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Abstract—This paper describesa case study that was con-
ducted to investigate software engineering of concurrent com-
municating systems(CCSs). Best practice software engineering
methodologieswere usedto specify and design a Voice over IP
(VolP) system,which was then implemented. The methodologies
utilised were the Unied Modelling Language (UML) and the
Speci cation and Description Language (SDL), and the project
speci cally explored their combined use.

The VolP system implemented, called ChattaBox, allowed
usersto communicatevia voice, aswell as several other features.
The systemrequirementsand static designfor the systemwere
carried out usingUML diagrams. Dynamic designwasdoneusing
UML initially , followed by a corversion to SDL using a tool
provided by Telelogic. The resulting SDL design was veri ed
using the tool.

The nal systemwas testedfor correctnessperformance and
usability. It met all of the requirementssetout at the initial phase
of the engineering processwhilst remaining stable and protocol
compliant. After evaluating the engineering processitself, it was
concluded that the software engineering paradigm is vital to
the eld of CCS engineering Furthermor e, UML was useful for
providing fast high level design capabilities, but was unable to
provide adequate veri cation of the design. The corverted SDL
diagrams made up for this, although the biggestdrawback of the
proposed software engineering processwas the inef cient and
error-prone conversion, which neededmuch manual correction
and intervention.

Index Terms—VolIP, UML, SDL, Software Engineering

I. INTRODUCTION

An effective softwareengineeringprocesss of greatimpor-
tancewhendevelopinga softwareartefactin today's world of
comple technology However, the eld of softwareengineer
ing doesnot yet offer an approachto software development
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thatis suitableto all typesof systemsThis paperfocuseson
engineeringconcurent communicatingsystemgCCSs). Ap-
plicationsusingmobile communicatiorand Internetprotocols
are prime examplesof thesesystems.

A casestudyinvestigatingthe engineeringprocesdor con-
currentcommunicatingsoftware systemswas conducted.The
main objective of the casestudy wasto analysethe possible
softwareengineeringouteswhencreatingsuchsystemsysing
existing best practice methodologiesand Computer Aided
Software Engineering(CASE) tools. A \Voice over the Inter-
net Protocol (VoIP) systemcalled ChattaBoxwas speci ed,
designedand implementedor this purpose.

Initially, the basicrequiremenfor the softwareto be created
was that it supportedvVolP communication[1]. However, to
male it sufciently comple for the casestudy ChattaBox
was evolved into a full-grown industry-strengthdistributed
application.Servicessuchas voice mail and dynamicaddress
book were added. Furthermore,it was decided that load
balancing,security and data managemenbn the sener side
of the ChattaBoxsystemshouldbe supported.

During the case study the possible ways of combining
the existing software engineeringmethodologiego arrive at
an effective approachto building complex software systems
were explored. The existing designmethodologieghat were
utilised were the Unied Modelling Language (UML) [2]
and the Speci cation and Description Language (SDL) [3].
Furthermoreusefulnessf theobjectorienteddesignparadigm
in this eld wasinvestigatedFinally, the value of CASEtools
for software developmentwas examined.

A “forward engineering” approachwas followed [4]. In
accordancevith this approachspeci cationandinitial design
were done in UML. Thereafter the UML designdiagrams
were corverted to an SDL speci cation, which was then
veri ed andvalidated.The developmentprocesss illustrated
in Figure1.

In orderto puttheforwardengineeringprocessnto practice,
a meansof corvertingthe UML designto an equivalentSDL
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Fig. 1. Forward engineeringvith UML and SDL

speci cationwasrequired.UML Suite4.5aswell asSDL and
TTCN Suite 4.3 offered by Telelogic were employed for this
purpose[5] .

I1. BACKGROUND

Before the actual developmentof the system,background
researchwas undertalen on the best practice methodologies
UML, SDL andthe protocolsinvolvedin Voice over IP.

A. Uni ed Modelling Language

According to Booch et al [2], UML is a graphicalmod-
elling techniqueusedfor software engineering.lts use has
becomevery widespreadduring the recentyearsdue to the
increasednterestin the object orienteddesignmethodology
UML hasbeenstandardisethy the ObjectManagemenGroup
(OMG) since November17, 1997. It can be usedto model
mary different types of systemsalthoughit was primarily
designedto aid software development.lts principal purpose
is to facilitatecommunicatiorbetweernprogrammerssoftware
architectsandclients.In orderto do this, it providesfacilities
for modelling each phaseof the software developmentlife
cycle from requirementsanalysisto implementation.

