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Abstract

Standards have been used as a way for disseminating best practices in Software Engineering (SE) and
other areas. Fr om & hsfsuchehsdSOdaadrSél} theredieavcentinnque effart

for capturing,organizing anddescribing thee practices, resulting in reference modelg.(CMMI -

DEV, | SO/ 1 EC 12207 and |1 SO/I EC 29110) . From ¢t
acknowledged best practices can be used for improving software processesatilmenefitsalated

to qualty products, productivity and lower costs. In these contexts, it is often necessary to deal with
multiple standards in combination, whether for providing more aligned reference models or for
deploying practices from differensources. Howewe most of thee standards are created
independently, defining their own scope, structure and terminology, often not sharing the same
semantics. This frequently gives rise to inconsistencies and divergences between them, harming the
combinal application. his lack of semantic alignment between the standaats] the consequential

semantic interoperability probleparethe mainissuesto be addressed in this thesis

Along the last two decades, researchers and standardization organizatienbelea attempting
diverse apmaches for supporting the combined useeaddtedstandardsWe believethe next step
towards standardsharmonizationinvolves a further exploration of the semanticsunderlying the
standardsin a semanticallyrich approachin this sensesupported bythe Design Science Research
paradigm for addressing the harmoaimn of SE standards, we hav&rtherundersbod theresearch
context in a systematimapping of the literaturébuilt an SE ontology network (SEON)ropose a
semantieoriented approach fostandards harmonization (Harmongnd evaluated the resulis

empirical studies.

SEONis our knowledge frameworHKt is built on a foundational ontology, holds the SE core notions
aligned to general SE standards, and cosepra set of domain networkedtologies providing the
baseknowledge to be used BEintegration and harmonization initiativéddarmony in turn,provides

an ontologydriven process for conducting standards harmonization effoftering practical
oriertations and encouraging thepdoration of semantic aspects. It applies conceptual models and
harmonization techniques sustained by SE@hich acts & interlinguaduringthe harmonization. For
supporting Harmony activitiesve have developelapper, amode | mapping toal Finally, several
initiatives, includingthree empirical studieshave been conductealong the last three semesters
producing harmonized models for selected SE domains. These evaluations where edeential

assessing and improving theoposecharmonizatiorapproactandontologynetwork.

Keywords: software engineeringstandards;standardsharmonization;software process;semantic

interoperability;ontologies,ontologynetwork.



Resumo

Padrdes, modelos e normas de qualidade tém sido usamosmeio para disseminar Isgaraticas em
Engenharia de Software (ES) e outras areas. Do lado dos desenvolvedores ddquadodasSO e o
SEI), ha um continuo esfor¢o para capturar, organizar e descrever tais présigciéando enmodelos

de referénia comoo CMMI-DEV, alSO/IEC12207e alSO/IEC 29110Do lado dos usuarios (como
organizacoes de software), praticas recomfaspodem ser utilizadgsara melhorar seus processos de
software visando beneficios relacionados a qualidade de prochdms,produtividade e reducgéo de
custos. Em ambos os casos, muitas vezes é necessario lidar com multiplos padr@ejsireim seja
para prover modelos de referéncia mais alinhados ou guotar praticas de diferentes fontes.
Entretanto, a maior parte destexdes € criada independenteee definindo seu préprio escopo,
estrutura e terminologia frequentemente ndo compartithaa mesma semantica. Isso geralmente
causa inconsisténcias e divergéncias entre elafetando sua aplicacdo conjunta falta de
alinhamento seméantico entre ogifiges e consequentgsroblemas de interoperabilidade semantica
sdoas principds quesbes a semtratada nesta tese.

Ao longo das Ultimas duas décadassquisadores e organizacbes padronizadeéas tentando
diversas abomyens parapoiar o uso conjua de padrbes relacionaddsste trabalho defende que o
proximo passo na harmonizacado de padede®lve explorar mais profundamente a sua semantica em
uma abordagem semanticamente rica. Neste sentido, apoiado no paradighesigie Science
Researchparalidar com a harmonizacao de padrdes def&@Sealizado um mapeamento sistematico
da literaturgpara melhor compreenséo do contexto de pesquosatruida uma rede de ontologias de
ES (SEON) proposta uma abordagem de hariragio de padrbes orientadaeamantica (Harmony)

e conduzidas e avaliadas iniciativas de harmonizacdo por meio de estpdisoem

SEON é o arcabouco de conhecimento da abordagem.céwstruidd sobre uma ontologia de
fundamentago, carrega nocdes ceais de ES alinhadas a padri@gsais da area, e comporta um
conjunto de ontologias de domin@m rede provendo o conhecimentoasea ser utilizado em
iniciativas de integracdo e harmonizagin ES Harmony prové um processo orientado a ontologias
para caduzir os esfor¢os de harmoa¢@o de padrbes, fornecendo orientagBes praticas e encorajando
a explorgdo de aspectos semanticos. A abordagem aplica modelos conceituais e técnicas de
harmonizagdo, sustentados por SEQ@Ne age como interlingudurante ahamonizacéo. Para
suportar as tavidades de Harmony, foi desenvolvida Mapper, uma ferramenta de mayeaee
modelos. Finalmente, algumas iniciativas, incluindo trés estudos empiricos, foram conduzidas ao
longo dos ultimos semestres deste trabalho, prodazimodelos harmonizados pataterminados
dominios de ES. Tais avaliacbes foram essenciais paraanalimelhorar a rede de ontologias e
abordagem de harmonizacé&o propostas.

Keywords: modelos e normas de qualidadmgenharia de softwardtarmonizacdo & padrdes;
processos de softwgg interoperabilidade semantica; ontologias; redes de ontologias.
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1 Introduction

This chapterpresentsan overview of this thesisand definesthe basisfor subsequenthapters.it
discusseshe contextand motivationfor the proposedheme,the researchhypothesis, the objectives
we havefocusedon, the methodologicabspectghat haveguidedthe work, and,finally, presentghe

structureof this thesis

1.1 Context and Motivation

A permanenthallengein SoftwareEngineering(SE) is to dealwith quality aspectsjmproving the
resulting productswith higher productivity and lower costs.Sincethe quality of a softwareproduct
heavily dependson the quality of the processusedto developit (FUGGETTA, 2000, software
organizationsare moreandmoreinvestingin improving their software processeg¢PINO et al., 2008
(JENERSet al., 2013 (CMMI INSTITUTE, 2016. In this context,severalprocessrelated quality
standardsand maturity models,suchas CMMI-DEV (SEl, 2010, ISO/IEC 12207 (ISO/IEC, 2008
andISO/IEC29110(ISO/IEC, 2011, areusedto guide organizationéeffortstowardsquality software
processesStandardsprovide organizationswith agreedand well recognizedpracticeswhich assist
themto interoperateandto work usingengineeringmethodsreinforcing Software Engineeringasan
engineeng discipline,insteadof a craft (GARCIA etal., 2006).

TheseSoftwareProcessmprovemen(SPl)initiatives seekfor disseminatingaindinstitutionalizingthe
bestpracticegprovidedby the standardsmakingsoftwareprocesesmoreorganized standardied and
predictable Regardlessof the standard applied, its implementation demands experience and
knowledgein the domainandin the specificstandargdanda high degreeof efforts andinvestmentgo
be successful(AAEN, 2003. Frequently, an organization adopts more than one standardfor
improving its processs and achievingmarketneeds The adoptionof multiple standardsallows an
organizationto exploit synerges betweenthem. On the one hand organizationscan address
coominaion betweendifferent and commonareas on the other hand the weaknesse®sf a single
standardcanbe overcomeby the strengthof others(JENERSet al., 2013. However,implementinga
processadherentto multiple standardsis not a simple task. Besidces the known difficulties on
implementingeachstandardthereis a considerableffort on harmonizingthe portionsfrom different
standardslealingwith the sameaspectslt shouldbe doneby takingthe bestpracticesof eachoneand

eliminatingpossibleredundancieandconflictsfor resultingin a quality softwareprocess.

! Henceforth the differentterms used for addressing a prescriptive document, such as Standard, Quality Model,
Reference Model and Maturity Model, aréereed asStandard
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Nowadays a high number of standardsare available The International Organization for

StandardizatiorflSO) alonehasmorethan20,000 standardswith more tharnl70devoted tdSoftwae

andSystemsEngineeringln this contextmostof the standard arecreatedndependentlyby different
standardizatiorgroups or organizations defining their own scope,structure abstractionlevel and
terminology (BIFFL et al., 2006, not necessarilysharingthe samesemanticsTherefore eventhe
standardswhich haveas premisesupportingthe standardizatiorof diverseprocesselatedelements,
whenappliedtogether showinconsistencieanddivergencedetweerthem (SMITH, 200§ (PARDO
etal.,2012) (MCBRIDE etal.,2012.

Along the last years,someactionshave beentakento mitigate this interoperability problem. Thus,
standardizatiororganizationshave included in someSE standardsas complementaryinformation

alignmens / mapping to other stardards This is the caseof ISOIEC 12207 (with high-level

alignmentsto ISO/IEC 15288 (ISO/IEC, 20088), ISO/IEC 29110 (with alignmentsto ISO/IEC
12207), and the Brazilian MR-MPS-SW (SOFTEX, 2016 (with alignmentsto CMMI-DEV and
ISO/IEC 29110). Additiondly, researchersiave beenworking in diverse proposalsfor comparing,
mapping, integrating and harmonizing related standards (PAULK, 1993 (ROUT, 1998

(LEPASAAR; MAKINEN, 2002 (FERCHICHIet al., 2008 (PARDO et al., 2013) (JENERSet al.,

2013 (HENDERSON-SELLERS et al., 2014 (GONZALEZ-PEREZ et al.,, 2016. Even
standardizatiororganizationssuchas the SoftwareEngineeringlnstitute (SEI) andthe International
Organization for Standardization (ISO), recognize the problem SEI conducts the Process
Improvementin Multimodel Environmetts (PrIME) project(SEI, 201(); andISO hascreateda study
group aiming at harmonizingits own standardHENDERSONSELLERS et al., 2014, the ones
under ISO/IEC JTC1's SC7 (the ISO SubCommittee responsiblefor Software and Systems
Engineeringstandardg

DespitetherecentadvancesSE Standard$iarmonizationis still anopenresearchssueanda needfor

s t a n ddeweldperé(standardizationorganizations)(HENDERSONSELLERS, 2012 and users
(software organizations,consutancy and assessmengiroupd (PARDO et al., 2013). Multimodel

environmentsare becominga widely commonsituation for software organizations(LARRUCEA,;

SANTAMARIA, 2014 andtheinteroperabilityissuesaroundthemmustbe addressed

Standards Harmonizatiofocuses on the combined usé techniques for dealing with multiple
standards that should interoperateisliessentiallya semanticinteroperabilityproblem as we can
observevery interrelatedinformation describedin different anrd sometimesconflicting ways by
distinct sourceqstandards)Dealingwith this informationin combinationis a complexproblem and

we believeits semanticnaturedemandsa semantially-orientedsolution. Firstly, we needa robust
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knowledgeframework servingasreferenceo de a | wi t hinfermatian. thaddidosn édve need

anapproachableto conductharmonizatioreffortstowardsa harmonizediiew of the standards.

In particular this thesisfocuseson the problem of Harmonizing SE Standardsprecisely Software
ProcessStandards.They are thestandard most used by software organizatiofa conductingSPI
initiatives, context in which the problem becomes more evident and has motilateskeresearch
efforts(PARDOet al., 2015)

We believe the next step towards standagdls harmonizationinvolves a further exploration of the
semanticsunderlying the standards,in a semanticallyrich approach.For harmonizing multiple
standards (frequenthyith different backgroundsthey should be analyzed in the light of a knowledge
reference, able to provide congst representation of the domain(s) in focus. Ontologies haga
used in this quesHENDERSON-SELLERSet al., 2014 (PARDO et al., 2015). Theycan offer the
domain knowledge in a precise and meaningful way supporting divkrsisions in harmonization
efforts. Moreover,SE is a wide and complex doma#in ontological representation of this domai
should be modular (for addressing different harmonization initiatives) at the same time preserving the
connections between the maiotions An Ontology Network(SUAREZFIGUEROA et al., 2012)
can provide such organizationfhus, we considethat SE Ontologies, organizedin an Ontology
Network are able to figure as the stated SE referenceknowledge framework Additionally, an
ontology-basedapproachfor harmonizing structuraland contentmodelsof the subjectstandardsan

fulfill themethodologicaheeds.

1.2 ResearchHypothesis

Consideringaspreviouslymentionedthat

i Standardsare developedby different standardizationgroups/ organizations, and semantic
alignmenthasnot beena matterof high priority;

9 Software organizationsfrequently adopt standardsor Software Processimprovement(SPI),
oftenin combinationandspenda high-degreeof investmers andeffortsfor deployingthem;

1 Researchersind standardizatin organizationshave beenattemping diverse approachedor
comparingmapping,integratingandharmonizingelatedstandardslongthe lastyears

i Beyondthe structure,terminology or languageissues standardsharmonizationis a semantic

interoperabiliy problem.

2We mean byknowledge framework body of knowledge on the subject area (in this case, SE), able to provide a
well-founded and agreed representation of the involved domains, including their key notions and how they are
related and defied.
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Theresearchypothesiof this thesisis:

SoftwareEngineeringStandardscan be harmonizedoy a systemati@pproachapplyinga grounded

Softwae EngineeringOntologyNetworkfor semanticallyanalyzing,comparingand integratingthem.

1.3 Obijectives

The generalobjective of this thesisis to develop an ontology-based approach for SE standards

harmonization. This generalobjectiveis brokendowninto thefollowing specificobjectives:

SOL1. Perform a systematicliterature mapping for analyzing related studies A mappirg study
provides a comprehensiveview of the problem and solutions applied thus we can better

understandhetopic andestablishithefocusof our researctefforts.

SO2 Establish a SE referenceknowledgefram ework by designinganddevelopng a well-founded
Software EngineeringOntology Network (SEON). At the heartof SEON, thereshall be a core
ontology on softwareprocessesThis core ontology must be alignedto generalSE standards,
and organizedin a flexible and extensibleway, allowing to increag the network domain
knowledge with  SE domain ontologies. Finally, the network has to be equipped with
mechanismsfor supporting the access,creation, integration and evolution of networked

ontologies.

SO3. Developa SE standards harmonization approach grounded in SEON. The approachmust
provide a processto guide harmonizationendeavorsexploring semantic aspectas well as
guidelineson howto performeachprocesstep.Moreover the approachmustbe assessedniits
effectivenes$o harmoniz SE standardsandthe feedbackirom its applicationshall be usedto

evolveboththeapproactandthe ontologynetwork.

1.4 ResearchMethod

The problemof HarmonizingSE Standardso providea unified representationf the subje¢ standards
characterizeghe context of this research.The researchmethod adoptedin this work follows the
Design ScienceResearchparadigm(HEVNER et al., 2004). According to Hevner (2007, Design
ScienceResearcl{DSR) is an embodimenbf threecloselyrelatedcydes of activities: the Relevance
Cycle the DesignCycleandthe Rigor Cycle asshownin Figure1.1. Relevanceas mainly relatedto:
(i) researchmotivation,which arisesfrom businessieedsand/orpossibleimprovemen opportunities
in current theories, as well as (i) i g o ocadiculation betweenthe proposedsolution and the
motivation to reinforce the contributions.Rigor is associatedwith the use of a reliable body of

knowledge(e.g.,theoriesmethodsmodels,experiencesandexpertise)n the researcheffort. Finally,
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Designconcernghe core activities of the researctprocessowardsachievingthe researctobjectives
and supportingthe researchhypothesis.As such, design takes relevanceand rigor aspectsinto

account

Environment Design Science Research Knowledge Base

Application Domain Foundations

* Scientific Theories

* People Build Design
. L Artifacts & & Methods
SOrgamzauonal Processes
ystems . .
* Technical /pajevance Cycle Rigor Cycle Ié);g:ghgsn:e
Systems *® Requirements ® Grounding
- L
*® Field Testing Additions to KB
* Problems

& Opportunities * Meta-Artifacts

(Design Products &
Design Processes)

Figure 1.1. DesignScienceResearchCycles(HEVNER, 2007).

The RelevanceCycleinitiates a designscienceresearchwith an applicationcontextand definesthe
problemto be addressedhe researclrequirement@andthe criteria for evaluatingthe researctresults
(HEVNER, 2007). The problemaddressedby this work essentiallyfocuseson the lack of semantic
alignmentbetweerrelatedSE standardsThis researctopportunitywasidentified in the literature and
confirmedin the systenatic mappingwe haveconducted The mappingshowsa panoramaof thetopic
that allowedus to betterunderstandhe problem,existing solutions,researctgapsandtrends As we
couldnotice athoughthe solutionproposas areevolving,in fact, SE Standads Harmonizatioris still
anopenresearchssue.Moreover the doctoratecandidateexperiencedn practicesomeof the pointed
out difficulties while working in SPI initiatives often involving multiple standardsas a proces
analyst(from 2005to 2008) andasa consultanifrom 2009to 2013) Both advisorsalsogotinvolved
in SPlinitiatives Adding up to the mentionedpur groupwasinvited in 2013to contributeto the ISO
Study Group $iarmonizationinitiative, due to our expertisein ontologiesand software processes
This sumof factorsconfiguredthe main motivationfor this researchAlthoughinitially involvedin the
ISO initiative, we aim at a wider solution, applicablefor SE standarddrom diversestandardization
organizatiors, and ableto contibute to the standarddiarmonizatiorresearchopic. Additionally, we
believethat harmonizatiorrequiresas supporta knowledgeframeworkon the subjectdomain,in this
case SE. Thus,this researchs alsoan opportunityto establishan ontologicalknowedgeframework
for SE, a goal that hasbeenmotivating many efforts in our groupin the lasttwo decadegsincethe
initial version of the software processontology proposedin (FALBO, 1998). This knowledge
frameworkis SEONandit canbe usefulfor diverse harmonizatiorf integrationinitiatives, including
standarddrarmonizationsemanticdocumentationandtool integration.Lastly, this researctoffers, in

the processof building SEON, a good opportunity to improve some of our ontology engineering
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methods (especially those dealingwith ontology patterny. Thesemotivation factors were usedfor
shapingthis researchscope as well for inspiting the evaluationcriteria for the researchresults
Empirical evaluationsare also included in this work, aiming at assedfag the applicability and

effectivenes®f theachievedesultsandto collectfeedbackor improvements

The Rigor Cyclerefersto knowledgeuseandgenerationA knowledgebasecomposedf foundations
and methodologes is usedto ground the resarch and the knowledgegeneratedby the research
contributesto knowledge base growing (HEVNER, 2007). Rigor is achievedby appropriately
applyingthe existingfoundationsand methodologieHEVNER et al., 2004. In this work, the main
foundatiors come from knowledge related to ontologies SE / software processliterature and
standardsand studieson SE standardsharmonization The Unified FoundationalOntology1 UFO
(GUIZZARDI, 2005 contributes to this researchhy groundng mostof the resultswe haveachieved
andinspiring the applicationof conceptuamodelsin severalactivities To cite some,UFO is usedin
this work: (i) for conductingan ontologicalanalysison a generalSE standardISO/IEC 24744(RUY
et al.,2014; (i) asthe foundationallayer of SEON, providing the generalgroundingfor the whole
network (RUY et al., 2016); (iii) assourceof foundationalontology patterns(FOPSs) supportingthe
creationof domainrelatedontology patterng(DROPS)(RUY et al.,2017 andenrichingthe SEOND s
ontology derivationmechanisms(iv) for supportingdiversedecisionsaswell asprovidingconceptual
distinctionsandconstraintgor the harmonizatiorapproachThe studiesidentified andanalyzedn the
systematicmappingalso contributeby presentingthe researchstatus,techniquesapplied solutions
proposed researchgaps and trends, supportingrelevantdecisionsin this research.Thesestudies
reveakd a starting point and several ideas we could reuse and improve while building our
harmonization appro@h. Moreover, we have been supported by the literature on Ontology
Engineering(OE), especiallyin Ontology Networks and Ontology Patterns;and on SE, mainly

collectingdomainspecificandstandard Bnowledgefor building SECN.

The Design Cycle concernsthe developmentand evaluationof artifacts or theoriesto solve the
identified problem(HEVNER, 2007). In this researchthe mostrelevantresultscanbe organizedin

two main perspectivesdesign artifacts and processesRegading the artifact, the propsed SE
knowledgeframeworkis SEON (RUY etal., 2016, andit includesan ontologynetworkarchitectural
definition, and a groundedand well-structuredbaseof SE ontologies.Additionally, softwaretools
were developedo support the SEONd specificationbuilding andthe approach shappingactivities.
Fromthe proces opsrspectivethe intendedharmonizatiorapproachnamedHarmony, embraces
processbased on ontologies and conceptualmodels for standardsharmonization Also in this
perspectivethere are the SEON mechanismdor building and integratingdomain ontologies The
artifacts and processesave evolved along this research supportedby empirical evaluationsand
discussionswith researchersThese evaluationshave been conductedfor applying the sdutions

proposedn practicalproblemsand collecting feedbackfor improvementsFirstly, we haveassessed
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an ontology patternlanguage(ISP-OPL) (RUY et al.,2015h, which hascontributedto the domain
ontology derivationmedanismsof SEON, and shownsore directionsfor the researchThreeother
empirical studiessumto this researchby evaluating(and helping toimprowve) evolving versionsof

Harmony:a preliminaryversionfor producingharmonizedgroceses(textually) from SE standardsan

intermediaryversionresultingin mappedand harmonizedstandardd models;and the last one also
creatinga harmonizedstandardd model, but involving an expert(since the othes were conducted
mostly with graduatestudents).The empirical studie® results and feedback provided relevant
information for evolving SEON and Harmony. Other important sourcesfor improvementin the

researchartifacts and processeswvere the discussionsperformedwith the NEMO professorsand
colleagues and in two internshipsdone along the research period: firstly at the University of

Technologyof Sydney(UTS), with professorHendersorSellers,leaderof the ISO harmonization
initiative (HENDERSONSELLERS, et al., 2014; andthenat the University of CastillaLa Mancha
(UCLM), with professorgGarciaand Piattini, co-authorsof the HFrameworkharmonizatiorproposal
(PARDO et al., 2013. Presentation®f the work in progressandvaluablediscussion$roughtmany

insightsto the presentesearch.

In sum the designreflects the main cycle that articulatesthe othertwo cycles,rigor andrelevance
towardsconductingthe researctproject.Figure 1.2 summarizeshe discussioraboutthe design rigor,

andrelevancecycles andhighlightsthe mainelementof eachcyclein the contextof this thesis.

Relevance Cycle Design Cycle Rigor Cycle

- UFO grounding

- SEON: the SE Ontology
Network

- Systematic Mapping:
SH research gaps

- Studies selected in the
systematic mapping

- Involvement in SPI Initiative - Harmony: the

harmonization approach

- OE literature, specially
networks and patterns

- ISO harmonization initiati

- Empirical evaluations
. with students
. with expert

- Estabilishment of a SE

knowledge framework - SE literature and

Contributionsin OE: patterns standards

Figure 1.2. Overview of the DesignScienceCyclesin this research(basedon (HEVNER, 2007).

1.5 Organization of this Thesis

This chaptempresers the Introductionof this thesisinvolving the generalaspectspamely:the context
and motivation for this researchthe researchhypothesisand objectives,and the methodological

aspectsThe nextchaptersareorganizedasfollows:
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Chapter 2. Background: Standards Harmonization and Ontologies presentsanoverviewof
the stateof the art required for groundingthe ideasof this research The contentincludesa
discussionon the standardsharmonizationproblemand conceptsand on the most relevant
ontologicalnations appliedalong the work, including an introductionto UFO and ontological
analysis coreontologiesandontologypatternsandontologynetworks.

Chapter 3. A Systematic Mapping on Software Engineering Standards Harmonization:
presentghe systematiaonappingconductedo classifyandanalyzerelatedstudies specifically
the onesaddressindnarmonizatiorof SE standard®y meansof acommonmodel. The findings
andresultsarepresentecénddiscussed.

Chapter 4. A Software Engineering Ontology Network: presentsSEON, the Software
EngineeringOntology Network and discussesSEON requirementsand architecture how the
core layer is built to supportthe inclusion ofnew domainnetworkedontologiesandto favor
semanticntegration/ harmonizationnitiatives;the currentnetworkeddoman ontologies and
integration mechanismsMoreover, this chapteralso introduces the SEON specification and
discussesomerelatedwork.

Chapter 5. An Approach for Harmonizing Software Engineering Standards:presents
Harmony,our harmonizatiorapproach, ad describe#s requirements, process and guidelines
as well asa proofof-concept. Additionally,the supporting mapping toa$ presented, and
Harmony iscontrastedgainstrelated works.

Chapter 6. Evaluating Harmony: preents the empiricadvaluationsconducted for assessing

the approacknd their main results and conclusions

Chapter 7. Final Considerations: summarizes themain ideas discussed in this thesis,
addressindhe research contributions and the impacts of thigkwhe current Iinitations,and,

finally, perspectivesf futurework.

Appendix A: Harmonizing Quality Assurance Processesresentghe reportof our praof-
of-conceptharmonizing the Quality Assurance processeSMMI-DEV andISO/IEC 12207.

Appendix B: Questionnaire and Interviews Scripts: presents the questions used for the

guestionnaires and interviews applied in the empirical studies.

Annex A: Harmonizing Software Testing Processespresentsthe report of the empirical
study harmonizing the Softwargesting proceses of ISO/IEC 12207, ISO/IEC 29110 and
ISO/IEC 2911109.
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2 Background: StandardsHarmonization and

Ontologies

This chapterpresentsan overview of the backgroundfor this researchlt introducesthe standards
harmonizationproblem and conceptsand describesthe most relevant ontological notions applied
alongthe work, including someontology classificationsthe Unified FoundationalOntology (UFO),
ontologicalanalysiscoreontologies pntologypatternsandontologynetworks.

2.1 StandardsHarmonization

Severalstandardizatio organizationsroundthe world aredevelopingstandard$or a variety of areas.
Someof the most known are ISO (International StandardizatiorOrganization),|[EC (International
ElectrotechnicalCommission)and IEEE (Institute of Electrical and Electronics Engineers).More
specifically, in the SE area,thereis SEI (Software Engineeringlnstitute) and, in Brazil, SOFTEX
(Associationfor Promotionof Brazilian SoftwareExcellence) Theseorganizationareresponsibldor
thousaunls of standardsfor diverse domains (such as Engineering, Telecommunication,Health,
Agricultureandsoon). SO alonehasmorethan20,000 standardsheingalmost3,000for IT, and176°

specifically for Software and Systems Engineering (ISO/IEC, 2017. The ISO JTC1 - SC7
(Subcommittee7: Software and Systems Engineering, in the Joint Technical Committee 1:

Information Technology)dealswith standardsoveringseveralaspectswithin this area,asFigure2.1

shows. Regardingevaluaions, 1ISO 9001, the most adoped standard,reachedover one million

certifiedorganizationsCMMI hasmorethan13,000assessmenf€MMI INSTITUTE, 2016; andthe
MPS SW modelmore thary00evaluationspnly in Brazil (SOFTEX,2017).

3 Forreferenceof the growth, SC7had 147 standard$n 2013,the beginningof this research.
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Figure 2.1. Standardspublished by ISO/IEC JTC1/SC7(ISO, 2013).

Software organizationsadopt someof theseand other quality standardswith varied arrangements.
Someusethemfor supportingthe sameor overlappingareas taking advantageof the bestprovided
practices; some for complementaryareas, covering different organizational aspects.However,
althoughseveralktandardsattemptanalignmentwith the mostreferencednes theyarestill built with

highindependenceandusually presenincompatibiliteswhendeployedn combination.
When analyzedtogether,it is possibleto observediverseaspectsaffecting the standardsEspindola
(2017 points out the main problemsindicatedby researchersvorking on the standard integration
issue:
1 Diversity in the adoptedvocabulary (LEPASAAR; MAKINEN, 2002 (YOO et al., 2009
(FALBO; BERTOLLO, 2009 (PARDOetal., 2012);
1 Diversity in the representatiostructureLEPASAAR; MAKINEN, 2002 (YOO et al., 2009
(KELEMEN etal., 2012;
9 Diversityin theabstractionevds (BALDASSARRE etal., 2009 (FERREIRAetal., 2010;

1 Granularitydifferencesbetweerelementsf distinct standard¢PARDO etal., 2012 (ROUT et
al., 200J);
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9 Difficulty in tracking processassetsand practicesor requiremerg (YOO et al., 2009
(KELEMEN etal., 2012);

9 Subjectivityin the identification of equivalencedetweenthe comparedcomponentgYOO et
al., 2006 (BALDASSARRE etal.,2009.

Theseproblemsare mostly relatedto the diversity of knowledgecontainedin distinct standardsand
how it is represented organized.The considerechotionshavenot a commonsemanticbackground,
and,thus,useto adoptmultiple, sometimesonflicting, definitions. To illustratethat, in a searchn the
SE Vocabularyprovidedby ISO/IEC 24765SEVOCAB;, it is possble to find five or more different
definitionsfor commonconceptsuchasprocessactivity, productanddocument

Moreover, in an ISO initiative for harmonizingits own standards(the SC7 ones), McBride and
colleagueg2012 presentadocumenentitledfiThegrowingneedfora | i g n lising thedollowing

issues:

1 Increasingrecognition that standardsare becoming multi-disciplinary and that there is no
guidancefor a newteamwhenbuilding a standardo ensureit is compatble with other(SC7)
standards

7 Clasheof terminobgy andsubtleclashesn semantics;

Impactsof externallegislation
Needto move from serendipitouknowledgeof such problemsto organizational(SC7level)
solutions;

1 An ontology/ taxonomyshouldbe produced,n particularusinga recognizederminology(e.g.
ISO704:2009 Terminologywork i principlesandmethods).

Due to these problems, some initiatives have beenconductedfor harmonizing SE standards.
Standardization organizations and researchershave been working in diverse proposals for

homogenizing comparing,mapping,integrating unifying and harmonizingrelatedstandardsThese
initiatives areanalyzedanddiscussedn Chapter3. However,beforethat, it is importantto precisely
definewhat e&h ofthesetechniqus meas. We have based our definitions mostly in dhessification

providedby Pardoandcolleague42012, reaching the following definitions

1 Homogenization is the adaptationof standardsto a pre-defined structure to put different

standardén ahomogemrousformat (samestructurg, easing the application of other techniques.

1 Comparison is the analysis of standardsor their processesseekingfor similarities and

differencego know the level of equality of such elements.

4 SEVOCAB doesnot intendto be a collection of preciselydefinedcore conceptsbut simply a collection of
existing definitions,6 mi nfrerd the definitional clausesof variousstandardslt is availablefor searcheon
https://pascal.computer.org/sev_display/index.action
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1 Mapping is a lowerlevel comparison of te standardsconsidering structural or content

elementgsuchasactivities work productsandroles).

1 Integration / Unification is the definition of a new (integrated)schema combiningelected

practicesor definitions of differentstandards.

The Harmonizaion notion, as our main purpose in this work, deserves a further discussion. According
to (SI VI Y ¢&drmoaitationis n@t&b0uBcieatingé mastermetastandardor a newsingle
standard that encompassesill other standards or about declaringany single combination of
standardsasthe best,or suggesting universalcombinationto suit all. Rather, it is about developing

an appropriate solution to meet your individual organizational objectives. To accomplish this
harmonization requires understding and leveraging the properties of the technologies of interest as
well as composing these properties and the process architecture into a harmonized ¢olution
Additionally, Pardo and colleagues (2012) state that Hazaion is the developmentf onesuitable
solutionthat allows organization'sgoalsto be satisfied We agree with these definitignsowever, we

expect to apply harmonization in a wider context, not exclusively for deploying a set of standards in an
organzation.We also intendo consder harmonization in the context of standardization organizations
(e.g. for standards development or review) and research projects (e.g. for building integrated models or

identifying similarities and divergences). Hence,dbénition we follow in this waok is:

1 Harmonization is thecombined use of a set of technigssch as homogenization, mapping

and integration) to providesolution regarding the interoperabiliby two or more standards.

