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ABSTRACT
Thispaperstudiestheuseof a reconfigurablearchitectureplatform
for embeddedcontrol applicationsaimedat improving real time
performance.The hw/sw codesignmethodologyfrom POLIS is
used.It startsfrom high-level specifications,optimizesaninterme-
diatemodelof computation(ExtendedFinite StateMachines)and
derives both hardware and software, basedon performancecon-
straints. We studya particulararchitectureplatform, which con-
sistsof a generalpurposeprocessorcore,augmentedwith a recon-
figurablefunction unit anddata-pathto improve run time perfor-
mance.A new mappingflow andalgorithmsto partitionhardware
and software are proposedto generateimplementationsthat best
utilize thisarchitecture.Encouragingpreliminaryresultsareshown
for automotive electroniccontrolexamples.
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1. INTRODUCTION
Configurablesystem-on-a-chip(CSoC)architecturesareemerging
asa promisingalternative to both ASIC andgeneralpurposepro-
cessors(GPP),aswitnessedby the numberof currentlyavailable
commercialplatforms[25]. ASICssuffer from long designcycles,
sky-rocketing NRE costs(SEMATECH estimatesa cost of $1M
for a 0.15µ maskset)andpoorflexibility , while GPPsdo not meet
performancerequirementsfor demandingapplications. The em-
beddingof reconfigurablehardware (eFPGA)expandsthe range
of problemsfor which post-fabricationsolutionsareviable. This
eliminatesthe time andmoney spentin silicon design,fabrication
andmanufacturingverification.

The wide adoptionof thesereconfigurablearchitecturesrelieson
theavailability of appropriatemethodologiesaswell asCAD tools
to mapdesignsto futuremulti-million gatedevicesquickly andto
efficiently exploit theirflexibility . Particularly, thehardware/software

co-designprocessmust determinewhich portionsof the overall
specificationshouldbe mappedinto the reconfigurablelogic and
which retainedon theprocessor. We discusstheautomationof the
entiredesignflow, from high-level specificationto hardware and
softwareimplementationfor control-orientedapplications.

While Estrin’s “fix ed plus variablestructurecomputer”proposed
in the early 60’s is likely the first reconfigurablecomputer, the
introductionof FPGAsspurreda wealthof researchin reconfig-
urableFPGA-basedsystems[13]. In thelastdecade,FPGA-based
platformshave achievedsignificantspeedupsfor a rangeof appli-
cationsincluding dataencryption,DNA sequencematching,au-
tomatictarget recognition,geneticalgorithms,imagefiltering and
networkprocessors.However, with increasingsystemrequirements,
embeddedcontrolapplications,suchasautomotive control,avion-
ics, roboticsand industrial plant control processes,are also ex-
periencingperformancebottlenecksontraditionalmicro-controller
platforms.Thusreconfigurablehardwareopensupnew implemen-
tationopportunitiesin thisdomain.

We usea homogeneousrepresentationfor bothhardwareandsoft-
ware,basedon a network of ExtendedFinite StateMachines(EF-
SMs).Thiscanbecapturedusingseveralhigh-level languageswith
underlyingEFSMsemantics,suchasESTEREL[9] or StateTran-
sition Diagrams. From this commonrepresentationwe perform
hardware/softwarepartitioningandcodegenerationbasedon per-
formanceprofiling.

For systemimplementation,we selectedthereconfigurableVLIW
RISCcoreproposedin [7], featuringa32-bitMIPScoreaugmented
with anFPGAreconfigurablecontrolunit anddata-path,whichcan
becustomizedto issuespecialinstructionsreadingfrom andwrit-
ing to the sameMIPS integer registers. A GCC-basedsoftware
tool-chainfor compilationandperformancesimulationfor this ar-
chitecturewasdeveloped,aspresentedin [23]. It supportsarbitrary
userdefinedinstructionsto bemappedontothereconfigurablema-
trix. Theusermanuallyidentifiesandtagscertaincomputationker-
nelsin thesourcecodeto beextractedassingleFPGAinstructions.
The tool-setthenprovidesautomatedsupportfor compilation,as-
sembly, simulationandprofiling of theresultingcodeon this plat-
form.

