of these metrics can be

calculated autom&#/ LFDOO\ ZKHUHDV VRPH FDQWW ,QXWHKHRXLVWMHRW WLR

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

etc| Table - 8 lists some of the existing automatate¢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]
[Genero et al., 2001c]
[Genero et al., 2000b]
[Manso et al., 2003]

class diagram

Number of Associations, Number of Aggregatio
Maximum Depth Inheritance Tree(Max DIT), etc.

[Marchesi 98]

Complexity
metrics for use
case diagram

Number of use cases, Number of communicati
amag use cases and actors, Non-redundant nu
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:

measures of

their

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 in conceptual models are t
properties,
characteristics or other important aspects. It is 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.

he

features, behaviors,

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 differenttguetributes. 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.

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. %DVLF OHWULF W LV DQ DWRWPUF IPHW ULHFWLWI HF BV KEDW LG R
RWKHU PHWULFV IRU PHDVXUHPHQW XDPPPW H[B@XSROEHH UWRH FRoH

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 &asomement is a complex
PHWULF )RU H[DPSOH WKH PHWUIRGWAR HOWWFEXQWWH L@ X
diagram is a complex metric as it is dependent on attetrics such as number of classes,

number of associations, number of association classespetneasurement.
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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
H[DPSOH D PHWULF WR FDOFXODMWH D @XOMENUGR-Bu@hEEbIEY PV Y RQ
PHWULF VLQFH ZH FDQYW FDQWNXDODRWRPWWHFOO®HN DEVWHKILH EW |
availabOH LQ WKH H[SRUWHG PRGHO ILOHHUKIRUHIDDVRFHWULFYXNEK
DV VR F L, 2/ tdd @e/calculated automatically and are thus auableanetrics.

We have performed a thorough literature review and clasgtiedifferent 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 calcasatthe ratio between the total

numbers of defined multiplicities within a model to tlo¢at 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:

Degree of Defined Multiplici ties _ X
2* Y z
Range:

Degree of Defined Multiplicities=1, if both ends of the
association links, compositions links 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 tdeinThis metric calculates the

ratio between the number of named associations and the$stadiations.
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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 Associato nhs ———
X Y Z
Range:
Degree of Named Associations = 1, if all the association
links, compositions links and aggregation links are
defined except those association links that have
association classes.
Degree of Named Associations = 0, if no associations are
named in the model.

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

modeling elements contained in the conceptual schema aneghieements 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, if all the employed
labels are common language terms instead of technical
terms.

iv. Overall model reuse. This metric is adopted from [Baxilal., 1990]. It calculates the
aggregated reuse of the whole model by summing the reusergfiegividual concept in

the model. This metric uses the following formula folcatation:
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Let:
X = Any concept present in the model,;
5HXVH ; &RXQW RI DOO WKH DQFHVWRUV RI W
DQRG WKH FRQFHSWV LQKHULWHG E\ FRQFHSW 3
| = Number of all the distinct concepts in the model
Then:
Reuse (Model) : Reuse (X)
|
Range:
2YHUDOO ORGHO G5HXVH ' LI DOO ptgKhdveF R
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 ext&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 iamgatian precise models [SPEM-OMG,
2008]. SPEM 2.0 combines a guidance mechanism with a mrastescture. Its architecture
allows associating guidance elements with process tateielements. [SPEM-OMG, 2008]
provides semantics for the following guidance kinds: Chsk{Concept, Estimate, Example,
Guideline, Practice, Report, Reusable Asset, Roadmappdting Material, Template, Term
Definition, etc} Figure - 10 provides the guidance magelcified in [SPEM-OMG, 2008].
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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 recommensldtiomuality improvement. As
quality patterns encapsulated boi HVHDUFKHUfY DQG SUDFWLWLWRROHWUTV TX

provide good solutions to recurring problems.

The recommendations for improvements are dependent on medticss. Thus upon metrics
calculation, relevant recommendations are proposed fwowe 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 ariregyroblem)

3.5.3.1 Textual Recommendations

Quality patterns can propose recommendations in the fortaxtifial descriptions for quality

improvement. Textual recommendations are proposed inisitisaguch as:

i. When the domain of the REOHP FDQTW EH IRUPDOL]HG
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. KHQ WKH LPSURYHPHQW DFWLRQV-vide @anaforihationRanEDOL]HG

require detailed information about the problem and its reisolut

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

resolution:

Problem: Missing Requirements

i. ,GHQWLI\ DOO WKH UHTXLUHPH®@WM WKW BEXWWH GRE@ PW

ii. ldentify the existing concepts that can accommodate tilssimg 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 mespént within the existing concept

iii. ,1 HILVWLQJ FRQFHSWV GRQIW H[LWM) WHK B WX EDIDP HQEF

new concept(s) to incorporate the missing requiremertds. ekample, if Employee clas

GRHVQYW H[LVW WKHQ DGG WKLV FWRMV\Q CRUE MWK HRYQD

iv. Verify that the model contains all the requirements @igst implementation modificatio
will be difficult and expensive.

The following recommendation is applicable only to a cléisgram and can be modified for

ER diagram.

Problem: Missing Multiplicities

Following steps can be performed:
i. Identify proper multiplicities for both ends of the normalazsations.
ii. ldentify proper multiplicities for composition and aggregatietationships.
iii. If a manyto-many relationship exists between two classes/entitiesfy that an associatin
class or entity exists for its resolution.
iv. Multiplicities must not exist for generalizations.

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

model).
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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 supportednderts as references. These
supported documents can help the analyst/designer in untirggahe recommendations easily.
Supported documents can be of the following types: chetckjuidelines, examples, publicatigns
etc. Publications can be either a white paper or a réseaticle 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
DXWRPDWLFDOO\ RQ WKH PRGHO YEDQOW R3IWH DR FRRPFRE®@ HZ[K MOt
information about the model elements. For example, afibamation to divide a model into small
modules can be performed semi-automatically (requiring s1pwm analyst/designer) whereas
WKH WUDQVIRUPDWLRQ WR UHDB XD WK 6 LD XUHD F UFI\QIWVD EVH ZD XK

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 transfiiwmarecommended through our

approach:

90|Page



Chapter 3Proposed Solution

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

In order to reduce the structural and relational complexithin 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 selectntloglel
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 compfeacts 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 onmtaging all the mandator
attributes/functions and the other containing all the opliatiributes/functions.

