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Abstract

In the pastdecade a scientificcommunityhasemepged
around the notion of “A utomatedSoftwae Engineering”.
This communityhas madeseveral advancesn two kinds
of challenges: the compl«ity of processingsoftwae engi-
neeringinformation,andthedifficultyto captureknowledg
aboutsoftwae. Thispositionpaperfirstrecallsthesechal-
lenges. It thendescribeshow thesechallengesinfluenced
thedesignof the TOBIAStestgenemtiontool.

1 Challenges of ASE research

AutomatedSoftware Engineeringtries to develop soft-
ware tools that help in the software developmentactivi-
ties. Suchtools startfrom digital information andtry to
produceotherdigital informationfor the softwareengineer
Most of thetime, this digital informationis a structuredor
a formal document. Structuredor formal documentsn-
clude: sourcecode, tests, formal specificationsbut also
semi-formalspecificationge.g. UML diagrams)or struc-
tureddocumentge.g. XML documents).At longerterm,
researchwork on naturallanguagerecognition(both spo-
kenandwritten) may increasehe spectrunof potentialin-
putdocuments.
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Figure 1. Structure of an ASE tool

Thefirst challengdacedby ASE tool designerss to de-
sign efficient and powerful tools. This is not a trivial task,
andit is confrontedto fundamentaproblems.

e The compleity of the input documents:real-life ap-
plicationsusuallyinvolve thousand®r millions of ar
tifacts (lines of code, diagramselements,...). This

compleity is inheritedby the toolsthatprocesshese
artifacts,andit requiresoptimisationsevenin the case
of linearalgorithms.

e Many algorithmsin this field have a non-linearcom-
plexity. They mustfacethechallengeof combinatorial
explosion(e.g.in model-checkindechniques).

e In mary other cases,the input documentsuse lan-
guageswvhoseexpressvenessnmakesprocessingctiv-
ities undecidablge.g. theoremproving on first order
predicatdogic).

Thesethree fundamentalproblemsare at the heart of
ASE research,and significantadvanceshave beenmade
in eachof thesefields. One of the main results of the
ASE communitywasthe identificationof domainspecific
knowledgewhich helpsfacethesecompleity and decid-
ability problems.By accumulatindknowledgeaboutaclass
of problemsiit is possibleto designdomainspecifictools,
or tools which usea domainknowledgebase. Suchtools
exploit the domaininformationto narrown their searchfor
solutionsandcorvergemorerapidly.

This introducesa secondchallenge: how do you cap-
turedomainknowledgeandotherrelevantinformation. Al-
thoughmucheffort hasbeendonein orderto educatesoft-
ware engineersto the virtues of specificationand docu-
mentation,mary software developmentactivities still cor
respondto CMM level 1. Approacheso software engi-
neeringlike ExtremeProgrammingeven try to reducethe
productionof documentgo a minimum, taking for granted
that software engineersonly like to write code! Also the
widespreadiseof computettechnologyhasturnedmillions
of peopleinto amateursoftware engineersyith poor edu-
cationin softwaredevelopmentechniques.

Two kindsof answerdave beenproposedo this second
challenge.

e Thefirstansweiis to provide usefulandefficienttools.
It is importantthattools bring somebenefitsand are



applicableto real-sizesoftware. Benefitscan be of
two kinds: eitheranimprovementin productvity, or
a speed-upf the processpor improvementin quality.
If any of thesefactors(productvity, time, quality) is
a critical factorfor a compaly, it will motivateefforts
to adoptthe new technology The capabilitiesof soft-
ware engineerdo adaptthemselesandtheir process
to new technologyshouldnotbeunderestimatedSoft-
wareengineersare confrontedto a constantvolution
of targettechnologiegprogramminganguageshard-
wareandsoftwareplatforms).They have the ability to
learnnew specificationanguagesf they perceve the
inducedbenefits.

e Thesecondnswelisto designformalismsor toolsthat
areeasyto usefor the softwareengineer Much work
hasbeendonein trying to designgraphicaformalisms,
supportecby GUI tools. This approachwassuccess-
ful in several projects. For example,the AMPHION
project usesa graphicalrelationallanguageas input
thatwasusedwith succesdy expertsin astrophysics
to formalizetheir problems.

e Thethird answeis theintegrationof thetool in thede-
velopmentprocessMany novel approachearebased
on new actiities and new notations. They requirea
revolution in the way softwareis developed. In most
casesa compalty cannotafford sucha revolution be-
causdt notonly requiresto educatets engineershut
alsoto deeplyreomganisethe compaly itself or its pro-
cessegandhencdoosesomematurityduringatransi-
tion period).

