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ABSTRACT
Complex embeddedsystemsaretypically specifiedusingmultiple
domain-specificlanguages.After code-generation,the implemen-
tationis simulatedandtested.Validationof non-functionalproper-
ties,in particulartiming, remainsaproblembecausefull testcover-
agecannotbeachievedfor realisticdesigns.Thealternative,formal
timing analysis,requiresa systemrepresentationbasedon key ap-
plication and architectureproperties. Thesepropertiesmust first
beextractedfrom a systemspecificationto enableanalysis.In this
paperwe presenta suitabletransformationof SDL specifications
for system-level timing analysis.We show waysto vary modeling
accuracy in orderto applyavailableformal techniques.A practical
approachutilizing arecentlydevelopedsystemmodelis presented.

1. INTRODUCTION
Todayscomplex embeddedsystemsaretypically specifiedusing

multiple domain-specificlanguagesand tools. Apart from func-
tional simulationandtest,analysisof non-functionalproperties,in
particulartiming, is requiredin orderto verify that thechosentar-
get architecture,binding andschedulingdecisionssatisfyall con-
straints.

Existingsystem-level designmethodologiesmainlyaddressspec-
ification,simulation,synthesisandfunctionaltest.Formulti-language
designs,integrationfocusesonlanguage-andtool-interfaces,while
the semanticsof the underlyingcomputationalmodelsarelargely
ignored.

This shallow integration is a lesssuitablesolution for system-
level timing analysis,sincecritical cornercaseare hard to find.
Completesimulationof a systemis not an alternative due to the
hugenumberof casesthatwould have to beexercisedfor realistic
systems. Instead,system-level timing analysisrequiresdeepin-
tegration [3], i. e. a holistic view of the systemwhich takes into
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accountkey propertiesof the specificationindependentof speci-
fication languagesto facilitatemulti-languagedesign. Functional
detailsthatdonot influenceresourcedemandcanbeabstracted.

Formalanalysisapproachesexist in theareaof real-timeschedu-
lability tests. Taskactivation is representedby event models,and
resourcedemandis consideredfrom theperspective of ascheduler.
This informationis not directly availablefrom standardspecifica-
tion languagesor designtools. Therefore,an applicationspecifi-
cationfirst hasto betransformedinto a suitablerepresentationfor
analysis. For state-basedlanguages,this transformationis diffi-
cult becauseactivationmodelscanbecomplex dueto their control
dominatedsemantics,andbecauseprocessescanhavemany differ-
entbehaviors.

In this paperwe focus on the transformationof the language
SDL (SpecificationandDescriptionLanguage)into a representa-
tion suitablefor system-level timing analysis.SDL is widely used
for thespecificationof communicationprotocols.Wepresenttrans-
formationsat differentlevelsof abstraction.Thekey is to capture
the propertiesof the specificationin sufficient detail to allow rea-
sonablyaccurateanalysisusing available formal techniques,but
to remainsufficiently abstractsuchthat the parametersthat those
techniquesrequireareavailable.A practicalapproachutilizing the
recentlydevelopedSPImodelis presented.

The goal of the SPI (SystemProperty Intervals) project is to
provide a framework for system-level timing analysis[23]. The
idea is to transformthe (potentially multi-language)input spec-
ification into a language-independentintermediaterepresentation
which is well suitedfor system-level analysis,andto apply exist-
ing or novel analysistechniques. Input languagetransformation
hasbeendemonstratedfor Matlab/Simulink[11]. However, Mat-
lab/Simulinkis a languagewith regular, periodicprocessactivation
andthusconsiderablyeasierto transformandanalyzethanSDL.

After anoverview of relatedwork, we summarizetheproperties
neededfor system-level timing analysis. We then focus on how
to obtainthe implementation-independentpartof this information
from SDL specifications.Transformationsatdifferentlevelsof ab-
stractionareconsideredusinga wireless-communicationprotocol
asan illustratingexample. In thefinal section,anexampleis pre-
sentedthatshows how our approachbridgesthegapbetweenSDL
specificationsandtheapplicationof differenttiming-analysistech-
niques.



