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Abstract

This paperpresentsan enhancemendf our “Algorithm Architec-
ture Adequation”(AAA) prototypingmethodologywhich allows
to rapidly develop and optimize the implementatiorof a reactve
real-timedataflav algorithmon a embeddedheterogeneousulti-
processoarchitecturepredictits real-timebehaior andautomat-
ically generatethe correspondinglistributed and optimizedstatic
executive. It describesa new optimizationheuristicable to sup-
port heterogeneouarchitecturesndtakesinto accountaccurately
inter-processoicommunicationswhich are usually neglectedbut
may reducedramaticallymultiprocessoperformances.

1 Introduction

Theincreasingcompleity of signal,imageandcontrolprocessing
algorithmsin embeddedpplicationsrequireshigh computational
power to satisfyreal-timeconstraints This powver canbe achieved
by parallelmultiprocessorsvhich are often heterogeneous em-
beddedsystem:ithey aremadeof differenttypesof processoriter-
connectedby differenttypesof communicatiormedia.ln thesesys-
tems,communicationare too often neglectedalthoughthey may
decreasdremendouslythe actual performance®f the aforemen-
tionedapplications.In orderto helpthe designerbtainrapidly an
efficientimplementatior(i.e. which satisfiesreal-timeconstraints
andminimizesthe architecturesize) of thesecomplex algorithms,
andto simplify the implementatiortask from the specificationto
the final prototype,we have developedthe AAA 1 rapid prototyp-
ing methodology[21

The implementationof an algorithm on a architecturecorre-
spondgo aresourceallocationproblem. As classifiedin [5] there
aretwo possibleresourceallocationpolicy : dynamicor static.

The dynamicpolicy is more efficient whenthe executiondu-
ration dependon the processedlata. The algorithmimplementa-
tion is also apparentlysimplified becausehe dynamic executve
providesnumerousservicegtaskallocation,communicatioretc.).
But the price to be paid is the inducedoverhead[3, 1, 17] both
in programsizeandin executiontime (mainly causedby expen-
sive context switchinganddynamiccommunicatiorrouting). The

IAAA standsfor AdequationAlgorithm Architecture, “adequation”is a french
word meaningan efficient matching

difficulty to predictrun-timeexecutiondurations andrun time be-
havior, forcesthe designerto insert (large and empirical) safety
mamginswhich leadto resourcesvaste which mustbeaddedo the
resourcegonsumedy the dynamicoperatingsystemitself.

Onthe otherhand,staticschedulingminimizesthe overall ex-
ecutiontime by drasticallyreducingoverheadd3, 7], but it does
not allow to implementasvariousapplicationasthe dynamicpol-
icy does becauseall the propertiesof theapplication,includingits
ervironment, mustbe known at compiletime. Hence,the static
policy is appropriatg17] for the implementationof real-timere-
active [4] control, signalandimageprocessingalgorithmson em-
beddednachineswhereresourcesndtime arehardlylimited, and
wherethe algorithmandits ervironmentarewell knovn. An im-
portantpart of researchesn static schedulingfocus on minimiz-
ing the numberof inter-processocommunication$12, 25, 16] but
rarely on their optimization(schedulingyouting[24], parallelism)
which canbe donestaticallybut requiresto be ableto allocatethe
communicationsequencersisually ignored. This lack of control
inducesinaccurateestimateccommunicatiordelaysandcancause
unpredictablgperformancelegradationg1]. This paperaddresses
this crucialissue which hasdrawvn too little attentionin RTOSand
real-timeexecutive researchef?].