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 presentdlgreeen generic scheme for its solution

to have a certain level of confidence on the reliability efd¢blution [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, Purdrk€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 improverdasign 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-expertyata@esigner 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 ofstheace class. As in-cohesi
classes are inefficient, large and complex. Thus perfberdllowing tasks:
a. Assign class the responsibilities related to other respiitisis of the class.
b. )LQG LI WKH FODVV FRQWDLQV ®&& YWKREGV WAK/3W
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 bgsclgpe. If yes, then thes
responsibilities should be assigned polymorphically to tleeigfization classes. F¢
example, different shapes can use overrided polymorphic (prfanvction 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 thbegbekign 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 Qua  lity 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 memory.
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 problefrthe 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 rbgtween 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 aggimyat¢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 canffieudi to read)
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3.5.4.1 Details about Textual Recommendations/Transform  ation/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 informatitmst

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

factorized.

iv. For example: In the following model, there are four clasepsesenting different
types of doctors (Practitioner, IndependentConsultant, Resera and
PractitionerResearcher). Since there is no generalizatiherefore there are
multiple redundant associations (three redundant adsmtiglasses named as
S3UHVFULSWLRQ™ WKUHH UHGXQGDQW VD VD/RE L\ VR RJGIG X
DVVRFLDWLRQV QDPHG DV 3$WWD BPKHIRQ EHWR AHWHWR AX FC
these four types of doctors then the redundant associatonsecremoved.

Hospital IndependantConsultant
N B Works 0.* DoctorName
AZE::SS “— Address
Speciality
¢ o
hasl lab has’service
0. 1.x Practitioner
Laboratory Senvice Attached DoctorName -
LabName SeniceName Address Prescription
1 1.x Speciality | I —|PrescriptionDate
1
¢
Research Research Attached
— | PrescriptionDate
1.* 1.* L
Researcher PractitionerResearcher Patien.t. .\
23;:2;’;‘3”‘9 iggtrg;l\slame Pres?riplion PatientName \\\ Petails
Speciality Speciality 0.* ‘ 1..*|Address
| \
\ Details\
PrescriptionDate \
- | \
T Details 1\ |1
D \\\\\\\]:* PrescriptionDetalil
g Prescribe Frequency
DrugName .
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 redhtppmith 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

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 arttengesulting 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 nmtidoalities
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 sdase to increase cohesion.
e. Divide a class if it contains numerous attributes and mettas

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

steps:

a. ldentify 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 theas®ems.

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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ii. Verify that a class contains all the related respuilitsés. For example, if a sale
contains multiple items then the total of the sale ghdi# 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

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

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

This class should be responsible 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 classeslynforphism Pattern

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

iii.  Within each hierarchy, identify if a parent class impéerts 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 polymorptagv@ function to
draw their shape by themselves instead of one complex gduaedton to draw all

types of shapes.
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Draw() function implementec
by the parent and thus will b

complex.

By polymorphism each shag
implements its own Draw(
function and  thus  the

implementation is simple

3.6 Conclusion

In this chapter, we presented our proposed solution to evalodtérgprove the conceptual
models. We define the employed theoretical, practical epistemological 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 qualinybates, metrics and recommendations.

Lastly we include a complete quality pattern along withhee 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 aticaluand improvement of
conceptual models. The presented concepts could be seeeasfanethodological 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 tea gituation

Indeed, as the concept of quality is considered as a namidaal goal, the existing
development processes and methods do not explicitly conideuality during the early stages.
However, it is widely agreed that mastering quality during ¢larly 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 OQOJrnilea 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 developmereps. 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 theygoélthe 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 appsaustrated by Figure 13
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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.

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

iii. A knowledge base containing predefined quality concepts aidekplanations (detailed

in|Chapter §).

iv.  And the trace of previous quality guided IS developmentanagput for quality vision
adjustment and/or correction. Indeed, we believe that teevaidation of the concepts

and of the whole approach requires its application on segasal 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 Sectipn-4.3 of this chapter.
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4.2 Constructing a Quality vision

As mentioned in Chapter| 3, our quality vision encompasseabtygjwoncepts 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 metrizguide the quality experts. These processes
are formulated with intent to formalize the identifioat of these quality concepts. The

subsequent sub-sections describe processes to idéifiifyent 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 improvemenbréeptual 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.

Figure - 14. Process to ldentify New Quality Patterns

Despite the difficulties in identifying new quality patier we intend to help the quality

experts by proposing the following process (depictg¢d as F'rg].rtra
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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 conitpleexists 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
VROXWLRQ FDQYW EH SURSRVHG WRMWQaDHTaDMOdaweékn SD W W H |

must propose a solution.

iii. After the above two initial checks, the detailed proble¢atesnent 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 structwalpdexity 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 thegestilvo 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 approaashdst as a single concept

incorporating the existing classification terminologiesctsuas dimensions, attributes,
characteristics, sub-characteristics, criteria, prge etc. Different aspects of conceptual
modeling quality are identified and classified into atttdsu Each attribute has to be generic and
should remain valid for all types of conceptual models. Thtisibutes related to some specific
notation (UML, ER, etc. FDQfW EH VHeénHeyaldBers' hdveH 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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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 (depictefl as Figurg:- 15

The concept (or candidate criterion) should be verifiedif & metric or not. A metric is

a measure of a particular property or characteristich®fGM. Thus, if the candidate
FRQFHSW LV D PHDVXUHPHQW FUIM W HHWQLR W Q ARWP X0 D W
attribute as quality attribd LV D KLJKHU OHYHO FRQFHSW )RU HI[DPSES
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-
GLDJUDP )RU H[DPSOH GDWD FRPH9UHMWHRBONWA DWW UBLHE X
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 simla RU VHPDQWLF HTXLYDOHQW FRQFHS
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attribute. This check is important in ensuring that diffierattributes 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 wicsme

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 domaimitttai 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 tloacepts into one quality
attribute as Correctness. Thus, the domain/definition afétness attribute should incorporate
the above mentioned three types of correctness. Moreover, momdisg metrics should be

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

In our approach, quality attributes are associated to a seeicsmfor 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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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 (depictedl as Figﬁ:—

Domain or definition of the quality attribute must be idiéed clearly. For example, in
the case of three types of correctness, the domainitiefinof correctness should

encompass the requirements of all the three types.