2. RELATED WORK
Several specificationlanguagesfor reactive systems,e.g. SDL

[9] or StateCharts[7], andspecificationlanguagesfor transforma-
tive systems,e.g. synchronousdata-flow [15] or Matlab/Simulink
[17] exist. Eachof theselanguagesis bestsuitedfor andthuses-
tablishedin certainapplicationdomains,andsupportedby domain-
specifictools.Specializedlanguageshave obviousbenefits,in par-
ticularmodelingandsimulationefficiency andeaseof useof tools,
andthereforea singlesuper-languageis not likely to emerge [14,
5].

SDL is widely usedfor thespecificationof theprotocolautomata
of communicationsystems.Thelanguagecomposesasynchronous
extendedfinite statemachines (EFSMs). Communicationis ab-
stractedinto unboundedFIFOsor sharedvariables,andtiming into
precedencerelations.

Available SDL tools focus mostly on specification,simulation
andsynthesis.The standardspecificationandsimulationtool for
SDL is Telelogic Tau [20]. Tau can also generateC codefrom
SDL for differenttargets.Othercode-generatorsexist thatgenerate
hardwaredescriptionsfrom SDL, e.g. [2, 4], or supportHW/SW
co-synthesisfrom SDL [19]. The MASCOT system[1] supports
co-simulationof Tau and Matlab/Simulink[17]. The COSMOS
system[22, 3] supportsmulti-languageco-simulationof SDL and
Matlab/Simulink, and HW/SW co-synthesisfrom SDL. For this
purpose,the SDL specificationis translatedinto an intermediate
representationcalledSOLAR[10]. SOLARconsistsof interacting,
hierarchicalEFSMscommunicatingvia refinablechannels.Only
shallow integrationis providedwith Matlab/Simulink,which is not
translatedinto SOLAR andhasto besynthesizedseparately.

Ptolemy[14] is a framework that allows to combinedifferent
modelsof computationfor simulationandpotentiallycode-generation
usinga well structuredsetof Java classesandinterfacetaxonomy.
Specificationswritten in Ptolemycould be abstractedinto a SPI
representationin analogyto commerciallyavailablespecification
tools.

Noneof theavailabletoolssupportsformal system-level timing
analysis. This is becausefully executablespecificationspresent
too muchdetail thatis not interestingfor timing-analysis,andhide
thosepropertieswhich arerequired.

System-level schedulinganalysisismostlybasedonaschedulers
view of thesystem.Theclassicpaperby Liu andLayland[16] pro-
vides schedulabilitytestsfor several priority-basedstrategies for
periodic processes.This work hassincebeenextendedin many
directions.Fidge[6] presentsagoodoverview aboutexistinganal-
ysisapproaches.In all theseapproaches,key parameters(priorities,
time slots,executionandcommunicationdelays,etc.) areinserted
into a mathematicalframework to determinesystem-level proper-
tiessuchasload,or taskandbusresponsetimes.

3. REPRESENTATION OF SDL SPECIFICA-
TIONS FOR SYSTEM-LEVEL TIMING
ANALYSIS

In thissection,weshow how to transformSDL into arepresenta-
tion suitablefor system-level timing analysis.TheSPImodel[23]
is usedasa basisfor this representation.

3.1 Requirements

System-level timing analysisis concernedwith temporalproper-
tiesof the interactionof SW- andHW-componentsin a system,in
orderto verify timing constraints.Thisrequirescertaininformation
about:

� application: An applicationis modeledas communicating
processes.Processactivation conditions(e.g. periodic or
event-driven)andthecommunicateddataperactivationhave
to beknown. Detailedprocessfunctionis not required.

