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Abstract: [1] elaboratesan abstracttheoryfor testselection.The link betweenthe theoryandthe practicewas
not in the focusof that paper. The currentpaperfills this gapby presentingwaysof implementingthe abstract
formulasof testselection.Severalexamplesof usefuldistancesaregiven.
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1 Introduction

[1] elaboratesanabstracttheoryfor testselection.The
link betweenthetheoryandthepracticewasnot in the
focusof thatpaper. Thecurrentpaperfills this gapby
presentingwaysof implementingtheabstractformu-
las of testselection. Several examplesof usefuldis-
tancesaregiven. Theseexamplesaddplausibility to
the claim that the theoryis useful in practice. More-
over they area sourceof inspirationfor othertesters
which wants to usethe theory of test selectionpre-
sentedin [1]. Also the work describedin this paper
is a stepforward in usingthis selectiontheoryin the
TorX testingenvironment[2].

The implementationof the abstracttheoryof testse-
lectionis in theform of a C program.TheC program
is not connectedto TorX. It is an independentmod-
ule. Thefunctionscontainedin this programform the
basisof a new modulewhich canbe linked to TorX
later. While describingthemain featuresof this pro-
gram,differentwaysof connectingit to TorX will be
presented.Moreover we will indicateotherpossible
connectionstoothertestgenerationtoolslikeAutolink
[4]. This is oneof the reasonsfor which we kept the
moduletool-independent.

We tried to keepthe programsimpleto make its un-
derstandingeasy, but generalenoughto be usedin

realisticapplicationdomainssuchasclassicalpublic
telephony andto be connectedlater to TorX or other
testgenerationtools.Keepingtheprogramsimplewas
possibleby makingit tool independent.In this way it
doesnot inherit complicateddatastructuresandalgo-
rithmsthatarespecificfor e.g.TorX.

In this paperwe will not presentall the functionsof
theC programin detail. In this paper, only themain
algorithmsof the programare presented. The pro-
gram containstwo modulesnamedUnfold and Dis-
tancewhicharedescribedin Sections2 and3. Section
4 outlinestheconclusions.

2 The module unfold

Themainfunctionof theUnfoldmoduleis calledUn-
fold likethenameof themoduleitself. Let usconsider
anautomatonof a specification.Theobjective of the
Unfold function is to generateall the traceswhich do
notcyclemorethanacycle limit,

���
, throughthestates

of theautomaton.Thesetof tracesgeneratedby Un-
foldcanbeseenasthetestpurpose(automaticallygen-
erated)which is usedby TorX to derive testcases[6].
Thetheoryof testpurposesfrom [6] considersasetof
tracesasbeingthetestpurposeof TorX. The ioco test
derivation algorithm from [5] which is implemented
by TorX is modifiedslightly suchthat for eachtrace
from theseta testcaseis generated.A modulewhich
will be integratedin TorX andwhich will work with



testpurposesis underdevelopmentat the University
of Twente.

As weexplained,thesetof tracesderivedwith Unfold
can representa test purposeobjective for TorX. But
not only for this tool sucha set of tracescan repre-
senta testpurpose.Let ustake anothertestderivation
tool, namelyAutolink. Eachtracefrom thissetcanbe
transformedinto acorrespondentMSC[3]. A function
which will implementsucha transformationcaneas-
ily be incorporatedin theUnfold module. This MSC
canbe thetestpurposeusedby Autolink for deriving
testcases.Suchwayof building testpurposescanrep-
resentan alternative way to theonesprovided by the
Autolink tool. In thiswaythework presentedherecan
give usefulinsightsto othertestrelatedcommunities.

Example Considertheautomatonfrom Figure1. This
automatonhastwo stateslabelledwith � and � . The
initial stateis � . From � , via � the state � can be
reached.In thisstate,thetransition� leadsto thesame
stateandthetransition� to � . Now let usfix thecycle
limit to � .
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Fig.1 An automaton.