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

guality attributes, concerned model elements can be fazhfor measurement.

Once the model elements are identified, correspondiafgics can be formulated within
the domain/definition of the quality attribute. For exdenpn case of Complexity quality
attribute, following metrics were proposed by researcfarglass 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 apfdicably to class diagram whereas
Complexity quality attribute is valid for all types of concegdtnodels. Thus, metrics
should be formulated for model elements of other model typels as ER-diagram. For
example the metrics related to the structural complexitRfdiagrams 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 canlleel dpmny level of development

cycle. However, their adoption requires expertise and thus bwi managed by quality experts.
This customization results in the selection of suitahlality 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
o

Method Engineer A Development process

and/or
jGuides

®
L

IS Analyst

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 isriene
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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 techmigaealuate 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 sliglodification 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 falifig 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 Figurel8

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 hbk user in formulating
their goals with a least amount of efforts in a structurexy.wW-or example, a user is
interested in evaluating a conceptual model with respetietedase with which it could be

changed. Thus, the quality goal in this case is modifighiith 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.

vii.

Target conceptual model is evaluated employing thetslequality patterns and quality

attributes.

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

guality goal.

These recommendations can propose to use an existing domaiogy for rectifying

particular set of problems. For example in order to reduceetnmmmplexity, 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@aderonstrated in the

next chapter (Sectign-5.6.2.4)

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

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

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 charatism, 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 adtieed 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 formulapoocess will reduce the vagueness

in goal statements written in natural language by the users.

Goal Structure Glossary Goal taxonomies

N

IS Analyst Formulate a Quality Goal

Refine a Quality Goal
Quality expert

Vocabulary Terms
Refined Quality Goal

Figure-19 3'HILQH D 4XDOLW\ *RDO” :RUN GHILQLWLRQ

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., anallg@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 forrmléhis goal); e.g., better
understanding, better change consideration. For exampleuldy 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 thpemige of the above mentioned

goal is to focus on the modifiability of conceptual model.

Viewpoint: 3HUVSHFWLYH RI WKH JRDO ZKRTV DQIDHIHIRLQW
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
SHUVSHFWLYHV RU FDQ IRFXV RQ PKDOAIOSHOB DXBBOBEWY JRID
analyze conce DO PRGHO IRU HYDOXDWLQJ FRUUHPWR®IMV\" FRI
represents three different perspectives or may be decothpofieree different sub-goals.

Our approach encompasses such complex goals and users hawsghlity 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. TleeyoHected from literature and are

organized in a way to help expression of quality goals witlgiven context.
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g Object % Focus

fclass analysis model, fcorrectness,
fise case requirements tdefect,
model, fchange,

T« teffectiveness

T«

% Purpose i‘i Viewpoint

funderstanding, Fproject manager,
freducing, fprogrammer,
timproving, fanalyst,

T« fcustomer

T«

Figure - 20. An Extract from the Glossary

DuULQJ WKH JRDO H[SUHVVLRQ WKHHURVVOIUW FRQHN WRW PLW X

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 andléigt goals allowing matching with
quality patterns, attributes and/or metrics. The refinempendess is usually complex and needs to
EH KHOSHG 7KLV JXLGDQFH LV SURYIMGH[E QRURRU WEHURRFKRH
initial goal. The answer to this question could be ssdiby assets of quality goal taxonomies
constructed from several sources: quality standardsijtyjadlributes and factors definition, etc.

For example, for evaluating the functionality of concepmablels we have built the following

taxonomy:

Functionality

Relevancy to

Requirements Practicability ||Expressiveness Reusability Reliability

Completeness

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 requirtsmeh evaluates the
quality by comparing the conformance between conceptstdebin the conceptual model and
the ones expressed by the users through the requiremarttsefmore, this attribute can be used
to compare completeness among several schemas modhéngatme 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 thedmaloemploys 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 reducehaeces of errors [Bolloju 04] and
will help in speeding up the process of modeling. Someestugliggest that reusability is feasible
only if planned at the design stage because of loss of gemdvilifiz at subsequent stages
>7KLDJDUDMDQ HW DO @ S5HYXRIEHO® MW QEW LWSRQWDQMH V Q
functional reliability since the reused component/modhas been tested multiple times; therefore

errors and deficiencies would have been rectified dutsgaturity cycle.

Relevancy to requirementst KLV DWWULEXWH LV GLIIHUHQZWD\I WARKPD W& R WS OV
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 lieadistl can be materialized. For example,

there can be some models that require unprocurablestmaltéd 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 relialslemponents, designing integrity

constraints to ensure data integrity, facilitating éstability, etc.

Expressivenesdhis attribute evaluates the expressiveness of a modabdel is expressive if it
UHSUHVHQWYVY XVHUVY UHTXLUHPHQWWWDQ GD B O MW XALDAK RODW
explanation. This attribute evaluates whether the emplayedtepts are expressive enough to
capture the main aspects of the reality. E.g. an inhesdtdimk is more expressive than an
association. So the more expressive concepts are used, teethmmaschema will be expressive.
Furthermore, this attribute evaluates the expressivengssalidating whether the existing
notations are used to increase the expressiveness or nax&muple, 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 touketg in narrowing the
scope of their goals yet specifying its domain and incrgabia 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 theyrgerested 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 ttaetor 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 goab 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 gbak 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 qualitjtedcia with respect to the

formulated goal. This process is illustratefl in Figu24,
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Figure - 21. Mapping Goals to Relevant Evaluation Criteria(through Questions)

Questions are used to refine the quality goal. We emitleyperspective or focus from the

formulated quality goal to generate questions. We have pedpasstructured way to formulate

quality goals (refer to Sectipn-4.3.1.1) and perspectives or fiwons 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 pattanastheir related quality patterns.

ii. When relevant quality attributes (with respect to perspedr focus of the goal) exist but
UHOHYDQW TXDOLW\ SDWWHUQV FRXWUGROQW BHJ LTGHDW WML H
employing these quality attributes.
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iii.  When neither relevant quality patterns nor quality attribwgrist. 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 patferrformulating questions.