Startingfrom theEFSMrepresentation,weprovidemethodsto ex-
ploredifferenthw/swtrade-offs basedontheprofiling of thesource



codewith theGCC-basedtool chain. Thus,we automaticallyde-
rive the C codewith critical kernelstaggedfor FPGA implemen-
tation. Our methodologyprovidesa totally automatedflow from
high-level specificationssuchasESTEREL,down to performance-
optimizedmachinecodefor thereconfigurabletargetarchitecture.

Thepaperis organizedasfollows. Section2 reviews somerelated
work in reconfigurablecomputingandcodegeneration.Section3
givesour designflow, with detailson the modelof computation,
architectureselectionandperformanceevaluationmethods.Sec-
tion 4 detailsour methodof hw/sw partitioningandcodegenera-
tion. Section5 givesexperimentalresultsfollowedby conclusions
andfuturework in Section6.

2. RELATED WORK
A numberof researchefforts have studiedthedevelopmentstrate-
giesandCAD tools for reconfigurableplatforms. A popularap-
proachis to producea unifieddevelopmentenvironment,andpro-
videasinglelanguagethatcanbeeffectively mappedto eitherhard-
wareor software.PRISM[1] acceptsgenericC codeandgenerates
FPGA configurationsin a semi-automaticfashion. PRISM ana-
lyzed C codeto identify C functionsthat could be implemented
with combinationallogic. A similar approachto instruction-set
augmentationfor generalpurposecomputingwasproposedfor Prisc
[22] which considersa finer granularity, i.e. any groupingof in-
structionsinsteadof entireC functions,for hardwaresynthesisonto
hardwareprogrammablefunctionalunits. TheGARParchitecture
andcompiler[6] weredesignedto accelerateloopsof generalpur-
poseANSI C programsemploying a reconfigurablearrayasa co-
processor. A hw/swpartitioningflow calledNimble wasalsopro-
posedin [19] for this architecture,which startsfrom C codeand
exploresthepartitioningspacefor thecomputationintensive loop
kernels.ChameleonSystemsreportsco-compilationtechniquesfor
its CS2000series[27]. Onepromisingareaof researchrelieson
existing compilation techniquestargeting VLIW architecturesto
studythebenefitsof variousfunctionalunitsandinterconnectstruc-
tures.Adaptive Explicitly ParallelInstructionComputing[26] and
Dynamically VariableInstructionSet Architecture[20] represent
notableworksin this researcharea.

Our approachstartsfrom a high level abstractionusingEFSMsas
the formal modelto capturesystemspecifications.Any textual or
graphicallanguagewith underlyingEFSM semantics(at present
ESTERELis usedasa specificationlanguage)canbe employed.
In the POLIS framework [2] eachEFSM is representedby a sin-
gle statetransitiontable for the control path and a lookup table
for the data-path.This doesnot scalewell to designswith large
statespaces.Binary DecisionDiagrams(BDDs) areusedto op-
timize the statetransitionsand synthesizethe code. This single
BDD-basedrepresentationcannotbe usedto performpartitioning
betweenhardwareandsoftwareata fine logic computationlevel.

OtherworksonEsterelcompilationprovideefficientwaysto trans-
late Esterelprogramsdirectly into sequentialC code[8, 12, 28].
Thesetechniquesdonoteasilysupporthw/swpartitioningandcan-
not beutilized directly for mappingtheapplicationsontoa recon-
figurablearchitecture.