WhenapplyingtheUnfold algorithmon this automa-
ton for

���	� � the set of traces obtained is 
� � ������������������ (one should take 
 and its pre-
fixes). The correspondingset of marked traces[1]
is:

����� ��������� � !"� ��� �#����� �$��� ��� � ��� �#����� �$�%������� � !#� ��� �&����� �$��� . We
remindthat on the first placeof the power of a term� � � is thecyclenumberandonthesecondplaceis the
statename.A look at thecorrespondingsetof marked
tracesshows thatnoneof thesetracespassesthelimit.

3 Algorithms for distance computation

In thissectionwepresentthefunctionsfrom themod-
ule Distance. As shown by its name,the functions
definedheredealwith distances.

In [1], for makingtestselection,we considereda dis-
tancebetweenthelabelsof anautomatonandanother
distancebetweenthe tracesof an automaton.A for-
mulafor thelabeldistanceis notdefinedin thegeneral

theoryfrom [1]. In thegeneraldefinition,thelabeldis-
tanceis consideredto bea parameterof the tracedis-
tance.In our C programwe considerit alsoto beone
of the parametersof the tracedistance.Thereforeif
onewantsto usethisprogramit is necessaryto define
one’s own distance.

Therearemany waysto definea labeldistanceby us-
ing differentapproaches.Forexampleonecanthink of
defininga labeldistancesuitablefor aboundaryvalue
analysis.Anotherlabeldistancecanbesuitablefor a
randomselectionof a numberof values.Considering
thelabeldistanceasaparameterof theprogramleaves
freedomto usethe Distancemodulein a convenient
way.

We will give someexamplesof how a label distance
canbeconstructed.Wewill definea labeldistancefor
a network of telephones.Defininga labeldistancefor
sucha telephonenetwork will give usefulinsightsfor
defining other label distancesfor other applications.
Togetherwith the label distancewe will presentalso
theReductionheuristicappliedto thelabelsof thetele-
phone’s transitionsystem.

For aphone,therearesituationsin whichsignalshave
parameterswhichcantake differentvalues:for exam-
ple the phonenumbersor the messagesexchanged.
We will show how to definea label distancefirst for
the phonenumbers' andafter that for the messages
mes. Forall othernon-trivial casesthelabeldistanceis
� becauseall theotherlabelsarenecessaryfor testing
differentbehaviours of thephone(for identicallabels
thelabeldistanceis � ).

A phonenumberis formedby: 1) a countryprefix; 2)
a city prefix and3) a local phonenumber. We assume
thatthegoalis to testphoneconnectionsbetweendif-
ferentcountriesfrom theEuropeanUnion anddiffer-
entcitiesfromtheNetherlands.Werestrictthedomain
to acertainconnectedsubsetof thecountriesfrom the
EuropeanUnion: Austria(A), Belgium(B), Denmark
(D), France(F), Germany (G), Italy (I), Luxembourg
(L), the Netherlands(N), Portugal(P) andSpain(S).
The namesaregiven in alphabeticalorder. The pre-
fixesof thecountriesaregivenin thefollowing table.

Table1

A B D F G I L N P S

43 32 45 33 49 39 352 31 351 34

Whenreplacing ' with a phonenumberfrom oneof
thesecountriesthe digits of the country prefix will



be presenton thefirst positionsof the phonenumber
(which is representedasa char-string). We reserved
thefirst ( charactersfor a prefix, becausethe longest
prefix has ( numbers(for Luxembourg or Portugal).
For the restof the countriesthe first digit is a space.
For example,for Francetheprefix is representedas‘
0033’. Thecountryprefixesarekeptin theC program
by theglobalvariablePrefix Country.

