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Abstract

In the pastdecade, a scientificcommunityhasemerged
around the notion of “A utomatedSoftware Engineering”.
This communityhas madeseveral advancesin two kinds
of challenges: the complexity of processingsoftware engi-
neeringinformation,andthedifficultyto captureknowledge
aboutsoftware. Thispositionpaperfirst recallsthesechal-
lenges. It thendescribeshow thesechallengesinfluenced
thedesignof theTOBIAStestgeneration tool.

1 Challenges of ASE research

AutomatedSoftwareEngineeringtries to develop soft-
ware tools that help in the software developmentactivi-
ties. Suchtools start from digital information and try to
produceotherdigital informationfor thesoftwareengineer.
Most of thetime, this digital informationis a structuredor
a formal document. Structuredor formal documentsin-
clude: sourcecode, tests,formal specifications,but also
semi-formalspecifications(e.g. UML diagrams)or struc-
tureddocuments(e.g. XML documents).At longerterm,
researchwork on naturallanguagerecognition(both spo-
kenandwritten) mayincreasethespectrumof potentialin-
putdocuments.
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Figure 1. Structure of an ASE tool

Thefirst challengefacedby ASE tool designersis to de-
signefficient andpowerful tools. This is not a trivial task,
andit is confrontedto fundamentalproblems.
� The complexity of the input documents:real-life ap-

plicationsusuallyinvolve thousandsor millions of ar-
tifacts(lines of code,diagramselements,. . . ). This

complexity is inheritedby thetools thatprocessthese
artifacts,andit requiresoptimisationsevenin thecase
of linearalgorithms.

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

� In many other cases,the input documentsuse lan-
guageswhoseexpressivenessmakesprocessingactiv-
ities undecidable(e.g. theoremproving on first order
predicatelogic).

Thesethree fundamentalproblemsare at the heart of
ASE research,and significant advanceshave beenmade
in eachof thesefields. One of the main resultsof the
ASE communitywasthe identificationof domainspecific
knowledgewhich helpsfacethesecomplexity and decid-
ability problems.By accumulatingknowledgeaboutaclass
of problems,it is possibleto designdomainspecifictools,
or tools which usea domainknowledgebase. Suchtools
exploit the domaininformation to narrow their searchfor
solutionsandconvergemorerapidly.

This introducesa secondchallenge:how do you cap-
turedomainknowledgeandotherrelevantinformation.Al-
thoughmucheffort hasbeendonein orderto educatesoft-
ware engineersto the virtues of specificationand docu-
mentation,many softwaredevelopmentactivities still cor-
respondto CMM level 1. Approachesto software engi-
neeringlike ExtremeProgrammingeven try to reducethe
productionof documentsto a minimum,takingfor granted
that softwareengineersonly like to write code! Also the
widespreaduseof computertechnologyhasturnedmillions
of peopleinto amateursoftwareengineers,with poor edu-
cationin softwaredevelopmenttechniques.

Two kindsof answershavebeenproposedto thissecond
challenge.

� Thefirst answeris to provideusefulandefficienttools.
It is importantthat tools bring somebenefitsandare



applicableto real-sizesoftware. Benefitscan be of
two kinds: eitheran improvementin productivity, or
a speed-upof the process,or improvementin quality.
If any of thesefactors(productivity, time, quality) is
a critical factorfor a company, it will motivateefforts
to adoptthenew technology. Thecapabilitiesof soft-
wareengineersto adaptthemselvesandtheir process
to new technologyshouldnotbeunderestimated.Soft-
wareengineersareconfrontedto a constantevolution
of target technologies(programminglanguages,hard-
wareandsoftwareplatforms).They havetheability to
learnnew specificationlanguagesif they perceive the
inducedbenefits.

� Thesecondansweris to designformalismsor toolsthat
areeasyto usefor thesoftwareengineer. Much work
hasbeendonein trying to designgraphicalformalisms,
supportedby GUI tools. This approachwassuccess-
ful in several projects. For example,the AMPHION
project usesa graphicalrelational languageas input
thatwasusedwith successby expertsin astrophysics
to formalizetheir problems.