An adwantageof using UML is that it hasmary different
diagramson offer, which allow one to have mary different
views on a particularsystem.Anotherpositive aspecif using
UML is that thereis currently extensve CASE tool support
for UML.

On the other hand, as mentioned previously, the major
disadwantageof UML is thatit hasno formal semanticsThis
malkes it dif cult to simulate UML modelsin order to test
themfor correctnessindis a major concernwhenengineering
CCsSs.

B. Speci cationand DescriptionLanguaye

As statedin Belina et al [3], SDL is a formal language
used to specify and describe the functional behaiour of
software systemslt is standardisedby the ITU (International
Telecommunicatiorindustry). SDL hasboth a graphicalfor-
mat (SDL/GR) and a textual format (SDL/PR).

The major strengthof SDL lies in its ability to simulateor
metaexecutemodels.This allows oneto verify and validate
systemsspeci ed with this language When specifying con-
currentcommunicatingsystemsjn particular this allows one
to detecterrorsbeforeimplementation.This is cost effective
andefcient. Moreover, SDL diagramsform a clearhierarchy
of detail from high level systemdiagramdo low level process
diagrams.

Onedisadwantageof using SDL is that, at presentthereis
very little CASE tool support.A further disadwantageis that
SDL hasfewer diagramsandthereforenot asmary views on
the systembeing speci ed. Lastly, SDL doesnot provide for
requirementsspeci cation.

It is for this reasonthat SDL was chosenonly for the
latter part of the designof the ChattaBoxsystemthat was
implemented.A brief discussionof Voice over IP is given
next.

C. \Woice over Internet Protocol

VolIP comprisesa protocolstackdesignedor sendingvoice
dataover packet switchednetworks. Voice signalsaredigitally
encodedusing codecsor coderdecoders.This datais then
pacletisedandtransportedver an|P network (LAN, Internet,
etc.) betweenterminals.

The VolP systenthatwasdesignedandbuilt for thepurpose
of this case study involved implementationsof Real Time
Protocol (RTP), Real Time Control Protocol (RTCP), Session
Description Protocol (SDP) and Sessioninitiation Protocol
(SIP). Theseare describedin more detail in [6] and [1]. At
thetop level of a VoIP system SIPis the standarcprotocolfor
initiating an interactive usersessionthat involves multimedia
elementssuchas voice [7]. SIP is usedin conjunctionwith
SDPto corvey informationaboutmediastreamgo participants
of a multimediasession8].

The actual voice paclets are transportedusing RTP , a
protocolthat speci esaway for programsto managethe real-
time transmissionof multimedia data over either unicastor
multicastnetwork serviceq9]. Finally, RTP is complemented
by RTCP which makes it possibleto monitor data delivery.
Monitoring allows the recever to detectif thereis any paclet
loss and to compensatefor ary delay jitter. The protocols
involved in VoIP were deemedsufciently complex to fully
testthe useof UML and SDL for CCS engineering.

1. RELATED WORK

Thereis much interestin the combineduse of UML and
SDL. Holz [10], feels that the software engineeringprocess
shouldincorporatethe useof both languagesHe claims that
UML is better suited to analysis and the early design of
a system,whereasSDL is more useful for detailed design
andasa high level implementatiorlanguage Furthermorehe



suggestextendingSDL to includeUML conceptsin asimilar
vein, Bjorkander[11] and Dimitrov et al [4] adwocate the
combinationof UML's expressve powerwith SDL's coherence
and semantics.

Moreover, mary researcherhave investigatednappingone
languageto the other For instance,Selic et al [12] have
speci edhow to mapSDL to UML throughcertainextensions.
Similarly, ITU have releasedecommendatioZ.109 detailing
how to mapUML to SDL.

Lastly, the organisationsstandardisingooth languagesare
extendingthe languagedo include conceptdrom both.ITU's
latest version of SDL, SDL 2000, attemptsto align SDL
with UML. Likewise, OMG is currentlyworking on UML 2.0
which will include conceptghatwill allow for the validation
of UML speci cations.

Clearly, bothlanguagesave their respectie supporterand
thereis muchscopefor investigatingthe combineduseof the
languages.

IV. THE SOFTWARE ENGINEERING PROCESS

The ChattaBoxsystemdevelopedfor the purposeof the case
study was engineeredising the processoutlined below.

A. RequiementsAnalysisand Speci cation

The rst phaseof ary softwareengineeringorocesss anal-
ysis and speci cationof requirementslnitially misinterpreted
systemrequirementsnay translateinto a a wed product.

