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Abstract

Modernrecon gurablecomputingsystemgeatuie pow-
erful hybrid architectues with multiple microprocessor
cores, large recon gurable logic arrays and distributed
memoryhierarchies. Mappingapplicationsto thesecom-
plex systemsequires a representationthat allows both
hardware and softwae synthesis Additionally, this repre-
sentationmustenableoptimizationsthat exploit ne and
coarse grained parallelism in order to effectively utilize
the performanceof the underlying recon gurable archi-
tectue. Our work exploresa representatiorbasedon the
program dependencgraph (PDG) incorporated with the
static single-assignmen{SSA)for synthesiso high per
formancerecon gurabledevices. ThePDG effectivelyde-
scribescontrol dependenciesyhile SSAyieldsprecisedata
dependenciesWhenusedtogether thesetwo representa-
tions provide a powerful, synthesizabléorm that exploits
both ne and coarse grained parallelism. Compaed to
other commonlyusedrepresentationsor recon gurable
systemsthe PDG+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
microprocessocores,con gurablelogic arraysanda dis-
tributed memoryhierarchy They allow hardware perfor
mancewith software e xibility andenablehigherproduc-
tivity [5].

Recon gurable computing systems are based on
standard programmable platforms that allow post-
manufcturing customization. The componentf these
platforms use different typesof con guration les. The
con gurable logic arraysrequiresa lower level represen-
tation; they are programmedt the logic level andlargely
mimic a hardware design ow. On the other hand, the

integratedprocessorcoresrequirea software design o w.
This createsa large amount of freedom for exploring
application mappings. At the sametime, it introduces
enormousompleity to the applicationdesigner

We believe thata commonapplicationrepresentatiois
neededo tamethe complexity of mappingan application
to stateof the artrecon gurablesystems.This representa-
tion mustbeableto generateodefor any microprocessors
in the recon gurablesystems. Additionally, it musteas-
ily translateinto a bitstreamto programthe con gurable
logic array Furthermorejt mustallow a variety of trans-
formationsand optimizationsin orderto fully exploit the
performancef theunderlyingrecon gurablearchitecture.

In order to achieve high performance,applications
mappedo recon gurablecomputingsystemsmustgener
ate parallelismduring synthesisgprocess. Thereis a large
amountof work dealingwith ne grain parallelism[16].
Systemssupporting ne grainparallelism(e.g. vectorand
superscalamarchitectureshave multiple functional units
where eachunit can perform an independeniperation.
Finegrainparallelismis employedby issuinganoperation
to a free functionalunit. Techniquesexploiting ne grain
parallelismarefocusedmainly oninnermostoops.

Coarsegrain parallelismis anotheimportanttechnique
to improve applicationperformance.Coarsegrain paral-
lelism is emplgyed by executingmultiple threads(or be-
haviors)in parallelwith occasionasynchronizatiofi2]. As
aresult,coarsegrain compileroptimizationsfocuson par
allelizationof outerloops. Recon gurablecomputingsys-
temsfeaturea novel computingparadigmwhich supports
both ne andcoarsegrainparallelism.

A variety of dependencanalysisand transformations
areusedto extract parallelism.In orderto gainmaximum
bene ts from thesetechniquesijt is necessaryo adopta
good programrepresentation. In our work, we usethe
programdependencgraph (PDG) with the SSA form as
a representatioffior synthesis. The PDG and SSA forms
areboth commonrepresentations microprocessocom-
pilation. Therefore,the PDG+SSArepresentatiorcan be



transformednto assemblycode,whichis usedto program
themicroprocessocore(s)in therecon gurablesystem.n
this work, we concentraten synthesizinghe PDG+SSA
representatioto con gurablelogic array

Theremaindenf thepaperis organizedasfollows. Sec-
tion 2 discusseselatedwork. Section3 givesa brief intro-
ductionto thecompilationprocessSection3.1presentshe
basicideaof the PDG. Section3.2 shavs how the PDGis
extendedto a synthesizabl@rogramrepresentationSec-
tion 4 describeshe synthesiof the PDG+SSArepresenta-
tion to a con gurablelogic array Section5 presentsome
experimentaresults.We concludeandgive somethoughts
onfuturework in Section6.