Besi des t he tioasahthis nmgomensitds indpéaht itordeéfibe more precisely two other
concepts regardinthe perspectivewe useto deal with the informatiothe standards providézach
standardis generallyorganizd into a (pre-)defined structureused to classify the me specific
information the standard aira to provide. Thus,eachstandard can bebservedinto two different

perspectives:

T Standar dos is $e setud highedevel standards elementsused to categorize /
organize thestandar@ contents. These gttural elements can be repaged as a structural
model of the standardapplied to different standai&l portions (or sections). For example,
process activity andtask(in ISO/IEC 12207); angrocess areagoal and practice (in CMMI-

DEV) are structuraglements.

T St andar daé &sthespatifidmowedgeprovidedby the standard®rganized according
to the st a n dleesedcontent slénrents; tisuatlyedescribed as plain text, fill the
standard with the specifiagctices / rules / informatioim beobservedFor examplein CMMI-

DEV, Requirements Engineeringclassified asa process area)Manage Requirements
(classified asa goal) andObtain an Understand of Requiremefttassified asa practice)are

content elements
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The harmonization teciques can be applied twmne or both perspectives For example,
Homogeni zation can be applied only t ostractural st an
alignment between different standards. Mapgj Integration and Harmonizatiamould be apfied to
both structural and edent pespectives.Overall, theharmonizationof standaré contentscan be

better conducted whestandarés structure isalreadyaligned (or previously lrenonized).

Quality standrds in general, are developedby domain expeats; carry out an acknowledged
backgroundknowledge;,canhavesomesharedconceptualizatioffwhendevelopedoy the samegroup
or inspired in other standards)put are not developedwith a common conceptualground. Thus,
ontologieshave beenappliedfor acheving a soundsolutionin standards harmonizatioPARDO et
al.,, 2012 (HENDERSONSELLERSet al., 2014 (RUY et al., 2014. They can provide a shared
consistentconceptualizationaligned to reality, and mappedto the s t a n ddefinidonsd Next
sectionsdiscusssomeontologicalnotions we haveappliedin this researchFurthermore Chapter3
presentsa mappingstudy covering the researchinitiatives on SE standads harmonizationusing a

commonmodel.

2.2 Ontologies

Thetermontologyhasbeenusedin Philosophy sincethe 17th centuryto referbothto a philosophical
discipline,andasa domainrindependensystemof categorieshatcanbe usedin the conceptualization
of domainspecificscientifictheories GUIZZARDI, 2007).

In the pastdecadesthere has beena growing interestin the sulject of ontology in computerand
informationsciencefGUIZZARDI, 2007. In ComputerSciencewe referto anontologyasa special
kind of information object or computationalartifact (GUARINO et al., 2009. Gruber (1993)
originally definedthe notion of an ontologyasan fiexplicit specificationof a conceptualizatiod Borst
(1997) adaptedthis definition for a fiformal specificationof a shared conceptualizatioa .This
definition additionally required that the conceptualizatio should expressa sharedview between
severalparties,a consensusatherthan an individual view. Studeret al. (1998 mergedthesetwo

definitionsstatingthat: fian ontologyis a formal, explicit specificationof a sharedconceptualization 0

Ontologieshave beenclassifiedin diverse perspectivesn the literature,for example,accordingto
their levelsof generality,formality, applicability, etc. In this researchyve aremainly interestedn the
classification criterion regarding Generality Levels in which ontologies can be classfied into
FoundationaJ Core and Domain ontologies(SCHERPet al., 201]). At the highestgeneralitylevel,
Foundational Ontologiesspanacrossmanyfields andmodelthe mostbasicandgeneralconceptsand
relations that make up the world (including domairindependentnotions, such as object event
dependenceclassification parthoodrelation etc.) (GUARINO, 1998. Domain Ontologies in turn,

describethe conceptualizatiorrelatedto a specific domain (such as Requirementsand Testingin
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Software Engineerng, or Electrocardiogramin Medicind (GUARINO, 1998. Core Ontologies

locatedbetweerthe foundationalanddomainlevels, provide a definition of structuralknowledgein a
specificfield, but onethatstill spansacrossdifferentapplicationareasin this field (suchas Services
Enterprisesand Measurement Theseontologiesaretypically built basedon foundationalontologies
and provide a refinementto them by adding detailedconceptsand relationsin their specific fields

(SCHERPetal.,2011).

The different generalitylevelsdo not amountto a discreteclassificationbut to a continuum(FALBO

et al., 2013, ranging from foundationalontologiesthat are totally domainindependent(such as
DOLCE (GANGEMI et al., 2002 and the Unified FoundationalOntdogy - UFO (GUIZZARDI,

2005), to domainontologiesfor a very particulardomain(suchas SoftwareRequirementsr Quality
Assurancg Finally, core ontologies,despitebeing more generalthan domain ontologies,are also
doman-dependent.

Higherlevel ontologies can be usedto supportthe developmentof lower-level ontologies,i.e.,
foundational ontologies can be used as basis for building core and domain ontologies,and core
ontologiescan supportthe developmentof domainontologies. In fact, consideringthe continuous
nature of the aforementionedclassification, some ontologies can be used for supporting the
developmenbf morespecificontologiesevenwithin the samelevel of generality.For example UFO-
A (an ontology of endurants)and UFO-B (an ontology of events),both of which are foundational
ontologies,have beenusedas basisfor building UFO-C (an ontology of social entities). The latter,
albeitbeingmorespecific,is still consideredo be a foundationalontology. SPO(a SoftwareProcess
core Ontology) (BRINGUENTE et al., 2011 is groundedmainly in UFO-C, while ROoST (an
ontology for the Testing domain) (SOUZA et al., 2013 is developedby extending SPO. The
ReferenceSoftwareRequirement©Ontology (RSRO, presentedn Chapter4), in turn, is a domain
ontology that is mostly groundeddirectly in UFO-C. Finally, the RuntimeRequirement©ntology
(RRO) (DUARTE etal., 2016, a domainontology on requirementst runtime,was developedased
on RSRO. Figure 2.2 illustratesthe view of ontology generalitylevels as a continuum using the
aforementionedontologies. The dashedarrows show the grounding dependenciesetween the

ontologiedn differentlevels.

e e RSRO <------ RRO
v v
UFO-A/B<------ UFO-C <------ SPO <------------ ROOST
< >
more general more specific
Foundational Core Domain
Ontologies Ontologies Ontologies

Figure 2.2. Ontology Generality Levelsasa Continuum (adaptedfrom (FALBO etal., 2013).
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Another relevantclassificationcriterion concernsthe intendedapplicationof ontologies.Guizzardi
(2007 makesan important distinction betweenontologiesas conceptualmodels (termedreference
ontologie3 andontologiesas coding artifacts(operationalontologie$. A referencedomainontology

is constructedwith the goal of making the bestpossibledescriptionof the domainin reality. It is a

special kind of conceptualmodel, an engireering artifact with the additional requirement of
representing modelof consensusvithin acommunity(GUIZZARDI, 2007). Onthe otherhand,once
users have already agreedon a common conceptualization different operational versions of a
referenceontolagy can be derived. Contrary to referenceontologies, operationalontologies are

designedwith the focus on maximizing particularnonfunctionalrequirementge.g.,certaindesirable

computationalproperties).In other words, when developinga referenceontology, the focusis on
expressivity of the representationand truthfulnessto the domain being represented(domain
appropriatenes), even at the expensesof computationalcharacteristicssuch as tractability and
decidability (GUIZZARDI, 2007. In summary,n the view employedhere,a referenceontologyis a
particular kind of conceptualmodel, namely, a referenceconceptualmodel capturingthe shared

consensusf agivencommunity.

In this thesis,the focus is on addressinga semantic interoperability problem regardingstandards
harmonizationEvenwith the supportof methodsandtools, it is still anactivity essentiallyperformed
by humansThus,in this text, whenreferringto ontologies we meanreferenceontologies Regardig
the generalitylevels, all of them are applied,as discussedn Chapter4. Sincein this thesiswe use

UFO asbasisfor building ontologiesfor harmonizatiorpurposeshextwe briefly presentit.

2.3 The Unified Foundational Ontology (UFO)

UFO is a foundatbnal ontologythat hasbeendevelopedbasedon a numberof theoriesfrom Formal
Ontology, PhilosophicalLogics, Philosophy of Language,Linguistics and Cognitive Psychology
(GUIZZARDI, 2005). It is composed of three main parts:

1 UFG-A, an ontology of endurds (objects) (GUIZZARDI, 2005

I UFO-B, an ontology of perdurants (events) (GUIZZARDI et al., 2013); and

1 UFO-C, an ontology of social entitiboth endurants and perduran{§UIZZARDI et al.,
2008),built on top of UFGA and UFQB.

It has beensuccessfly employedas a basisfor andyzing, reengineeringand integrating many
modelinglanguagesand standardsn different domains(e.g.,UML, TOGAF, ArchiMate, RM-ODP,
TROPOS/i*,AORML, ARIS, BPMN), aswell asfor the developmenbf coreanddomainontologies
in different areas.Examplesof targeted domainsinclude Services, Capabilities, Organizational

Structures,Communities,Goals and Motivations, ConstitutionalLaw, BusinessProcessesDiscrete
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EventSimulation,Simulationfor Land Coveringand Use, Measuement,and SoftwareEngineerim,
amongothers(GUIZZARDI etal., 2015. Of all applicationsof UFO, onedeservespecialattention,
namely,the useof UFO categoriesandaxiomatizationin the designof an ontology-driven conceptual
modeling language,OntoUML (GUIZZARDI, 2005. It was conceivedas an ontologically well-
foundedversionof the UML 2.0 fragmentof classdiagram.OntoUML is a UML profile thatenables
makingfiner-grainedmodelingdistinctionsbetweendifferenttypesof classesandrelationsaccading
to the ontologicaldistinctionsput forth by UFO (GUIZZARDI, 2005.

Among the availablefoundationalontologies(suchas DOLCE (GANGEMI et al., 2002 and GFO

(HELLER; HERRE,2004), we chooseUFO, becausét hasbeenconstructedvith the primary goal of

developing foundations for conceptualmodeling. Consequently,UFO addressesnany essential
aspectdor conceptualmodeling, which have not receiveda sufficiently detailedattentionin other
foundationalontologies.Examplesare the notionsof materialrelationsandrelationalproperties.For

instancethis issuedid not receiveup to now atreatmenin DOLCE, which focusessolely onintrinsic

properties (qualities). Moreover, UFO has been employedin many semanticanalyses(such as
(ALMEIDA et al., 2010) (EESSAAR SGIRKA, 2013 (GUIZZARDI et al., 2008) and hasalready
beenusedfor groundingSE ontologiesthat are essentialfor our researchasit is the caseof SPO
(BRINGUENTEEetal., 2011).

In the sequel,the most important distinctions of UFO usedin this researchare presented.This
descriptionis basedmainly on (GUIZZARDI, 2005 (CARVALHO; ALMEIDA, 2016 for UFOA,
(GUIZZARDI etal., 2013 for UFO-B, and(GUIZZARDI etal., 2008 (BRINGUENTE et al., 201])
for UFO-C.

Figure 2.3 showsa fragmentof UFO-A. A fundamentaHistinctionin UFO-A is betweenparticulars
and universals.Particulars (or Individualg are entities that exist in reality possessinga unigue
identity, while Universalsare patternsof features, which can be realizedin a numberof different
particulars.Particulars are instances of Universals (a first order type: 1stOT), while Universals are
instances of second order types (2ndCeljbstantialsare existentiallyindependenpatrticulars(e.g.a
person,a car). Moments in contrast,are particularsthat can only exist in other particulars(e.g. a
p e r s lweadachethe marriageof a couple), and thus they are existentially dependenin them.
Existential dependencean also be usedto differentiae intrinsic and relational moments: Intrinsic
Momentsare dependenbn only one single individual (e.g.,a color, a temperature)while Relators
dependon a plurality of individuals (e.g., a marriage,an employment).Most distinctionsmadefor
particularsalso apply to universals.Thus we havethe counterpartsSubstantialUniversal Moment
Universal Intrinsic MomentUniversalandRelatorUniversal althoughthe lasttwo werenot shownin

Figure2.3.
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Entity
Particular k- - - - - - powertypgof __________ Universal (1stOT ) k- -Powertype of _ | andoT
Concrete Particular
| ' |
Event Endurant Monadic Universal Relation
[ | [ |
Substantial Moment Moment Universal Substantial Universal Material Relation Formal Relation
1 N JAY 0

o cxistential dependence of \ ] |
Kind Role RoleMixin

< derived from

—

Intrinsic Moment Relator

Figure 2.3. A Fragment of UFO-A 7 An Ontology of Endurants.

While persistingin time, SubstantialparticularscaninstantiateseveralSubstantialUniversals Some
of thesetypes,a substantialparticularinstantiatesnecessarily(i.e., in every possble situation)and
they definewhatthis entity is. ThesearethetypesnamedKind (e.g.,a personanorganization) There
are,however typesthata substantiablsoinstantiatesn somecircumstancedyutnotin others sud as
is the caseof Roles(e.g, student,husband) A Roleis a type instantiatedn the contextof a given
eventparticipationor of a givenrelation. The abstraction®f commonpropertiesof rolesof different
Kindsarerepresentethy RoleMixins (e.g.,customerthataggregatepropertiesof the rolesindividual
customerandcorporatecustome). Both Kind andRolearesortal substantialuniversals but Kind is a
rigid sortal, while Roleis an anti-rigid sortal. Role Mixin is anantirigid mixin substantl universal
Although not representedn Figure 2.3, Sortal Universal Rigid Sortal, Anti-rigid Sortal and Mixin
Universalareconceptof UFO-A. For detailssee(GUIZZARDI, 2005.

Relationsare entitiesthat link togetherother entities. Formal Relationshold betweentwo or more
entities directly, without any further intervening individual (e.g., University provides Course).
Material Relations conversely have materialstructureof their own, deriving from a Relator, which
medidestherelatedentities(e.g, Enrollment mediatingCourseandStudent).Therelationsbetweera

relatorandthe connectecdentitiesaresaidmediationrelations

UFO-B makesa distinction betweentwo typesof Particulars endurantsand perdurantor Events).
Endurants presentedn UFO-A, aresaidto bewholly presentwhenevettheyarepresentj.e.,theyare
in time, (e.g.,a person,a tree). Events in contrast,are particularscomposedf temporalparts,i.e.,
they happenin timein the sensdhatthey extendin time accumulatingemporalparts(e.g.,a business

processaparty).
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A fragmentof UFO-B is shownin Figure2.4. The main categoryin this ontologyis Event Theycan
be atomicor complex.Atomic Eventshaveno properparts,while ComplexEventsare aggregation®f
at leasttwo events(that canthemselvese atomic or complex). Eventsare possibletransformations
from a portion of reality to another,.e., they may changereality by changingthe stateof affairsfrom
one (pre-state)situationto a (poststate)situation. Eventsare ontologically dependentntitiesin the
sensethat they existentially dependon their participantsin orderto exist. Moreover, since events
happenin time, they are framedby a Time Interval. The figure depictsthesetwo aspectson which
events can be analyzed, namely, as time extendedentities with certain (atomic or complex)
mereologicalstructures and as ontologically dependenentitieswhich can compriseof a numberof
individual Participations

| <« instance of |
Event Universal ————> Event 0.* " Time Interval
framed by F
S
0.*
Atomic Event Complex Event
instance of
Participation Universal Participation participation of B> Substantial
0" 1

Figure 2.4. A Fragment of UFO-B 1 An Ontology of Events.

The third U F O ésgbontologyis UFO-C, an ontology of social entities (both endurantsand
perdurants)Somefragmentsof UFO-C are presentedn Figure 2.5 (regardingAgentsand Objects),
Figure 2.6 (depicting Commitmentsand Appointments)and Figure 2.7 (addressingActions and

Participations).

Oneof the maindistincions madein UFO-C is betweemagentsandnonagentiveobjects.An Agentis
a substantialthat createsactions perceiveseventsand to which we can ascribe mental states
(intentional moments Agentscan be physical (e.g., a person)or social (e.g., an organization).A
HumanAgentis a type of Physical Agent An Object on the other hand,is a substantialunableto
perceiveeventsor to haveintentionalmoments Objectscanalsobe further categorizednto physical
(e.g.,abook)andsocialobjects(e.g.,money).A NormativeDescriptionis atype of SocialObjectthat
definesoneor morerules/ normsrecognizedoy at leastonesocialagentandthat candefinenominal
universalssuchas social objectsand socialroles. A Plan Descriptionis a specialtype of normative

descriptionthatdescribesComplexAction Universals(plans).
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Figure 2.5. A Fragment of UFO-C: Distinction betweenAgentsand Objects.
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defifles

Agentsaresubstantialshat canbearspecialkinds of momens, namedintentionalMoments They can

be Mental or SocialMoments Intentionalityin UFO shouldbe understoodn a broadersensghanthe

notionof A i n t esnodni ent ght irefergtod the capacityof somepropertiesof certainindividualsto

refer to possible situationsof reality. Thus,fi i n t esnodm ent gis & spegibictype of intentionality

termedintentionin UFO. Intentions(or internal commitmenf{sare mentalmomentghat represenan

internal commitmenbf the agentto act towardsthat will. They causethe agentto performadions.

Besidesnternalcommitmentgintentions),thereare alsosocialcommitments A Social Commitment

is type ofSocialMomentestablishinga commitmentof anagenttowardsanother(e.g., an agreement, a

promise) A specialtype of Commitmentis an Appdntment which is a commitment whose goal

explicitly refers to a time interval (e.g., a scheduled task). Bothmitmentandappointmentscan be

eitherInternal or Social
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— Commitment  K}——
Intrinsic Moment
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T
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Figure 2.6. A Fragment of UFO-C: Commitments and Appointments.

Finally, Actionsareintentionaleventsi.e., they havethe specific purposeof satisfyingsomeintention
(e.g., a businessprocess,a communicativeact). As Events actions can be atomic or comgdex. A
ComplexAction is compesedof two or more Participations Thesepatrticipationscanthemselvesde
intentional (i.e., be themselvesactions)or unintentionalevents.Since actionsare intentional, only
agentscan perform actions. An object participatng in an action doesnot have intention. Object
Participations can be of the following types: Creation Change Usage or Termination For
il lustrating, a person using a hammer i s
participation (also aaction) and the hammer usag&tcipation.

Event «
0.l Action |*- Participation |0 participaion of B 1 [0 al
Jl—‘ participation of P
% ] [0.* 1]
Atomic Action Complex Action Object Participation Object Agent 1 <inheresin
AN 1 g
Agent Participation |2 participation of B> Intentional Moment

\ I ] | 4‘3

Creation Change Usage Termination Mental Moment

i

Intention (Internal Commitment)

caused by P> 1

Figure 2.7. A Fragment of UFO-C: Actions and Participations.
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The UFO distinctions(suchasthesejust described)are being usedin diverseapplications,ncluding
providing groundfor the devdopmentof core and domainontologiesand for analysingconceptual
modelsin a foundationallight. The ideabehindontologicalanalysisis to provide a soundfoundation
for modeling concepts,if assumedhat such conceptsare aimed at representingeality (FETTKE;
LOOQOS, 2003. Severalefforts haveshownthe benefitsof ontologicalanalysis,suchas (SHANKS et
al., 2003 (SMITH, 2009 (ALMEIDA et al., 2010, which includes: (i) the rigorous definition of
models, in terms of realworld semantics;(ii) the identification of problemsin the definition,

interpretatioror usag of conceptsand(iii) recommendation®r modelformality improvements.

An ontological analysis processbasically consistsin analyzingthe conceptsand definitions of a
subjectmodel,evduatingif theymakesenseaccordingto the chosersemantidasis.Theresultsrange
from identified problemsand proposedsolutionsto the completereengineeringf that model. The
employedbasisuseto be a formal and well acceptedsemanticreference A foundationalontology,
consistentlyproviding the basictypesthat describethe world, is a good choice.UFO, for example,
havebeenappliedfor someontologicalanalysis(suchas (GUIZZARDI et al., 2008 (ALMEIDA et
al.,2010 (BRINGUENTEetal.,2011) (EESSAAR SGIRKA, 2013).

2.4 Core Ontologiesand Ontology Patterns

In the secondgeneralitylevel, the coreontologiesprovidea precisedefinition of structuralkknowledge
in a specificfield that spansacrossdifferent applicationareasin this field (SCHERPet al., 2011).
Theseontologies aretypically built basedon foundationalontologiesand provide the domainrelated
core knowledge,being useful for supportingthe developmentof more specific domain ontologies.
RegardingSE, for example,a foundationalontlogy (suchas UFO) can ground SE core ontologies
(describingSoftware Artifacts SoftwareProcessels which can be the basisfor building domain

specificontologies.

This is the caseof SPO,a SoftwareProcessoreOntology It wasoriginally build in (FALBO, 1998
and evolved along the time while supportingdiverse applications,including the developmentof a
variety of SE domainontologies. A secondversionof SPOwas proposectontemplatingevolutionsin
the software proces area,and mappingit to software processstandards(FALBO; BERTOLLO,
2009. Althoughtheseearlierversionshaduseda UML profile applyingformal axioms,it wasnot yet
based on a foundational ontology. Finally, UFO was used for ontologically analyzing and
reengineeringSPOIn (GUIZZARDI et al., 200§ and (BRINGUENTE et al., 2011). From this point
on, the discussedntology building chain become complete,having UFO (foundational)grounding
SPO (core), which, in turn, groundsseveral SE (domain) ontologes (as discussedn Chaper 4).
Moreover,Falboandcolleagueg2013, in orderto improvethe supportgivenfor the developmenbf

domain ontologies,claim that core ontologiesshould be presentedas Ontology PatternLanguages
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(OPLs), and provide an SPO version organizedas an OPL, SP-OPL (Software Process Ontology
Pattern Language

Coreontologiesare conceivedmainly aiming at reuse andthus,a patternorienteddesignapproackhis

appropriatd for organizingthem. Following suchapproachcore ontologies becomemore modular
andextensible(SCHERPetal., 2011). Moreover,by providing a networkof patternsandruleson how

they can be combined,an OPL improvesthe potentialfor reusinga core ontology, by enablingthe
selectiveuseof partsof the coreontologyin a flexible way. This is very importantdueto pragmatic
reasonssinceontologyengineersievelopingspecificontologiesfor that domainmight wantto focus
on selectedaspect®f thedomain,disregardingpthers(FALBO etal., 2016.

An Ontology Pattern(OP) describesa paricular recurring modeling problemthat arisesin specific
ontologydevelopmentontextsandpresenta well-provensolutionfor the problem(PRESUTT | etal.,

2009. Among severaltypes of ontology patterns(FALBO et al., 20130, we are interestedin the
ConceptualOntology Patterng COPs).COPsare modelingfragmentsextractedof eitherfoundational
ontologies (Foundational OPs, henceforth, FOPs) or core/domainreferenceontologies (Domain

relatedOPs,henceforth DROPS).They areintendedfor useduring the ontologyconceptuamodeling
phaseandfocusonly on conceptuabhspectswithout any concernwith technologicabr computational
issues(FALBO etal., 2013hH. A COPextractedirom a higherlevel ontology canbe usedto support

the developmenbf lower-level ontologies.FOPsare reusablefragmentsderived from foundational
ontologies(FALBO et al., 2013, packaginga small portion of foundationalstructuralknowledge.
Sincefoundationalontologiesarein thetop-mostgeneraity level, FOPscanpotentially be appliedto

any domain. DROPs are reusablefragments extracted from reference core/domain ontologies,
packagingthe core knowledgerelatedto a domain(FALBO etal., 2013H. Thus,DROPscanbe seen
as fragments of a core/main ontology that are applicable for designingontologiesof a lower

generalitylevel.

An OntologyPattern_LanguaggOPL) is a networkof interconnectedROPsthat providessupportfor
solving a classof ontology developmentproblemsfor a specific doman. An OPL offers a set of
interrelateddomainpatternsanda processwith explicit guidanceon what problemscanarisein that
domain,informing the orderto addresgheseproblems,and suggestingone or more patternso solve
eachspecificproblem(FALBO etal., 2013.

Core ontologes are valuable instrumentsfor supportingthe developmentof domain ontologies,
especiallyif theyaregroundedn a foundationalontology (embeddedvith structuralknowledge)and
organizedas an OPL (preparedfor reuse).Sud characteristicccan be an advantageouswvay for

enhancinghedevelopmenof a seriesof domainontologiesin thesubjectarea.
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2.5 Ontology Networks

In the pastdecadesthere has beena growing interestin the subjectof ontology in computerand
information sciencesin the lastfew yeas, this interesthasexpandedtonsiderablyin the contextof
the SemanticWeb and MDA (ModelDriven Architecture) researchefforts, and due to the role
ontologiesare perceivedto play in theseinitiatives (GUIZZARDI, 2007. According to Suarez
Figueroaand colleagueg2012) the SemanticWeb is characterizedy the existenceof a very large
number of distributed semanticresources,which subscribeto alternative but often overlapping
modelingschema(i.e., ontologies).Togetter, theseresourceslefine a network of ontologiesrelated
through a variety of different metarelationshipssuch as versioning, inclusion, inconsistency,
similarity, andothers.This emergingscenarids radically differentfrom therelatively narrowconiexts
in which ontologieshave beentraditionally developedand applied,and calls for new methodsand
toolsto supporteffectively the developmenbf a newkind of networkorientedsemanticapgications.
Hence,ontologiesare not standalone artifacts. They relateto eachotherin ways that might affect
their meaning,and are inherently distributedin a network of interlinked semanticresourcesMore
precisely,a networkof ontologiesor an Ontology Network(ON) is a collection of ontologiesrelated
togethe via a variety of relationshps, such as alignment, modularization, and dependency.
Accordingly, a networkedontologyis an ontologyincludedin sucha network, sharingrelationships
with a potentiallylargenumberof otherontologies SUAREZFIGUEROAetal., 2012).

Intuitively, this aspecf consideringontologiesasincludedin a networkimpliesthattheyaredefined
not only throughtheir contentbut also in terms of ontology metadatawhich provide information
about their provenance purpose,and the relationswith other ontologies and semanticresources,

amongotherthings.

One of the mostcommonways for two ontologiesto relateis to be dependenbn eachother. More
precisely it is oftenthe casethat,to defineits model,an ontologyrefersto the definitionsincludedin
another ontology (SUAREZFIGUEROA et al., 2012. It can be doneby usingan OWL primitive
(owl:importg in operationabntologiesor by relatingor specializinga conceptfrom otherontologyin
referenceontologies.It allows the ontology developer/ engineerto declaresucha relationship,and

alsoadaptpreviousdefinitionsto makethe ontologiesconsistentvith eachother.

Aligning ontologiesis a way to put differentmodelsin correspondencky declaringwhich entitiesin
oneontologyarein someway relaiedto thosein anotherontology (or specialized generalizedr the
sameas). The main purposeof alignmentss to ensuresemantidnteroperability,makingit possibleto
mergeontologiesin a meaningfulway by representingnformationin one ontology in termsof the
entitiesin anotheSUAREZ-FIGUEROAetal., 2012.

Large, monolithic ontologiesare hardto manipulate use,and maintain. Modular ontologies,on the

contrary, divide the ontological model in self-contained,interlinked componentswhich can be
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consideredndependentlywhile atthe sametime participateto the definition of a specificaspecbf an
ontology(SUAREZFIGUEROAetal., 2012).

Besides the presentedcharacteristics,ONs embracing ontologies from the same domain can
experimenta syrergeticcharacteristidor the developmenbf networkedontologies As the networkis
being populated,more and more commonentities are defined and reused,in sucha way that, for
addingnew networkedontologies,much of the effort and definitions have already beendone. This
mechanismmakesthe developmenof networkedontologiesmore productive,and alsoturnsthe ON

moreconsistenasawhole.

2.6 Final Considerations

This chapterpresentedhe backgroundon standards harmonitian and ontologiesfor our research.

We believe that SE referenceontologiescan be properly organizedin an Ontology Network. In
addition,the networkedontologiesat the highergranularitylevelsaresuitablefor being fragmentedn

ontology patternsand organizedas OPLs, providing a valuablesupportfor the network consistency
andevolution.To concludewe arguethatour SE ontology networkSEON is plenty applicablefor
supportingharmonizatiorof SE standardsThis and other aspects of the solutvg are proposing are
supporte by the presented background. le flollowing, Chapter 3 presents a mapping study going
deeply on the standards harmonization topic. The discussion on our proposed solution as well as its

specific requirements, results angikiations are presented in&ghers 4, 5 and.6
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3 A SystematicMapping on Software Engineering

Standards Harmonization

This chapterdiscussesa systematicmapping study on the researchtheme: Software Engineering
StandarddHarmonization It presentghe context and motivation for the study, the researchmethod
applied, the study results, discussionsand limitations, and the final considerationstowards our
researclgoals.We also review a secondary study on the same topic that was reported in the literature
by Pardo and colleagues (2010

3.1 Introduction

Nowadaysto achievehigher levels ofguality and productivity, the softwareindustry hasadopteda
variety of quality modelsfocusingon improvingits processegyroducts,andcompetitivenessiVe can
find stardardsin diverse formats, domans and purposes;such as CMMI-DEV, ISO/IEC 12207
ISO/IEC 29110 and MR-MPS-SW for software development;ISO 9001 (ISO, 2015)for quality
managemensystems;ISO/IEC 25010 (ISO/IEC, 2011b)for product quality; ITIL (ITGI, 2008,
COBIT (ITGI, 2008) and ISOIEC 20000 (ISO/IEC, 201b) for Information Technology (IT)
governance|SO/IEC 27001 (ISO/IEC, 2013)and ISO/IEC 27002 (ISO/IEC, 2013b)¥or information
security; and other standardsfor more specific domainssuch as measuremen requirementsand

tesing.

Thesestandardsre often usedin combination.Softwareorganizationsanbenefitfrom selectingthe
best practicesfrom different standardsbut, at the sametime, they needto deal with possible
incompatibilitiesin structure vocabulary andneaning(JENERS et al., 2013 (PARDO et al., 2013.

This hastakenthe attentionof researcherand standardizatiororganizationsin the recentyears,the
Software Engineering (SE) community has demonstrateda growing interest regarding process
improvementenvironmeng wheremultiple modelsareinvolved (PARDO et al.,2015. Additionally,

standardizatiororganizationsare also concernedaboutproviding more alignedstandardsasit is the
caseof SEland ISO

In this context, diverse initiatives have been conductedto alleviate the effects of the standards
incompatibilities and to presenta more aligned view of them. Examplesare mappingsbetween
standard¢PAULK, 1998) (MUTAFELIJA; STROMBER 2003; developmenbf conceptuamodels
represeting knowledge relative to a single standard (SOYDAN; KOKAR, 200§ (MENDES
ABRAN, 2004 or related toa domaincomprisinga setof standard§GARCIA et al.,2006 (FALBO;
BERTOLLO, 2009 (BARCELLOS, FALBO, 2013); and a numberof approachesnd techniques
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aiming to homayenize,compare map, integrateand harmonizestandardFERCHICHI et al.,2008

(JENERSet al.,2013 (PARDOet al.,2013 (HENDERSONSELLERSet al.,2014). Sincethis task
frequently involves knowledge representationsome of these initiatives make use of conceptual
mocels to supportthe harmonizationefforts and for better dealingwith the s t a n dkaowlédge
(JENERS LICHTER, 2013 (RUY et al.,2015 (PARDO et al.,2015. This mapping is particularly

interested in those harmonization iatitves that adopt a commonrmeptual model.