4.3.1.2 ldentifying 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 wayq (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 andl¢héfied quality patterns,
generate questions about every identified quality pattednall quality patterns that are

related to them (quality patterns are related to each)cdhnerquery the user.
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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 tkiesnb-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.

. ,GHQWLI\ WKH UHOHYDQW TXDOUWW\ 8B WSRHU/AEHVWR W K HMIN/ ISR

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 attributadgd). 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.

i 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 employtiphe1 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 IBasic/complex or

automatable/non-automatable metrics.
iii. Employ the metrics formulae to evaluate desired aspécjgadity.
iv. Identify all the relevant recommendations based on nieasent results.
V. Present the computed metrics results

vi.  Propose recommendations
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Figure - 23. Quality Evaluation Process

4.3.1.5 Improve Quality

Quality evaluation is only a step to improve quality asortly identifies the problems.
+RZHYHU LWV LPSRUWDQW WR IHHGVWKHGVBORWQRBRVWRVVRBG

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.
$V TXDOLW\ SDWWHUQV HQFDSVXQADWMRQHRMWNK UKD & DW F KSHUIDIPW C
provide solutions to recurring problems. Once the metrme calculated, relevant
recommendations are proposed for further improvements throughidadgprocess. These

recommendations could be any of the following three types:
I. Textual recommendations
. Transformations
iii. Design patterns.

Once the relevant recommendations are identified, thewfimg process can be employed to

improve the quality:
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i.  Follow the guidelines or description provided with all th&tial 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
HOHPHQWYV WKDW FDQ EH LPSURY)RGE@ H\ DFESO®HNLRIJ*BWIKRBN &I
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 thenemendations effectively. For

example irf 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 sctha 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 includée 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 tatevald 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 proceasase 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 thatiersedoped for a huge organization
in Pakistan. This model is only an extract of the original eh@th human resource module of that
ERP system. The original class diagram (or model) is appaigiy 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 studkevdn we modified the original class
diagram and selected only those concepts that are commmamgadifferent 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 resultinmpmenendations 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
DURXQG DQ RUJDQL]DWLRQDO HPSORAKIHY URFRRBUYHOHIGY VWRH \DI\J G B Kk

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 SHUVRQQHOYV 6SRiKdMHaid @G FKLOGUH

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 authdeaeeks.
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

&RQVLGHU WKH IROORZLQJ XVHU JRD G RGH Q DLW X WD OVOBRRIXDE
HDV\ WR XQGHUVWDQG™ ,Q RUGHU WD EHWN KZUOXOQ & DWYW DRQGEP V
structured goal employing the template proposed by [B@3]land described in Sectipn-4.3.11.1

The above mentioned goal is decomposed into fields such agssgynperspectives, etc. as shown

below:

to analyze Conceptual model
Purpose s

for Evaluation

with respect to Completeness &

. Understandability

Perspective :

from the point of Analyst

view of

The point of YLHZ FDQYW EH SUHGLFWHG IURP WX®M ORQOXD $H FLH
VXSSRVHG WKDW WKH JRDO ZDV IRUFDOMHWWELE\ LWKRIU BQ V@ RAQ
LQIOXHQFH WKH HYDOXDWLRQ BHRBMNVS RZ\KH URID 'V DAEE M IDGI K DWH IC
JRDO VD\V *FKHFN P\ PRGHO  PHDMH® 1 @ KN IDAXCOONY RQLR QQW H U

As demonstrated in Chaptef 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 andrimvement.
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Figure -24. Model to be evaluated

125|Page

PayComponentRule
ComponentRulelD
MinSalaryRequired
Max SalaryRequired
Ratio
IsFix :Boolean
FixAmount
IsDeductible :
PayComponents Add()

ComponentD Modify ()

ComponentName

ComponentDesc

IsTaxable :Boolean

Add()

Modify ()

Delete()

PayIncrement r”ﬁ‘\’% Advance
IncrementD ayscale
IncrementDesc PayscaleNam Sda\gncem
IncrementDate @ Amount
Add() Add()
Modify () Modify () ﬁ‘l‘é(.?yo
Delete() Delete()

PersonnelMonthPayDetails
PersonnelMonthPayDescl
D

AmountCredit
AmountDebit

Add()
Modify ()

PersonnelMonthly Pay

PersonnelMonthPay |
D

PayMonth
Pay Year
TotalCredit
TowalDebit

PayScaleStruct

Tomloverime

Add()
Modify ()

StructiD
EffectiveDate
MinimumWage
Annualincremen
t

Maximumwage

Add()
Modify ()

PersonnelPay Fix
PayFixID
PayFixDate
CurrentBasicPa
WorkShift
o Shifip PaysEep
Works in shift i f
Di ti
- escription Add()
——{add() Modify ()
Modify ()
Delete()
Works overtime Overtime
OvertimelD
FromDate
ToDate WorkshlftPollcy
ShiftPolicy ID
Add() Description
Modify () EffectiveDate
Delete() StartTime
Arrears ) EndTime
ArrearsiD Overtime a| OvertimeStart
0.1Date [OvertmeSanctonD | OvertimeEnd
AmONDY LetterNumber
AmountCr LetterDate :/Idlil(izy()
o
Add() REMAKS Delete()
Modify ()
Delete() T
Delete()
Has license = =
| LicensingBody |
[ |/ | Licensin Bod
Name

Management

—
L 1
_Ad ministrative

N |
1
SupportAndServices
—
1]

PersonnelPayincrement
PerincriD
IncrDate
IncrAmoun

T

Add()
Modify ()







Chapter 5:Case-Study: Goal-Based Evaluation/ Improvement

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 diffigest?

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 syntactigpleteness 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 wdlest all the quality patterns that

use these quality attributes for evaluation.
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The details about searching process are discussed imrgdc3.1.2. 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 respectth@ 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
WKDW GRHVQYW SURYLGH DOO WKH IXQFWLR
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 is
relevant for the current problems of the model (metrics b
and c 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.