2. RelatedWork

A numberof different program representationhave
beenutilized for the compilationand synthesiof sequen-
tial programgo recon gurablecomputingsystems.

DEFACTO [4] usesthe SUIF IR, a syntaxtree based
structure. Several transformationsare performedon the
syntaxtree,including unroll-and-jam,scalarreplacement,
loop-peelingand array renaming. Most of thesetransfor
mationsaretechniqueghat exploit ne grain parallelism.
TheDEFACTO projectis focusedon high-level transforms
anddirectsarchitecturakynthesisisingindustrialtools.

Mabhlke et al. [15] proposedusingthe hyperblod to re-
lax the limits of control o w on parallelismandleverage
multiple data-path@ndfunctionalunitsin superscalaand
VLIW processorsSeveralprojectsusesimilar conceptdo
exploit ne grainparallelism.The Garpcompiler[7] maps
standardANSI C programgo the Garparchitecturewhich
combinesa microprocessocorewith recon gurablehard-
ware.TheGarpcompiler rst buildsa CFGfor eachproce-
dureandthencreateshyperblocks.Thesehyperblocksare
synthesizedo the programmabléogic array

The predicatedstatic single-assignmentPSSA) form,
introducedby Carteret al. [8], is basedon the static sin-
gle assignmen(SSA)form andthe notion of hyperblocks.
SeaCucumbef20] - asynthesizingompilermappinglava
byte-codeto FPGAs- usesthe PSSAto automaticallyde-
tect ne grainparallelism.CASH[6] is a compilerframe-
work for synthesizindnigh-level programsnto application-
speci ¢ hardware. It usesthe Pegasusrepresentatiomhat
augment$SSAusingtokensto explicitly expresssynchro-
nizationandhandlemay-dependenc&okensarealsoused
to serializethe executionof consecutie hyperblocks.The
projectsusingthe hyperblo& or the PSSAare mainly fo-
cusedon nding parallelismin theinnerloops,i.e. exploit-
ing ne grainparallelism.

The programdependencgraph (PDG), initially pro-
posedby Ferranteet al. [12], is a generalprogramrepre-
sentation.The PDG allows traditional optimizations[12],
codevectorization3] andcanbeusedto automaticallyde-

tectparallelism[9, 13, 18].

A varietyof researcthasbeenconductedo improvethe
PDG.Thesewnorksaremainlyfocusedonincorporatinghe
SSAform andeliminatingunnecessargontrol dependen-
cies.Severalprogramrepresentationgsingthe PDG+SSA
have beensuggestedsuchasthe program-dependeneecb
(PDW) [17] andthevalue-dependenagraph(VDG) [21].

Our work usesthe PDG incorporatedwith the SSA
form. UnlikethePDW, wedon't limit theargumennumber
of thef -nodes.This providesmore e xibility in synthesis.
This representatioprovidesthe sameability of exploiting

ne grainparallelismasthe PSSAor the hyperblo&. Ad-
ditionally, it createscoarsegrain parallelismsincethatthe
transformation®n the PDG exploits bothloop parallelism
andnonloopparallelism.

3. Compilation Process

We focuson the multimediaapplicationsthat exhibit a
complex mix controlanddataoperationsWe assumethat
thebehaiors of theseapplicationsarespeci edusinga se-
guentiallanguage Sequentiaprogramminganguagesre
widely usedin designsof recon gurablecomputingsys-
tems. A wide variety of compilertechniquesandtools for
sequentialanguage®xist and canbe leveraged.Further
more, mostprogrammersrefamiliar with sequentialan-
guages.Therefore sequentialanguagesre often usedto
specifytasksandbehaiorsin embeddedystendesign.

