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Integrated System and Process Analysis
The Right Technique for the Right Problem

HenkJonlers, Wil JansserandHenryFranlen

During the design of distributed systems and (business) processes, model-
based analysis of both functional and quantitative properties plays an important
role. Depending on the required level of detail, the analysis is either performed
using analytical methods or simulation. At the Telematica Instituut, a modelling
framework has been developed providing a uniform interface for different types
of analysis. This framework can be used to support the design of a wide variety
of systems of interest to the institute, ranging from network infrastructure to
business processes and cross-organisational co-operation.

Model-basedanalysisand simulation play an in-
creasinglyimportantrole in the designof a great
variety of systems,as models often sene as a

analysisandsimulationtechniquesreusedto sup-
port projectsthat are carriedout in the Telematica
Instituut. We first give an overview of possibleap-

blueprintfor the actualimplementation Case-tools proachego systemanalysis.

and workflow systems,for example, transforma
model to an operationalsystem. The properties
of the model thus becomepropertiesof the real
sytem. Looking at the researchareasof inter
estto the Telematicanstituut, thesesystemgange
from computerhardware and communicationnet-
worksto comple businesgprocessefor evencross-
organisationaprocessesiupportedoy information
and communicatiortechnology Functionalanaly-
sisis usedto validatethe correctbehaiour of asys-
tem, while quantitatve analysisprovidesaninstru-
mentto, e.g.,find bottleneckscomparealternatve
designsor fine-tunethe performancef asystem.It
is importantto useanalysisthroughoutthe design
process.All too often, a completeddesignis anal-
ysedasan“afterthought”,to checkif thefunctional

Three ways to derive system proper-
ties

Basically threeclasse®f methodsanbeappliedto
derive estimate®f systenpropertiesandmeasures:

e measurement,
e simulation,and
e analyticalmethods.

Measurements (or, more appropriatefor functional
properties,observations) are only possibleif the

and quantitatve (quality of service)requirements systemof interestis alreadyoperational Therefore,

have beenmet. The risk of this approachis that
an expensve redesignof the whole systemmight
beneededf it turnsoutthatthe systembehaesin-
correctlyor the performancas insuficient. In this
papemwe presensomeexamplesof hov modelling,
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they will be of limited useduring a (re)designpe-
causethey cannotbe usedto obtain predictions of
the systembehaiour. Measurementprovide on-
line analysis,asopposedo the othertwo methods
thatareusedfor off-line analysis.



Smulation could be describedas the direct exe-
cution of a model, expressedin either a special-
purposesimulationlanguageor a general-purpose
programminglanguage. It is a powerful instru-
ment, as it can be usedto study ary systemas-
pectto ary level of detail. However, simulation
is time-consumingwhich makesit lesssuitableto
quickly comparea large number of designalter
natves. Also, becausenearly all modelscontain
sourcesof non-determinism simulation typically
provides probabilisticresultsratherthanunique re-
produciblepredictionsof the systemproperties.

Analytical solution techniquesderive quantitatve

measuregeither exact or an approximation)in a

systematicmathematicalway. They can be sub-
divided in symbolic techniquesand numeric tech-
niques. Analytical solutionsare commonly used
for quantitatve analysis.Also for functionalanaly-
sissuchtechnigquesrreavailable: state-spacexplo-

rationtechniquesuchasmodelchecking[3] ensure
thatall possiblescenariosn thesystemarechecled.

A drawvback of analyticaltechniqguescomparedto

simulationis that the classof modelsthat are an-
alytically tractableis limited. For modelchecking
the size of the modelis the mostimportantbottle-
neck.

Althoughthis roughclassificationis usefulto place
thedifferenttechniquesit is not alwayspossibleto

drav a sharpline betweensimulationand analyti-

cal techniques.Somenumericalanalysismethods
closelyresemblea simulationapproachandcertain
kinds of simulation,e.g.Monte Carlomethodsare
only asmallstepremoredfrom analyticalmethods.
Moreover, simulationand analytical methodscan

beusedin combination:submodelghatareanalyt-
ically untractableare solved by meansof simula-
tion, afterwhich the overall modelis solved analyt-
ically, or vice versa. In functionaltechniquesuch
asmodelchecking,counterexamplesof a checled

propertycanoftenbevisualisedoy meanf a step-
wise simulation. Thus, insteadof two completely
disjoint approachesye obtaina moreor lesscon-

tinuous range from purely analytical methodsto

puresimulation.

