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Abstract

Modernrecon�gurablecomputingsystemsfeaturepow-
erful hybrid architectures with multiple microprocessor
cores, large recon�gurable logic arrays and distributed
memoryhierarchies. Mappingapplicationsto thesecom-
plex systemsrequires a representationthat allows both
hardware andsoftware synthesis.Additionally, this repre-
sentationmustenableoptimizationsthat exploit �ne and
coarse grained parallelism in order to effectivelyutilize
the performanceof the underlying recon�gurable archi-
tecture. Our work exploresa representationbasedon the
program dependencegraph (PDG) incorporatedwith the
static single-assignment(SSA)for synthesisto high per-
formancerecon�gurabledevices.ThePDG effectivelyde-
scribescontrol dependencies,whileSSAyieldsprecisedata
dependencies.Whenusedtogether, thesetwo representa-
tions provide a powerful,synthesizableform that exploits
both �ne and coarse grained parallelism. Compared to
other commonlyusedrepresentationsfor recon�gurable
systems,thePDG+SSAform createsfasterexecutiontime,
while usingsimilar area.

1. Intr oduction

High performancerecon�gurable computing systems
are extremely complex. Thesehybrid architecturesuse
more than one billion transistorsand consistof multiple
microprocessorcores,con�gurable logic arraysanda dis-
tributedmemoryhierarchy. They allow hardwareperfor-
mancewith software�e xibility andenablehigherproduc-
tivity [5].

Recon�gurable computing systems are based on
standard programmable platforms that allow post-
manufacturingcustomization. The componentsof these
platformsusedifferent typesof con�guration �les. The
con�gurable logic arraysrequiresa lower level represen-
tation; they areprogrammedat the logic level andlargely
mimic a hardware design�o w. On the other hand, the

integratedprocessorcoresrequirea softwaredesign�o w.
This createsa large amount of freedom for exploring
applicationmappings. At the sametime, it introduces
enormouscomplexity to theapplicationdesigner.

We believe thata commonapplicationrepresentationis
neededto tamethecomplexity of mappingan application
to stateof theart recon�gurablesystems.This representa-
tion mustbeableto generatecodefor any microprocessors
in the recon�gurablesystems. Additionally, it must eas-
ily translateinto a bitstreamto programthe con�gurable
logic array. Furthermore,it mustallow a variety of trans-
formationsandoptimizationsin order to fully exploit the
performanceof theunderlyingrecon�gurablearchitecture.

In order to achieve high performance,applications
mappedto recon�gurablecomputingsystemsmustgener-
ateparallelismduring synthesisprocess.Thereis a large
amountof work dealingwith �ne grain parallelism [16].
Systemssupporting�ne grainparallelism(e.g. vectorand
superscalararchitectures)have multiple functional units
where eachunit can perform an independentoperation.
Finegrainparallelismis employedby issuinganoperation
to a free functionalunit. Techniquesexploiting �ne grain
parallelismarefocusedmainlyon innermostloops.

Coarsegrain parallelismis anotherimportanttechnique
to improve applicationperformance.Coarsegrain paral-
lelism is employed by executingmultiple threads(or be-
haviors)in parallelwith occasionalsynchronization[2]. As
a result,coarsegraincompileroptimizationsfocuson par-
allelizationof outerloops.Recon�gurablecomputingsys-
temsfeaturea novel computingparadigm,which supports
both�ne andcoarsegrainparallelism.

A variety of dependenceanalysisand transformations
areusedto extractparallelism.In orderto gainmaximum
bene�ts from thesetechniques,it is necessaryto adopta
good programrepresentation. In our work, we use the
programdependencegraph(PDG) with the SSA form as
a representationfor synthesis.The PDG andSSA forms
areboth commonrepresentationsin microprocessorcom-
pilation. Therefore,the PDG+SSArepresentationcanbe



transformedinto assemblycode,which is usedto program
themicroprocessorcore(s)in therecon�gurablesystem.In
this work, we concentrateon synthesizingthe PDG+SSA
representationto con�gurablelogic array.

Theremainderof thepaperis organizedasfollows. Sec-
tion 2 discussesrelatedwork. Section3 givesabrief intro-
ductionto thecompilationprocess.Section3.1presentsthe
basicideaof thePDG.Section3.2 shows how thePDGis
extendedto a synthesizableprogramrepresentation.Sec-
tion 4 describesthesynthesisof thePDG+SSArepresenta-
tion to a con�gurablelogic array. Section5 presentssome
experimentalresults.We concludeandgivesomethoughts
on futurework in Section6.

