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

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

The �nal systemwas tested for correctness,performance and
usability. It met all of the requirementssetout at the initial phase
of the engineeringprocess,whilst remaining stable and protocol
compliant. After evaluating the engineeringprocessitself, 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 adequateveri�cation of the design.The converted SDL
diagrams madeup 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— VoIP, UML, SDL, Software Engineering

I . INTRODUCTION

An effective softwareengineeringprocessis of greatimpor-
tancewhendevelopinga softwareartefact in today's world of
complex technology. However, the �eld of softwareengineer-
ing doesnot yet offer an approachto software development
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that is suitableto all typesof systems.This paperfocuseson
engineeringconcurrent communicatingsystems(CCSs).Ap-
plicationsusingmobile communicationandInternetprotocols
areprime examplesof thesesystems.

A casestudyinvestigatingthe engineeringprocessfor con-
currentcommunicatingsoftwaresystemswasconducted.The
main objective of the casestudy was to analysethe possible
softwareengineeringrouteswhencreatingsuchsystems,using
existing best practice methodologiesand Computer Aided
Software Engineering(CASE) tools. A Voice over the Inter-
net Protocol (VoIP) systemcalled ChattaBoxwas speci�ed,
designedand implementedfor this purpose.

Initially, thebasicrequirementfor thesoftwareto becreated
was that it supportedVoIP communication[1]. However, to
make it suf�ciently complex for the casestudy, ChattaBox
was evolved into a full-grown industry-strengthdistributed
application.Servicessuchasvoice mail anddynamicaddress
book were added. Furthermore,it was decided that load
balancing,security and data managementon the server side
of the ChattaBoxsystemshouldbe supported.

During the case study, the possible ways of combining
the existing software engineeringmethodologiesto arrive at
an effective approachto building complex software systems
were explored. The existing designmethodologiesthat were
utilised were the Uni�ed Modelling Language (UML) [2]
and the Speci�cation and Description Language (SDL) [3].
Furthermore,usefulnessof theobjectorienteddesignparadigm
in this �eld wasinvestigated.Finally, thevalueof CASEtools
for softwaredevelopmentwasexamined.

A ”forward engineering”approachwas followed [4]. In
accordancewith this approach,speci�cationandinitial design
were done in UML. Thereafter, the UML design diagrams
were converted to an SDL speci�cation, which was then
veri�ed andvalidated.The developmentprocessis illustrated
in Figure1.

In orderto put theforwardengineeringprocessinto practice,
a meansof converting the UML designto an equivalentSDL



Fig. 1. Forward engineeringwith UML andSDL

speci�cationwasrequired.UML Suite4.5aswell asSDL and
TTCN Suite4.3 offeredby Telelogicwereemployed for this
purpose[5] .

I I . BACKGROUND

Before the actualdevelopmentof the system,background
researchwas undertaken on the best practicemethodologies
UML, SDL andthe protocolsinvolved in Voice over IP.

A. Uni�ed Modelling Language

According to Booch et al [2], UML is a graphicalmod-
elling techniqueused for software engineering.Its use has
becomevery widespreadduring the recentyearsdue to the
increasedinterestin the object orienteddesignmethodology.
UML hasbeenstandardisedby theObjectManagementGroup
(OMG) since November17, 1997. It can be usedto model
many different types of systemsalthough it was primarily
designedto aid software development.Its principal purpose
is to facilitatecommunicationbetweenprogrammers,software
architectsandclients.In orderto do this, it providesfacilities
for modelling each phaseof the software developmentlife
cycle from requirementsanalysisto implementation.

An advantageof using UML is that it hasmany different
diagramson offer, which allow one to have many different
views on a particularsystem.Anotherpositive aspectof using
UML is that there is currently extensive CASE tool support
for UML.

On the other hand, as mentionedpreviously, the major
disadvantageof UML is that it hasno formal semantics.This
makes it dif�cult to simulateUML models in order to test
themfor correctnessandis a majorconcernwhenengineering
CCSs.

B. Speci�cationand DescriptionLanguage

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

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

Onedisadvantageof usingSDL is that, at present,thereis
very little CASE tool support.A further disadvantageis that
SDL hasfewer diagramsandthereforenot asmany 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 design of the ChattaBoxsystemthat was
implemented.A brief discussionof Voice over IP is given
next.

C. Voice over InternetProtocol

VoIP comprisesa protocolstackdesignedfor sendingvoice
dataoverpacket switchednetworks.Voicesignalsaredigitally
encodedusing codecsor coder-decoders.This data is then
packetisedandtransportedover anIP network (LAN, Internet,
etc.) betweenterminals.