The ChattaBox requirementswere speci ed using UML
use casediagrams,which speci cally allow for engineering
of system requirements.These diagrams have three main
componentsan actor (portrayedas a stick gure), a system
with which the userinteracts(portrayedas a box/block) and
usecases(shovn as bubblesinside the systemblock). Actors
canrepresenhumanusersor systemsandtheir components.

In the caseof the ChattaBoxsystemtwo mainrequirement
groups were identi ed: end user requirementsand internal
systenrequirements.

End userrequirementsas statedabove, refer to the func-
tionality provided by ChattaBoxto a humanuser Establish-
ing theserequirementsnvolved identifying all the possible
desirablefunctions of the software. The main function that
the ChattaBoxsoftware hadto provide wasto allow usersto
establishvoice calls. Additionally, a numberof otherfeature
requirementsvereidenti ed. Thediagramin Figure2 contains
a use case diagram that formed a part of the end user
requirementspeci cation for ChattaBox.

Fromthe usecasediagramit is easyto seewhatis required
of the ChattaBoxsoftware from the end users perspectie.
ChattaBoxwasrequiredto keepan accountfor eachuser and
provide a logging in facility. Accountswould allow usersto
keeppersonalisedettingsand an addressook. Additionally,
the software hadto allow the userthe basiccall functionality;
suchasto placeand answera call. A statusservicewas also
to be provided to re ect users'availability to acceptcalls.

Besidesthe basicfunctionality mentionedabove, advanced
requirementsvere establishedor ChattaBox,which included
voice mail servicesamongothers.

ChattaBox

Place / End call

Answer / Reject
call
Place call on hold
Switch to call
waiting
Change
"availability" status

End User

Manage address book

Fig. 2. End userrequirementgor ChattaBox

The internalsystemrequirementsvere usedto describethe
needsof various componentof the ChattaBoxs$ distributed
architectureEachcomponentvould have to provide a service
to other componentsTheserequirementsvere also mapped
out usinguse casediagrams.

B. Design

Thedesignphasébeganwith anoverview of thearchitecture
of the ChattaBoxsystem,which was representedising UML
componentliagramsThesediagramsarea goodplaceto shov
the high level communicatiorand distribution of components
and objects.

ChattaBox Client ChattaBox Server
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Fig. 3. Overviev of the ChattaBoxsystem

Figure 3 presentsthe architecturaloverview of the Chat-
taBoxsystemThesystemis roughlycomposeaf two entities,
the client and the server

The ChattaBoxsener consistsof threemajor components:



1) RemotingSener - This componentelieson Microsoft's
.NET Remotinginfrastructureto make abstractednet-
work calls. It enablesfacilities such as user status
changesandvoice mail. Note thatthis componentelies
on the Securitypackagefor authenticatiorpurposes.
Database Thedatabaseomponentmanagepersistence
of data.

SIP Proxy Sener - The SIP Proxy sener component
is responsiblefor forwarding SIP messagesyhich are
usedduring sessionestablishment.

2)

3)

The ChattaBoxclient is composedof four major compo-
nents:

1) RemotingClient - The Remotingclient communicates
with the Remotingsener, using the Security package
for authenticatiorof users.

2) SIP Client - The SIP client sendsand receves SIP
message$o allow for sessiorestablishment.

3) RTP - The RTP componentprocessegeal-time voice
data,transportingit betweentwo ChattaBoxclients.

4) Voice Processor The Voice processolcomponenicap-
turesaudiodatafrom the soundinput streamto be sent
via RTP.

The Security packageincludes software that allows for
client and sener authenticationusing asymmetrickeys and
a certi cate schemebasedon X.509 [13].

1) StaticDesign: The next phaseconcernedhe structural,
static aspectof the design.UML classdiagramswere em-
ployed during this phase.Classdiagramsdescribethe types
of objectsin the system and the various kinds of static
relationshipsthat exist betweenthem. They also shav the
attributes and methodsof a classand constraintsconcerning
the relationshipsbetween objects. An example of a class
diagramcanbe seenin Figure4.

ChattaBox User VoiceMail Box

+name : String 11| -downloaded : bool
+address : String

-status : String

+getNumOfMessages () : integer
+playNextMessage () : bool

|

Voice Mail Message

+changeStatus (new : String)

+sender : String
+dateReceived : String
-message : byte[]

+playMessage ()

Fig. 4. ChattaBoxUser VoiceMail Box and Voice Mail Messageclasses

2) Dynamic Design: The nal phaseof the design pro-
cessdealt with the dynamic behaior of the system.UML
interactionand statechardiagramswere producedto capture
this aspeciof the design.Interactiondiagramsare modelsthat
describenow groupsof objectscollaboratein somebehaiour.