For functionalevaluationusingreconfigurablelogic,Sasaoetal. [24]
proposedusinga platform thatcombinesFPGAswith sequencing
logic to performlogic simulationandshowedsignificantspeedup
versusa GPPapproach.However, only combinationallogic func-
tionsareconsideredin their approach.
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Figure1: Control-data network

3. DESIGN FLOW
3.1 Model of Computation
Weuseanetwork of EFSMsasthefundamentalcomputationmodel.
Thisisderivedfrom ahigh-level specification,currentlyESTEREL.
Technologyindependentoptimization is performedusing multi-
valued(MV) logic anddata-pathmanipulation.

We useMVSIS [11, 5] for optimizationandsynthesis.It operates
onacontrol-datanetwork representation.Thisnetwork hascontrol
nodesanddatanodesinterconnectedwith two typesof variables:
MV variableswith finite rangesanddatavariableswith unbounded
ranges.Eachcontrol nodeis a multi-valuedfunction represented
in Multi-valuedDecisionDiagrams(MDDs) andsum-of-products
(SOPs). Datanodesconsistof threetypes: multiplexers, expres-
sionsandpredicates.

A multiplexer is definedas f � f � yc � y0 ��������� yn 	 1 
 , whereyc is a
MV-variablewith n values,yi , (i �
� 0 � n � 1� ) aredatainputs. The
output f is assignedto yi if yc � i. Predicatenodesandexpression
nodescontaincomputationof puredatavariables,while apredicate
outputsanMV variableandanexpressionoutputsa datavariable.
Thedatacomputationis currentlymodeledasuninterpretedstrings,
which may be complex computationsandfunction calls. The ex-
pressionshowever mustbe arithmeticasdefinedin the semantics
of theC language.

Figure1 shows anexampleof a control-datanetwork, wherebold
wiresindicatedatavariables.It consistsof four controlnodes(C1-
C4), two multiplexers(M1, M2), two predicates(P1, P2), two ex-
pressions(E1, E2) andtwo latches(L1, L2).

A setof technologyindependentoptimizationmethodsareavail-
ablein MVSIS [5]. Theseincludealgorithmsextendedfrom binary
logic: algebraicdecomposition[10], don’t care-basedsimplifica-
tion [16], elimination,resubstitution;aswell asalgorithmsspecifi-
cally tunedfor multi-valuedlogic: nodepairingandencoding[11].

In the architecturemappingphase,implementationcodeis auto-
matically generatedfrom this control-datanetwork for the recon-
figurableplatform. (SeeSection4).

3.2 Ar chitectures
Reconfigurableplatforms,couplinga programmablelogic with a
processorcore,comein differentvarieties,differing in processor
integrationscheme,computingmodel,andthegranularityof there-
programmablelogic. For thecomputingmodel,thereconfigurable
arraymaybedeployedasanautonomousco/streamprocessor, ded-
icatedI/O processor, interfacegluelogic, or asinstructionsetaug-



mentation. Several computingmodelsmay be supportedby the
sameplatform, but effectivenessdependson the level of integra-
tion betweenthereconfigurablelogic andCPUcore.Thereconfig-
urablelogic canbeplacedon anI/O bus[1], canbemovedcloser
to theCPU[15] (akinto astandardfloatingpointunit) or canbein-
tegratedinto theprocessorasa reprogrammablefunctionalunit [7,
21,14].

The integrationschemedeterminesthe granularityof the applica-
tion segmentsexecutedon the reconfigurablefabric. Due to the
fine granularityof the finite statemachinecode,we adoptedthe
instructionaugmentationcomputingmodelandthereconfigurable
platformof [7]. SpecialFPGAoperationscanbereconfiguredand
viewed asspecialinstructionsin thesystemISA. This canbeuti-
lizedat theC programminglevel. Sincethereconfigurablearrayis
part of theprocessor’s datapath,thereis minimal communication
overheadcomparedto the coprocessorimplementation.A copro-
cessorplatformrequiresadditionalcyclesto explicitly transferdata
to andfrom thereconfigurablearray, thusunderminingtheperfor-
mancegainobtainedfrom FPGAinstructions.

