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Abstract

The needfor more and more dependablesystemshas
beenincreasedn thelastdecadesStrategic decisionsdur-
ing the designof thesedependablesystemsequire thejoint
contmol of the estimateccostandthe productquality. Cost
eficiency and developmenttime becamethe mostimpor-
tant factors of the softwae developmentprocessaccoid-
ing to the internationaltrends. The estimationof the cost
remainsa difficult problemtill yet, despiteof the use of
standad, easyto undestandmodellinglanguages. On the
other hand, no working ervironmentis knownsupporting
the graduallyrefinedcostestimationderivedautomatically
from the formal productmodels. In this paperthe experi-
mentsof a pseudocostestimationare detailedwith a spe-
cial emphasi®n the costestimationdriven systendesign.

1. Introduction

A radicalgrowth in softwarecompleity wasnoticeable

in thefield of informationtechnologyin theformerdecades.

Thesecomplex systemsrequirethe collaborationof large
teamsof programmerswherethe schedulingandcontrol of
their activities arecomplex tasks.

Similarly, while traditionalprojectmanagemennethod-
ologiessupportthe assessmentf the feasibility of a soft-
ware developmentplan in terms of time and humanre-
sourcespnly aminorfractionof methodologiesupporthe
estimationof the procesgelatedcostfactors.

Thecurrentpaper:

e givesa shortoverview on the main principlesof the
model-basedostestimatiormodelsyecapitulatinghe
mainfeaturesf oneof the mostwidely usedcostesti-
mationmodel(COCOMOIlI);

e demonstratethe specialfeaturesf usingcostestima-
tion in designflow aimingat dependablsystems;

e summarizeshe experimentsof usingCOCOMOII in
realsoftwaredevelopmentrojects;

e providesan overview on the weaknes®f the existing
costestimationmethods;

2. Cost estimation

Costestimatezananddo occurat ary pointin the soft-
ware developmentprocess.Already the mostfundamental
androughcostestimatoris usefulfrom thevery first phase
onduringtheentireprojectlife-cycle, asa decisionsupport
to theallocationof resourceso a project.

A varietyof costestimatiormodelswasdevelopedn the
lasttwo decadesincludingcommercialandpublic models
aswell.

All of thesemodelsconsiderseveraltypical projectfac-
torslike the sizeandcompleity of the product,the human
and the technologyrelatedcharacteristicof the environ-
ment, etc. On the basisof a setof real projecttime and
effort log datathey derive an own extrapolationbasedesti-
matorof the costandtime of a project.

However somecost estimationmodelsare not faithful
enoughto deliver properpredictions. The potentialmain
originsof theerrorsin estimationare:

o oversimplified models (neglection of important fac-
tors),

e subjectve parametrizatiorof the model(theinput pa-
rameterdave a verbaldefinitiononly),

o statisticallyinsufficient numberor representatieness
of thebasicdatasetservingfor extrapolation,

o difference betweenthe state-of-theart technologies
andthe costmodel.



2.1. Constructive cost model (COCOMO 11)

A widely usedmodelis the COCOMOII [3] amongthe
existing model-basedtost estimationmethods,which has
a completepublic specificationof its algorithmsandinter-
faces.

The mainformulaof COCOMOII (Eq.1)expresseshe
predictedeffort in the units of Person Months (PM),

17
PM=A- (H EMi) - Size® (1)
i=1

andit’s inputscanbe dividedinto threecateyories(Fig.
1):

¢ 5 scale-dwers,which are specificto the development
processanddeterminethe valueof the exponentB in
themain COCOMOII formula

o 17 effort-multipliers (EM), relatedto the target soft-
wareandto thedevelopmentervironment

o the estimatedSizeof the softwareto be developedin
units of thousandof sourcelines of code(KSLOC).
Thegoalis to measureheamountof intellectualwork
put into programdevelopment,but difficulties arise
whentrying to define consistentmeasuredor differ-
entprogramminganguagesFortunately additionally
to the direct, heuristic estimationof the codelength
the function point (FP) basedpredictioncanbe used,
aswell. FPextrapolategshe codesizefrom thenumber
andcompleity of the productsdesignatedunctional-
ity from the systemrequirementist.

