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FeatureModeling

Operating-SystemEngineering



WhatistheUseofThat?

Featuremodelsproducedduringfeaturingmodelingprovide
uswithanabstract(becauseitisimplementationindepen-
dent),concise,andexplicitrepresentationofthevariability
presentinthesoftware.Andyou’llfindfeaturemodeling
tobeusefulatanylevel:Youcanuseitatthesystem
level,atthesubsystemlevel,aswellasdowntoclassesand
procedures.([1],p.82)
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FeaturesRevisited

•featuresallowustoexpressthecommonalitiesanddifferences

–organizedindiagrams,theyexpresstheconfigurabilityaspectofconcepts

•featuresareprimarilyusedinordertodiscriminatebetweeninstances

–thequalityofafeatureisrelatedtoproperties
∗suchasitsprimitiveness,generality,andindependency

–afeatureaimsatmakingdistinctionsbetweenchoices

•featuresrepresentreusable,configurablerequirements
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FeatureModelingandFeatureModel

Featuremodelingistheactivityofmodelingthecommon
andthevariablepropertiesofconceptsandtheirinterdepen-
denciesandorganizingthemintoacoherentmodelreferred
toasafeaturemodel.
Byconcept,wemeananyelementsandstructuresinthe
domainofinterest.([1],p.83)
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FeatureModel

•representsthecommonandthevariablefeaturesofconceptinstances

–includingthedependenciesbetweenthevariablefeatures

•consistsofafeaturediagramandsomeadditionalinformation:

–shortsemanticdescriptionsand/orrationalesofeachfeature
–stakeholdersandclientprogramsinterestedineachfeature
–examplesofsystemswithagivenfeature
–constraints,defaultdependencyrules,availabilityand/orbindingsites
–bindingmodels,open/closedattributes,andpriorities

•representstheintentionofaconcept
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FeatureDiagrams

•consistofasetofnodes,directededges,andedgedecorations

–edgedecorationsaredrawnasarcs
∗connectingsubsetsoralloftheedgesoriginatingfromthesamenode

–theydefineapartitioningofthesubnodesofanode

•distinguishbetweentwotypesofnodes:

conceptnodetherootofafeaturediagram,inshort“concept”C

featurenodeanyothernodeofafeaturediagram,inshort“feature”fi

•theparentnodeofafeatureiseithertheconceptoranotherfeature
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NotionsofFeatureandFeatureDiagram

C

f2

f1

f3

•givenisafeaturediagramwiththreefeaturesf1,f2,andf3

oftheconceptC,wheretherelationshipsarespecifiedas
ontheleft,then...

–f1isadirectfeatureofC

–f2andf3areindirectsubfeaturesofC

–f2isadirectsubfeaturesoff1

–f3isanindirectsubfeaturesoff1

•accordingtoFODA[3],thereareseveralfeaturecategories
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FeatureCategories

•mandatoryfeatures......................................................8

•optionalfeatures.........................................................9

•alternativefeatures.....................................................10

•optionalalternativefeatures.............................................11

•or-features.............................................................12
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MandatoryFeatures

C

f1

f2

f3

•amandatoryfeatureisincludedinthedescriptionofa
conceptinstanceifandonlyifitsparentisincludedinthe
descriptionoftheinstance

•iftheparentofamandatoryfeatureisoptionalandnot
includedintheinstancedescription,themandatoryfeature
cannotbepartofthedescription

•everyinstanceofCcanbedescribedbythefeatureset{C,f1,f2,f3}
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OptionalFeatures

C

f1

f2

f3

•anoptionalfeaturemaybeincludedinthedescriptionofa
conceptinstanceifandonlyifitsparentisincludedinthe
descriptionoftheinstance

•iftheparentisincluded,theoptionalfeaturemaybepart
ofthedescriptionornot;iftheparentisnotincluded,the
optionalfeaturecannotbepartof

•everyinstanceofCcanbedescribedbythefeatureset{{C},{C,f1},{C,f3},
{C,f1,f2},{C,f1,f3},{C,f1,f2,f3}}

