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ABSTRACT

This paperstudieghe useof areconfigurablarchitectureplatform
for embeddedcontrol applicationsaimed at improving real time
performance. The hw/sw codesignmethodologyfrom POLIS is
used.lt startsfrom high-level specificationspptimizesaninterme-
diatemodelof computationExtendedFinite StateMachines)and
derives both hardware and software, basedon performancecon-
straints. We study a particulararchitectureplatform, which con-
sistsof a generalpurposeprocessocore,augmentedvith arecon-
figurablefunction unit and data-pathto improve run time perfor
mance.A newv mappingflow andalgorithmsto partition hardware
and software are proposedio generateémplementationghat best
utilize thisarchitectureEncouragingreliminaryresultsareshavn
for automotve electroniccontrolexamples.

Keywords
CSoC,hw/swco-designcodegeneration

1. INTRODUCTION

Configurablesystem-on-a-chipCSoC)architecturegareemep-
ing asa promisingalternatve to both ASIC and generalpurpose
processorgGPP),aswitnessedoy the numberof currently avail-
able commercialplatforms[25]. ASICs suffer from long design
cycles,sky-rocketing NRE costs(SEMATECH estimates costof
$1M for a 0.151 maskset)andpoor flexibility , while GPPsdo not
meetperformanceaequirementfor demandingapplications. The
embeddingf reconfigurabldardware (eFPGA)expandsherange
of problemsfor which post-fabricationsolutionsare viable. This
eliminatesthe time andmone spentin silicon design,fabrication
andmanufcturingverification.

The wide adoptionof thesereconfigurablearchitecturegelies
on the availability of appropriatemethodologiesaswell as CAD
tools to map designsto future multi-million gatedevices quickly
and to efficiently exploit their flexibility. Particularly the hard-
ware/softvare co-designprocessmust determinewhich portions
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of the overall specificationshould be mappedinto the reconfig-
urablelogic andwhich retainedon the processor We discussthe
automationof the entiredesignflow, from high-level specification
to hardware and softwareimplementatiorfor control-orientedap-
plications.

While Estrin’s “fix edplusvariablestructurecomputer’proposed
in the early 60's is likely the first reconfigurablecomputer the
introductionof FPGAsspurreda wealth of researchn reconfig-
urableFPGA-basedystemq13]. In thelastdecadeFPGA-based
platformshave achieved significantspeedup$or a rangeof appli-
cationsincluding dataencryption,DNA sequencematching,au-
tomatictarget recognition,geneticalgorithms,imagefiltering and
network processorsHowever, with increasingsystenrequirements,
embeddedontrol applicationssuchasautomotve control, avion-
ics, robotics and industrial plant control processesare also ex-
periencingperformancéottieneckn traditionalmicro-controller
platforms.Thusreconfigurabldardwareopensup new implemen-
tationopportunitiesn thisdomain.

We use a homogeneousepresentatiorior both hardware and
software, basedon a network of ExtendedFinite StateMachines
(EFSMs). This canbe capturedusingseveral high-level languages
with underlyingEFSM semanticssuchasESTEREL[9] or State
Transition Diagrams. From this commonrepresentationve per
form hardware/softvarepartitioningandcodegeneratiorbasedn
performanceorofiling.

For systemmplementationye selectedhereconfigurablé/LIW
RISCcoreproposedn [7], featuringa 32-bitMIPS coreaugmented
with anFPGAreconfigurableontrolunit anddata-pathyhich can
be customizedo issuespecialinstructionsreadingfrom andwrit-
ing to the sameMIPS integer registers. A GCC-basedsoftware
tool-chainfor compilationand performancesimulationfor this ar-
chitecturewasdevelopedaspresentedh [23]. It supportsarbitrary
userdefinedinstructionsto be mappedntothereconfigurablena-
trix. Theusermanuallyidentifiesandtagscertaincomputatiorker-
nelsin thesourcecodeto beextractedassingleFPGAinstructions.
Thetool-setthenprovidesautomatedsupportfor compilation,as-
sembly simulationandprofiling of the resultingcodeon this plat-
form.