It is importantto realisethatthereis no “best” ap-

proachto functionalor quantitatve analysis:simu-

lation is notinherentlybetteror worsethananalyt-

ical techniquesandthe sameappliesfor different

analyticaltechniques.

Telematien
Jradedekikd

The Telematica Instituut [http://www.telin.nl] is a
market-driven researchinstitute administeredand fi-
nancedby leading enterprisesand supportedby the
Dutchgovernmentsatoptechnologicalnstitute. The
institute’s maingoalis to quickly translatefundamen
tal researchinto commerciabpplicationsn thefield of
telematics.In collaborationwith mary (inter)nationa
knowledgecentreswe work on stratgjic top research
for businessesThe projectsaretypically multi-client
andmulti-disciplinary. Our expertiseareasare:

¢ networked electronic collaboration(e.g. com-
puter supportedcooperatie work and group-
wareapplications);

e networked electroniccommerce(e.g. business
network designand supportingtransactiorsys-
tems);

e contentmanagemeninformationretrieval, in-
telligent agents, knowledge managemenand
teletraining);

¢ middleware (e.g. architectureand technology
building blocksfor next generatiorinternet).

The Telematicalnstituutis managedrom the central
organisatiorin Enschede.
Themaindifferencebetweertheapproachess their
positionon the naturaltrade-of betweenthe accu-
ragy of the analysisresultsand the computational
compleity. Symbolic analytical results provide
very efficient first-order estimatesof performance
measuresandaretypically usedin theearlydesign
stagego supportthe choicebetweenmajor design
alternatves. Detailedsimulationprovidesaccurate
resultsputit is relatively time-consuminglt is typ-
ically usedto fine-tunethe performanceof a final
design.

Our approach to system analysis

Especiallyfor simulation, the numberof existing
tools, both general-purposand specificfor a cer
tain applicationarea(e.g. manufcturing systems
or businessprocesses)is enormous. But also for
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analyticaltechniquedor functionalor quantitatve
analysigheavailabletoolsareconstantlyimproving
andincreasingin number Therefore,it is useless
to build “yet another”simulationtool. Our interest
is primarily how to deplg existing tools, possibly
customisedo our specificneedsto optimally sup-
portthe designof systemsandprocesses-However,
we do hotwantto burdendesignersvith the partic-
ularitiesof all theseanalysistechniquesmodelling
formalismsandtools.

We solved this problemin the contet of business
process(re)designby meansof a commonmod-
elling anddesignlanguagethat, in additionto rep-
resentingprocessesn an insightful way, senes
as a front-endto multiple analysismethods. The
sameapproactcanbe usedin otherapplicationar
eas. Figure 1 summarise®ur approach. A “sys-
tem” (e.g. businessprocessor distributed applica-
tion), consistingof a numberof resourcesand a
numberof correspondingprocessess modelledin
an analysis-independemodelling language. The
model,consistingof anactormodelandabehaiour
model,is mappedo ananalysis-specificnodelling
formalism,eitherquantitatie or functional(or both,
e.g.timed Petrinets). Analysingthis model, either
by meansor simulation or an analytical method,
yields estimatef process-orientedr systemori-
entedmeasurespr of functionalsystemproperties.
Theseresultscanbe usedasfeedbackto the orig-
inal modeland ultimately the modelledprocessor
design.With this approachsimulationandanalysis
becomesnoreaccessibldo systemdesignerswith
limited knowledgeof thesetechniques.
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Figurel. Overview of theanalysisapproach

Weillustratetheapproactby anexamplein thefield
of businesgprocesgsedesignBPR).
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Business process analysis

In the Telematicalnstituut, simulationand analy-
sis techniqueshave beenappliedmost extensvely
in the Testbedproject[http://www.telin.nl/testbed],
which developsalanguagemethodsanda software
tool (calledTestbedstudio)to supportousinessgpro-
cesanodellingand(re)desigrin thefinancialsector
[2]. Projectresultshave beemappliedin severalreal-
life businessasesTheprojectis acollaborationof
the pensionfund ABP, the Dutch Tax Department,
ING Group,IBM andthe Telematicanstituut,and
is financially supportedby the Dutch Ministry of
EconomicAffairs.