Olviously, the costof integrating new techniqueswill
be comparedo the expectedbenefits. From there,several
approachesan be adoptedby ASE tool designers:some
will try to maximizethe benefitsof their tools, whatever be
thecost,otherswill developmoremodestoolswhich bring
lessbenefitsatalower cost.

Thesechallengesrenotnew andthey have alreadybeen
reportedin various studiesrelatedto ASE, software en-
gineeringor formal methods. The rest of this paperwill
presenthe TOBIAS tool* , aimedat thegeneratiorof large
testsuitesand will discusshow thesechallengesare taken
into accounty thetool.

2 TOBIAS

TOBIAS is a tool for the automaticgenerationof test
casedrom a giventestpattern.Writing testcasess a very
tediousandrepetitve task,especiallywhenwe needalarge
setof testcases. This is where TOBIAS helpsproducea

1TOBIAS hasbeendevelopedwithin the COTE projectof the french
nationalnetwork in softwaretechnology(RNTL).
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Figure 2. Challeng es of ASE research

large setof similar testcases.We have experimentedhat
mary testcasedeaturethesamesequencef operationgut
with differentparametewvalues[1]. Othersequencesay
alsodiffer by exchangingan operatiorwith a similarone.

TOBIAS allows the userto definea setof relevantval-
uesfor eachoperationparameteor to identify setsof sim-
ilar operationdnamed‘groups” in TOBIAS). Theseform
the basisfor the definition of test patterns(named“test
schemas'’in TOBIAS). A testschemais a boundedregu-
lar expressionover operationsand groups. Testschemas
arethenunfoldedby TOBIAS into alargesetof testcases.

We expectthat TOBIAS will helptestengineerggener
atemoretestscasesandin a moresystematiavay for about
thesameeffort than“manually” writtentestcasesGenerat-
ing moretestsmay increasehe confidencen thetestsuite.
Generatinghesemoresystematicallywill helpcover more
behaioursof the systemjncludingsituationshatcouldbe
overlooked or forgottenby the testengineer So we may
reasonablyxpectthatTOBIAS increaseshe chanceof de-
tectingerrors.

In arecentexperiment3], we generatec largetestsuite
(4320testcases)ynd comparedt to a manuallyproduced
testsuite(45 testcases)Our experimentshovedthat



e Thetestsuitegeneratedy TOBIAS discoversmoreer-
rors thanthe manualtestsuite.It alsoexercisedsome
known errorsin several different ways, making the
testsuitemore robust towardsevolutions of the spec-
ification.

e Writing TOBIAS testschemasequiresa similar effort
thanwriting thesmallmanualtestsuite.

2.1 Principlesof TOBIAS

T

/N

Capture
information

Class

Test schemas 5
signatures

TOBIAS

Test Data/
Test cases/
Test purposes

Figure 3. Basic view of TOBIAS

TOBIAS takestwo inputs(Fig. 3):

o the signaturesof the classef the applicationunder
test

e atestschema

and producessequencesf methodcalls which canbe
usedastestdata,testcaseqif anoracleis available)or test
purposesuchastheonesrequiredasinputof the TGV tool
[2].

For example,let us considera simpleclass‘IntegerSet”
with two methods:*add(v:int)” and“remove(v:int)”. Start-
ing from this signatureandthefollowing testschema:

add(x)"1..3;remove(y)"0..2

where
x : {0,1,2,3}
y : {0,1,2}

TOBIAS will generateall sequencesvhich featureone
to threecallsto “add” with values0 to 3, followed by zero
to two calls to “remove” with valuesO to 2. In total, this

schemageneratesl092 different sequenceg(4 + 4*4 +
4*4*4) * (1 + 3 + 3*3)). Fig. 4 shovs someof the gen-
eratedsequences.