[Size [Scale drivers

Precedentness (PREC)
Development Flexibility (FLEX)
Architecture/Risk Resolution (RESL,
Team Cohesion (TEAM)

Process Maturity (PMAT)

Effort multipliers

Software Reliability (RELY)
Documentation (DOCU)
Database Size (SIZE)

Product Complexity (CPLX)
Required Reusability (RUSE)
Platform Volatility (PVOL)
Execution Time Constraint (TIME)
Main Storage Constraint (STOR)
Personnel Continuity (PCON)
Applications Experience (AEXP)
Analyst Capability (ACAP)
Programmer Capability (PCAP)
Platform Experience (PEXP)
Language and Tool Exp. (LTEX)
Development Schedule (SCED)
Use of Software Tools (TOOL)
Multi-site Development (SITE)

Figure 1. Input parameters in the COCOMO Il
model

The large number of multipliers takes advantage of
the greaterknowledge available in the later development

phasesto supportgraduallyrefinedestimations Eachfac-
tor has an associatedangeof rating levels ("very low”,
"low”, "nominal”, "high”, "very high”, "extra high”). CO-
COMOII assigngo eachqualitative category acorrespond-
ing numericalvalue. Thefirst stepof the costestimationof
a new projectis the quantizationof the factorsinto one of

thesecateyories.

211 Sensitivity

COCOMOII requiresthe estimationof altogether22 pa-
rametervalues. Similarly, asin the control theory where
partial derivatesare usedto characterizeghe sensitvity of
the systemto the changesn the modelparametersye use
a similar approachto predictthe consequencesf a mis-
judgementn this subjective cateyorizationprocess.

Thisway for instancejf we canassumethatcategoriza-
tion errorsareconfinedto plus-minusasinglecategory (e.g.
aparametehasanassignedalueof "Tnominal” mayhave of
the value between’low” and”high”) anuncertaintyrange
canbeestimatedaswell. Thisway thedesignethasanun-
certaintyinterval additionally to the expectedvalue of the
effort.

Fromthepoint of view of the sensitvity of thefinal cost
estimatorto thesefactorsthey canbe classifiedinto three
catgyories:

e scaledrivers

o effort multipliers,which have ascendindunctionplot-
tedagainstheincreasingcateyories

o effort multipliers, which have descendingfunction
plottedagainstheincreasingcategories

1. Toanalyseagivenscalefactor’sinfluenceto theresult
(Fig.2) all theremaininginput parametersverefixed,
andthe value of the analysedractorwaschangecdoe-
tweenthe catagyoriesof 'very low’ and’very high’. It
canbeseerthatthehighertheflexibility of theproject,
thelowerthedevelopmentostis.

Accordingly, the scalefactor processmaturity influ-
encego the most,andtheflexibility influencesto the
leastimportantextent the result of the estimation. It
means,that the miscatgorization of flexibility will

causethe smallestvariancein the resultingvalue of
theeffort estimator

2. Ascending factors are the productand the platform
factors. It means,that increasingthe value of these
factors(e.g. the products reliability) the development
time will increase. The result of the sensitvity test
(by fixed remaininginput parametersganbe seenin
Fig. 3, whereonly the two extremefunctionsarerep-
resented.
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Figure 3. Ascending functions

By ascendindunctionsthe leastsensiblemultiplier is

the RUSE (RequiredReusability),andthe mostsensi-
ble is the CPLX (ProductCompleity). For instance
fixing all the input parameter®f the estimatoron an

arbitraryvalue,andchangingonly the category of the

productscomplexity from the’very high’ to the’extra

high’ will increasethe costby 33%, while changing
in the sameway the reusability the differenceis only

10%.

. The personnelndprojectfactorsare the descending

ones.Increasinghe category of thesefactorsthe esti-

matedeffort of the developmentprocesswill decrease

(Fig. 4).

By descendindunctionstheleastsensiblemultiplier is
the SITE (Multi-site Development) andthe mostsen-
sible is the ACAP (Analyst Capability). Accordingly
with training,andwith improving the analysingcapa-
bility of the developerteamthe costof the develop-
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Figure 4. Descending functions

mentcouldbereducedo oneof the highestdegree.

In this way all the input parametergan be represented
like the function of the chosencategory. On thesecurves
the effect of the modificationof afactors valueon the cal-
culatedcostcanbe obsened, thus defining a rangeof un-
certainty

Accordingly the project managethasthe possibility to
decideaboutthe compositionof his developerteamafter
accountingor the possibleestimateceffort.

3. System planning based on COCOMO |1

COCOMOI!I estimateghe costandthe effort of a soft-
ware developmentprocesswith the scalability of different
parameterslik e reliability, productcompleity, execution
time, etc.

In thefollowing, we illustratethe usefulnes®f the cost
estimationin a stratejic decisionprocessdy a well-known
simpleexample.A systemof anintendechigh reliability is
theobjective of the softwaredevelopmentprocess.