TheVoIP systemthatwasdesignedandbuilt for thepurpose
of this case study involved implementationsof Real Time
Protocol (RTP), RealTime 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 thestandardprotocolfor
initiating an interactive usersessionthat involvesmultimedia
elementssuchas voice [7]. SIP is usedin conjunctionwith
SDPto convey informationaboutmediastreamsto participants
of a multimediasession[8].

The actual voice packets are transportedusing RTP , a
protocolthatspeci�esa way for programsto managethereal-
time transmissionof multimedia data over either unicastor
multicastnetwork services[9]. Finally, RTP is complemented
by RTCP which makes it possibleto monitor data delivery.
Monitoring allows the receiver to detectif thereis any packet
loss and to compensatefor any delay jitter. The protocols
involved in VoIP were deemedsuf�ciently complex to fully
test the useof UML andSDL for CCSengineering.

I I I . RELATED WORK

There is much interestin the combineduse of UML and
SDL. Holz [10], feels that the software engineeringprocess
shouldincorporatethe useof both languages.He 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 implementationlanguage.Furthermore,he



suggestsextendingSDL to includeUML concepts.In a similar
vein, Bjorkander [11] and Dimitrov et al [4] advocate the
combinationof UML'sexpressivepowerwith SDL'scoherence
andsemantics.

Moreover, many researchershave investigatedmappingone
languageto the other. For instance,Selic et al [12] have
speci�edhow to mapSDL to UML throughcertainextensions.
Similarly, ITU have releasedrecommendationZ.109detailing
how to mapUML to SDL.

Lastly, the organisationsstandardisingboth languagesare
extendingthe languagesto includeconceptsfrom both. ITU' s
latest version of SDL, SDL 2000, attempts to align SDL
with UML. Likewise,OMG is currentlyworking on UML 2.0
which will includeconceptsthat will allow for the validation
of UML speci�cations.

Clearly, both languageshave their respective supportersand
thereis muchscopefor investigatingthe combineduseof the
languages.

IV. THE SOFTWARE ENGINEERING PROCESS

TheChattaBoxsystemdevelopedfor thepurposeof thecase
studywasengineeredusing the processoutlinedbelow.

A. RequirementsAnalysisand Speci�cation

The �rst phaseof any softwareengineeringprocessis anal-
ysis andspeci�cationof requirements.Initially misinterpreted
systemrequirementsmay 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
components:an actor (portrayedas a stick �gure), a system
with which the user interacts(portrayedas a box/block) and
usecases(shown asbubblesinsidethe systemblock). Actors
canrepresenthumanusersor systemsandtheir components.

In thecaseof theChattaBoxsystem,two main requirement
groups were identi�ed: end user requirementsand internal
systemrequirements.

End user requirements,as statedabove, refer to the func-
tionality provided by ChattaBoxto a humanuser. Establish-
ing theserequirementsinvolved identifying all the possible
desirablefunctions of the software. The main function that
the ChattaBoxsoftware had to provide was to allow usersto
establishvoice calls. Additionally, a numberof other feature
requirementswereidenti�ed. Thediagramin Figure2 contains
a use case diagram that formed a part of the end user
requirementsspeci�cation for ChattaBox.

Fromtheusecasediagramit is easyto seewhat is required
of the ChattaBoxsoftware from the end user's perspective.
ChattaBoxwasrequiredto keepanaccountfor eachuser, and
provide a logging in facility. Accountswould allow usersto
keeppersonalisedsettingsandan addressbook. Additionally,
the softwarehadto allow the userthe basiccall functionality,
suchas to placeandanswera call. A statusservicewasalso
to be provided to re�ect users'availability to acceptcalls.

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

Fig. 2. End userrequirementsfor ChattaBox

The internalsystemrequirementswereusedto describethe
needsof various componentsof the ChattaBox's distributed
architecture.Eachcomponentwould have to provide a service
to other components.Theserequirementswere also mapped
out usingusecasediagrams.

B. Design

Thedesignphasebeganwith anoverview of thearchitecture
of the ChattaBoxsystem,which was representedusingUML
componentdiagrams.Thesediagramsareagoodplaceto show
the high level communicationanddistribution of components
andobjects.

Fig. 3. Overview of the ChattaBoxsystem

Figure 3 presentsthe architecturaloverview of the Chat-
taBoxsystem.Thesystemis roughlycomposedof two entities,
the client and the server.

The ChattaBoxserver consistsof threemajor components:



1) RemotingServer - This componentrelieson Microsoft's
.NET Remoting infrastructureto make abstractednet-
work calls. It enablesfacilities such as user status
changesandvoicemail. Note that this componentrelies
on the Securitypackagefor authenticationpurposes.

2) Database- Thedatabasecomponentmanagespersistence
of data.