2. RelatedWork

A number of different program representationshave
beenutilized for thecompilationandsynthesisof sequen-
tial programsto recon�gurablecomputingsystems.

DEFACTO [4] usesthe SUIF IR, a syntaxtree based
structure. Several transformationsare performedon the
syntaxtree,including unroll-and-jam,scalarreplacement,
loop-peelingandarrayrenaming.Most of thesetransfor-
mationsaretechniquesthat exploit �ne grain parallelism.
TheDEFACTO projectis focusedonhigh-level transforms
anddirectsarchitecturalsynthesisusingindustrialtools.

Mahlke et al. [15] proposedusingthehyperblock to re-
lax the limits of control �o w on parallelismandleverage
multiple data-pathsandfunctionalunits in superscalarand
VLIW processors.Severalprojectsusesimilar conceptsto
exploit �ne grainparallelism.TheGarpcompiler[7] maps
standardANSI C programsto theGarparchitecture,which
combinesa microprocessorcorewith recon�gurablehard-
ware.TheGarpcompiler�rst buildsaCFGfor eachproce-
dureandthencreateshyperblocks.Thesehyperblocksare
synthesizedto theprogrammablelogic array.

The predicatedstatic single-assignment(PSSA) form,
introducedby Carteret al. [8], is basedon the staticsin-
gle assignment(SSA)form andthenotionof hyperblocks.
SeaCucumber[20] - asynthesizingcompilermappingJava
byte-codeto FPGAs- usesthePSSAto automaticallyde-
tect �ne grainparallelism.CASH [6] is a compilerframe-
work for synthesizinghigh-levelprogramsintoapplication-
speci�c hardware. It usesthe Pegasusrepresentationthat
augmentsPSSAusingtokensto explicitly expresssynchro-
nizationandhandlemay-dependence. Tokensarealsoused
to serializetheexecutionof consecutive hyperblocks.The
projectsusingthe hyperblock or the PSSAaremainly fo-
cusedon�nding parallelismin theinnerloops,i.e. exploit-
ing �ne grainparallelism.

The programdependencegraph (PDG), initially pro-
posedby Ferranteet al. [12], is a generalprogramrepre-
sentation.ThePDG allows traditionaloptimizations[12],
codevectorization[3] andcanbeusedto automaticallyde-

tectparallelism[9, 13, 18].
A varietyof researchhasbeenconductedto improvethe

PDG.Theseworksaremainlyfocusedonincorporatingthe
SSAform andeliminatingunnecessarycontroldependen-
cies.SeveralprogramrepresentationsusingthePDG+SSA
havebeensuggested,suchastheprogram-dependenceweb
(PDW) [17] andthevalue-dependencegraph(VDG) [21].

Our work usesthe PDG incorporatedwith the SSA
form. UnlikethePDW, wedon't limit theargumentnumber
of thef -nodes.This providesmore�e xibility in synthesis.
This representationprovidesthesameability of exploiting
�ne grainparallelismasthePSSAor thehyperblock. Ad-
ditionally, it createscoarsegrainparallelismsincethat the
transformationson thePDGexploitsbothloop parallelism
andnonloopparallelism.

3. Compilation Process

We focuson themultimediaapplicationsthat exhibit a
complex mix controlanddataoperations.We assumethat
thebehaviorsof theseapplicationsarespeci�edusingase-
quentiallanguage.Sequentialprogramminglanguagesare
widely usedin designsof recon�gurablecomputingsys-
tems.A wide varietyof compilertechniquesandtools for
sequentiallanguagesexist andcanbe leveraged.Further-
more,mostprogrammersarefamiliar with sequentiallan-
guages.Therefore,sequentiallanguagesareoftenusedto
specifytasksandbehaviors in embeddedsystemdesign.
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Figure1. A design�o w for recon�gurablesystems

Our work focuseson synthesizingsequentialprograms
into recon�gurablecomputingsystems.Figure1 showsthe
design�o w. Applicationsarespeci�edin a sequentialpro-
gramminglanguage. The compiler transformsthe appli-
cation into a control/data�o w graphs(CDFGs)and inte-
gratespro�ling information.Then,theCDFGis converted
into thePDG+SSAform. After �ne andcoarsegrainpar-
allelismoptimizations,thecompileroutputstheoptimized
programsin a register transferlevel (RTL) hardware de-
scriptionlanguage.Commercialtoolscanthenbeusedto
synthesizethe RTL codeinto a bitstreamto programthe



con�gurablelogic array.