A mapping study provides a comprehensive overview of a research area, revealing whether there is
research evidence on a particular topic. Its results help to figure out gaps in the current research status,
and provide a direction to approjtely position new research activities (KITCHENHAM
CHARTERS 2007 (KITCHENHAM et al.,201]) (PETERSENet al.,2008. This mappingstudy

aimsat providing a broadview on the standardfiarmonizatiortheme.We expectto seethe evolution

of the harmonizabn initiatives overthe years reachingthe actualstateof the art; andto takea better

view of the problem, proposedsolutions,techniquesapplied, standardsnvolved, types ofcommon
conceptualmodels used, and how those solutions havebeen evaluated.In sum, we expectthis
mappingcan supportunderstandinghe researchadvanceghus far and establisha scenaridor our

research as well as futuresearcton SE standards harmonization

The establishedgoal for this mappingis to identify publications addressing harmonization of
Software Engineering standards by means of a common conceptual model, and analyze the
applied approaches Hence, the mapping scopeis delimited by publications describing some

harmonizatioreffortinvolving SEquality standardsand usinga commorconceptuamodel

Regarding the use of common conceptual models, we are interested in papers in which a conceptual
model is used as a common knowledge reference for harmonizing StardmnMetamodels,
ontdogies and other types of mdds ar e often wused for represent
knowledge. These models can be used as an input, being a knowledge source for harmonization
initiatives, or as output, being produced e integration stage# this mapping, we are partiarly

interested in those papers applying@mmon conceptual mod&r supporting the harmonization

effort. It means that (i) the common model is necessarily used as an input for applying the
harmonizéon techniques; and i)i the common model must carrgomain or standard general

knowledge, providing in some extension a semantic reference for the harmonization.

We decided to investigate only those papers using common conceptual models as a knowledge
reference for harmonizath, because we see SE standattarmonization as a semantic
interoperability problem. Semantic interoperability, in general, refers to the ability to exchange
information based on meaning. In several contes@ésantic conflicts amsbecaus¢he things bimg
integrated (systems, datapdels and so orgo not share a common conceptualization. Thus, to solve

semantic conflictssommon conceptual models, such as ontologies and metantatelse used as an
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interlingua to map concepfsom different sources Semantics constitutes an imgant element for
integration approaches. It must be correctly addressed to imiegrationto their full potential.
Moreover, emantic integration should occur at the knowledge IRARK; RAM 2004) considering

that thethings being integrateshust shae the meaning of their terminologies

Finally, it is worthwhile to mention that Pardo and colleagues (2010) conducted a sigsliéenature

review on the sametopic, with a similar scope They have searched for papers ioitiatives
concerningthe harmanization of multiple standards, selecting 32 papers from 1993 to 20ng$

mapping aims at presenting a more recent perspecibreidering also publications from the last

years (2010 to 2016). Moreover, as discussed, oyresisorestricted to those papeising a common
model . Pardobdés study helped us in some definit
techniques lassification) and showed some possible trends. As a related work, it is further discussed

in Sedion 3.6.

This chapteris organized as follows. Secti@?2 describeshe adoptedesearchmethod,includingthe
researchquestionsand other parametersestablishedfor reachingthe mapping goalSection 3.3
presentghe mappingresults Section3.4 discusseghe main findings obtainedfrom the resultsand
theirimplications Section3.5 pointsout the mappinglimitations Section3.6 discusses related works.

Section3.7 concludes the chapter.

3.2 Research Method

The research method @uted in this mapping study is based on the process defined by Kitchenham
and Qharters (2007), which has tlerenain phases:

(i) Planning: focus on defining a protocol for the study, establishing the research questions,
inclusion and exclusion criteria, seasthategies, sources of papers, and search string, among
others;

(i) Conduction: regards searching and selectirige tpapers to extract and synthesize information

from them:;

(iif) Reporting: aims at describing the results and distributing them to the interested partie

This section discusses the main methodological aspects addressed by thisgmiapluding the

research gestions, the papers selection, data extraction and synthesis, and classification scheme.

3.2.1 Research Questions

This mapping study addresses the research on harmonization of SE standards. Its purpose is to present
a panorama ofhe current status of the topitable 3.1 shows he research questions to be answered

and the rationale behind them.
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Table 3.1. Research Questions and their Rationales.

No. |Research Question Rationale

This RQ focus on revealing when the papers have been publishe
When aml where have th whether there is any concentration regarding the publication vehicle
papers been published? venues.This is important to understand thaltication trends regardir
periods or venues.

RQ1

The perspective applied in the papers refers to what is being harmc
What are the harnmization S 0 me papers f oc us structure tshaly mamking
perspectives applied? correspondences ognlbetween structural elementsther focus on th
s t a n ccantemtssdéaling with the represented knowledge.

RQ2

Along the last years, many different techniques have been propo
What are the harmonizatic deal with standards haonization (such asomogeniztion, comparison
techniques applied? andintegration). This RQ aims at identifying the technique(s) appliec
each paper.

RQ3

The scope of this research is the SE area. However, within this art
standards focus on many diffetredomains, such aSoftware Proces:
Information Technology Governanc8oftware Measurememind so on
This RQ aims atdentifying the main areasdomains that are subject
the harmonization efforts.

What are theharmonizatior

RQ4 .
Q subject areas?

What are the maistandard This RQ aims at identify the main standards used as subject «

RQ5 being harmonized? harmonization efforts.

What are the types othe This RQ aims at capturing the type of the common cooeg¢phodels
RQ6 [common conceptual mode adopted by the appaches (such as UML model, metamodel,
used in the approaches? ontology).

The standrds harmonization efforts have different motivations (suc
What is the focus of thsupporting multiplenodel deployment in orgarations, supportin
harmonization initiative?  standardsimprovements, or research purposes). This RQ aim
identifying if the f ocdewlopesforusers

RQ7

Scientific papers use to present different typeseséarch (e.gsolution
What types of research ha proposal, validation research and evaluation research This RQ
been done? examines the types of research each selected papsents helping to

understand the maturity of the publications and of the topic

RQ8

3.2.2 Paper Selection

As pointed out  Kitchenham and Charters (200 before selecting the papers, we have to define:
(i) searchstring; (ii) search strategy; (iii) criteriarfgpaper inclusion and exclusion; and (iv) how to

store data. These aspects are discussed in the following.

3.2.2.1 Search Sing

The search string, preded inTable3.2, isorganized in four groups of terms according to our search
scope. It was built following two strategies that are pointed by Petetsah (2015) as relevant
strategies for defimg the search string, namel§i) deriving keywords from known papers, and

(i) iteratively improving the string to find more relevant papers. We have used some already known

and relevant publications as control papers to help determining when the sisigged enough.
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Table 3.2. Search Terms of the Mapping Study

Search subjects (groups of terms)

Search terms

Subject (Standards)

Approach (Harmonization)

Area (Software Engieering)

Means (Common Model)

"standards"OR"referencemodels"

"harmonization"OR"harmonizing"OR"harmonized"OR
"integration” OR"integrating” OR"integrated” OR
"unification" OR"unifying" OR"unified" OR
"combination”"OR"combining"OR"combined"OR
"mapping"OR"mapped"OR

"interoperability” OR"interoperable”

"software engineering OR"software process'OR
"processimprovement"OR"SPI"

"ontology"” OR"ontologies"OR"metamodel”"OR"meta-model” OR
"commonfoundation” OR"commonmodel" OR"integration model"OR
"referencemodel”

Serch String:

("standards"'OR"referencemodels")AND
("harmonization"OR"harmonizing"OR"harmonized"OR"integration” OR"integrating” OR"integrated" OR
"unification” OR"unifying" OR"unified" OR"combination"OR"combining"OR"combined"OR"mapping"OR
"mapped"OR"interoperabilty” OR"interoperable™)AND

("softwareengineering"OR"software process"OR"processimprovement"OR"SPI")AND

("ontology" OR"ontologies"OR"metamodel"OR"meta-model” OR"commonfoundation” OR"common
model" OR"integration model" OR"referencemodel”)

The first group of terms establishes #ubject of the searched papers, in this castandardsand

reference modelsThe used terms are in plural to return papers working with multiple standards.

second group definethe approachesused, and we W& a diversity of terms (e.dparmonization

integration unification combination mappingand interoperability) and tkeir variants as shown in
Table 3.2. The third group regards the applicatiarea, software engineeringalso hvolving other
terms such asoftware procesgprocess improvemeind SPI Finally, thefourth group concerns the

meansused to support the harmonization, including terms sudomsnon modelntegration model

metamodeandontology

The searchstring was applied

Depending on the particularities of each source, we have performed some syntactic adaptations.

3.2.2.2 Search Strategy

The main search strategy we adopted datsbase search. Welactedseven electronic databases,

which have shown as the most important from other studies we have previously done, namely:

considering three metadata fielilte, abstract and keywords

1 ACM Digital Library (http://dl.acm.org;

1 CompendexHhitp://www.engineeringvillage2.0jg

1 IEEE Xplore fttp://ieeexplore.ieee.oyg

9 Science DirectHttp://www.sciencedirect.com

The


http://dl.acm.org/
http://www.engineeringvillage2.org/
http://ieeexplore.ieee.org/
http://www.sciencedirect.com/
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9 Scopus fittp://www.scopus.coim

9 Springer Link http://www.springerlink.cory)

1 Web of Science / ISI of Knowledgét{p://www.isiknowledge.com

To complement the databasearshes, we have applied other two search strategies. As suggested by
Kitchenham and Charters (2007), we applied backward snowballing to identify additional important
publications from the reference lists of the selected rsddALALI; WOHLIN, 2012). Additonally,

manual searches for papers published by relevant researchers and research groups were performed, as
suggested by Kitchenhagt al. (2011). These researchdrsesearch groups are the authors of the
previously sele&d publications. In this mannewe sought for a broader coverage of the literature,

alleviating possible restrictions given by the use of a particular set of electronic databases.

3.2.2.3 Inclusion and Exclusion Criteria

For supporting the selection of theoper @pers, we have applied onelusion criterion (IC) and five
exclusion criteria (EC).
The only inclusion criterion is:

IC1  The paper addresses harmonization of SE standards by means of a common conceptual model.

The five exclusion criteria are:

EC1 The paper does not have an abstract;

EC2 The paper is just published as an abstract;

EC3 The paper is a secondary study, a tertiary study, a summary, a tutorial or an editorial;
EC4 The paper is not written in Englisand

EC5 The paper is an older vemi of oher paper already considered.

3.2.2.4 Data Storage

Each paper returned during the search phases was properly cataloged and stored. We have used a form
in a spreadsheet to organize the relevant information from the identified papers (including: id, source,
publicaton year, title, authors, alvatt, keywords and venue) and decisions regarding selecting them

or not (criteria applied, comments and analy$igjure 3.1 ill ustrates part of this form. We have also
detached the search terms (&éghlighted terms irFigure 3.1) to help analyzing title and abstract.

This form was used for supporting the classification and analysis activities.


http://www.scopus.com/
http://www.springerlink.com/
http://www.isiknowledge.com/
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Iy| Sourc~| Yer,|Title - |Authors - |Abstract -
Anontology for quality The objective is to integrate several process using a conwnoology offering various
: P viewpoints. This methodology is applied to tinéegration of two qualitystandards- ISO
#085 Scopus 2008 standardsintegration in Ferchichi, Anis(1]9001:2000 and CMMI - in order to generate a multivues qualitylogy allowing a

Eng. Vill i e ) ) ) - e
9 age software collaborative double certification relative to these twstandards This work is carried out within a

projects software engineeringcompany (Sylis). Human and cultural aspects of the company
Assoftware engineeringland other)standardsare developed over a period of years or
Scopus Standardsharmonizatiort decades, the suite aftandardsthus developed often begins to lose any cohesion that

#133 |Eng. Village] 2012 . Henderson-Selle|originally possessed. This has led to discussions istdmelardscommunities of
Theory and practice

Springer possible collaborative developmeniteroperability andharmonizationof their existing
standards Here, | assess how subrmonizationefforts may be aided by recent reseal
Scopus Harmonizationplays an important role in organizations that are seeking to resolve
Eng. Village] Anontology for the manifold needs at their different hierarchical levels through multiple models such a|
#142 |WoScience | 2012 |harmonizationof multiple [Pardo, César(1,4CMMI, ISO 90003, ITIL, SWEBOK, COBIT, amongst others. A great diversity of mod
Sc. Direct standardsand models involves a wide heterogeneity not only about structure of their process entities and
ACM quality systems, but also with regards to terminology. This article presentnaiogy

Figure 3.1. Data StorageForm (fragment).

3.2.2.5 Assessment

The maying protocol was tested to verify its viability and adequacy. A set of preselected papers
considered germane to our mapping was used as control group. For establishing the search string, the
set of search terms was redil ieratively, starting from a priary string and improving it in iterations

until all papers in the control group return. The selection activities were performie lopctorate
candidateand reviewed byhe advisorsin the first selection stage (sefien by title, abstractand
keyword), from the returned papers, they have reviewed all the selected ones and a sample of 30% of
the discarded ones. From the second stage on, all the decisions were reviewed. To reduce bias, the
divergent classifications eve dscussed to achieve a consensusl to improve classification

precision.

3.2.3 Data Extraction and Synthesis

The search process comprises five stages, being the first three related to searches in the databases, a
follows: (1) Duplication removal, (2) Seléen by title, abstractand keywords (3) Selection by the
full text, (4) Snowballing and (5) Search by ResearchBesearch Groups.

Searches in the databases were conducted in two rounds. The first one, in September 2015, searched in
the aforementionedevenbases, finding 877 publicate of which 545 where distinct. By analyzing
thetitle, abstractandkeywords 43 papers were selected. Finally, by analyzingfuligext we have

selected 19 papersin January 2017, we updated the searches, considenurgbfses:Scopus
CompendexWeb of Scienceand ScienceDirect. The searches in the other three bases were not
updated dudo the fact that,ri the first round none of those three bases has excligigeleced

papersin the final results Thus, considenig the costbenefit relationwe considered that ivas not

worth updating the search in them

Considering both search rounds, we reachidal of 1050publications, being491from Scopus255

from Compendex60 from Webof Science 36 from ScienceDirect (the four sources with updat
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searches), andi29 from IEEE Xplore 43 from ACM Digital Library, and 36 from Springer Link.

Figure3.2 shows the final numbers of publications retrieved and the selection.stages

The 1st stageremoved dplications (publications appearing in multiple sources), achieG3®

Web of
Scopus Compendex scjence

491 255 60

Lo

Publications returned from

the sources: 1050

o

T

Science
Direct

36

l

129 43 36
IEEE ACM Springer
Final Selection

22+2+2 = 26 studies

Stagel

Duplication
Removal
639

Researchers
44

¥

Selection Criteria:
abstract, full text

Stage 2
Selection Criteria:

title, abstract, keywords

50 )

Stage 3

Selection Criteria:
full text
22

Snowballing
42

!

Selection Criteria:
abstract, full text

Figure 3.2. Search and Selection Process.

publications (39% of reduction).

The 2nd stageapplied the selection criteria (fordlusion and exclusion) oveitle, abstractand

keywordsresulting in50 papers(reduction of 92%): 2 papers were removed by ECie(paper does

not have an abstragt40 by EC3 The paper is a secondary study, a tertiary study, a summary, a

tutorial or an editorial), and 547 for nosatisfying IC1 The paper addresses harmonizatiohSE

standards by means of a common mpdét this stage, as suggested by Kitchenham and Charters

(2007), we only eliminated publications clearly unrelated to the subjectas@ of doubt, the paper

wastaken to the next stage.

The 3rd stage applied tle selection criteria considering tifiell text reaching a set a22 papers
(reduction of 56%): 3 papers were eliminated by EQ#e(paper is not written in Englisi8 by EC5

(The paper is an older versiaf another paper already considejednd 17 paps were excluded for

not satisfying IC1 The paper addresses harmonization of SE standards by means of a common

mode).

In the 4th stage we performed snowballing from the 2@lexted publications. We hagearched in

t he

have found 58 distinct related publications, being 19 already analyzbd previous stages. Firstly,

A

paper so

texts

for

references

t o

ot her
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the seledbn criteria were applied ovaditle, abstractand keywords remaining 11 papers (72% of
reduction over the 39 papers analyzed). For these 11 papers, the selection criteria were applied over
the full text, and only 2 _papers remained (reduction of 82%). Whkave recursively applied
snowlalling for these two papers, finding 3 new publications, but nonesetested. From the 42

papers analyzed in this stage, 30 were eliminated forsatisfying IC1 (The paper addresses
harmonizationof SE standardsby meansof a commonmode), 8 by EC3 The paperis a secondary

study, a tertiary study, a summary, a tutorial or an edityriahd 2 by ECEThe paperis an older
versionof anotherpaperalreadyconsiderejl

Finally, in the5th stage we manually searched for gap from the researchers ambearch groups
involved in the already selected publications. To conduct that, we searclSmbpns(the digital
library that returned morpapers, including 21 out oféh22 selected in the 3rd stage), lie DBLP
Computer Bience Bibliographyand in theauthor profile inGoogle Scholar(for diversifying the
searches)Still adopting theKitchenhamand Charterg2007) recommendation, we selected all papers
seeming relatedo the mapping scope. From all the authors searchgddi€inct papers were
identified by thetitle, being 51 already analyzed (42 in the first stages and 9 in the snowbalfieg).
applying the selection criteria ovabstractandkeywords 15 papersemained (reduction @6% over
the 44 papersanalyzedl. For thesel5 papers, the settion criteria wereapplied considering thtull
text and only2 papersremainedreduction of87%). The recursive search on the publications of the
authors of these two papers has not returned relevant new results. Febtptigers analyzed in this
stage, 34 were eliminated for ngatisfyinglC1 (The paperaddressesiarmonizationof SE standards

by means of a commonmode), 4 by EC3 The paperis a secondary study, a tertiary study, a
summary, a tutorial or an editoripgl2 by EC4 (The paperis not written in English, and 2 by EC5

(Thepaperis an older versionof anotherpaperalreadyconsideredl

At the end of the five stages, we have sele2@&gapersto be analyzed (22 from the sources, 2 from
snowballing, and 2 froormanual search to researchérassearch groupsY.able3.3 presents the stages
and their main results in numbers. As we can see, the selection process caused a progressive reduction

of the considered publications through the &@@ process stages.
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Table 3.3. Selection Stages Results

Stage Applied criteria Analyzed content Initial number  Final number Reduction
of papers of papers (%)
1st (Sources) [Duplicate Removal Title, abstract 1050 639 39%
2nd (Sources)|IC1,EC1,EC2,EC3 Title, abstractkeywords 639 50 92%
3rd (Sources) |IC1, EC4,EC5 Full Text 50 22 56%
4th IC1, EC3 Title, abstractkeywords 42 11 74%
(Snowballing) c1, EC5 Full Text 11 2 82%
5th IC1, EC3 EC4 Title, abstractkeywords 44 15 66%
(Researchers)|c1, EC4,EC5  Full Text 15 2 87%
639(sources) + 22(sources) +
Fratrent | L o 2 s
725 26

Table 3.4 presents theibliographic reference of th26 selected papers with an identifier [#00] for

each paper, ordered by publication year.

Table 3.4. Selected Papers

ID |Bibliographic Reference

Lepasaar, M., and Mékinen, 2002). Integrating softwarer@cess assessment models using a pr¢

#0l meta model. IfEngineering Management ConferentieMC'02. IEEE International, vol. 1, 222P9.

Liao, L., Qu, Y. and Leung, H. (2005). A software process ontology and its appilicatProceedings o
the Fird International Workshop on Semantic Web Enabled Software Engineering

Garcia, F., Bertoa, M., Calero C., Vallecillo, A., Ruiz, F., Piattini, M., and Genero, M. (Z00@ards
consistent terminology for software measument.Information and Softwa Technology#8(8), 631644.

#02

#03

Mékinen, T. and Varkoi, T. (2007). A harmonized design for process assessment ind®ativare

#04 Process: Improvement and Practit2(4), 331338.

Ferchichi, A., Bigand, M., and Lefeleyr H. (2008). An ontology foguality standards integration
#05| software collaborative projects. IRroceedings of the First International Workshop on Model Dri
I nteroperability for Sust ai,la3DMontpelief, Branceat i o

Salviano, C.F. and Figiredo, A.M.C. (2008)Unified bast concepts for process capability models

#06 International Conference on Software Engineering and Knowledge Engineering (SEKEDPTURSY8.

Falbo, R.A. and Bertollo, G. (2009). A softeaprocess ontology as a commeocabulary abot
software processebt. Journal of Business Process Integration and Managed@ni 239250.

Lochmann, K. and Goeb, A. (2011). A unifying model for software qualityPrisceedings of the 8t
Internatonal Workshop on Software Qlitg, 3-10. ACM.

Pardo, C., Pino, F.J., Garcia, F., Piattini, M. and Baldassarre, M.T. (28b2pntology for the
harmonization of multiple standards and mod€lsmputer Standards & Interface34(1), 4859.

#07

#08

#09

Baldasarre, M.T., Caivano, D., Pind-.J., Piattini, M. and Visaggio, G. (2012). Harmonizatior
#10|1SO/IEC 9001:2000 and CMMDEYV: from a theoretical comparison to a real case applicafiofiware
Quality Journaj 20(2), 309335.
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ID |Bibliographic Reference

Banhesse, E.L., SalvianG,F. and Jino, M. (2012J.owards a metamodel for integrating multiple moc
#11|for process improvement. 188th Euromicro Conference on Software Engineering and Adve
Applications 315318. IEEE.

Rahman, A.A., Sahibuddin, S. and lbrahim, S. (2018)ing taxonomy comparative dwpsis for the
#12| unification of process improvement frameworksternational Journal of Digital Content Technolo
and its Applications6(21), 34.

HendersorSellers, B.(2012). Standards harmonization: theory and practi®eftware & Systerr
Modeling 11(2), 153161.

Jeners, S., Lichter, H. and Dragomir, A. (2012). Towards an integration of multiple process imprc
#14|reference models based on automated concegotixin. InEuropean Conference on Software Proc
ImprovementSpringer Berlin Halelberg, 208216.

#13

Jeners, S., Lichter, H. and Pyatkova, E. (2012). Metric based Comparison of Reference Models

#15 Similarity. International Journal of Digital Cotent Technology and its Applicatiqré{21), 50.

Jeners, S. and Lichter, H.Q23). Smart integration of process improvement reference models base:
#16|automated comparison approach.Haropean Conference on Software Process Improveridftl54.
Springer Berlin Heidelberg.

Jeners, S., Lichtetl. and Rosenkranz, C.G. (2013fficient Adoption and Assessment of Multiy
Process Improvement Reference Modelkiformatica Software Engineering Journ&i(1).

Pardo, C., Pino, F.J., Gaag¢ F., Baldassarre, M.T. and Piattini, M. (2013)om ctaos to the systemat
#18| harmoniation of multiple reference models: A harmonization framework applied in two case s
Journal of Systems and Softwa86(1), 125143.

#17

Barcellos, M.P. and Falbo, R.A. (2013) A software measurement task ontoloByodeedings of th
28th AnnualACM Symposium on Applied Computid1-318. ACM.

Pardo, C., Garcia, F., Piattini, M., Pino, F.J. and Baldassarre, M.T. (2814éferenceontology for
harmonizing procesteference modelfkevista Facultad Ingenieria Wrersidad Antioquia(73), 2942.

HendersorSellers, B., GonzaleRerez, C., MBride, T, Low, G. (2014). An ontology for ISO softwa
engineering standards: 1) Creating the infrastructhomputer Standards & Interface36(3), 563576.

Ruy, EB., Falbo, R.A., Barcellos, W., Guizzardi, G. and Quirino, G.K. (2018n ISO-based softwar
#22| process ontology pattern language and its application for harmonizing starl@MsSIGAPP Appliel
Computing Reviewd 5(2), 2740.

Pardo. C., Garei F., Piattini, M., Pino, F.J. andBaldassarre, M.T. (2015)A 360-degree proces
#23|improvement approach based on multiple mod&svista Facultad de Ingenieria Universidad
Antioquig (77), 95104.

Pardo, C., Garcia, F., Piattini, M., Pino, F.J., Lemuar® Baldassarre, M.T. (201@)tegrating Multiple
#24|Models for Definition of IT Governance Model for Banking ITGSNhternational Busines
Managementl0, 46444652,

GonzalezPerez, C., HendereeSellers, B., M8ride, T., Low, G.C. and Larrucea, X2@16). An
#25|ontology for 1SO sdfvare engineering standards: 2) Proof of concept and applicafiomputer
Standards & Interfaces18, 112123.

#19

#20

#21

Mejia, J., Mufioz, E. and Mufioz, M. (201&einforcirg the applicability of multimodel environment
#26|for softvare process improvement usikgowledge managemercience of Computer Programmir
121, 315.

Table3.5 groups these papers by the main research group conducting the harmonization efforts [G0O0].
Henceforth these identifiers earused to refer to the corresuling paper [#00] or tahe groups
initiative [GOQ).
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Table 3.5. Papers Grouped by Research Group.

ID |Group Name PaperID Year
. . . #01 2002

GO01 | TampereUniversity of Technology Finland 404 2007
GO02 | SoutheaUniversity, Nanjing, China #02 2005
#03 2006

#09 2012

#10 2012

GO03 | Alarcos,UniversidadCastillaLa Mancha- UCLM, Spain #18 2013
#20 2014

#23 2015

#24 2016

GO04 |LGIL, EcoleCentraledelLille, France #05 2008
GO05 | CTI RenatoArcher/ Unicamp,Brazil #06 2008
#11 2012

#07 2009

GO06 | NEMO, FederalUniversity of EspiritoSanto- UFES,Brazil #19 2013
#22 2015

GO07 | University of TechnologyMunich, Germany #08 2011
GO08 | UNIKL / Universiti TeknologiMalaysia- UTM, Malaysia #12 2012
#13 2012

GO09 | University of TechnologySydney- UTS, Australia #21 2014
#25 2016

#14 2012

G10 | RWTH AachenUniversity, Germany #15 2012
#16 2013

#17 2013

G11 [CIMAT, NationalCouncilof ScienceandTechnology Mexico #26 2016

As we can obsee, the 26 selected papers were produced by 11 research groups from universities and
research centers in diverse countrigghough some groups have a more expressive participation, the
topic is not concentrated or dominatby any specificgroup, but suject of research by several

distinct efforts.

3.2.4 Classification Scheme

The classification scheme should consider different facets, one for each research question
(PETERSENZet al., 2008). For deriving the classification scheme, fedowed two different

approa@hes: (i) using categories already considered in the literature (the case of RQ1 and RQ8); and
(i) considering categories emerging from the selected papers (for RQ2 to RQ7). Following, the

categories considered for each femet discussed.
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3.2.4.1 HarmonizationPerspectives (RQ2)

A relevant information to be collected from the papers refers to on what pers(@dtieestandards

are being harmonized. Some publications focus
only bdweenstructural elements, tke used to organiZecategorize the standafitsontents(such as

process areagoal and practice in CMMI-DEV; or process activity and task in ISO/IEC 12207);
others focus on the st and a tedlndwledge (suchedetusenentd e al i 1
Engineering (a process area)Manage Requirementg¢a goal) andObtain an Understand of
Requirementga practice) in CMMIDEV). In this facet, we want to capture if the harmonization
perspective focuses on tBet a n d Struatusedon theSt a n d aanténs, 6r orthoth.

3.2.4.2 Harmonization Techniques (RQ3)

Along the years, some techniques have been proposedmgrdved to deal with standards
harmonization. This facet aims at identifying the technique(s) applied by each paped @& the

classification preided by Pardo and colleagues (2012), we consider the following categories:

1 Homogenization refers to theadaptation of each standard to a predefined structure to put
different standards in a homogeneous form (same strucithiss).technique is related tibe
structural perspective, and many times is used to support other techniques. By homogenization,
the elenents of each standard are classified into a common referential structure being more

easily handled.

I Comparison / Mapping: Comparison analyzes standaror their processes for similarities and
differences. Mapping focuses on comparing leleeel standardselements (such as activities,
work products and roles) establishing a link between them. Concerning the perspéutives,
structural comparison / mpaing of multiple standards makes the correspondences between only
structural elements (e.gprocessx process areaartifact x document while the content
comparison / mapping deals only with their content elements rgject Managemenx
Project Plaaning Product Assurance Product Objective EvaluatigriProject Teanx Project
Staf).

1 Integration / Unification: relates to the definition of a new (integrated) model unifying selected
practices / definitions of differentastdards. The structural integion regards the production of
a (structural) model representing a unified view of slrectures of multiple standards, whilst

content integration results in a (content) model unifying the star@tzodtents.

3.2.4.3 HarmonizationSubject Areas (RQ4)

The scopef this research is the SE area. However, within this area, the standards may foeusyon m

different domains, such aSoftware Processinformation Technology Governancé&oftware
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MeasurementRequirementand so on. In thiacet, we identify the domainssed as subject of the

harmonization efforts.

3.2.4.4 Standards being Harmonized (RQ5)

The harnonization efforts have been applied on diverse standards. In this facet, we want to capture the
standards (such &SMMI-DEV, ISO/IEC 12207 ISO/IEC 15504 etc.) targeiof the harmonization
efforts.

3.2.4.5 Types of Common Model Used (RQ6)

Since the mapping scopequires the use of a common conceptual model for harmonization, in this
facet, we want to capture the type of the common conceptual nemttgdsed by the approaches. We

have identified three main categories of such types:

1 Metamodel: represents a common wtture of each or a set of standards, used for instantiating
specific domain models.

1 Ontology: represents the knowledge of the subject a@ionor area, not necessarilgramitted to

any specific standard.

1 Classification Model represents a set of terms, tglly organized in a hierarchy, applied to

classify / categorize the standaydements (such as a Taxonomy or Folksonomy).

It is important to say that this is not avial classification. By analyzing the papers, it is possible to
observe a lack of rigovhen the authors classify the common models. For example, the same model is
called metamodeland ontology in different or even in the s@e paper. Indeed, consideritige
information available in some papers, it could be hard to precisely define thgypgldf model used.

Thus, to preserve the study repeatability, vaweusedt he t er ms adoptedinby th

preference tafurther discussion on how eachmmon model could be categorized.

3.2.4.6 Harmonization Results Focus (RQ7)

The standards hamonization efforts have different motivations (such as supporting multiple model
deployment in organizations, supporting standards impnew¢s, or providing a commoroeabulary

/ conceptualization). These motivations conduct to results usually focused ann d ar d(suéh Us e r
as software organizations) or8nt a nd ar d s 0 (stBrelardizhtionporyanizations). In this facet,

we want to epture the papers declareddsc

3.2.4.7 Research Types (RQ8)

This research question is common to several mapping studigsinésd out by Peterseat al.(2015).
Thus, we have adopted the classification proposed by Wiesingla(2006), and revisited by Pesen

et al. (2015) to become are general. This research question helps to understand the maturity stage
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and weight othe publications and of the topic as a whole. We have considered only three categories,

those applicable for at least one of the seleptaxbrs, namely:

9 Solution proposat research approach in which the publication proposes a solution for a
problem and iues for its relevance, independently of a complete validation. The solution can
be either a novel or a significant extension of an ijsbne. The potential benefiind the
applicability of the solution is shown by a small example or a good lingyofreamtation.

9 Validation research the publication investigates the characteristics of a proposed solution not
yet implemented in practic.may have been previouslygposed elsewhere. The investigation
is carried out by a research method, which carudelprototyping, simulation, academic case
studies and experiments.