As we mentioneda phonenumberis built by three
parts: thecountryprefix, thecity prefix andthe local
number. This decompositionis reflectedin the label
distancein the following way: we built the labeldis-
tanceasa sumof atomicweighteddistances.Let us
considertwo phonenumbers' and '*) which have the
countryprefixesPCtr andPCtr’; theircity prefixesare
givenby PCandPC’ andthelocalnumbersarePL and
PL’ . Then

DlPhNr +,'-� '*)�. �0/
�21 Dist � + PCtr, PCtr)3.54 /76

1
Dist

6 + PC, PC)�.84 /79
1 Dist

9 + PL, PL):.
where

/
� �

/76
and

/ 9
aretheweights;Dist� � Dist

6
and

Dist
9

arethedistancesbetweencountriesprefixes,city
prefixesandlocalnumbersandDlPhNr representsthe
distancebetweentwo phonenumbers.We will show
thecomputationfor eachof thethreedistancesbelow.

For the country prefixes we consideredthat a natu-
ral way for the occurrenceof errors is when a call
is routedthroughdifferent telephonenetworks of the
different countries. For example,taking the shortest
path, betweenthe Netherlandsand Francea phone
call shouldgo throughtheBelgiantelephony system.
Following this reasoning,we considerthe numberof
bordercrossingsa goodcandidatefor computingthe
distancebetweentwo countryprefixes. The numbers
of bordercrossingsbetweenall pairsof countriesare
givenin thefollowing table.

Table2

A B D F G I L N P S

A 0 2 2 2 1 1 2 2 4 3
B 2 0 2 1 1 2 1 1 3 2
D 2 2 0 2 1 3 2 2 4 3
F 2 1 2 0 1 1 1 2 2 1
G 1 1 1 1 0 2 1 1 3 2
I 1 2 3 1 2 0 2 3 3 2
L 2 1 2 1 1 2 0 2 3 2
N 2 1 2 2 1 3 2 0 4 3
P 4 3 4 2 3 3 3 4 0 1
S 3 2 3 1 2 2 2 3 1 0

Themaximalnumberof bordercrossingsbetweentwo
countriesis ; (betweenPortugaland Austria or be-
tweenPortugalandNetherlands).ThedistanceDist �
betweentwo countryprefixesis given by thenumber
of bordercrossingsdivided by ; (we scaledthe dis-
tanceback to the range

� ��"�<� ). The valuesfrom the
tableabove arekept in the C programby the global
variableBorderCross.

Next weconsideredcitiesfromtheNetherlands.There
are three cities considered:Amsterdam,Eindhoven
andRotterdam.Theprefixesof thesecitiesaregiven
in thefollowing table:

Table3

Amsterdam Rotterdam Eindhoven

20 10 40

Theseprefixes are storedin the C programby the
global variablePrefixCity. The physicaldistancesof
the cities aregiven in kilometersin the following ta-
ble.

Table4

Amsterdam Rotterdam Eindhoven

Amsterdam 0 72 119
Rotterdam 72 0 109
Eindhoven 119 109 0

Thevaluesfrom thistablearestoredin theglobalvari-
able DistCity. The distancebetweenthe prefixes of
two consideredcities from the Netherlandsis com-
putedasthephysicaldistancedividedby �=�"> . Thedis-
tanceis thusscaledbackto

� ��"�<� dividing by �=�"> . For
example,the distancebetweenAmsterdamand Rot-
terdamis ?

6
� ��@ which is �ACBD� . Consideringmorecities

from theNetherlands,thedistancesbetweentheirpre-
fixescanbecomputedin a similar style. We assumed
that within the telephony systemof one country er-
rorsaremorelikely whenthedistancebecomeslarger.
Betweentwo cities from different countriesthe dis-
tanceis consideredto be maximal ( � ) becausethey
arecomingfrom differenttelephony systems,saytwo
different clusters. For example,we want to test all
the inhabitantsof Germany. Testingall is impossi-
ble. Phoningfrom the Netherlandsto two usersin
Germany doesnot make too muchdifference.In this
casethelabeldistanceis mostlybasedon thedistance
betweenthecountryprefixes.