3.1. Constructing the PDG

WeusethePDGto representcontroldependencies.The
PDG usesfour kinds of nodes- the ENTRY, REGION,
PREDICATE, and STATEMENTS nodes. A ENTRY nodeis
the root nodeof a PDG. A REGION nodesummarizesa
set of control conditions. It is usedto group all opera-
tionswith thesamesetof controlconditionstogether. The
STATEMENTS andPREDICATE nodescontainarbitrarysets
of expressions.PREDICATE nodesalso containpredicate
expressions.Edgesin thePDGrepresentdependencies.An
outgoingedgefrom NodeA to NodeB indicatesthatNode
B is controldependentonNodeA.

F

val = pred;
i = 0;

Entry

if (i<len)B 2:

i++;B 7:

B 5: if (val < -32768)

B 6: val = -32768;

B 4: val = 32767;

val += diff;B 3:
if (val > 32767)

return val;B 8:

Exit

T
F

T F

T

B 1:

Figure2.Thecontrol�o w graphof aportionof theADPCM
encoderapplication.

The PDG canbe constructedfrom the CFG following
Ferrante'salgorithm[12]. Eachnodein thePDGhasacor-
respondingnodein the CFG. If a nodein the CFG pro-
ducesa predicatedvalue,thereis a PREDICATED nodein
the PDG; otherwise,thereis a STATEMENTS nodein the
PDG.

A post-dominatortree is constructedto determinethe
controldependencies.NodeA postdominatesnodeB when
every executionpathfrom B to exit includesnodeA [16].
For example, in Figure 2, every executionpath from B2
to the exit includesB8, thereforeB8 post-dominatesB2,
and thereis an edgefrom node8 to node2 in the post-
dominatortree(seeFigure3).

Control dependenciesare determinedin the following
manner. If thereis an edgefrom nodeS to nodeT in the
CFG,but,T doesn't postdominateS, thentheleastcommon
ancestorof S andT in thepost-dominatortree(nodeL) is
used. L will be eitherS or S's parent. The nodeson the
pathfrom L to T arecontrol-dependentonS. For example,

thereis an edgefrom 3 to 4 in the CFG and 4 doesnot
postdominate3. Hence4 is control-dependenton3. Using
thesameintuition, it canbe determinedthatboth 7 and3
arecontrol-dependenton2.
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Figure3. The post­dominatortreeandthe control depen­
dencesubgraphof its PDGfor theFigure2 example.

After determiningthe control dependencies,REGION

nodesare insertedinto the PDG to groupnodeswith the
samecontrolconditionstogether. For example,3 and7 are
executedunderthesamecontrol condition � 2T � . Hencea
nodeR3 is insertedto represent� 2T � , andboth3 and7 are
childrenof R3. This completestheconstructionof control
dependencesubgraphof thePDG(SeeFigure3).

3.2. Incorporating the SSAForm

In orderto analyzetheprogramandperformoptimiza-
tions, it is alsonecessaryto determinedatadependencies
andmodelthemin therepresentation.We incorporatethe
SSAform into thePDGto representthedatadependencies.
We modeldatadependenciesusingedgesbetweenSTATE-
MENTS andPREDICATE nodes.

val += diff;
if (val > 32767)

val = 32767;
else if (val < -32768)

val = -32768;

val_2 = val_1 + diff;
if (val_2 > 32767)

val_3 = 32767;
else if (val_2 < -32768)

val_4 = -32768;
val_5 = phi(val_2,val_3,val_4);

(a) (b)

Figure4. Before(a) andafter(b) SSAconversion

In theSSAform, eachvariablehasexactly oneassign-
ment, and it will be referencedalways using the same
name. Hence,it effectively separatesthe valuesfrom the
locationwherethey arestored. At joint pointsof a CFG,
specialf nodesareinserted.Figure4 showsanexampleof
theSSAform.