Basedof theseobsenations,AAA usesstaticschedulingeven
communicationsare routed and scheduledstatically) and rapidly
leadsto a dehug-free optimized prototypewhich is consequently
reusableswewill seealongthispaper In section2, we presenthe
modelsusedin AAA. In orderto addresghe NP-completg8, 19
resourceallocationproblem,and becauseve aim rapid prototyp-
ing, section3 presentsa fastgreedylist schedulingheuristicwhich
allows to rapidly predictand optimizethe performance®f differ-
entkindsof algorithmson differentkinds of architecturesSection
4 givesrulesto automatahe generatiorof the staticexecutive cor-
respondingo the chosenmplementation.Section5 presentsoth
the softwaretool SynDExwhich implementsAAA, andan appli-
cationdesignedandrealizedwith it. Finally section6 givesa brief
conclusion.

2 AAA Methodology

2.1 Architecture Model

Theheterogeneousultiprocessotargetarchitecturés specifiecas
a nonorientedhypegraphof operatorggraphvertices),that may
be of differenttypes,connectedhroughbidirectionalcommunica-
tion media(nonorientedgraphedges)thatmayalsobeof different
types. A communicatiormediummay connecttwo operatorsor
more. This graph(in themiddle of figure 1) describesheavailable
parallelismof the architecture.Eachoperatoris a finite statema-
chine (programmablewith instructionand datamemories)which



executessequentiallya subsetof the algorithm’s operations(Cf.
next section). Eachcommunicatiormediumexecutessequentially
communicatioroperationdCf. section2.3). A mediumincludes
not only the wires neededo move dataspatially betweenopera-
tors memories but alsothe transformatomunits (DMA or UART)
that sequencesnemoryaccessesn eachside of the wires. Each
transformatois afinite statemachineandconsequentlya medium
whichis composeaf severalcommunicatingransformatorss equi-
valentto a singlefinite statemachine.On eachside,the commu-
nicationmediumis ableto synchronizewith the operatorin order
to accessjn alternation(mutual exclusion), shareddata buffers.
Sincein general,a transformatorequiresthe operatorsequencer
(via shortinterrupts)for sequencing@ndexecutingoperationghat
it is not ableto do itself, a processofCISC, DSP etc) usuallyin-
cludesnot only oneoperatorbut alsoa partof eachconnectedne-
dia.

2.2 Algorithm Model

An algorithm, as definedby Turing and Post[23], is a finite se-
quence(total order) of operationsdirectly executableby a finite
statemachine. For amultiprocessoarchitecturecomposeaf sev-
eralfinite statemachinesalgorithmsmustbe specifiedwith atleast
asmuchparallelismasthearchitecture Sincewe wantto beableto
comparetheimplementatiorof analgorithmon differentarchitec-
tures,the algorithmgraphmustbe specifiedindependentiyof ary
architecturggraph. Thus,we extendthe notion of algorithmto an
orientedhypegraphof operationsgraphvertices),which execu-
tion is partially orderedby their datadependence@®rientedgraph
edges). We needan hypegraphmodel (an exampleis given in
the top of figure 1) becauseeachdatadependencenay have sev-
eral extremitiesbut only oneorigin (diffusion). This dependence
graph alsocalleddirectedagyclic graph(DAG) [10, 20], exhibitsa
potentialparallelism:two operationsvhich arenotin datadepen-
dencerelation,may be executedin ary orderby the sameoperator
or simultaneouslyy two differentoperatorsWe dealwith reactve
systemsvhicharein constaninteractionwith theervironmentthat
they control. This is why the algorithmoperationsneededo com-
putethe outputevent for the actuatorsfrom the input event from
the sensorsare indefinitely repeatedpncefor eachsamplingof
the sensors. In otherwords, the algorithmis an infinitely wide,
but periodic,agyclic dependencgraph,reduceduy factorizatiorto
its repetitionpattern[15] (alsocalleda dataflav graph),which is
executedfor eachinputevent.

In orderto detectdesignmistalesassoonaspossiblein thede-
velopmentycle, algorithmgraphamaybeproducedy thecompil-
ersof high level specificatiolanguagessuchasthe Synchronous
Language$9] (Esterel Lustre,Signal),which performformal ver
ificationsin termsof eventsorderingin orderto preventdead-locks.