3) SIP Proxy Server - The SIP Proxy server component
is responsiblefor forwarding SIP messages,which are
usedduring sessionestablishment.

The ChattaBoxclient is composedof four major compo-
nents:

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

2) SIP Client - The SIP client sendsand receives SIP
messagesto allow for sessionestablishment.

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

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

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

1) StaticDesign: Thenext phaseconcernedthestructural,
static aspectof the design.UML class diagramswere em-
ployed during this phase.Classdiagramsdescribethe types
of objects in the system and the various kinds of static
relationshipsthat exist betweenthem. They also show the
attributesand methodsof a classand constraintsconcerning
the relationshipsbetweenobjects. An example of a class
diagramcanbe seenin Figure4.

Fig. 4. ChattaBoxUser, VoiceMail Box andVoice Mail Messageclasses

2) Dynamic Design: The �nal phaseof the design pro-
cessdealt with the dynamic behavior of the system.UML
interactionand statechartdiagramswere producedto capture
this aspectof thedesign.Interactiondiagramsaremodelsthat
describehow groupsof objectscollaboratein somebehaviour.

A particular type of interactiondiagram,a sequencedia-
gram, was used to capturethe behaviour of individual use
cases.Sequencediagramsdescribemessagesthat are passed

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

Fig. 5. Sequencediagramfor voice mail download

Statechartdiagramsdescribeall the possiblestatesthat a
particular object can be in and how that state can change
as a result of eventsreachingthe object.Statechartdiagrams
werefoundto beusefulfor describingobjectbehaviour across
severalusecases.An exampleof a statechartdiagramis given
in Figure 6. They are not particularly useful for describing
behaviour thatinvolvesa numberof collaboratingobjects.The
combinationof stateand sequencediagramshowever, allows
a completeoverview of the dynamicaspectsof the design.

Fig. 6. Statechartfor processingof SIP messages

The primary aim of the case study was to prove the
correctnessof the SIP protocolimplementation,so this aspect
of thesystemwasconcentrateduponduring thedesignphase.

C. Converting UML to SDL

The resultantcompletedesign of the SIP componentof
ChattaBox,consistedof two setsof classdiagramsandstate-
charts,divided accordingto the client/server model.Eachset



of diagramswasconvertedseparatelyto form a separateSDL
system,which interactedwith its environment.

The conversion was not a straightforward process,as a
particular syntax had to be followed in UML for this step.
The initial classdiagramsandstatecharts,therefore,hadto be
reviseda numberof timesbeforethey weresuitableto initiate
a conversion.For instance,to facilitate for correcttranslation
of UML classesto SDL constructs,use of stereotypeswas
required.

The client and server parts of the system design were
convertedseparately. It wasdiscovereduponconversion,that
certainpartsof theoriginal UML designwerenot convertedat
all. ThereforetheSDL diagramshadto beaugmentedto retain
their meaningand at the sametime to be syntacticallyand
semanticallycorrectin SDL. As a result,a detailedknowledge
of SDL was required and the processof re�ning the SDL
diagramswasextremely time consuming.

D. Veri�cation of the Design

After the SDL descriptionof the SIP portion of ChattaBox
wasdeemedto becompleteandequivalentof theUML design,
veri�cation wasconducted.This wasdoneusingthesimulator
andvalidatortool providedby TelelogicSDL andTTCN Suite
4.3.

Thesimulatorallowedthe teamto sendsignalsof choiceto
thesystemandto monitortheresultantbehaviour. Thereaction
andinitiatedactionsof thetwo systemswereobservedfor each
of the signalssentfrom the environment.This showed where
designwas lacking and could be improved. In addition, the
validator tool was usedto do an exhaustive stateexploration
of each set of SDL diagrams.The results showed that the
systemswasfree from deadlock.

OncetheSDL designwascorrectlyveri�ed, the implemen-
tation of ChattaBoxbegan.For the implementation,both the
UML and SDL designswere usedas a referencemodel to
ensurethat it re�ected the outcomesof the design process
accurately. Implementationdetails are beyond the scopeof
this paper.

E. Testing

In orderto establishwhethertheconcurrentcommunicating
and distributed systemimplementedwas correct,testingwas
performed.Two main measuresof correctnesswere estab-
lished. The �rst tested whether all the componentsof the
system were performing their functions appropriately. The
secondtestedwhether the end user was satis�ed with the
completedChattaBoxproduct.Both aredescribedbelow.

1) ComponentTesting: Individual componentsweretested
separatelyduringimplementation.Testinginvolvedacombina-
tion of black-boxandglass-boxtesting.The following results
werederived from the tests:

� SIP Correctness:SIP calls were able to be connected
acrossmultiple domainsandmultiple proxy serverssuc-
cessfully. The SIP calling sequenceadheredto the SIP
RFCstandard[7]. SIPcallscouldcorrectlyhandleerrors,
aswell asgracefulterminations(call teardowns).