Specifications
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Figurel. A design o w for recon gurablesystems

Our work focuseson synthesizingsequentiaprograms
into recon gurablecomputingsystemsFigurel shavsthe
design o w. Applicationsarespeci edin a sequentiapro-
gramminglanguage. The compiler transformsthe appli-
cationinto a control/data o w graphs(CDFGs)and inte-
gratespro ling information. Then,the CDFGis corverted
into the PDG+SSAform. After ne andcoarsegrain par
allelism optimizations the compileroutputsthe optimized
programsin a register transferlevel (RTL) hardware de-
scriptionlanguage.Commercialtools canthenbe usedto
synthesizehe RTL codeinto a bitstreamto programthe



con gurablelogic array
3.1 Constructing the PDG

We usethe PDGto representontroldependenciesthe
PDG usesfour kinds of nodes- the ENTRY, REGION,
PREDICATE, and STATEMENTS nodes. A ENTRY nodeis
the root node of a PDG. A REGION hodesummarizesa
set of control conditions. It is usedto group all opera-
tionswith the samesetof controlconditionstogether The
STATEMENTS andPREDICATE nodescontainarbitrarysets
of expressions.PREDICATE nodesalso containpredicate
expressionsEdgesn thePDGrepresentiependenciefAn
outgoingedgefrom NodeA to NodeB indicatesthatNode
B is controldependentn NodeA.

Entry

B 1: val = pred;
i=0;

B 2: if (i<len)

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

T
T F

B 8: return val;

B 5: if (val < -32768)

B 6: val = -32768;

Figure2. Thecontrol o w graphof aportionof theADPCM
encodeiapplication.

B 4: val = 32767,

The PDG canbe constructedrom the CFG following
Ferrantesalgorithm[12]. Eachnodein thePDGhasacor-
respondingnodein the CFG. If a nodein the CFG pro-
ducesa predicatedvalue, thereis a PREDICATED hodein
the PDG,; otherwise,thereis a STATEMENTS nodein the
PDG.

A post-dominatoitree is constructedo determinethe
controldependenciesNodeA postdominateaodeB when
every executionpathfrom B to exit includesnodeA [16].
For example,in Figure 2, every executionpath from B2
to the exit includesB8, thereforeB8 post-dominate82,
andthereis an edgefrom node8 to node?2 in the post-
dominatortree(seeFigure3).

Control dependencieare determinedn the following
manner If thereis an edgefrom nodeSto nodeT in the
CFG,but, T doesnt postdominaté&, thentheleastcommon
ancestoof SandT in the post-dominatotree (nodel) is
used. L will be eitherS or Ss parent. The nodeson the
pathfrom L to T arecontrol-dependerdn S. For example,

thereis an edgefrom 3 to 4 in the CFG and 4 doesnot
postdominat&. Hence4 is control-dependerdn 3. Using
the sameintuition, it canbe determinedhat both 7 and3
arecontrol-dependerdn 2.

Figure 3. The post-dominatotree and the control depen-
dencesubgraplof its PDGfor the Figure2 example.

After determiningthe control dependenciesREGION
nodesare insertedinto the PDG to group nodeswith the
samecontrolconditionstogether For example,3 and7 are
executedunderthe samecontrol condition 2T . Hencea
nodeR3 is insertedo represent 2T , andboth3 and7 are
childrenof R3. This completeghe constructiorof control
dependencsubgaphof the PDG (SeeFigure3).

3.2 Incorporating the SSAForm

In orderto analyzethe programandperformoptimiza-
tions, it is alsonecessaryo determinedatadependencies
andmodelthemin the representationWe incorporatethe
SSAforminto thePDGto representhedatadependencies.
We modeldatadependenciessingedgeshetweensTtATE-
MENTS andPREDICATE nodes.

val += diff val 2 =val 1l + diff;

it (val > 32767) if (val_2 i 32767?
5 ! val 3 = 32767,
val = 32767; )
X else if (val_2 < -32768)
else if (val < -32768) - )
val = -32768: val 4 = -32768;
- ' val_5 = phi(val_2,val_3,val_4);
@ (b)

Figure4. Before(a) andafter(b) SSAcorversion

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

The SSA form is enhancedy summarizingpredicate
conditionsat joint points,andlabelingthe predicatedval-



uesfor eachcontroledge.Thisis similarto thePSSAform.
In the PSSAform, all operationsin a hyperblockare la-
beledwith full-path predicates.This transformationindi-
catesawhichvalueshouldbecommittedatthesgoin points,
enablespredicatedexecutionand reducescontrol height.
For example,in Figure5(a),val_2 will be committedonly
if the predicateconditionsare 3F,5F

[B " Vabzlizp:vlal_& val_4); ] e
(@) v

Figure6. A dependencgraphwhichis convertedtobene t
speculatie execution,shavs both controlanddatadepen-
dence Dasheddgeshav data-dependencandsolidones
shav control-dependence