The SSA form is enhancedby summarizingpredicate
conditionsat joint points,andlabelingthepredicatedval-



uesfor eachcontroledge.Thisis similarto thePSSAform.
In the PSSAform, all operationsin a hyperblockare la-
beledwith full-path predicates.This transformationindi-
cateswhichvalueshouldbecommittedat thesejoin points,
enablespredicatedexecutionand reducescontrol height.
For example,in Figure5(a),val 2 will becommittedonly
if thepredicateconditionsare � 3F,5F � .

val_5 = phi

T F

TF

B 3:
if (val_2 > 32767)

B 5: if (val_2 < -32768)

B 4: val_3 = 32767;

B 6: val_4 = -32768;

val_2 = val_1 + diff;

B 7:
    (val_2, val_3, val_4);
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Figure5. ExtendingthePDGwith thef ­nodes
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Figure6.A dependencegraph,whichisconvertedtobene�t
speculative execution,shows bothcontrolanddatadepen­
dence.Dashededgesshow data­dependence,andsolidones
show control­dependence

In order to incorporatethe PDG with the SSA form, a
f -nodeis insertedfor eachPREDICATE nodeP in thePDG.
Figure5(c)showsthatthecontroldependencesubgraphex-
tendedby insertingf -nodes.Thisf -nodehasthesamecon-
trol conditionsasthePREDICATE node,i.e. thisf -nodewill
beenabledwhenever the PREDICATE nodeis executed.f -
nodesinsertedherearenotthesameasthoseoriginally pre-
sentedin [10]. A f -nodecontainsnot only thef -functions
to expressthepossiblevalue,but alsothepredicatedvalue

generatedby the PREDICATE node. This determinesthe
de�nitions thatwill reachthisnode.This form is similar to
thegatedSSAform. However, unlikegatedSSAform, this
form doesnot constrainthenumberof argumentsof thef -
nodes.Therefore,wecaneasilycombinetwo or moresuch
f -nodestogetherduringtransformationsandoptimizations.

After inserting f -nodes, data dependenciesare ex-
pressedexplicitly among STATEMENTS and PREDICATE

nodes. Figure6 shows sucha graph. Within eachnode,
thereis a data-�ow graph.De�nitions of variablesarealso
connectedto f -nodes,if necessary.

3.2.1. Loop­independentand loop­carried f ­nodes

There are two kinds of f -nodes,loop-independentf -
nodes,and loop-carried f -nodes. A loop-independentf -
nodetakestwo or moreinput valuesanda predicatevalue,
and,dependingon this predicate,commitsoneof the in-
puts. Thesef -nodesremove the predicatesfrom the crit-
ical pathin somecases,enablespeculative execution,and
thereforeincreaseparallelism.

A loop-carriedf -node takes the initial value and the
loop-carriedvalue,andalsoa predicatevalue. It hastwo
outputs,oneto theiterationbody, andanotherto theloop-
exit. At the�rst iteration,it directstheinitial valuesto the
iterationbodyif thepredicatevalueis true. At thefollow-
ing iterations,dependingon thepredicate,it directsthein-
putvaluesto oneof thetwo outputs.For example,in Figure
6, NodeP2 is a loop-carriedf -node.It directsval to either
n8 or n3 dependingon the predicatevaluefrom n2. This
loop-carriedf -nodeis necessaryfor implementingloops.

3.2.2. Speculativeexecution

High performancerepresentationsmust supportspec-
ulative execution. Speculative executionperformsopera-
tionsbeforeit is known thatthey will beneededto execute.
In thePDG+SSArepresentation,this equatesto removing
control conditionsfrom PREDICATE nodes. Considerthe
controldependencefrom Node3 to R5,i.e. thecontrolpath
if val is lessthan32767.Thiscontroldependenceis substi-
tutedby onefrom NodeR3 to R5, which meansNodeR5
andits successorswill beexecutedbeforethecomparison
resultin Node3 becomesavailable.

4. Transforming to a SynthesizableHardware
Description Language

The PDG+SSAform hasnaturalmappinginto a hard-
ware descriptionlanguage(HDL), which can be synthe-
sizedusingcommercialtoolsto a bitstreamto programthe
con�gurablelogic array.

PREDICATE and STATEMENTS nodespresentarbitrary
setsof expressionsor data-�ow graphs(DFGs).In orderto
synthesizesuchDFGsinto a bitstream,a varietyof meth-
odscanbe utilized. We currentlyusea one-to-onemap-
ping. It is possibleto usea numberof differentscheduling



and binding algorithmsand perform hardwaresharingto
generatesmallercircuits; this is out of the scopeof this
paper, howeverwe planonaddressingthis in futurework.