� architecture: The architecturedescribesthe resources(pro-
cessorsandbusses)andavailableresource-sharingstrategies,
which resultfrom theselectedoperatingsystemsandbusar-
bitrationprotocols.

� mappingand scheduling: Mappingandscheduling(assign-
mentof priorities,slot timesetc.) of processesandcommu-
nicationon resourceshave to be provided. Coreexecution
times(the time processexecutionor communicationwould
take if the resourcewasexclusive) alsohave to be known.
They resultfrom mappingdecisions.

3.2 SPI Model Basics
TheSPI(SystemPropertyIntervals)modelwasdevelopedto fa-

cilitatesystem-level analysisof multi-languagedesigns,in particu-
lar system-level timing analysis[23]. In thissection,only thebasic
conceptsof SPI,which arenecessaryto understandthis paper, are
introducedinformally.

In theSPImodel,a systemis representedasa setof concurrent
processeswhich communicatetokensvia unidirectionalchannels
thatareeitherFIFO queues(destructive read)or registers(destruc-
tive write). Processesaswell aschannelsarenot characterizedby
their exact internalfunctionality but by their abstractexternalbe-
havior. This includesprocessactivationconditionsandtheamount
of communicateddataper execution. For example,processP1 in
Fig. 1 consumes1 datatokenandproduces2 datatokensperexe-
cution. By default P1 is activated,i. e. readyfor execution,if there
areenoughtokensavailable for oneexecution(in the exampleat
leastone)on its incomingchannel.A coreexecutiontime of 1ms
is annotatedfor simplicity, but in factresultsfrom a mappingdeci-
sion.

1ms 3ms[3ms,5ms]

1

2P1 P2 P3C1 C2
[1,3]

[2,5]

4

3

Figure1: SPI Example

A key conceptin SPIis thepossibilityto specifyall propertiesas
intervals.Forexample,processP2 consumesatleast1 andatmost3
tokensfrom channelC1 andproducesatleast2 andatmost5 tokens
on channelC2 perexecution.P2 is activatedif at least3 tokensare
availableat its input. Theuseof intervalsallows to conservatively
bounda setof possiblebehaviors, andto applysystem-level anal-
ysis techniqueswhich operatewith conservative boundsandthus
cover thewholedesignspace.Thisavoidstestingthehugenumber
of situationsthathave to beconsideredin simulation-basedvalida-
tion approaches.Application specificationsin differentlanguages
or modelsof computationcanbecapturedwith thesamefew SPI



elements.Therefore,analysisof multi-languagedesignsbecomes
feasible.

�
Additional conceptsin SPI includeprocessmodesto modeldis-

tinct processbehaviors; modetagsto modelprocessmodecorrela-
tions;virtual processesandchannelsto modelthesystemenviron-
ment, timing constraintsandotherwisehiddenschedulingdepen-
dencies.We will explain theseconceptsin moredetailin Sec.3.4.

3.3 Intr oduction to SDL
SDL [9] wasoriginally designedfor the specificationof proto-

col automatain communicationsystemsand is now the standard
languagefor this purpose. SDL automatacan perform dataop-
erationswhich leadsto the extendedfinite statemachine (EFSM)
modelof computation.An SDL systemis structuredinto blocks
andsub-blocks,andEFSMsaredescribedusingprocessesandser-
vices. Eachprocessor servicecontainsan independentEFSM,
which communicatethroughasynchronoussignals. Eachprocess
hasits own FIFO input queuethat collectsall incoming signals.
Different servicesof one processshareall processvariablesand
theprocessinput-queue.

Eachtransitionof anEFSMis triggeredeitherby thereceiptof
an asynchronoussignal, the changeof a local variableor a com-
binationof both. Transitionsandcommunicationareatomicand
basicallytimeless,exceptthat precedencerelationshipsof signals
aremaintained.A local variablecanchangedueto theexpiration
of a timer, whichallows periodicactivationof transitions.