Startingfrom the EFSM representationye provide methodsto
explore different hw/sw trade-ofs basedon the profiling of the
sourcecodewith the GCC-basedool chain. Thus, we automat-
ically derive the C code with critical kernelstaggedfor FPGA
implementation. Our methodologyprovides a totally automated
flow from high-level specificationssuchas ESTEREL,down to



performance-optimizethachinecodefor the reconfigurabldgarget
architecture.

The paperis organizedasfollows. Section2 reviews somere-
latedwork in reconfigurableomputingandcodegeneration Sec-
tion 3 givesour designflow, with detailson the modelof compu-
tation, architectureselectionand performancevaluationmethods.
Sectiord detailsour methodof hw/swpartitioningandcodegener
ation. Sections givesexperimentaresultsfollowedby conclusions
andfuturework in Section6.

2. RELATED WORK

A numberof researclefforts have studiedthedevelopmenstrate-
giesand CAD tools for reconfigurableplatforms. A popularap-
proachis to producea unified developmentervironment,andpro-
videasinglelanguageahatcanbeeffectively mappedo eitherhard-
wareor software. PRISM[1] acceptgenericC codeandgenerates
FPGA configurationsin a semi-automatidashion. PRISM ana-
lyzed C codeto identify C functionsthat could be implemented
with combinationallogic. A similar approachto instruction-set
augmentatiomor generapurposecomputingwasproposedor Prisc
[22] which considersa finer granularity i.e. ary groupingof in-
structiondnsteadof entireC functions for hardwaresynthesionto
hardware programmabldunctionalunits. The GARP architecture
andcompiler[6] weredesignedo acceleratéoopsof generalpur-
poseANSI C programsemplgying areconfigurablearrayasa co-
processorA hw/sw partitioningflow calledNimble wasalsopro-
posedin [19] for this architecturewhich startsfrom C codeand
exploresthe partitioning spacefor the computationintensve loop
kernels.ChameleorBystemseportsco-compilatiortechniquesor
its CS2000series[27]. Onepromisingareaof researctrelieson
existing compilationtechniquestamgeting VLIW architectureso
studythebenefitsof variousfunctionalunitsandinterconnecstruc-
tures.Adaptive Explicitly ParallelInstructionComputing[26] and
Dynamically Variable Instruction Set Architecture[20] represent
notableworksin thisresearclarea.

Our approactstartsfrom a high level abstractiorusingEFSMs
asthe formal modelto capturesystemspecifications. Any textual
or graphicalanguagewith underlyingEFSMsemanticgat present
ESTERELIis usedasa specificationlanguage)can be emplagyed.
In the POLIS framawork [2] eachEFSMis 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) are usedto op-
timize the statetransitionsand synthesizethe code. This single
BDD-basedrepresentatiogannotbe usedto perform partitioning
betweerhardwareandsoftwareat afine logic computatiorlevel.

Other works on Esterelcompilation provide efficient ways to
translateEsterelprogramsdirectly into sequentialC code(8, 12,
28]. Thesetechniqueslio noteasilysupporthw/swpartitioningand
cannotbe utilized directly for mappingthe applicationsontoare-
configurablearchitecture.

For functional evaluation using reconfigurabldogic, Sasaoet
al. [24] proposedusinga platform that combinesFPGAswith se-
qguencingogic to performlogic simulationandshaved significant
speedup versusa GPP approach. However, only combinational
logic functionsareconsideredn their approach.

3. DESIGN FLOW
3.1 Model of Computation

We usea network of EFSMsas the fundamentalcomputation
model. This is derived from a high-level specification,currently

Figure 1: Control-data network

ESTEREL.Technologyindependenpptimizationis performedus-
ing multi-valued(MV) logic anddata-pathmanipulation.

WeuseMVSIS[11, 5] for optimizationandsynthesislt operates
on acontrol-datanetwork representationT his network hascontrol
nodesand datanodesinterconnectedvith two typesof variables:
MV variableswith finite rangesanddatavariableswith unbounded
ranges. Eachcontrol nodeis a multi-valuedfunction represented
in Multi-valuedDecisionDiagrams(MDDs) and sum-of-products
(SOPs). Datanodesconsistof threetypes: multiplexers, expres-
sionsandpredicates

A multiplexeris definedasf = f(yc,Yo,---,Yn-1), Whereycisa
MV-variablewith n values,y;, (i € [0,n— 1]) aredatainputs. The
outputf is assignedo y; if y. = i. Predicatenodesandexpression
nodescontaincomputatiorof puredatavariableswhile apredicate
outputsan MV variableandan expressionoutputsa datavariable.
Thedatacomputatioris currentlymodeledasuninterpretedtrings,
which may be complex computationsandfunction calls. The ex-
pressionshowever mustbe arithmeticas definedin the semantics
of theC language.