In orderto incorporatethe PDG with the SSAform, a
f-nodeis insertedior eachPREDICATE nodeP in the PDG.
Figure5(c) shavsthatthecontroldependencsubgraplex-
tendedby insertingf -nodes.Thisf -nodehasthesamecon-
trol conditionsasthe PREDICATE node,i.e. thisf -nodewill
be enabledvhene&er the PREDICATE nodeis executed.f -
nodesnsertecherearenotthesameasthoseoriginally pre-
sentedn [10]. A f-nodecontainsnotonly thef -functions
to expressthe possiblevalue,but alsothe predicatedralue

generatedby the PREDICATE node. This determinegshe
de nitions thatwill reachthis node.Thisform is similarto
thegatedSSAform. However, unlike gatedSSAform, this
form doesnot constrainthe numberof argumentof thef -
nodes.Thereforewe caneasilycombinetwo or moresuch
f -nodegogetheduringtransformationandoptimizations.

After inserting f -nodes, data dependenciesare ex-
pressedexplicity amongSTATEMENTS and PREDICATE
nodes. Figure 6 shavs sucha graph. Within eachnode,
thereis a data- ow graph.De nitions of variablesarealso
connectedo f -nodesjf necessary

3.2.1 Loop-independentand loop-carried f -nodes

There are two kinds of f -nodes,loop-independent -
nodes,andloop-carriedf -nodes. A loop-independent -
nodetakestwo or moreinputvaluesanda predicatevalue,
and, dependingon this predicate commitsone of the in-
puts. Thesef -nodesremove the predicatesrom the crit-
ical pathin somecasesgnablespeculatie 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
iterationbody if the predicatevalueis true. At thefollow-
ing iterations,dependingpn the predicatejt directsthein-
putvaluegto oneof thetwo outputs.For example,in Figure
6, NodeP2 is aloop-carriedf -node.It directsval to either
n8 or n3 dependingon the predicatevalue from n2. This
loop-carried -nodeis necessarjor implementingoops.

3.2.2 Speculative execution

High performancerepresentationsust supportspec-
ulative execution. Speculatie executionperformsopera-
tionsbeforeit is known thatthey will beneededo execute.
In the PDG+SSArepresentatiorthis equatego removing
control conditionsfrom PREDICATE nodes. Considerthe
controldependenctom Node3 to R5,i.e. thecontrolpath
if val is lessthan32767.This controldependencis substi-
tutedby onefrom NodeR3to R5, which meansNodeR5
andits successorwill be executedbeforethe comparison
resultin Node3 becomeswvailable.

4. Transforming to a SynthesizableHardware
Description Language

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

PREDICATE and STATEMENTS nodespresentarbitrary
setsof expression®r data- ow graphgDFGS).In orderto
synthesizesuchDFGsinto a bitstream,a variety of meth-
odscanbe utilized. We currently usea one-to-onemap-
ping. It is possibleto usea numberof differentscheduling



and binding algorithmsand perform hardware sharingto
generatesmaller circuits; this is out of the scopeof this
paper howeverwe planon addressinghisin futurework.

val_1

OX7FFF

node 3: diff

val_2 = val_1+diff;
[ if (val_2 > 32767) } =
\‘ N \val_2 val_2=

Y val_1+diff

T\F

Figure7. Synthesizinghef -node

Figure 7 shows the synthesisof data-pathelementsin
node3 of the previousexample(seeFigure6). Eachoper
ationhasanoperatoranda numberof operandsOperands
are synthesizedlirectly to wiresin the circuit sinceeach
variablein the SSA form hasonly one de nition point.
Every PREDICATE nodescontainsoperationghatgenerate
predicatevalues.Thesepredicatevaluesaresynthesizedo
Booleanlogic signalsto control next-stagetransitionsand
directmultiplexersto committhe correctvalue.