9 Evaluation research the publication discusses the implementation a&wdluation of a
proposed solithn in an industrial setting. It shows how the techniques are implemented in
practice (slution implementation) and what are the consequences of the implementation in
terms of benefits and drawbacks (implementation evaluationf he t echni q@Ques
necessarily a contribution of the study. However, some kind of industry cooperatieal o
world project is needed (PETERSENal.,2008).

It is worth saying that although papers categorized only as Solution Proposaepnovempirical
evidence (WIRINGA et al., 2006) and, thus, should not be considered in systematic reviews,
according to Petersest al. (2015), they are important in a mapgp study to spot trends of topics
being worked on. Thusn our studywe have als considered papers that onyesent solution

proposals.

3.3 Results

The mapping study was performed following the steps described in SB@idrhis section presents
the results for the research questions defined in Sekttoh(RQ1 to RQ8).

3.3.1 Classification by Publication Year and Source (RQ1)

A general view of the publications on SE Standards Harmonization is shdvguire3.3. It presents

the 26 selectk papers distributed over tipriblication vehicles and years. As this figure shows, the
harmonization initiatives applying a commaonceptual model are relatively recent, starting
essentially in 2002, and with few occurrences during the 2000's. In therbagi ng of t he 2
numker of publications increased, with the main identified research groups involved and producing
more matire results, as discussed in SectBoh Actually, this interest growth seertts be started in

2011, sinceame borderline papers excluded by ET&d paper is an older version of another paper
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already consideredare from that year. In the selection process, we have discarded 12 publications by
EC5: 5 spread from 2006 to 2010, drfr 2011, and 3 from 2012 to 2%

Publications per Vehicle and Year

7 Workshop
6 M Conference

W Journal

5
, 1100 III

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

W

]

=

Figure 3.3. Distribution of the Selected Papers over the Years and Vehicles

Three main vehicles have published the selected papers: Journals, Conferences and Workshops.
Jaurnals have been the main fardor publishing the harmonization ii@Etives, covering 65% (17 out

of 26 papers), and all papers in the last three years. Conferences are the publication forum of 23% (6
out of 26). Finally, three papers were presented inkéfmps (12%). The 26 paperene published in

21 different venues @ing 1 venue with 3 papers, and 3 venues with 2 papers each), meaning that this
topic has not a preferred venue yet, althoughCibmputer Standards & Interfaces Jouriséands out.

Table36 presents the publication sources of t he
Publications vehicles in areas such as Software Engineering, Software Process, and Standards seem to

be more receptive for the studied page



55

Table 3.6. Publication Sources

Publication source Paper ID
Journals

Computer Standards & Interfaces #09, #21, #25
International Journal of Digital Content Technology and its Applications #12, #15
Revista Facultad de Ingenieria Watsidad de Antioquia #20, #23
ACM SIGAPP Applied Computing Review #22
e-Informatica Software Engineering Journal #17
Information and Software Technology #03
International Business Management #24
International Journal dBusiness Process Integratiamdavianagement #07
Journal of Systems and Software #18
Science of Computer Programming #26
Software & Systems Modeling #13
Software Process: Improvement and Practice #04
Software Qualityournal #10
Conferences

EuropearConference on Software Procésgprovement #14, #16
Annual ACM Symposium on Applied Computing #19
Engineering Management Conference #01
International Conference on Software Engineering and KnowlEdgeeering #06
Software Engineering and Advanced Aipations #11
Workshops

International Workshop on Model Driven Interoperability for Sustainable Information Syq#05
International Workshop on Semantic Web Enabled Software Engineering #02
International Workshop on Software Quality #08

3.3.2 Harmonization Perspectives (RQ2)

Table3.7 shows the papers adopting: (i) a structural perspective, focusing omuittersit aspects of

the standards, (i) a content perspective, focusing on the knowledge contents provided by the
standardsor (iii) both. For example, &pasaaand Makinen (2002) [#01] propose a metamodel with
general concepts such astivity, resourceand artifact, and maps it to thetructural elementsf

CMMI and ISO/IEC 15504 (such @gocess aregpracticeandwork prodict). In turn, Liet al.(2005

[#02] propose an ontology that, besides the structural elements, also cooupaiess elementésuch
asProject Planning Requirements Developmearid Configuration Managemenall instances of the

C MMI fgrazess areatrudural element).

As Figure 3.4 shows, from the 26 papers, 8 (31%) adopted a Btmactural perspective, 2 (8%)

adopted a pur€ontentperspective, and 16 (61%) focused on both perspectivesniost relevant
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trend perceived in thifacet is that publication®fore 2012 have often focused on a single perspective

(63%), whilst the papers from 2012 onwards mostly focused in both perspectives (72%).

Table 3.7. Harmonization Perspectives

Perspective Paper ID
Structue (only) #01, #04, #07, #08, #11, #13, #20, #21
Contents (only) #03, #19

Structure + Contents #02, #05, #06, #09, #10, #12, #14, #15, #16, #17, #18, #22, #23, #24, #25, #

Harmonization Perspectives

14
B 2002 to 2011

12 4 m2012t0 2016

10

Structure (only) Contents (only) Structure and Contents

Figure 3.4. Harmonization Perspectives by Period

3.3.3 Harmonization Techniques (RQ3)

Three categories of techniques were identified in the papers: Homogenization, for adapting each
standard to a predefined struit; Comparisort Mapping, for making the corrpsndences between
structural o content elements (or both); and Integratidsnification, for producing a unified view of

the involved standards considering their structure or content (or bbdbje 3.8 presents the
techniquesadopted by eachaper;Figure 3.5 shows in which papers they are combined; Bigtire

3.6 presents it in a time perspective (with the number of publications inside the circles). Publications
applying Homayenization (81%) usually do tht for supporting another techniquintegration
techniques (present in 38% of the papers) show a subtle growvitieir adoption in the last years,
when compared to thdappingones (present in 73%). Moreover, only 23% (6guap#05, #09, #17,

#18, #23#24) used the three techniques together, combining them in a more elaborated harmonization
approach. However, dei¢e of the presented data, the papers have shown an evolution of the
techniques along the years. New resoursesh as similarity metrics, noepts extraction, ontologies,
patterns and model derivation, have been used for improving the techniques\g@acte advanced

results in standards harmonization.
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Table 3.8. Harmonization Techniques

Harmonization Technique Paper ID

#02, #05, #06, #08, #09, #10, #11, #12, #13, #14, #16, #17, #18

Homogenization Structural 420, #21, #22, #23. #24, #25. #26

Structural |#01, #07, #11, #12, #14, #16, #17

Comparison / Mapping
Contents |02, #03, #05, #06,39, #10, #12, #15, #16, #17, #18, #19, #23, #24,

Structural |[#04, #09, #18#21, #22, #25

Integration / Unification
Contents |#05, #09, #17, #18, #22, #23, #24, #25

Techniques Applied
3
2
1 -
0 -
#01 #02 #03 #04 #05 #06 #07 #08 #09 #10 #11 #12 #13#14 #154#16 #17 H18 #19 H20 H21 #22 #23 #24 #25 #26
B Homogenization (81%) B Mapping (73%) = Integration (38%)

Figure 3.5. Techniques applied by Rper.

o o0
@ @ o o

.. . .

® H+M . .

@ H+l

©® H+M+I .
T
2000 2002 2004 2006 2008 2010 2012 2014 2016

(H) Homogenization; (M) Mapping; (l) Integration

Figure 3.6. Techniques applied over therears.
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3.3.4 Harmonization Subject Areas (RQ4)

Considering the subject areas for harmonizationTalsle 3.9 shows, there is a clear focus o
harmonizingSoftware Processtandards, addressed by 81% of the papers, mainly from 2012 on. It is
the most general area, with more standards and adoption, thus it is natural to see more publications on
that.IT Governancéias some focus, being subje€t3®% of the papers (a total tdn papers, nine of

them focusing also orBoftware ProcessgsFinally, more specific subjects such 8sftware

MeasurementProcess Assessment IndicatarslSoftware Productvere applied, exakively, by four
papers (15%).

Table 3.9. Harmonization Subject Areas along the Years.

) Year (20022016)
Subject Area Total
02 03 04 05 06 O7 08 09 10 11 12 13 14 15 16
#09,
#10,
#11, #16
#05 ' " #20, #22, #25, 21
Software Process |#01 #02 ' #07 #12, #17, ' y ' o
#06 #13 #18 #21 #23 #26 (81%)
#14,
#15
12, 116 10
IT Governance #14, #;112 #20 #23 #24 (38%)
#15
Software #03 #19 2 (8%)
Measurement
Process Assessm 0
Indicators #04 1 (4%)
SoftwareProduct #08 1 (4%)

3.3.5 Standards being Harmonized (RQ5)

We have identified a total of 34 distinct standards being subject of harmonization in the selected
papers. Since the main subject area is Software Processiitstandards get the focas,Table3.10
shows.CMMI (present in 17 papers, 65%HR0O/IEC 1550411 papers, 42%) and&O/IEC 122076

papers, 23%) are among the most focused standards. The other one is an IT Governande standar
COBIT (present in 9 paper85%). Several other standards were also subject of five or less papers, as
the table shows. Considering the number of harmonized standards, the publications presented

initiatives typically using two or three standards, bueé#ched a maximum of six [#]L8
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Table 3.10. Main Standards being Harmonized.

, Year (20022016)
Subject Standard Total
02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
#05 b2 #16o
CMMI #01 402 ' #07 #10 ' #17, #20 722 406 17 (65%)
#06 #14, #23
#19
#15
#11,
ISO 15504 #01 #02  #04 #06 #07 z% #16 #21 11 (42%)
#15
#09, #16,
COBIT #14, #17, #20 #23 #24 9 (35%)
#15 #18
ISO 12207 #07 #13 #19 #21 #22 #25 6 (23%)
1SO 9001 #05 #07 #10 #20 #23 5 (19%)
409,
ISO 20000 10 #18 #20 #23 5 (19%)
ISO 27001/27002 409 #18 #20 #23 #24 5 (19%)
ITIL / BASEL / .
VA e H0O #18 #20 #23 #24 5 (19%)
ISO 24744 #13  #21  #25 3 (12%)
#13, #17 #25
* 1 1 H
Other #03 #07 #10 #08 o #1121 w22 #20

* Other referenced standards have appeared twice (ISO 24765, 1SO 15939, ISO 15288, SWEBOK, Functional
Safety, SPEM, PSM) or oncR-MPS-SW, ISO 29110, ISO 14598, ISO VIM, IEEE 610.12FE 1061, RUP,
1ISO 25010, ABQM,DQM-SOA, OOSPICE, SixSigma, SME Process, GQM).

3.3.6 Types of Common Models Used (RQ6)

Two main types of common models are used by the selected papé@iahles8.11 and Figure 3.7

show: Ontologies adopted byl6 papers (62%), andetamodelspresent in 10 papers (38%). Other
types of models, focused only on classificatiane used in only one papeach (4%), namely:
Taxonomy and Folksonomy. Two papersed more than one type @dmmon model. Observing the
period until 2012 (included), from the 15 publications, 8 used metamodels and 6 ontologies (and 1 a
taxonomy). After that, ontologies started to play a more significant role, being in 10 out of the 11
paperg91%), while metamagls are used in only 2 (18%)oth in 2013. This can be explained by the
gain of popularity of ontologies, but also by relatedaurces (such as semantic representation,
inferences and ontology patterns) potentially useful for harmonization purposes (P&RID,2012)
(HENDERSONSELLERSet al.,2014) (RUY et al.,2015).
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Table 3.11. Types of Common Models Adopted.

Type of Common Model | Paper ID
Ontology #02, #03, #05, #07, #09, #10, #16, #18, #19, #20, #22,,#23, #24, #25, #26
Metamalel #01, #04, #06, #08, #11, #13, #14, #15, #16, #17
Other #12, #26
5
M Ontology

 Metamodel

i Other

AL

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Figure 3.7. Distribution of the Common Model Type adopted over the Years.

3.3.7 Harmonization Results Focus (RQ7

Considering the focus dectat by each publication, d&able3.12 shows, 22 of them (85%) focus the

results onSt a n d ar ¢ manly thsseftware organizations, while 6 (23%) focusSshand ar d s 6
Developersthe standardizationrganizations (such as 1$O'he papers focusing on ttf®t andar d s 6
Userstypically concern about the adoption of multiple standards by software organizations. The four
papers focusing exclusively o8t andar ds 6 (#13,e#2le 22 medr #25) have prepd

solutions related to ISO Harmonization Initiative (HENDERSOSELLERSet al.,2014).

Table 3.12. Harmonization Results Focus

Harmonization Focus Paper ID

#01, #02, #03, #04, #05, #08)7, #08, #09, #1611, #12#14, #15, #16, #17,
#18, #19, #20, #23, #24, #26

St andar ds o #03, #04, #13, #21, #22, #25

Standar ds o6

3.3.8 Research Types (RQ8)

Regarding research types, all 26 papers preseulation Proposalor part of it complementing
anotrer publication (in the case difie groups). AsTable 3.13 shows, almost threguarters of the

papers presented some kind of assessbeing 13 (50%) witivalidation Researcland 6 (23%)
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with Evaluation Researcht shows that m&t of the efforts discussed the papers have a concern
about assessing the work, but just in few cases it has reached industry or a real world profeaft (5 o
the 6 studies with evaluation research are from the same research group (G03), with thdusnge

partners).

Table 3.13. Assessment Types

Assessment Types Paper ID

None (only Solution Proposal) |#01, #04, #08, #11, #12, #13, #21
Validation Research #02, #03, #06, #07, #14, #15, #16, #17, #12, #24, #25, #26
Evaluation Rsearch #05, #09, #10, #18, #20, #23

3.4 Discussion

Software organizations have been adopting quality standards for digassms: for improving their
software processes (DAVENPORA005), for interoperating with their clierdasd partners (GARCIA

et al., 2006), as it is mandatory for certain market niches, and for taking legal benefits from the
government (PARDt al., 2015, among others. These standards are frequently used in combination,

in the so called Multmodel Enviroments (PARDCet al.,2013 (MEJIA et al.,2016). Beyond the

synergic advantages expected by the use of multiple standards (FERCEHGH) 2008), thee
organi zations can experience also some diverg

preserdtion, vocabulary and meaning.

This scenario has gained the attention of researchers mainly in the last years. From the 26 papers we
analyzed, 19 (73%\Wver e published in the current decade
further exploration of tls scenario is given by the cmtration of papers from some research groups.

We can observe in the groups with larger number of publications (sp#gifi@03, GO6 and G09)
preliminary efforts on building conceptual models from the standards (for prgvalicommon
vocabulary or a shad conceptualization in certain areas) and, then, focusing on techniques and
approaches for guiding harmonization irtittas. It points out to a maturation of the harmonization

efforts in these groups.

Consideringthefocugi ven t o t henopap erfs & hreems UI8t5s%) are r el
such as software organizations, in general proposing solutions ftr-muadel environments.
However, 23% of the selected paper sgtdssleeus on
mitigate the prblem from its source. Some of these works are associated to standardization

organizations, such as I1SO, revealing joiifbrés with acadena.

The main area focused is, as expected, Software Processes. It is the subjecBaféeof the papers,
working with standards such as CMMI (65%), ISO/IEC 15504 (42%) and ISO/IEC 12207 (23%)).
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CMMI is the standard present in most goations and also in most research groups (9 out of 11). IT
Governance is also representative, beingesbpf 38% of the papers, camtrated in 3 research
groups. The main IT Governance standards focused are COBIT (35%) and ISO/IEC 20000, ITIL,
BASEL I, VAL IT and Risk IT (19% each).

Regarding the techniques applied, the majority of the papers proposeksanof Homogenization

(81%). Since this technique i s us defined strucudformathe st
easingcomparisons, it is often applied as a previous step for the other techniques. Mapping techniques
are applied in 73% ofhe papers, sometimes for prdwig the final results of the publication,
sometimes as an intermediary step before Integration, whimppiged in 38% of the papers. As the
research in this topic evolves, some resoufceschnologies have been used togethvith these
techniques seekg for better results, as it is the case of similarity metrics [#15], {santomatic
concepts extractiof#14], modeling patterns [#22], model derivation [#21], knowledge management
[#26], and management tools [#18, #26]0m others.

Still focusing onthe methodological aspects, some research gromeekplored a better combination

of techniques, frequély resulting on the proposition of a harmonization approach. We have selected
for further analysis initiatives from fev of these groups with the neorinteresting and mature
approaches: the ones addressed by more papers, combining techniques andewidvdlattiory

validation, representing almost 70% of the publications. These initiatives are:

GO04-LGIL :  This researe group provided only one papgt05, 2008], but that is very important
for the topic, since it is the first publication proposing ant@nrization approach.
Actually, Ferchichi and colleagues have published their approach one year before in
a borderline pper (FERCHICHIet al.,2007).Thus, ten years ago they proposed a
harmonization approach using an ontology as common model and comthiaing
homogenization, mapping and integration techniques in a fous ptepess. This

work influenced some of the follamg, in particular those fror03 and G10.

G09- UTS: This research group provided three papers: [#13, 2012] makes a general discussion
on standards harmonization efforts and proposes the creation and use of a unification
metamodel (for ISO); [#21, 2014}gposes an ontological framerkaas a reference
infrastructure for harmonizing the 1ISO SC7 standards and some guidelines for
deriving integrated ontologies; and [#25, 2016] provides a proof of concept and an
application for the proposed framework. The midea is to produce a hieraschf
ontologies for harmonizing the ISO SC7 standards and use this ontological

framework as knowledge refmnce for creating and updating ISO standards.

GO03- Alarcos: This is the research group with more contributions formapping: seven papers.

The first [#03, 2006] produces an ontology, using standards and other sources, for
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G06- NEMO:
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harmonizing the software measment domain. Three papers propose a
harmonization framework with a detailed process [#18, 2013], making use of two
ontologies [#09, 2012] and [#2@014], for managing and executing harmonization
initiatives for multtmodel environments. Two papers fecon some additional
aspects of its framework and in its application in real cases [#10, 2012] and [#24,
2016]. Finally,[#23, 2015] adds new case diits and some detailed data on the
integration method. This group published also several other bordpdjpers, not

included in our final selection but that somehow have contridotdakir results.

This reseech group proposes an approduéised on metamodels and comparison
techniques for mapping and integrating standards [#17, 2013], makiagofu
automated concepts extraction [#14, 2012], similarity metrics [#15, 2012], and
automated comparisons [#16, 2013hese papers are the ones ergisig more
technical details on how to map and integrate the starilarde/ledge by means of
common mode and semantic relations. This group also published borderline papers
not included here.

This research grquprovided three papers. Thiest two create ontologies for the
software process [#07, 2009] and software measurement [#19, 2013]ndpmai
harmonizing and mapping selected standards. The third one [#22, 2015] proposes
software process ontology patterns feriving integrated domainntologies from

the standardscontent.

As it can be seen, some of the groups started the efforfwdalicing ontologies or metamodels
harmonizing the concepts of a target domain ([#13] from GO09, [#03] from G03, and [#0[#/1&hd

from GO06) and then migtad to more elaborated harmonization approaches. The resulting approaches

share very similar goalsaiming at producing an integrated artifact representing the involved

standards. However, the techniques are used with sona¢iaas in the order and inghway they are

applied. To better understand and compare these initiatives, we have selected ttamamn steps

found by analyzing all the papers, namely:

1 Analyzethe standards for understanding them, their format and plaets to be used.

= =4 =4 -4 - -2

Extract the information, by selecting the concepts / definitions / practices to be harmonized.

Format the information, by applying a common structure (homogenization).

Map the information, by linking the standardsdé parts
Integrate the information, by creating an integrated schema representing the standards.

Produce a textualOutput, by producing a standatike text desribing the integrated schema.

Model the information, by model i ng t /steuctwgdinformdter. d s6 cont e

t
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Matching these steps to the proposed harmonization approaches, we can better understand their
behavor and how the steps can be combined. In a nutshell, the selected initiatives organize these steps

as shown irFigure 3.8 and desribed in the following.

GO03, Alarcos @

Figure 3.8. Harmonization Approaches Steps

GO03- Alarcos: Analyzes the standards to extract information (1,2); applies methods to homogenize
the infomation (3), to map them (5)nd to produce integrated steiptions (6,7).

GO04-LGIL:  Analyzes the standards (1,2); instantiates an ontology that models and maps the
information (3,4,5); and produces an integrated schema (4,6).

G06- NEMO: Analyzes the sindards (1,2); and uses thiiformation for deriving eharmonized

domain ontology from a core ontology (3,4,6).

G09- UTS: Analyzes the standards (1,2) and, from a hidéeel ontology, instantiates

harmonized ontologies (3,4,6).

G10- Aachen Analyzesthe standards (1,2); model®th individually from a metaodel (3,4); and

maps them producing an integrated model (5,4,6).

In general, all the mentioned approaches start by analyzing the starsdlapd9 &nd extracting their
information 6tep2), and prduce as result an integrategpresentation of the infotion Step6).

However, we have some variation in the intermediary steps, especially concerning modeling. Some
initiatives model each stand@rdnformation individually and then integrate it (stépthen 6) (G04,

G10); some mfer to produce directly aimtegrated model (steps 4 and 6) (G06, G09); and one
approach does not produce models but a textual statidaridtegrated result (steps 6 and 7) (G03).

These steps are mostly done focusing ongheandar dsé ceonstanhdar dsdhhce

usuwally have been dealt before, as part of the approaches themselves.
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Moreover, it is important to say that the presented steps consider the main approach (the most
complete and updated one) descritilydeach group, summing up tlensidered papers. In some
cases, different publications of the same group deal with distinct steps before proposing an approach.
It is the case of GO6 (NEMO) that has not considered the step 5 (mapping) in their main approach
presented in [#22], but usedbefore, in [#07] and [#9)]. Actually, even [#22] does not present a
complete harmonization approach, but a solution for deriving, from a core ontology (structural model),
domain ontologies integrating the involved standa&itsilarly, GO3 (Alarcos) hasot considered the

step 4(modeling) in their HFramework [#18], although they have built an ontology from standards in
[#03] and proposed ontologies with structural elements in [#09] and [#20]. Thus, a common behavior
in the groups is to have different plications dealing with dierent techniques, steps or applications.

This joint analysis helped us understanding the main steps composing the available harmonization
approaches and how they behave in different proposals hiecaseful for improving oredining new
solutions on tts topic.

Another important issue is how these approaches use the common conceptual Grodg$04
(LGI'L) instantiates, from their ontol ogensof st
and the mappings betwedimnem, from which the integtion work is done. G09 (UTS) proposes a
high-level ontology with the most general SE notions to be derived to lower levels ontologies
according to standardsd gr oathese neodets ast referanca $op e c |
creating and updating IS6tandards. G0O6 (NEMO) provides core ontologies and ontology patterns
which are used for creating domain ontologies representing an integrated view of the contents of
multiple standards on the samenghin. GO3 (Alarcos) provides harmonization frameworkhvere an

ontology with the structure of software processes is used for creating a template (Common Structure
of Process Elements) to be applied for homogenizing the involved standards, easingdédirsgicc
mapping and integratioefforts. Finally, G10 (Adeen) represents each involved standard in a model
instantiated from a structur al met amodel , and
Integration Concept Model built using semantalations and typed concepténalyzing these
approachest is possible to see a trend for the use of semantic resources, when the models are used as
bases for formatting, mapping, integrating or providing domain knowledge. These variant applications
of the common models and resutimtegrated artifacts aiite interesting and can show some paths

for our andfuture research.

Particularly, the papers using ontologies (63% of the publications in this decade and all in the last
three years) point out théhey can be useful in diversenses, such as: (i) repenting the standards'
concepts and relations between them, including similarity relations [#16]; (ii) providing a vocabulary
(including concepts and relationships) specialized to the topic of haation [#09]; (iii) eliminaing
inconsistencies, confim and terminological conflicts, bringing about benefits such as the provision

of precise and clear definitions and a more straightforward representation of processes and standards
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[#09]; (iv) beinga coherent underpinning folage group of standard&31]; (v) providing grounded

modeling patterns for representing software process knowledge [#22]; (vi) being used to better
understand the standards and their domains and to support the develdpioast[#16]. We believe

in the potential of ontologiefor standards harmonization ends, since it is, in essence, a semantic
interoperability problem. Ontologies are a valuable resource to assist each of the mentioned steps by
providing domain knowledgebeing reference for homogention and mappings, suppog the
modeling and integration of standards6é knowl ed:q

of incompatibilities, and providing a consensual representation of the involvedrdganda

Finally, considering theresearch types facet, allapers proposed a solution for SE standards
harmonization. Half of them were validated by study cases or proper examples. However, only 23%
were evaluated in practice, being applied in real word pi®jiy only two groups, GOd G04).

This shows an intest of the community on assessing the solutions proposed, but a low proximity with
the industry, especially considering a topic i
developers.The studies presenting the &wated approaches reportégteresting results on the
involved organizations and a relevant feedb&mkimprove the harmonization approaches. Thus,
evaluation research should be stimulated in future publications.

3.5 Limitations

It is important to point out th limitations of this mappig study. Concerning the steps for paper
selection and data extraction, they were firstly performelg by the doctorate candidatgossibly
introducing some subjectivity. For reducing this bias, defined some objective criiar added
additional reviewers and resolved disagreements when needed, the most used strategies according to
Peterseret al. (2015). Thus, thedvisorsreviewed the decisions made. In the first selection stage
(selection by tie, abstract and keywordshely analyzed all the select papers and a sample of 30%

of the discarded ones. From the second stage on, all the decisions (selections and classifications) were
reviewed by at least oragvisor To reduce bias, the divergeasiassifications were discussemreach

a consensus.

Regading the search string, some publications could be missed due to terminological problems. For
mitigating these problems, we performed previous simulations in the selected databases and included a
numb e r of t e r maé search istiing. tWe did #eedrch in tany particular conference
proceedings, journals, or ttgray literature (technical reports and works in progress). Only-peer
reviewed papers, indexed by the selected electronic datadradekosebtainedby snowbalihg and

manual search foryblications from researchefgesearch groups were considered. Excluding other
sources makes the study more repeatable, but at the risk of missing some relevant paper. Moreover,

the additional seahes by snowballing and reselaecs/ research groups allowed a larger coverage
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and more confidence that the papers relevant for the mapping scope have been analyzed and selected.
Considering snowballing, from the 58 publications found, 19 were analyzetebibleing 9 in our

final selection), and only 2 more were selected. Regarding the search by resedreseach groups,

from the 95 publications found, 51 were analyzed before (including all the 24 previously selected),
and only 2 more were selectedfték these additional searchggluding four more papers to our
selection, the perception is that we have selected a representative view of the topic and there are no

manypublications out of our sight.

Although the ambition of a mapping study is to suwemize all the relevant reselreegading a topic,

different sets of papers can be obtained given the nuafilaicisions taken in secondary studies. The
decisions taken by researchers and the judgments exercised affect the results regarding which papers
are found and selected and whiconcusions the researchers achieve from their secondary studies
(WOHLIN et al.,2013). Moreover, several difficulties in performing these studies are pointed out by
Wohlin et al.(2013). Some of them we have clearly expsrel, such as those relatedhe citeria

for inclusion/ exclusion, how the topic and related terms are actually defined, classification schemes,
and the influence from the defined research questions.

Regarding the terms used by the researchers to thefdnarmonization techniquesd the types of
common models, we have faced some difficulty due to the lack of uniformity. These terms are not
well defined and presented some variations along the publisatand time. Concerning the
techniqueshomogeniztion, comparisonpmapping integration unification andharmonizatiordo not

mean exactly the same in the analyzed papers. This fact has affected both the search and the
classification of the papers. Wiéed to mitigate this problem by introducing the shocommon terms

in the searclstring, with some variations for broadly covering the area. We also used the classification
provided by Pardet al. (2012) to better define when a paper performed comparisnappings,
integration and so on. Regarding thpayg of common models, we haaiso included variant terms in

the search string for a wider coverage and decided to classify the models according to the terms

adopted by the authors.

Another possible limétion regards the multiple papers produced by thees@search group. As the

resar ch advanced, t he g rstonyop.s Tphuubsl,i sshoende fippuabritisc aot
part of a bigger solution, and sometimes this affected the paper selectitive aassification of the

defined facets. Some putdtions were subject of deleatintii we decided by the selection or for a
suitable classification. For example, a paper discussing specifically one aspect or technique was
classified only for this aspettechnique (e.g., [#20]), even when the wholedatiite addresses other

aspectd techniques. The level of descriptions also influenced the classifications. Only mentioning an
aspect was not enough to classify the paper on that aspect, it needs sussatisdemonstration,

even when it is included ia broader initiative. Moreovesometimes a given paper presents a relevant

solution also discussed in another already considered paper, plus a contribution that is not in the scope
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of our mapping (e.ca supporting tool (PARD@t al.,2011), or a caselwsdy (PARDOet al.,2016b)).

Even passing in our inclusion criteria, IC1, we discarded such publication by THE@5péper is an

older version of other paper already considere@®n the opposite way, someapers presenting
solutions already discussed in atheonsidered paper but addireg new contribution or further
discussion for the mapping scope were considered (e.g., [#23, #24]). These more detailed criteria were
discussed and decided, by all the authafter selecting the mentioned publications andyairey

them by groups.

Lastly, there is also much judgment involved in the classification schemes and in the decisions taken
to fit the papers in the proper categories. Concerning the specific categsriE®rementioned, we
needed several discussionddre finding a more precise adsification for some papers regarding
harmonization perspectives and techniques, and the types of common models. Referring to the general
categories, we have used the clésaiion scheme for research type proposed by Wierit al.

(2006) (originally poposed for use in requirements engineering) and updated by Peteat¢P015),

whereit is pointed as a frequently used classification in mapping studies. Furthertassdication is

a judgment influenced by theresedr e r s & b a ¢ k g reoThusdsonse sutbjecadvitypnight bei s
introduced in the classification actions.

3.6 Related Work

During this research, we found a secondary study on the same topic, with a sijlar Pardo and
colleagues (2010) have publishedystematic review on Harmontian of Reference Modélswith

the aim of Afanal yzing the state of the art wit
mul tiple refer encd32papetsandsad a sysiematiy review, lcandu tdes @er

analysis focusing ondw the harmonization initiatives work, which are the standards used, and the
methods and techniques proposed. Finally, they propose a harmonization framework which is

consideed in our mapping, being described in the papers the group GO03 (Alarcos).

Bycomparing our mappi ng etialg201P)asordeoddferences aredidentified® A R D
Firstly, although both studies address the same topic, they have an imp@tiaotiah in the focus.

While this mapping searchezhly for standards harmonizan papersusing a common conceptual

mode] Par dobs study sought wor ks har moni zing o
technique for that or doing it in practic&s a consequence, only we selected papers suclasH@3

and #07], which provigl an ontology mapped to standards, but without describing any harmonization
technique; while only Pardet al. selected papers directly harmonizing standards without a denera
common model, such as (PAULK993 (YOO et al.,2006) (ROUT TUFFLEY, 2007). Seondly, we

5 Pardoand colleagues (201@pplytoi Re fceer eMo d e | 0 ahihgeve areyape ymeng t o fA St an
this work.
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have used different databases as sources. Rardbdid not useScopus Compendexand Web of

Science while we have not usediley InterSciencaind gray literature. Finally, they conducted the
searches in 2010, hle our mapping includes pubhtions until 2016, which makes a significant
difference in this case. As discussed, most of the papers we have selected are from 2011 on (19 out of

26), including een relevant contributions of Pardo and colleagues, prodaftarttheir review.

For a moe detailed comparison on what papers were selected, considering the period in common
(until 2010), Pardet al.have selected 32 papers while this mapping has seléctéowever due to

the differences regarding the types aibjication and the focus givemnly one paper was finally
selected by both. Pardet al. have not considered papers presenting ontologies or models for
harmonization if they are notusedinpracé f or t hat (such as therir ow
[#02 and #07]). Analyzingth 32 Par dodés selected publications,
we have not considered for not being peer re.
classification, 11 presented a direct comparison betweedifispstandards, without thase of a

common model. The 8 remaining were analyzed in our selection process, being 7 discarded for not
satisfying IC1 The paper addresses harmonization of SE statsdhy means of a common mqdel

and only one finally seleetd |, t he Fer c H.iMorledves,sfrompthepl® peer[reiéwsed

papers, we analyzed 15 in the selection process and checked the other 4 to avoid missing papers.

