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Abstract

In late 2001 ,the ObjectManagementGroupissueda Re-
guestfor Proposalto developa testingprofile for UML 2.0.
In June 2003, the work of UML TestingProfile hasfinally
beenadoptedby the OMG.

The Testing Profile provides support for UML based
model-driventesting This paper introducesa methodol-
ogy of howto usethe testingprofile in order to modifyand
extendan existing UML designmodelfor testissues. The
applicationof the methodolgy will be explainedby apply-
ing it to an existing UML Model.
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1 Intr oduction

The Unified ModelingLanguaggUML) is avisuallan-
guageto supportthe designand developmentof complex
object-orientedystemg1]. While UML modelsfocuspri-
marily on the definition of systemstructureandbehaviour,
they provide only limited meansfor describingtestobjec-
tivesandtestproceduresFurthermorethe growing system
compleity increasesheneedfor solidtesting.In 2001,the
Object Managementroupissueda Requesfor Proposal
[2, 3] to developatestingprofile for UML 2.0[4].

A UML profile provides a generic extension mecha-
nismfor building UML modelsin particulardomains.The
UML TestingProfileis suchanextensiondevelopedfor the
testingdomain. It bridgesthe gap betweendesignersand
testersby providing a meansfor usingUML both for sys-
tem modelingandtestspecification.This allows a reuseof
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UML designdocumentdor testingandenablegestdevel-
opmentin anearly systemdevelopmentphase.

At time, the UML TestingProfile projectis at its final-
ization stage. Besidesothercompaniesandresearchnsti-
tutions, the Institutefor Telematicsof University of Libed
wasstronglyinvolvedin this project.

In this paperwe provide amethodologyof how to apply
UML TestingProfile conceptson an existing UML design
modeleffectively. As acasestudy themethodologywill be
evaluatedoy applyingit on a UML modelfor roamingwith
Bluetoothdevices,which hasbeenintroducedn [5].

2 The UML TestingProfile (UTP)

The UML TestingProfile provides conceptsthat target
the developmentof testspecificationsand test modelsfor
black-boxtesting[6]. In particular the profile introduces
four conceptpackagesovering the aspectstestarchitec-
ture, testbehaviortestdataandtime Togetheythesecon-
ceptsdefinea modelinglanguagéfor visualizing, specify-
ing, analyzing,constructingand documentinghe artifacts
of atestsystem[7, 8].

2.1 TestArchitecture Concepts

The test architecturepackagecovers the conceptsfor
specifyingtest componentsthe interfacesof and connec-
tionsbetweerntestcomponentsandto the SUT.

One or more objectswithin a test specificationcan be
identifiedasthe SystenUnderTest(SUT) Testcomponents
aredefinedasobjectswithin the testsystemthat cancom-
municatewith the SUT or othercomponentgo realizethe
test behaior. Test configumtion is a collection of parts,
representingestcomponentsthe SUT andthe connections



betweenthe testcomponentandto the SUT. A testsuite

groupstest caseswith the sameinitial test configuration.
An arbiteris adenotedestcomponentvhichis responsible
for thefinal testresultcalculationwhich derive from tem-

poraltestresults. A utility part represent& miscellaneous
componentwhich helpstestcomponentso realizetheir test

behavior. Typically, utility partsare databaseswith data

pools.

2.2 TestBehavior Concepts

The testbehaior packagecoversthe conceptof spec-
ifying actionsnecessaryo evaluatethe objective of atest.
Testbehaiors canbedefinedby any behaioral diagramof
UML 2.0,i.e. asinteractiondiagramsor statemachines.

Testobjectivesllow thedesigneto expresgheintention
of thetest. A testcaseis anoperatiorof atestsuitespecify-
ing how a setof cooperatingcomponentsnteractwith the
SUT to realizeatestobjective. A testcasealwaysreturnsa
testverdict. Thehandlingof unexpectedevents(e.g.wrong
responsefrom the SUT) is achieved throughthe specifica-
tion of defaults A defaultis a separatdoehaior which is
triggeredif aneventis obsenedthatis not explicitly han-
dled by the main testcasebehaior. Testvedicts specify
possibletestresults,e.qg. pass, fail, Or inconclusive. The def-
inition of the verdictsoriginatefrom the OSIConformance
TestingMethodolay and Framevork [9]. Pass indicates
that the SUT behaves correctly for the specifictest case.
Fail describeghatthe testcasehasbeenviolated. inconclu-
sive is usedwhereneithera Pass nor a Fail canbe given. A
validationaction canbe performedby a testcomponento
denotethatthearbiteris informedof atestresultwhichwas
determinedy thattestcomponentDuring the executionof
atestcaseatesttraceis generatedA log actionis usedto
log entriesduringthe executionfor furtheranalysis.