3.4 BasicRepresentationof SDL in SPI
Ourbasicrepresentationof anSDL processin SPIis asingleSPI

processPFsm with aninput queueQIn, anoutputqueueQOut anda
virtual self-queueQState, which is initialized with onetoken. PFsm

is activatedwhen one token on QIn and one token on QState are
available. Uponexecution,the tokensareconsumed,a new token
is producedon QState andzeroor moretokenscanbeproducedon
QOut . Additionally, weassociateamodetag [23] with thetokenon
QState to captureinformationaboutthestateof theSDL EFSM.A
modetag is a name-valuepair, which allows to captureadditional
informationaboutthedatathata tokenrepresents.For eachmode
tag,a domainD of possiblevaluesis defined.To accountfor un-
certainty, the valueof a modetag canbe any subsetof D. In our
mappingfrom SDL to SPI,we defineD to be the setof all states
of the EFSM. The mappingis shown in Fig. 2 for a simpleSDL
process.QState is virtual (indicatedby a dashedline) [23], since
it doesnot modelexternalcommunicationof processPFsm, but in-
steadrepresentsinformationaboutPFsm whichotherwisewouldbe
hiddeninsidetheprocessimplementation.

The SPI modelallows to distinguishbetweendifferentprocess
behaviors using the conceptof processmodes[23]. Modesare
selectedbaseson the numberof tokensandtheir tagsat the pro-
cessinput ports. In our SPI representationof an SDL process,
NStates modescanbe distinguishedbasedon the tag on QState. If
tokenson QIn are additionally taggedwith a setof possiblesig-
nalsthatthetokenscanrepresent,thenthesetof possiblemodesis
NModes� Fsm��� NStates � NInputSignals. Theresultingmodesfor our
examplearelisted in Fig. 3. Mode-dependentdataratesandtag-
productioncanalsobeannotateddirectly at processportsin a SPI
graph,asshown in Fig. 5.

For SDL processeswith multiple inputandoutputchannels,two
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Figure2: SDL process(a) and mapping to SPI (b)
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Figure3: Onepossiblesetof modesand tag productionsfor the
SPI processin Fig. 2

SPIprocesses,PMerge andPFsm, aregenerated.This decouplesthe
collection of signalsfrom different sourcesand the activation of
modesof PFsm basedon signaltags,reducingthemaximumnum-
berof modesfrom

NModes� Fsm� � NStates � NInputSignals � NInputChannels

to

NModes� Fsm� � NModes� Merge� �
NStates � NInputSignals

�
NInputChannels

An SDL processwith 2 inputand2 outputchannelsandthecor-
respondingSPIrepresentationwith decoupledprocessesPMerge and
PFsm areshown in Figs.4 and5.

Figure4: SDL processwith two inputs and outputs

SDL signalsexchangedbetweenprocessesinsidethesameblock
areconsumedin the order in which they wereproduced.On the
otherhandin SPI,a processwith sufficient tokensat its inputs is
activated,but doesnothaveto beexecutedimmediately. Therefore,
if two tokensarrive at different inputs of processPMerge without
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Figure5: SPI representationof SDL processRouter fr om Fig. 4

PMerge having beenexecutedin between,it is impossibleto deter-
minethearrival orderof thetwo tokens.We solve this problemin
our SPIrepresentationof SDL by capturingtheorder, in which the
tokenswereproduced,into virtual queueQSigToMerge. Virtual pro-
cessPSig is executedin oneof its modesimmediatelyafterPSAFsm

or PSBFsm dueto latency constraintsof zeroon its input channels
(LC � 0), andproducesa properlytaggedtokenat its output. The
tagis evaluatedto determinefrom which of its inputsPMerge reads
thenext token. Again,virtual elementsareusedto representinfor-
mationaboutthesystembehavior which otherwisewould behid-
den. If communicatingprocessesresidein differentblocks,those
virtual elementsareomitted.