Therearedisadvantagesof this approachaswell. The numberof
portson the registerfile limits the input/outputbandwidthof the
FPGA array. The control flow of the datapath also requiresthe
FPGA arraybe executedsynchronouslywith the pipelinedesign.
Theserequirementsdictatethatonly smallblockswith few inputs
andoutputscanbe implementedon theFPGA array. Fortunately,
thisworkswell in thechosenapplicationspace,in thatEFSMscon-
tain nodesthat have only a few inputs and outputsand perform
simplecalculations.

3.3 PerformanceEvaluation
We usethe GCC-basedperformanceevaluationtool-chaindevel-
opedfor thetargetarchitecture[23]. GiventheC codeof thetarget
application,the usercantag blocksof C codeto be implemented
on thereconfigurablearray, usingapragma directive:

#pragma instr nameopcodedelaynoutnin outsins

whereinstr nameis themnemonicnameof theFPGAinstruction;
opcodeis the instructioncodeusedin hardwaresimulation,which
is not relevant in our approach;delayis thelatency in clock cycles
of this instruction;noutsandnins arethe numbersof outputsand
inputs;outsandins arethelists of outputandinput variables.The
codethat follows is interpretedasa C simulationmodel,which is
thenendedwith anotherpragma directive:

#pragma end

After the tagsareaddedto theC code,thesimulatorevaluatesthe
codeusing the cycle countsspecifiedby the userfor the tagged
blocks. The profiler returnsthenumberof cyclesusedto execute
eachline of code.

Our goal is to automaticallypartition hardwareandsoftwareand
generatethe tags for FPGA instructions,which implementsthe
hardwarepartition.Therearetwo limitationsfor anFPGAinstruc-
tion: (a) it must have no more than 3 inputs and 2 outputs,due
to instructionencodingandregisterfile limitations; (b) thereis a
limited pool of LUTs for FPGAinstructions.Thesearetaken into
accountin thepartitionalgorithmin thenext section.Thereis also
a challengeof accuratelyestimatingthe cycle countof the FPGA

instructions. The most precisemethodcompilesthe perspective
FPGAinstructionsinto LUTs andcalculatesthelongestpathdelay
versustheclock cycle time of theprocessorpipeline.In theexper-
imentsweuseheuristicsfor theestimationin orderto havea quick
performanceevaluation.

4. CODE GENERATION
The codegenerationproblemis, given a multi-level control-data
network, generateefficientcodethatconsistsof two portions:soft-
wareblocksto beexecutedon theprocessorandtaggedhardware
blocksto be implementedasFPGA instructions.Theobjective is
to maximizethe overall performancewhile satisfyingappropriate
resourceconstraints,suchasRAM andROM usageandFPGAsize.

We solve this problemin two steps:(a) constructmaximalregions
(clubs)of thenetwork thatcanbeimplementedasa singleinstruc-
tion without violating datadependencies,(b) explore the assign-
mentof individual clubsto hardwareor softwarebasedon perfor-
manceestimationandprofiling. For thefinal generationof C code,
we useanMDD-basedcodegenerationapproach[17].

4.1 Clubbing
A club is a candidateblock of functionalityfor potentialhardware
implementation.It is definedasa clusterof nodes,which satisfies
thefollowing constraints:

1. It doesnotcontainprimaryinputsor latches;

2. It consistsof eitherpurecontrolnodesor puredatanodes;

3. Its numberof inputs (outputs)doesnot exceeda predeter-
minedmaximumnumber;

4. It doesnot introducecombinationalcyclesamongclubs.

Wecurrentlydonotallow primaryinputsto beimplementedonthe
reconfigurablearray, becausethearchitecturedictatesthatall func-
tional inputs be suppliedthroughthe register files. However, in
someapplicationsit maybeworthwhileto considerdifferentarchi-
tecturesthatallow this. Latchescanbe implementedin FPGAsas
well, thustheFPGAoperationsmayhave statesthatarekeptfrom
instructionto instruction.This involvessequentialEFSMpartition-
ing, which is beyondthescopeof this paper.