In thecaseof local numbers,we consideredthenum-
bersof theTechnicalUniversityEindhoven(TU/e for
short) and Philips Research(Philips for short), both
institutionslocatedin Eindhoven. Their prefixes are
givenin thefollowing table:

Table5

TU/e Philips

247 274

Theseprefixes are stored in the C programby the
globalvariablePrefixCompany. Thephysicaldistance
betweenthecompaniesaregiven in the following ta-
ble.

Table6

TU/e Philips

TU/e 0 1
Philips 1 0

Thesevaluesarestoredin theC programin theglobal
variableDistCompany. Thedistancebetweentwo lo-
cal phonenumbersis computedas the physicaldis-
tancebetweenthem. Consideringmore local phone
numbers,the distancecan be computedin a similar
style using the physicaldistancebetweenthe users.
Of course,asin thecaseof thecities,thedistancebe-
tweentwo local numbersfrom two differentcities is
one.

For completingthe picturewe shouldsay that when
defininga phonenumberin the C program,we used
thecharacter’*’ which means’any’. For examplethe
phonenumbers’ 0033*’ and’ 0045*’ meansa phone
numberfrom FranceandDenmarkfor which thecity
prefixesandthe local numbersarenot specified.The
label distancecomputationsbetweenphonenumbers
are madein the C programby the FunctionDlPho-
neNumber. For example,using’ 0033*’ and’ 0045*’
which representtwo phonenumbersfrom Franceand
Denmarkthereturnedvalueis:

DlPhoneNumber(’ 0033*’, ’ 0045*’) = 0.6

This computationis madeas follows. The weights
consideredin the C programare:

/
�

� �ACE ,
/ 6 �

�A3�"E and
/ 9 � �AF�HG . The valuesof the weightsare

storedin theCprogramby thevariablesScaleCountry,
ScaleCityandScaleCompany. Thesevaluesreflectthe
assumptionthat the most importantthing is to check

thephonecommunicationbetweenthecountries,after
thatbetweencities andafter thatbetweenlocal num-
bers. For our example,the distancebetweenthe city
prefixes and local numbersin this caseis one. The
computationis:

�ACED� 1
G
; 4I�A3�"E 1 �J4K�AF�HG 1 � � �ACBD�

We recall that the number G from the formula above
representsthe numberof border crossingsbetween
FranceandDenmark.We illustratedtheconstruction
of the label distancefor thephonenumbers.This la-
bel distancecanbe usedfor performinga Reduction
heuristicwith a given L approximationon the com-
pletesetof phonenumberlabels(whichmightcontain
millions of phonenumbers)by computingan L -cover
of thewholeset.Becausethesamething canbedone
alsofor thesetof messages,first wewill definealabel
distancefor messages.

Let us assume that the phones have an SMS
(Short MessageService) functionality. SMS is
an asynchronousmechanismfor the delivery of
short messagesbetweenmobile telephones. The
size of a short messageis small. In this con-
text, signalssuchas conv in(mes)/pnconv(mes)and
np conv(mes)/conv out(mes) represent the sending
and the receptionof a shortmessageby the user. It
will be shown how to constructa label distancein a
way different from the oneusedfor the phonenum-
bers. For messages,it canbe assumedthat the trans-
missionbetweentelephonesof a short messagecan
causea mutilationof themessage.Testinga selected
setof messageswill indicatewhetherthetransmission
is erroneousor not. For makingthis selection,a label
distanceis to be defined. Let us also assumethat a
usercanchoosefrom a limited setof words: ‘Hello’
translatedin B languages.We use‘Hello’ in English;
‘Salut’ in French;‘Hola’ in Spanish;‘Ciao’ in Italian;
‘Hallo’ in Dutch;‘Dav’ in Danish.