In spite of these differencethere are certain similarities that helped us define s@raneters and to

confirm sometrends. Since they made deeperanalysis on the harmonization techniques, we
borrowed some terms to improve our search string Tsde 3.2) and some definitions to better

define our techniques ckification (classification s@me for RQ3). Their search string has 3 groups

of terms consideringapproach subjectand area We haveused the very same terms for the
approactb s gr oup, only adding fAinter arpa@ s afg besides y 0 a
their terenspricoddssva and fiprocess i mprovement o0,
and ASPI osubjeber gt bep, we have not used the te
itechnol ogieso due t o t tledifféréencehn whad Wwelarssarching forr e s u |

Finally, we have included a new grooqeansfor dealing with the common models.

Regard ng t he st udiet al@ointece aiud grosvth in fFha mteérest for the standards
harmonization topic becomingnore evident from the secondalh f of the 20000s.
corroborate the increase in interest for standards harmonization gusomymon model, in our case) a

little later, being accentuated in the first half of the current dedédare 3.9 shows the nmber of

selected papers in each studganized by lustrums (five years). Moreover, we also checked ardo

al. work for confirming the most used standards and techniques.
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Figure 3.9. Trends on Standards Harmonization.

Finally, Pardoandcollgpu e s concl uded t hat gifidelmeswitewhiclstohelpr r e n't

organizations to implement the harmonization of multiple models, andunifiad terminologywith

which to homogenize the diversity ohé structureof the different models and thearmonization
techniguesvhi ch can be atpab2010k Based 6rPoArRtDAY, we do agree with these
conclusions. We have evidenced that the approacheteamdiques fostandards harmonization are
evolving, and more and more publications are using common models as reference for unifying

terminology and semantics to support the harmonization efforts.

The papers we have analyzed provided valuable contrilsutmmeduce tls gap. Taking a broader
viewon Pardobés work (within the Al arcos group),
support the definition and execution of a harmonization strategy. The framework includes a process
with a set of guidelies organizeds methods for homogenizationapping and integration; and a pair

of ontologies providing a unified terminology for the harmonization realm, and for representing the
structur al el ements of the st aneahmed=@eniedina es s e
template defined &m the process ontology and then they can be mapped and integrated according to
the defined methods. A web tool supports the process. Moreover, they have applied the framework in
several harmonization projectsi¢luding indusry). In turn, the research the other publications also

advanced, as discussed before.

However, we believe there is still a research gap to be @#hlt Regarding the conceptual aspects,
more than a unified terminology, we still needemantic refenatial representing both strustl and
content standardsé el ement s. Li ke most of the
ontologies, but they shall be reliable and comprehensive enough to provide an unambiguous
representatin of the doma knowledge related to theastdards being harmonized. This ontological
referential should be able to connect the similarities and offer a semantic endowed solution for the
divergences while harmonizing standards. Regarding the methodblagpests, thguidelines and

methods mustd highly aligned to the ontologies, exploring their applications. Such methods should
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allow an effective semantic judgment, better classifying the staridelelments, dealing with the
variant types of relationbetween themand offering the semantic anstructural basis for an
integrated representation of the involved standards. We see standards harmonization as a semantic

interoperability problem, claiming for a semantic solution.

Moreover, we believe this is wider issue,affecting not only the orgarations that adopt the

standards, but everyone who produce, study or apply them.

3.7 Final Considerations

This chapterpresented a systematic mapping on SE Standards Harmonization using a Common
Conceptual Model. Eighresearch qustions were investigated comoang the following facets:

(i) distribution of the selected papers over the years, venues and groups; (ii) harmonization
perspectives applied; (iii) harmonization techniques applied; (iv) harmonization subged; a

(v) stardards being harmonized; (vijdges of common models used; (vii) harmonization results focus;
and (viii) research types.

Standards Harmonization in SE has shown to be
developers frequentlgeed to deal ith multiple standards. As primusly discussed, the publications

on this topic are increasing in the recent years. The main contribution of our mapping is to make more
evident some aspects regarding SE standards harmonization by meansnohamodelsio support

the development of ouesearch as well d@e drive future research in this topic. In this contéte
mappingconclusions arsummarized as followgi) there is increasing interest on the topic in the last
five years by the SE rearch communjt and also by standardizatiarganizations, such as 1SO;

(i) the main area subject of the harmonization initiatives is Software Process, being CMMI the most
studied standard; (iiharmonization techniques are evolving, using more resoamegdeing ma
frequently combined into appaches; (iv) ontologies are being more adopted as common models to

support harmonization efforts; and (v) the researches have not yet reached industry satisfactorily.

Considering the mapping conclusions, a redeagap to beexplored relates to the harmipation
techniques and the application of ontologies. We believe the next step towards standards
harmonization clearly is to better deal with semantics. The evolution of harmonization techniques (iii)
has been qported by a ariety of resources. Consideg the existence of a common conceptual
model, ontologieshave been the most preferred model type in the recent years (iv). However,
someti mes, fontol ogyo is just a bneca thdrd is aedl n a me
semantic advantage ongying it. The uses vary, being a simple generic model to be instantiated, a
knowledge source for supporting the harmonization techniques, or a knowledge model able to derive

harmonized representations. In gehdtee represated information covers a naw portion of the SE
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domain, mainly focusing on structural aspects, barely exploring the potential of ontologies in this

topic.

We believe that ontologies can be created to be a broader knowledge framewot&, rapkesent

even specific domains in SE. Tae taken as a reference, they should be-feathded and provide a
reliable representation of reality. Foundational ontologies are a useful resource for this purpose.
Among the groups addressing standards haization, somedliscuss the importance of ugihigher

level ontologies for grounding the lower level models. For instance, in G09, Hen@&sakerset al.

(2014) considers extending their proposed ontological framework by including, in the future, an
Advarced Foundatioml Ontology for Standards (ARE). However, we think that a foundational
ontology must be the basis, providing the essential distinctions and enriching the semantics of the
ontologies used in standards harmonizatigsing wellfounded SE ontogieswould makeit easier to

deal withstadar dsé similarities and divergences, t o
achieve a more suitable solution for exploring the potential of ontologies for harmonization efforts.

Aiming at reaching thigjoal, wehave worked on two related fronts(i) building SEON, a weH
founded Software Engineering Ontology Netwéwk representing general and specific SE knowledge
for better supporting harmonization initiativesnd (ii) developingHarmony supportedoy the best
practices and findings identfd in this mappingthis harmonization approachkhall combire the
proper techniques and expoSEON capabilities and semantic resources for better dealing with
semantic aspects of standards harmoniza8&0ON & presented ithe next chapter and Harmoisy
addresseth Chapter 5.
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4 A Software Engineering Ontology Network

This chapter presents theSoftware Engineering Ontology Network (SEON) the knowledge
framework used for supporting the harmonizationefforts in this research It presentsSEONd s
requiremats and architecture;how the core layer is built to supportincorporatingnew domain
ontologiesand to favor semanticintegration/ harmonizationinitiatives; and the current domain

networkedontologiesandintegrationmechaisms.Finally, it discussesdatedworksandconclusions.

4.1 Introduction

Ontologieshavebeenwidely recognizedasa key enablingtechnologyin a variety of initiatives such
as KnowledgeManagemen{KM) (O &EARY, 1998, SemanticWeb (SUAREZFIGUEROA et al.,
2012, Tool and Systemintegmation (CALHAU; FALBO, 2010 (FALBO et al., 2005, Semantic
Documentation (ERIKSSON, 2007 and Standards Harmonization (PARDO et al.,, 2012)
(HENDERSONSELLERSet al., 2014, amongothers.In KM, ontologiesare usedfor establising a
commonconceptualizatio of the domainof interestto supportknowledgerepresentatiorintegration,
storage,searchand communication(O 6 L E A R998. The SemanticWeb is characterizedy the
existenceof a very largenumberof distributedsemantiaesourcesyhich subscribego alternativebut
often overlapping modeling schema (i.e., ontologies) (SUAREZFIGUEROA et al., 2012. In
StandarddHarmonization,ontologiesare useful for providing a referentialknowledgein the subject
domainfavoring the comparisonand integrationof relatedstandarddPARDO et al., 2012. These
initiatives canalsobe relatedby commonaspectsaddressinghe needfor semanticsolutionsandthe

integrationof knowledgeresources.

However,sometimesjust selectingor building an ontology and using it is not enough.This occurs
especiallyin applicationsdealingwith large and complexdomains requiringa broadersolution. It is
the caseof Software Engineering(SE), our applicationdomain If we try to representhe whole
domain as a single ontology, we will achievea large and monolithic ontology that is hard to
manipulate use,and maintain(SUAREZFIGUEROA et al., 2019. On the other hand, representing
eachsubdomairin isolationwould betoo costly, fragmentedand,agan, hardto handle(RUY etal.,
2016.

A variety of ontologieshas beendevelopedor modelingthe SE domain,attemptingboth approaches.
Accordingto Caleroetal. (2006, theseontologiescanbe classifiedas: GenericSE Ontologies having
the ambitiousgoal of modeling the complete SE body of knowledge;or Specific SE Ontologies,

attemptingo conceptualizenly part(a subdomainpf this discipline.
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ConcerningGenericSE OntologiesMendesandAbran (2005 proposea SE ontologyconsistingof an
almostliteral transcriptionof the SWEBOK (BOURQUE FAIRLEY, 20149 text, with over 4,000
concepts.Sicilia and colleagues(20095 proposean ontology structureto characterizeartifacts and
activities, also basedon SWEBOK. Wongthongthamand colleagues(2009 propce an ontology
model for representing the SE knowledge, based on SWEBOK and So mme r vSoftware 6 s
Engineeringbook (SOMMERVILLE, 2004. Theseontologies,althoughgroundedon acknowledged
referencesuse just a single or a couple of them, disregardinga relevantontological principle: to
provide asharedconceptualizatiofGRUBER,1995.

Consideringhe Specific SE Ontologies a greatnumberof themis available representing variety of
SE subdomainssuchas Software(e.g, (OBERLE et al., 2009 (MALONE et al., 2014), Software
Proess(e.g, (GONZALEZ-PEREZ HENDERSONSELLERS,200§ (BRINGUENTEZetal.,2011)),
SoftwareRequirementge.g, (WANG et al., 2014), SoftwareTesting(e.g. (SOUZA et al., 2013),
SoftwareConfigurationManagemen{e.g, (CALHAU; FALBO, 2010), amongothers(CALERO et
al., 2009. Thesesubdomainontologiesare frequentlynot or weakly interrelated and they are often
built andappliedin isolation.

However,| e toas&erthatthe subdomairontologiesaredevelopedearingin mind their integration
with othess. Taking this to the extreme,the combinationof ontologiesof all SE subdomainsvould
resultin anontology of the completeSE domain(CALERO et al., 2006. Unfortunately thereality is
thatthis goal is extremelylaborious Not only dueto the sizeandcomplexity of the domairbut also
dueto the numerousproblemsrelatedto ontology integrationand merging(CALERO et al., 2006,
such as overlapping concepts, distinct foundational theories, and different representationand
descriptionlevels, amongothers. Moreover, like in other domainsSE subdomainsshareconcepts,
rangingfrom general(e.g.Artifact, Proces$ to specificones(e.g.FunctionalRequirementTestCase
and Nonconformity. This importantfeatureof the SE domainmustbe consideredvhile representing
it.

For achievingconsistentSE ontologies,conceptsaandrelationsshouldkeepthe samemeaningin any
relatedontology,andmeaning assignmeptinnotbe donein a bottomup way In sum,SE comprisesa
set of highly interconnectedsubdomainssharing a number of conceptsand definitions. This
interrelatednatureaffectsany possiblerepresentationf the SE domain,andthe situationsin which it
can be applied. Despiteof the challengesinvolved, an ontological regresentationcovering a large

extensionof the SEdomainremainsasadesiredsolution.

D'Aquin and Gangemi(2011) point out a set of characteristicsthat are presentedn ibeaut i f u|
ont ol (.6 poedquality ontologiesjrom which we detachthe following ones:having a good
doman coverage;being modular or embeddedn a modular framework; being formally rigorous;

capturingalsonontaxonomicrelations;andreusingfoundationalontologies Most of the existing SE
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ontologiesdo not exhibit suchcharaceristics. We believethat an integratedontological framework,
built consideringthem, canimprove ontologybasedapplicationsin diverseinitiatives addressinghe
SE area.In suchintegratedframework, there must be ways for creating,integratingand evdving
relatedontologies.Thus we advocatethat theseontologiesshouldbe built incrementallyandin an
integratedway, as a network Taking theseconsiderationsn mind, we proposeSEON, a Software

Engineering Ontology Network.

This chapterdiscussesiow SEONis beingdevelopedSedion 4.2 presents the main requirements that
guided tle network designThe SEON Architecture and how it was designedfor assuringthe
necessargroundingfor the networkedontologiesis presentedn Section4.3. Section4.4 discusses
the SEON core layer, presentinghe currentversionof the SoftwareProcesgOntologyandhow it has
evolvedfor being alignedto generalSE standardsand for being organizedas an ontology pattern
languagegeasingthe networkgrowth. Section4.5 discusses howomainnetworkedontologiescanbe
created,integratedand evolved showing as an example the Quality Assurance Process Ontolog
Section4.6 discusseow the SEON Specificationfavors the network accessand use Section4.7
presents related workandSectiond.8 ourfinal considerations.

4.2 SEON Requirements

SEON aims at mviding a knowledge framework able to represent an increasing portion of the SE
domain, to support semantic interoperability initiatives in general, and those addressing SE standards

harmonization in particular.

Although SEONitself is a new proposal the studiesandontologiesdevelopedyy our groupalongthe
years were essentialcontributionsfor defining the network. Diverse efforts have beermmade for

specifying,designingandbuilding specific SEontologies(e.g. (DUARTE; FALBO, 2000 (NARDI;

FALBO, 2006 (CALHAU; FALBO, 2012 (SOUZA et al., 2013), reusingknowledgefrom higher
level ontologies (e.g. (GUIZZARDI et al., 200§ (BARCELLOS et al.,, 2010), restructuring
ontologies(e.g.(FALBO; BERTOLLO, 2009 (BRINGUENTEetal., 2011)), ontologicallyanalyzing
conceptuamodels(e.g.(ALMEIDA etal., 2010 (RUY etal., 2014), definingandapplyingontology
patterns(e.g.(FALBO etal., 2013 (FALBO etal., 2016 (RUY etal., 2017), integratingontologies
(e.g.(RUY etal., 2016), usingontologiesfor applicationsdemandingntegration(e.g.(FALBO etal.,

2005 (CALHAU; FALBO, 2010) and so on. Theseefforts have,along the time, provided us the
knowledgeandelementmecessaryor a researctstepforward supportingan essendil purpo® of this

thesis:ithe SE OntologyNetwork.

For designing SEON, as an ontology network (ON), several decisions have been taken to better define
its essential characteristics. These requirements were based on diverse SodrezFigueroaand

colleagues Z012 provided the mia notions about ONs; the research gaps (discussed in Chapter 3)
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reveal ed the need for a comprehensive and co
experiences and previous works offered a rich material and dives® @hehow to organize and
comgdement it; and finally, the own network development and applinatifforded us with valuable
findings for improving SEONThis section presents the characteristics we jdiggsential for guiding

SEON development and futuremprovements. In the followingye discus why these requirements

were chosen and what we explegiconsideringhem.

Ontology Network The SE knowledge framework shall be structured as an Ontology Ne®idsk.
are able to organize a set of interrelatedlmgiies seeking for importamaispects such as modularity,
consistence and reuseghis is crucid featurefor representing a broad knowledge area with diverse
subdivisions sharing a set of common conceptich as the SE domaiWMoreover, ONs are more
suiteble for accommodating changasd incrementally growing as it is expected in SEON.

Generality levels The networked ontologies composing SEON shall be organized according to
generality levelsBesides the diverse subdomains to be represented, the ordatagiealso vary in
abstraction presenting different generality levels. An ON can take advantéghis to encourage
reuse from the higher to the lower generality levels. This wggneral knowledggfrom a
foundational ontology) can be reused for desegbgeneral SE knowledgevalid for several
subdomaingin a core ontology), that, in turn, cdoe reused for representirsgbdmain specific
knowledggdomain ontologies). The ontology generality levels directly affect the ON architecture and

reuse mechasms.

Foundational Ontology A foundational ontology shall provide the (same) foundation for all
networked ontologiesThe use of foundational ontologies is a recommended practice in Ontology
Engineering D'AQUIN; GANGEMI, 2011 due to its capacity to bettedescribe reality
(GUIZZARDI, 2005). In an ON, a foundational ontology can be adopted asemefergeneral
knowledge, providing a common grounding for all networked ontologies. It is essential for assuring
compatibility between the ontology representagidhus supporting integrati@ifforts. A foundational
ontology is also useful for conductinghtological analysis on external knowledge sources, in

particular existing SE subdomain ontologies that we want to integrate to SEON.

Reference OntologiesThe néworked ontologies shall be fexence ontologies, prioritizing human
usageOne of t Imaing&s @ Fréviding a reliable and consensual representation of the SE
domain for supporting semantielated problems. Standards harmonization, like othigiation
initiatives, is predminately a human activity, requiring undersiing, analyzing and integrating
different sources of knowledge, using a semantic referential. Thus, SEON rsloalkklsedeveloped

prioritizing human understanding and usage.

Reus MechanismsCore ontologieshall be organizedor favoring reuseMost & SEONS sontent

is given by its domain ontologies. Following the principle that hilgherlevel ontologies should
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support the development of the lower level ontologies, it is@gdehat SEON provides meclisms

for reusing core ontologies in the deyainent of domain ontologies. Ontology Patterns is a promising
approach for reusing SE general knowledge in the domain ontologies. It improves the development
support and productiwit and makes the domain ontgies more consistent (RUY et al., 2015b).
Beddes that, ontology patterns favor an analogous representation for similar domain fragments, which
is important for the network integration. In particular, DorAdalated Ontology &terns (DROPS)
generally arestrongly related, so thatattern onlymakes sensdo the extent that it is supported by
other patternsThis occurs becauske features introduced by applying one pattern may be required by
the next In such situations, &rger context is needed tosteibe the larger problems that can be
solvedby combining patterns, and to address issues that arise when patterns are used in combination.
In such cases, we need to put the patterns together in an Ontology Pattern LaD§UAGEALBO et

al., 2013). Ths, for capturing the most general SE knowkedig SEON, we advocate in favor of
organizing the SEON core ontologies as OPLs.

Network Evolution. The network shall provide mechanisms for favoring its own evolUBB@N is

not acomplete network. The SE kntedge is very wide and SEON currently représeonly a small
portion of it. However, for keeping the network growing, we must provide the proper mechanisms for
favoring its evolution. For example, a wdifined architecturean organize the existing otagies

and accommodate the addition of thewnenes; the foundational grounding helps to make the
ontologies more consistermeuse mechanisnfavor the creatiorand integratiorof new ontologies
integration mechanisms helpciorporating new knowledge swoes; and the way SEON is represented

and mae available for potential users eases its access and application.

Once the SEON requirements are presented, it is important to highlight that they do not constitute all
the requirerants for the network. Howevethey are the most important ones, takenhashasis for

designing, developing and improving SEON with the characteristics we have considered essential.

4.3 SEON Architecture

SEON is foundedon a numberof experiencesjdeasand findings on ontology developmat and
application,especiallyin the SEfield. As mentionedbefore for building suchintegratedramework,it
is not enoughto put the piecestogether.It is an incrementaland long-term work. Ontology
developmentand integration are not simple tasks Thus to truly enjoy the benefitsof keepirg the
ontologiesin a network,we needto take advantagef the existingresourcesavailablein the ON for
graduallyimproving and extendingit. In other wordsthe ON shall providethe meandfor facilitating
its consistentgrowth. The ON must provide the high-level structuresand methodsfor favoring the
accommodatin of the new, lower-level, pieces.Networked ontologiescomposingan ON shall be

incorporatedn suchaway that preseresthe networkpropertiesanddoesnot fall in conflict with any
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existing part. Finally, it is not our ambitionto establishafi ¢ 0o mpSEe h £ o | batgoypKkovide a
starting point, and a proper structureand featuresfor easingthe addition of new ontologes and
evolutionof theexising ones.

SEON development starts by the definition of its architecture. In this context, three main SEON

premises, based on the network requirements, are important for defining our architectural solution:

(i) Grounding: being basd on a welfounded groundingpr suppeating ontology development;

(i) Growth: offering mechanisms to support building and incorporating new SE subdomain

ontologies to the network; and

(i) Consistency promoting integration by keeping a consistent semantics dacepts and
relations along th whole néwork.

Taking the above premisesn ON shouldbe organizedn a layeredarchitecture In the background,
we needa foundationalontology to provide the generalgroundknowledgefor classifyingconcepts
and relationsin the ON. In the centerof the ON, core ontologiesshould be usedto representhe
generaldomain knowledge(on SE), being the basisfor the domain ontologies.ldeally, thesecore
ontologies should be organizedas Ontology Pattern Languages(OPLs) to fawor reusing model
fragments (ontology patterns) while developing the domain ontologies. Finally, going to the

extremities (sub)domainontologiesappeardescribingthe morespecificknowledge.

Therefore,the SEON architectureis organizedconsideringthe stated premisesand three main
ontologygeneralitylevels,asFigure4.1 shows.

Domain-specific Layer

Core Layer Core Ontologies

5
>
@
>
£
©
—
@
c
()
(U}

Foundational Layer

Foundational Layer

Foundational Ontology

Figure 4.1. The SEON Architecture.

At the bottomof SEON,sustaininghe network,is the Unified FoundationaDntology (UFO). UFO is
divided in threeparts: UFO-A, an ontology of endurantgobjects)(GUIZZARDI, 2005, UFO-B, an
ontologyof perdurantgevents)GUIZZARDI etal., 2013, andUFO-C, anontologyof socialentities
(GUIZZARDI etal.,2008. UFO-C buildson top of UFGA and UFOB. UFO ontologicaldistinctions
areusedfor classifyingthe SEONconceptse.g.,asobjects actions commitmentsagentsroles, goals
and so on. UFO providesthe necessangroundingfor the conceptsand relationsof all networked
ontologies AlthoughUFQ is incorporatedasanessentiapartof the ON, it is notunderSEONcontrol|
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being evolved apartt is presentecdsa backgroundf this researchn Section2.3, and usd in diverse

situations hencefth.

CorelLayer

In the center of SEON, providing the SE core knowledge for the netwweke isthe Software
Process Ontology (SPOBRINGUENTE et al.,2011). SPO is a core ontologgrounded in UFO,
aiming at establishing @@mmon conceptualization @oitware processeSPO scopembraesthe
following aspectof the softwareprocessdomain: standardjntendedand performedprocessesheir
activities; artifacts handled,resourcesusedand proceduresadopted and stakeholdes @articipation.
SPO reuses @me concepts fronthe Enterprise Ontology (EOR core ontology on enterprises
(FALBO et al., 2019 (which we considerexternalto SEON), for dealingwith aspectsrelatedto
organizationssuchas teammembership Another extenal core ontology related tihis layer isthe
Core Ontology on Measurements (COM) (BARCELLOS et al., 204l)these core ontologies are
organized as Ontology Pattern Languages (OPL®.Core Layer and SPOarefurther discussedn
Sectiond.4. Differently from the foundational layer, which admits only a single foundational ontology
(for providing the same theory to the whole network), the core layer can support multiple, compatible,

core ontologiege.g.core ontologies desibing Artifacts, Resources &oftware)

Domain-specificLayer

Overthe foundationalandcorelayers,domainontologiesappear Eachdomainnetworkedontologyis
groundedn the core ontologieandalsoin UFO, andencompassea portion of theSE domain(e.g.,
softwarerequirementsgesign,configurationmanagemenguality assuranceAlthough not explicit in
Figure 4.1, accordng to the generality levels continuum (see Section 2rig)re specific domain
ontologiescanbe develgpedbasedon othermore generh domainontologies For instance pntologies
addressing runtime requirements (RRO) (DUARTE et al., 2016);ayeaited requirements (GORO)
(NEGRI et al., 2017) and the requirements development process (RDPQ)evelepedasedon the
ReferenceSoftware RequirementgOntology (RSRO) The Domainspecific Layer and its domain
ontologiesarediscussedn Section4.5. For matter of organization, domain networked ontologies can
be grouped in subnetwmkas the Requirements engineg Ontology subNetwork (ReqON), which

comprises the four aforementioned requirements related domain ontologies.

In a nutshell,the foundationallayer offers the ontologicaldistinctionsfor the coreanddomainlayers,
while the core layer offers the SE core knowledgefor building the domainontologies.This way of
groundingthe ontologiesin the networkis helpful for engineeringhe networkedontologies,sinceit
providesontological consistencyand makesa numberof modelng decisionseasier.lt suppots the

grounding premise.
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The SEON building mechanismsalso take advantageof ontology patternsby representingts core
layer as OPLs SPQ as well aghe other core ontologieE0O and COM, ar®rganizedas OPLs to
becomemore modular, flexible and reusakbe. Thus, the ontology engineercan explore alternative
modelsin the design of specific ontologiesfor the various SE subdomainsselectthe ontology
fragmentsrelevantto the problemin handsand reusethem (FALBO et al., 2013). During domain
ontology development the ontology engineerselectsthe suitablepatternsand extendstheir concepts
and relations in the networked ontology (Section 4.5 shows a casefor the Quality Assurance
subdomain)In the casesvherea domainelement is not coveredby the coreontologies this domair
specificelementshouldbe groundeddirectly in the foundationalontology (UFO). Moreover,SEis a
veryinterrelateddomainand,asthe size of th@©N increasesif hasmore ontologieswith conceptsand
relations potentially reusableby the new ontologies.This reusebaseddevelopmentreinforcesthe
growth premise.

By reusingpatterns(from the corelayer), the developmenbf the domainontologiesbecomedaster
and the resuting models more consistentand uniform (RUY et al., 20159. The core ontologies,
sustainedy the foundationalontology, offer a standardizedavay for describingall the otherelements
in the network. Thus, since all the domain networked ontologies inherit the same core and
foundatioral grounds, conceptsand relations with the same classification have a common and

identifiablebackgroundThisis afundamentahspecfor ontologyintegration.

As ontologiesaredevelopecandaddedio SEON,we still needto work on integratingthem.Although
the domainontologiessharethe sameconceptuabasis,given by the foundationalandcoreontologies,
they still needto be aligned with respectto their specific knowledge It makes it possible for
networkedontologiesto be mergedh a meaningfulway, by representingnformationin oneontology
in termsof the entitiesin othes (SUAREZFIGUEROA et al., 2012. SEON adoptssomealignment
guidelinesfor matchingandintegratingdomainnetworkedontologies(explainedin Sedion 4.5). The

integrationmechanismsallied to the sharedbass, contributdo the consistencypremise.

Figure 4.2 showsthe currentstatusof SEON. Eachcircle representan ontology.Thec i r cites s 6
vary accordingto theonto | o gsizes(g éermsof numberof conceptsrepresentedhsidethe circles

in parenthesis)Arrows denote dependenciedpetween networked ontologies, and line thickness
representshe couplinglevel betweenthem (in termsof numberof relationshipsetweenconceptsn
different ontologies).Blue circles are the core ontologies;and greencircles, the domainontologies.

The uppeifleft area comprising four requirements domain ontologies represents the ReqON
subnetwork. The cerontologie€£O and COM althaigh used for modeling SEON domain ontologies

are external to the network and thus not representdsifigure.
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Figure 4.2. SEON: The Network View.

It is importantto noticethat, evenadoptinga layeredarchitecture SEONis a network.Like so,each
new addednode contributesto the whole network. When a new ontology is added,it shouldreuse
existingelementgfrom a higheror the samelayer). Otherontologies,n turn, may be adaptedo keep
consistencyin orderto sharethe samesemanticsalongthe whole network. Eventhe core ontologies
can evolve to adaptor incorporatenew concepts,relations or patternsdiscoveredwhen domain
ontologiesare createdor integrated Moreover, dueto the size and compkxity of the SE domain, it
requiresa continuousandlong-term effort with ontologiesbeingaddedandintegratedincrementally.
The nextsectionsfurther discusshow we haveachievedhe currenstatusof SEONandhow weplan

to goahead

4.4 Building the SEON Core Layer

The SEONCorelLayeris the networld keart,containingthe generalSE knowledge commonto most
domainnetworkedontologies.As definedin the architecture SEON core ontologiesare groundedn
UFOto bebuilt onthe sameontologicaltheory,usng thevery sameontologicaldistinctions.The Core
Layer shouldreacha good coverageon the SE domainto provide a soundsupportfor building any

domain ontology. As mentioned, SPO is,utrently, the only SEON ore ontology. Other core
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ontologiesare ato used by SEON, namely as EO and COM, but #reyconsidered external to it,

since they are not devotedttee SE domain, being more widely applied

The softwareprocessdomainwas chos@& as main basisof the SEON Core Layer sinceit describes
most of the generalnotions necessaryfor representinghe SE area, such as processesactivities,
artifacts,softwareand hardwareresourcesstakeholdersproceduresindso on. Thus,sincea relevant
part of the SEON history is attacled to the last evolutions of the Software ProcessOntology, it

deservegspeciahttentionanda furtherdiscussiorin this section.

As discussedn Chapter2, SPOwassubjectof severalevolutions,culminatingin its reengineeringor
being groundedin UFO (BRINGUENTE et al., 2011) ard its reorganizationas an OPL (SROPL)
(FALBO et al., 2013. From that point on, the researchin the context of this thesiglso hasbeen
contributingto the SPO evolutionin someways. Actually, most of theseimprovementsare being
madewith the aim of developinga betterproductfor supportingthe harmonizatiorefforts (SEON) of
which SPQOis anessentiapart.

Firstly, we conductedan Ontological Analysis of the ISO/IEC 24744 Metamodel the Software
Engineering Metamodel for DevelopmentMethodologies(SEMDM) (ISO/IEC, 2007) SEMDM

describegyenerallSO conceptsandrelationsandis intendedto be usedas basisfor the ontological
framework proposedby the ISO Harmonizationlnitiative (HENDERSONSELLERS et al., 2014

(GONZALEZ-PEREZet al., 2016. However,we found someconceptuabroblemsin SEMDM and
performed an ontological analysisin the light of UFO for proposingsolutionsin some model
fragmentgRUY etal., 2014. Since SEMDM describesoftwareprocessesnuchof the SF rationale
applies.Thus,SPOhascontributedto the proposedolutions,andsomeinsightswereusedasfeedback
for improving SPO.Moreover,sinceSEMDM usesan ISOs t a n dvacabdlandhis experiencavas
alsousefulfor betteraligning sometermsanddefinitionsof SPO,andhenceSEON,to thisrealm.The
completeSEMDM ontologicalanalysisis presentedn (RUY etal., 2014. This studyconcludeghat,

for building an ontological framework (in the case for standardsharmonizationpurposes),the
groundng on afoundationalontologyis a critical aspectRegarding SEONt hasreinforced our plans
of building the networkgroundedn UFO.