2.3 TestData Concepts

Thetestdatapackagecoversthe conceptdor communi-
cationdatabetweerthe SUT andthetestcomponentswWiid-
cardsarerequiredfor testdataspecificationsespeciallyfor
datareception. UML TestingProfile introduceswildcards
allowing the specificationof: Any value(1...n) andAny or
None values(0...n). Logical partitions are usedto define
valuesetswithin testparametersThe specificationof cod-
ing rules allows the userto definewhich encodingof data
valuesis usedin theimplementation.

2.4 Time Concepts
The time packagecoversthe conceptsto constrainand

control testbehavior with regardto time. Timers are uti-
lized to manipulateand control testbehavior, aswell asto

ensurgheterminationof testcasesTime zonesaredefined
to groupcomponentsvithin adistributedsystemandallows
the comparisorof time eventswithin the sametime zone.

3 A Methodologyfor UTP

The UML TestingProfile hasjust beendevelopedat the
OpenManagementroup (OMG). For a testerwho uses
UML TestingProfilefor thefirsttime, it is hardto seewhich
conceptareimportantfor his testspecification@ndwhich
conceptsare lessimportant. In this section,we will give
the readerone methodologyof how a testercanapply the
conceptsof the UML TestingProfile effectively after hav-
ing recevedadetaileddesignmodelwhichshouldbetested.
To clarify the terminologies:With designmode| we mean
the systemdesignmodel in UML. When talking about
the test mode| we meanthe UML model enrichedwith
UML TestingProfileconcepts.

Having a designsystemmaodel, the testermay want to
specify testsfor the system. For that, the existing design
modelcanbe enrichedwith UML TestingProfile concepts.
Thefollowing aspectsnustbe consideredvhentransform-
ing adesignmodelinto atestmodel:

First of all, definea new UML packageasthetestpack-
ageof the system. Import the classesandinterfacesfrom
thesystemdesignpackagen orderto getaccesso message
anddatatypesin thetestspecification.

Next, startwith the specificatiorof the testarchitecture
and continuewith test behavior specifications. Test data
andtime aremostly alreadycomprisedn eitherthetestar-
chitecturg(e.g.timezoneor datapool) or testbehavior (e.g.
timer or datapartitioning)specifications.

Below, issuesegardingtestarchitectureandtestbehar-
ior specificationsarelisted. They are subdvidedinto two
catgyories: mandatoryissuesand optionalissues.Manda-
tory issuescannormally be retrieved directly from the de-
signmodel,while optionalissuesarespecificto testrequire-
mentsandtherefore canseldombe retrieved from existing
UML diagrams.However, they arealsonot alwaysneeded
for thetestmodel. The mostimportantissuesarethe spec-
ification of the SUT componentsthe testcomponentsthe
testcasesandtheverdictsettings:

|. Testarchitecture:

i. Mandatory:

e Which system component/components
would you like to test? Assignit/them to
Systenof Test(SUT)

e Dependingntheirfunctionalitiestestcom-
ponentshave to bedefined.Try to groupthe
systemcomponentgexceptthe SUT) to test
components



e Specifyatestsuite classlisting the testat-
tributesandtestcasesalsopossiblegestcon-
trol andtestconfiguration.

ii. Optional:

¢ In orderto definethe orderingof testcase
execution,specifythetestcontmol. The sim-
plestway is to stringthetestcasegogether
In more comple test controls, loops and
conditionaltestexecutioncanbe specified.

e Test configumtion can be easily retrieved
by meansof existing interactiondiagrams:
Whenever two componentexchangemes-
sageswith eachother assigna communi-
cationchannelbetweenthe components.If
thereis nointeractiondiagramdefinedn the
designmodel, connectthe testcomponents
andSUTto anappropriatéestconfiguation
so that the configurationis relevant for all
testcasesncludedin thetestsuite.

e Determineutility parts within the testcon-
figuration.

e Determineanarbiter for verdictarbitration.

e Assigntimezoneso thecomponentsTime-
zonesare normally neededif a distributed
testsystemis built andtime valuesof differ-
entcomponentsieedto becompared.

e Look atcodingrule specifications.
Il. Testbehaior:

i. Mandatory:

¢ For designingthe testcases take the given
interaction diagramsof the design model
and change(i.e. renameor group) the in-
stancesandassignthemwith stereotypesf
the UML TestingProfile (i.e. test component
or suT) accordingto their functionalities.