128|Page



Chapter 5:Case-Study: Goal-Based Evaluation/ Improvement

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 metricEfRrdiagrams or other conceptual models

but are not listed in Figure - 5. The first level cordaime name of the pattern, the second level

contains the quality attributes employed by the qualititgon, the third level contains the metrics
for quantification and the last level contains the recomda&ons (in the form of textual

recommendations, transformations and design patterns).

Model
Completeness

Completeness

Quality Pattern

Quality Attribute

Requirements

Degree of defined

Degree of named

Metrics — — — — — — — - Coverage Degree multiplicities associations
l"
T )
. Incorporate missing Define missing o
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 Sectioln-3.5.4

However, the structure of the complexity quality pattern careba fom Figure - 26.
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Quality Patern @ ———— — — — — — — — — — —

Model
Complexity
1

. . Structural - Semantic
Quality Attributes — — — — — — - Complexity Complexity
T

Metrics

Recommendations— —

[ 1 I ]

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 classes classes

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 maodeipleteness with respect to
both syntactic and semantic completeness. Syntactic letemess relates to the notation
used (e.g. verifying that multiplicities are defined fmssociations in a class diagram).
Semantic completeness is related to the coverage of reggirements. It could be

verified by checking the conformance between concepts @epictthe conceptual model
and the ones expressed by the users through the requiremnenten 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 thedetl@omplexity due to the existence
of different relational elements within the model. ThesEments can include
associations, aggregations, generalizations, dependengasitions, 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
DSSURDFK ZH SURSRVH WR UHODWHY DWHRDMO\WRF SFA/RXEMHHT
represented within the same model. Intuitively, a model sgmting both stock control
DQG FOLHQWVY DisrFiR 2o leX td nderst&nD s 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 we tarevaluate 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]: Thisiarie based on the notion of
completeness of user requirements. It has been widepéad 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:
Requiremen ts Coverage Degree —
Range:

Requirements Coverage Degree = 1, if all the
requirements expressed by user are covered in the
conceptual model.

Requirements Coverage Degree = 0, if 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 Sectipn-3.p.2.

iii. Degree of named associations: If proper naming is assignedety eelationship or
association then it enhances the understandability of dteThis metric calculates the
ratio between the number of named associations and theassiatiations. This metric is
described in Sectign-3.9.2.

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 inbdel.

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:

Then:

Range:

Xi belongs to class, association, inheritance link,
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;

: NB(Xi) NBR(Xi)

! NB(Xi)

Degree of Non- 5HGXQGDQF\ LI WKH PRGHO
contain any redundant concept.

Degree of Non-Redundancy = 0, if the model contains all
the concepts that are redundant.

Vi.

Vii.

Number of Associations: Total number of associations in aefnod

Number of Aggregations: It calculates the number of aggregatiationships within a

class diagram.

Number of Compositions: It calculates the number of compositélationships within a

class diagram.

Number of Generalizations: It calculates the total nundiegeneralization relationships

in a model.

Maximum Depth Inheritance Tree: It calculates the l@hgath 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#iogy 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 vocabulafieBut creatingD Q R Q W R @He d&ntral otV
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 diéfer clusters from the original model

Figure - 24) Similarly, there are numerous research articles propodifferent 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 icetemploy the computation

formulae as defined above. However, in order to calculagerdguirement coverage degree

metric, we have employed the requirements mentioned in Wgpd 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
SilllElEietulE Uy 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 reménds 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 typeseashdhe model classifies the

leaves into four types only.

Similarly, only 18% multiplicities are defined and onlp% 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 Improvemen t

As demonstrated in tHe Chaptef 3, quality patterns propesemmendations for quality

improvement. These recommendations are the essence ofoporspd 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 res
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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 pIace(Ii as FigLRél and Figure 28 The details about how

these recommendations are applied to the model aw@ided 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@smmendations are dependent on metrics,
thus some of the recommendations are applicable enllass diagrams. However it must be
noted that these are not the only recommendations profnsthe 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 theriporation 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&umieheriting from the

Software class to further classify software personnelting¢ four sub-types.

ii. Similarly, we added three more classes (network, 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 tygfeeaves (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 trelationship. Multiplicities are
important to understand the semantics behind the resdtipnof 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 assotoms.

5.6.1.3 Define missing associations labels

Proper and expressive association names enhance the undabgfsy 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@atgns are named. For example,
the association betwedPersonnelclass andlransferclass is not named thus the reader of the
PRGHO PLJKW QRW XQGHUVWDQG WKRH &HVRUUSHIHWQ®REt RI WKL\

Personnelcan transfer or what is transferred? We identified tlopgmr name for this association

in the transformed modgl (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 followinggammendations 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
ZLWK DQ H[FHSWLRQ RI 3LYLGH WKHDBREH @SB 8ERBPWMR GRINKLHRX
well. As mentioned above, the listed recommendatiores reot the only recommendations
proposed by the complexity quality pattern. These are ttmmexendations 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 ass  ociations)

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 theeastion having same name. For example, in
the caseVW XG\ PRGHO ZH FDQ VHH WKDW W 2 PN VRB VD/WERQV HK DD/}
can also notice that this set of associations caretdeced to one single association if we move
this association to the parentclas®Q WKLY FDVH ZH FDQ VHH WKDWFBPRWYX FKL
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
EH HOLPLQDWHG :H SHUIRUPHG WKMBMVVBFHDRSHUWD DR A GZENDK/ B

as it was also redundant.

5.6.2.2 High Cohesion GRASP design pattern (to increase cohesion)

As demonstrated ip Chaptenl 3, quality patterns propose tiymes of recommendations

including the recommendations to employ proposed desigrrpattfor improving the model

quality. However, employing design patterns for model impra@mnis 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, veeaddhe complete case-study model and

IRXQG WKDW 33HUVRQQHO  FODVNOBRYWXRMO G B KW KRGV HVISRY
DV LW FRQWDLQV 2&DOFXODWH3IBDWRPRGRYFHWRWLHPGZ Y BHQ & LIRHD (
WKDW VKRXOG EH LPSOHPHQWHG L@ ®2NUBVURVQLGHO FBEONVVULDI'W

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
WKDW 3/HDYH"™ FODVV LPSOHPHQWV 8B CHWHR® KR Y1KIBEDAMWB D<M
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every new fiscal year. However, some leaves can be cumdu(ahnually) whereas some cannot

ODSVH RQ \HDUHQG VXFK DV FDVXIIXX\ HD YZA+HV LFPCS@HAP HE @ WF X\VAL
ZLWKLQ WKH VXSHU FODVV 3/HDYHSWKHWY R IZWE&QVL @ R WHKRGHEW
multiple checking criteria for each type of leaves. Howevevould be much feasible in this case
WR XVH *5%$63YV SRO\PRUSKLVP SDWWHWRD FBRYV BQ® SHP\EHEG PAHKQUR

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, Appointrentare 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 cladéest 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 Rathmodule and thus the dependency of

Pay module on Personnel module would increase.