In another studywe took the fragmentsproposedin the ontological analysis,representedthem as
ontology patternsand organizedthemin an ontology patternlanguage called ISO-basedSoftware
ProcesOPL (ISP-OPL). We havealso conductedan experimentproducingeight domainontologies
from SE standardssupportedby ISP-OPL (RUY et al., 20150. This work with ontology patterns
showed us diverse improvements applicable for SPROPL and for our approach toontology
developmentThis studywas a fundamentaresearctstepfor SEON developmentAmong the main
findings, it is importantto highlight that (RUY et al., 20158: (i) ontologiescreatedwith the sane

grounding,andfrom the samepatternshavea highersimilarity degree peingeasierto bereusedand
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integrated;(ii) reuseof higherlevel ontologiesfavors not only building the models, but also the
definition of the relaed competencyguestionsandaxioms; and (iii) the useof ontology patternscan
makethe ontology developmenteasier,more productiveand presentinghigher quality results.From
thesefindings, we decided taadopta patternbaseddevelopmenapproach for bilding SEONdomain

networkedontologies

As a side effect of this work applying SPOPL, our interestin ontology patternsand OPLs also
increasedleadingusto improveour methoddor creatingandapplyingontologypatternsAs a result
we havepropose an approactfor deriving conceptualontology patternsfrom foundationaland core
ontologies and guidelinesfor applying them in combinationfor building domain ontologiesin a
reusedorientedprocesgRUY etal., 2017).

Subsection4.4.1 presentghe apgroachfor deriving patternsrom coreontologies which is one of the
basis for building the core layer of SEO8Subsction4.4.2 presents the current SEON Core Layer,
introducing its core ontolgg Some patterns of SBPL arepresented in @%ction4.4.3

4.4.1 From CoreOntologiesto OntologyPatterns

Being ontology patternsone ofthe main instrumens for creatingdomainontologiesin SEON, it is
importantto providethe meansto developthem.In the proposedayeredarchitecturethe higherlevel
ontologies are the basis for producingthe lower-level ones. UFO, the highestlevel, is already
establishedThus,from the CoreLayeron, everythinghasto be built, includingthe domainontologies
andalsothe patternsusedfor building them.For achievingSEONd goals asimportantasdeveloping

the ontologieswith reuseis developinghemfor reuse

In (RUY et al., 2017, we presentan approachfor extracting DomainRelated Ordlogy Patterns
(DROPs)from core ontologies and guidelinesdescriling how ontology patternscan be appliedin
combinationfor building referencedomainontologiesin a reuseorientedprocessin this section we
focus on the approachfor extracting DROPs,which we are using for organkzing the SEON core

ontologiesasOPLs.

Coreontologiesare importantsourcesof DROPSs,sincethey describethe core knowledgeof a wide
domainthatspansacrosdifferentsubdomainsTheir modelscontainfragmentsof knowledgethatcan
be reusedwhen modelng more specific domain ontologies.The main issuesrelatedto extracting
DROPsfrom coreontologiesare (i) how to cut the core ontologiegproperly defining the fragments
boundariesor DROPs and(ii) howto relatethe oltained DROPsInformationfrom the core ontology
canbe usedfor supportingthe fragmentatiorprocesdor creatingDROPs.In particular,competency
guestiongCQs) canrevealmodelingneedsin small (andstill conneted) pieces.Next, we presena
generalprocessto fragment a core ooliogy in DROPs comprisingfour stepsand providing some

guidelines.
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A. Modularizethe Core Ontology.

If the coreontologyto be fragmentedn DROPsis a complexone,we shouldstartby splitting it into
modules(subrontologies), for example usinganappoachof OntologyPartitioning(D'AQUIN, 2012).
As pointedout by d'Aquin (2012, thereis no universalway to modularizean ontologyandthe choice
of a particular approachshould be guided by the ontology requirements.The general approach
proposedn (D'AQUIN, 2012 canbe appliedfor this purpose The samecan be saidfor techniques
andcriteriafor ontologypartitioning,suchasthe onesproposedn (D'AQUIN etal., 2009. Regarding
the criteria, we suggestconsideringat leastthe following: independeoe, cohesion,and size. If the
coreontologyis alreadywell modularizedthis stepcanbe skipped.

B. FragmentEach Sub-OntologyModelinto Small Pieces Still Meaningful for the Domain.

Considersplitting a sub-ontology into evensmallerfragmentssuitabk to be consideredROPs.By
looking again at ontology requirementswe can look at eachsubontology and searchfor lower-
granularity reusablefragments.A pattern,in general,describesa particular recurring problem that
arisesin specificcontextsandpresentsa well-provensolutionfor the problem(BUSCHMANN et al.,
2007). Thus, the processof extractingDROPsfrom a subontology should start by looking for the
problemsbeing addressedby fragmentsof the sub-ontology. If the core ontology is guidedby the
competencyuestiongCQs)thatit aimsat answeringthentheseCQsarethe naturalguidefor driving
the processof splitting the subontology into DROPs.As a starting point, we suggestdefining one
DROP for eachCQ. However, it is importantto keg in mind that CQs and DROPshave different
concernsWhile CQsaim at defining the ontology requirementsPROPsare focusedon finding the
bestconfigurationfor beingrecurrentlyappliedin the domain.Thus,a oneto-onerelation (with each
CQ attachedto a unique DROP and vice-versa) could not be the best organizationfor all the
fragments,and shouldbe reviewedas describedn the next step.Moreover,whenthe core ontology
CQs are not available, some reengineeringmay be needed,for making explicit the ontology

requirementdeforetrying to fragmentthe ontologymodelinto DROPSs.

The complexity of the fragmentscan vary dependingon the problem / solution that they are
addressingSometimesa fragmentthatis a candidatgor becominga DROP containsonly two related
concepts;in other situations, it can contain a complex combination of conceptsand relations.
Sometimesthe same fragment gives rise to two (or more) variant and alternative patterns;and
sometimes patternis structurallyopen(PartialDROP)in orderto be completedoy anothetDROPor
FOP.Completeself-containedragmentsare candidategsor CompleteDROPs;fragmentshat needto
be completedby otherDROPsor FOPsaresaidPartiaDROPs.
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C. Reviewthe Model Fragmentsand Selectthe DROPs

Fragmentgoo big, addressingnorethanonemodelingproblems(for example connectedo unrelated
CQs), should be analyzedto checkif they would be better handledin distinct DROPs. Domain
aspectsaswell asfoundationalaspectsshouldbe takeninto accountin this analysis.For example,
supposehat the problemsbeing addressedby the fragmentaretoo interrelated so that the resulting
DROPsshould alwaysto be usedin conjunction.In this case,it is better to maintain the whole
fragmentin asingleDROP.Otherwisej.e., if eachof thetwo partscanbe usedindependentlyf each
otherit is betterto breakthe fragmentinto two DROPs.

Fragmentgoo small shouldalsobe analyzedo checkif theyreally addresselevantproblems.If not,
thenthe fragmentdoesnot deserveio becomea DROP. Moreover,if the problem beingaddresseds
too interrelatedo anotherproblem,thenconsidemergingit with the otherDROPon which it heavily
depends

A complementaryapproachis to use FOPsfor helpingto define the boundariesof DROPs.Sincea
FOPis appliedto solve generalmodelingproblems,many of the domainproblemssolvedby DROPs
canbe mappedo anunderlyingFOPstructure.Thus,often,a DROPis delimitedasthe applicationof
a FOPfor solvinga domainrelatedproblem.This is, however,not a strict rule, sincea DROP canbe
structurallyopenin a way that it shouldbe completedby anotherDROP or FOP (thus not directly
fitting in any FOP).In othercasesa DROPcanapplymorethanone FOP.

Alternative and useful variantsof the samefragmentcanalsobe consideredFrequently,a modeling
fragmentcanbe representedh differentways,dependingon possiblevariationson what an ontology
engineemay wantto representin the targetdomains.For example relationalpropertiesbetweenwo

entitiescanbe modeled:by representing relator with the associatednediationrelationsconnecting
therelata;or by simply representinga material relation connectingherelata.ln anandogousmanner,

differentdoman-level modelingproblemscangive riseto differentalternativeDROPs.

D. Packthe DROPwith its associatedJseful Information.

Informationfor locating,understandingndusingthe DROPneedso be attachedo it. Thisincludes:
name,intent, rationale,CQsaddessediy the DROP,the conceptuamodelfragment,axioms,related

patterngmandatoryor optional),anddefinitionsof thetypesof entitiesconsideredn the DROP.

4.4.2 The SEONCoreLayer Current Version

We have applied the approachdescribed abovéor extractingDROPsfrom the core ontologiesand
thenwe haveorganizdthemin OPLs.This section presents the SEON Core Layer focusing on the

main aspects related to this thesis. The complete diagrams, descriptions, dsfiaitiong dter
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information canbe found in the SEON SpecificatfonCurrently, SEON has only SPO as core

ontology.

The SoftwareProcesgOntology (SPO)aims at establishinga commonconceptualizatioron software
processedt has 76 concepts and 8elatiors organizedn 13 subontologies coveringaspects related
to Standard)ntendedand PerformedProcesss andtheir activities artifactshandled,resourcesised,
proceduresadopted and s t a k e h pattidpatiors |6 imports notions related to organizatias,

projectsandpersonnefrom the EnterpriseOntology(EO) (FALBO et al.,2014).

Figure 4.3 shows how SPO is organized. Fading identifying conceptsand packagesve use the
following color schemeto differentiat the mainelementsin SPQ yellow is related to processes and
activities, green refes to artifacts blue concern stakeholderspurpleis related to resourcesuchas
hardware and softwareand pnk refers to procedures. Grays used forexternal concepts and
packayes Darker colors represenydes.Later in this chapte when presenting domain networked
ontologies, white is used for domain concepts in domain ontologies.
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Figure 4.3. SPOModularization.

6 SEON Specificationis a navigablespecificaion providing a complete reference of the ontology network, as
discussed in Sectioh6. It is available atlev.nemo.inf.ufes.br/seon
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SPO is orgaied in four main packages:

9 Standard Softwarérocess Definitiomackagerefers to genericprocessegAction Universalsn

UFO) definedby an organizationgstablishinghe basicrequirementgor intendedprocesse$o
be performedin thatorganizationlt is further dividedn two sub-ontologies:Standard Process

Structureand StandardActivity Definition.

1 Intended Software Process Definitipackage relates to processesntendedto be performed

(Intentionsin UFO) in the context of a specific project or organizationalarea. It is further

dividedin two subontologiesintendedProcessStructureandintendedActivity Definition.

1 Software Process Executiggackage concers alreadyexecutedprocessegActionsin UFO)

and the asset8 participations (Participations in UFO). It is further dvided in five sub
ontologies: Performed Process (see Figure 4.5), Stakeholder Participation Artifact

Participation ResourcéParticipationandProcedureParticipation

9 ProcessAssets package refers to theassetshandledby a processor it activities and is
decomposedin four subontologies: Stakeholders Artifacts, Resourcesand Procedures
Stakeholders Artifacts, Hardware Equipment Software Products and Procedures are
consideredorocess assets. These notionistheir types, are related t8t@ndard Intendedor

Performed Activitiesfor defining the subject processes in the proper level.

The completedocumentatin of SPO, including packagediagrams,descriptionsand definitions, is
part ofthe SEONSpecifcation In this section, we focus on the ontology portitimst are germanie
our discussionIn thediagramsresented in the sequel, we have presettvedroundingconceptsand
relations,i.e., the notionsin which the corncepts/ relationsare based(conceptsextendedor relations
extended/ redefined).In the caseof SPO,thesegroundingconceptsare mostly from UFO-B and
UFO-C.

Figure 4.4 presents a brief SPO fragment illustrating the main oelatibbetween the three process
levels: Standard Intendedand Performed A Process Universais a Complex Action Universal
representing any generic process in an organization (formalized ar AdBtandard Process
representsa generic process institutioidd in an Organizatiofa formalized Process Universd)
establishinghe basic requirements fantendedprocesse$o be performed imnorganizationor in its
projects (for example,a standardDevelopmentProcessand its activities, to be performedin the
projectsof an organizatim). An Intended Processs an Intention (Internal Commitment usually
based on &tandard Procesgepresenting the process defined to be performed in a specific feoject
Project Process)r organizational area, consideriitg particularitiesFinally, a Performed Processs

a Complex Actionalreadyperformed in a specific time interydly some agentor reaching a goal in

a project or organizatiorSince UFO defineAction as instance ofAction Universal Performed
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Processes are considered instancad Process Universals(usually thosewell-established the
Standard Processes

instance of

| UFO-C::Action Universal (Plan) | based on
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Figure 4.4. SPO: Process Levels Relations.

Although SPO further details each process level (id@#ng the processes types, ngposition,
activities ad related assets), the current SEON domain ontologies have mostly focused on the
Performed Process level for representing SE processes. This is a more natural and intuitive
representation, since it defes the processes and adied as they are perfmed in reality.
Concerning the standards harmonization efforts, Pleeformed Processlevel provides a more
adherent representation to standards suggesting or describing which results should be pratuced
how processes should berfpemed. Figure 4.5 shows a fragment of thBerformed Processub

ontology.
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Figure 4.5. A fragment of the Performed Processub-ontology.

PerformedProcessesndActivities areacions performedin a specific period of time, in the past.A
Performed Processs caused by aintended Processlike aPerformed Activity which is caused by
an Intended Activity A Performed Processcan occur in a Project when it is saida Performed
ProjectProcesqsuchasaperformedDesign Procegsor in the contextof anOrganization when it is
said a Performed Organizational Process(such as a performedRecruitment ProcessPerformed
Activities are related to diverserocess assets for describige handled artifacts, involved

stakeholders and adopted procedures.

Performed Procesgs can be generalor specific. A General Performed Process(such as a set of
related processes performeah ian organization)s composedof two or more Specific Performed
Processegsuch as an individual process performed in an organizadignDevelopment Process
Project Management Procsthat, in turn, are composedof two or more Performed Activities. A
Performed Activity, analogously,can be simple (atomic) or comosite (decomposd into smaller
activities).PerformedActivities canalsodependon otherPerformedActivities (e.g.a Reviewactivity

thatdepend®n a Documentatioractivity).

RepresentatiorLevels

An importantconsideratiorto be madeat this point regads the levels adoptedfor representingsPO
concepts and derived SEON domain ontologie&s discussed,SPO has three processlevels:
Standard IntendedandPerformedProcess The StandardProcesdevel containsconceptspecalized

from UFO universaltypes (e.g. Action Universa), while the Intendedand PerformedProcesslevels
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specializefrom UFO individual types(e.g.Intentionand Action). SinceUFO individualsareinstances
of UFO universals someof the conceptsn theseprocesdevelshavealsoa crosslevel relation. It is
the case of Performed Activity (an Action), which is instanceof Activity Universal (an Action

Universa).

Accordingto the Multi-Level Theory(MLT) (CARVALHO; ALMEIDA, 2016, sinceeveryinstance

of Performed Activity (i.e. an acivity alreadyperformedin reality) is an instanceof an instanceof

Activity Universal thesetwo conceptscan berelatedby a isPowertypeOfelation (seeFigure 4.6).
Standard Activity representghe Activity Universalsthat are formalizedin an organization.Thus,
according to MLT,Standard Activity categorizePerformedActivity. It meansthat the instances of
Standard Activity(the higherorder typd can be represented as specializationBasformed Activity
(thebasetype This distinctionappliesto severalnationsfrom the StandardProcesdevel the higher
order types and the PerformedProcesslevel the basetypeqe.g. Standard Process Performed

ProcessAtrtifact Typex Artifact, Organizaional Rolex Stakeholdeyandsoon).

Henceforth sincemostof the SEONdomainontologiesrepresenperformedprocesgypes(i.e., types
for representingexecutedprocesses)while discussingthem, we refer to the StandardProcesslevel
conceptsas higher-order typesandto the PerformedProcesslevel conceptsas basetypesThus, n

severaldiagramsrepresentingconceptsrom core and domainontologies,concepts from thelomain

ontologes appear as specializations of tt@ncepts from @ore ontology the basetypes It is just a

representatiorchoice, since specializationsare more intuitive and easyto reusethan instantiations.
Thus, every time a domain concept(e.g. Quality Assurance Planning Evaluation Report) is

modeledas specializatiorof a baseype core concept(e.g. Performed Activity, Documeny}, it is also
aninstarce of a higherorder type(e.g. StandardActivity, DocumentTypé, evenif it is not modeled

or representeih thesamediagram Figure4.6 exemplifies theepresentation levels applital SEON.

Foundational Layer | UFO-C::Action Universal (Plan) UFO-C::Action
% JAY

Activity Universal |- - - - isPowertypeOf _ _ _ _ _ _ _ _______

Core Layer A4
categorizes Performed Activity
_______________________ 2 startDate
* Higher-order type endDate
1 ’3 Basetype
|
|
Domain-Specific \ |
Layer bemmmm e nstance of . i Quality Assurance Planning |

Domain Concept

Figure 4.6. SEON: Representation Levels.
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4.4.3 SEONOntologyPatterns

The Core Layer modelbave the purpose of presenting the core ontologies focusing on a better
understading. Thus, they are presented entire models, showing the grounding concepts (from
UFO), such as the SEON diagrams shown in this chapter. However, as we have advoeatizth@rg

them in ontology patterns would improve their reusability and facilitaee application. Thus, the

SEON core layer ontologies shall be organized as Ontology Pattern Languages (OPLs). We have
partially evolved the original version of SPPL (FALBO et al., 2013) to consider the current SPO
models and to describe it using M2PL (QUIRINO et al., 2017), a nueling language for
representing OPLs. We are prioritizing the portions of SPO most used for representing the SEON
domain ontologies, especialtiie ones that can be used for the harmonization efforts. It is a work in
progressand this section focuses dretOPL portion containing the DROPs we have been applying for

building the current domain networked ontologies.

The OPL Process Models providethossible sequences of patterns to be applied for creating domain
ontologies, giding the modeling process. &a DROP is represented as action node ¢ labeled

rounded rectanglepnd the flow controls (arrowed lines) determine the admissible sequences.
Composite action nodedabeled rounded rectanglewith the hierarchy symbol) dete groups of

patterns to beepresented in more detailed process modétaure 4.7 presents the main SBPL

Process ModelFor starting modeling a domain ontology, the ontology engineer should choose
between three entry point&P1, when the domain ontologgopeincludes standard processes; EP2,

when standard processes are out of the scope, but intended processes are to be considered; or EP3

when only performed processes are to be modeled.

EP1 EP2 EP3

[standard process is
out of the scope, but
intended process is

in the scope] [only performed

Intended Process _Dl’t_JCeSS
rh is inthe scope]

[intended process
1S In the scope]

[standard process
is in the scope]

[performed process
[else] \)( is in the scope] < Performed Process
N h

[ Standard Process
rh

[else]

Figure 4.7. SROPL: Main Process Model.

In this text, we are focusing on modeling Performed Processeg;ithwe4.8 presents the Performed
Process group of patterns, reached by choosif®) Each decision node (regented by a diamond)

allows he ontology engineer to choose different paths, for modeling the aspects considered in the
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scope, in this case, Performed Processes and Activities, and related Artifacts, Stakeholders, Resources

andProcedures.
EP3
( Performed Processes \
[performed processes and activities
e are in the scope] SP-0OPL 3.1 Performed Processes and Activities
@ th
[else]
[artifact definition and
> 2 handling are in the scope] SP-CPL 3.2 Artifacts
/ th
[else] [stakeholder definition and
involvement are in the scope] SP-OPL 3.3 Stakeholders
h
[elze] [resource definition and
participation are in the scope] SP-OPL 3.4 Resources
rh
[procedure definition and
adoption are in the scope]
SP-OPL 3.5 Procedures
/ rh
\ [else] ‘/

@<

Figure 4.8. SROPL: Performed Process Process Model.

By reaching the patternsd group 3.1 ( Perglreor med
4.9 is to be used. It presents four DRO® be applied according tbe paths chosen in the decision
nodes. TheProcess Compositiopattern represents the mereological compositiorPefformed
Processesdefining its specializationBerformed General Procesand Performed Specific Process

The ProcessActivity Compositiorpattern decomposes trerformed Specific Proceda Performed
Activities The patternActivity Composition similarly to Process Compositionrepresents the
mereological composition &erformed Activities Finally, theActivity DependenclpROP establishes

the dependencies between activities.
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( Performed Processes \
and Activities

[representing subprocesses

is relevant] Process
Composition
[representing process decomposition
k in terms of activities is relevant] Process-Activity
vd Composition

[representing activity
decomposition is relevant]

[else]

Activity
Composition

[else]
[representing dependencies

between activities is relevant]

[else]

. J/

Figure 4.9. SROPL: Performed Processes and Activities Process Model.

Activity
Dependency

The other paths dfigure4.8 can be takefor modeling Artifacts (3.2)Stakeholders (3.3), Resources
(3.4) and Procedures (3.5). Howeuiiese specific process models are not presented iregtisthe

main DROPs used for modeling the SEON domain ontologies are moddtagplira4.10 and briefly
described inTable4.1. They were extracted from thierformedProcesdevel of SPO followng the
guidelines for deriving ontology patterns from core ontologies. These patterns cover the following
aspets: performed processes andtiwties (3.1), artifacts and how they are handled (3.2), and
stakehol der 6 s achoftheil? paerres ts detached bshckggundab&edboxes

ition

Performed Process
{disjoint, complete}

| ] 1
Performed Specific Process Z Performed General Process
- subProcess

Process-Activitity 1.0
Composition

Process C

Activity Dependency Artifact Participation Artifact Dependency
Stakeholder Participation / depends on » <depemd5 on
Stakeholder Charge
o Bl 2. 0.1 creates > . 0.
Stakeholder |1." participates in | U Performed Activity 0 changes [ [ Artifact [
1.* |5mchﬁg§of> 0.* 0- uses B> -l 0"

1 :mereological structure

| Organization Stakeholder | I {disjoint, comp\elte}

Compaosite Artifact

A
[P 5o Artifact Composition TZ 4 desclibes

Artifact Nature /

SpIStack Artifact Descriptjon

| Team Stakeholder || Person Stakeholder |

Performed Composite Activit: -
P Y | 0.Q <<componentOf>>

Stakeholder Types

nature
{disjoint, incomplete}

Performed Simple Activity |

[

Information ltem |

Model

Activity Composition oo

Software Product Document

Software Item |

Figure 4.10. SP-OPL Patterns.
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Table 4.1. SP-OPL Patterns' Description.

DROP Intent
Processesind Activities

Representshe compositionof a Performed General Processin terms of

ProcesComposition o
posH PerformedSpecificProcesses

Representghe compositionof Performed Specific Processin terms of

ProcessActivity Composition PerformedActivities

Representshe compositionof PerformedCompositeActivitiesin termsof

Activity Composition otherPerformedActivities (simpe or composite

Activity Dependenyg Defines the dependencies betw&arformedActivities.

Artifacts

Artifact Nature Describes the different types Aftifacts according to their nature.
Artifact Description Defines the description drtifacts by Documents

Represents the composition Aftifacts in terms of otheArtifacts (simple

Artifact Composition .
or composite)

Artifact Dependeng Defines the dependencies betwéetifacts.

. L E lish he creation or chan r rf Perform
Artifact Participation stablishes the creation or change or usagdértifacts by Performed

Activities
Stakeholders
Stakeholdeilypes Describes the different types 8fakeholdes according to their nature.
StakeholdeParticipation Establishes the participation oSéakeholderin a PerformedActivity.
StakeholdeCharge Establishes the respohsity of a Stakeholderin charge of aPerformed

Activity.

As the SEON Core Layer evolves and is being specified, it becomes a more robust and reliable basis
for the SE general knowledge. The works on the SEMDM ontologizdysis, ISPOPL development

and evaluation, and patterns derivaticawvé contributedo this aim. Nowadays, the main source for
evolving the core ontologies (and their corresponding OPLS) is the feedback obtained while creating
domain ontologies from thenExperimenting new modelingerds and representation solutions in
diverse subdomains is contributing to improve the Core Layer, and SEON as a whole. Moreover, as
the network evolves, it is able to provide a better support for the development and inmorpufra
domain ontologies. Fdities such as the ontological and SEgnding and the reusable patterns are

subsidizing a faster and qualitative growth of the network.

As discussed, the Core Layer is the heart of SEON and we believe it is the key agdeSEION s
progress in mid/log term. It includes de addition and imogement of ontologies by our group and

also by other interested groups.
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4.5 Building Domain Networked Ontologies

The domainnetworked atologiesadd domairspecific knowledge to SEON. Theyust be developed

taking advardge of the facilities provided by the network. The grounding in UFO and core ontologies
helps classify domain concepts. OPLs guide the way parts of the core ontologies (ths)pattelbe
reused. Patterns play an essentiéd by providing extensible ndeling fragments with a specification
(including competency questions, axioms and other information). Thus, several decisions stem from
the network. Of course, these are only imstents to be used / adapted by the ontologyneer to
describe the domaiknowledge. The contents shall come from reliable sources and the ontology

engineer must seek for the better representation of it in reality.

Subsection4.5.1presentssome guidelines for using tlwre levelpatternsin the deelopment of the
domain networked ontologieSection4.5.2briefly introduceshe domain ontologies currently in the
SEON Domain Layer, and,as an example, presents in more details the Qualityr&ssel Process
Ontology. Finally, Section4.5.3discusses how new domain networked ontologies can be integrated.

4.5.1 Using Patterns to Build DomairNetworked Ontologies

In SEON, the domain networked ontologies are organized anga@ithe subdomadrthey repesent.
However, different ontologies can be defined in the same subdomain for describing different aspects
(e.g. structure, processes, level of detail). Once the subdomain is chosen and the scope delimited, the
steps enumeraiebelow can be pesfmed in apatternoriented approach to the domain networked
ontology development. It is important to emphasize that we are not proposing an Ontology
Engineering method, but only providing some guidelines to be applied while developihggaes in

the nework (adaped from (RUY et al., 2017)).

1. Definethe OPL to be usedConsdering that multiple OPLs may be available in the core layer,
the ontology engineer shall choose those containing the patterns that provide modeling solutions
for the definedscope.

2. Choose the mtry Point. For each OPL, the ontology engineer shall define from which entry
point to start, according to the OPL process models and the domain ontology scope. She should
make sure that the selected EP conducts through tternsaneeed for modeling thelomain
ontology scope.

3. Selectthe applicable DROPsFrom the entry point, the ontology engineer shall go through the
OPL paths, defining the applicable DROPs considering the domain ontology modeling needs.
By selecting a pattn to be pplied many modehig decisions can be expedited, and more
elements can be reused (e.g., model fragments, CQs, axioms and concept definitions). For each
modeling problem, the ontology engineer shall look for a DROP that can be reused ta solve it

patterncan beselectedoyl ooki ng the patternds intent, mod:
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4. Apply the selected DROPs in the domain modeWhen a DROP matches the problem at
hand, it shall be selected and the corresponding model fragment added directly to time doma
model. Typically, the DROPfragment is extended in the domain model, creating new
specialized concepts and relations. This reuse approach atodifying the original pattern,
such as adding new properties to the specialized concepts and restriainglitg constraints
in exterded relationsA DROP application can reuse concepts already included in the model.
Thus, it is important to check if trmonceptto be represented is already modeled in the actual
ontology or in other SEONMomainontology (flom where itcan be imported ospecialized).

Latter, the DROP fragments that are not essential for the domain ontology can be omitted from
the diagrams, but the specializations shall be preserved in the model to keep the tracking to the
core ontologies (uful for integration). At thispoint, axioms can also be reused (incorporated

or specialized), and CQs can be rewritten for standardization.

5. Solve domainspecific modeling problemslf no DROPexists for modeling some parts of the
domain ontologya particlar soluton shall be soughtn these cased, is highy recommended
to anchor each domain concépta higher level one, from the core or foundational ontologies.
Foundational Ontology Patterns@P$ can also be useful imese situations

6. Check for consistency.The ontology engieer shall check if the whole model is consistent and

if it covers all the planned scope.

4.5.2 SEONDomain Networked Ontologies

Currently, agrigure 4.2 shows, SEON has 12 domain ontologies regarding 9ubEmnains. These
ontologies cwer the technical areas of software development (requirements, design, coding and
testing) and four supporting areas (quality assurance, configuration management, software
measurement, and project management). Most of thegrideghe target domain focusgj on process
aspects; however, some ontologies also include details on domain reference concepts and artifacts.
Some of these ontologies were created from previous worksamne specifically for SEON. Below,

we provide a baf description for each SEOMhain networked ontologies:

i Software Ontology (SwOBSwO aims at defining the distinctions around the notion of software
product. Software Productare constituted ofoftware artifacts (software items) of different
nature, icluding software systems, pmagns and codeMoreover, the related specifications are
represented. SwO wateveloped based on the work of Wang and colleagues (201#)s
grourded in the SP@rtifactssubontology.

1 Reference Software Requirements Ontolo@®SRO) RSRO(DUARTE et al.,2018) aims at
being a reference for software requirements notions. It is centered in the naauiotment
as a goal to be achieved, and adskeesthe distinction between functional and-harctional

requirements and howequirements are documented proper artifacts, among others.is
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mainly based on SwO and UFS8ince RSRO provides the technical concepts for requirements,
some of its concdp are often reused in other SEON networked ontoloffleseover, it is the

core of theRequirements engineérg Ontology subNetwork (ReqONyvhich includes also the
other three ontologies for the requirements domain (RDPO, RRO and G@Reynted in the
sequel.

Requirements Development Process Ontology (RDPEPPO aims at represtmng the
activities, artifactsand stakeholders involved in the Requirement Development Process,
including the main activities, artifacts and stakeholdersdquirements elicitation, conceptual
modeling, requirements documentation, verification and attid, and agreement. It isghily
integrated to RSRO, since it reuses many requirentelated concepts.

Runtime Requirements Ontology (RRORRO (DUARTE etal., 2016) focuses on the notions
related to the use oéquirements at runtime. It was built 8avO, RSRO and UFO, and hasotw
subontologies. TheProgram Executionsubontology focuses on capturing the ontological
nature of program execution, which ietbasis for the use of requirements at runtime. The
Runtime Requirementsubontology addressethe use ofruntime requiremers artifacts by
programs in execution.

GoalOriented Requirements Ontology (GOROFORO (NEGRI et al., 2017) was built on
RSRO andUFO, and intends to represent the nature of the main concepts and relations
surrounding GoaDriented Requirements EngineerindGORE) approaches VAN
LAMSWEERDE, 200).

Design Process Ontology (DPODPO aims at representing the activities, artifacts and
stakeholders involved in thgoftware Design Process, such as those involved in architectural
anddetailed design, and designalimentation and evaluation. Its notions are in the core of the
technicalprocesses in software development, thus DPO reuses some concepts from other SEON
networked ontologies, as well provides some condeptereusd

Coding Process Ontology (CPO)CPO aims at representing the activities, artifacts and
stakeholders involveéh the Coding Process, for developing a proper code for the software.
CPO is in the core of the technical processes in software development, and? Gkeddses

some concepts fromther SEON networked ontologies.

Reference Ontology on Software TestinB@oST) RO0ST represents the activities, artifacts,
stakeholders, techniques and environments involved in the Software Testing domain,
considering onlydynamic tests. Again, sincesteng is a technical process in the software
development, RO0OST shares conceptdhvather SEON networked ontologies. RO0ST was
originally developed by Souza and colleagues (2013) and recently it was integrated into SEON.
It is composed of 5 suintologies namely: Testing ProcessTesting Artifacts Testing

StakeholdersTesting Techniges and Testing EnvironmentThe main swwntology, Testing
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Process was developed using SPPL. It deals with testing activities for plannirggsigning
and execution of & cases and test result analyses.

1 Configuration Management Process Ontology (CMPOEMPO aims at representing the
activities, artifacts and stakeholders involved in the Software Configuration Management
Process. Since CMPOrrcae applied in the context séveral SE subdomains, it describes some
general notions applicable for diverse (B¥ concepts. CMPO is based on the Configuration
Management ontology developed by Calhau and F&ba2) and was adapted and integrated
to SEON This ontology represents thactivities for planning configuration management,
controlling changes, establisgitaselines, performing audits and product deliveries.