Figurel shavsanexampleof acontrol-datanetwork, wherebold
wiresindicatedatavariables.It consistf four controlnodes(C; -
C4), two multiplexers (M1, My), two predicateqP;, P,), two ex-
pressiongE;, Ep) andtwo latcheg(Ly, Ly).

A setof technologyindependentptimizationmethodsareavail-
ablein MVSIS [5]. Theseincludealgorithmsextendedrom binary
logic: algebraicdecompositior{10], don't care-basedimplifica-
tion [16], elimination,resubstitutionaswell asalgorithmsspecifi-
cally tunedfor multi-valuedlogic: nodepairingandencoding11].

In thearchitecturanappingphasejmplementatiorcodeis auto-
matically generatedrom this control-datanetwork for the recon-
figurableplatform. (SeeSectiond).

3.2 Architectures

Reconfigurablelatforms,couplinga programmablédogic with
a processorcore, comein differentvarieties,differing in proces-
sor integration scheme computingmodel, and the granularity of
thereprogrammabléogic. For the computingmodel,the reconfig-
urablearraymaybe deplogsed asanautonomougo/streanproces-
sor, dedicated/O processaqrinterfaceglue logic, or asinstruction
setaugmentationSeveral computingmodelsmay be supportedby
the sameplatform, but effectivenessdependon the level of inte-
grationbetweerthereconfigurabléogic andCPUcore.Therecon-
figurablelogic canbeplacedonanl/O bus[1], canbemovedcloser
tothe CPU[15] (akinto a standardloatingpoint unit) or canbein-
tegratedinto the processomsareprogrammabléunctionalunit [7,
21,14].

The integrationschemedetermineghe granularityof the appli-
cationsegmentsexecutedon the reconfigurabldabric. Dueto the



fine granularity of the finite statemachinecode,we adoptedthe
instructionaugmentatiotomputingmodelandthe reconfigurable
platformof [7]. SpecialFPGA operationsanbe reconfiguredcand
viewed as specialinstructionsin the systemISA. This canbe uti-
lized atthe C programmingdevel. Sincethereconfigurablarrayis
part of the processos datapath, thereis minimal communication
overheadcomparedo the coprocessoimplementation.A copro-
cessoplatformrequiresadditionalcyclesto explicitly transferdata
to andfrom thereconfigurablearray thusunderminingthe perfor
mancegainobtainedrom FPGAinstructions.

Thereare disadantagesf this approachaswell. The number
of ports on the register file limits the input/outputbandwidthof
the FPGA array The control flow of the datapath alsorequires
the FPGA array be executedsynchronouslywith the pipeline de-
sign. Theserequirementglictatethat only small blockswith few
inputs and outputscanbe implementedon the FPGA array For-
tunately this works well in the chosenapplicationspace,in that
EFSMscontainnodesthathave only a few inputsandoutputsand
performsimplecalculations.

3.3 Performance Evaluation

We usethe GCC-basegerformancevaluationtool-chaindevel-
opedfor thetargetarchitecturd23]. Giventhe C codeof thetarget
application,the usercantag blocksof C codeto be implemented
onthereconfigurablerray usingapr agna directive:

#pr agma instr_-nameopcodedelaynoutnin outsins

whereinstr_nameis the mnemonicnameof the FPGA instruc-
tion; opcodeis the instructioncodeusedin hardware simulation,
which s notrelevantin our approachgelayis thelateng in clock
cyclesof thisinstruction;noutsandninsarethenumbersf outputs
andinputs;outsandins arethe lists of outputandinput variables.
Thecodethatfollowsis interpretedasa C simulationmodel,which
is thenendedwith anothempr agna directive:

#pr agma end

After the tagsare addedto the C code,the simulatorevaluates
thecodeusingthe cycle countsspecifiedby theuserfor thetagged
blocks. The profiler returnsthe numberof cyclesusedto execute
eachline of code.