¢ Assignverdicts at the end of eachtestcase
specification. Usually, the verdictin a test
caseis setto pass.

ii. Optional:
e Specify default behaiors using wildcards
for settinga fail or inconclusive verdict.

¢ Define time eventsby meansof timers or
timeconstaints.

4 A Case Study: Roaming with Bluetooth
Devices

In this section,we will shav how to designtestsand
modify an existing designmodel to obtain a test model.

As a casestudy we take the UML modelfor roamingwith
Bluetoothdeviceswhichis introducedn [5]. Forthemodel
modification,we will apply stepby stepthe methodology
introducedin Section3. The mainfocusof this casestudy
is to show thatclassesndinterfacesspecifiedn thedesign
modelcanbere-usedn thetestmodel.

4.1 TestPreparation

Beforeamendinghe designmodel,the focusof thetest
must be defined,i.e. which classesshould be testedand
which interfacesdoesthe testerneedin orderto getaccess
to theseclasses.For our casestudy the functionalitiesof
the Slave BTRoaming layer is subjectof test.
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Figure 1? presentdhe testconfigurationwith oneslave
and two masters.Theclassesoriginate from the Blue-
toothRoaming packageof the designmodel[5]: The focus
of ourtestsis the Slave BTRoaming layer. Thus,the Slave Ap-
plication layeris onetestcomponentOthertestcomponents
arethe underlyingBluetoothHardware layerandthe master
component$asterl andMaster2.

On the top of the slave andthe masterswe specifieda
new testcomponenbdf classTest-Coordinator. Thistestcom-

1l ayeris atermusedn thecontet of communicatiorprotocols.in this
paperwewill useit asa synorym to componenwithin anobject-oriented
system.

2This diagramis nota UML diagram.



ponentis the maintestcomponentvhich administratesnd
instructsthe othertest componentsiuring the test execu-
tion. The coordinatoris also responsiblefor the evalua-
tion of the testcasesandthe settingof verdictsduring test
caseexecution. The coordinatorhasaccesgo the utility

partLocation-DataBase. This databaseembodieghe Location

Server, which ownsthe slave roaminglists andthe network
structurgtable. Communicatiorbetweerthe Test-Coordinator
andthe masterds performedvia the TestCoordinationin-

terface(tcl).

This test configurationis very flexible: The Bluetooth
Hardware layer usedin a test configurationmight either
be real Bluetooth(i.e. consistingof the slave’s Bluetooth
hardware slaveBT-HW andthe masters Bluetoothhardware
MasterBT-HW) or emulatedby software. Moreover, differ-
entmulti partytestconfigurationsaneasilybe obtainedoy
addingfurthermastersEventhemastettestcomponentan
beregardedassub-dividedinto an Master Roaming andMas-
ter Application layer. This allows re-useall the classespec-
ified in the designmodel. Additionally, in a differenttest
stagejt would be possibleto replacemoreandmoreof the
emulatedestcomponentsvith realimplementationsCon-
sequentlyit is easyto performintegrationtestswith sucha
testconfigurationaswell.

In our casestudy the following functionalitiesof the
Slave Roaming layershouldbetested:

e Is thesSlave Roaming layerableto choosea new master
by looking up in its roaminglist whenthe connection
with its currentmastergetsweak?

e Doesthe slave Roaming layer requesta connectiones-
tablishmento thechosemmaster?

e Doestheslave Roaming layerwait for aconnectiorcon-
firmation of the masterwhenthe connectiorhasbeen
established?

e DoesthesSlave Roaming layersendawarningto theen-
vironmentwhennomastercanbefoundandtheroam-
ing list is empty?

Thesedestobjectvesassuméehatbasicfunctionalitiesof the
Slave Roaming layer like dataforwarding from the applica-
tion layerto the hardwarelayerhave alreadybeentestedin
aprecedingcapabilitytest.

4.2 TestAr chitecture Specification

First of all, a testpackagefor the test model must be
defined. Our packageis namedBluetoothTest (Figure 2a).
The test packageimports the classesand interfacesfrom
theBluetoothRoaming packageof [5] in orderto getaccesso
theclassedo betested.
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+ RList: list
- threshold: Integer
- verdict: Verdict

+ Connect_to_Master()

+ Bad_Link_Quality()

+ Good_Link_Quality()

<<testcase>>

- TestRoaming_noWarning(): Verdict
<<testcase>>

- TestRoaming_withWarning(): Verdict

(b) TestSuiteClass

Figure 2. Test Package & Test Suite Class

In thetestpreparatiorphasean Section4.1, we have as-
signedthe Slave BTRoaming layerto SUT and other system
componentgo testcomponentsThe testpackageconsists
of five testcomponentlassespneutility partandonetest
suiteclass. The testsuite classis called BluetoothSuite. It
shaws varioustest attributes, sometest functionsand test
casegFigure2b).

