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ABSTRACT: Recentresearchin requirementsengineeringhasidentified two strongdriversof requirements
evolution: environmentalturbulencemediatedby systemstakeholdersandthe requirementsprocessthat ac-
companiesthedesignprocess.Currentmethodsin requirementsengineeringfail in managingevolving require-
ments.Mostof themethodsdonotsupportthedifferentviewsof thestakeholdersinvolvedin therequirements
process.Moreover, they do not provide any meansfor predictingthe impact in termsof risk andcostof re-
quirements’changes.Thepapershows anempiricalinvestigationof anavionicssafety-criticalindustrialcase
study pointing out aspectsof requirementsevolution. In the paperwe proposea framework for predictive
changesrisk/costanalysesrelatingtype of changesinto requirements,softwarelife cycle, impactof changes
andstructureof requirements.Theresultssuggestfurtherworksdealingwith requirementsevolution.

1 INTRODUCTION
Requirementsspecificationis one of the most im-
portant phasesof the software life cycle (Berry
& Lawrence 1998; Davis & Hsia 1994; Siddiqi
& Shekaran1996; Sommerville& Sawyer 1997a).
The recovery activity is more cost effective during
therequirementsspecificationphasethansubsequent
phases(i.e.,designspecification,coding,testing,etc.)
(Boehm 1981; Boehm 1984). Recentresearchhas
pointedout interestingaspectsof changingrequire-
ments(Lam 1997; PROTEUS Project 1996; Stark,
Skillicorn, & Ameele1998).Requirementschanges
aredueto severalenvironmentalaspects,humanfac-
torsaswell asenvironmentalconstraintsandaspects
(e.g.,standards,developmentprocesses,businesstar-
gets, etc.) (Arthur 1992; PROTEUS Project 1996).
Moreover, requirementsspecificationmust change
because

� It is impossibleto build requirementsspecifica-
tion right thefirst time

� Requirementsevolveduringthelife cycledueto
theenvironmentalturbulence(e.g.,stakeholders
knowledgeevolution,businesstargets,etc.)

� Requirementsareinterdependentononeanother.

Currentmethodsin requirementsengineeringempha-
sise the need for the managementand representa-
tion of multi-perspectivesandevolving requirements
(Nuseibeh,Kramer, & Finkelstein 1994; Sawyer,
Sommerville, & Viller 1997; Siddiqi & Shekaran
1996;Sommerville& Sawyer1997b;Sommerville&

Sawyer1997a).Fromtherequirementsprocessview-
point there is actually the needfor providing tools
which help in the managementof the processwith
predictive features.Recentresearchin requirements
engineering(PROTEUS Project1996)hasidentified
two strongdriversof requirementsevolution:

� environmental turbulence mediatedby system
stakeholders:designers,softwarespecialists,en-
gineers,end-users,projectmanagers

� the processof requirementsdefinition that ac-
companiesthedesignprocess.

Moreover, practical experienceshows that require-
mentsneedto be representedfrom different view-
points and with different formalisms/approachesin
orderto becomprehensibleby differentsystemstake-
holders.Without this, furtherturbulencearisesdueto
disagreementsbetweenstakeholders.

The paperis organisedas follows. Section2 de-
scribesthe casestudies.Section3 shows the frame-
work for predictive changesrisk/costanalyses.The
conclusionsandfurtherworksarelistedin Section4.

2 A SAFETY-CRITICAL CASESTUDY
The sectiondescribesthe avionics safety-criticalin-
dustrial casestudy that we have analysedfocusing
on the requirementsevolution. The casestudy con-
sistsof softwarethat mustsatisfy the moststringent
level of DO178B(RTCA 1992).Theempiricalinves-
tigation takesinto accountthesoftwarerequirements
evolution of thecasestudy. Therearetwo mainbusi-
nessstakeholderscooperatingin thedefinitionof the
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system’s requirements.Thesearethe customer, who
providestheengine’s requirements,andthesupplier,
whoproduces� thesoftware.
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Figure1: Thesafetycritical softwarelife cycle of the
casestudy

Figure1 shows thedevelopmentlife cycle. When-
ever changesand modificationswill arise,they will
causefeedbackloopsinto thesoftwarelife cycle.No-
tice that as software developmentprogressesfrom
requirementsto designand code,problemsrequire
items further back in the chain to be modified.The
sizeandscopeof thesechangeswill be differentfor
eachmodificationandfor eachproject,thusonly gen-
eral guidelineshave beendefinedfrom the supplier.
For example,while codinga partof thesoftwarede-
tailed designa problemmay be found with the de-
signor aneasierimplementationmaybeconstructed
which requiresthe original design to be modified.
Also modifications,which aredueto problems,hard-
ware changesor even stakeholders,may be intro-
ducedfrom therequirementsat any stageof thesoft-
ware project. Another problemis relatedto the ex-
pansionof informationdown thedesignchainto the
code.As designprogresses,gooddesignpracticere-
quiresthat the softwarerequirementsarepartitioned
into smallermoremanageableitems.Thismeansthat
thecodingphaseat theendof thechainis not a sin-
gle phasebut a collectionof interrelatedphases.The
boundariesbetweenphasesarenot clearlydelineated
andsomeinstancesoverlap.For example,asthecode
consistsof many itemsit maybepossibleto begin the
integrationof someof thembeforethe codefor the
restis completed.Thisis oftenthecase,evenonsmall
simpleprojects.Thenit is very difficult to determine
theendpointof aprocessandto fix thepoint in which
a projecttransitionoccursfrom onephaseto another.
Thus,elementswithin eachphasemaybein different
progressstages.Good configurationmanagementin
termsalsoof traceability, therefore,needsto bemain-
tainedon any project to ensurethat the final codeis
completeandconsistentwith its higherlevel require-
mentsandthatverificationof thefinal codehasbeen