The two newly formulated modules are depicted as Figureaanfa‘?Figure - 2B. All the metrics

are recalculated for both the modules and the new valuebstad a$ Table - 10. However, it

must be noted here that if we could find a more compréhemsitology 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 niend 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 aisneith respect to some
similarity or relationship. For example, classify the ederts with respect to common
functionality or interdependency. The elements with cammset of goals or
functionalities should be grouped together as a module. Suohséd 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 complearts of the model and to

divide them into multiple modules to reduce the comipyex

5.6.2.5 Evaluate all cycles to remove redundant concep ts

In conceptual modeling, existence of cycles signifies thftrination is duplicated. In class
GLDJUDPVY VRPHWLPHYV F\FOHV D WH PHYH Y WY U glaedreriV&ddU BBV LV
whenever there are cycles in the class diagram they sheulévisited to check weather some
redundant information exists and if yes then it can be elimthdor example, in our case-study
PRGHO ZH FDQ LGHQWLI\ D F\FOH BEH/GZ MH% QDPHW VRQMWHOCH V 3% RE
can notice that all branches are associated to banksjfta personnel is attached to a branch then
ZH FDQ LGHQWLI\ WKH EDQN RI WBEWWRBUBIQW K HMIQU RAXD R NV KOHQ B
classes and thus weRIQ TW UHTXLUH WKH DVVRFLDWLRAQDBDNW EDBY WHK/HD(
so we deleted this association. Similarly we also ddletke association between the
33BHUVRQQHOB6SRXVH" FODVV DQG 33HUVRQQHO&KLOGUHQ  FODV\
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Figure - 27. Post Transformation Resulting Module for Pesonnel
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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 pladed 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 degreeHWULF zZDV 3 T LQ W

RULJLQDO PRGHO ZKHUHDV LW LV V PHOQW®H WHDW VDROWP MK |
requirements are covered in the transformed models. Sliyikdegree of defined multiplicities
and degree of named associatiomsetrics are § XDO WR 3~ DV ZHOO VLJQLI\LQJ

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 attribusegh 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 &mardware 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. ghlalthe metrics were calculated;
recommendations were generated and applied to the originall.niguee resulting transformed
models were re-evaluated to check if the proposed recommerslattrally 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 iviingptioe original model.

,Q WKH QH[W FKDSWHU ZH SUHVH4XIRXIWW VR WKZDN H PSSUCRHP R
proposed solution and processes. We discuss the arohét@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 relatddetvalidation of the approach as we

made the prototype available to students, researchergracitioners to collect their feedbacks.

CM-Quality integrates an independent software tool, QuKlergulec 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 solutiomM-Quality is able to accept

conceptual models designed using any modeling tool sudRatienal Rose, Objecteering, etc.
+RZHYHU WKHVH PRGHOV PXVW EH H[SRIRWIPGWQQ#E;RIs20*TV ;0,
capable of accepting models in XMI version 1.x and 2.0 fosmniats important to mention here

that XMI contains all the model elements and their dasoo information. However, XMl
GRHVQTW FRQWDLQ LQIRUPDWLRQ RHBHRMW UWDKHK LIADDXS ISIRRVOLOV REEQ/

This leads to two issues:

i. ‘H FDQTW HYDOXDWH PRGHO EDVHGSR® DK DI® il & UR B MOHF V
FDQTW F D Oundliz Dol lkhe Wrissbingsnetrics 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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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. CMXDOLW\TV NQRZOHGJHEDVH XVHV PXOW

collectively act as database repository.

CM-Quality applies the selected quality concepts stored eénktiowledgebase 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 & Analysty. 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.

Quiality Exper \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 ate® and metrics. This requires that

both quality attributes and metrics already exist.

To define or delete associations between metrics ananmeemdations. This requires that

both metrics and recommendations are already defined.

CM-Quiality

>

Add/Remove/Modify Quality Attributes

e

/’Add/Remove/Modify Metrics
/Associate/Disassociate Quality Attributes
with Metrics

\ Add/Remove/Modify Recommendations

Associate/Disassociate Metrics with Recommendations|

Add/Remove/Modlfy Quality Patterns

Associate/Disassociate Quallty Patterns with Atttésu

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 evalyiaddity. 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 modklnespect 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 fprarement.
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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.

7KH TXDOLW\ H[SHUW FDQ DOVR HYDNOKDWH WKHLRRGROW EQR

quality concepts due to their lack of knowledge. The two memluhccess a common

knowledgebade Figure - P9.

6.2.1 The quality definition module
The quality definition modulén CM-4 XDOLW\ LV UHVSRQVLEOHNHMRHMWSGRAILQLQ.

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.p to guide the quality expert in defining rgpality patterns. The quality pattern
identification is a IILFXOW DQG WLPH FRQVXPLQJ WDWRRO®RGRMNQ W
incorporate the identification of quality patterns but metaeir definition to CM-Quality. The

quality experts are provided with editors helping the pattdefsition according to the pattern

definition structure defined jn Chaptef 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 qualiiybutes are generic for all types of
conceptual models whereas most of the metrics are depemash 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.
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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 g. 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 (qygbiatterns 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 diageac),
iii. The selection of the target model in XMI standard.

iv.. -TheYDOLGDWLRQ RI WKH VHOHFWHG MSHEDHFDOWKRQNVSHFW

6.2.2.2 Goal Definition Tool

The goal definition toolenables the IS analysts to formulate their quality goah véast

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. ,GHQWLILFDWLRQ RI JRDO®WYqERPBEB.LQ WKURXJK JHQHUD
ii. Identification of relevant quality criteria.
iii. Quality evaluation.

