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ABSTRACT
A novel approachfor modelingandcontrol of the software
testprocessis presented.Theapproachis basedon thecon-
cept of statevariablesand usestechniquesfrom the well-
establishedfield of Automatic Control Theory. An initial
modelof thesoftwaretestphaseis describedandtheresults
of a casestudyanalysisarepresented.

Keywords
Softwareprocess,softwaretesting,modeling,feedbackcon-
trol, statevariable.

1 INTRODUCTION
The software developmentprocess(SDP) has beenmod-
eledandstudiedquiteextensively [2]. As analternative,we
areinvestigatinga strategy basedon FeedbackControlThe-
ory [4]. Our strategy allows comparisonof the outputvari-
ablesof thesoftwareprocesswith oneor more“set-point(s)”
to determinehow theinputsto a processandits internalpa-
rametersshouldberegulatedto producetheresultsrelatedto
schedule,cost,effort, or othersoftwareprocessfactors.

In this work we areconsideringthemodelingandcontrolof
theSoftwareTestProcess(STP).A quantitative(state)model
basedonfirst principlescanbeusedto predictanestimateof
the (remaining)errorsin a softwareproduct,the necessary
time framefor a givenreductionin errors,andstrategiesfor
improving or maintaininganerrorreductionschedulein the
faceof unanticipateddisturbances.Hence,it can be used
to evaluateprojectschedulesandtheallocationof resources
within thetestphase.

Thoughsoftwareprocesscanbe characterizedasa natural
feedbacksystem,the useof control theory to regulatethe
processis not aneasytask. The difficulty is dueto the fact
that softwaredevelopmentis mostly a creative, not a phys-
ical process.Thus,we areunableto determinepreciselyor
predictthebehavior of asoftwaredevelopmentenvironment.�
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Despitethoseproblemswebelievethatit is possibleto define
a modelthatcapturesthedominantbehavior of theSTP.

Wedecidedto usedifferentialequationsto modeleachcom-
ponentacting on the STP. Although it appearsto be diffi-
cult to capturethe behavior of the software processusing
an analyticaland continuousapproach,when the behavior
of elementsactingon theprocessis modeledindependently
this taskbecomesmorereasonable.Theglobalbehavior of
the STPis thencapturedwhenthe componentsactingon it
are combined. The spreaduseof differential equationsto
modelsomany differenttypesof systemscombinedwith the
fact that most of the modelswere developedusing analo-
giesto physicalsystemsandbasedonassumptionssimilar to
ours[4] further justify the approachusedhere. The fact of
usingdifferentialequationsallows theuseof classicalfeed-
backcontrolandbringswith it all theestablishedtheoryde-
velopedin thearea,suchasoptimization,self-compensation,
andsystemidentification[3].

2 TEST PROCESSMODEL
Our focushereis themodelingof thetestphaseusingdiffer-
entialequationsasa first stepin constructinga statemodel.
Using the parameterscharacterizingthe STP[1], we make
theassumptionsthatleadusto thestatevariablemodel.The
assumptionsandtherelatedequationsarepresentedbelow.

Assumption 1: The magnitudeof the rateat which the re-
mainingerrorsaredecreasingis proportionalto the net ap-
plied effort for the testphaseandinverselyproportionalto
thesoftwarecomplexity (
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is thesecondderivativeof r, and ��� is thenetappliedeffort.

Assumption 2: The magnitudeof the effective test effort
is proportionalto theproductof appliedwork forceandthe
numberof remainingerrors, for an appropriated� ( � ��� ������ � ).
Assumption 3: The error reductionresistanceis propor-
tional to the error reductionvelocity and inverselypropor-
tional to theoverallqualityof thetestphase,for anappropri-
ateconstant� ( ��� � ����! � ).
Assumptions2 and3 establishedeffort appliedin ourmodel,
while Assumption1 establishedtheresultantforcebalance.
Hence,combiningtheseassumptionsproducesthe second-
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Theforce 698 representsa disturbanceduringthetestphase,
andfeedbackwill beusedto minimize this disturbanceand
producetheexpectedoutputin theappropriatedtime, if this
taskis feasible.

3 CASE STUDY
The casestudy presentedin this sectionusesdata from a
largecommercialproject[1] underwayat Razorfish,a com-
pany locatedin New York, NY. Razorfishcurrentlyhasan
applicationthat containsaboutfour million linesof codein
COBOL. This applicationis to be transformedinto a func-
tionally equivalentapplicationin SAP/R3. Razorfishis de-
velopinga tool, hereafterreferredto astransformer, to auto-
matethis transformation.Theexercisestartedby computing
the parametersto plug into the model. The parameters� � ,: and ��� werecomputedusingour guidelinesandin accor-
dancewith the project manager. Sincean estimateof the
initial numberof errorswasnot available,datafrom thefirst
weekswereusedto computeit [1].
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Figure1: Behavior of theCOBOLTransformerProject

In Figure1 we canseethe expectedbehavior for the trans-
formerprojectplottedusingthe computedparameters.The
observed behavior divergesfrom the expectedone for the
first 15 weeksof theproject. This divergenceis dueto dis-
turbancespresentduringtheSTPandalternativesto correct
its effect,usingfeedback,arediscussednext.

Our modelpredictsthat it will not be possibleto finish the
projectby theexpecteddeadlineasonecanseewhencom-
paring our approximationwith the expectedcurve. What
changescanbe donein the STPin orderto accomplishthe
deadline? Feedbackwill help us to answerthis question.
By week15 thefractionof errorsdroppedto around67.5%,
and if no changeis made,it will take around35 weeksto

reachthe expectedlevel of error reduction(approximately
14.7%). Supposetheprojectmanagerdesiresto achievethe
sameresultsin only 10 weeks.What “feedback”modifica-
tions are necessary?Our approachpredictsan increaseof
2.5in thework forceor a combinationof changesin � � and: to achievetheprojectgoal[1].

In general,we canconcludethatour modelbehavior is rea-
sonablyaccuratewhenappliedto the COBOL Transformer
project,andthat feedbackcanbe usedto answerquestions
relatedto performanceandcostof the STP. The validation
exerciseusingKnuth’sTEX78 errorlog reportalsoprovided
accurateresults.

4 PROGRESSAND FUTURE WORK
So far, two main initial goalswereachieved. The first one
is thedevelopmentof a secondordermodelfor thesoftware
testphase.Theapproachusedappearsto beadequateto cap-
ture theessentialbehavior of theSTP. Thesecondgoalwas
the analysisof the model using datafrom a large project.
The obtainedresultsarereasonablyaccurateandthe piece-
wise approximationis shown to be a reasonablealternative
to handleenvironmentalchangesin thesoftwaretestprocess.
Two otherimportantachievementsin the work arethe suc-
cessfulapplicationof feedbackcontrol to direct changesin
theprocessandtheuseof control theorytechniquesto esti-
matesomeparametersof themodel.

Regardingfuturework, the modelfor the testphasewill be
expandedto accountfor aspectsthat arenot addressedyet.
Learningandcommunicationsissuesaretwo examples.We
thenplanto useSystemIdentificationtechniquesto provide
a methodologyto calibratethe modelon a per-project/per-
company basis,followedby theanalysisof optimizationis-
sues.
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