WehavealsomodeledSDL services,dynamicprocessinstantia-
tion andtermination,the‘store’ mechanismandtimersin SPI.Due
to thelimited spaceof this paper, thereaderis referredto [8].

4. HIGHER LEVELS OF ABSTRACTION
Thedetailedmodelingpresentedin theprevious sectionon one

handshows the expressivenessof SPI, but on the otherhandcan
lead to a systemcomplexity for realisticapplicationswhich can-
not be analyzedwith currenttechniques.In this context, we can
benefit from using SPI, which supportsuncertainty, and choose
thelevel of abstractionappropriatelyfor differentsystemelements.
We presentthreeapproachestowardsabstractionusingpartsof the
MAC (mediumaccesscontrol) protocolof a DECT wirelessbase
stationasanexample.

4.1 DECT Example
Our DECT examplehasbeenkindly provided by the authors

of [19]. The system-level SDL view in Fig. 6 shows six differ-
ent SDL processes.The processLower Layer ManagementEn-
tity (LLME) managesthe completeMAC layer. Handover and
broadcastmanagementareperformedby theprocessMulti Bearer
Controller (MBC) and the processBroadcastMessageController
(BMC). The control of the radio links is performedby the cell
sitefunctionprocesses(CSF).TheprocessA CSFperformsproto-
col datatransmission,while theothertwo CSFprocessesperform
speechdatatransmission.

4.2 Combination of Behaviors
The useof intervals in SPI allows conservative combinationof

distinctprocessbehaviors into asingleabstraction.Thisgreatlyre-
ducesthenumberof casesthathave to beconsideredduringanal-
ysis,andalsoaccountsfor thefactthatmostcurrentanalysistech-

Figure6: SDL Specificationof DECT MAC protocol

niquesdonotdistinguishdifferentprocessbehaviors.
ConsiderSDL processA CSF in Fig. 6 andits mappingto SPI

in Fig. 7. Different from Fig. 2, the distinction betweendiffer-
ent statesof the correspondingEFSM hasbeenabstracted(mak-
ing theself-FIFOof PA CSF unnecessary).ProcessPA CSF is sim-
ply activatedby a tokenarriving onchannelQMergeToFSM. Process
PA CSFmerge is activatedby a token arriving on channelQA CSFSig

and by the correspondingtoken arriving on one of Q f romLLME ,
Q f romBMC or Q f romMBC.
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Figure7: SPI representationof SDL processPA CSF

Becauseof the signal-flow through the system,the activation
of processPA CSF is the superpositionof the activationsof pro-
cessesPLLME , PBMC and PMBC, with additional jitter introduced
by the mapping-andscheduling-dependentdelaysof Q f romLLME ,
Q f romBMC, Q f romMBC, PA CSFmerge andQMergeToFSM. Analysisde-
tailsof suchactivationpropagationandsuperpositioncanbefound
in [18]. Obviously, executiontimeandoutputdatarateintervalsof
PA CSF arewidedueto abstractionof its transitions,which leadsto
moreconservativeanalysisresults.Therefore,thenext two sections
show transformationsthatincreasemodelingaccuracy without for-



feiting analyzability.

4.3 Separationof Activation Principles
Sofar, processactivationby asynchronouseventshasbeendis-

cussed.Additionally, periodicactivation,which may be specified
usingSDL timers,SDL clock extensionssuchas[19] or periodic
timing constraints,e.g. [12] is possible.If differenttransitionsin
the sameSDL processareactivatedasynchronouslyandperiodi-
cally, thenfor analysistheasynchronousandperiodicpartsof the
SDL processcanbe viewed asmutually exclusive SPI processes.
This separationovercomesrestrictionsof existing analysistech-
niqueswhich usuallycanonly dealwith a singleactivationprinci-
ple perprocess.Communicationbetweenthe two processesis via
SPIregisterchannels,whichdonotcontributeto processactivation.
Wehaveappliedthistechniqueto processPA CSF, whichapartfrom
the event-activated transitionsshown in Fig. 7 also hasperiodic
transitions(Fig. 8). Periodicactivation is expressedusinga peri-
odic rateconstraintin consistencewith [12]. PA CSFperiodic cycles
betweensendandreceive modesbasedon the valueof tag state.
Suchcyclo-staticbehavior canbeexploitedfor analysis(e.g. [13]).
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Figure 8: Separationof SDL FSM into periodically and asyn-
chronouslyactivated processes