performedcorrectly.
Thereare two significantmilestonesthat are en-

counteredduringaproject.Onemilestoneis certifica-
tion. For modificationsto a certifiedstandardof soft-
warethe full life cycle phaseof testingandverifica-
tion shouldbe compliedwith. In essencethe project
shouldstartagain,from thebeginning,all thephases
arerepeated.Theextent to which all thephaseshave
to be repeatedwill dependupon the time elapsed
sincecertification.Anothermilestoneoccursaround
the end of the project life cycle, betweenthe point
wherethesoftwareis beingusedin flight trialsbut be-
fore certificationhasbeenreached.During this stage
of thelife cycle,new issuesto theprojectspecificdoc-
umentswill berequired.Also, dependingon thesize
of the modifications,someof the review stageswill
needto berepeated.

2.1 Evolutionaryanalysisof thecasestudy
The casestudy consistsof 22 differentsoftware re-
leasesof the software. Figure 2 shows the evolu-
tion of software requirementsamongreleases.The
representationof requirements’changespoints out
threeoutliers,thesearedueto the requirementspol-
icy of allocatingchangesinto releases.In fact most
of the changesareallocatedinto releasesmajor new
ones.Thetrendof modifiedrequirements(i.e.,added,
deletedandchanged)is simply fitted with two poly-
nomialcurvesof differentdegrees.
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Figure2: Trendsof requirementsevolution andiden-
tificationsof outliers.

Thesecurves(Fig. 3) have a regular trendsidenti-
fying two differentrequirementsevolution. The first
one(circle line) followsaslowevolutionrepresenting
amaturitycurve in relationwith therequirementsun-
derstandingof thestakeholders.Thesecondone(up-
triangleline) followsa fastevolutionrepresentingthe
requirementsprocessadoptedin thespecificenviron-
ment, then it is relatedto the businessenvironment
(e.g.,changespolicy, businesstargets,etc.).Accord-
ing to their trendwe call the two type of evolutions
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SlowEvolutionandFast Evolution. The intersection
pointsbetweenthefastandslow evolutionaresuitable
candidates� for control pointsor milestonesof the re-
quirementsprocess.Fromageneralperspectivesthey
representthe intersectionbetweenthe stakeholders’
understandings(slow evolution)andtherequirements
process(fastevolution).
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Figure3: Fastevolution, slow evolution andrequire-
mentsprocesscontrolpoints.

3 PREDICTIVECHANGESANALYSES
Thecasestudyjustifiesnotonly theneedfor devising
evolving requirements,but alsotheneedfor defining
new methodsfor assessingtheimpactandtherisk of
requirementschanges.Theevolvingnatureof require-
mentspointsout theneedfor predictivechangesanal-
yseswhich couldbeusefultoolsfor decisionmaking
duringthesoftwarelife cycle.Therisk andcostof re-
quirementschangesshouldbeformalisedandquanti-
fied in a predictive way basedon requirementsinfor-
mation.Theempiricalinvestigationon thecasestudy
pointsout usefulinformationsuggestingthe ideafor
predictive changesrisk/costanalysesin relationwith
requirementsevolution.Theunderlyingideais based
on informationrelatingtypeof changesandthestruc-
tureof requirements.Thatis, wehypothesisethatdif-
ferentchangesinto requirementscanproducediffer-
ent effectswhich arerelatedto the type of changes,
the software life cycle and the structureof require-
ments.To make clearthis ideain what follows there
is a descriptionof type of changesand structureof
requirements.

Table1 shows the type of changesthat have been
identifiedin thecasestudy. Thechangesfall into three
main classes,namely, General, DomainSpecificand
ProductLine. Thegeneralchangesaredueto there-
quirementsprocessand they could be associatedto
theprocessmaturityandknowledge.Thedomainspe-
cific changesaredueto aspectswhichcharacterisethe
developmentdomain.The product line changesare
dueto needsof thespecificsoftwareproduct.