� Thethird answeris theintegrationof thetool in thede-
velopmentprocess.Many novel approachesarebased
on new activities andnew notations. They requirea
revolution in the way softwareis developed. In most
cases,a company cannotafford sucha revolution be-
causeit not only requiresto educateits engineers,but
alsoto deeplyreorganisethecompany itself or its pro-
cesses(andhenceloosesomematurityduringatransi-
tion period).

Obviously, the cost of integrating new techniqueswill
be comparedto the expectedbenefits.From there,several
approachescan be adoptedby ASE tool designers:some
will try to maximizethebenefitsof their tools,whateverbe
thecost,otherswill developmoremodesttoolswhichbring
lessbenefitsat a lowercost.

Thesechallengesarenotnew andthey havealreadybeen
reportedin various studiesrelatedto ASE, software en-
gineeringor formal methods. The rest of this paperwill
presenttheTOBIAS tool1 , aimedat thegenerationof large
testsuitesandwill discusshow thesechallengesare taken
into accountby thetool.

2 TOBIAS

TOBIAS is a tool for the automaticgenerationof test
casesfrom a giventestpattern.Writing testcasesis a very
tediousandrepetitivetask,especiallywhenweneeda large
setof test cases.This is whereTOBIAS 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 experimentedthat
many testcasesfeaturethesamesequenceof operationsbut
with differentparametervalues[1]. Othersequencesmay
alsodiffer by exchanginganoperationwith a similarone.

TOBIAS allows the userto definea setof relevant val-
uesfor eachoperationparameteror to identify setsof sim-
ilar operations(named“groups” in TOBIAS). Theseform
the basis for the definition of test patterns(named“test
schemas”in TOBIAS). A test schemais a boundedregu-
lar expressionover operationsand groups. Test schemas
arethenunfoldedby TOBIAS into a largesetof testcases.

We expectthatTOBIAS will help testengineersgener-
atemoretestscasesandin amoresystematicway for about
thesameeffort than“manually” writtentestcases.Generat-
ing moretestsmayincreasetheconfidencein thetestsuite.
Generatingthesemoresystematicallywill helpcover more
behavioursof thesystem,includingsituationsthatcouldbe
overlooked or forgottenby the test engineer. So we may
reasonablyexpectthatTOBIAS increasesthechanceof de-
tectingerrors.

In arecentexperiment[3], wegeneratedalargetestsuite
(4320testcases)andcomparedit to a manuallyproduced
testsuite(45 testcases).Our experimentshowedthat



� Thetestsuitegeneratedby TOBIAS discoversmoreer-
rors thanthe manualtestsuite.It alsoexercisedsome
known errors in several different ways, making the
testsuitemore robust towardsevolutionsof the spec-
ification.

� Writing TOBIAS testschemasrequiresasimilareffort
thanwriting thesmallmanualtestsuite.

2.1 Principles of TOBIAS
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Figure 3. Basic view of TOBIAS

TOBIAS takestwo inputs(Fig. 3):

� the signaturesof the classesof the applicationunder
test

� a testschema

and producessequencesof methodcalls which can be
usedastestdata,testcases(if anoracleis available)or test
purposessuchastheonesrequiredasinputof theTGV tool
[2].

For example,let usconsidera simpleclass“IntegerSet”
with two methods:“add(v:int)” and“remove(v:int)”. Start-
ing from thissignatureandthefollowing testschema:

add(x)ˆ1..3;remove(y)ˆ0..2
where
x : {0,1,2,3}
y : {0,1,2}

TOBIAS will generateall sequenceswhich featureone
to threecalls to “add” with values0 to 3, followedby zero
to two calls to “remove” with values0 to 2. In total, this

schemagenerates1092 different sequences((4 + 4*4 +
4*4*4) * (1 + 3 + 3*3)). Fig. 4 shows 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(1); add(2)
7: add(2); add(1); add(0)
8: add(0); remove(0)
9: add(0); remove(0); remove(0)
10: add(1); remove(0)
11: add(0); add(1); add(2);

remove(0); remove(1)

Figure 4. Some test cases generated by TO-
BIAS

They correspondto classicaltestcaseslike addingor re-
moving severalelements,but alsoaddingor removing twice
the sameelement,or trying to remove an absentelement.
Actually, in order to turn the outputof TOBIAS into test
cases,you needanoraclewhich will evaluatetheeffectsof
methodcallsanddelivera verdict.