Ourgoalis to automaticallypartitionhardwareandsoftwareand
generatethe tagsfor FPGA instructions,which implementsthe
hardwarepartition. Therearetwo limitationsfor anFPGA instruc-
tion: (a) it musthave no more than 3 inputs and 2 outputs,due
to instructionencodingandregisterfile limitations; (b) thereis a
limited pool of LUTs for FPGAinstructions.Thesearetaken into
accountin the partitionalgorithmin the next section.Thereis also
a challengeof accuratelyestimatingthe cycle countof the FPGA
instructions. The most precisemethodcompilesthe perspectie
FPGAInstructionsnto LUTs andcalculateshelongestpathdelay
versusthe clock cycle time of the processopipeline.In the exper
imentswe useheuristicsfor the estimationin orderto have a quick
performancesvaluation.

4. CODE GENERATION

Thecodegeneratiomproblemis, givena multi-level control-data
network, generatefficient codethatconsistof two portions:soft-
wareblocksto be executedon the processoandtaggedhardware
blocksto be implementecas FPGA instructions. The objective is
to maximizethe overall performancewhile satisfyingappropriate
resourceonstraintssuchasRAM andROM usageandFPGAsize.

We solwve this problemin two steps: (a) constructmaximalre-
gions(clubs) of the network that canbe implementedasa single
instructionwithoutviolating datadependenciegb) explorethe as-

Algorithm [Network Clubbing]:
input control-data-netark N

output club pool Resut

1 NI =Decomposametwork (N, M);
2 L =Build_levelizedarray(N%);

3 Foreachnodekin L do

4 if ched_club(C, k) then

5 C = male_club(C,k);
6 Continue;

7 else

8 Resut = Resut UC;

9 C = new_club(k);

10 endif

11 end

Figure 2: Network Clubbing Algorithm

signmenbf individual clubsto hardwareor softwarebasedn per
formanceestimationand profiling. For the final generationof C
code,we useanMDD-basedcodegeneratiorapproach17].

4.1 Clubbing

A club is a candidateblock of functionality for potentialhard-
ware implementation. It is definedas a clusterof nodes,which
satisfieghefollowing constraints:

1. It doesnot containprimaryinputsor latches;
2. It consistof eitherpurecontrolnodesor puredatanodes;

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

4. It doesnotintroducecombinationatyclesamongclubs.

We currentlydo not allow primaryinputsto beimplementedn
the reconfigurablearray becausehe architecturedictatesthat all
functionalinputsbesuppliedthroughtheregisterfiles. However, in
someapplicationst maybeworthwhileto considedifferentarchi-
tectureghatallow this. Latchescanbe implementedn FPGAsas
well, thusthe FPGA operationsnay have stateshatarekeptfrom
instructionto instruction. ThisinvolvessequentiaEFSMpartition-
ing, whichis beyondthe scopeof this paper

Condition(2) is presentecauseontrol anddatanodesrequire
differentsetsof logic and data-pathdor implementation.Condi-
tion (3) is dueto instructionencodingandregisterfile limitations.
Condition(4) guaranteedeterministicandcorrectfunctionality

In [18] Khatri introduceda clusteringalgorithm,with a similar
definition of clubs,for mappingfrom alogic network to a network
of PLAs. Althoughit doesnot satisfyour clubbingconstraintspur
clubbingalgorithm,outlinedin Figure2, is basedn this.

Thenetwork s first optimizedanddecomposeahto smallnodes.
RoutineBuild_levelizedarray() (step2) thenlevelizesandsortsthe
nodesin a depth-firstorder In the levelization, the nodesaretra-
versedfrom inputsto outputs;whena nodeis addedto the array
arecursve functionis calledon eachof the nodes fanouts;in the
recursion,if all of a nodes faninshave previously beenaddedto
thearray this nodeis alsoadded.In essencea nodeis insertecto
the end of the arrayimmediatelyafter all of its faninshave been
inserted.Noticethatprimaryinputsandlatchesarenotincludedin
thisarray

The main clubbingloop theniteratesthrougheachnodein this
levelizedarrayandchecksf theadditionof thenodeto the current
club violatesary of conditions1-4 (chedcclub()). If not,thenode
is addedo theclub (male_club()); otherwiseanew clubis initiated
for this nodeandthe previous club addedto thefinal pool.



