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Abstract

In late2001,theObjectManagementGroupissueda Re-
questfor Proposalto developa testingprofile for UML 2.0.
In June2003, the work of UML TestingProfile hasfinally
beenadoptedby theOMG.

The Testing Profile provides support for UML based
model-driventesting. This paper introducesa methodol-
ogy of howto usethetestingprofile in order to modifyand
extendan existing UML designmodelfor test issues.The
applicationof themethodologywill beexplainedby apply-
ing it to anexistingUML Model.

Keywords: Re-Usability, Black-BoxTesting,UML Testing
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1 Intr oduction

TheUnified ModelingLanguage(UML) is a visual lan-
guageto supportthe designanddevelopmentof complex
object-orientedsystems[1]. While UML modelsfocuspri-
marily on thedefinitionof systemstructureandbehaviour,
they provide only limited meansfor describingtestobjec-
tivesandtestprocedures.Furthermore,thegrowing system
complexity increasestheneedfor solid testing.In 2001,the
ObjectManagementGroup issueda Requestfor Proposal
[2, 3] to developa testingprofile 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 gapbetweendesignersand
testersby providing a meansfor usingUML both for sys-
temmodelingandtestspecification.This allows a reuseof

UML designdocumentsfor testingandenablestestdevel-
opmentin anearlysystemdevelopmentphase.

At time, the UML TestingProfile project is at its final-
ization stage.Besidesothercompaniesandresearchinsti-
tutions,the Institutefor Telematicsof University of Lübeck
wasstronglyinvolvedin this project.

In thispaper, weprovideamethodologyof how to apply
UML TestingProfile conceptson an existing UML design
modeleffectively. As acasestudy, themethodologywill be
evaluatedby applyingit on aUML modelfor roamingwith
Bluetoothdevices,whichhasbeenintroducedin [5].

2 The UML TestingProfile (UTP)

The UML TestingProfile provides conceptsthat target
the developmentof testspecificationsand testmodelsfor
black-boxtesting[6]. In particular, the profile introduces
four conceptpackagescovering the aspects:testarchitec-
ture, testbehavior, testdataandtime. Together, thesecon-
ceptsdefinea modelinglanguagefor visualizing,specify-
ing, analyzing,constructinganddocumentingthe artifacts
of a testsystem[7, 8].

2.1 TestAr chitectureConcepts

The test architecturepackagecovers the conceptsfor
specifyingtest components,the interfacesof andconnec-
tionsbetweentestcomponentsandto theSUT.

One or more objectswithin a test specificationcan be
identifiedastheSystemUnderTest(SUT). Testcomponents
aredefinedasobjectswithin the testsystemthat cancom-
municatewith the SUT or othercomponentsto realizethe
test behavior. Test configuration is a collection of parts,
representingtestcomponents,theSUTandtheconnections



betweenthe testcomponentsandto the SUT. A testsuite
groupstest caseswith the sameinitial test configuration.
An arbiter is adenotedtestcomponentwhichis responsible
for the final testresultcalculationwhich derive from tem-
poral testresults.A utility part representsa miscellaneous
componentwhichhelpstestcomponentsto realizetheir test
behavior. Typically, utility partsare databaseswith data
pools.

2.2 TestBehavior Concepts

The testbehavior packagecoversthe conceptsof spec-
ifying actionsnecessaryto evaluatethe objective of a test.
Testbehaviorscanbedefinedby any behavioral diagramof
UML 2.0,i.e. asinteractiondiagramsor statemachines.

Testobjectivesallow thedesignerto expresstheintention
of thetest.A testcaseis anoperationof atestsuitespecify-
ing how a setof cooperatingcomponentsinteractwith the
SUT to realizea testobjective. A testcasealwaysreturnsa
testverdict.Thehandlingof unexpectedevents(e.g.wrong
responsesfrom theSUT) is achievedthroughthespecifica-
tion of defaults. A default is a separatebehavior which is
triggeredif an event is observed that is not explicitly han-
dled by the main testcasebehavior. Testverdicts specify
possibletestresults,e.g. pass, fail, or inconclusive. Thedef-
inition of theverdictsoriginatefrom theOSIConformance
TestingMethodology and Framework [9]. Pass indicates
that the SUT behaves correctly for the specific test case.
Fail describesthat the testcasehasbeenviolated. Inconclu-

sive is usedwhereneithera Pass nor a Fail canbegiven. A
validationactioncanbeperformedby a testcomponentto
denotethatthearbiteris informedof a testresultwhichwas
determinedby thattestcomponent.Duringtheexecutionof
a testcasea testtraceis generated.A log action is usedto
log entriesduringtheexecutionfor furtheranalysis.