The testschema(4 lines) specifiesthis large setof test
cases,andTOBIAS helpsthe software testerto construct
this testsuiteat a lower costthanmanualproductionof the
test cases.This simple exampleshows how test schemas
generatetestcasesby iteratingover parametervaluesand
the numberof successive calls to the samemethod. TO-
BIAS also allows to iterateover a set of instancesof the
classor overasetof methods.

TOBIAS is a tool thatamplifiesthework of thetestde-
signer. The tool is basedon a simpleidea: to exploit sim-
ilarities betweentest casesin order to specify theseby a
generative pattern.In thenext sections,we will seehow it
addressesthechallengesof ASE.

3 Tobias and complexity

UnfoldingaTOBIAS testschemais not intrinsicallydif-
ficult, but theoutputis subjectto combinatorialexplosion:
thetool generatesa largenumberof testcases,andit is pre-
ciselythepurposeof thetool. Having alargenumberof sys-
tematicallygeneratedtest caseshelpsfinding more errors
becauseit exercisesthecombinatorialcomplexity of theap-
plication.Still, thetestsuitemaynot bearbitrarily largebe-
causeits executionmay requireuntractableresourcesfor
minor additionalbenefits.Therefore,thechallengeof TO-
BIAS usersis to producean optimalnumberof testcases.



To thisend,it is necessaryto selectasubsetof thegenerated
testsuite.Two kindsof testcasesshouldbeeliminatedfrom
thetestsuite:

� redundanttestcases:

� non-conformtestcases.

For example,in Fig. 4, testcases1,2,3and4 areredun-
dant,becausethey correspondto adda singleelementand
theresultof the testshouldnot be influencedby theactual
valueof theparameter. Similarly, testcases6 and7 arealso
redundant.Testcases9 and10 could correspondto non-
conformtestcasesif the pre-conditionof remove requires
thattheelementthatis removedis anelementof theset.
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Figure 5. Providing more inf ormation to TO-
BIAS

In orderto detectredundancy andnon-conformance,ad-
ditional informationmustbe providedto the tool (Fig. 5).
This informationcantake two forms.

� Severalspecificationdocuments(UML diagrams,state
machines,pre-/post-conditions,.. . ) can be exploited
in ordertodetectandeliminatenon-conformtestcases.
This processcan becomedifficult if thesespecifica-
tions are complex or written at a very high level of
abstraction.They may requirethe useof verification
techniqueswith theirusualcost.Still, if thetesterdoes
notneedto detecteverynon-conformtestcase,hemay
usesimpler informationor lessexpensive algorithms
which will detectsomekinds of non-conformances.
For example,TOBIAS will soontake into accountthe
relationsof theUML classdiagramin orderto detect

testcasesthatfeaturenon-conformcommunicationbe-
tweeninstances2. This kind of verification is quite
elementarybut may lead to the eliminationof a sig-
nificant numberof non-conformtest cases. We are
alsoworking on the integrationof TOBIAS with the
CASTINGtool [4] which takesinto accountpre-/post-
conditionsandastatetransitiondiagramto detectnon-
conformanttestcases.Here,the tool involvesa more
complex computation,usingconstraintlogic program-
ming techniques.

� The languagefor expressingtestschemascanbe ex-
tendedto allow the test engineerto provide a finer
descriptionof the testschemaandto expresstesthy-
potheses.For example,in theIntegerSetclass,values
of integersarenotsignificant.Thisequivalencecanbe
providedasa testhypothesisandusedby TOBIAS to
avoid redundanttestcases.Currently, we areexperi-
mentingan extensionof the languagethat allows the
testengineerto specifyconstraintsonthevaluesof the
parametersusedin a testcase.For example,the user
canexpressthatthe ��� parametersarepairwisedistinct,
which wouldeliminatetestcase5.