Quality evaluation tooldentifies the relevant quality concepts (quality pateand attributes)
DQG JHQHUDWHY D OLVW RI TXHVSWWRRY R\ & RuBREX Mtk QD O\V W\
HY D O XD W pbé&d@ptivrR Hdsfidfentification uses text matchindiegues 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 ghgomatically 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- 4 X D O LkibwWledgebase 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- 4 X D O lkhéWedgebase is implemented using independent XML. fHesvever, these
files act as a database management system and redwspthgment efforts due to their reduced

dependencies.

6.2.4 Package Diagram

Functionalities inCM-Quality are divided into seven packages. The package diagffam inekigur

- 33| illustrates 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 eviadu#tte 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 diagram iacludes the functionalities of this
incorporated prototype. For example, tlauality Evaluator Packageevaluates the CM by
calculating different metrics. This metric calculatitunctionality was originally implemented in
[Kersulec et al., 2009] and is part of oQuality Evaluator Packagdn addition to other
functionalities. In the following sub-sections, we defite responsibilities of each package

designed in CM-Quality.
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6.2.4.1 CM Quality Co re

CM Quality Coreis the main package responsible for managing all othekagas. It
implements the main functions and employs all other packagpserform 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 PackageFDQIW DFFHVV WKH IXQFWLRQCL
packages directly. Every package is designed in such a heythtey work as an independent
entity andCM Quality 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

~ -7
Interface | CM Quality S 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 XMifat. 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 kleolgebase contents. Thus,
manipulating knowledgebase contents from multiple XMEedirequires a sort of DBMXML
DB Manager Packageencapsulates all the functionalities that helpgnanipulating 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 modibis 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 pesbdssign patterns as described in
Section-3.5.8

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-mqdedu(Ei - 1), quality patterns are

formulated by using the existing quality attributes in khewledgebase. Quality patterns serve as

guidelines helping IS analysts (naive or expert) to achievalityjgoal.

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 iph Chapten 3, defining a new quality pattesdsd¢o answer the following three

questions:
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 questiog'shé can use thQuality Pattern

interface(Figure -34) to add a new quality pattern to the knowledgebase. The sfok@ns the

process described in Sectjon-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 inaet in the preceding chapter, a

158|Page



Chapter 6 CM-Quality: Software Prototype Implementing the Proposed Aagio

quality pattern can be related to other predefined quaditfems. These related patterns help in

identifying and elaborating the domain of the defined qualigl (details are discussed in the

Section-6.4) and can be added using the button o@tladity Pattern ScreefFigure -34).

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. FiguB5|shows the association screen responsible for

associating quality patterns with the existing qualityilattes.
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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, Secfion-4de2cribes the process for identifying

new quality attributes. This process is implemented é&Qhbality 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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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 shojn in Figure - 37.

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 procesthay 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 typegtrics:

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 detdils in Chapter.5), etc

In our approach, we employ both types of metrics and thus warpiaate 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
LPSOHPHQWY D PHWULFV GHILQLWQRI® @MPILK VIR EDH) & DWRG PRR/GU
more flexibility in their definition. This also allowssample enrichment of metrics. Our prototype
integrates this metrics definition language to defin@mattable 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 usingMmtric Definition interface

Figure -38).
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Figure - 38. CM-Quality Screen: Defining Automatable Metrcc

However, the DERYH LQWHUIDFH FDQYW Ealutoateble Lnjétrés. WR FUHDW
DSSURDFK HPSOR\V VHYHUDO PHWXWRWPDIKIDAD FOQ EWWEBD UFR RSB

evaluation and subsequent improvement. We tested sevelitly 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-automatatiecenin our knowledgebase so

that relevant recommendations can be proposed to user foelnmaprovement

Figure 39

depicts theNon-Automatable Metrics Definition Interfacéll the metrics defined using this

interface are treated as equivalent to automatable agrdtd. they can be associated to quality
attributes, can be employed for any evaluation project and ilbpose

recommendations. The only difference between these mamsutomatable metrics is that they

will not be computed by our prototype during the evaluation.
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Figure - 39. CM-Quality Screen: Defining Non-AutomatableMetric

6.3.4 Recommendation Definition

As mentioned i

N 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 modgls. Figur0l-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

n Chapte

[ 5) as a reference for helping msilsntifying different clusters from

their complex models in order to divide them, as was detraied through our case study in

Chapter

D.
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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 meWULFVY FDQ EH HVWDEOLVKHG XNV QEHRXHEEURINRMWNASHTYV LQ

approach, the relationship between metrics and recomaiend is manyto-many.
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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. Howeveneagtioned in Chapter|4, we

provide two types of mechanisms to accommodate both baslysts and quality experts rfo
quality evaluation module. Quality experts can skip the doahulation and directly start the
evaluation process by selecting the quality patterns ortguatlributes from the knowledgebase.
However, it requires that they are aware of all thestéxg 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 capablepafriteng 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@wy we will explicitly

mention the starting point of each of the two modes of evaludbir quality experts.

7KLV VFHQDULR GRHVQTW LQFOXGHHWBWYHKR XV stiss &8UHY D RW NX
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 ip Chapten 3, we have used the goal formulttioplates proposed by [Basili

93] to help the user in formulating a structured goal withlgast 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/)exdtypetc.
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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 componguilishelp the users in formulating

their quality goal more efficiently, effectively and with theast amount of effort. We have

incorporated this template in our prototype. Figud2ldepicts the interface responsible for goal

formulation. The user can select as many sub goals as r@gHio@vever a quality goal can have
one and only one purpose and one point of view. The contents dbuhecombo-boxes are
mentioned in Secti(1n-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 temess 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.

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 thechsmiae 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. Oneetiality 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, ateted byCM-QualityfV VHDUFK

engine, to narrow the domain of the formulated goal, aspngzosed by GQM (refer to

Sectior]-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 guyaditterns 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
qguantifying 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 Domai  n of the Formulated
Goal

As mentioned in Sectign-3.guality goals are translated into questions. These questielp

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 theFskaHQJLQHYY SHUFHSWLRQ

with respect to users. For example, completeness candted¢b requirements coverage whereas

it can also be related to syntactic completeness (refer ¢tio8f3.5.1 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 pattésngh as name, context, problem, etc.),

quality attributes (such as name, keywords, etc.) and qumaétyics.

