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ABSTRACT

This article describes how softwarequality engineering is an inevitable activity, whichmust be
accomplishedduringsoftwaredevelopmentprocessinordertoavoidsoftwarefailuresandensuring
itsquality.Embeddedsystemsarecomputerplatforms,whichrequirehighqualitysoftware.Many
researchers interested inembeddedsystemshavedemonstrated that thequalityof theembedded
softwarehasasignificanteffectontheperformancesoftheentiresystem.Intheliterature,several
workshavebeenemergedfromthislineofresearch.Theaimofthisarticleistopresentasurveyof
themostimportantworks,whichdealwithembeddedsoftwarequalityengineering.Acomparative
studyisalsogiveninordertoshowstrengthsandweaknessesofeachwork.
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1. INTRodUCTIoN

Inourdaily life,severalcomputersystemsare included in thesurroundingdigitalproductssuch
ascellphones,digitalcameras,homeappliancesandmedicaldevices.Theseproductsarecalled
embeddedsystems.Generally,theembeddedsystemsarefoundedtoperformspecifictaskseither
intelecommunication,computing,controlling,etc.Themaincharacteristicofthesesystemsisthe
combinationofhardwareandsoftwareinordertomeettherequirementofusers.Thischaracteristic
makestheapplicationofthetraditionaldevelopmentprocessinadequate.Especially,moreattention
mustbegiventothepartitioning/integratingphasebetweenhardwarecomponentsandtheintangible
components of the software (Jamont, 2005). Furthermore, the quality represents a fundamental
queryinthedevelopmentofsuchsystems.Infact,embeddedsystemsconsistnotonlyonfunctional
requirements(thefunctionalpropertiesliketakingpicturesforcameraandcallingforphone,etc.)but
onthenon-functionalrequirementswhichrepresentthequalityattributesofthedevelopedsystems.
The quality attributes refer to systems quality aspects like performance, usability, security, etc.
(Muhammadetal.,2010).Nevertheless,thereisnocommonconsensusonhowtoidentifyquality
attributesofasystemingeneralandofanembeddedsysteminparticular(Sherman,2008;Wijnstra,
2001;Choietal.,2008;Jeong&Kim,2012;Oliveiraetal.,2013).

Mostembeddedsystemsarecritical.Consequently,thedevelopmentofthemwithpoorquality
canproducefinancial,health,andevenlifelosses.Wecanrefertothebugdiscoveredintheembedded
software of Volkswagen cars which affect the fuel consummation (Nikolaus, 2015). However,
masteringembeddedsystem’squalityisahardtask.Thisdifficultyisduetothenatureofthesoftware
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(abstract,intangible,etc.)ontheonehand.Ontheotherhand,itisduetothenatureoftheembedded
systems,especiallytheintegrationofthesoftwarepartinthewholesystem(mechanic,electronic,
etc.)(Wagner,2013).Asaresult,softwarequalityengineeringforembeddedsystems,asforany
othersoftwaresystem,isanindispensableactivityinordertoproducesecure,safe,functionaland
reliablesystems.

In thispaper,wepresenta surveyof themost importantworks,whichdealwithembedded
softwarequalityengineering.Wealsogiveadescriptionofeachoneandpresenttheirstrengthsand
weaknessesthroughacomparativestudy.

Theremainderofthispaperisorganizedasfollows.Insection2,wegiveabriefoverviewof
embedded systems.Section3presents abackgroundon softwarequality.Section4 is dedicated
topresentastateoftheartofembeddedsystemsqualityengineering.Section5presentsthemost
importantworksdealingwithsoftwarequalityattributesandqualitymodelsofembeddedsystems.
Section6providesacomparativestudybetweenthemostimportantworksoftheprevioussection.
Someconclusionsandfutureworkdirectionsaregiveninsection7.

2. EMBEddEd SySTEMS

Inspiteoftheirincreasinglyuse,embeddedsystemshavenouniversallyaccepteddefinition.For
some,anembeddedsystemispartofalargersystemandperformssomeoftherequirementsofthat
system(Carvalho&Meira,2009).Forothers,theyareconsideredascomputersembeddedinside
electronicdevices,orevenaselectronicprogrammabledevicesintegratedinalargerheterogeneous
system(Muhammadetal.,2010).Theembeddedsystemsarealsocommonlyknownas“hidden
computersystems.”Theyarededicatedsystemsforparticulartasks,withnostandardinputs/outputs
andwithlimitedresources(Koopman,1999).Despitethelackofastandarddefinitionofembedded
systems, there isageneralconsensusabout thecommoncharacteristicsofsuchsystems.Hence,
anembeddedsystemisconsistingofsoftwareintegratedinahardwaresystem.Itisdevelopedfor
specifictasksandithaslimitedresources.

Obviously,wemustconsidercertainconstraintsimposedgenerallyduringthedevelopmentofthe
embeddedsystems.Especially,constraintslikesize,weight,costandenergy.Furthermore,embedded
systemscouldhavereal-timeconstraintswhichmakethemcategorizedintoreal-timeandnon-real-
timeembeddedsystemsdependingonthetypeoftheimposedconstraints.Inthecaseofreal-time
embeddedsystems,anotherclassificationisfound(Muhammadetal.,2010):hardreal-time,firm
real-time,andsoftreal-timesystems,basedontheirfunctioningaccordingtocertaindeadlines.Hard
real-timesystemmeansthatanymisseddeadlineprovokessystemfailure.Firmreal-timesystem
tolerateswithsomemisseddeadlines.Softreal-timesystemtolerateswitheverymisseddeadline;
however,thistolerancedecreasesthesystemperformance.

Takingintoaccountthestrongconstraintsimposedbytheapplicationdomainsofembedded
systemsledtothedevelopmentofspecificmethodsandmethodologiestodevelopsuchsystems.
Especially,thedesignphasewhichisacriticaloneinthedevelopmentcycleofembeddedsystems.
Therefore,theco-designisincreasinglyused.Theco-designallowstodesignatthesametimeboth
thehardwareand thesoftware toget theappropriatefeatures. Italsopermits todelayasmaxas
possiblethehardwarechoicesinoppositiontotheclassicalapproachwerethehardwarechoicesare
madeinfirstplace.Duetothehardwaredescriptionlanguages(suchasVHDL,VeriLog,etc.)we
cansynthesizeandtestdigitalcircuitsaccordingtotheco-designconcept.Theco-designincludesas
phases:Specification,Modeling,Partitioning,SynthesisandOptimization,Validation,Integration,
IntegrationTests(Jamont,2005).

Asitispreviouslymentioned,softwarequalityisanimportantfieldinsoftwareengineering.In
fact,thedevelopmentofsoftwarewithpoorqualitycanproducecatastrophicconsequences.Although,
thestudyofsoftwarequalityhasbeeninitiatedfortyyearsago(McCalletal.,1977),thissubject
stillanactiveresearcharea.Actually,themostpromisingresearchtrendsfocusoncustomizingthe
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