2.3 TestData Concepts

Thetestdatapackagecoverstheconceptsfor communi-
cationdatabetweentheSUTandthetestcomponents.Wild-
cardsarerequiredfor testdataspecifications,especiallyfor
datareception. UML TestingProfile introduceswildcards
allowing the specificationof: Any value(1.. .n) andAny or

None values(0.. .n). Logical partitions areusedto define
valuesetswithin testparameters.Thespecificationof cod-
ing rules allows the userto definewhich encodingof data
valuesis usedin theimplementation.

2.4 Time Concepts

The time packagecoversthe conceptsto constrainand
control test behavior with regard to time. Timers are uti-
lized to manipulateandcontrol testbehavior, aswell asto

ensuretheterminationof testcases.Timezonesaredefined
to groupcomponentswithin adistributedsystemandallows
thecomparisonof timeeventswithin thesametimezone.

3 A Methodology for UTP

TheUML TestingProfilehasjust beendevelopedat the
OpenManagementGroup (OMG). For a testerwho uses
UML TestingProfilefor thefirst time,it ishardto seewhich
conceptsareimportantfor his testspecificationsandwhich
conceptsare lessimportant. In this section,we will give
the readeronemethodologyof how a testercanapply the
conceptsof the UML TestingProfile effectively after hav-
ing receivedadetaileddesignmodelwhichshouldbetested.
To clarify the terminologies:With designmodel, we mean
the systemdesignmodel in UML. When talking about
the test model, we meanthe UML model enrichedwith
UML TestingProfileconcepts.

Having a designsystemmodel, the testermay want to
specify testsfor the system. For that, the existing design
modelcanbeenrichedwith UML TestingProfileconcepts.
Thefollowing aspectsmustbeconsideredwhentransform-
ing adesignmodelinto a testmodel:

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

Next, startwith thespecificationof the testarchitecture
and continuewith test behaviorspecifications. Test data
andtime aremostlyalreadycomprisedin eitherthetestar-
chitecture(e.g.timezoneor datapool)or testbehavior (e.g.
timeror datapartitioning)specifications.

Below, issuesregardingtestarchitectureandtestbehav-
ior specificationsarelisted. They aresubdivided into two
categories: mandatoryissuesandoptional issues.Manda-
tory issuescannormallybe retrieveddirectly from the de-
signmodel,while optionalissuesarespecificto testrequire-
mentsandtherefore,canseldomberetrievedfrom existing
UML diagrams.However, they arealsonot alwaysneeded
for thetestmodel.Themostimportantissuesarethespec-
ification of the SUT components,the testcomponents,the
testcasesandtheverdictsettings:

I. Testarchitecture:

i. Mandatory:�
Which system component/components
would you like to test? Assign it/them to
Systemof Test(SUT).�
Dependingontheirfunctionalities,testcom-
ponentshave to bedefined.Try to groupthe
systemcomponents(excepttheSUT) to test
components.



�
Specifya testsuiteclasslisting the testat-
tributesandtestcases,alsopossibletestcon-
trol andtestconfiguration.

ii. Optional:�
In order to definethe orderingof test case
execution,specifythe testcontrol. Thesim-
plestway is to stringthetestcasestogether.
In more complex test controls, loops and
conditionaltestexecutioncanbespecified.�
Test configuration can be easily retrieved
by meansof existing interactiondiagrams:
Whenever two componentsexchangemes-
sageswith eachother, assigna communi-
cationchannelbetweenthe components.If
thereis nointeractiondiagramdefinedin the
designmodel,connectthe testcomponents
andSUTto anappropriatetestconfiguration
so that the configurationis relevant for all
testcasesincludedin thetestsuite.�
Determineutility parts within the testcon-
figuration.�
Determineanarbiter for verdictarbitration.�
Assigntimezonesto thecomponents.Time-
zonesare normally neededif a distributed
testsystemis built andtimevaluesof differ-
entcomponentsneedto becompared.�
Look atcodingrule specifications.