T

val_2 = val_1+diff;
if (val_2 > 32767)

node 3:

F val_2

+

>

diff
0x7FFF

val_2=
val_1+diff

val_1

Figure7. Synthesizingthef ­node

Figure7 shows the synthesisof data-pathelementsin
node3 of thepreviousexample(seeFigure6). Eachoper-
ationhasanoperatoranda numberof operands.Operands
aresynthesizeddirectly to wires in the circuit sinceeach
variable in the SSA form has only one de�nition point.
Every PREDICATE nodescontainsoperationsthatgenerate
predicatevalues.Thesepredicatevaluesaresynthesizedto
Booleanlogic signalsto controlnext-stagetransitionsand
directmultiplexersto committhecorrectvalue.

A loop-independentf -nodesaresynthesizedto a multi-
plexer. Themultiplexer selectsinput valuesdependingon
the predicatevalues. For example,asshown in Figure8,
P5 is translatedto a two-input multiplexer MUXP5, which
usesthepredicatedvaluefrom 5 to determinewhich result
shouldbecommitted.

6

<

val_2=val_1+diff

B 7:

val+=diff

(node 5)

val_4 = -32768;

 ...

TF

B 5: if (val_2 < -32768)

B 6:

-32768

T

P5

5

R5

R6

val

0x8000

MUX P5

Figure8. Synthesizingthef ­node

A little more work is requiredto synthesizea loop-
carriednodesinceit must selectthe initial valueand the
loop-carriedvalueanddirect thesevaluesto the iteration
exit. Usingatwo-inputmultiplexer, theinitial valueandthe
loop-carriedvaluecanbeselecteddependingon thepredi-
catevalues.A switchis generatedto directtheloop-exiting
values.

Beforesynthesizingthe PDG to hardware,someopti-
mizationsandsimpli�cation shouldbedone.For example,
unnecessarycontrol dependenciescanbe removed. Node
R4andR6in Figure6 areunnecessaryandcanberemoved.
Cascadedf -nodes,suchasnodesP3andP5,canbe com-
binedinto a biggerf -nodewith all predicatedvalues.This
allows the downstreamsynthesistools to choosea proper
(possiblycascaded)multiplexor implementation.Thesef -
nodescanalsobesynthesizeddirectly if necessaryi.e. the
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Figure9. FPGAcircuitry synthesizedfrom theabove PDG
(SeeFigure6)

downstreamsynthesistoolsdonotperformmultiplexorop-
timization.

SynthesizingthePDGremovesarti�cial controldepen-
dencies.Only thosenecessarycontrolsignalswill betrans-
mitted.After synthesis,schedulingshouldbeperformedto
insert�ip-�ops to guaranteethatcorrectvalueswill avail-
ablenomatterwhichexecutionpathis taken.

5. Experimental Results

We useMediaBench[14] asourbenchmarksuite.More
than100functionsin 6 multimediaapplicationsaretested.
Among them, resultsof 16 functions are reportedhere.
Theothernon-reportedfunctionsexhibitedsimilar behav-
ior. Table1 shows somestatisticalinformationfor the re-
portedfunctions.

TheexperimentsareperformedusingtheSUIF/Machine
SUIF infrastructure[1, 19]. SUIF provides a front-end
for theC programminglanguage,andMachineSUIF con-
structstheCFGfrom theSUIF IR. UsingtheHALT pro�l-
ing tool includedwith MachineSUIF, we import pro�ling
resultsof theMediaBenchapplicationsfrom therepresen-
tative input dataincludedwith the benchmarksuite. We
createdaPDGpass,whichcurrentlyperformslimited anal-
ysisandoptimizations.

After constructingthePDG,we estimatetheexecution
time and synthesizedareaon a con�gurable logic array.
The target architectureis the Xilinx Virtex II Platform
FPGA [22]. Basedon the speci�cation dataof Virtex II
FPGA, we get the typical performancecharacteristicsfor



Operations CFG PDG
#Instr ALM Mem CTI #N #Instr/N R P C

func 1 233 148 10 18 31 7.52 32 13 18
func 2 188 128 9 14 24 7.83 25 10 14
func 3 73 52 3 2 5 14.60 5 2 3
func 4 79 51 1 7 13 6.08 15 5 8
func 5 22 15 1 1 3 7.33 3 1 2
func 6 68 51 0 6 10 6.80 10 5 5
func 7 81 55 3 8 13 6.23 13 6 7
func 8 326 250 25 1 3 108.67 3 1 2
func 9 391 306 34 1 3 130.33 3 1 2
func 10 52 36 1 6 10 5.20 12 3 7
func 11 140 104 5 12 18 7.78 19 7 11
func 12 104 72 3 11 17 6.12 18 7 10
func 13 118 85 7 9 14 8.43 17 5 9
func 14 142 104 6 6 11 12.91 11 4 7
func 15 95 54 4 5 9 10.56 11 3 6
func 16 491 336 16 49 67 7.33 77 27 40