Oneof the principle ideasof the Testbedapproach
is thatasinglegraphicaimodellinglanguages used
asa commonfront-endfor differenttypesof anal-
ysis. This languagehasbeendesignedin sucha
way thatclearprocessmodelsor specificationgan
be constructedwhich areeasyto understan@ndto
communicateto all partiesinvolved in the process
(re)design. At the sametime, a soundmathemati-
cal basisof the usedconceptgyuaranteethe possi-
bility of anunambiguousnappingto the different
analysisformalisms. In this way, we diminish the
traditionalgapbetweerdesignanguagesand(func-
tional or quantitatve) analysisformalisms.

Figure2 shavs asimpleexamplemodelto illustrate
our modellinglanguage It modelsthe first stepsof
the processof a car damageclaim handling. The
model consistsof two aspectmodels,a behaviour
modelrepresentinghe actiities in the processand
their relations,andanactor modelrepresentinghe
parties(in this casepeople)involvedin the process.
Activities aredenotedby (stretchedkircles(with a
shadw for replicatedactions),andarravs between
the actionsdefinethe orderin which theseacti-
ties musttake place. Parallelismis modelledwith
and-splits (black diamonds)and and-joins (black
boxes), while choice is modelled with or-splits
(opendiamonds)and or-joins (openboxes). The
trigger (report damage) startsthe processand can
be usedto, e.g., specifythe arrival rate of claims.
Resourcesare denotedby octagons,and interac-
tion points(connecteavals)shav whichactorscan
have directinteraction.A processnodelandanac-
tor modelarelinked by meansof anactor attribute



of anaction,which specifieshe resourcehat per
formstheaction.

Simple step-wisesimulation and analytical quan-
titative methodsare incorporatedin the tool, and
more comple types of analysis, e.g. extensve
guantitatve simulation,arerealisedby meansof in-

terfacego otherspecial-purposmolsthatareavail-

able.

Functional analysisis usedo validateprocessrop-
erties: e.g., referring to the example process,can
we guarantedghat no reportis forwardedwithout
having consultedat leastonewitness?In this sim-
ple exampleit is obvious that this is not the case,
but in more complex processeswith mary alter

natives and parallel paths,it is often non-triial to

answersuchquestions. TestbedStudioincludesa
built-in stepwisesimulator which can be usedto

“step” througha processmodel, thus obtainingin-

sightin the possiblesequencesf actionsthat can
occur However, for a definite answerwe needa
techniquelike model checking, which searcheshe
whole statespacefor possiblecounterexamplesof
therequiredproperty In accordancevith the“light-

weight” requirement, TestbedStudio provides an
interface to the model checler SPIN [3]. This is
donein sucha way thatthe useof SpIN is hidden
from theend-userwhich meansamongothers that
a userfriendly mechanismhasbeendevelopedto
specifythe procesgropertiego bechecled.

With quantitative analysis, we want to obtain in-
sightin process-orientetheasuresuchascomple-

cally resultsin a graphasshavn in Figure 3, and
in additionto a moreaccurateestimateof the mean
completiontime it allows us to answerquestions
such as “Which percentageof the receved dam-
ageclaimsis completedwithin the norm of eight
days?” Finally, queueinganalysisis available to
derive mainly resource-orientetheasurese.g. re-
sourceutilisationsand the meannumberof wait-
ing customers Critical pathandqueueinganalysis
canbe usedin a combinedway. This providesa
powerful and efficient instrumentfor a joint study
of process-orientedndresource-orientetheasures
andtheirinterrelation.
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Figure3. Exampleof analysisresults