2.3 Implementation Model

The prime assumptiorof our implementationmodel is that each
operationof the algorithm graphdoesnot requiremore thanone
operatoffor its execution,but theremustbe atleastoneoperatorof
the architecturegraph,ableto executeit. Whenseveral operators
are ableto executean operation,one of them mustbe chosenin
orderto executeit.

Theexecutionof eachoperatiorby anoperatoiconsistsn read-
ing the operations input datafrom the operatormemory thenin
combiningthemto computethe outputdatawhich arefinally writ-
teninto the operatormemory Therefore, whentwo operationsn
data-dependenceelation are executedby the sameoperator the
operationproducingthe datamustbe executedin sequencéefore
the operationconsumingthe data. Whentwo data-dependerdp-
erationsare executedby two differentoperatorsthe datamustbe
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transferredfrom the memoryof the operatorexecutingtheproduc-
ing operation(afterits execution),into the memoryof the operator
executingthe consumingoperation(beforeits execution). Sucha
datadependencés called an inter-operatordatadependenceIn
orderto supportit, a route (pathin the architecturegraph) must
be chosenbetweenthe two operators. For eachcommunication
mediumcomposingthat route, one communicatioroperation(ex-
ecutedby the correspondingnedium)mustbe insertedin the al-
gorithm graph betweenthe producingand the consumingopera-
tions. Whenthe routeis composedf morethan one intermedi-
atemedium,the datamustbe temporarilystoredin the memoryof
eachintermediateoperator Theimplementatiorrequiresnot only
to choosefor eachoperationtheoperatorby whichit will beexe-
cuted,but alsoto choosefor eachinter-operatordatadependence,
the mediathatwill executecommunicatioroperationgo routethe
data.Thesechoicescorrespondo a spatialallocationof the archi-
tectureresourcesysually called partitioning or placementcalled
hereafteristribution. Sinceoperatorgresp.media)arefinite state
machinestheimplementatioralsorequiresto choosefor eachop-
erator(resp. medium),an executionorderbetweerthe operations
(resp. communicatioroperationsassignedo it, compatiblewith
the precedencerequiredby the datadependencesThesechoices
correspondo a temporalallocationof eacharchitectureresource,
calledhereafterscheduling

Distribution andschedulingpf operationsaswell astheir opti-
mizationin the caseof homogeneouarchitectureshave beenfor-
malizedin termsof graphtransformationsn [21]. Here,we take
into consideratiorheterogeneouarchitecturegseesection3), and
we improve two routing aspectf the implementation. In [21],
all datadependencesetweertwo operatorareroutedthroughthe
samepath,arbitrarily choseramongthe shortesbnes.We reexam-
ine the routechoicefor eachinter-operatordatadependencesuch
thattwo simultaneou®nesmay be parallelizedon differentroutes
insteadof beingsequencean the samearbitrary chosenroute as
in [21]. Moreover in [21], datadiffusionis implicitly allowedonly
in the operatorsat eitherextremitiesof aroute. Whereashere,we
allow diffusionin eachintermediateoperatoron the route,sothat,
for example, diffuseddata, insteadof being communicatecbnce
througheachroute,i.e. twice througheachmediumsharecby the



two routes,will betransferreconly oncethrougheachmediumof
eitharroute.

Figurel shavs a simpleexampleof implementatiorwith com-
municationoptimizationbasedon parallel routing and diffusion:
operationgA,B), (C,D), andE areassignedespectiely to opera-
torsOprl,0pr2,andOpr3. Thetwo datadependencelsetweenA
andE arecommunicategimultaneoushon the two (samelength)
parallelroutesM1-M2 andM4-M3. The dataproducedby A on
Oprlis first transferredo Opr2 (by the communicatioroperation
executedby M1), whereit is diffusedto C andto the communica-
tion operationexecutedby M2, by which it is transferedo Opr3
for E. In parallel,theseconddataproducedby A, is transferedo C
by anotheroutemadeof M4, Opr4,andM3.

