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ABSTRACT

A novel approachfor modelingand control of the software
testprocesds presentedThe approaclis basedon the con-
ceptof statevariablesand usestechniquesrom the well-

establishedield of Automatic Control Theory An initial

modelof the softwaretestphasds describecandtheresults
of acasestudyanalysisarepresented.
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1 INTRODUCTION

The software developmentprocess(SDP) has beenmod-
eledandstudiedquite extensiely [2]. As analternatve, we
areinvestigatinga stratgy basedon FeedbaclControl The-
ory [4]. Our stratgy allows comparisorof the outputvari-
ablesof thesoftwareprocessvith oneor more“set-point(s)”
to determinehow theinputsto a processandits internalpa-
rametershouldberegulatedto producetheresultsrelatedto
schedulecost,effort, or othersoftwareprocesgactors.

In this work we areconsideringhe modelingandcontrol of
theSoftwareTestProcesgSTP).A quantitatve (state)model
basednfirst principlescanbeusedto predictanestimateof
the (remaining)errorsin a software product,the necessary
time framefor a givenreductionin errors,andstrateiesfor
improving or maintainingan error reductionschedulén the
faceof unanticipateddisturbances.Hence,it canbe used
to evaluateprojectschedulesndthe allocationof resources
within thetestphase.

Thoughsoftware processcan be characterizeds a natural
feedbacksystem,the use of control theoryto regulatethe
processs not an easytask. The difficulty is dueto thefact
that software developmentis mostly a creatve, not a phys-
ical process.Thus,we areunableto determinepreciselyor
predictthebehaior of a softwaredevelopmenernvironment.
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Despitethoseproblemswe believethatit is possibleto define
amodelthatcapturegshedominantbehaior of the STP

We decidedo usedifferentialequationgo modeleachcom-
ponentacting on the STR Although it appeargo be diffi-
cult to capturethe behavior of the software processusing
an analyticaland continuousapproach when the behaior
of elementsactingon the procesds modeledindependently
this taskbecomesnorereasonableThe global behaior of
the STPis thencapturedwhenthe componentsctingon it
are combined. The spreaduse of differential equationsto
modelsomary differenttypesof systemsombinedwith the
fact that most of the modelswere developedusing analo-
giesto physicalsystemandbasedn assumptionsimilarto
ours[4] further justify the approachusedhere. The fact of
usingdifferentialequationsallows the useof classicalfeed-
backcontrolandbringswith it all the establishedheoryde-
velopedn theareasuchasoptimization,self-compensation,
andsystemidentification[3].

2 TEST PROCESSMODEL

Ourfocushereis themodelingof thetestphaseusingdiffer-
entialequationsasa first stepin constructinga statemodel.
Using the parametergharacterizinghe STP[1], we make
theassumptionshatleadusto the statevariablemodel. The
assumptionandtherelatedequationsarepresentedbelow.

Assumption 1: The magnitudeof the rate at which the re-
maining errorsare decreasings proportionalto the net ap-
plied effort for the testphaseandinverselyproportionalto
the softwarecompleity (¥ = ‘;—“ = e, =T s.), wheref
is thesecondderivative of r, ande,, is thenetappliedeffort.

Assumption 2: The magnitudeof the effective test effort
is proportionalto the productof appliedwork force andthe
numberof remainingerrors, for an appropriated, (e.; =
Cwyrr).

Assumption 3: The error reduction resistanceas propor
tional to the error reductionvelocity and inversely propor
tionalto the overallquality of thetestphasefor anappropri-
ateconstant (e, = ¢ % 7).

Assumption® and3 establishe@ffort appliedin ourmodel,
while Assumptionl establishedhe resultantforce balance.
Hence,combiningtheseassumptionproducegshe second-



order differential equation—¢ wy r —§ % ¥ = 8 f.
Basedon the equationspresentedibove, we candefinethe
following statemodel:

7 0 1

Theforce F; representa disturbanceluringthetestphase,
andfeedbackwill be usedto minimize this disturbanceand
producethe expectedoutputin the appropriatedime, if this
taskis feasible.

3 CASE STUDY

The casestudy presentedn this sectionusesdatafrom a
large commercialproject[1] undervay at Razorfisha com-
pary locatedin New York, NY. Razorfishcurrently hasan
applicationthat containsaboutfour million linesof codein
COBOL. This applicationis to be transformednto a func-
tionally equivalentapplicationin SAP/R3. Razorfishis de-
velopingatool, hereaftereferredto astransformerto auto-
matethis transformationThe exercisestartedoy computing
the parametergo plug into the model. The parameters..,
~ andw; werecomputedusingour guidelinesandin accor
dancewith the projectmanager Sincean estimateof the
initial numberof errorswasnot available,datafrom the first
weekswereusedto computeit [1].
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Figurel: Behavior of the COBOL TransformeiProject

In Figure 1 we canseethe expectedbehaior for the trans-
former projectplotted usingthe computedparametersThe
obsened behaior divergesfrom the expectedone for the
first 15 weeksof the project. This divergenceis dueto dis-
turbancegpresenduringthe STPandalternatvesto correct
its effect, usingfeedbackarediscusseahext.

Our modelpredictsthatit will not be possibleto finish the
projectby the expecteddeadlineasonecanseewhencom-
paring our approximationwith the expectedcurve. What
changesanbe donein the STPin orderto accomplishthe
deadline? Feedbackwill help us to answerthis question.
By week15 thefraction of errorsdroppedto around67.5%,
andif no changeis made,it will take around35 weeksto

reachthe expectedlevel of error reduction(approximately
14.7%). Supposehe projectmanagedesiredo achieve the

sameresultsin only 10 weeks. What “feedback” modifica-
tions are necessary?0ur approachpredictsan increaseof

2.5in thework force or acombinationof changesn w; and
~ to achieve the projectgoal[1].

In generalwe canconcludethat our modelbehavior is rea-

sonablyaccuratevhenappliedto the COBOL Transformer
project,andthat feedbackcanbe usedto answerguestions
relatedto performanceand costof the STP The validation

exerciseusingKnuth's TeX78 errorlog reportalsoprovided

accurateesults.

4 PROGRESSAND FUTURE WORK

Sofar, two maininitial goalswereachieved. The first one
is the developmeniof a secondordermodelfor the software
testphase Theapproactusedappears$o beadequatéo cap-
ture the essentiabehaiior of the STR. The secondyoalwas
the analysisof the model using datafrom a large project.
The obtainedresultsarereasonablyaccurateandthe piece-
wise approximationis shavn to be a reasonablealternatve
to handleernvironmentakhangeén thesoftwaretestprocess.
Two otherimportantachievementsin the work arethe suc-
cessfulapplicationof feedbackcontrolto direct changesn
the processandthe useof controltheorytechniquego esti-
matesomeparametersf themodel.

Regardingfuture work, the modelfor thetestphasewill be
expandedto accountfor aspectghat are not addresseget.
Learningandcommunicationsssuesaretwo examples.We
thenplanto useSystemldentificationtechniquego provide
a methodologyto calibratethe modelon a perproject/pes
compaly basis,followed by the analysisof optimizationis-
sues.
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