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.

Figure - 43. Goal Creation Step-1: Generating questions taentify the domain of the

formulated goal

Questions will be generated for all the resulting gquatiatterns matching the quality goal.

However, these search results are constituted thanks ®dffferent kinds of search:
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i. If the quality goal matches the selected fields of thdityupatterns, then a question will

be generated for that quality pattern and added to the resuétble |(Figure - 43). For
example, one of the g LW\ SDWWHUQV LQ NQRZOHGJHEDWWH LV QDP

thus the search will include questions about thisityupattern in the result.

ii. 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 avitl generate and display the

guestions about those quality patterns and not the qudtityldes.

iii. 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 thoseitguaédttern in the resulting table

Figure -43).

6.4.2.2 Step-2: Validation of Proposed Quality Patterns
%DVHG RQ WKH XVHUTV UHVSRQVH S RlavaktyualytHpstrhR@lV JHQH L

be proposed. However, the user can change the selection traddd/her choicqg. Figure 44

depicts the interface proposing the quality patterns reteteathe formulated quality goal and
XVHUYV UHVSRQVH WR WKH TXHVWLRQV
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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 thktyipatterns, 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 Attribut  es

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
GRHVQYW UHTXLUH WKDW DOQBAWHNW ZD.D\OR E HD WA RTK B OIIRW\ H
user can change the selection and decide the quality atgitoubee used from each quality pattern

for his/her goal specific evaluation project.

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 duyaattributes 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 decidedty cattributes to be used from each

quality pattern for his/her goal specific evaluation projéair examplg, Figure 45 shows the
S0ORGHO '"HWDLOV® TXDOLW\ SDWWHBERWB®GD WKRF MDKWHHBE ZDXWIO L

pattern. We can notice that only one quality attributelies 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-2redsethe 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 attributibst 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 tteae 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.

Figure - 46. Goal Creation Step-4: Validating the metricsedection for evaluation
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For example, ifFigure -46] S0RGHO 6WU XFW X UDgle&d RS BdHquali pattern
and 36 WU X FW XU D Ois&sRdctedds the/quality attribute. The table digphll the metrics

associated with the selected quality attribute. Amdhliséed, 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 &ralistractions 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, transfomsair proposed design patterns
(details about recommendations and their types can tmilted from SectioE 3)

CM-Quality is the only evaluation software that provides an independealuation report

listing details about following:
i. User defined goal
. 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 Software S

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/editl 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 ttemmeendations 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 prototyp® G 4 X D O lthat\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 lingtaof CM-Quality:

i. CM-Quality evaluates the complete model and proposes reeoniaions for the entire
model thus if user is interested in evaluating only certaintspof the model then he can

only do that by turning those parts into an independent model.
ii. BURSRVHG WUDQVIRUPOMtbRAAIFDQIW EH DSSOLH

iii. CM-4XDOLW\ FDQTW EH LQWHJIJUDWHGG. WRs R ¥dikK Wdtk WitRGHOH U V

other modelers through XMI only.

In the next chapter, we present the two validation experinrmmducted for our approach. In
the first experiment, we validated the selection of thaiuattributes (from a thorough literature
review) whereas in the second experiment, we validated fflemay of our proposed quality

approach including quality patterns.
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Chapter 7

Validation

As mentioned in Chapter]3 RXU DSSURDFK LQYROYHV SUDFWWWRRQHUYV

foundation. The main objective of our validation was twofold: wnstudy the evaluation strategy
employed in practice and second to validate our approagiffetent 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@mdi 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 modelingenqe

We performed a thorough literature review and selected a sgiatify attributes by federating

the existing quality frameworks or literature (explained iot®@43.5.1). 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 importgpecis (if not entirely) in the
evaluation of CM. This interim validation exercise (or expernit) was performed having experts
from academics and practice as respondents. The mainigbgebthind this first validation were

the following:
i. 7R FROOHFW UHVSRQGHQWVT |IHMGEDVNVRRH U X\DKOH. WG HDQWWLL
ii. To find the quality criteria that had been used in practi¢eatmiunknown 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. Tocollectrespd GHQWVY YLHZV RQ WKH TXDOLW\ RI &0
vi.  To study if CM is actually evaluated in practice for ensurisgjiality.

The results of the above experiment helped us in valigathe 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, readliter than the original

model?

The second experiment helped us in validating the strersgtisbenefits 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 exarmplkiie 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 ctdiecdata 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 ticendil inferential statistics.
Inferential statistics relies heavily on probability moddiattsometime provide deceptive notion
of precision in not so ideal circumstances and most imptytahe analysis is driven by
preconceived ideas. On the other hand EDA provides a gtgerbtatistics to examine the data
without preconceptions. It relies on graphical displays €déifit charts and graphs) to extract
meaningful information from the data. Most importantly agedQ %$&¢k 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 extensiusdd in different ERP and customer
relationship management (CRM) applications to identify edéht trends and predict different

models from data.
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Chapter 7Validation

In both experPHQWY ZH KDYH XVHG PXOWLSOH BKKH WW VIBEQRE& GHIXE
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 respuadéhus weGLYLGHG WKH UHVSRQ
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€jdires a set of criteria along
with a mechanism for their classification. In the domain of QMlity, researchers have proposed
different criteria for evaluation but the main problemsliin their disparity and non-converging
solutions. The proposed quality criteria or quality framewaeniesindependent of one another and
WKXV LW JHWV GLIILFXOW WR KDYHFOVKBEASORKHQVHYH WRIBUFRE
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
IRU &0 EXW PRVW RI WKHP GRQIW NQRZ ILQ DAVRDVREKK 7KDLW HWDISI
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 amaonsolidated 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 djtya 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, etc7 KXV DWWULEXWHY VSHFLILF WFE B VED UV DRXOWD 8B H
selected. However such attributes are merged into genéiilzugds that are closest with

respect to semantics.
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