Condition (2) is presentbecausecontrol and datanodesrequire
differentsetsof logic anddata-pathsfor implementation.Condi-
tion (3) is dueto instructionencodingandregisterfile limitations.
Condition(4) guaranteesdeterministicandcorrectfunctionality.

In [18] Khatri introducedaclusteringalgorithm,with asimilardef-
inition of clubs,for mappingfrom a logic network to a network of
PLAs. Although it doesnot satisfyour clubbingconstraints,our
clubbingalgorithm,outlinedin Figure2, is basedon this.

The network is first optimizedanddecomposedinto small nodes.
RoutineBuild levelizedarray() (step2) thenlevelizesandsortsthe
nodesin a depth-firstorder. In the levelization,thenodesaretra-
versedfrom inputsto outputs;whena nodeis addedto the array,
a recursive function is calledon eachof thenode’s fanouts;in the
recursion,if all of a node’s faninshave previously beenaddedto
thearray, this nodeis alsoadded.In essence,a nodeis insertedto
the endof the array immediatelyafter all of its faninshave been



Algorithm [Network Clubbing]:
input: control-data-network N
output: club poolResult
1 N1 = Decomposenetwork (N, M);
2 L = Build levelized array(N1);
3 Foreachnodek in L do
4 if check club� C � k
 then
5 C � make club� C � k
 ;
6 Continue;
7 else
8 Result � Result � C;
9 C � new club� k
 ;
10 end if
11 end

Figure2: Network Clubbing Algorithm

inserted.Noticethatprimaryinputsandlatchesarenot includedin
this array.

Themainclubbingloop theniteratesthrougheachnodein this lev-
elizedarrayandchecksif the additionof the nodeto the current
club violatesany of conditions1-4 (check club()). If not, thenode
is addedto theclub(make club()); otherwiseanew clubis initiated
for this nodeandthepreviousclub addedto thefinal pool.

4.2 Bit-packing
The synthesisflow supportsmulti-valuedvariablesin the EFSM
model,but in many designs,a majority of thenodesonly requirea
few bits to representthe largestvalue. Therefore,in orderto fully
utilize the FPGA instructionswith the 3-input and2-outputlim-
itation, we needto bit-packmultiple control variablesinto a sin-
gle 32-bit integerallows largerclubs. Thereis of courseoverhead
costof assigning(extracting) the properbits of the 32-bit integer
for the inputs(outputs)of theFPGAinstructions.However, larger
clusterswould leadto theeliminationof unnecessaryintermediate
variables,thussaving load/storeinstructionsandmemoryaccesses.

To incorporatebit-packing,thecodegenerationflow describedabove
is modifiedin two aspects:

1. The clubbingalgorithmis modifiedso that the input/output
constraintreflectsthe numberof bits ratherthanvariables.
For theselectedarchitecture[7], theinputconstraintis 32 � 3
bits andtheoutputconstraintis 32 � 2 bits.

2. Thecodeof eachclub is includedwith additionaltemporary
variablesfor the constrainedclub-inputsand club-outputs.
New codeis addedto align the original input bits into the
temporaryclub input variablesbeforetheFPGAinstruction,
and to extract output bits from the temporaryclub output
variablesaftertheFPGAinstruction.

Bit-packingallows eachclub to have up to 96 binary variablesas
input, and64 binary variablesasoutput. The IO constraintof the
FPGA instructionsfor control is thenonly limited by thedatade-
pendenciesbetweencontrol nodesanddatanodes. However, bit
packingandunpackingarevery expensive operationson conven-
tionalprocessorsandcreateoverheadonthesoftwarepartition.Yet
they areextremelycheapon theFPGAprocessor. This againillus-
tratesthetrade-off betweencomputationandcommunication.