For defininga label distancebetweentwo messages,
first themessagesareorderedaccordingto how many
usersmakeuseof eachlanguage:first wecreditedEn-
glish to take first place(althoughsomeof the readers
of thispaperwill disagreewith thispointof view); the
secondwasFrenchandthe third Spanish;the fourth
wasItalian; thefifth wasDutchandthesixthwasDan-
ish. This orderingis not basedon any statistics(any
orderingcanbe chosen).Eachmessagefrom the six
getsa correspondingweightwhich reflectsits impor-
tance.



Theweightsof themessagesaregivenin thefollowing
table.

Table7

Hello Salut Hola Ciao Hallo Dav

1 0.9 0.8 0.7 0.6 0.5

Thesevaluesarestoredin theC programby thevari-
ableWeightMes. Now thelabeldistancebetweentwo
messagesis computedasthedifferencebetweentheir
weights.ForexamplethelabeldistancebetweenHello
andHallo is computedas MN�POQ�ACBRM � �A$; . Thefunc-
tion which computesthe label distancebetweentwo
messagesis calledDlMes in theC program.

The way in which the distancebetweenmessagesis
computedcorrespondsto anenumerationapproachfor
Reduction. In this approachthevaluesareorderedaf-
ter somerulesandthefirst S valuesareselected.The
valuesof themessagesareorderedsuchthat thelabel
distancestartsto decreasefor messageswhich areon
remotepositions.This labeldistanceis suitablefor an
enumerationapproachbecauseselectingthefirst S la-
belswill give a goodcovering of the whole set. In a
similar style, in otherapplicationslabeldistancescan
bebuilt.

For the phonenumbercase,the label distanceuses
physicaldistances(expressedin kilometersor in num-
bersof bordercrossings).In this casethe Reduction
canbemadeby giving an L valueandcomputingthe
correspondingL -cover of the whole set. The same
thing canbedonein thecaseof themessages.In the
C program,the function Selectiongives for a given
L approximationthesubsetof labelswith a minimum
cardinalitywhichis an L -coverof awholesetof labels.

Example Applying thisfunctionto thesetof all phone
numbersand taking L � �ACT=G=( (the choice of this
valueis explainedbelow) leadsto thefollowing �ACT=G=( -
cover.

number( 0043 *)/pn_number( 0043*)
number( 0049*)/pn_number( 0049*)
number(00351*)/pn_number(00351*)

Thesethreeprefixescorrespondto thefollowing coun-
tries: ‘ 0043’ for Austria, ‘ 0049’ for Germany and
‘00351’ for Portugal.Therestof thecountriescluster
aroundoneof thesethree:Italy hasonebordercross-
ing with Austria;Belgium,Denmark,France,Luxem-
bourg andNetherlandshave onebordercrossingwith

Germany andSpainhasonebordercrossingwith Por-
tugal. The approximationof �ACT=G=( toleratesan error
producedby a bordercrossing.Themorebordersare
crossedby a call, the more likely it is that an error
occurs.TestingthecommunicationbetweenGermany
andPortugalwill increaseconfidencein thecommuni-
cationbetweenGermany andFrance,betweenFrance
andSpainandbetweenSpainandPortugal. Choos-
ing for example to test the communicationbetween
Denmarkand Spain will lead to the testing of the
communicationbetweenDenmarkandGermany, be-
tweenGermany andFranceandbetweenFranceand
Spain.BecausethecommunicationbetweenGermany
and Franceand betweenFranceand Spain was al-
readytestedwhentestingthecommunicationbetween
Germany andPortugal,the error which canoccur is
relatedto the bordercrossingbetweenGermany and
Denmark. A reasoningsimilar to this one can also
be madefor otherpairsof countries. In this way the
wholenetwork of countriesis almosttested.Because
there is a tolerancefor an error producedby a bor-
der crossand becausethe communicationsbetween
thecitiesandthelocalnumbersarenot tested,thisex-
plainswhy thereis still a possibility of errorswhich
leadsto avalueof �ACT=G=( of the L approximation.