To summarizethispoint,TOBIAS is exposedto thecom-
binatorialcomplexity of thegeneratedtestsuite.This com-
plexity is intrinsic to the tool becausewe wanteda tool
that would systematicallytestcombinationsof valuesand
methodcalls. Still, it has to be controlled becausetoo
large testsuitesmay requireuntractableresourceswithout
providing additionalbenefits.Thereforeseveral techniques
are usedto generatemore pertinenttest cases,but these
techniquesrequireadditionaldomaininformationaboutthe
testsor abouttheapplication.As for many ASEtools,mas-
tering the complexity requiresadditional domain knowl-
edge. In the next section,we will seehow this knowledge
is capturedin thecontext of TOBIAS.

4 Capturing knowledge for TOBIAS

Fig. 3 shows thatTOBIAS requirestwo kindsof inputs:
atestschemaandsignaturesof theclasses.In many applica-
tions,thesesignaturescanbeextractedeitherfrom thecode
of theapplicationundertest,or from its UML specification.
Thecurrentversionof TOBIAS is basedon theUML class
diagrambecausethetool wasdevelopedin a projectwhere
theavailability of suchdocumentsis takenfor granted.Very
soon,weplanto allow thisextractionfrom Javasourcecode
also(Fig. 6).

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

2Actually, a testschemaallows to specifynotonly themethodinvoked
but alsothe instancewhich will activatethemethodcall, andthe instance
whichwill processthecall.
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Figure 6. TOBIAS with additional kno wledg e

simply providing a testschema.The exampleof Sect. 2.1
shows that testschemasareexpressedin a few lines. The
currentversionof TOBIAS alsoprovidesa graphicaluser
interfaceto help the userdefinea testschema.For exam-
ple,theinterfacepromptstheuserfor valuesof theparame-
ters,or for namesof theinstanceswhich will executethese
methods.It mustbenotedthat the testschemaencourages
the userto provide specificinformationaboutthe applica-
tion undertest. For example,the choiceof valuesfor the
methodparametersforcestheuserto analysewhich values
areof interest;the quality of the informationprovided by
theuserhasa directeffecton thequality of thetestsuite.

TOBIAS hasbeendesignedto allow a new userto start
usingthe tool at low cost. Startingfrom an existing class
diagram,theuseronly hasto provideafirst testschema.He
will immediatelygeta first largesequenceof methodcalls.
We expectthattheuserwill thentry to refinethis sequence
eitherby usingtheextensionsof theschemalanguage(e.g.
constraints),or by providing more informationto the tool
aboutconformanceissues.This conformanceinformation
is actuallya specificationof theapplicationundertest.The
plannedextensionsof the tool will try to exploit existing
UML diagramsof theapplicationundertest(classdiagram,
statetransitiondiagram,OCL pre/post-conditions).If such
specificationsdon’t exist, we hopethat thebenefitsof pro-
ducingmorepertinentandconformanttestsuiteswill en-
couragethesoftwareengineerto specifypartsof theappli-
cation. Again, we plan that the tool will be able to bring
smallbut usefulresultsfrom simpleelementsof thespeci-
fication (e.g. the relationsin the classdiagram),andmore

preciseandcompleteresultsfrom detailedspecifications.
Anotherway to encouragetheuserto providesuchspec-

ificationsis to integrateTOBIAS with othertestgeneration
tools which arebasedon the samekinds of diagrams. In
the COTE project, TOBIAS will be combinedwith UM-
LAUT/TGV andCASTING,whichbothexploit elementsof
UML specifications.Specifications,preferablyexecutable
ones,canalsobeusedasabasisfor thetestoracle,in order
to turn sequencesof methodcallsinto realtestcases.

In summary, our approachis to provide thefirst benefits
at thesinglecostof expressingtestschemas.It exploits the
availability of severaldocuments(sourcecode,UML spec-
ifications), and henceshouldbe easierto integratein the
company process.Then,it encouragestheevolution of the
processesbydeliveringnew benefitsfor additionalelements
of specification.

5 Conclusion

This paperhasshown how the TOBIAS testgenerator
triesto facetwo of themajorchallengesof eachASE tool:
complexity and information acquisition. Our approachis
to startwith simplesolutionsthatfit into standardsoftware
developmentprocesses.Then we intend to gradually in-
corporatemore refinedprocessingbasedon more precise
information.
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