4.2 Bit-packing

Thesynthesidlow supportanulti-valuedvariablesin the EFSM
model,but in mary designsa majority of the nodesonly requirea
few bits to representhe largestvalue. Therefore,in orderto fully
utilize the FPGA instructionswith the 3-input and 2-outputlim-
itation, we needto bit-pack multiple control variablesinto a sin-
gle 32-bitintegerallows larger clubs. Thereis of courseoverhead
costof assigning(extracting)the properbits of the 32-bit integer
for theinputs(outputs)of the FPGA instructions.However, larger
clusterswould leadto the eliminationof unnecessarintermediate

variablesthussaving load/storanstructionsandmemoryaccesses.

To incorporatebit-packing,the codegeneratiorflow described
above is modifiedin two aspects:

1. The clubbingalgorithmis modifiedso that the input/output
constraintreflectsthe numberof bits ratherthanvariables.
For theselectedarchitecturg?], theinput constrainis 32x 3
bits andthe outputconstrainis 32x 2 bits.

2. Thecodeof eachclubis includedwith additionaltemporary
variablesfor the constrainedclub-inputsand club-outputs.
New codeis addedto align the original input bits into the
temporaryclub input variablesbeforethe FPGAinstruction,
andto extract output bits from the temporaryclub output
variablesafterthe FPGAinstruction.

Bit-packingallows eachclub to have up to 96 binary variables
asinput, and 64 binary variablesas output. The IO constraintof
the FPGA instructionsfor controlis thenonly limited by the data
dependenciebetweercontrolnodesanddatanodes.However, bit
packingand unpackingare very expensve operationson corven-
tional processorandcreateoverheadnthe softwarepartition. Yet
they areextremelycheapon the FPGA processorThis againillus-
tratesthetrade-of betweercomputatiorandcommunication.

4.3 Partitioning

We explore differenthardware/softvaretrade-ofs basedn per
formanceprofilesof eachpotentialclub. Thisis donein two steps:

1. Obtainthe performanceprofile and FPGA implementation
cost(reconfigurablarrayLUT count)for eachclub.

2. Find the besthw/sw partition that maximizesperformance
gainandsatisfieshe FPGAsizeconstraints.

For thefirst step,we generateC codefor all clubswith no FPGA
instructions;we run throughthe GCC-basedool-chainandobtain
anaveragecycle countfor eachline of the C code;the cycle count
for aclubis thenthesummatiorof thecycle countsfor all its source
lines.

A simple algorithm basedon the numberof input and output
bits is usedto estimatethe numberof LUTs requiredif theclubis
implementedn hardware. Nodepatternghatcommonlyappeared
were synthesizedising Xilinx logic synthesistools to determine
the LUT counts. Any unidentifiablenodetypessuchas function
callswereestimatednanually

The secondstepcanbe formulatedas a Booleanprogramming

problem.For potentiaFPGAclubs{C1,Cy,... ,Cn},let{T1, To,... , Tn}

be their cycle countfrom the performanceprofiling, andlet {S,
S, ..., S} betheirestimated UT countfor the FPGAimplemen-
tation. Createa Booleanvariablex; for eachclub G; let xj = 1
representC; beingimplementedn hardwareandx; = O represent
softwareimplementation.The goalis to find the Booleanassign-
mentof thevector{xy, Xy, ... ,Xn}, suchthat:

1% Ti
S1%-§ <SZE

Maximize:
Congraint :

Table 1: Benchmark examples

Example| strl | PI PO node| MUX PRED EXP laich

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

Table 2: Resultsfrom performance simulation

| 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 actualexperimentsdoneso far, dueto our primitive esti-
mationof cycle countandLUT size,we choseagreedyassignment
approachtheclubsaresortedin descending@rderof their profiled
cycle counts;assign,in order eachas FPGA instructionuntil the
FPGAsizelimit is reached.

