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Whatis characteristicof modernembeddedsystemslike
mobilephones,multimediaterminals,etc. is that their de-
sign requiresseveral differentdescriptiontechniques:The
radio-frequency part of a mobile phoneis designedusing
analogtechniques,the signal processingpart can be de-
scribedusing synchronousdata-flow, while the protocol
stackusesan extendedfinite statemachinebaseddescrip-
tion model. This heterogeneityposesa challengeto em-
beddedsystemdesignmethodologies,andhasresultedin
a searchfor a SystemLevel DesignLanguage(SLDL) for
describingbothsoftwareandhardware.

Webelievethatto obtainagoodSLDL oneneedsto first
understandwhatthecombinationof modelsof computation
means.To this endwe aredevelopinga kernellanguagein
which it is possibleto usedifferentmodelsof computation.
Themaincontributionsof this work are: (1) a commonset
of conceptsthat form the basisof the kernellanguage,(2)
aformally definedoperationalsemantics,whichalsomakes
it possibleto verify designsusinge.g.model-checking,(3)
theexplicit useof atomicityand,(4) theintroductionof the
notionof executionpolicy.

Several systemdescriptionlanguageshave been pro-
posed,e.g. UML [4] andSystemC[3]. They make very
differentassumptionsaboutthe final implementationtech-
nology, e.g. UML is meantfor modellingsoftware,while
SystemCaddressesthe hardwaredesigndomain. What is
interestingis thatmany languageconstructsarecommonto
theselanguages,but their semanticsdiffer dueto thecom-
putationalmodel. E.g. parallelismin UML hasa very dif-
ferentsemanticsfrom parallelismin SystemC.

It is this interactionbetweenlanguageconstructsand
modelsof computationthat is the focus of our research.
We have identifieda numberof conceptsthatarecommon,
but are interpreteddifferently given a different computa-
tional model. The languagehassyntacticentitiesto rep-
resenttheseconceptsandthroughtheoperationalsemantics
wegiveeachconcepta exactmathematicalmeaning.

The basicconceptin our languageis the state. Stateis
seldomexplicit in programminglanguageslike VHDL or
ESTEREL[1] but is a commonconceptin many model-

ing languageslike UML or Harel’s Statecharts[2]. Sev-
eral statesmay be active at the sametime (concurrency).
Theactivities in concurrentstatesshouldberun in parallel.
However, the parallelismis interpreteddifferentlydepend-
ing on the execution policy in effect in the currentscope.
A novelty in our languageis that we make atomicity ex-
plicit. Atomicity defineswhatthesmallestobservablestate
changeis. Theprogrammeris thusfreeto definethelevelof
atomicityashepleases.In synchronouslanguageslike Es-
terel,atomicityencompassesthewholeprogram,sothatthe
internalworkingsof the programarenot observable. This
is often problematicbecausethe programmeris forced to
think of the whole systemasa monolothicstatemachine.
Otherkey languageconstructsare interrupts, coroutines
andcommunication.

We have explicitly separatedthe executionpolicy from
thesemanticsof thestatements.It is our claim thatwe can
modelmostmodelsof computationusingsuitablecombina-
tions of atomicity, communicationstructureandexecution
policy. E.g. Harel’s statechartsemanticsis obtainedby us-
ingbroadcastingascommunicationdiscipline,byusingstep
semanticsfor interpretingconcurrency, andby makingthe
topstateatomic.As anotherexample,wecanview aUML
collaborationdiagram,wheresomenodesarerefinedusing
statemachines,asasynchronousdataflow system,againby
selectingasuitableexecutionpolicy andlevel of atomicity.
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