3 AAA Optimization Heuristic

For a given pair of algorithm and architecturegraphs,thereis a
large but finite numberof possibleimplementationsamongwhich
we needto selectthe mostefficient one,i.e. which satisfiesreal-
time constraintsand minimizesarchitectureresources.This opti-
mizationproblem,asmostresourceallocationproblems[8, 19] is
known to be NP-completeandits sizeis usuallyhugefor realap-
plications. This is why we useheuristics.Sinceexperienceshavs
that the algorithm graphand the architecturegraph are modified
severaltimesbeforea satisfyingresultis obtained andbecauseve
aim rapid prototyping,we needa fastbut efficient heuristicwith a
graphicalglobal view of the results(Gantt chart) wherethe user
may easily find out critical pathsor bottlenecks. Hence,if the
rapidly predictedexecutiontime doesnot matchthereal-timecon-
straint,theusercaneithermodify thealgorithmgraphto offer more
parallelism or adddistribution constraintgin orderto work around
singularaberrantresultsinherentto ary heuristic). Thenthe user
appliesthe heuristicagain. On the contrary if the real-timecon-
straintis met, the usercantry to reducethe architecturegraphand
appliesthe heuristicagain.

In orderto reachthe abore requirementsour heuristicis based
on a fastandefficient greedylist schedulingalgorithm[18, 2, 25],
with a costfunctionthattakesinto accounthe executiondurations
of operationandof communicationsThesedurationsareobtained
by a preliminarystepof characterization.

3.1 Characterization

As mentionedin section2.1, eachoperatorcan executeits own
operationset. It is characterizedby a lookup tablethatassociates
an executiondurationto eachoperationof this set. The first way
to obtaincharacteristicés basedon durationestimation:an oper
ationis codedby a sequencef CPU instructions,so its duration
depend®nthenumberof clock cyclesneededor eachinstruction,
andontheclock period,but alsoon thepeculiaritiesof the operator
(cachemanagementinstruction pipeline). This methodis man-
ageableonly for simpleoperatoror asarapidfirst approximation
whenthe operatoris not yet available. The otherway is basedon
durationmeasurementeachoperationmay be timed in situ, with
thehelpof anexecutive automaticallygeneratedvith chronometric
logging operationsinsertedbetweerotheroperationg6].

Every datadependencenay happerto beinter-operatorthisis
why the executiondurationof communicatioroperationsfor each
datatype (int, float...) usedin the algorithm, have to be charac-
terizedfor eachcommunicatiormediumusedin the chosenarchi-
tecture. At this point thereare usually two subsetof datatypes
to consider basicscalartypesand compositetypes. It is not al-
ways possibleto extrapolatethe transferdurationof a composite
type from the transferdurationsof its componentswhereast is
alwayspossibleto measurg¢hedurationof thetransferof eachdata

type(includingcompositetypes)for eachmedium,andto storethe
resultin alookuptablecharacterizinghe medium.

3.2 Definitions

Thegreedylist schedulingalgorithmusedin our heuristic,is based
on a costfunctiondefinedin termsof the startandenddatesof the
operationsexecutions themseles expressedecursvely from the
executiondurationsof operationsand communications.Whereas
in [21] the architecturegraphis assumechomogeneous,e. the
executiondurationA(o) of anoperation(resp.communicatiorop-
eration)o is the sameon eachoperator(resp. medium),herewe
consideteterogeneouarchitecturesvherethe executionduration
of anoperation(resp.communicatioroperation)o executedby an
operator(resp. medium) p in Gar (the architecturegraph)is de-
fined by Ap(0) (this valueis foundin p's characteristicsookup
table). Asin [21], the setof successor§resp. predecessors)f
anoperationo in Gal (thealgorithmgraph)is denoted (0) (resp.
I'(0)), andits “earlieststartfrom start” dateS0), its “earliestend
from start”dateE(0), its “latestendfrom end” dateE(0), its “latest
startfrom end” dateS(0), the makespan(algorithmgraphcritical

pathlength)R, andits “scheduleflexibility” F(0), aredefinedoy?:

o) = nﬁﬁEU) (or0if F(0) = 0)
E(0) = S0)+245(0)