Test configurationand testcontrol are also specifiedin
thetestsuiteclass. The testconfigumation (Figure 3a) cor-
respondwvith thetestconfigurationin Figurel, exceptthat
it consistof oneslave andfour mastersni—ma4. Portswith
interfacesconnecthetestcomponentandthe SUT to each
other

Figure 3b illustratesthe testcontrol, indicating the ex-
ecutionorder of the test cases: First, test caseTestRoam-
ing_noWarning is executed.If thetestresultis pass, the sec-
ondtestcaseTestRoaming_withwarning will alsobe executed.
Otherwisethetestis finished.

4.3 TestBehavior Specification

The test cases,which will be shown, are all derived
from thesequenceéiagramsstatemachinesandactivity di-
agramsof the designmodel[5]. Only little effort wasnec-
essaryfor deriving the testcasespecification.Someof the
testcasesnayalsobe generatecutomatically
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(a) TestConfiguration

<<testSuite>>
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sd Bluetooth_TestControl

ref verdict :=
estRoaming_noWarning

[verdict==fail]

[verdict==pass]

ref verdict :=
TestRoaming_withWarning

(b) TestControl

Figure 3. Test Configuration & Test Contr ol

In Section4.1, we have listed the testobjectivesof the
casestudy As anexample,we will presentatestcasewith
thefollowing scenario:

After the exchangeof two datapackagesthe link
quality betweerslave andits currentmastemm?i be-
comesbad. Thefirst alternative masteiin theroam-
ing list m2 cannotbe reachedsincethe link quality
is alsoweak. Thus,afterat mosttwo secondsa fur-
ther masterms3 is chosenfrom the roaminglist and
the connectioris establisheduccessfully

Figure 4 depictsthe test casefor scenarioabove. Test
caseTestRoaming_NoWarning startswith the activation of the
timer T1 of six seconds.T1 is a guardingtimer which is
startecatthebeginningandstoppedattheendof atestcase.
It assureshatthetestfinishesproperlyevenif e.g.the SUT
crashesand doesnot respondanymore. In this case,the
timeouteventis caughtby a defaultbehavior.

The function Connect_To_Master referencedat the begin-
ning of the test case establishesa connectionbetween
the slave and mMaster m1 (Figure 5a): The connectionre-
guest(conrequest) is initiated by the Slave-Application and
is forwardedto the master The masterinforms the Test-
Coordinator aboutthatobsenation. Then,the masteraccepts
the connection(con_accept), resultingin a confirmationsent

from the Bluetoothhardwareto boththe slave andthemas-
ter. Thereuponthemastelinformsthe Test-Coordinator about
the successfutonnectionwhich allows the Test-Coordinator
to build a new roaminglist containingthe masterqrefer
encemakeList) andto transferit via the masterto the slave
usingthemessageamingList((M2,M3,M4]). Theentriesof the
roaminglist indicatethat if the connectionbetweenslave
andits currentmastemetsweak,mastemz2 shouldbetried
next. If this connectioncannotbe establishedmasterms
shouldcontacted.As a last alternatve, m4 shouldbe cho-

sd TestRoaming_noWarning():Verdict
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i Sl B [ oo e
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Figure 4. Test Scenario

sd ConnecliToiMaster(masler:slr\nw

<<test component>>
co:
Test-Coordinator

<<SUT>>
sr:Slave
oaming

con_request; con_request

<<test component>:
ae: Slave-
Application

master: Master

<test component>;
hw:Hardware

<<test componenl>‘>

con_request
con_accept
con_confirm /i con_confirm(master)

makeList

JoamingList([M2,M3;M4])

con_request

con_confirm

o roamingList(IM2,M3,M4]

(a) Connecto MasterFunction

sd Good_Link_Qualit sd Bad_Link_Quality

<<S|SUT>> <test component> <<SUTS <test component>:
sr:Slave hw:Hardware sr:Slave hw:Hardware
Roaming Roaming

get_link_quality get_link_quality

quality(good) quality(bad)

(b) Link Quality EvaluationFunctions

Figure 5. Test Functions



sen.If noneof the alternatie mastersanbe connectedo,
warningswould be sentout.