A particulartype of interactiondiagram,a sequencdlia-
gram, was usedto capturethe behaiour of individual use
cases.Sequencaliagramsdescribemessageshat are passed

betweenobjects,allowing the designerto gain an understand-
ing of the overall o w of control. They areespeciallyvaluable
for modelling concurrentprocessesAn example sequence
diagramis shown in Figure5.

Fig. 5. Sequencaliagramfor voice mail dovnload

Statechartdiagramsdescribeall the possiblestatesthat a
particular object can be in and how that state can change
asa resultof eventsreachingthe object. Statechartdiagrams
werefoundto be usefulfor describingobjectbehaiour across
severalusecasesAn exampleof a statechartliagramis given
in Figure 6. They are not particularly useful for describing
behaiour thatinvolvesa numberof collaboratingobjects.The
combinationof stateand sequencaliagramshowever, allows
a completeoverview of the dynamicaspectsf the design.

Fig. 6. Statecharfor processingf SIP messages

The primary aim of the case study was to prove the
correctnes®f the SIP protocolimplementationso this aspect
of the systemwas concentratediponduring the designphase.

C. Corverting UML to SDL

The resultantcomplete design of the SIP componentof
ChattaBox,consistedof two setsof classdiagramsand state-
charts,divided accordingto the client/sener model. Eachset



of diagramswas corvertedseparatelyto form a separatesDL
system,which interactedwith its ervironment.

The corversion was not a straightforvard process,as a
particular syntax had to be followed in UML for this step.
Theinitial classdiagramsand statechartstherefore hadto be
reviseda numberof timeshbeforethey were suitableto initiate
a corversion.For instanceto facilitate for correcttranslation
of UML classesto SDL constructs,use of stereotypeswas
required.

The client and sener parts of the system design were
corvertedseparatelylt was discoseredupon corversion,that
certainpartsof the original UML designwerenot corvertedat
all. Thereforethe SDL diagramshadto beaugmentedo retain
their meaningand at the sametime to be syntacticallyand
semanticallycorrectin SDL. As aresult,a detailedknowledge
of SDL was required and the processof re ning the SDL
diagramswas extremely time consuming.

D. Veri cation of the Design

After the SDL descriptionof the SIP portion of ChattaBox
wasdeemedo be completeandequivalentof the UML design,
veri cation wasconductedThis wasdoneusingthe simulator
andvalidatortool providedby TelelogicSDL andTTCN Suite
4.3.

The simulatorallowedthe teamto sendsignalsof choiceto
the systemandto monitortheresultantoehaiour. Thereaction
andinitiated actionsof thetwo systemsvereobsenedfor each
of the signalssentfrom the ervironment.This shoved where
designwas lacking and could be improved. In addition, the
validator tool was usedto do an exhaustve stateexploration
of eachset of SDL diagrams.The results shaved that the
systemswas free from deadlock.

Oncethe SDL designwascorrectlyveri ed, theimplemen-
tation of ChattaBoxbegan. For the implementationpoth the
UML and SDL designswere usedas a referencemodel to
ensurethat it re ected the outcomesof the design process
accurately Implementationdetails are beyond the scope of
this paper

E. Testing

In orderto establishwhetherthe concurrencommunicating
and distributed systemimplementedwas correct, testingwas
performed. Two main measuresof correctnesswere estab-
lished. The rst testedwhetherall the componentsof the
system were performing their functions appropriately The
secondtestedwhether the end user was satis ed with the
completedChattaBoxproduct.Both are describedbelow.

1) Componentlesting: Individual componentsveretested
separatelyluringimplementationTestinginvolveda combina-
tion of black-boxand glass-boxtesting. The following results
were derived from the tests:

SIP CorrectnessSIP calls were able to be connected
acrossmultiple domainsand multiple proxy senerssuc-
cessfully The SIP calling sequenceadheredto the SIP
RFCstandard7]. SIP callscouldcorrectlyhandleerrors,
aswell asgracefulterminations(call teardavns).

RTP CorrectnessRTP connectionswere correctly han-
dled, and sessionswere cleanly closed.Voice datawas
audible,thereforesuccessfullytransmitted.

Distributed Architecturelntegrity: The distributed archi-
tecturebalancedoadseffectively. Senerswould not run
unlessvalid certi cates were found, and pro les and
voice mail could be successfullymanaged.