A loop-independertt-nodesaresynthesizedo a multi-
plexer. The multiplexer selectsnput valuesdependingon
the predicatevalues. For example,asshavn in Figure 8,
P5 is translatedo a two-input multiplexer MUXP5, which
usesthe predicatedraluefrom 5 to determinewhich result
shouldbe committed.

val_2=val_1+diff 0x8000

N . val+=diff
B 5: if (val_2 < -32768) N
T = =
R <
\ P (node 5)
B 6: val_4 = -32768; \
| T
.
VPO,
ZE; 32768

Figure8. Synthesizinghef -node

A little more work is requiredto synthesizea loop-
carriednodesinceit mustselectthe initial value andthe
loop-carriedvalue and direct thesevaluesto the iteration
exit. Usingatwo-inputmultiplexer, theinitial valueandthe
loop-carriedvaluecanbe selecteddependingon the predi-
catevalues.A switchis generatedo directtheloop-exiting
values.

Before synthesizingthe PDG to hardware, someopti-
mizationsandsimpli cation shouldbe done.For example,
unnecessargontrol dependenciesan be removed. Node
R4andR6in Figure6 areunnecessargndcanberemoved.
Cascaded -nodes,suchasnodesP3 andP5, canbe com-
binedinto a biggerf -nodewith all predicatedvalues.This
allows the downstreamsynthesigools to choosea proper
(possiblycascadedinultiplexor implementation.Thesef -
nodescanalsobe synthesizedlirectly if necessary.e. the

Entry

val

val pred
)

OX7FFF 0x8000

Figure9. FPGAcircuitry synthesizedrom theabore PDG
(SeeFigure6)

downstreansynthesigoolsdo not performmultiplexor op-
timization.

Synthesizinghe PDGremovesarti cial controldepen-
denciesOnly thosenecessargontrolsignalswill betrans-
mitted. After synthesisschedulingshouldbe performedo
insert ip- ops to guaranteehat correctvalueswill avail-
ableno matterwhich executionpathis taken.

5. Experimental Results

We useMediaBencH14] asour benchmarlsuite.More
than100functionsin 6 multimediaapplicationsaretested.
Among them, resultsof 16 functions are reportedhere.
The othernon-reportedunctionsexhibited similar behar-
ior. Table1 showns somestatisticalinformationfor the re-
portedfunctions.

TheexperimentareperformedisingtheSUIF/Machine
SUIF infrastructure[1, 19]. SUIF provides a front-end
for the C programmindanguageandMachineSUIF con-
structsthe CFGfrom the SUIF IR. Usingthe HALT pro I-
ing tool includedwith MachineSUIF, we import pro ling
resultsof the MediaBenchapplicationsfrom the represen-
tative input dataincludedwith the benchmarksuite. We
createch PDG passwhich currentlyperformdimited anal-
ysisandoptimizations.

After constructingthe PDG, we estimatethe execution
time and synthesizedareaon a con gurable logic array
The tamet architectureis the Xilinx Virtex 1l Platform
FPGA [22]. Basedon the speci cation dataof Virtex I
FPGA, we getthe typical performancecharacteristicsor



Operations CFG PDG

#instr ALM Mem CTI| #N  #Instr/N | R P C
func_1 233 148 10 18 | 31 752 32 13 18
func_2 188 128 9 14 | 24 7383 25 10 14
func.3 73 52 3 2 5 1460 5 2 3
func4 79 51 1 7 13 6.08 15 5 8
func.5 2 15 1 1 3 733 3 1 2
func_6 68 51 O 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 10867 3 1 2
func.9 391 306 34 1 3 13033 3 1 2
funcl0 | 52 36 1 6 10 520 12 3 7
func.ll | 140 104 5 12 18 778 19 7 11
funcl2 | 104 72 3 11 17 6.12 18 7 10
func.13 | 118 85 7 9 14 843 17 5 9
func14 | 142 104 6 6 11 1291 1 4 7
funcl5 | 95 54 4 5 9 1056 1 3 6
func16 | 491 336 16 49 67 733 77 271 40

Table 1. Statisticalinformation of CFGs and PDGs, in-

cludingthe numberof operationsthe numberof logic and
arithmeticoperationsmemoryaccessandcontroltransfer
instructions;the numberof CFG nodesand averagein-

structionsper CFG node;the numberof REGION nodes,
PREDICATE, STATEMENTS nodesin PDGs.

every operationwhichis usedestimatethe performancef
the CFGandthe PDG.