1: add(0)

2: add(1)

3: add(2)

4: add(3)

5: add(0); add(0)

6: add(0); add(l); add(2)

7. add(2); add(l); add(0)

8: add(0); remove(0)

9: add(0); remove(0); remove(0)

10: add(1); remove(0)

11: add(0); add(l); add(2);
remove(0); remove(1)

Figure 4. Some test cases generated by TO-
BIAS

They correspondo classicatestcasedik e addingor re-
moving severalelementsbut alsoaddingor removing twice
the sameelement,or trying to remove an absentelement.
Actually, in orderto turn the outputof TOBIAS into test
casesyou needanoraclewhichwill evaluatethe effectsof
methodcallsanddeliveraverdict.

The testschema4 lines) specifiesthis large setof test
casesand TOBIAS helpsthe software testerto construct
this testsuiteat a lower costthanmanualproductionof the
testcases. This simple exampleshavs how testschemas
generateestcaseshy iterating over parametervaluesand
the numberof successie calls to the samemethod. TO-
BIAS also allows to iterateover a set of instancesof the
classor over a setof methods.

TOBIAS is atool thatamplifiesthe work of the testde-
signer Thetool is basedon a simpleidea: to exploit sim-
ilarities betweentest casesin orderto specify theseby a
generatie pattern.In the next sectionswe will seehow it
addressethechallenge®f ASE.

3 Tobiasand complexity

Unfoldinga TOBIAS testschemas notintrinsically dif-
ficult, but the outputis subjectto combinatorialexplosion:
thetool generatea largenumberof testcasesandit is pre-
ciselythepurposeof thetool. Having alargenumberof sys-
tematicallygeneratedest caseshelpsfinding more errors
becausét exercisegdhecombinatoriacomplexity of theap-
plication. Still, thetestsuitemay not bearbitrarily large be-
causeits executionmay require untractableresourcedor
minor additionalbenefits. Therefore the challengeof TO-
BIAS usersis to producean optimal numberof testcases.



Tothisend,it is necessarjo seleciasubsebf thegenerated
testsuite.Two kindsof testcasesshouldbeeliminatedfrom
thetestsuite:

e redundantestcases:

e non-conformestcases.

For example,in Fig. 4, testcasesl,2,3and4 areredun-
dant,becauseahey correspondo adda singleelementand
theresultof the testshouldnot beinfluencedby the actual
valueof the parameterSimilarly, testcases and7 arealso
redundant. Testcases9 and 10 could correspondo non-
conformtestcasesdf the pre-conditionof remove requires
thatthe elementhatis removedis anelementof theset.

T

/\

Capture
information

Test schem%

TOBIAS

Additional
knowledge
(UML diagrams,
pre/post conditions,

)

Class
signatures

Test Data/
Test cases/
Test purposes

Figure 5. Providing more information to TO-
BIAS

In orderto detectredundang andnon-conformancead-
ditional informationmustbe providedto thetool (Fig. 5).
Thisinformationcantake two forms.

e SeveralspecificatiordocumentgUML diagramsstate
machines pre-/post-conditions,.) can be exploited
in orderto detectandeliminatenon-conforntestcases.
This processcan becomedifficult if thesespecifica-
tions are complex or written at a very high level of
abstraction. They may requirethe useof verification
techniquesvith theirusualcost. Still, if thetesterdoes
notneedo detectevery non-conforntestcase hemay
usesimplerinformation or lessexpensie algorithms

which will detectsomekinds of non-conformances.

For example, TOBIAS will soontake into accountthe
relationsof the UML classdiagramin orderto detect

testcaseshatfeaturenon-conforrcommunicatiorbe-
tweeninstances. This kind of verificationis quite
elementarybut may leadto the elimination of a sig-
nificant numberof non-conformtest cases. We are
alsoworking on the integration of TOBIAS with the
CASTING tool [4] whichtakesinto accountpre-/post-
conditionsanda statetransitiondiagramto detectnon-
conformanttestcases.Here,thetool involvesa more
complex computationusingconstrainiogic program-
mingtechniques.

e Thelanguagefor expressingtestschemasanbe ex-
tendedto allow the test engineerto provide a finer
descriptionof the testschemaandto expresstesthy-
pothesesFor example,in the IntegerSetclass,values
of integersarenot significant. This equivalencecanbe
provided asatesthypothesisandusedby TOBIAS to
avoid redundantestcases.Currently we are experi-
mentingan extensionof the languagethat allows the
testengineeto specifyconstrainton thevaluesof the
parametersisedin atestcase. For example,the user
canexpresghatthez; parameterarepairwisedistinct,
whichwould eliminatetestcaseb.