1 Software Project Management Ontology (SPMOBPMO is defined as a layer over SPO,
addresing aspects related to scogene and duration, and cost estimation of Intended
Processes, as well as aspedkted to tracking planned versus performed processes. It is
divided into three subntologies:Estimated Processracked Processnd Work Breakdown
Structure (WBS). Some bits key concepts are reused in other networked ontologies (e.g.
Project Plan).

9 Reference Software Measurement Ontology (RSM@SMO aims at representing the
reference knowledge for the software measurement subdomain. trigamally developed by
Barcelos et al. (2010) and then integrated to SEON. RSMO is isiiigboth COM (extading
the measurement core knowledge for the software realm) af@PERextending the software
process core knowledge for the measurement sudiddm It is organized in fivesub
ontologies: Software Measurable EntitiesSoftware Measurement ProcesSoftvare
Measurement Planning Software Measurement Executiomnd Software Measurement
Analysis

T Quality Assurance Process Ontology (QAP@APOQO ains at representing the main iwots
involved in a Quality Assurance Process. It describes the main activitigdaiening and
evaluating adherence of products and processes, and controlling noncompliances, as well as the

involved stakeholders and artifacts

For illustrating how to dexop a domain networked ontology using the development mechanisms
provided by SE®, in the sequel we present QAPO in more detdigure4.11 shows the conceptual
model of QAPO.The specialized coepts with therole stereotypecan play different rolesas

explained in the following
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Figure 4.11. QAPO T Quality Assurance Process Ontology.

The Quality Assurance Processhasthe purpose of conducting tleetivities related to software
guality assurance, assessing and assuring adherence of performed processes andapiitabised

the applicable requirements. It is composed of three main activities

1 Quality Assurance Planning plans the quality assuraneetivities, resulting in aQuality
Assurance Plan

1 Adherence Evaluationobjectively evaluates the adherence of praeesmd products to the
applicable requirementproducing arEvaluation Report andregistering the identified issues.
It has three sulbdivities: (i) Artifact Evaluat ion, for evaluating the adherence aftifacts
(ii) Process Evaluation for evaluating e adherence of processes and activities; and

(i) Noncompliance Identification, for registering noncompliances identified in processes
artifacts.

1 Noncompliance ntrol manages the registered noncompliances until their effective
resolution. It is deamposed into two suhbctivities: (i) Noncompliance Resolution for

analyzing aNoncompliance Registerand planning and executing the ajmalble Corrective
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Actions to its resolution; andii) Noncompliance Closing for finishing a noncompliance once

it is satisfactorily solved.

The process involvefour Stakeholders Quality Auditor , who is responsible for conducting the
objective evaluatiost Noncompliance Responsiblewho is assigned for solving noncompliagce
Project Manager, who is in charge of planninte Quality Assurance ProcessandProject Team,

who is involved in the objective evaluationsasfifacts and processes relatedt$qroject.

QAPO was built from B-OPL, following the provided guidelines and applying the presented DROPs.
Since we are modeling a performed process, we started from entry point EFRGBg(sest.7 and
Figure 4.8 for details), and thechose the pattern group 3i1Performed Processes and Activities
(detailed inFigure 4.9). First, we applied th@rocess CompositioDROP extending it to create the
Quality Assurance Processoncept a a specialization oPerformal Specific Process Then, the
ProcessActivity Compositiorand Activity Compositiorpatterns were applied for decomposing the
Quality Assurance Processnto the following specialize®erformed Activities Quality Assurance
Planning, Adherence Evaluation Artifact Evaluation, Process Ewluation, Noncompliance
Identification , Noncompliance Control Noncompliance ResolutionandNoncompliance Closing

Next, following to the pattern group 3i2Artifacts, the types o#rtifacts involved in the context of a
gudity assurance process werefided by reusing théirtifact Nature pattern, being created three
subtypes oDocuments(Project Plan, which was imported from SMPQuality Assurance Plan
and Evaluation Report) and two subtypesf Information Items (Noncomgiance Register and
Corrective Action Register, which was also imported from SMP.Q'he Artifact Compositiorpattern
was reused to capture that, in the context of a quality assurance prdcesective Action Register
is pat of a Noncompliance Register The Artifact Participation pattern was applied for defining
specific relations between activities and artifaBssides, another specializationArtifact was also
created:Evaluated Artifact, capturing theole played byany artifact when evaluated an Artifact
Evaluation activity. Analogously, we needed a specialization Rérformed ProcessEvaluated
Process to capture theole played by aPerformed Processvhen evaluated in BrocessEvaluation

activity.

Finally, thepattern group 3.8 Stakehol@rs was reached. The patt@takeholder Typesas applied
for defining threePerson Stakeholder§Quality Auditor , Noncompliance Responsiblend Project
Manager), and aTeam StakeholdefProject Team). The last two Project Manager and Project
Team) wereimported from SMPO. Th&takeholder Participatiomnd Stakeholder Chargeatterns

were reused for defining the involvement of these stakeholders in the defined activities.

Since Resources and Proceduresatén the scopefdAPO, those pattern groupsve not used.
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4.5.3 Ontology Integration in SEON

As a network, it is expectedhatthe SEON pieces are integrated. During ontojodevelopment, it is
possible to observe the integratisom a lower to a highelevel, as one of th@etwork premises is

the ontolgical grounding. Thus, a domain ontology should be integrated to (actually, based on) a core
ontology, which is integrated to (grounded in) the foundational ontology. However, this vertical
integration, altbugh important, isiot enough. The ontologieslstieed to be horizontally integrated,

i.e., related ontologies from the same layer shall be integrated, keeping the network consistent.

The SEON integrationmechanismadoptssome alignmentguidelinesfor maching and integraing
domainnetworkedontologies. When an ontology is to be integrated to the netwarktlyf, it should

be comparedwith the existing ontologieslooking for equivalent concepts.Since the domain
ontologiesare producedfrom (or adapted to)he samebasis(UFO and SPO),two conceptscan only

be consideredequivalentif they havethe samebasetype, restrictingthe searchfield andspeedingup

the integration process.For instance artifacts can only becomparedwith artifacts performed
activitieswith performedactivities andsoon. Keeping two equivalent concepts in the network should
be avoided and the most representative one should be reused in all ontologies it is needed. This is the
case of the conceptequirements Document defined in RSRO and reusén RDPO, DPO and CPO,
as wel asProject Manager, defined in SMPO and reused in QAPO and other ontolojiesncepts
havea partial matching,this could meanthat oneconceptis a specializatioror a partof anoher (e.qg.,
Configuration Audit Report from CMPO, that is a specializan of Evaluation Report from
QAPO). Two conceptsfrom distinct ontologiescan also have a relationshipbetweenthem. In this
case|it is worth analyzingif thereis a relationshipto be extendedrom the baseontologiesor a new
relationshipshouldbe includedin the subdomairontology. From these matching, we candetermine

thecorrelationlevel betweerthe ontologies.

Besidesthe domainontologiesalreadyintegratedto the network, we expectSEON to continuously
grow by extending the current SE domain \@rage andadding new ontologiesfor other SE
subdomainsThe SEONintegrationmechanisnhasthreedifferentwaysto incorporatenewontologies

into the network, consideringheorigin of theontologyto beintegrated.

Ontologiescreatedfor SEON: In afir st situation considera new ontologythatis createdor SEON,
and thus that ibasedon UFO andthe core ontologieandalsotakingotherexistingSEONG6 s d o mai
networked ontologiesinto account.Besidesthe extensionsmade from the core ontologies, this
ontologytendsto reusealsothe relatedconceptsalreadydefinedin the other networkedontologies
This situation occurs in many domain ontologies, and the imported concepts are represented in gray
color (for example, twestakeholders and two artifadts QAPO, asFigure4.11 showg. This is the

bestway for increasingSEON, sinceit reducesmodelingandintegrationefforts, by reusingalready
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definednotions For assisting this task, the SEON Sfieation provides a concepearch feature,

allowing locating congats by name and definition.

Ontologies created out of SEON, but with the sameground: The secondsituationoccurswhen
domain ontologies are developedbasedon SPO and/orUFO, however, independentlyof other
subdomaimetworkedontologies(usually in a previous or parallel workh this situation,although
the domain ontology to be integratedto the network sharesthe samebasisof the SEON domain
ontologies(foundational and core ontolarg, someadditional integratbn effort is still requiredto

adaptthe common parts focusing on a sharedrepresentationThis happenedvhen we integrated
RO0ST, CMPO and RSMQo SEON.RO0ST(SOUZA et al., 2013was developedbasedon SPO
andUFO, but disregardingthe otherdomainontologiesalreadyintegratedtco SEON. This way, while

integratingRO0ST ,we hadto alignit with the otherSEONnetworkedontologies Figure4.12 showsa
fragmentof the integratedmodel, encompassinglementsfrom four domain networked ontologies:
RSRO,DPO, CPO and RO0ST.It showsthe activities of coding and test casedesign,and related
artifacts.Most of the conceptsandrelationsshown (asthe activities for coding andtesting)are just

importedfrom their original ontologies.However, someconceptsequiredfurther decisions.This is

the caseof the inputsfor the Test CaseDesign activity. The Test CaseDesignInput conceptis a
generalrole that canbe playedby differenttypesof Artifacts that ae usedasinputsfor that activity.

In this case the suitableartifactsare the onesusedfor creatingthe code (Requirements Document
and Design Documenf and the Code itself, giving rise to three new concepts Requirements
Documentas Test Case Desigmbput, Design Documentas TestCase Design Input andCode as
Test Case Design InputThese concepts represent sdpecialiing thesethreeartifactsandplaying

the Test CaseDesigninput role.

Coding uses P I Requirements Document
) A
uses B> | Design Document |
Code Development | creates P Code
| Test Case Design Input |
Level-based Testing 1" tﬁ
]
| Test Case Design |1 * uses P Code as Test Case Design Input
1

Reguirements | Desigh Document as Test Case Design Input I

Requirements Document as Test Case Design Input I

Design

tes

Coding

1. Testcase | 1" tests B> ! S
Testing Code To Be Tested

e}
=5
@

Figure 4.12. An Integrated SEON Fragment.

Ontologies created disregarding the SEON grounding: Finally, the third integration situation

happensvhenexternalontologies developedvithouttakingthe core ontologiesr UFO asbasis,need
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to be integratedto SEON. In this case,if the ontology can be modified we should perform an
ontologicalanalysisandreengineeit beforetheintegration By this processthe ontologyelementsare
analyzedand grounded inUFO and core ontologiesThe knowledgerepresentedby the ontology is
preservedbut the representatioins adjustedfor a betterintegrationinto SEON On the otherhand,if
the ontology cannotbe modified, we haveto makethe necessaryinks and adaptationonly in the
SEON side. In this situation techniquesfor ontology alignment, as discsed in SUAREZ
FIGUEROAetal., 2013, apply.Currently,we do not haveany externalontologyintegratedo SEON.

It is worthwhile to say that these are initial guidelines. Although we are already using them (first and
secondsituations), they need to baproved and better specified as the netwodwgt

4.6 SEON Specification

Building an Ontology Network involves various aspectsregarding the creation, integration and
evolution of the networked ontologies. Providing an effective accessto the network contentis
essentialfor its application and improvement.An ON should be presentedconsideringdifferent
perspectivesand providing useful information. Sincewe are working with referenceontologies,the
ontologydiagramsshouldbe accompaniedvith furtherinformationabouttheir conceptsrelationsand

otherconnectionsMoreover, the network documentation shall be kept always accessible and updated.

Documentingan ontology is a laboriouswork, which increases when considering ongi¢s in a
network. During thenetwork evolution, adding,ntegrating or improving an ontology potentially
affects other ontologies. Manually keeping all this information available in an accessible format is a
complex task. Thus, we have developed a tranmsftion tool, able to colleatata from our ontology

modek (currently built using Astdl and transform it into a HTML specification.

SEON Specification is available_dev.nemo.inf.ufes.br/seanAs Figure 4.13 shows, in ¢ft-hand

side, there is a menu piiding access to the networked ontologies, organized per network layers, and
to some features to better explore the network. Each ontology is presented with an introductory text,
its related ontologies, its diagram(s) aasbo@ted description(s), and caqt definitions and other
technical details (such as supertype, and relations). The features include: (i) Concept Searcher: a
search engine for finding concepts by name and definition; (ii) Network Graph: the network
visualization as a graph; (iii) Networstats: presenting some network statistics; and (iv) Operational

Version: a (simplified) operational version of the whole network in OWL.

7 http://astah.net/
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UFO - Unified Foundational Ontolagy

Software Process Ontology (SPO)
1. Ontology Description

Core Layer
SPO - Software Process Ontology The Software Process Ontology (SPO) aims at establishing a common conceptualization on the Software Process domain
COM - Core Ontology on Measurament (external) including processes, aclivities, resources, people, artifacts and procedures. As a core ontology, SPO provides the general

. B . concepts for software processes, to be specialized and reused in domain-specific ontologies
EO - Enterprise Ontology (external)

2. Related Ontologies

Domain Layer

ReqON - Requirements engineering Ontology subNetwork Networked ontologies used by SPO
RSRO - Reference Software Requirements Ontology

RRO - Runtime Requirements Ontology Ontology Relation Integration
GORO - Goal-Oriented Requiremants Ontology Level
RDPO - Requirements Development Process Ontolagy UFO - Unified ’ ’
SW0 - Softwars Ontology Foundational Ontoloay The SPO concepts are derived from UFQ (mostly social entities from UFO-C) High
DPO - Design Process Ontology £0 - Enemise
CPO - Coding Process Ontology Onlology (external) Some concepts from the Enterprise core Ontology are used by SPO Medium
ROoST - Reference Ontology on Software Testing
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CMPO - Configuration Management Process Ontology Figure 1 presents the packages of the SPO Modularization
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Figure 4.13. The SEON Specification.

The development of such toollped us to improve SEON in some respects. First, we developed a
metamodel for ontology networks to better understand the information handled. This metamodel is to
be populated and used to extract data for mgldhe specifiation and analyzing some infoation.

To automatically extract information from our models, we had to organize them in a uniform way.
Thus, we have defined a more precise organization for the network modules (ontologies, sub
ontologies). Welso describedll modules, diagrams and camts for providing readable information

for the user.

During the transformation process, we have included some consistency verifications for the network to
check if all concepts have complete information reigardiescription(concept definition), ground
(specialization from a core or foundational ontology), relations (cardinalities and source and target
information) and source (ontology of which the concept is part). These verifications have helped us to
fix some problems int/duced during ontology intedgian and to visualize some improvements to the

network.

Besides the HTML pages, the tool also produces a preliminary operational version of the network in
OWL. It is a lightweight operational ontology, sincesitcreated diretly from the reference ontaly

models without the addition of any axiom. There is a single OWL file for the whole network, where
the classes are defined considering their terms, relations and specializations, and some additional
information given by thanodels, such as source ontotaand definitions. We expect to improve this

feature to use it for performing some reasoning on the network in the future.
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Presenting SEON in different perspectives is important for visualizing different tdvégtics of the
network, helping to examinend improve it. For example, the network data is also being used for
generating a graph of concepts, Eigure 4.14 shows The graph presents the concepts grouped
according to their relations (very e to a grouping by source oldgy). Each ontology is
represented in one color (e.g., SB@nhcepts are itight green. The size of the nodes reflects the
number of relationgincluding specializations) of a concept (e.g., the condepttormedComposite
Activity, PerformedSimpleActivity andStakeholderare the ones with most relations, thus the biggest
ones). Black edges represent binary relations and blue edges, spemaliZarom this graph, we can
better analyze aspects such as integration lesakepts reuse, concepts grimg, and network gaps.

It helps planing the next network evolutions.
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QAPO (5.02%)
RSRO (4.08%)
RDPO (3.13%)
fecle) (2.51%)
GORO (1.88%)

Figure 4.14. SEON Conceps' Graph View?®

In sum, the specification eases understanding, using and impISEON, especially for peopfeom

other research groups and industry. We have a faster and reliable way to publish SEON new versions.

8 Higherquality graphaccessiblet dev.nemo.inf.ufes.br/seamaph
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Metadata processing has a great poteritialkeeping the network consistent and for providing
valuable information. Morghan access, SEON Specificati is an important instrument for the

network evolution.

4.7 RelatedWork

This chapter describes many different aspects related to SEON. Duringg¢heche we have analyzed

some related works covering these aspects. The mosttampones are discussed he ffollowing.

Regardinghe ontologiesaiming at coveringa largeextensiorof the SEdomain(MENDES, ABRAN,
2005 (SICILIA et al., 200 (WONGTHONGTHAM et al., 2009, in general,they presentmany
conceptsusually basedon acknowledgedreferencessuch as SE books or referencemodels (e.g.
SWEBOK BOURQUE FAIRLEY, 2014 and So mme r vbbok (SOKMERVILLE, 2004).
Comparingto SEON, the first notabledifferenceis the sourcefor building the ontologies.These
Generic SE ontologies are usuallybasedon a few numberof sources,in some casesnearingto
transcriptionsof the referencedsource (MENDES, ABRAN, 2005. Contrariwise, each SEON
ontologyhas beerbuilt basedon a wider setof referencespften consideringoooksand stardardsof
the specific (sub)donain. Besidesthat, knowledge from the baselayersis one more sourcefor
building the networkedontologies.A seconddifference regardsmodularity, since the networked
ontologiesevenintegratedcanbe seenandused,asseratedontologies Finally, the mostimportant
difference regards the mechanismsprovided to build SEON incrementally, supported by the
foundational and core layers and their patterns.In sum, SEON design considers important
characteristicoof A b e a uoh t ® b b asidiscessedn (D6 A Q U IGRKNGEMI, 2011) suchas:
having a good domain coverage;providing relevantreusable distinctionsconsideringinternational
standards;being modular; being formally rigorous; capturing also nontaxonomic relations; and

reusingfoundationalontologies.

Taking the supportfor building integratedontologiesinto account,the ISO Ontological Framework
(HENDERSONSELLERSet al., 2014) is intended to be usé harmonizinglSO standardof the
SE domain.Thegoalis to estaltish a basicsetof definitional ontologieswhich canbe usedto derive
more specificontologiesmeantto addresglifferent SE subdomainsTheir structureresembles treg
and, in some respects, an ontology networis d¢haracterizedby the definitional ontologiesandtheir
derived integratedontologies.The main differenceso SEONregardthe natureof the ontologiesused
for groundingthe frameworkandthe ontologyderivationmechanismsWhile the ISO frameworkhas
asits basisa SE metamodehsdefinitional ontology, SEONusesa foundationalandcoreontologesto
provide the necessary(generalor SE-specific) ground for the domain ontologies.While the ISO
frameworkprovidesmodestmechanisms$or ontologyderivation,basedn conceptsspecializatiorand

discarding, SEON usesan OPL for providing patternsand guidancefor building the networked
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ontologies.Actually, we have conducted an ontological analysis over SEMDM, the ISO Framework

top ontology, and proposed some improvements for the initiasvdiscussed in Sectidm.

ConsideringOntologyNetworks,SuérezFigueroaetal. (2012 presenthreecasestudiesin thefishery

and pharmaceuticadomains. Three ONs were developedusing NeOn method and technologies
(SUAREZ-FIGUEROA et al., 2012. In general,theseONs are composedf operationalontologies
(expressedn OWL) plus nonontological resourceqsuch as thesaur). Mappingsare an important
meango relatethe networkedontologies.In two of the studiesthe network resourcesvereorganized
according to the ontologies'types and levels, considering general ontologies (e.g., upper level

ontologiesor ontologiesfor time andobjects)asindependentf thefocuseddomain,andontologiesas
referencesfor the domain and basisfor providing conceps or relating more specific ontologies.
Although the similaritiesregardingthe generalitylevels, SEON establishesn architecturewith well-

defined layers, and is basedon ontological foundationsand patterns,facilitating the building and
integrationof new domainontologies We shouldhighlightthat S E O Nabckitecturds alignedto the

one adoptedin the ONIONS Project (GANGEMI et al., 1999) and further with the ontological
architectureproposedy Obrst(2010)

Finally, a homonymousproposal, SEON (for Software Evolution ONtologies) (WURSCH et al.,
2012) aims at creating a family of software evolution ontologiesfor describingthe domain of
softwareevolutionanalysis& mining softwarerepositoriesTheo nt o | aoncéepeasebrganizedas
a pyramidwith four levels:generalkconceptsdomainspanningconceptsdomainspecificconceptsand
systemspecific concepts Comparingto our proposal,althoughwe sharethe idea of abstractionfor
using more generallevels as bags for building the more specific levels, they are not proposingan
Ontology Network Moreover, their work focuseson a specific domain with a defined set of
applications,while our SEON is opento the SE domain, being applicablefor a wider range of

situatiors.

4.8 Final Considerations

SEONis a SoftwareEngineeringOntology Network designedseekingfor: (i) establishinga structure
for supportingontologiesrepresentinglifferent SE aspects|evels and subdomains(ii) providing an
effectivesupportfor developirg andintegratingnew domainontologies;(iii) beingappliedfor solving

semantidnteroperabilityproblemsn SE among other requirements and premises

Accomplishing these objectives is a letegm work. However, we believe the current status of SEON
is already a good starting poifithe current results, including its architecture, higlegel ontologies,
building and integration mechanisms, patterientation, domain ontologies body, and sfeation,

are relevant achievements for promoting its puepd¥e have observed that asGB¥E grows, it is

becoming more consistent and able to provide a better support for adding new and improving the
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current ontologies, in a virtuous cycle. Each newusicn has pointed out potential improvements in
the network sucture, mechanisms and comie In the same way, SEON applications have also
contributed to the network evolution, since its use usually provides valuable feedback for

improvements.

SEON is tle SE reference knowledge framework aimed in this thesis to pport our standards
harmonizabn approach. Currently, SEON is being used by our approach, Harmony, as support for
mapping and integrating standards. However, it can be applied in diverse iS/ésitaiming at
harmonizing or integrating models, suchka®owledge Management, SemanBbocumentation and

Tool Integration (RUY et al., 2016).

Finally, we expect to enlarge SEON coverage by adding new domain ontologies, advance with the
defined mechdaams and make it an effective reference for SE knowledgealédebelieve it can be
appliedand increased by other interested groups.
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5 An Approach for Harmonizing Software

Engineering Standards

This chaptempresents Harmony, an Ontolegwnsed Approach for Harmonizing SE Standards. It starts
discussing the main reqaments used to guide HarmodgvelopmentThen it descri bes
models, process and guidelines, and its application in a-pfamfncept.Next, Mapper, a supporting

tool is introduced. Finally, Harmony is contrasted with related works.

5.1 Introductio n

Standards harmonization iscamplex problem and requires a semantic oriented solution. Placing
multiple standards together and attempting twkWharmoniously with them have been a challenge for
standardédevelopers and users. Along the last yearsers¢vesearches have focuseadtbis topic,
proposing diverse approaches for comparing, mapping, and harmonizing SE staRE&ASICHI

et al., 2008 (PARDO et al., 2013 (JENERSet al., 2013 (HENDERSONSELLERS et al., 20149
(PARDO et al., 2015). Thesepproaches undoubtedly evolvdéde state of the art of this topic
presenting new ways for dealing with the problem. They show that, besides the knowledge and
experience in the domain and involved standards, @ssential to follow a systematic and effesti
approach for harmonizing ¢m. However, as argued in Chapter 3, there is still a research gap
regarding the semantic aspects of a desired solution. We believe the next step towards an effective
harmonizatbn approach involves the support of a knowlefigemework, and a process degliwith

the semantics underlying the target standards.

Having these considerationsn mind, we defined Harmony, an Ontology-based Approach for
Harmonizing SE Standards Harmony & designed based on: our experience with SElatds and
conceptual modelingnsights from the proposals we have found in the systematic literature mapping;
discussions with experienced research groups; and the incremental development of the apgfpach its
including its process description, preaffconcept, a set of initiativasonducted in empirical studies,

and the creation of a supporting tool. Some key aspects have guided our proposal, most of them
regarding using a domain semantic referentildding with models instead of textaddressing
multiple harmonization techniqueand perspectives, focusing on the meaningtead of mere

descriptionsandproviding meaningful connections between the involvetions.

Chapter 3 discussed the standdrdrnonization problem and the proposed approachessystematic
mapping of theiterature. Chapter 4 presented the knowledge framework for providing the domain
semantics for such interoperability problem. In this chapter, we deal with the methodologictd.aspe

Section 5.2 describes the essential charagdtcs the harmonization approach must address.
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Section5.3 provides an overview of Harmony and introduces its main models and connections.
Section5.4 presents the Heony Process and guidelinesile discussing how it addresses semantic
aspects in harmonization initiatives; a prodfconcept is presented for illustrating Harmony
applicatbn. Sectiorb.5introduces Mapper, a tool develogged s uppor t Haactiwibes.y 6 s m
Section5.6discusses the main results achieved and contrasts Harmony with relatedSeotian5.7

concludes the chapter.

5.2 Approach Requirements

Harmony & the main process developeadthe Design Cycle (HEVNER, 2000f this thesis.lts
central goal is to provide a semanticatiented solution for the problem of harmonizing SE
standards, relying on the use of a SE ontology network for. tHatmony was eveloped
incrementallyfrom the first draftdo theimprovements supported by a pramfconcept and empirical
evaluations. The version presented in this wo@s not have the ambitidn be a completdinal
solution for standards harmoaiion, howevere believe the approach afreadystable enough to be
used by practitioners in real world cadeading to meaningful resulsnd advancei standard

harmonization.

Along Harmony development, several decisions have been taken to bditer the esserdl
characteristics of the apmch. These requirements were based on diverse sources. Some of them
came from the literature and research gaps (as discussed in Chapter 3), some from our experience and
previous works on ontologies and soft/gsrocesses, dnsome from lessons learnedridg the

approach development and applicatibhis section presents the characteristics we judge essential for
guiding the development of such approach, discussing why they were chosen and what we expect by

including them. Irthe following, each of theddarmony requirements is described and discussed.

Ontologies as interlingua The approach shall use domaglated ontologies as interlingua for
harmonizing the target standardEhe support of ontologies for maonizing standals brings several
advantagesas discussed in Chapter 3. This requirement refers to the use of ontologies as a semantic
referential, having the standardsoé %eWeseedE s i
standard harmonizatn as a semauitinteroperability problem. $eantic interoperability, in general,

refers to the ability to exchange information based on meafvieg TMAN, 2001). In several
contexts, semantic conflicts arise because the things being integrated (systems, data, madels and
on) do not share a commonrxzeptualization. Thus, to solve semantic confliatspntology can be

used as an interlingua to mafementsgrom different sourcesMor eov er |, by mapping

el ements to the ont ol ogiattx thecdomam esemargicBofmwlee e x p e

91n this chapterto avoid confusionwe aredistinguishing the terms used for referring to the notions represented
in standar ds 6 m&ldneehtsoma fnod stamdartdo(madgdLanceptscome from ontologies.
Notionis used for generalizing both.
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ont ol ogy) to the standards6é6 el ement s, (ii) avec
otherinvolved standards, by using the ontologies as a referential, and (iii) allow reusing information
from mappings already established when theame standard is involved in more than one

harmonization initiative.

Use of models The approach shall be modaliented,representing anchandl i ng t he st
information as a modeh oppositionto text. In our initial experiments, we have harmonizdtree
standards (CMMDEYV, ISO/IEC 12207 and SWEBOK) considering three distinct domains (Software
Requirements DeVepment, Software Construction and Software Testing), producing a harmonized
process for each domain. The standd s & i nf or ma tcongpared\aradsntegrated Intp a e d
process by handling the standar ds hetmaixlessoandf c on
this experiment was thitis not feasible to manipulagehigh volume of textwithout a ketter support.
Depending on ta domain complexity and the extension of the involved standlgaisions, it
becomes an exhaustive and error prtask. Hence, we have decided to, before performing any
mapping or integration activity, represent each stahdara conceptual model, comnspd of elements

and relations. I n this way, the standardwdé inf
understand and compare each element), the relations between the elements become more explicit,
inconsistenes and omissions introduced the natural language can be identified, and the elements

and relations are in a more appropriate format to beepsec by software, among other advantages.

Use of structural and content modelsThe approach shall harmonizetasdards in two
complementanyjevels: structue and content.In general, each standard establishes a structure for
representing its own contemidwledge in a similar way. For example, ISO/IEC 12207 has a structure
composed of elements suchm@scess activity andtask used for repmenting its 43 processes. In a

har moni zation approach, it i s | mporedealing witho hart
their contents. By doing that, we can avoid comparing incompatible elements (i.e., elements with
distinct nature, such as comng anartifact with an activity). Thus, we have decided to work with

two types of models: structural and contemb d e | s . The structur al mo d e |
structures, while the content models describe the stand s 6 cont entdngtothgani z e
defined structures. This approach helps under si
and eases the representation of the contents, since the content model specializes the structural model.
It is important to highlight that aalternative for representing the structural modslshe use of
metamodels in a higher order than the content flspde the elements could be instantiated. However,

for improving the solution usabilityye have opted to repsent the structural modelsingbasetypes

(in opposition tohigher order types since typical attributes and relations can be more easily

represented and specialized into the content model.

Elements grounding Al | represent ed goundediaathdable entmpcaie nt s

bags. The ontologies used as interlingeamefrom SEON, which have all domain and core concepts
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grounded (direct or indirectly) in UFO. To identify the foundations of the elements, and thus to
perform comparisons onligetween compatible elementse deci ded al so to gro
elements inthe UFO basic distinctions, namedyent object andagent As discussed in Chapter 2,
eventqor perdurants) are individuals thadppenin time, being composed of temponzarts (such as
processes, &gities and tasks)Objectsandagentsare endurantandividuals thatarein time. While
agents(such as stakeholders and teamerform actions, perceive events atah haveintentions
objects(such as artifacts and otharformation results)are unabk to perceive events or to have
intentions Thus, allstructural elements (and hence their specialized content elements) should refer to
these very basitJFO concepts (called hencefortintological types These distinctionsawver the

majority of theelemet s descri bed by t he ssesaattivides, drifadcts @and o c e ¢
stakeholders, as exemplified). Other basic distinctions can be added when necessary. By having all the
concepts and elements grounded indame ontological basis, we eqb to facilitate the comparison

efforts and the iddification of inconsistences and divergences regarding the nature of the elements.

Mapping technigue The approach shalll mapthbeostmshdgt d
before integrating thenmHarmonizationoften involves integration, which compes knowing which

partsof the standards describe the same aspéhtss, an essential part of Harmony is mapping the
related standar dsd st r uge teferentiad. The nsg of cmeptudl enadels t o
grounded in the same basis contributethe mapping activities allowinfpr more precise matches.
Moreover, the matches created for connecting the elements of a standard to the concepts of an

ontology constitte meaningful data for standisranalysis, integration and improvement.

Types of matches The approach shall provide distinct types of matches for distinct types of
connectionsThe connection between two notions represented in distinct models canndubedre
only to matchor do not match Diverse types of relations can appear dutingse comparisons,
involving equivalent, partial or extension matches, among others. Moreover, notions with different
ground can reveal distinct types of match&sentssud as process and activitiesubd be partially
matched, whileobjectssuch as aifacts could be specialized, generalized or even play a role. We
believe that providing distinct types of matches favors represethtéigappings in a more precise

and meanigful way.

Integrated modehsresult The approach main result shall be an int&#gd modelThere are many

ways to represent the results of a harmonization initiative. It could be a stdikdaekt integrating

the involved standards (as Pardo et &)1 do) or a table presentitige mappings established (as
Salviano and Figueirdo (2008) do). However, we have decided to represent, as the main
harmonization result, a conceptual model providing an integrated view of the involved standards (as
Jeners etl. (2013) do). In our approh, this model should be defined from the ontolsgised as
interlingua extended with any necessary standastement, and linked to the corresponding matches.