Thereare several waysfor achieving high reliability of
software systemsby using differentlevels of redundanyg.
Two potentialapproacheare:

n-version programming: in which casen differentso-
lutions of the very sameproblemare elaboratedby using
strict designand implementationdiversity Their results
will becomparedy asingleor by multipledistributedvoter
moduleg(Fig. 5).

recovery block (RB): afteracheclermoduledetectsan
error, it rejectsthefaulty results,andthecalculationswill be
restartedoy usingan alternateéimplementatiorof the same
problem(Fig. 6).

Themaindisadwantageof therecoveryblock principleis
thatin the caseof fault, the repeatectalculationsare per
formedsequentiallythusincreasinghe computatiortime.



variantl —

variant2 voter

variant3 —

Figure 5. n-version programming

‘ variantl‘ ‘ variantZ‘ ‘ variant3
I ;
T
v VvV v
checker

Figure 6. recovery block

For simplicity, we assumethat no hardtime limit exist
for theapplicationsandbothsolutionsarefeasible.

Sinceboth of the possibilitiesoffer the samereliability
for the entire system the parameteof the decisioncanbe
the costof theindividual solutions.

3.1. Comparison of n-version programmingand re-
covery blocks

Both the n-versionand the RB will composedof four
modulesof the samesize parametersalso threeworking
variants(becausef the needededundang), with 10.000
SLOC. Additionally the n-versionwill have avoter, andin
turn the RB a checler module,both of them consistingof
2.000SLOC.

Taking into accountthesepeculiaritiesand conditions,
the requireddevelopmentcost was predictedby the CO-
COMOIlI. By thecalculationtheinput Size parametewas
determinedby heuristicway, the effort multipliers, which
differ from avaluenominal,aresummarizedn the Figures
7 and8.

For instancehe productsreliability is lessimportantby
the different variants(that's why their value is nominal),
however the voter module should have a very high relia-
bility becaus®f thedecisionaboutthe correctoutput.

The n-versionprogrammingrequiresthe strictly differ-
entdevelopmenbf thevariantsjncludingtheprogramming
languagethe appliedalgorithms,etc. This way the devel-
operteamshouldhave a more comprehensie knowledge,
whichis notfulfilled in the mostcases.Thereforewe sup-
posethatbothapplicationandprogrammindanguagesxpe-
riencearelow duringthe developmenf thethird module.

Substitutingthe predictedSizeof the modules(10.000

SLOCAhariants, 2.000 SLOC/oter and checler) and the
guantitatve valuesof the given factor categyoriesinto the
main COCOMO formula, the result of the estimationis
156,2PM for n-versionprogramming,and 147,3PM for
therecovery block schemerespectiely.

No referencecanbe foundin regardto the accurayg of
the estimatedefforts in the official COCOMO Il manual
[5]. We testedthe approachby somebenchmarksand by
estimatingsomeglobalmeasuresor the uncertaintyranges
in theform of sensitvity coeficientsto theindividual CO-
COMO model factors. The resultsof theseexperiments
shaw, thatthe differencefrom thereal effort is under10%.

Summarizing this evaluation it coincides with the
well-known fact, that although recovery blocks are
slower (because of the sequential calculationsin case of
fault), this method is cheaper to develop. On the other
hand the order of magnitude of the cost differenceisan
important aspect of the decision.

Althoughthesizeof the codewasdetermineddy heuris-
tics, theratio of the costsof severalsolutionsis determina-
tive.

4. Experiments of using COCOMO |1

After analysingthe modelCOCOMOII, theaim wasto
useit in real environment,throughreal software develop-
mentprojectsin orderto testits portability. Therewasthe
possibilityto accesshe dataof formersoftwareprojectsby
a consultingcompary. Like any otherconsultingcompary
this firm is specializedn therequirement&nalysisandthe
designof thetamgetsystemtheimplementatiorandthetest-
ing phasds nottheirtask.

Effort log datawere available only aboutthe first two
phasesf the development. The partiality of information
onthesoftwaredevelopmendid notresultin ary difficulty,
becausehe COCOMOII modelprovidesresultsaboutthe
phasesandsubphasesf theentireprocessaswell (Fig 9).

Five alreadyfinishedprojectswere selectedor the de-
tailedanalysisandpost-estimationBy all projectsthestart-
ing point of theexperimentwasthefinal versionof the sys-
tem’s requirementist. It meansfor determiningthe sys-
tem’s codesize (input parameternf the estimatormodel)
thefunction point analysis waschosen.

All thefive projectswereof the sameorderof comple-
ity, which meansall of themhave hada very detailedfunc-
tion list in the sametheme,in thedatabasenanagement.