E(0) = ><renrz(ag)s_(x) (or0if I'(0) = 0)
So) = E(0)+Ap(0)

R T ZaEO - s
F(o) = R-—5(0)—2p(0)—E(0)

Whenthe heuristiccostfunction considersan operationo, all 0's
predecessom@ealreadyscheduledtheoperatoror mediathatwill
executethemhave alreadybeenchosen)but no successoof 0's is
yetscheduledsoin thecomputatiorof E andS, A hasto bedefined
independentlyf ary operator We definethe executiondurationof
anoperationo notyetscheduledy theaverageexecutionduration
of o onall operatorsableto executeit:

Gar /o= {p € Gar|Ap(0) is defined
Y Ap(o)

peGar /o
(0)= Card Gar /o)
As soonasanoperatioro is schedule@nanoperatom, its duration
changesfrom A(0) to Ap(0), andfor eachpredecessod’ of 0's
not scheduledn p, communicatioroperationshave to be inserted
betweend’ ando, andto be schedulecon media. Consequently
S(0) may changeto a biggervalueS(0), andthe makesparkR may

alsochangeto abiggervalueR'. Asin [21], ourcostfunctiona(o),
calledthe schedulgoressureis thedifferencebetweerthe schedule

penaltyP(o) = R — R (critical pathincreaseslueto this scheduling
step)andthescheduldlexibility F(0) =R —S(0) — Ap(0) — E(0)
(schedulemagin beforeacritical pathincrease)which gives:

o(0) = S(0) +Ap(0) + E(0) - R

o(o) is animproved versionof the often usedF (o), because
wheno becomegritical, F(0) stopsdecreasingndremainsnull,
whereasP(o) startsincreasingfrom 0, i.e. g(0) continuesto in-
creasemorewer the comparisorbetweenthe schedulepressures
of two operationsliminatesk andits expensve computation.

2Note the symmetryof formulas: “From start” and “From end” are relative to
oppositetime directionsandorigins; mér;j So0)=0= mér;j E(o) by definition. In the
o¢! _ o€

literature[13], ASAP = SandALAP=R-S



OPR1 | OPR1 OPR2 OPR3 OPR4 OPR5
M1 X X
M4 X X X
Routes length 0 1 2 1 1

Tablel: Routetableof OPR1

3.3 Operations Scheduling

The heuristiciterateson a setOs of “schedulable’operations.An
operationnot yet scheduleds schedulablevhenall its predeces-
sorsarealreadyscheduledAt eachmainstepof the heuristic,one
schedulableoperationo is elected,and schedulecdbn its bestop-
erator(seedetailshereunder)thenbecaus® becomescheduled,
someof its successormaybecomeschedulable@ntheir turn. This
mainstepis repeatedintil Os is empty which happen®nly aftera
full explorationof the “successor’partial orderrelation,i.e. after
all operationsrescheduledin anordercompatiblewith thatpartial
order Thebestoperatorfor a schedulabl®perationo is eitherthe
onewhereo is constrainedby theuserto beexecutedpr theonefor
which o hasthelowestschedulgressures(o). In orderto compare
schedulgressuresaschedulableperations tentatvely scheduled
on eachoperatorableto executeit. Eachoperatorp hasanassoci-
atedorderedsetof operations¢alledits schedule to be scheduled
on p, anoperatioro is firstappendedo theendof p'sscheduleand
then,for eachpredecessar’ of o's, whichis scheduledn p’ # p,
communicatioroperationsreinsertecoetweery’ ando andsched-
uledonthe mediaof a choserrouteconnectingp andp’. All com-
putedvaluescorrespondingo the bestoperatonSpeg (0), Epest (0),
Obet (0), Prest(0)) areassociatedvith the operationo, in orderto
beeasilyretrievedlater In orderto fill-up theresourcessmuchas
possible,Os is restrictedto Og = {0 € Os|Shest(0) < Epest(Omin) }
where omip is suchthat Syeq (Omin) = 5251 Shest(0). I this sub-