II. Testbehavior:

i. Mandatory:�
For designingthe testcases, take the given
interaction diagramsof the design model
and change(i.e. renameor group) the in-
stancesandassignthemwith stereotypesof
theUML TestingProfile (i.e. test component

or SUT) accordingto their functionalities.�
Assignverdicts at the endof eachtestcase
specification. Usually, the verdict in a test
caseis setto pass.

ii. Optional:�
Specify default behaviors using wildcards
for settinga fail or inconclusive verdict.�
Define time eventsby meansof timers or
timeconstraints.

4 A Case Study: Roaming with Bluetooth
Devices

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

As a casestudy, we take theUML modelfor roamingwith
Bluetoothdeviceswhich is introducedin [5]. For themodel
modification,we will apply stepby stepthe methodology
introducedin Section3. Themain focusof this casestudy
is to show thatclassesandinterfacesspecifiedin thedesign
modelcanbere-usedin thetestmodel.

4.1 TestPreparation

Beforeamendingthedesignmodel,thefocusof thetest
must be defined,i.e. which classesshouldbe testedand
which interfacesdoesthetesterneedin orderto getaccess
to theseclasses.For our casestudy, the functionalitiesof
theSlave BTRoaming layer1 is subjectof test.

Hardwaretest component
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 System Under Test :  Test Component  Test Components: with existing classes

HCI
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Figure 1. Role Assignment for System Compo-
nents

Figure12 presentsthe testconfigurationwith oneslave
and two masters.Theclassesoriginate from the Blue-

toothRoaming packageof the designmodel [5]: The focus
of our testsis theSlave BTRoaming layer. Thus,theSlave Ap-

plication layeris onetestcomponent.Othertestcomponents
aretheunderlyingBluetoothHardware layerandthemaster
componentsMaster1 andMaster2.

On the top of the slave andthe masters,we specifieda
new testcomponentof classTest-Coordinator. This testcom-

1Layerisatermusedin thecontext of communicationprotocols.In this
paper, wewill useit asasynonym to componentwithin anobject-oriented
system.

2This diagramis not aUML diagram.



ponentis themaintestcomponentwhich administratesand
instructsthe other test componentsduring the test execu-
tion. The coordinatoris also responsiblefor the evalua-
tion of the testcasesandthesettingof verdictsduring test
caseexecution. The coordinatorhasaccessto the utility
partLocation-DataBase. ThisdatabaseembodiestheLocation

Server, which ownstheslave roaminglists andthenetwork
structuretable.CommunicationbetweentheTest-Coordinator

andthemastersis performedvia theTestCoordinationIn-
terface(TCI).

This test configurationis very flexible: The Bluetooth
Hardware layer used in a test configurationmight either
be real Bluetooth(i.e. consistingof the slave’s Bluetooth
hardwareSlaveBT-HW andthe master’s Bluetoothhardware
MasterBT-HW) or emulatedby software. Moreover, differ-
entmulti partytestconfigurationscaneasilybeobtainedby
addingfurthermasters.Eventhemastertestcomponentcan
beregardedassub-dividedinto anMaster Roaming andMas-

ter Application layer. This allows re-useall theclassesspec-
ified in the designmodel. Additionally, in a different test
stage,it would bepossibleto replacemoreandmoreof the
emulatedtestcomponentswith real implementations.Con-
sequently, it is easyto performintegrationtestswith sucha
testconfiguration,aswell.

In our casestudy, the following functionalitiesof the
Slave Roaming layershouldbetested:�

Is theSlave Roaming layerableto choosea new master
by looking up in its roaminglist whentheconnection
with its currentmastergetsweak?�
Doesthe Slave Roaming layer requesta connectiones-
tablishmentto thechosenmaster?�
DoestheSlave Roaming layerwait for aconnectioncon-
firmationof themasterwhentheconnectionhasbeen
established?�
DoestheSlave Roaming layersendawarningto theen-
vironment,whennomastercanbefoundandtheroam-
ing list is empty?

Thesetestobjectivesassumethatbasicfunctionalitiesof the
Slave Roaming layer like dataforwardingfrom the applica-
tion layerto thehardwarelayerhave alreadybeentestedin
aprecedingcapabilitytest.

4.2 TestAr chitectureSpecification

First of all, a test packagefor the test model must be
defined. Our packageis namedBluetoothTest (Figure 2a).
The test packageimports the classesand interfacesfrom
theBluetoothRoaming packageof [5] in orderto getaccessto
theclassesto betested.