Operating-SystemEngineering—FeatureModeling9



AlternativeFeatures

C

f2 f1f3f4f5

•aconceptmayhaveoneormoresetsof
directalternativefeatures

•afeaturemayhaveoneormoresetsof
directalternativesubfeatures

•iftheparentofasetofalternativefeaturesisincludedinthedescriptionofa
conceptinstance,thenexactlyonefeaturefromthissetofalternativefeatures
isincludedinthedescription;otherwisenoneareincluded

•everyinstanceofCcanbedescribedbythefeatureset{{C,f1,f3},{C,f1,f4},
{C,f1,f5},{C,f2,f3},{C,f2,f4},{C,f2,f5}}

Operating-SystemEngineering—FeatureModeling10



OptionalAlternativeFeatures

C

f2 f1f3f4f5

•aconceptmayhaveoneormoresetsof
directoptionalalternativefeatures

•afeaturemayhaveoneormoresetsof
directoptionalalternativesubfeatures

•iftheparentofasetofoptionalalternativefeaturesisincludedinthe
descriptionofaconceptinstance,thenexactlyonefeaturefromthissetmay
beincludedinthedescription;otherwisenoneareincluded

•everyinstanceofCcanbedescribedbythefeatureset{{C},{C,f1},{C,f2},
{C,f3},{C,f4},{C,f5},{C,f1,f3},{C,f1,f4},{C,f1,f5},{C,f2,f3},
{C,f2,f4},{C,f2,f5}}
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Or-Features

C

f2 f1f3f4f5

•aconceptmayhaveoneormoresetsof
director-features

•afeaturemayhaveoneormoresetsof
directalternativeor-subfeatures

•iftheparentofasetofor-featuresisincludedinthedescriptionofaconcept
instance,thenanynonemptysubsetfromthesetofor-featuresisincludedin
thedescription;otherwisenoneareincluded

•atotalof(2
2
−1)×(2

3
−1)differentdescriptionsofinstancesofCcanbe

derivedfromthisdiagram,i.e.thefeaturesetconsistsof21elements
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NormalizedFeatureDiagrams

•thecombinationofthebasicfeaturecategories(→p.7)mayresultin:

optionalalternativefeatures
1

Ifoneormoreofthefeaturesinasetof
alternativefeaturesisoptional,ithasthesameeffectasifallthealternative
featuresinthissetwereoptional.

optionalor-featuresIfoneormoreofthefeaturesinasetofor-featuresis
optional,ithasthesameeffectasifallthefeaturesinthissetwereoptional.

•thecategoryofoptionalor-featuresisredundant

1
Indifferencetothecategoryoftheoptionalalternativefeatureshownbefore(→p.11),thecategorydiscussed

hereconsistsofacombinationofoptionalandalternativefeaturesinthesameset.Thus,thesetisinhomogeneous,

i.e.,notconstitutedbyelementsofthesamefeaturetype.
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EquivalenceofFeatureDiagramsOptionalAlt.Features

Thepresenceoftheoptionalalterna-

tivefeaturef1allowsonetoderive

theemptysubsetfromthesetof

allsubfeaturesofC.Ontheother

hand,atmostexactlyonefeature

maybeincludedinthedescriptionof

aninstanceofC.Thismeansthatall

featuresofCareoptionalalternative.

CC

f2 f1f3f2 f1f3

•afeaturediagramwithone(ormore)optionalalternativefeatureandone(or
more)alternativefeatureisequivalenttoafeaturediagramwithalloptional
alternativefeatures
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EquivalenceofFeatureDiagramsOptionalOr-Features

Thepresenceoftheoptionalor-

featuref1allowsonetoderivethe

emptysubsetfromthesetofall

or-featuresofC.Thus,thefeature

setconsistsofanycombinationof

features,includingtheemptyset.

ThismeansthatallfeaturesofCare

optional.

CC

f2 f1f3f2 f1f3

•afeaturediagramwithone(ormore)optionalor-featureandone(ormore)
or-featureisequivalenttoafeaturediagramwithalloptionalfeatures
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FeatureDiagramsandDimensions

Afeature(orconcept)withasinglesetofdirectalternativesubfeatures(or
features)andnootherdirectsubfeatures(orfeatures)isreferredtoasa
dimension.