Table 1. Statisticalinformation of CFGs and PDGs, in­
cludingthenumberof operations,thenumberof logic and
arithmeticoperations,memoryaccess,andcontroltransfer
instructions; the numberof CFG nodesand averagein­
structionsper CFG node;the numberof REGION nodes,
PREDICATE, STATEMENTS nodesin PDGs.

everyoperation,which is usedestimatetheperformanceof
theCFGandthePDG.

Figure10.Estimatedexecutiontime of PDGsandCFGs

Figure 10 shows the estimatedexecution time using
thePDGrepresentationcomparedwith CFGrepresentation
andsequentialexecution. ThePDG andtheCFG are2 to
3 timesfasterthansequentialexecution;thePDGis about
7%fasterthantheCFG.Theseresultsuseasimpleschedul-
ing schemefor estimation.In theCFG,a basicblock can
beexecutedwhenall its predecessorscompletetheirexecu-
tion. In thePDG,a nodeis executedonceit' s controland
datadependenciesaresatis�ed.

Figure 11 shows the estimated execution time of
PDG+SSAform. Here an aggressive speculative execu-
tion is performed. All possibleexecutionpathsaretaken
and the resultsare committedwhen the predicatedvalue
areavailable.Theresultsof thePDG+SSAform areonav-
erage8%bettercomparedwith theresultsof theaggressive
speculativeexecutionresultsof thePSSAform.

It is necessaryto notethat our experimentalresultsdo
not useall of the optimizationspresentedin the original

Figure11.Estimatedexecutiontimeusingaggressivespec­
ulative execution

PSSApaper[8]. The projectsusing the PSSArepresen-
tation[6, 20] performotheroptimizations,includingoper-
ation simpli�cation, constantfolding, dead-coderemoval
and SSA form minimization. Though PDG+SSAform
is capableof performingtheseoptimizations,we did not
performtheseoptimizationsin our experiments.It is un-
clearhow theseoptimizationswill affect the performance
andarearesults. We intendto look into the useof these
optimizationsin future work. Our resultssimply indi-
catethatwhenusingaggressive speculative execution,the
PDG+SSAform executesfasterthanthePSSAform.

Figure12.Estimatedareaof thePDGandCFGrepresenta­
tions

Figure12 shows theestimatednumberof FPGAslices.
Theresultsareestimatedbasedontheone-to-onemapping.
Hence,eachoperationtakesa �x ed amountof computa-
tional resources.Theresultsof thePDGarea little better
thanthoseof theCFG,but thedifferenceis small. We did
not considerresourcesharing.Theseresultsaresimilar to
thosereportedby Edwards[11]. His resultsshow thatthat
the PDG will generatesmallercircuits than the CFG for
control intensive applicationse.g. applicationsdescribed
usingtheEsterellanguage.

6. Conclusion

Modernrecon�gurablecomputingsystemsrequiresyn-
thesistools to generatecon�gurationsto programincreas-



ingly complex recon�gurablearchitectures.The tools re-
quire an intermediaterepresentationthat allows hardware
andsoftwarecompilation�o ws. Additionally, it musten-
abletransformationsandoptimizationsthatexploit theun-
derlyinghighperformancerecon�gurablearchitecture.

This work showed that an intermediaterepresentation
basedon PDG+SSAform supportsa broadrangeof trans-
formationsand enablesboth coarseand �ne grain paral-
lelism. We describeda methodto synthesizethis represen-
tation to a con�gurable logic array. Experimentalresults
indicatethat thePDG+SSArepresentationgivesfasterex-
ecutiontime usingsimilar areawhencomparedwith CFG
andPSSAforms.

In future work, we plan to investigatetransformations
to createcoarsegrainedparallelismusing the PDG+SSA
form. Furthermore,we wish to exploit thepossibilitiesof
extendingour representationto handleothersystemdesign
languages.For example, it would be interestingto pro-
vide interfacesto systemlevel modelinglanguages,such
asSystemC.Also, it would be interestingto augmentthe
PDG+SSArepresentationwith architecturalinformationto
provide fastestimation.As partof this estimation,we plan
to studytheintegrationof resourcesharingandotherarchi-
tecturalsynthesistechniquesinto ourhigh level form.
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