� RTP Correctness:RTP connectionswere correctly han-
dled, and sessionswere cleanly closed.Voice data was
audible,thereforesuccessfullytransmitted.

� DistributedArchitectureIntegrity: The distributedarchi-
tecturebalancedloadseffectively. Serverswould not run
unless valid certi�cates were found, and pro�les and
voice mail could be successfullymanaged.

2) User Testing: The systemwas testedon a groupof 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 asked
to judge the system via a questionnaire,which had been
createdbeforehand.Having analysedthe data sampledfrom
the usertests,the following conclusionsweremaderegarding
the ChattaBoxsystem:

� The quality of soundwas very good,althougha notice-
able lag waspresent.

� The systemwas responsive to actionssuchas initiating
calls, pro�le changes,andvoice mail management.

� The userinterfacewaseffective and fairly easyto use.
� The systemwas not unpredictableand behaved in the

mannerin which a userintendedit to behave.
Overall, ChattaBoxsucceededin meetingits requirements.

It proved to be a stable,correctsystembasedon the results
of the componentandusertesting.

V. CONCLUSIONS

The following conclusionswere reachedat the end of the
casestudy.

A. Software Engineeringwith UML and SDL

The chosenpath usingUML for the requirementsanalysis
andthe initial designandSDL for the veri�cation andtesting
of the designprovided insight into softwareengineeringasa
whole.Theexperiencegainedduringthecasestudycon�rmed
that a structuredsoftware developmentprocessis of great
importancewhenengineeringa complex system.

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

The worth of usinga softwareengineeringpaththat proves
the correctnessof a systembefore implementationhasbeen
noted. Developing a large communicatingand distributed
systemproved to be very dif�cult especiallywhenintegrating
the individual componentsinto the �nal system.

After performing exhaustive testing sessionsneeded to
ensurethat the systemwas indeed running smoothly, it is
evident that any way to cut down on this part of the SDLC
would be useful.Furthermore,the knowledgethat the design
logic of asystemis correctsavesagreatdealof timeduringthe
implementationphase.With correctdesign,the errorsduring
implementationarelesslikely to befundamentallogical errors
which often take a long time to solve.



B. Suitability of the ObjectOrientedDesignParadigm

The design using UML was entirely object oriented. It
was discovered that many conceptsemployed in the �nal
implementationwere not suited to being modelledusing an
object oriented paradigm. These included the conceptsof
events, remoteobjectsand threads.Implementationof most
distributed systemsrequiresthe use of such concepts.It is
thereforesuggestedthat extensionsto UML that allow for
bettermodellingof theseconceptsareneeded.

Moreover, without an in depthknowledgeof the technolo-
gies one is using, a completedetaileddesignis not always
possible.For instance,many of the constructsused in the
�nal implementationwerenotknown aboutat thedesignstage.
Additionally, modellingwithout this knowledgemeantthat the
designhad to remainat a fairly high level.

C. Usefulnessof CASETools

The place of CASE tools in the software engineering
processis now well understoodby the authors.Diagrams
are essentialfor the communicationof ideasbetweenteam
membersandcanbeusedto clarify conceptsthatarenot well
understood.The use of the Telelogic and Microsoft CASE
tools greatlyenhancedthe SoftwareDevelopmentLife Cycle
(SDLC).

To conclude,it has been a long journey from the initial
stagesof the ChattaBoxcasestudyuntil the actualrealisation
of thesystem.Yet, muchinsight into thesoftwareengineering
of a complex systemandteamwork hasbeengained.

VI . FUTURE WORK

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

The processof converting UML design to SDL should
be made more ef�cient. Ef�ciency would be gained if no
augmentationto the translatedSDL diagramswas required
after conversion.

Furtherinvestigationshouldbe undertaken into developing
a tool that allows reverse engineeringbetweenUML and
SDL. With such a tool, developerswould be ensuredthat
one representationof the systemis manipulatedat all times.
Consequently, designcould be testedfor correctnessin SDL,
while still being documentedwith the more user friendly
UML.

Another alternative would be to undertake a similar case
studyusingUML 2.0 or SDL 2000.Sucha casestudywould
help to establishwhetherthe extensionsto thesemethodolo-
gies allow for the useof only one techniquethroughoutthe
entiresoftwaredevelopmentlife cycle, i.e. from requirements
anddesignthroughveri�cation and�nally to implementation,
testingand documentation.Shouldeither of theselanguages
offer a completepath for engineeringCCSs correctly, they
would be a valuabletool for future softwareengineers.
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