To summarizeahispoint, TOBIAS is exposedo thecom-
binatorialcomplexity of the generatedestsuite.This com-
plexity is intrinsic to the tool becauseve wanteda tool
that would systematicallytest combinationsof valuesand
methodcalls. Still, it hasto be controlled becausetoo
large testsuitesmay require untractableresourceswvithout
providing additionalbenefits.Thereforeseveraltechniques
are usedto generatemore pertinenttest cases,but these
techniguesequireadditionaldomaininformationaboutthe
testsor aboutthe application.As for mary ASE tools, mas-
tering the compleity requiresadditional domain knowl-
edge. In the next section,we will seehow this knowledge
is capturedn thecontext of TOBIAS.

4 Capturing knowledge for TOBIAS

Fig. 3 shavs that TOBIAS requirestwo kinds of inputs:
atestschemandsignature®f theclassesln mary applica-
tions, thesesignatureganbe extractedeitherfrom thecode
of theapplicationundertest,or from its UML specification.
The currentversionof TOBIAS is basedbnthe UML class
diagrambecausehe tool wasdevelopedin a projectwhere
theavailability of suchdocumentss takenfor granted.Very
soon,we planto allow thisextractionfrom Jasasourcecode
also(Fig. 6).

If signaturesareextractedfrom existing UML specifica-
tions or from Java sourcecode, TOBIAS can be usedby

2Actually, atestschemaallows to specifynot only the methodinvoked
but alsotheinstancewhich will activate the methodcall, andtheinstance
whichwill procesghecall.
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Figure 6. TOBIAS with additional knowledg e

simply providing atestschema.The exampleof Sect. 2.1
shaws that testschemasre expressedn a few lines. The
currentversionof TOBIAS alsoprovidesa graphicaluser
interfaceto help the userdefinea testschema.For exam-
ple,theinterfacepromptstheuserfor valuesof theparame-
ters,or for namesof theinstancesvhich will executethese
methods.It mustbe notedthatthe testschemaencourages
the userto provide specificinformation aboutthe applica-
tion undertest. For example,the choiceof valuesfor the
methodparameter$orcesthe userto analysewhich values
are of interest;the quality of the information provided by
theuserhasa directeffect on the quality of thetestsuite.
TOBIAS hasbeendesignedo allow a new userto start
usingthetool at low cost. Startingfrom an existing class
diagram theuseronly hasto provide afirst testschemaHe
will immediatelygeta first large sequencef methodcalls.
We expectthatthe userwill thentry to refinethis sequence
eitherby usingthe extensionsof the schemdanguagde.g.
constraints)pr by providing more informationto the tool
aboutconformancedssues. This conformancenformation
is actuallya specificatiorof the applicationundertest. The
plannedextensionsof the tool will try to exploit existing
UML diagramsof theapplicationundertest(classdiagram,
statetransitiondiagram,OCL pre/post-conditions)if such
specificationglon't exist, we hopethatthe benefitsof pro-
ducing more pertinentand conformanttest suiteswill en-
couragethe softwareengineetto specifypartsof the appli-
cation. Again, we plan that the tool will be ableto bring
small but usefulresultsfrom simple elementsof the speci-
fication (e.g. therelationsin the classdiagram),and more

preciseandcompleteresultsfrom detailedspecifications.

Anotherway to encouragéheuserto provide suchspec-
ificationsis to integrateTOBIAS with othertestgeneration
tools which are basedon the samekinds of diagrams. In
the COTE project, TOBIAS will be combinedwith UM-
LAUT/TGV andCASTING,whichbothexploit elementof
UML specifications.Specificationspreferablyexecutable
onescanalsobe usedasa basisfor thetestoracle,in order
to turn sequencesf methodcallsinto realtestcases.

In summaryour approachs to provide thefirst benefits
atthesinglecostof expressingestschemasilt exploitsthe
availability of severaldocumentgsourcecode,UML spec-
ifications), and henceshould be easierto integratein the
compalry process.Then,it encouragethe evolution of the
processeby deliveringnew benefitfor additionalelements
of specification.

5 Conclusion

This paperhasshovn how the TOBIAS testgenerator
triesto facetwo of the major challengeof eachASE tool:
compl«ity and information acquisition. Our approachis
to startwith simplesolutionsthatfit into standardsoftware
developmentprocesses.Then we intend to graduallyin-
corporatemore refined processingoasedon more precise
information.
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