HCI LNI

<<testSuite>>

BluetoothSuite

SRI
<<import>>

Roaming
Bluetooth−

<<test component>>

Test−
Coordinator

TCI

LNI

Location
<<utility part>>

DataBase

LNI

<<test component>>

TCI

p_cop_hw

HCI

<<test component>>

LNIHCI

p_mp_s

BluetoothTest

p1[4]

<<test component>>
p_ap

Hardware Master

Application
Slave−

(a) TestPackage

- verdict: Verdict

+ RList: list
- threshold: Integer

+ Connect_to_Master()
+ Bad_Link_Quality()
+ Good_Link_Quality()

BluetoothSuite
<<testSuite>>

- TestRoaming_withWarning(): Verdict

- TestRoaming_noWarning(): Verdict
<<testcase>>

<<testcase>>

(b) TestSuiteClass

Figure 2. Test Package & Test Suite Class

In thetestpreparationphasein Section4.1,we have as-
signedthe Slave BTRoaming layer to SUTandothersystem
componentsto testcomponents. The testpackageconsists
of five testcomponentclasses,oneutility partandonetest
suiteclass. The test suiteclassis calledBluetoothSuite. It
shows varioustestattributes,sometest functionsand test
cases(Figure2b).

Testconfigurationandtestcontrol arealsospecifiedin
the testsuiteclass.The testconfiguration (Figure3a) cor-
respondswith thetestconfigurationin Figure1, exceptthat
it consistsof oneslave andfour mastersm1–m4. Portswith
interfacesconnectthetestcomponentsandtheSUTto each
other.

Figure3b illustratesthe testcontrol, indicating the ex-
ecutionorder of the test cases:First, test caseTestRoam-

ing noWarning is executed.If the testresultis pass, thesec-
ondtestcaseTestRoaming withWarning will alsobeexecuted.
Otherwise,thetestis finished.

4.3 TestBehavior Specification

The test cases,which will be shown, are all derived
from thesequencediagrams,statemachinesandactivity di-
agramsof thedesignmodel[5]. Only little effort wasnec-
essaryfor deriving the testcasespecification.Someof the
testcasesmayalsobegeneratedautomatically.
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(b) TestControl

Figure 3. Test Configuration & Test Contr ol

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

After the exchangeof two datapackages,the link
quality betweenSlave andits currentmasterm1 be-
comesbad.Thefirst alternativemasterin theroam-
ing list m2 cannotbe reachedsincethe link quality
is alsoweak.Thus,afterat mosttwo seconds,a fur-
ther masterm3 is chosenfrom the roaminglist and
theconnectionis establishedsuccessfully.

Figure 4 depictsthe test casefor scenarioabove. Test
caseTestRoaming NoWarning startswith theactivationof the
timer T1 of six seconds.T1 is a guardingtimer which is
startedat thebeginningandstoppedattheendof atestcase.
It assuresthatthetestfinishesproperlyevenif e.g.theSUT
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 Master m1 (Figure 5a): The connectionre-
quest(con request) is initiated by the Slave-Application and
is forwardedto the master. The masterinforms the Test-

Coordinator aboutthatobservation.Then,themasteraccepts
theconnection(con accept), resultingin a confirmationsent

from theBluetoothhardwareto boththeslave andthemas-
ter. Thereupon,themasterinformstheTest-Coordinator about
thesuccessfulconnection,which allows theTest-Coordinator

to build a new roaminglist containingthe masters(refer-
encemakeList) andto transferit via the masterto the slave
usingthemessageroamingList([M2,M3,M4]). Theentriesof the
roaminglist indicatethat if the connectionbetweenslave
andits currentmastergetsweak,masterm2 shouldbetried
next. If this connectioncannotbe established,masterm3

shouldcontacted.As a last alternative, m4 shouldbe cho-
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con_confirm

con_request

roamingList([m1,m2,m4])

TestRoaming_noWarning():Verdictsd

Application

roamingList([m1,m2,m4])

data

co: Test-sr:Slave

data

<<default>>
Conf_Default

<<validationAction>>

T1(6s)

pass

<<default>>

hw:Hardware

makeList

con_request

roamingList([m1,m2,m6])

Coordinator

con_request

con_confirm(m3)

con_request

sa: Slave-
Roaming

m3: Masterm1: Master m2: Master

con_request

con_confirm

con_accept

Connect_To_Master(m1)

Disconnect
ref

Bad_Link_Quality

Good_Link_Quality

ref

ref

ref

ref

<<test component>><<SUT>>
<<test component>><<test component>><<test component>> <<test component>>

<<test component>>

Figure 4. Test Scenario
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Figure 5. Test Functions



sen.If noneof thealternative masterscanbeconnectedto,
warningswouldbesentout.