The classificationof the input parametersvas the first
arisingproblem,which wasdoneby the participantsof the
given project. In the COCOMOII modelmanual[5] only
verbaldescriptionshelp the userto decideaboutthe value
of afactor thusno exactcriteria are given for controlling
theunambiguouglassificatiorof theseparameters.
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Figure 7. Effort multipliers for the n-version programming
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Figure 8. Effort multipliers for the recovery blocks

For this reasonthe first main taskwasto do a pseudo-
estimation for the first selectedoroject,to examinewhich
approachs relevantfor the givencompary, like skill level
of thedevelopersavailabledevelopmentools, etc.

After the first heuristicalclassificationand calculation
theresultof the COCOMOII modelwascomparedo the
effort records. The result hasshovn 15% differencebe-
tweenthe estimatedandtherealtime effort.

The next task was to improve the factor quantization
in order to reducethe differencebetweenthe estimation
and the real costs. After covering near enoughthe re-
quired value the adjustedfactor categorieswere storedin
adatabase.

For the next four post-estimations thesefinal parame-
ter valueswere usedas comparisonpoint for determining
thegivenprojectspecificnew factors.Fromthis, theprepa-
rationfor the estimatiorwasmuchmoreeasier afterdeter
miningthesystems sizetheprojectteammember®nly had
to look for the differencesbetweenthe storedandthe new
projectcharacteristics.

According to the experiencesthere were parameters,
which did not changethrough all the analysedprojects.
Thesefactorsare emphasizedvith a grey backgroundin
Fig. 10.

Basicallythesefactorsarethecharacteristicsf eitherthe
developerteamworking permanenthat the givencompary
or the availabletools, infrastructureand appliedmethodol-
ogy duringthe project.

After identifying thesefix, for a giventeamand ervi-
ronmentcontinually valid parametersthe cost estimation
becomesnoresimple.

4.1. Result of the post-estimations

The resultsof the post-estimationgor the five analysed
projectarepresentedn Tablel.

Scale drivers
Precedentness

Effort multipliers
Required Software Reliability

Development Flexibility Documentation
Architecture/Risk Resolution Database Size
Team Cohesion Product Complexity

Process Maturity Required Reusability
Platform Volatility
Execution Time Constraint
Main Storage Constraint
Personnel Continuity
Applications Experience
Analyst Capability
Programmer Capability
Platform Experience
Language and Tool Exp.
Required Develop. Schedule
Use of Software Tools
Multi-site Development

Figure 10. Fix input parameters

The pseudo-estimatearojecthasthelabel’Proj1”, con-
sequentlythedifferencefrom therealeffort is only 2%. It's
noticeablghatin every casetheresulteddifferencefrom the
realdatais under10%.

4.2. Weakness of the experiment

Although the estimatedresultsare extremely good, it
shouldnt be forgottenthat the experimentswere doneun-
der favourableconditions,which have advantageouslyn-
fluencedthefinal result:

o All of thefive projectsweresimilar, bothin the topic
andreal effort. For this reasonafterfinishing thefirst
pseudo-estimatiotiherecalibratiorof theinputparam-
etersdid not meanary difficulty.
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Figure 9. Software development phases by the COCOMO Il model

Projl | Proj2 | Proj3| Proj4 | Proj5
SLOC(source| 5280 | 4000 | 5984 | 10464 | 7072
linesof code)
real effort in | 186 159 | 392 411 282
terms of time
(hours)
estimated 191 | 160 | 358 450 291
effort in
termsof time
(hours)
difference 2% 1% 9% 9% 3%

Table 1. Results of the post-estimations

o During the experimentsonly short-termprojectswere
analysedwherethe classifiedparametergareconstant
for the entire period of the development. However
in long-termprojectshumanfactorsgraduallychange
dueto thelearningcurve.

e Becauseof the post-estimatiorin all casesthe final
andcompleteversionof the systemrequiremens list
was usedby the function point analysis,which did
notcontaintheuncertaintiegharacteristiéor theearly
phases.

5. Conclusions

Modern post-predictiormethodscan help the designer
in his technicaldecisionsaswell. In the field of depend-
ability this methodologycanbe usedto analysesolutional-
ternatvesandmayplay a centralrole in the currenttrendof
constrictingdependablesystemsfrom COTS elementsby
focusingeffort to thecrucial partsof thetargetsystem.

In the frame of an ongoingprojectour future aim is to
fill the gapsin costestimation,by integrating effort pre-
diction with technicaldesignactiities. The designerwill
be supportedn the selectionof the optimal alternatvesfor
implementatiorbothin technicalandeconomicaturns.
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