It is arepresentative way for accumulating all thendledinformation From this model, its possible
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to create other representations (suekadarmonized process description or a mapping table), since all
the necessary information is preserved. Moreover, this integrated model presents the information in an

organzed manner, being easier tadenstand what it is represented.

Once the aforemeiohned requirements are presented, it is important to highlight that they do not
constitute all the requirements for the approach. However, they are the core ones, takerisas pre

for developing and imprang Harmony with the characteristics we have cdergid essential.

5.3 Harmony Overview

Harmony is our approach faonducting harmonization initiatives througtprocesguiding the user
for representing the involved standards @pplying the proper harmaaition techniquesHarmony
works allied to SEON, wbh provides the SE reference knowledge an ontology network
Additionally, the Mapper tool supports Har mony{

Harmony was designed for harmonizing qyaktandards from the SE arddore specifically, we

have tested it only for stdards focusing orsoftware processeéuch as CMMIDEV, ISO/IEC

12207, ISO/IEC 29110 among others). Although we believe the approach could deal, with a few
adjustments, with ther types of standards (suah forsoftware producor evensystem processgs

we have not evaluated it in these contexts. Harmony target audience comprises people with
intermediary or high experience with SE standards and conceptual modeling. Evgm wehave
experienced it withstudents with lower experience, this applicatiequired a closer monitoring and

support.

Har mony can be used in several situations, i nc|
published or proposed standartly, researchers workingonsgtalar ds 6 simil arities
their semant s , and ot her aspect s; or by standardsd u

an integrated solution in a multimodel environment.

The process can be performed inamplete or a partial way, earding to the defined purpose. l.e., it
allows aclreving only structural harmonization or to proceed until content harmonization producing an
Integrated Content Model (ICM). Moreover, it can be followed by other complemesmtéiwties

such as for dirett mapping a pair of standards or producing a hawe®a process description.

Harmony is built based on three main actions: Modeling, Mapping and Integidtideling refers to
representing the standards as models (in opposito text) for better dealin with them.
Mapping regards mapping the standayasodels to ontologies serving as a semantic referential.
Integration concerns building a unified view of the starataby extending the domain view with the

necessary standaibpecific elements.
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Figure 5.1 shows a general view of Harmony, illustrating some central ideas. fhiesgtandards
portions to be harmonized are selected and mod
of con@ptual models. Then, each elem t of the standardodés model i s
selected view of SEON. Finally, accordito the harmonization scope, this view is extended based on

the models and mappings, resulting in an integrated model.s€huence occurs in two rogndirst,
dealing with the ,theneehtthrdbé stanmdaudsebdaoadntent

SEON standard
Pmmmnpmunnumwmumm Standard A Foundational ) tandar BISDI\ECIHGT-ZMS
prose—— layer 125 st oty s rces
P - - Core Iayer

Figure 5.1. Harmony General Scheme

5.3.1 Harmony Models

An essential characteristic of Haonmy is dealing with models foaccomplishing its process.
Conceptual models are used for representing the standards and the integrated results; ontologies are
used as an interlingua, being the basis for the mappinghislmprocess of handling standardsla

ontologies for establishinthe proper connections and integrated results, some terms are defined for
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better dealing with the complexity of the activity. It is important to clarify these terms to provide a
better undestanding of the Harmony process d#sed aheadFigure 5.2 shows a general view of

Harmony models, and their connections.

SEON View
(Core / Domain Ontology)

[ concepts]
Vertical f k Vertical
Mapping ,' \\ Mapping
/ ] \
¥ 4 i \
: copy and
Standard’s Model A I extension Standard’s Model B

(SSM / sC™) + (SSM / SCM)
[ elements ] [ elements ]

Integrated Model
(1c™M / I1SM)

Horizontal
Mapping

[ elements] Horizontal

Mapping
Figure 5.2. Harmony Models.

The standards involved in a harmonization initiative are reptedein two types of models:
Standardd $Structural Model (SSM), which represents the structure of a standard,Sdaddardd s
Content Model (SCM), which represents the contents of
composed oklements Each element repsents a concise portion afféormation extracted from a
standard and is shown as a class in our diagrams. Since the content elements o) are
specialized from the structural elements (from a SSM), in this relationattee are calledbase
elements For instance, an initise involving the CMMIDEYV standard would produce a CMMI SSM
(with elements such @&rocess AreandSpecific Pratice) and a CMMI SCM (with elements such as
Project Planningand Estimate the Scope of the Projespecializedfrom their respective base
elaments in the SSM). Although the figure represents models for only two standards (A and B), the

approach supportsgrmonizing more than two standards.

SEON Viewis a selection of the SEON portions to be applied in an initiafiiss model is composed

of aselected set afonceptsand relations from core and domain ontologies. When needed, the terms
core concepanddomain conceptare used for differentiating the concepts from the core and domain
parts of the SEON Viewrespectiely. Concepts from Foundatiah Ontologies are not explicitly
represented in the approach diagrams; however, the most basic ones are ugednfding the
model sé el ements and t he o ndnolbgmal fypesFor illeswating, e pt s,

Requirements Developmentoéesss a domain concept, specialized from Beformed Processore
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ontological typeevent i.e., all of them have aeventnature, and thus, can be comamhwith each

other. During the harmonization activities, the core concepts of the SEON View are used famatructu

harmonization (involving the SSMs), while the domain concepts are used for content harmonization
(involving the SCMs).

Another type of modeproduced by the approach is the integrated model. Each initiative can create up

to two integrated model$ntegrated Structural Model (ISM), a unified view of the structure of the

set of standards being integrated; dntkgrated Content Model (ICM), a wified view of the

content of the set of standards being integrated. They are created as a copy of the cmgegsaaad

(core or domain) of the SEON view and extended by includmgdifying / removing elements. As

models,ISM and ICM also contaielements Moreover, the ternmotion refers to a generalization of

the termsconceptandelement

In Harmony, mappings should be established between models and ontologies (SEON efigedg).

Mappings are established having a mbdes sourceand an ontology asarget respecting the

generality levels. Thus, the mapping between a SSM and a core gnislagStructural Vertical

Mapping; and the mapping between a SCM and a domain ontology is a Content Vertical Mapping.

Horizontal Map pings are those establishedtbev e e n

model (as target).

a

standar dos

mo d e |

Mappings area setof matches Simple matchesare binary relations froma source elemer(always

from a model) to aarget notionan ontologyconceptin vertical mappings ax stangrdd slementin

horizontal mappings). While creatingnaatch, besides the pair of notions$,shall also be defined a

match typeacoverageandcommentsComposite matchesllow aggregang a set of simple matches

with the ame source, aiming at complentieg the coverage of this source elemeigure’5.3 shows

a

fragment

of t h eatinglhop preeare@salingwittd mdppingd ahd itsireatches.

Mapping

Match

status
considerations
structural

g+
< S

matchType |0 *  source P>

! Element

coverage
comment
deduced

{d\SJomt,LL\omplete}

CompositeMatch

SimpleMatch

0 *

Concept

o E

Notion

target P 1

0.
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Figure 5.3. Mapping and Matches Representation
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5.4 Harmony Process

Once Harmony main ideas and models are presented, the methodological aspectsdakigylac

5.4 shows an overview dhe Harmonyprocess with its main relist Three phases are defined:

1. Purpose and Scope Definitionfor establishing the harmonizatigpurposes, scope, and the
portions of the ontologies and standards to be used,;

2. Structural Harmonization, for producing the StandasdStructural Models (SSMs), apping
them to the core ontajies and creating the Integrated Structural Model (ISM); and

3. Content Harmonization, s i mi | ar to phase 2, but for dea
produces the StandafContent Models (SCMs), map them to the domain ogteky and
creates the Integrd Content Model (ICM).

Furpose and Scope o -
.%[ Defirition %[ Structural Harmenization %[ Content Harmenization %O
|'|'| 7 rl'l 7 |'|'| S
Harmonization Standards’ Standards’
Purpose and Structural Content Models
Scope WModels (SSMs) [SCMs)
Standards' Structural Content
Portions Mappings Mappings
Ontologies' Integrated Integrated
Portions Structural Content Model
(SEON View) Model (1SM) (ICM)

Figure 5.4. Harmony Process

Phases 2 and 3 are similar regarding their goals, but focus onmlifferea s pect s : standa
and content. Moreove phase 2 (Structural Harmaation) is a preparation for phase 3 (Content
Harmonization). It is important to notice that, although the activities are shown in a sequential order,
they can be performedith some iteration, admitting return to activiti@nd phases) as the process
progressesThe results produced in each activity (descriptions, models, mappings, etc.) should be
grouped in a harmonization report, organized in sections according to tiiteac Examples of

harmonization reports are aale in Appendix A and Annex.A

The first Harmony complete application was for harmonizing the Quality Assurance processes of
CMMI-DEV and ISO/IEC 12207. We accomplished this initiative as a gbobncept, which has
beenupdated as Harmony evolves. Tiral version of the Quality 8surance (QA) Initiative report is

in Appendi x A. During the forward presentation

application we present boxes witlosie fragments of this initiative.
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5.4.1 Purpose and Scopedinition

This phase defineh¢ purpose and the scope of a harmonization initiafked=igure 5.5 shows, it
enommpasses the definition of the harmonization
and ont oloogto ées sedipi® a prepartion for the next phases, defining important
parameters for the modeling, mapping and integration actiatidshe focus given to them. Although

it is the first phase, it can be revisited for adjustments and detailing.

Standards'

Fortions
Harmonization Harmonization
Furpose Scope
Select the
Standards' Portions
Identify the Define the
Harmonization Harmonization
Furpose ) Scope )

Select the SEON
View

\ J

L SECN View

Figure 5.5. Purpose and Scope Definition.

Al.1. Identify the Harmonization Purpose

Theharmonization purposghall be established, making explicit the reasons tvaynitiativeis being

conductedPurpose ismicial for a harmonization itiative, since it defines its intentions and expected
results. It can lead to adaptations in the precestablishing how and whether some activities should

be performed. For example, if the purpose is to harmonize onlyrtletuse of the involved staadds,

only the Structural Harmonization phase shall be performed; if the purpose involves produceaeg a d
mapping between a pair of standards, or a harmonized process description, specific activities can be
added to the paess. The purpose must be kaptnind during the harmonization initiativ@ypical
harmonization purposes includaeriving an integ at ed ver si on of the, sel e

identifying standardinconsistenciesandestablishing a common vocdary for some domain

QA Initi ative: Harmonization Purpose

To provide a harmonized model for the Quality Assurance Process of @Mland ISO/IEC 12207.

Al.2. Define the Harmonization Scope

The harmonization scopestablishes the domain boundaries dfaamonization initiative. Ishall be

defined selecting the domains (eRequirementsProject Managemejtand the specific coverage

be considered (e.gnly Requirements Development, not considering Requirements Manageamhent
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Project Planning, notonsidering Project Monitoringnd Contro). This coverage can embrace even

the sum of portions from different domains (€Rgquirenents Development, from the Requirements
domain, plus the Design of Test Cases for Testing Requirements, from the Testimy. dbie scope
description bould include the parts of the domain(s), and the types of elements to be considered (e.g.

processesactivities artifacts, stakeholdersbut nottools).

Defining the scope is important telimit the extension of the standarand the ontologies to be
consideredThe scopewill guide on deciding whether a certain information should be included or not

int he standardsod models for the harmonization i
next two activites, war e t he st andiaasdé 6p arntdi oahstthed poaesss e |l e
advances, this activity (and the following two) shall béexwed, making adjustments for defining the
scope more precisely (as wel ltohessed. he st andar ds

QA Initiative : Initiativ e Scope

Software Process and Product Quality Assurance, from Planning to Evaluatibtoacoimpliance Contro
including processes, their activities, related artifacts and involved stakeholders.

Al . 3. Sel ect ottidne St andardsé P

This activity states wich parts of the standards will be handl&He portions of each standatd be

consideed in the harmonization initiative shall be defined based on the harmonization purpose and
scope. This selection needs to be made pigcisel carefully, since eactiasidard presents its own
structure and sometimes the target portions are spread aloggdiffarent sections processes (e.g.,

the Test domain does not have a specific process area in CMMI, but information about it aardbe fo

in process areas such Bechnical SolutiorandProduct Integratiof. Moreover,relevant information

can be founddsi des the main standar dsd prbéglassades,ens or
generic practices (such as in CMMI) or more speaifr general processes (suah in ISQIEC

12207).

The description of the st aoftheinitdtisetshalh roakeekpbcitthe t h a |
processes sectiond practices to be considerdtlis important to notice that selectingthet andar d s
knowledgebased activityrequiling a preliminary analysis and understanding, and a precise definition

of which processes, activities,gatices and so on will be cadered. It must be highly aligned to the

initiative purpose and scope, and accurately deschipéde user

For aiding thisactivity, if there isa SSM availablefrom a previous initiativeit can be useful to
understand thetandard 8tructure before $ee ct i ng t he st arvibreavat,a goodt ar g e
practice is to create a document for each standard copying akldwed portions there. It organizes

the portionseases checkingnd can be usesbs basis for buiidg the standardsmodels.
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QA Initiative: St andardsd® Portions

CMMI -DEV (v.1.3). PPQA Process Areand related generic practicapplied to PPQAnamely GP 2.2i
Plan the (Quality Assurance) Proce&® 2.4 - Assign ResponsibilitandGP 2.7 1 Identify and Involve the
Relevant Stakediders

ISO/IEC 12207 (2008) the whole Software Quality Assuranceo&ess (7.2.3), and specific activities frg
other two processes for dealing with nonconformities control, nar@elglity management corrective acti

(6.2.53.2) from Quality Managemerfrocess (6.2.5), and Problem resolution (7.2.8.3.2) from Soff
Pracess Resolution Process (7.2.8).

Al.4. Select the SEON View

The SEON View is the portion of the SE ontology network that will be devoted to (ia®eto ke
matched with the maximum ofhe standardselements. It represents the domain knowledge, a

sematic reference independent of any standaftie portions of the SEON ontologiesto be

considered for the harmonization initiative shall be identified, fogusimthe ones that can provide
useful concepts for the defined scobd. ke t he st andardsdé6 portions,
guided by the initiative purpose and peoThe selection of domain ontologies is related to the
domain(s) being considled (e.g.,RequirementsDesgn, Testing, while the selection of core
ontologies is related to the types of concepts (structure) to be represented in the resulting model (e.g.
processesactivities artifacts andresourcey Both are important, sincedi provide the referential

corcepts for the harmonization initiative.

Moreover, som& e s i r e d S E @adelisppreed dlongdifferent ontologies, not providing a
clear omplete view of the defined scope. Thus, plogtions of each ontologip be casidered shall
be grouped anckproduced in a single conceptual modele diagramepresenting th€EON Viewto

be used.The establishment of the SEON View as a single conakpiwdel (including core and
domain concepts from different ontologies andpathper relations between thens) important to

facilitate the mappings and to extend the view to the forthcoming Integrated Models.

t
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QA Initiative : SEON View

SPO (coreontology) portion dealing with processes, activities, stakeholders and artifacts, eamchale
QAPO (domain ontology)as shown in the diagram below.

Performed Process
JAY
{disjoint, complete}

Performed General Process

1

W 1.
?—2{ Performed Specific Process H
- subProcess

2w

1.x o .
participatesin B> O Performed Activity 0.1 creates P 0. Artifact
0.*  changes P -
1.* s in charge{of B> 0.* 0.*  uses p
2.7 2.7
Team Stakeholder Performed Simple Activity
0

| Person Stakeholder | | Performed Composite Activity | | Composite Artifact |:O<fcomuonem > nature
L

{disjoint, incpmplete}
[ I

Software Product |

1
Information Item

Document

Software Item |

Model

Core

Domain
Quality Assurance Process ‘ uses B> Project Plan |

Quality Assurance Planning i creates B> Quality Assurance Plan
:l Adherence Evaluation |I creates P I Evaluation Report

| Artifact Evaluation | uses B> <<role>>
g : | Evaluated Artifact
l Process Evaluation | uses B> <<role>> I

Project Manager |5 in charqe of
Quality Auditor

Project Team

is in charge of B>

participates in

Evaluated Process |
| Nor jance Identification | creates B Nor iance Register
s cherge of B | ' !
Noncompliance Responsible | 4| Nor iance Control I changes B>
participates in > S
| Nor jance Resolution | creates I I Corrective Action Register
Nor iance Closing

5.4.2 Structural Harmonization

This phase focuses on harmonizing the structure of the invatiswards. The idea is that, by
harmonizing the structures first, the contents will be more easdgratood and harmonized. The
main results are the Standar@tructural Models (SSMs), their mappings to the core ontologies, and
the Integrated Structurdodel (ISM).

Figure 5.6 shows the activities comprising this phadene first two activities are perfored
individually for each standard, while titeo other deal vth all the standards together. Since some
results of this phase may alreadg available from previous executions of the approach (such as
structural models and tlemappings to SEON), some @& activitiesmay be skipped for certain
standards. For exate, in an initiative harmonizing the standaftslA and StdB, if StdA 6 SSMis
already available and mapped to SEOK &hd 29 activities), it is only necessary tdevelopthe
StdB 6 SSMand napit to the core ontology. Then, both models should be dereil while building

the ISM (3¢ and 4" activities). Other different possibilities can arise depending on the availability of
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previous results for the involved stards. Reusing previous resushould be considered whenever

possible.

SEON View

Standards' Standard Structural Integrated

Portions Structural Vertical Structural
1 Models (S5Ms) IMappings Model (ISW)

Fo N 1 N '| """""" ~
] 1 ,

[}

1] Develop the Standard e Standerd '] Develop the Integrated )
| Structural Models fuctral VIode's fo 1 Structural Model

| Core Ontologies 1 )

Figure 5.6. Structural Harmonization.

The Structural Harmonization phase works as a preparation for the Content Harmonization phase,
since it establishes the basmdels to be extended and the mapping possibilitleseover, at this

point, besides identifying the standaydsructural similarities, it is possible to observe also some
divergences, as discussed in the next activities.

A2.1. Develop the Standasd8tructural Models

Each standard has an implicitodel. This activity aims at making the structural models of the
standards explicit by creating the Standa@tructural Models (SSMskor each standard, 8SM

shall be developedor reused from a previous figtive). It is a generic model extracted rfinoa
standard, considering only tl@se type®f its elements (such gwocess areagoal, andpracticein
the case of CMMDEYV), disregarding any related conterdofnainspecific rotions such as
Requirements Hjineering (a process areg Manage Requiremés (a goal) and Obtain an
Understand of Requiremer{gspractice in CMMI-DEV).

This is essentially a modeling activity that depends on the correct undargtani t he st and
structure. Diverse standardsopide a description or a schema of their structure (e.g., CBIEN,

ISO/IEC 29110), which can be used as basis. However, the standards are usually described in natural
language organized in sections of awwent, and additi@ considerations can affediet modeled
structure. In some cases generalization of a set of elements is needed to better organize the model.
For example, the CMMDEYV structuralelementsSpecific Practiceand Generic Practiceare baoh
composed oSubpacticesand produc&Vork Produts Thus, the abstract generalizati®racticecan

be used to establish a general relation BitibpracticeandWork Product simplifying the model with

no loss.Although this activity deals with structdraelementsthe stad ar dds cont ent s h

analyzed for identifying elements not explicitly treated by the standard declared structure.
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Once the SSMs are available, a new step can be performed, adjusting them according to the initiative
scope. It hppens by including@ne elements relations and idregarding others as discussed in the

guidelines below:

1 When the scope considers elements that are not in the starstandture, but present in the
standar@ text, they should be included in the mod&r example, evermough ISO/IEC 12207
does notncludestakeholdemas part of its structure, this notion is present in the text and can be

considered as an element of the ISO/IEC 1228, if it is in the scope of the initiative.

1 Elements and relationsyhen are not in thescope, can be discarded framh e i ni ti at
structural model. In this case, the discarded eleniertations should be omitted or marked in

a different color(e.g. in pink)in the diagram.

1 Some structural elements, even not indbepe, can be usefas sources of information. this
case, they are discarded from tBEM, but taken as information sources, from where other
considered elements can be extracted. For example, ISO/IEC 29110 has the Gldpwtive
If it is not relewant for the scopehte Obj ect i v e d for idergifying otheaaleménes u s e

such as activities and work products.

QA Initiative : 12207 SSM

Process Category
14 .
I Outcome |
shall result in ’
1

1
1 1
Process
aims to achisve
1

.
|Actiﬂ7 " -"| stakeholder
1

1. *

Elements in yellow and relations in black were those considered for being extended in the initiative (a
to the definedscope); elements and relatioims pink were discarded; elements in gray were used on
information source.

As an example, in the ISO/IEC 12207 SSM (from the QA Initiative), the elerRentess Category
ProcessActivity, Task PurposeandOutcomearepart of the standard declarstiucture Work Unitis
just a generalization added for organizing the mosiekeholderand Artifact are common elements
present in the standagdtext and thus included in the SSM. In this particular initiafeposeand
Process Categorgnd assoctad relations (in pink) are not part of the scope; @utcome(in gray)

will be used only as information source.
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Someguidelinesareimportant for this activity(i) The SSMelements regard the general notions used

to descrile the standard (e.grocesswork productetc.), and not a particular sectibprocessThe

user should & carefulnot to include content elements (e.g. thidesign Processthe Requirements
Documenk in the structural model. All the content elements Isbalspecialized from the stiwral
elements in the next phase. Other previously defined structural naadelse helpful as examples.

(i) The elements to be modeled regard the subject described by the standard, usually in this process
realm (such agrocess activity, artifact), and not the standaédslescription itself (such as section,
note, etc.). (iii) During the addition or disposal of model elements, some adjustments may be
necessary to the scope. Keep the scope always consistent with thersebutie.

Moreover, natural laguage is not as precise as a model, and some inconsistencies can apyear at t
moment. For example, ISO/IEC 12207 defiaetvity as a set ofasks however, somactivitieshave

a single, equivalentask(are they the sae?); CMMIDEYV includestoolsin the typicaWwork producs

list). The creation of the SSMs is fundamentethe approach, since it precisely defines the structure
to be mapped to the ontologies and other standards, and to be extended to derive thaadeitent

QA Initiative : CMMI SSM

includes > AN includes P>

Process Area Category |
10

requires >

Maturity Level 0." Capability Level

1 1
relates to
1.* 0. |0.*

{ *
| Stakeholder | u Process Area Ioi
_

0. 1 1

mvo\v;d in
aims to_achieve

\ 4 addresses 1.* i
GP Elaboration
1" 1 I_

Work Unit | Goal Purpose 0.

1. o+
| Specific Goal Generic Goal |
1 1

I Practice |1 0." Work Product
produces P>

Subpractice

2" '
Specific Practice | Generic Practice I#

A2.2. Map Standard Structural Models to Core Ontologies

The Structural Vertical Mapping establishes the matches between the sta8ttaictural elements
and the SEON View core concepEachSSM shall bemapped to tta SEONView by comparing the
elements ofthe SSM (only those considered in the scope) with toee conceptsof the SEON View
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The result is a table with the core concepts (in the first column) mapped to the corresponding
structuralelements (in the remdirg columns).The QA Initiative box shows the structuralappings

of CMMI-DEV and ISO/IEC 12207 to a SEON core ontology fragment. These structural matches link
the compatible structural notions, defining all the possible future matches between the content
elements and domain concepthus, sinceProcess Aredfrom the CMMI SSM) matches only to
Performed Proces¢in the SEON View), during the content mappings, the CMividicess area
specializations (e.gPPQA REQM could be matched only to the SEOperformeal process
specializations (e.dQuality Assurance ProcssRequirements Management Progeasd not to other
concepts, such axctivitiesor artifacts Observe that in this activity all the notions are related to the
sameontological typefrom UFO (e.gewent object agenj for preveiing that the structurallements

are matched to concepts with distinct nature.

QA Initiative: Structural Mapping

Core Ontology Concept CMMIDEV Element ISO/IEC 12207 Element

Process Area (event)
Srecific Goal (event)
Generic Gal (event)

Procesgevent)

Performed Process (event) Activity (event)

Specific Goal (event)

Performed Activity (event)

Generic Goal (event)
Specific Practice (event)
Generic Practice (event)

Process (event)
Activity (event)
Task (event)

Artifact (obgct)

Work Product (object)

Artifact (object)

Stakeholder (agent)

Stakeholder (agent)

Stakeholder (agent)

In this activity, ®me practical considerationsgarding the elemeritsemantics should be considered

i Since SEON core ontologies are grounded IROU the basic ontological disttions are
essential for supporting the structural mapping. Ideally, an ontological analysis should be
conductedfor each standafd structural model, grounding them in the samenfiations of
SEON ({.e., UFO) before doing e comparisonsHowever, whena complete ontological
analysis is considered too costly for the harmonization initiative, a simpler alternative is to
identify the basic ontological type of each model elemaatndy: event object agentand
moment Once tle ontological typeof an elemat is identified, during the mapping, each
element needs to be compared only with concepts of the catokegicaltype. For example,

t hat p roljedt, Ut odeds toibes coraparadsosly wWitbtiend

also classified asbject and not withagents moment®r events

gi ven iwor k as
9 Divergences between the standards can appear. For example, 1ISO standards use a very similar
classification for work unitsProcessesire composed dhctivitiesthat are composed dfasls.
Each of these definitions ialso shared by the standardewever considering distinct ISO

standards, similar work units are classified differently. To illustRéguirements Analysand

.
C
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Architectural / Detailed Desigare consideregrocessesn ISO/IEC 12207 andctivitiesin
ISO/IEC 29110. Thus, in this step, theeaming and the application of each element must be
analyzed for establishing suitable matches.

1 Sometimes, a standard collapses different thinggsarsingle element. For example, 1SB&X
12207 states that an Outcenddscribes one of the following: (i) gutuction of an artefact; (ii)
a significant change in state; (iii) meeting of specified constraidtscording to UFO, it can be
considered asituation However, situations are compl@xtities that can encompasgents
objectsand other ontological disictions, being hard to establish a precise comparison. In such
cases, itan be disregarded as a relevant element, and used only as a source of information for

other elements (fror@utcome for example, can be eatited activities and artifacts).

1 Pay attation to the elemeft meaning Consider also its definitigncontextand relationsand

not only the term used to name it.

A2.3. Develop the Integrated Structural Model

An Integrated 8uctural Model (ISM) shall bedevelopedfor representing ainified view of the

standardsd® structures. It is created by copyi.l
concepts with matches or that are relevant for the integrated model. Thhs, @ikvious matches to
the caoe concepts remain valid whéimey are copied into ISM elements. Additionally, the ISM can be

modified by including or adapting elements, relations and definitions based on the previous mappings.

All the SSM elements must hagecorrespondence in the ISWhus, when SSM elements relevdor

the initiative remain with no matches, the ISM shall be complemented with new elements. These new
elements are created directly in the ISM and mapped to the corresponding SSM elememts (thos
previously with no matches)fhe mappings between the I1Sdhd the SSMs are said Horizontal
Mappings.For illustrating, i f t h ®eselll eanxdedtésl ReSdWlt ar e present in
SSMs and no corresponding conceptfound in the core opntogies,a new ISM element, g.
AResulto, samdanhatched te theccorespondirdy ISM elemértiss activity producesin
integrated model providing a structural consensus of the invaleeelontologies and standass
structures thawill be used to support the derivatior the Integrated Content Mod@CM) in the next

phase.
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QA Initiative : Integrated Structural Model (ISM)

Performed Process
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» I
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Since no modifications were made in the ISM, it corresponds to the core portion of the presented SE
(the fragmentibove the dashed line in tB&ON View diagram), as showelow.
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5.4.3 ContentHarmonization

The third phase foceson harmonizing the contents of the involved standardsims at identifying

thekeyel ement s from th

e

st and ato tthes odhitolagiesand ereatigsan a n d

integrated modelThe main results are the Standarontent Models (SCMs), their mappings to the

domain ontol ogi es,

and

t he

Il ntegrated

Content

represents an integratetbw of the harmonized standardrigure 5.7 shows the activity diagram for

this phase. Next, each activity is described.

Integrated
Structural
Standards' SEON View Model (ISM)
Fortions
Standard Standard Content Integrated
Structural Content Models 1 Vertical Content Model
Models (SSMs) —‘ [SCMs) IMapping (ICM)
Bl e S Map Standard Develop the
Content Models to Integrated Content
Content Models )
Domain Ontologies ) Model

Figure 5.7. Content Harmonization.

A3.1. Develop the Standds GontentModels

Le

This activity aims toproduce the Standasd&Content Models (SCMs) by extending the structural
models (SSMs) according to the defined scape information extracted from the standards

conceptual modethall be builtfor the contenbf each standardlrhe SCM organizes the standabds

portions more precisely, representing the relevant elementghanctlations between thenirhe
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development of the SCMs is essential, since it provides a general view of each involved standard,
representig the main infamation in a pecise and concise way, i.e., as a model. It facilitates the
analysis and comparison of the standafideces, favoring dealing with the standd@rsismantics and

improving the mapping results.

The knowledgeextraction is dondy analyzing theselected statards Portiors and identifying their

key elementsand relations The content elements are modeled as specializations of the structural
elements the base typesdefined in theSSM For example, in the case of ISO/IEC 12203 SSM
defines he elementProcess and in itsSCM there is theSoftware Requirements Analysis Process
element which is a specialization dhe Processelement These specializations configure important
informationin the modelsince they set thieasetype (structural kement) of eals content element and
thus delimit the possible content matches only to those allowed by the structural mappigs.
following two boxes show the ISO/IEC 12207 and CMDMEV content models (partially).

QA Initiative : 12207 SCM(partial)

| Stakeholder Io_' involved in B> 1 'l Work Unit | 1.* produces B> 0. Artifact

Process “1 Activity H Task
VAN

AN
| Software Quality Assurance Process |

4| Process Implementation |

—| Establish Quality Assurance Process I—M| Quality Assurance Process Description

[ITI1]
—| Coordinate the Quality Assurance Process |

4| Develop, Implement and Maintain Quality Assurance Plan I_FM| Quality Assurance Plan

[T T117
invalved in ¥ _| Execute Quality Assurance Activities l produces B Evaluation Record
1

7T roduce
produces Nonconformance

_| Make Quality Assurance Records Available

| Quality Evaluator | :lﬂxct Assurance lo- evaluates B> L iproduced Artifact |

invalved n B>

Evaluate Plans

Evaluate Software Products and Related Documentation |

1
Evaluate Software Products for Delivery

involved in B¥ 4' Process Assurance IIO . sveluales B 1"1 Performed Process |
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QA Initiative : CMMI SCM

This modeling effort is nadn easy tasksince itaims atcreating a model from the standé@rdhatural

language text, which can be ambiguous and superficial. Some elements and relations can be hard to

identify. Guidelinesare giverto suppot this activity.

)l

ltisusefult o hi ghlight the elements in thmodadt anda
(or even organizing them in a draft tabl®jifferent colors/ marks help to identify different

types/ information (e.g., activities artifacts, stakeholders eut—ef—scopp A second (and
possibly third) anal ynodekis helpful, edpeziallg if itindbrae oy 6 s
another person.

Try to model only the elements contained in the scopenaiidtypesconsidered in th&SM

When the defined scope includes elements from different parts of the same standard, it could be
necesary to include in the model hightevel elements (such agpeoces$ out of the scope for

matter of organization. In this caseark the element in red, addcard it during the mappings.

Elements partiallyncludedin the scope should be modeled and peaplike so.
Be careful while extracting the standaatgormation

o Seek for implicit elements. Standards are usually destribenatural language. Thus,
sometimes, important elements are not explicitly defined in the text (especially artifacts and
stakehol ders) . F or the requireménts shouldhbe dosumented niic e s

record for the requirements is created a thedstalieholder shall registéne requirements






















































































































































































































