set, the operationhaving the highestopey (i.€. the mostcritical)
is elected,removed from Os, and definitely scheduledn its best
operator The successorsf this scheduledperationthatbecome
schedulablébecausall of their predecessorarenow scheduled)
areaddedo Os. Thenext heuristicmainstepis thenreadyto begin
onthisnew Os.

3.4 Communications Scheduling

Whenanoperationo is scheduledn anoperatorp, for eachinter-
operatordata dependencébetweeno and an o's predecessoo’
which is not schedulecbn p), a route mustbe chosento transfer
the datafrom the produceroperationo’ to the consumeioperation
0. For eachmediumof that route, a communicationoperationc
must be inserted(betweeno’ and o) and scheduled. The choice
of the routeis incremental. It startsfrom the operatorexecuting
o, andis simplified by the useof pre-computedoutingtables.in
eachoperatorp, this table providesfor eachotheroperatorp’ the
mediumconnectedo p thatallowsto reachp’ througha minimum
numberof intermediatemedia(table 1 givesthe routing tablesof
the Oprlin the exampleof thefigure 1). At eachincrementaktep
of this schedulingprocedurea communicatioroperatiorc is sched-
uledonamedium.Amongthemediawhich connectp to anext op-
eratorbelongingto oneof the shortestroutetowardsp’, oneelects
the mediumthat inducesthe minimum executionend date E(c).
Eachmediumm hasan associate@rderedsetof communication
operations,called its schedule to be schedulecon m, ¢ is sim-
ply appendedo the end of m's schedule exceptif m's schedule
containsa previous communicationoperationc’ transferringthe
samedata (diffusion), in which caseE(c') is considerednstead.
Thisincrementaktepis repeatedintil thedestinatioroperatorp’ is

reachedSo,ateachstepof theheuristic,communicationsireeval-
uatedon eachmediumof the shortestoutesto the destinatiorop-
erator Therebytheloadof eachmediumis balancedtheavailable
communicatiorparallelismofferedby the hardwarearchitecturas
thenexploited.

4 Executive Generation

We give herethe mainideasaboutthe rulesthatallow to generate
automaticallythe application-specifiexecutive correspondingo
theimplementatiorof a givenalgorithmon agivenarchitecture.

Theexecutiveis generatedhto severalsourcdiles,onefor each
operatorandonefor automatinghearchitecturespecificcompila-
tion chain. Eachfile containsanintermediatecodecomposedf a
list of macro-callswhich will be translatecby a macro-processor
into a sourcecodein the preferredcompilablelanguagefor each
target operator Executve macrosgenerateeither the desiredin-
structiondnline, or acall to aseparatelgompiledoperation.They
may be classifiedinto two sets. The first oneis a fixed set of
systemmacros which supportcode dowvnloading, memoryman-
agementsequenceontrol, inter-sequenceynchronizationinter-
operatortransfersandruntimetiming (in orderto characterizel-
gorithmoperationsandto profile the applicationasin [6, 1]). The
secondneis anextensiblesetof applicatiorspecificmacroswhich
supportthealgorithmoperations.