Table1: Benchmark examples

Example strl PI PO node MUX PRED EXP latch
Dance 243 1 14 299 73 13 41 38
Display 155 4 6 148 51 3 43 14
Driver 775 85 49 541 118 41 58 71

4.3 Partitioning
Weexploredifferenthardware/softwaretrade-offs basedonperfor-
manceprofilesof eachpotentialclub. This is donein two steps:

1. Obtain the performanceprofile and FPGA implementation
cost(reconfigurablearrayLUT count)for eachclub.

2. Find the besthw/sw partition that maximizesperformance
gainandsatisfiestheFPGAsizeconstraints.

For thefirst step,we generateC codefor all clubswith no FPGA
instructions;we run throughtheGCC-basedtool-chainandobtain
anaveragecycle countfor eachline of theC code;thecycle count
for aclubis thenthesummationof thecyclecountsfor all its source
lines.

A simplealgorithmbasedonthenumberof inputandoutputbits is
usedto estimatethenumberof LUTs requiredif theclub is imple-
mentedin hardware. Nodepatternsthatcommonlyappearedwere
synthesizedusingXilinx logicsynthesistoolsto determinetheLUT
counts.Any unidentifiablenodetypessuchasfunctioncallswere
estimatedmanually.

The secondstep can be formulatedas a Booleanprogramming
problem.ForpotentialFPGAclubs � C1 � C2 ��������� Cn � , let � T1 � T2 ��������� Tn �
be their cycle count from the performanceprofiling, and let � S1,
S2, ����� , Sn � betheirestimatedLUT countfor theFPGAimplemen-
tation. Createa Booleanvariablexi for eachclub Ci ; let xi � 1
representCi beingimplementedin hardwareandxi � 0 represent
softwareimplementation.The goal is to find the Booleanassign-
mentof thevector � x1 � x2 ��������� xn � , suchthat:

Maximize: ∑n
1xi � Ti

Constraint : ∑n
1xi � Si � SIZE

In theactualexperimentsdonesofar, dueto our primitive estima-
tion of cycle countandLUT size,we chosea greedyassignment
approach:theclubsaresortedin descendingorderof theirprofiled
cycle counts;assign,in order, eachasFPGA instructionuntil the
FPGAsizelimit is reached.

After hw/swpartitioning,eachchosenFPGAinstructionneedsan
estimatedcycle countfor performancesimulation. The heuristics
usedassumethat small nodeswill take 1 cycle. For commonly
usedclubs,we againrun a Xilinx synthesistool andestimatethe
resultingFPGAhardwarelatency. For morecomplex controlclubs,
weestimatebasedon thenumberof inputandoutputvalues.Other
typesof clubsthat involve functioncallsanddatacomputationare
estimatedmanually.

5. EXPERIMENTS
Thebenchmarksetincludesamulti-injectiondriverfor enginecon-
trol systems[3], an automotive cross-displaymoduleanda Lego
MindstormsAcrobot[4]. All containbothcontrolanddataportions



Table2: Resultsfr om performancesimulation
Clubs Est.LUTs Cycles

Shockdance
No FPGA 0 0 923,384
All Control 75 128 536,729

All Data 76 2596 736,794
Mix 151 2724 406,695

Crossdisplay
No FPGA 0 0 452,268
All Control 18 18 346,882

All Data 58 2100 306,641
Mix 76 2118 218,146

Injectiondriver
No FPGA 0 0 5,263,012
All Control 122 542 4,682,820

All Data 99 3304 2,169,596
Mix 221 3846 1,530,823

in the FSM. They areconvertedinto an intermediatecontrol-data
network representation.Thecorrespondingstatisticsareshown in
Table1, with strl for the numberof lines in the Esterelsource
code,PI (PO) for thenumberof inputs(outputs),node for theto-
tal numberof controlanddatanodes,andalsothenumberfor each
typeof datanode.