After hw/sw partitioning, eachchosenFPGA instructionneeds
an estimateccycle countfor performanceimulation. The heuris-
tics usedassumehatsmallnodeswill take 1 cycle. For commonly
usedclubs,we againrun a Xilinx synthesigool and estimatethe
resultingFPGAhardwarelateng. For morecomplex controlclubs,
we estimatebasedn the numberof inputandoutputvalues.Other
typesof clubsthatinvolve function callsanddatacomputatiorare
estimatednanually

5. EXPERIMENTS

The benchmarksetincludesa multi-injection driver for engine
controlsystemg3], anautomotve cross-displaynoduleandalLego
MindstormsAcrobot[4]. All containbothcontrolanddataportions
in the FSM. They are convertedinto an intermediatecontrol-data
network representationThe correspondingstatisticsare shawvn in
Table 1, with st r1 for the numberof linesin the Esterelsource
code,Pl (PO) for the numberof inputs(outputs),node for theto-
tal numberof controlanddatanodes andalsothe numberfor each
typeof datanode.

Table2 shawv the averagenumberof cyclesrequiredto execute
the FSM for a setof 500 input vectors,dependingon which set
of clubswasimplementecdon the reconfigurablearray Four vari-
ationsweretried. The first implementedall of the C codeon the
processoandno FPGA instructions.The secondargetedall con-
trol nodesto the reconfigurablerray; the third targetedall of the
datanodes.Thefourthtargetedall possibleclubsto thearraywhile
still satisfyingthe FPGA sizelimitation.

Generallythe resultsshav that performancebenefitsthe most
from implementingdatanodeson the reconfigurablearray How-
ever datanodesrequire a significantly higher numberof LUTS.
Further implementationof complex datacomputationlike multi-
plication in FPGA may not be as efficient as the arithmeticunit
in the GPPcore. Furtherstudyis neededor moreintricatetrade-
off betweerFPGAhardwareandtraditionalarithmeticdata-pathn



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

GPPs.

Duetherelatively smallsizeof our benchmarksuite,the FPGA
sizeof thetargetarchitecturds large enoughto implementall po-
tential clubs in theseexamples. We experimentedwith smaller
FPGA limitations, and the mappingalgorithm succeededn pro-
ducingsignificantperformancemprovement.

Theresultsof addingthebit-packingfeatureis shavn in Table3.
Sinceonly controlclubstake advantageof bit-packing,we present
resultsfor implementingonly controlclubs. As aresultof relaxed
10 constraints,the clubs becomelarger and more consolidated,
(from 122to 50 for the injection driver example)which leadsto
moreefficient FPGAimplementation Sincea large amountof the
cycle countlies in datacomputationthe improvementof the total
cycle countdueto bit-packingis limited. Yet, it doesincreasethe
performancesf the control portion,from 20%to 40%.

6. CONCLUSION AND FUTURE WORK

We introducedan automatechw/sw partitioningand codegen-
erationflow for control applicationson a reconfigurableplatform.
Thisflow usegshe EFSMmodelandderiveshw/swimplementation
automaticallyfrom high-level synchronousspecifications. Com-
paredto the GPPapproachthereconfigurablarrayfunctionalunit
cansignificantlyimprove the run time of the applicationswe tar
geted.The datacomputatiorseemso benefitmostfrom the useof
the reconfigurablearray However, more complicateddatanodes
require significantly larger areaon the reconfigurablearray than
thesimplercontrolnodes.

Usingthis automatedynthesiflow, embeddedpplicationscan
be smoothlymappedfrom high-level languagespecificationdike
Esterel,dowvn to hw/swimplementatioron the reconfigurablear-
chitectureplatform. However, our approachis limited to the ap-
plicationsthatcanbe modeledandprogrammedy extendedfinite
statemachines.

Ouralgorithmfor clubbingusesarelatively simplisticestimation
of theareaanddelayrequiredfor the FPGAimplementationAs a
result,thehw/swpartitioningmaynotbeoptimal,dueto inaccurate
delay and size information. Futurework includesincrementally
building a knowledge-bas¢hatkeepsFPGAimplementatiorcosts
for sub-components.

The mappingonto other standardizedystem-on-chigarchitec-
tureswith differentFPGA embeddingand data-pathconfiguration
needsto be explored. Automatic synthesisof the communication
schemebetweenhardware and software, which exploresdifferent
on-chipcommunicatioroptions,seemso be a promisingresearch
direction.

Futurework alsoincludessequentiaEFSM partitioning,which
producesequentiaFPGAoperationghatmayhave internalstates.
At a higherlevel, decomposingan EFSM into smallermachines
with synchronousor asynchronougompositionremainsan open
problem.
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