As explainedin thebeginningof this sectionthelabel
distanceis usedfor the computationof the distance
betweentraces. A similar function as Selectioncan
be madefor regressiontesting(traditionalregression
testingis aboutrunningall testsover andover again).
In regressiontesting,a setof testsis selectedto bere-
usedlater for testingIUTs. In the caseof TorX the
testsareexecutiontraces. Now, using the tracedis-
tanceU andan L value,an L -coverof testscanbecom-
puted.The L -cover representsthemostimportantbe-
havioursfrom thewholesetof executiontraceswhich
canbere-usedlaterfor testingIUTs.

4 Conclusions

This paperpresentsa C programwhich implements
the theoreticalwork from [1] for testselection.This
representsa kernel which later can be connectedto
TorX. Theprogramis keptsimplebut generalenough
to make its usein real applicationspossible. Its use
is illustratedby examplestaken from the application
domainof telephony.



Theprogramis dividedin two modulescalledUnfold
andDistance. ThemoduleUnfold implementstheCy-
cling heuristicwhile the moduleDistancedealswith
distancecomputations.

Thesetof tracesderived with Unfold canrepresenta
testpurposeobjective for TorX. But not only for this
tool sucha setof tracescanrepresenta testpurpose.
Let us take anothertest derivation tool, namelyAu-
tolink. Eachtracefromthissetcanbetransformedinto
a correspondingMSC. A function which will imple-
mentsuchtransformationcaneasilybe incorporated
in theUnfold module.This MSC canbe thetestpur-
poseusedby Autolink for deriving testcases.Sucha
wayof building testpurposescanrepresentanalterna-
tive way to theonesprovidedby theAutolink tool.

In the Distancemodulea label distancefor a phone
specificationis workedout in detail.Thisgivesuseful
insightsof how similar labeldistancescanbebuilt for
otherapplications.For thephonespecification,thela-
bel distancewasbuilt for two categoriesof labels:the
phonenumbersandthemessagesexchanged.

Theway in whichwe computedthelabeldistancebe-
tween messagescorrespondsto an enumerationap-
proachfor Reduction. In this approachthevaluesare
orderedaftersomerulesandthefirst S valuesarese-
lected. The valuesof the messagesareorderedsuch
that the labeldistancestartsto decreasefor messages
which areon remotepositions. Selectingthe first S
labelswill give agoodcoverageof thewholeset.

For phonenumbers,thelabeldistancewasbuilt by us-
ing physicaldistances.In this casetheReductioncan
be madeby given an L valueandcomputethe corre-
spondingL -cover of thewholeset. In theC program
this is madeby thefunctionSelectionwhichcomputes
for a given L approximationthe subsetof labelswith
aminimumcardinalitywhich is an L -cover of awhole
setof labels.Otherapproaches(differentfrom theone
presentedin thispaper)canalsobeconsideredfor con-
structingsuitablelabeldistances,suchastheboundary
valueanalysis.

The label distanceis usedfor the computationof the
distanceU betweentraces.A similarfunctionasSelec-

tion canbemadefor regressiontesting.In regression
testing,a setof testsis selectedto bere-usedlaterfor
testingIUTs. In the caseof TorX the testsare exe-
cution traces.Now, usingthe tracedistanceU andan
L value,an L -cover of testscanbe computed.The L -
cover representsthe most importantbehaviours from
thewholesetof executiontraceswhichcanbere-used
later for testingIUTs. As it canbeseen,thefunction
Selectioncanbe usednot only for implementingthe
Reductionheuristicbut alsoto give usefulinsightsin
theregressiontesting.

Of course,really connectingthis programto TorX is
a first possiblecontinuationof this work. Furtherre-
searchshouldalsoinvestigatetheefficiency of theal-
gorithmsconstructedandtheimplementationof other
elementsof thetheoryof testselection.
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