When the referencedbehavior of Connect to Master has
finishedin Figure4, theslavehassuccessfullyconnectedto
masterm1 andSlave-Application startsto senddatato themas-
ter. Additionally, the link quality is checked periodically.
The time constraintof 0.5 secondsis specifiedto assure
thefunctionGood Link Quality, which is performedevery0.5
seconds,is executedbeforesendingthe seconddatapack-
age.Checkingthe link quality is specifiedin thefunctions
Good Link Quality andBad Link Quality in Figure5b. Herein,
Slave Roaming triggersthe evaluationrequestand receives
theresultfrom thehardware.

alt

<<default>>
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self
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*

fail

<<validationAction>>
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<<validationAction>>
fail

<<validationAction>>

Disconnect

Disconnect
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(a) Default asSequenceDiagrams

statemachine
<<default>>

Coord_Default

T2/setverdict(fail)
*
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*

con_confirm(*)/setverdict(fail)

*/setverdict(inconc)

statemachine
<<default>>

Conf_Default

(b) Default asStateMachines

Figure 6. Test Defaults

In thefirst evaluationof testcaseTestRoaming noWarning

(Figure4), theHardware hasto betunedto reportagoodlink
quality. Thus,furtherdatacanbesent.In thesecondevalu-
ation,thelink quality is determinedto bebad.Therefore,a
new masteris lookedup. Accordingto theroaminglist, the
new mastermustbe m2. A connectionrequestis expected
to besentto m2 by theSUT. As soonasit is observedand
reportedto theTest-Coordinator, a timer T2 of two secondsis
started. This timer assuresthat when the SUT cannotes-
tablisha connectionto a master, theSUT choosesa further

masterandtriesto connectto it within two seconds.If it is
observedthat theSUT requestsa connectionto thecorrect
masterm3, the timer T2 is stoppedby the Test-Coordinator.
In this testcase,theconnectionis accepted(con accept) by
masterm3 andhenceconfirmed(con confirm). After theTest-

Coordinator noticedthe connectionto the correctmaster, it
assemblesthenew roaminglist andsendsit via themaster
to theslave. In casethatno connectionconfirmationis re-
ceived,thedefault behavior Conf Default is invoked.Finally,
slave andmasteraredisconnected,theguardingtimer T1 is
stoppedandtheverdictof this testcaseis setto pass.

Besidestheexpectedtestbehavior of testcaseTestRoam-

ing NoWarning, default behaviors are specifiedto catchthe
observationswhich leadto a fail or inconclusive verdict. The
given test caseusestwo defaults called Coord Default and
Conf Default (Figure6). In UML TestingProfile, testbehav-
iors canbe specifiedby all UML behavioral diagrams,in-
cludinginteractiondiagrams,statemachinesandactivity di-
agrams.Thus,Figure6 showshow defaultbehaviorscanbe
specifiedeitherassequencediagrams(Figure6a)or asstate
machines(Figure6b).

Coord Default is aninstance-specificdefaultappliedto the
coordinator. It definesthreealternatives. The first two al-
ternativescatchthetimeouteventsof thetimersT1 andT2.
In bothcases,slaveandmasterwill bedisconnectedandthe
verdictis setto fail. After that,thetestcomponentterminates
itself. The third alternative catchesany other unexpected
events.In this case,theverdict is 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 either the connectionconfirmationis
not sentfrom the correctmasteror anothermessagethan
the connectionconfirmationis received. In the first case,
theverdictis setto fail andthetestcomponentfinishesitself.
In thelattercase,theverdictis setto inconclusive andthetest
returnsto maintestbehavior.

5 Conclusionand Outlook

In this paper, we have presenteda casestudyof how to
usethenewly adoptedUML TestingProfile, in whichsome
of the authorswereinvolved. The UML TestingProfile is
a UML profile which allows thespecificationof black-box
testsbasedonthenew version2.0of of UML. Weproposed
a methodologyof how to derive testmodelsfrom existing
designmodelanddemonstratedin thecasestudyits appli-
cability by developinga testsuitefor a bluetoothroaming
model.

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



testspecificationusingtheUML TestingProfile.Ourfuture
work will concentrateon these.
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