Table2 show theaveragenumberof cyclesrequiredto executethe
FSMfor asetof 500inputvectors,dependingonwhichsetof clubs
wasimplementedonthereconfigurablearray. Fourvariationswere
tried. Thefirst implementedall of theC codeon theprocessorand
noFPGAinstructions.Thesecondtargetedall controlnodesto the
reconfigurablearray; the third targetedall of the datanodes.The
fourth targetedall possibleclubsto thearraywhile still satisfying
theFPGAsizelimitation.

Generallytheresultsshow thatperformancebenefitsthemostfrom
implementingdata nodeson the reconfigurablearray. However
datanodesrequireasignificantlyhighernumberof LUTs. Further,
implementationof complex datacomputationlikemultiplicationin
FPGAmaynotbeasefficientasthearithmeticunit in theGPPcore.
Furtherstudyis neededfor moreintricatetrade-off betweenFPGA
hardwareandtraditionalarithmeticdata-pathin GPPs.

Duetherelatively smallsizeof ourbenchmarksuite,theFPGAsize
of thetargetarchitectureis largeenoughto implementall potential
clubsin theseexamples.Weexperimentedwith smallerFPGAlim-
itations,andthemappingalgorithmsucceededin producingsignif-
icantperformanceimprovement.

The resultsof addingthe bit-packingfeatureis shown in Table3.
Sinceonly controlclubstake advantageof bit-packing,we present
resultsfor implementingonly controlclubs.As a resultof relaxed
IO constraints,the clubs becomelarger and more consolidated,
(from 122 to 50 for the injection driver example)which leadsto
moreefficient FPGAimplementation.Sincea largeamountof the
cycle countlies in datacomputation,the improvementof the total
cycle countdueto bit-packingis limited. Yet, it doesincreasethe
performanceof thecontrolportion,from 20%to 40%.

6. CONCLUSION AND FUTURE WORK
We introducedanautomatedhw/swpartitioningandcodegenera-
tion flow for controlapplicationsonareconfigurableplatform.This
flow usestheEFSMmodelandderiveshw/swimplementationau-
tomaticallyfrom high-level synchronousspecifications.Compared
to the GPPapproach,the reconfigurablearrayfunctionalunit can

Table 3: Resultsfr om bit-packing control clubs
Example Clubs Est.LUTs Cycles
Dance 38 102 366,332

Display 8 12 302,543
Driver 50 442 4,428,876

significantlyimprove therun time of theapplicationswe targeted.
The datacomputationseemsto benefitmost from the useof the
reconfigurablearray. However, morecomplicateddatanodesre-
quiresignificantlylargerareaon the reconfigurablearraythanthe
simplercontrolnodes.

Using this automatedsynthesisflow, embeddedapplicationscan
be smoothlymappedfrom high-level languagespecificationslike
Esterel,down to hw/sw implementationon the reconfigurablear-
chitectureplatform. However, our approachis limited to the ap-
plicationsthatcanbemodeledandprogrammedby extendedfinite
statemachines.

Our algorithmfor clubbingusesa relatively simplistic estimation
of theareaanddelayrequiredfor theFPGAimplementation.As a
result,thehw/swpartitioningmaynotbeoptimal,dueto inaccurate
delay and size information. Futurework includesincrementally
building a knowledge-basethatkeepsFPGAimplementationcosts
for sub-components.

Themappingontootherstandardizedsystem-on-chiparchitectures
with differentFPGAembeddinganddata-pathconfigurationneeds
to beexplored.Automaticsynthesisof thecommunicationscheme
betweenhardwareandsoftware,which exploresdifferenton-chip
communicationoptions,seemsto be a promisingresearchdirec-
tion.

Future work also includessequentialEFSM partitioning, which
producessequentialFPGAoperationsthatmayhaveinternalstates.
At a higher-level, decomposingan EFSM into smallermachines
with synchronousor asynchronouscompositionremainsan open
problem.
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