Wealsofounditusefultobroadenthenotionofdimensionstoincludefea-
tures(concepts)withasinglesetofdirectalternativesubfeatures(features)
andoneormoredirectmandatorysubfeatures(features).

Dimensionscanalsobealternative,thatis,wecanhave
alternativedimensions.([1],p.90)
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AlternativeDimensions
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ExpressingCommonalityinFeatureDiagrams

commonfeatureisafeaturepresentinallinstancesofaconcept:

•allmandatoryfeatureswhoseparentistheconceptarecommonfeatures
•allmandatoryfeatureswhoseparentsarecommonarethemselvescommon

commonsubfeatureoffiisa(directorindirect)subfeatureoffi,whichis
presentinallinstancesofaconceptthatalsohavefi:

•alldirectmandatorysubfeaturesoffiarecommonsubfeaturesoffi

•asubfeatureoffiiscommonifitismandatoryandthereisapathof
mandatoryfeaturesconnectingthesubfeatureandfi
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ExpressingVariabilityinFeatureDiagrams

•variabilityinfeaturediagramsisexpresedusingvariablefeatures

–i.e.,theoptional,alternative,optionalalternative,andor-features

•nodesatwhichthesefeaturesareattachedarereferredtoasvariationpoints

–features(orconcepts)withatleastonedirectvariablesubfeature(orfeature)

•distinguishedbetweenhomogeneousversusinhomogeneousvariationpoints

Avariationpointishomogeneousifallitsdirectsubfeatures(orfeatures)
belongtothesamesubnodecategory(i.e.,theyarealloptional,orall
alternative,andsoon);otherwiseitisinhomogeneous.([1],p.96)
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MoreonVariationPoints

singularvs.nonsingularvariationpointsVariationpointsallowingonetoin-
cludeatmostonedirectvariablesubfeature(orfeature)inthedescriptionof
aconceptareattributedsingular;theyarenonsingularincaseofmorethan
onedirectvariablesubfeature(orfeature).

mutuallyexclusivefeaturesTwofeaturesinafeaturediagramofaconceptare
mutuallyexclusiveifnoneoftheinstancesoftheconcepthasbothfeaturesat
thesametime.

simultaneousvs.nonsimultaneousvariationpointsTwovariationpointsofa
featurediagramaresimultaneousifandonlyiftheyarenotmutuallyexclusive
andneitherofthemisadirectorindirectvariablesubfeatureofeachother;
otherwisetheyarenonsimultaneous.
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HowtoFindFeatures

•strategiesforidentifyingfeaturesmaybebothbottom-upandtop-down:

–lookforimportantdomainterminologythatimpliesvariability
–examinedomainconceptsfordifferentsourcesofvariability
–usefeaturestartersets

2
tostarttheanalysis

–lookforfeaturesatanypointinthedevelopment
–identifymorefeaturesthanyouinitiallyintendtoimplement

•findingoffeaturesisacreativeprocess,assumessomeamountof“experience”

2
Afeaturestartersetconsistsofasetofperspectivesformodelingconcepts.Somecombinationsofperspectives

aremoreappropriateforagivendomainthanforanother.Startersetscanbeunderstoodasreusableresources

capturingmodelingexperience.
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FeatureModelingProcess

•featuremodelingisacontinuous,iterativeprocesswiththefollowingsteps:

1.recordsimilaritiesbetweeninstances,i.e.,commonfeatures
2.recorddifferencesbetweeninstances,i.e.,variablefeatures
3.organizefeaturesinfeaturediagrams,i.e.,intohierarchies
4.analyzefeaturecombinationsandinteractions
5.recordalltheadditionalinformationregardingfeatures

•thesestepsmakeupthemicro-cycleoffeaturemodeling

–becausetheyareusuallyexecutedinsmall,quickcycles

•thequalityoftheresultdependsonthemodeler’sskillsordomainknowledge
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ConcludingRemarks

FeaturemodelingisthegreatestcontributionofDomain
Engineeringtosoftwareengineering.Featuremodelingis
amustifyouengineerforreuse.Thisisbecausereusable
softwarecontainsinherentlymorevariabilitythanconcrete
applicationsandfeaturemodelingisthekeytechniquefor
identifyingandcapturingvariability.([1],p.82)
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