2) User Testing: The systemwas testedon a group of ten
individuals rangingin agefrom 18 to 49. Testswere carried
out in groupsof two, with the chosentwo, communicating
with each other using ChattaBox. The userswere required
to perform tasks using the system.They were then asled
to judge the systemvia a questionnaire which had been
createdbeforehandHaving analysedthe data sampledfrom
the usertests,the following conclusionsvere maderegarding
the ChattaBoxsystem:

The quality of soundwas very good, althougha notice-
ablelag was present.

The systemwas responsie to actionssuchas initiating
calls, pro le changesand voice mail management.
The userinterfacewas effective and fairly easyto use.
The systemwas not unpredictableand behaed in the
mannerin which a userintendedit to behae.

Overall, ChattaBoxsucceededn meetingits requirements.
It provedto be a stable,correctsystembasedon the results
of the componentand usertesting.

V. CONCLUSIONS

The following conclusionswere reachedat the end of the
casestudy

A. Softwae Engineeringwith UML and SDL

The chosenpath using UML for the requirementsanalysis
andthe initial designand SDL for the veri cation andtesting
of the designprovided insight into software engineeringas a
whole. The experiencegainedduring the casestudycon rmed
that a structuredsoftware developmentprocessis of great
importancewhen engineeringa complex system.

Furthermore the value of using UML and SDL for engi-
neeringa CCSwasassessedJML wasvery bene cial in that
it allowed the group to view the systembeing developedat
a very high level and quite quickly. The corversion process
however, needamprovementsf this pathis to be feasibleand
ef cient.

The worth of usinga software engineeringpaththat proves
the correctnesf a systembeforeimplementationhas been
noted. Developing a large communicatingand distributed
systemprovedto be very dif cult especiallywhenintegrating
the individual componentsnto the nal system.

After performing exhaustie testing sessionsneededto
ensurethat the systemwas indeed running smoothly it is
evident that ary way to cut down on this part of the SDLC
would be useful. Furthermorethe knowledgethat the design
logic of asystenis correctsavesa greatdealof time duringthe
implementationphase With correctdesign,the errorsduring
implementatiorarelesslikely to be fundamentalogical errors
which often take a long time to solve.



B. Suitability of the Object Oriented DesignParadigm

The design using UML was entirely object oriented. It
was discovered that mary conceptsemployed in the nal
implementationwere not suitedto being modelledusing an
object oriented paradigm. These included the conceptsof
events, remote objectsand threads.Implementationof most
distributed systemsrequiresthe use of such concepts.lt is
therefore suggestedthat extensionsto UML that allow for
bettermodelling of theseconceptsare needed.

Moreover, without an in depthknowledgeof the technolo-
gies one is using, a completedetaileddesignis not always
possible.For instance,mary of the constructsusedin the
nal implementatiorwerenotknown aboutat the designstage.
Additionally, modellingwithout this knowledgemeantthatthe
designhadto remainat a fairly high level.

C. Usefulnesof CASETools

The place of CASE tools in the software engineering
processis now well understoodby the authors. Diagrams
are essentialfor the communicationof ideas betweenteam
membersandcanbe usedto clarify conceptghatarenot well
understood.The use of the Telelogic and Microsoft CASE
tools greatly enhancedhe Software DevelopmentLife Cycle
(SDLC).

To conclude,it hasbeena long journey from the initial
stagesf the ChattaBoxcasestudy until the actualrealisation
of the system.Yet, muchinsightinto the softwareengineering
of a comple systemandteamwork hasbeengained.

VI. FUTURE WORK

Several suggestiondor future work and alterationsto the
software engineeringpath followed in this case study are
provided below.

The processof corverting UML designto SDL should
be made more efcient. Ef ciency would be gainedif no
augmentationto the translatedSDL diagramswas required
after corversion.

Furtherinvestigationshouldbe undertalen into developing
a tool that allows reverse engineeringbetweenUML and
SDL. With such a tool, developerswould be ensuredthat
one representatiomf the systemis manipulatedat all times.
Consequentlydesigncould be testedfor correctnessn SDL,
while still being documentedwith the more user friendly
UML.

Another alternatve would be to undertale a similar case
studyusingUML 2.0 or SDL 2000.Sucha casestudywould
help to establishwhetherthe extensionsto thesemethodolo-
gies allow for the use of only one techniquethroughoutthe
entire software developmentlife cycle, i.e. from requirements
anddesignthroughveri cation and nally to implementation,
testing and documentationShould either of theselanguages
offer a completepath for engineeringCCSs correctly they
would be a valuabletool for future software engineers.
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