Althoughanalyticalmethodsarevery usefulto ob-
tain fast first-order estimatesof the quantitatve
measuregheirapplicabilityis inherentlyrestricted.

tion timesandwaiting timesandresource-oriented They are relatiely inaccurate,which meansthat

measuresuchas resourceutilisations. Theseare
typically usedto identify processbottlenecksor to
comparealternatve processeto optimisea design.
Comparabldo functionalanalysisa numberof rel-
atively simpleanalyticaltechniquesusedto derive
fast first-order estimatesof the quantitatvte mea-
sures,areincorporatedn TestbedStudio. For the
process-orientecheasuresgritical pathanalysisis
available for a very efficient estimateof the mean
completiontime of a processput alsoto find out
which actionsmale up the critical path, and are
likely candidatedor improvement. The probabil-
ity distribution of the completiontime canbe com-
putedwith anotheranalyticaltechnique,basedon
stochasticgraph reduction. This techniguetypi-

they may not sufice for fine-tuning a process.
Moreover, a processmight be too compl to be
capturedin an analytically tractablemodel. Typi-
cal examplesof the latter situationarecomple re-
sourceallocationstratgies or complex synchroni-
sation patternsbetweenactvities. Also dynamic
decisionsg.g.a numberof availableresourceshat
variesover time and dependingon the workload,
fall into this categgory. In thosecaseswe have to
resortto quantitatve simulation. In thelight of the
hugenumberof specialisedoolsthatbexist for this
purpose the obvious choiceis onceagainto pro-
vide an interfaceto one of thesetools ratherthan
to develop one of our own. In collaborationwith
the Schoolof SystemsEngineeringPolicy Analy-
sisandManagemenof Delft Universityof Technol-
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Figure2. Simplebusinesgprocessnodel

ogy, somecandidatesor this couplingareassessed,

anda prototypewill soonbeavailable.

Other applications

Although developedin a businessprocessmod-
elling contet, mary of the ideasfrom the Testbed
project can be more widely applied. The results
of the projecthave now reacheda stagethat they

canbedeploedin otherprojectsandotherapplica-
tion areasf interestto the Telematicdnstituut. For

example,we usesimilar modelsto analysecross-
organisationatransactionse.g.e-commercdrans-
actions,in theNETSproject[1].

The most obvious applicationthat comesto mind
is the designof distributed systemsr applications,
whereit is often non-trivial to determinewhether
the complex combinationof hardwareandsoftware
componentandnetwork infrastructureprovidesthe
requiredfunctionality and performance.A similar
approachalbeit not yet basedon the Testbedan-
guagewasappliedto adviseRijkswaterstaabn the
network capacityneededto meetthe performance
requirementof messagesentfrom roadsidesys-
temsto theirtraffic centres.

In new telematicsapplicationsto be developedfor
next generationinternet,amongotherswithin the
GigaPortprogrammgdhttp://www.gigaport.nl],this
will becomeincreasinglyimportant. The basic
modelling conceptsthat were used as a starting
point for the Testbedanguageoriginatefrom dis-
tributed systemdesign[5]. Also, mostof the de-
scribed functional and quantitatve analysistech-
niquesfind their origin in the validationor perfor
manceanalysisof computerand telecommunica-
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tion systems. Therefore,it is not surprisingthat
the Testbedresultstranslateto this field in a nat-
ural way. In [4] we illustratedthis with a simple
distributedimagedatabasexample.

Conclusion

In thispapemweillustratedhow modellingandanal-
ysis, eitherbasedon simulationor analyticaltech-
niques,are usedwithin the Telematicalnstituut to
supportthe designof systemsor (business)pro-
cessesWith our approachsimulationandanalysis
becomesnoreaccessibldo systemdesignerswith
limited knowledge of thesetechniques. Thus the
risk of using analysisas an afterthoughtonly be-
comessmaller: an importantobstaclefor integral
analysisaspartof thedesignprocesss elminated.
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