When the referencedbehaior of Connect_to_Master has
finishedin Figure4, theslave hassuccessfullyconnectedo
masteim1 andslave-Application startsto senddatato themas-
ter. Additionally, the link quality is checled periodically
The time constraintof 0.5 secondds specifiedto assure
thefunction Good_Link_Quality, which is performedevery 0.5
secondsis executedbeforesendingthe seconddatapack-
age. Checkingthelink quality is specifiedin the functions
Good_Link_Quality and Bad_Link_Quality in Figure 5b. Herein,
Slave Roaming triggersthe evaluationrequestand receives
theresultfrom the hardware.

<<def aul t >>
sd Coord_Default
self

alt T1

Disconnect

[<<validationAction>>
fail <<def aul t >>
: sd Conf_Default
; e ]
<<va|ida’[i:onAc[ion> <<validationAction>:
*

—
<<va|ida1i6nAclion> <<va|idati6nAction>>
inconc inconc
(a) DefaultasSequenc®iagrams

<<defaul t >> <<def aul t >>
statemachine  Coord_Defa statemachine Conf_Defaul

Tl/setverdict(fail) con_confirm(*)/setverdict(fail)

:
*Isetverdict(inconc) */setverdict(inconc)

(b) DefaultasStateMachines

—||

con_confirm(*)

* |

)

T2/setverdict(fail)

Figure 6. Test Defaults

In thefirst evaluationof testcaseTestRoaming_nowarning
(Figured), theHardware hasto betunedto reportagoodlink
quality. Thus,furtherdatacanbesent.In the secondevalu-
ation,thelink quality is determinedo bebad. Thereforea
new mastetis lookedup. Accordingto theroaminglist, the
new mastemustbe m2. A connectionrequests expected
to be sentto m2 by the SUT. As soonasit is obsenedand
reportedto the Test-Coordinator, atimer 12 of two secondss
started. This timer assureghat whenthe SUT cannotes-
tablisha connectiorto a masteythe SUT chooses further

masterandtriesto connecto it within two secondslf it is

obsenedthatthe SUT requestsa connectiorto the correct
masterms, the timer 12 is stoppedby the Test-Coordinator.

In this testcase the connectionis acceptedcon_accept) by

mastem3 andhenceconfirmed(con_confirm). After the Test-

Coordinator noticedthe connectionto the correctmaster it

assembleshe new roaminglist andsendst via the master
to the slave. In casethatno connectionconfirmationis re-

ceived,the defaultbehaior Conf Default is invoked. Finally,

slave andmasteraredisconnectedhe guardingtimer T1 is

stoppedandtheverdictof thistestcaseis setto pass.

Besidegheexpectedestbehaior of testcaserestRoam-
ing_-Nowarning, default behaiors are specifiedto catchthe
obsenationswhich leadto afail or inconclusive verdict. The
given test caseusestwo defaults called Coord_Default and
Conf_Default (Figure6). In UML TestingProfile, testbeha-
iors canbe specifiedby all UML behaioral diagrams,n-
cludinginteractiondiagramsstatemachinesndactiity di-
agramsThus,Figure6 shovs how defaultbehaiors canbe
specifieceitherassequencéiagramgFigure6a)or asstate
machinegFigure6b).

Coord_Default is aninstance-specifidefaultappliedto the
coordinator It definesthreealternatves. The first two al-
ternatvescatchthetimeouteventsof thetimerst1 andT2.
In bothcasesslave andmastemwill bedisconnectedndthe
verdictis settofail. After that,thetestcomponenterminates
itself. The third alternatve catchesary otherunexpected
events. In this case theverdictis setto inconclusive andthe
testbehavior returnsbackto the testeventwhich triggered
thedefault.

Conf_Default is an event-specificdefault attachedto the
connectionconfirmationevent. In the Test-Coordinator, this
default is invoked if eitherthe connectionconfirmationis
not sentfrom the correctmasteror anothermessageahan
the connectionconfirmationis receved. In the first case,
theverdictis setto fail andthetestcomponenfinishesitself.
In thelattercasetheverdictis setto inconclusive andthetest
returnsto maintestbehavior.

5 Conclusionand Outlook

In this paper we have presented casestudyof how to
usethenewly adoptedJML TestingProfile in whichsome
of the authorswereinvolved. The UML TestingProfile is
a UML profile which allows the specificationof black-box
testshasednthenew version2.0of of UML. We proposed
a methodologyof how to derive testmodelsfrom existing
designmodelanddemonstrateth the casestudyits appli-
cability by developinga testsuitefor a bluetoothroaming
model.

Furtherstudyis requiredto investigateautomaticderiva-
tion of test modelsfrom designmodel. Additionally, it
would be interestingto assesshe possibility of hardware



testspecificatiorusingtheUML TestingProfile. Ourfuture
work will concentraten these.
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