Figure10. Estimatedexecutiontime of PDGsandCFGs
Figure 10 shaws the estimatedexecution time using

thePDGrepresentationomparedvith CFGrepresentation

andsequentiakxecution. The PDG andthe CFG are 2 to

3 timesfasterthansequentiakxecution;the PDG is about
7%fastethantheCFG.Thesearesultsuseasimpleschedul-
ing schemefor estimation.In the CFG, a basicblock can
beexecutedvhenall its predecessoiompletetheirexecu-
tion. In the PDG, a nodeis executedonceit's controland
datadependenciearesatis ed.

Figure 11 shawvs the estimated execution time of
PDG+SSAform. Here an aggressie speculatie execu-
tion is performed. All possibleexecutionpathsaretaken
and the resultsare committedwhen the predicatedvalue
areavailable. Theresultsof the PDG+SSAform areon av-
erage8% bettercomparedvith theresultsof theaggressie
speculatie executionresultsof the PSSAform.

It is necessaryo notethat our experimentalresultsdo
not useall of the optimizationspresentedn the original

Figurell.Estimatedexecutiontime usingaggressie spec-
ulative execution

PSSApaper[8]. The projectsusingthe PSSArepresen-
tation[6, 20] performotheroptimizationsjncluding oper
ation simpli cation, constantfolding, dead-codeemoval
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 results simply indi-
catethatwhenusingaggressie speculatre execution,the
PDG+SSAform executedasterthanthe PSSAform.

Figurel2.Estimatedareaof thePDGandCFGrepresenta-
tions

Figure12 shows the estimatechumberof FPGAsslices.
Theresultsareestimatedasedntheone-to-onenapping.
Hence,eachoperationtakesa x ed amountof computa-
tional resourcesThe resultsof the PDG area little better
thanthoseof the CFG, but the differenceis small. We did
not consideresourcesharing. Theseresultsaresimilar to
thosereportedby Edwards[11]. His resultsshav thatthat
the PDG will generatesmallercircuits thanthe CFG for
control intensive applicationse.g. applicationsdescribed
usingthe Esterellanguage.

6. Conclusion

Modernrecon gurablecomputingsystemgequiresyn-
thesistoolsto generatecon gurationsto programincreas-



ingly complex recon gurablearchitectures.The tools re-
quire an intermediaterepresentationthat allows hardware
andsoftware compilation o ws. Additionally, it musten-
abletransformationsndoptimizationsthatexploit the un-
derlyinghigh performanceecon gurablearchitecture.

This work shaved that an intermediaterepresentation
basedon PDG+SSAform supportsa broadrangeof trans-
formationsand enableshoth coarseand ne grain paral-
lelism. We describedch methodto synthesizehis represen-
tation to a con gurable logic array Experimentalresults
indicatethatthe PDG+SSArepresentatiogivesfasterex-
ecutiontime usingsimilar areawhencomparedvith CFG
andPSSAforms.

In future work, we plan to investigatetransformations
to createcoarsegrainedparallelismusingthe PDG+SSA
form. Furthermorewe wish to exploit the possibilitiesof
extendingour representatioto handleothersystemdesign
languages. For example, it would be interestingto pro-
vide interfacesto systemlevel modelinglanguagessuch
as SystemC Also, it would be interestingto augmenthe
PDG+SSArepresentatiowith architecturalnformationto
provide fastestimation.As partof this estimationwe plan
to studytheintegrationof resourcesharingandotherarchi-
tecturalsynthesigechniquesnto our high level form.

References

[1] G.Aigner, A. Diwan,D. L. Heine,M. S.Lam,D. L. Moore,
B. R. Murphy, and C. Sapuntzakis. An Overviav of the
SUIF2 Compiler Infrastructue. ComputerSystems.ab-
oratory StanfordUniversity, 1999.

[2] R.Allen andK. Kennedy OptimizingCompiles for Mod-
ernArchitectues MorganKarfmannPublishersSanFran-
cisco,CA, 2002.

[3] W. BaxterandH. R. Bauer lll. The ProgramDependence
GraphandVectorization. In Proceeding®f the 16th ACM
SIGPLAN-SIGET symposiunon Principles of program-
minglanguajes 1989.

[4] K. BondalapatiP. Diniz, P. Duncan,J. Granacki,M. Hall,
R. Jain,andH. Ziegler. DEFACTO:A DesignEnvironment
for Adaptive ComputingTechnology In Proceeding®fthe
6th Recon gumble ArchitectuesWorkshop 1999.