For eachoperator the generatedist of macro-callsis com-
posed,in order of macrosdescribinga tree covering the architec-
ture graphandrootedon a “host” operator(usedfor dowvnloading
applicationcode, and for collecting runtime timings), of macros
allocating memory buffers (for datadependences)f one com-
municationsequencdor eachmediumconnectedo the operator
(built from the mediums schedule),and of one computationse-
quencegbuilt from the operators schedule)ln this executive, con-
text switchesonly occur betweenthe communicationsequences
(which arecomposedf systemmacrosonly) andthe computation
sequencethenonly a few registersneedto be savred andrestored.
For example,on an architecturebasedon TMS320C40DSPs,the
CPU overheadfor eachcommunicatioris only 56 instructioncy-
cles,including“dataready” synchronizationDMA programming,
endof transferinterrupt,and“buffer free” synchronizatioetween
communicatiorand computationsequencesln orderto avoid the
overhead®f usualcommunicatiorprotocols(suchasdatatransfers
betweenprotocollayers, or the addition of routing informations)
thesesequencesharethe memorybuffers of communicatedlata,
andinclude synchronizatiormacrosto accesshesebuffersin the
orderrequiredby the datadependencesn away thatthis orderis
satisfiedat runtimeindependentlyof the operationsxecutiondu-
rations. Thereforethe implementatioroptimization,evenif it may
be biasedby inaccuratearchitecturecharacteristicsis safein the
sensdhatit cannotinduceruntimesynchronizatiorerrors(suchas
deadlocksor lostdata)or aninefficient scheduleof communicated
data. This certitudeallows big savings in applicationcodingand
dehuggingtimes. Oncethe executive librarieshasbeendeveloped
for eachtype of processaqrit takesonly afew secondgo automat-
ically generatecompileanddownloadthe deadlockfree codefor
eachtargetprocessoof the architecture.lt is theneasyto experi-
mentdifferentarchitecturesvith variousinterconnectiorschemes.

5 Related Work

The whole methodologyis implementedn the systemlevel CAD
software SynDEX[22, 14]. Its GraphicalUserInterfaceallows the
userto specify both the algorithmandthe architecturegraphs,to

Shttp://www-rocg.inria.fr/synde



executetheaforementionetheuristicandthento displaytheresult-
ing distribution andschedulingon a temporaldiagram(the bottom
of figure 1 presentsucha diagramwherethe vertical size of the
operationsare proportionalto their duration). When the useris
satisfiedby the predictedtiming, SynDEx canautomaticallygen-
eratethe dead-lockfree executive for the real-time execution of
the algorithm on the multiprocessor Real-timedistributed exec-
utive libraries have beendevelopedfor networks basedon DSPs
(TMS320C40ADSP21060)Transputergnicrocontrollersandge-
neral purposeprocessorgPC and UNIX workstations). SynDEx
hasbeenusedto develop several real-timeheterogeneouapplica-
tions, amongwhich [11]: a new urbanelectric vehicle controlled
by a distributed embeddedcomputersystem(basedon the CAN
bus and five MC68332,0ne i80c196,0ne i80486) providing fea-
turessuchasautonomousiriving androuteplanning.

6 Conclusion

Theglobalapproactof the AAA methodologyaimsto rapidly pro-
totype real-time embeddedapplications. It is basedon a static
schedulingpolicy to minimize executiontime and programsize
overheads.AAA usesa fastheuristicwhich accuratelytakesinto

consideratiorthe heterogeneousharacteristicsiot only of oper

ators(computationshut also of media(communications).More-
over, this heuristicoptimizesinter-processorrcommunicationdy

exploiting the communicatiorparallelismofferedby the architec-
ture, and by balancingthe load of eachcommunicationrmedium.
Finally, theautomaticallygenerate@xecutive allowsto rapidly car

ry out an optimized prototypewithout wastingthe users time in

multiprocessomprogrammingand detugging. Presently we are
working on the optimizationheuristicin the caseof conditioned
operationsandon anextensionof the AAA methodologyfor con-
figurablecircuits (FPGA)to allow future co-desigroptimization.
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