Any typeof changerequiresamodificationof some
attribute of the requirements.Table 2 shows the at-
tributesof requirementsthatwehave identifiedin the
casestudy. Theattributesidentify aspectsof require-
mentsthat are usually definedinformally, but they
specify useful information for controlling andmon-
itoring requirementschanges.Most of the require-
mentschangesaffect someof the attributes.The at-
tributesviewpoint helpsto evaluatecostof changes,
moreover it definesa generalinitial structurefor re-
quirements.

Theempiricalinvestigationhasidentifiedageneral
framework whichrepresentsabasefor white-boxand
black-boxanalyses.Theunderlyingideais devisinga
black-boxpredictivechangesrisk/costanalysisbased
on to a three-dimensionalspacewith axesin termsof
typeof changes,life cyclephasesandimplementation
of changes(Fig. 4).
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Figure4: A threedimensionalspacein relationwith
requirementsevolution.

A point within this three-dimensionalspacerep-
resentsthe risk/cost of implementingchanges.The
white-box predictive changesrisk/cost analysis is
basedon to the samethree-dimensionalspaceto-
getherwith traceabilityinformationof the process’s
deliverables (e.g., requirementsspecifications,de-
sign document,programmecode, etc.). Experience
shows that the traceabilityinformationis fundamen-
tal for requirementsmanagement.A point within the
three-dimensionalspacerepresentsthe risk/cost of
changingrequirements.Requirementsengineershave
to plan effectively, safely and costly a path within
the three-dimensionalspace.The three-dimensional
spacecouldbethebasefor a“black-box”analysisthat
joined with requirementsattributes and traceability
informationcould be a basefor a “white-box” anal-
ysis. Both analysiscould provide useful supportfor
predictingtherisk/costof changingrequirements.

4 CONCLUSIONSAND FURTHER WORK
Thepapershowsthepreliminaryresultsof investigat-
ing requirementsevolution within anavionicssafety-
critical industrialcasestudy. Theseresultspoint out
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the needfor predictive changesrisk/costanalysesin
relation with requirementsevolution. The empirical
investigation� hasidentified:

� a classification of requirementsevolution in
termsof typeof changes

� a setof outliersin relationwith thepolicy of al-
locatingchangesinto requirements

� two requirements’evolving trends,namelyslow
evolutionandfastevolution,relatingtherequire-
ments evolution with the engineeringprocess
andenvironmentalconstrainsrespectively

� a candidatesetof points for controlling the re-
quirementsprocess

� a roughstructurefor requirementsspecification

� a framework for predictive changesrisk/cost
analysesin termsof type of changes,software
life cycle,implementationof changesandthere-
quirementsstructure.

All theaboveresultssuggestfurtherworksfor

� verifying thehypothesisdescribedin thepaper

� modellingtheframework

� calibratingtheframework.

The resultsof this work definenew directionsin re-
quirementsengineeringfor dealingwith evolving re-
quirements.Thenew perspectivesrepresentastepfor-
ward in requirementsengineering.We know that at
this level the resultshave few impactin practice,but
at leastthey areawarenessfor practitionerswho of-
tenforgetor underratethe long termperspective of a
project.
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A TYPEOFCHANGESAND REQUIREMENTSATTRIBUTES

Table1: Typeof changesidentifiedin thecasestudy

Type of Change Change Description

General

add,delete,modifica-
tion of requirements
explanation

rewording

traceability

Requirementsaremodified due to the specifica-
tion processmaturityandknowledge.
Theparagraphsthatrefertoaspecificrequirement
arechangedfor clarity.
The requirementsitself doesnot change,but it
couldberewrotefor clarity.
Thetracesto otherdeliverablesarechanged.

DomainSpecific

non-compliance

partialcompliance

A requirementthat is not applicablefor a new
software package.This is the casewhen the re-
quirementsspecificationis basedon thatoneof a
previousproject.
A requirementthat is applicablepartially for a
new softwarepackage.This is thecasewhenthe
requirementsspecificationis basedon thatoneof
apreviousproject.

ProductLine

hardware modifica-
tion

rangemodification

add, delete, rename
parameters/variables

Several changesare due to hardware modifica-
tions.This typeof changeappliesusuallyto hard-
waredependentsoftwarerequirements.
The rangeof the variableswithin the scopeof a
specificrequirementsis modified.
The variables/parametersto which a specificre-
quirementreferscanchange.

Table2: Requirementsattributes

Attribute Description
Parameter/Variable Requirementsrefer to specificparametersor variableon

which thestatementis basedon.
Function/Task Requirementsdefinefunctionsor tasks,which have to be

performedby thesystem,thatarestatedinto specification.
Statement Within therequirementsspecificationtherearestatements

to clarify themeaningof specificrequirements.
Track Each Requirementhas tracks to the other project deliv-

erables.Thesetracksidentify parentorigins within docu-
mentsback in the designprocessanddescendentswithin
furtherdocuments(e.g.,designspecificationandsoftware
code).

Dependence Requirementscandependon hardwarecomponents,soft-
warecomponentsandotherrequirementsthemself.There
couldalsobetemporal(in termsof projectstages)depen-
dencies.
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