[5] K. BondalapatandV. K. PrasannaRecon gurableCom-
puting Systems.Proceeding®f the IEEE, 90(7):1201-17,
July 2002.

[6] M. Budiu and S. C. Goldstein. Compiling Application-
Speci ¢ Hardware. In Proceedingsof the 12th Interna-
tional Confeenceon Field-ProgrammableLogic and Ap-
plications 2002.

[7] T.J.CallahanJ.R. HauseyandJ. Wawrzynek. The Garp
Architectureand C Compiler Computey 33(4):62—69,
April 2000.

[8] L. Carter B. Simon,B. Calder L. Carter andJ. Ferrante.
PredicatedStatic Single Assignment. In Proceedingsof
the International Confeenceon Parallel Architectuie and
CompilationTechniques 1999.

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

R. Cytron, J. FerranteandV. Sarkar ExperiencesJsing
ControlDependencén PTRAN. In D. Gelernter A. Nico-
lau, and D. Padua,editors, Languayes and Compiless for
Parallel Computing pagesl86—212.The MIT PressCam-
bridge,MA, 1990.

R. Cytron, M. Hind, andW. Hsieh. Automaticgeneration
of dagparallelism. In Proceedinggo the ACM SIGPLAN
Confeenceon ProgrammingLanguaye Designand Imple-
mentation 1989.

S.A. Edwards.High-Level Synthesigrom theSynchronous
LanguageEsterel. In Proceedingsf the IEEE/ACM 11th
InternationalWorkshopon Logic and Synthesis2002.

J. Ferrante, K. J. Ottenstein,and J. D. Warren. The
ProgramDependencé&raphand Its Usein Optimization.
ACM Transactionson ProgrammingLanguaes and Sys-
tems(TOPLAS) 9(3):319-49,July 1987.

R. Guptaand M. L. Soffa. Region Scheduling: An Ap-
proachfor DetectingandRedistrituting Parallelism. IEEE
Transaction®n Softwae Engineering 16(4):421-31April
1990.

C.Lee,M. Potlonjak,andW. H. Mangione-SmithMedia-
Bench:aTool for EvaluatingandSynthesizingMultimedia
and CommunicatonsSystems.In Proceedingsf the 30th
annual ACM/IEEE international symposiunon Microar-
chitectue, 1997.

S.A. Mahlke,D. C.Lin, W. Y. Chen,R. E. Hank,andR. A.
Bringmann.Effective CompilerSupportfor PredicatedEx-
ecutionUsingthe Hyperblock. In Proceedingof the 25th
InternationalSymposiunon Microarchitectuie, 1992.
S.S.Muchnick.AdvancedCompilerDesignandimplemen-
tation. MorganKaufmannPublishersSanFranciscoCA,
1997.

K. J.OttensteinR. A. Ballance,andA. B. Maccabe.The
ProgramDependencéVeb: A Representatiotfsupporting
Control-, Data-,and Demand-Dwen Interpretationof Im-
peratve Languagesin Proceeding®f the ACM SIGPLAN
1990confeenceon Programminglanguage designandim-
plementation1990.

V. Sarkar Partitioning and SdedulingParallel Programs
for Multiprocessos. MIT PressCambridgeMA, 1989.
M. D. SmithandG. Holloway. An Introductionto Machine
SUIF andlts PortableLibrariesfor Analysisand Optimiza-
tion. Division of Engineeringand Applied SciencesHar-
vardUniversity, July 2002.

J. L. Tripp, P. A. JacksonandB. L. Hutchings. SeaCu-
cumber: A SynthesizingCompiler for FPGAs. In Pro-
ceedingsof the 12th International Confeence on Field-
Programmable_ogic and Applications 2002.

D. Weise,R. F. Crew, M. Ernst,andB. SteengaardValue
Dependenc&raphs:RepresentatiofiVithout Taxation. In
Proceedingsof the 21st Annual ACM SIGPLAN-SIGET
Symposiunon Principlesof ProgramminglLanguay, 1994.
Xilinx, Inc. Mrtex-1l Platform FPGAs: CompleteData
SheetOctober2003.