4.4 Separationof Scenarios
Typically, in anSDL specificationonly asubsetof signalsareex-

changedandonly a subsetof transitionsaretakenduringa certain
modeof operationof the system.This is often calleda scenario.
For example, ‘idle’, ‘connect’, ‘active’ or ‘disconnect’scenarios
exist in a simpletelephony protocol.

Scenariosaremutuallyexclusive,andthuscanbeanalyzedsepa-
rately, whichreducesanalysiscomplexity withoutsacrificingaccu-
racy. For timing analysisonly process-transitionswhichcanbeex-
ecutedduringa particularscenariohave to beconsidered,leading
to narrower execution-timeintervals. Furthermore,only timing-
constraintsapplicableto thescenariohave to beverified.

In Fig. 9, we use messagesequencecharts(MSCs) to shows
theSDL signalswhich areexchangedduringtheradio-to-linesce-
nario in the DECT MAC protocol. ProcessesPA CSFperiodic and
PB CSF2periodic are periodically (every 5ms) sendingor receiving
datato/from the radio. PB CSF2periodic is alsosendingdatato the
line every 10ms. Datafrom the line is arriving periodicallyevery
1
]
40 � 10msandactivatesprocessPB CSF2event , which hasto col-

lect thedataandpreparethenext B-Frame.PA CSFevent is receiving
sporadicburstsof datafrom PDLC (datalink control,thenext higher

protocol layer) via PMBC, PBMC andPA CSFmerge. SDL Processes
PLLME andPB CSF1 (Fig. 6) arenot active.
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Figure9: MSC for radio-line scenario

5. EXAMPLE
Our exampleshows how the transformationspresentedin this

papercanbeusedto bridgethegapbetweenanapplicationspecifi-
cationin SDL andexistingsystem-level timing analysistechniques.
The exampleis basedon the radio-to-linescenariointroducedin
Sec.4.4. We focus on the processesnecessaryfor the A-frame
(Figs. 7 and 8) and assumea mappingof function to resources
shown in Fig. 10. Other processesand channelsare mappedto
theresourcesbut not shown in thefigure.
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Figure10: Analysisgraph for part of the radio-line scenario

In the stepshown, we appliedour knowledgefrom Fig. 9 that
PLLME is inactive in this scenario. We then translatedthe com-
municationbetweenprocessesinto event models[18] (EM1 etc.),
sincetheseareneededfor schedulinganalysis.Wechoseto imple-
mentall communicationbetweenSDL processesPBMC, PMBC, and
PA CSF on a singlelogical channelof thebus. ProcessPA CSFmerge

is implementedas the bus driver and takes care of transmitting
signalsto PA CSF in the right order. Recall from Sec.4.3 that
PA CSFperiodic and PA CSFevent have beenintroducedfor analysis
purposesandaremutually exclusive. We canachieve this in case
of a fixed-priorityscheduleronCPU2 by assumingthat they have
thesamepriority.

FromtheDECT-MACspecification,weknow thatEMp is purely
periodic(Fig. 9). Additionaldesignerknowledgetellsusthatevent
modelsEM1 andEM2 aresporadicbursts.Wecananalyzethetim-
ing of PBMC andPMBC usingtheapproachfrom Tindell [21] which
supportsburst. In additionto processresponsetimes,we alsoob-
taintheoutputeventmodels,i. e.theabstracttiming behavior of the
outputsignals.Sincecommunicationis merged,we have to merge



theeventmodelsin orderto analyzebusperformance.This is done
by superimposingí theoutputeventmodels;weobtainEMx whichis
alsoa sporadicburst.Now, we cananalyzethebusperformanceto
derive eventmodelEMy. Finally, we cananalyzetheperformance
of CPU2. For theanalysisof thebusandCPU2, wecanchosefrom
the vastamountof existing methodsfor a singleresource(for an
overview see[6]). Resultcorrectnessis guaranteeddueto theuse
of eventmodelsandappropriateeventmodeloperations[18].

6. CONCLUSION AND OUTLOOK
In this paperwe presentedtransformationsfrom SDL specifica-

tions into an intermediaterepresentationbasedon the SPI model.
This representationis well suitedfor system-level timing analysis
usingexisting andnovel analysistechniques.We thusclosedthe
gapbetweena systemspecificationin a standardlanguage,SDL,
andsystem-level timing analysis,which assumesa differentview-
point, namelythat of an operating-system.We explainedthe key
benefitsof eachof the proposedtransformations.The separation
of activation principlesinto separateprocessesallows to employ
simplerandat the sametime lessconservative activation models.
It alsoreducethenumberof differentbehaviors perprocess.Pre-
dictability andthereforeanalyzabilityincrease.Theseparationof
scenarioshelpsusto focuson onescenarioat a time, reducingthe
overall problemin two ways. Firstly, we omit all processeswhich
areinactive in this scenario.Secondly, we furtherreducethenum-
ber of behaviors which have to be consideredat a time. Finally,
we combineall remainingbehaviors of oneprocessinto a single
abstractionto applyexisting analysistechniques.

Our next stepswill beto applytheindicatedanalysistechniques
for our DECT exampleusingreal performancenumbers.Further-
more,wewantto demonstratethataunifiedSPIrepresentationof a
heterogeneously-specifiedsystemenablesanalysisacrosslanguage
boundaries,by analyzinga systemspecifiedpart in SDL andpart
in Simulink.
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2000.

[14] E. A. Leeet al. Overview of theptolemyproject.Technical
report,Universityof Californiaat Berkeley, Mar. 2001.

[15] E. A. LeeandD. G. Messerschmitt.Synchronousdataflow.
Proceedingsof theIEEE, 75(9):1235–1245,1987.

[16] C. L. Liu andJ.W. Layland.Schedulingalgorithmfor
multiprogrammingin a hard-real-timeenvironment.Journal
of theACM, 20,1973.

[17] TheMathWorks.Simulink. http://www.mathworks.com.
[18] K. RichterandR. Ernst.Eventmodelinterfacesfor

heterogeneoussystemanalysis.In Proc.of Design,
AutomationandTestin EuropeConference(DATE’02),
Paris,France,Mar. 2002.

[19] F. Slomka,M. Dörfel, andR. Münzenberger. Generating
mixedhardware/softwaresystemsfrom SDL specifications.
In Proc.9th InternationalSymposiumon Hardware/Software
Co-Design(CODES2001), Copenhagen,Denmark,Apr.
2001.

[20] Telelogic.Tau. http://www.telelogic.com/products/tau/.
[21] K. W. Tindell. An extendibleapproachfor analysingfixed

priority hardreal-timesystems.Journalof Real-Time
Systems, 6(2):133–152,Mar 1994.

[22] C. A. Valderama,M. Romdhani,J.M. Daveau,et al.
Hardware/Software Co-Design:PrinicplesandPractice,
chapterCOSMOS:A TransformationalCo-designTool for
MultiprocessorArchitectures.Kluwer AcademicPublishers,
1997.

[23] D. Ziegenbein,K. Richter, R. Ernst,L. Thiele,andJ.Teich.
SPI– A systemmodelfor heterogeneouslyspecified
embeddedsystems.to appearin IEEETransactionsonVery
Large ScaleIntegration (VLSI)Systems, 2002.


