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ABSTRACT
Along with the fastevolution of programmableandrecon-
figurablesystems,hardware compilersalso advancedto-
wardsenhancedcapabilitiesandoptimizationpower. The
responsibilityof early hardware compilerswas to map a
subsetof proceduresor time critical computationsonto
hardware,wherereconfigurablehardwarewasmostly uti-
lizedasaco-processingunit. A new generationof hardware
compilersare neededto createframeworks for mapping
significantlycomplex applicationsonto programmablede-
vices.Thiscanbeachievedby empoweringhardwarecom-
pilerswith new methodologiesto increasetheir efficiency.
DesignPlanningis onesuchconcept.In this paper, we in-
troducetechniquesto enablea smooth,non-restrictive in-
teractionbetweendifferentcompilationstages.Thesetech-
niquesarecollectively referredto asDesignPlanning.
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1 Introduction

Today’shigh-endFieldProgrammableGateArrays(FP-
GAs) are large and sophisticatedprocessingunits ca-
pable of implementingSystem-on-a-Chip(SoC) designs.
Such designsare called System-on-a-Re-programmable-
Chip (SoRC).Designersarenow ableto usethesedevices
to implementcomplex circuitry. Someof theseFPGAsare
equippedwith embeddedmicroprocessorsand/ordedicated
ASIC macrosandIPs. Generatingdesignstargetingsuch
highlyevolveddevicespresentsnew opportunitiesandchal-
lenges. Traditionally, designswere mappedonto FPGAs
manually. However, with changesin thenatureof designs
andtheincreasingcomplexity of FPGAhardware,theman-
ual processis becomingcumbersome.Consequently, start-
ing from an elevatedlevel of abstractionand automating
themappingprocesspresentsanattractivealternative. This
processis alsoreferredto ashardwarecompilation.

Two universal goals are pursuedduring the develop-
mentof currenthardwarecompilersfor programmablesys-
tems.Incorporationof effectiveoptimizationsinto thepro-
cessandability to generatefeasiblesolutionswith fewest
numberof iterationspossiblethroughoutthe process.Op-
timizationscan target a wide variety of goals,which can

be broadlyconsideredasefforts to increasethe quality of
the final designin oneor multiple aspects.Area require-
ment, executiontime, power consumptionand reliability
can be namedamongothers. The secondgoal, i.e., abil-
ity to quickly generatefeasibledesignsandreachclosure
soon,particularlygainsimportancewith the uniquechar-
acteristicsof the programmablesystems.The mostdefin-
ing featureof programmablesystemsis the fact that they
arepre-characterizedandpre-fabricated.Theircapacitiesin
termsof logic resourcesarewell-definedandtheir intercon-
nectresourcesarealsolimited anddiscreetby nature. As
a result,they aresusceptibleto designswith high logic and
interconnectresourcedemand.As thesedevicesarebeing
usedfor implementingincreasinglycomplex designs,the
issueof feasibility is becomingmoreandmoreimportant.

DesignPlanningis our proposedapproachtowardscre-
ating more powerful compilationtargetingprogrammable
systems.The main philosophybehindDesignPlanningis
early on recognitionand managementof relevant design
metrics to createmaximumfreedomas compilationpro-
ceedsfrom onestageto another. DesignPlanningcanbe
appliedat variouspoints throughoutthe synthesisflow at
differentboundariesseparatingdifferenthardwaresynthe-
sistasks.As thesynthesisflow for programmablesystemsis
becomingmoreandmorecomplex, theinteractionbetween
differentsubtasksbecomesmorecrucial aswell. Prevent-
ing a synthesisstepfrom overconstrainingthe stagesthat
follow is oneimportantaspectof managingthis interaction.
DesignPlanningaimsto leveragethisby enablingthemax-
imum freedomto be handedfrom onestagedown to later
stages.

Thegeneralconceptof DesignPlanningcanbematerial-
izedin differentformsfor variousdesignmetricsatdifferent
levelsof thesynthesisflow. In thispaper, wewill exemplify
two applicationsof DesignPlanningontohardwarecompi-
lationfor programmablesystems.Thefirst focusesonman-
agementof timeslackwithin ascheduleduringRTL synthe-
sis which in turn is exploited to createadditionalfreedom
for selectionof resourcesandIPsduringresourcebinding.
Thesecondapplicationthatwewill discussdealswith man-
agementof resourcesharingin orderto passdesignswith
higherpossibilityof feasibleplacementandroutingduring
thephysicaldesignstage.Wewill discusstechniquesincor-
poratedinto RTL synthesisstageof hardwarecompilation.
Thesetechniquesenablebettercouplingbetweendifferent



sub-tasksin theflow.
Theremainderof thispaperis organizedasfollows. Sec-

tion 2 givesan overview of existing approachesfor hard-
ware compilationtargeting programmablesystems. Sec-
tion 3 presenttheconceptof DesignPlanninganddiscusses
its applicationsto theRTL synthesisstageof hardwarecom-
pilation. Section4 concludesthepaperwith asummaryand
conclusions.

2 Overview of Existing Flows

Thereareseveral proposedmethodsandtools to create
an automaticpath from high-level designdescriptionsto
programmablehardware.Earlyeffortsto thisenddealtwith
extractingcomputationallyintensive kernelsascustomized
instructionsfrom an input programandassigningthoseto
a programmableco-processorwhile the remainderof the
programis compiledtargetingaCPU.Compilersaccompa-
nied by their respective novel processorarchitectureslike
PRISM[1], Garp[2], NAPA C compiler[3], andChimaera
[4] wereproposed.

Other projectsproposedautomaticdatapathgeneration
from algorithmic level descriptions. Such flows can be
broadlycategorizedinto two. Thosethat employ an inter-
nal RTL synthesisstepandothersthat first transformap-
plication codeinto a behavioral hardwaredescriptionand
thenutilize anexternalbehavioral synthesistool. Alterna-
tiveapproachesto hardwarecompilationaresummarizedin
Figure1.

Commonto all flows is the initial compilationstage.In
this stagethe input programis transformedinto an inter-
nalrepresentationandoptimizationsareperformedto lever-
agethetransitionfrom thealgorithmicdescriptionto hard-
ware.Many of thosetransformationsandoptimizationsare
inspired from their counterpartsin software compilation.
We can nameconstantpropagation,redundancy elimina-
tion, function in-lining, and loop unrolling amongothers.
Hardware-driven optimizationsspecifically targeting pro-
grammablesystemshave also beenrecently incorporated
into suchcompilationsteps.Kastneret al. proposedtech-
niquesfor simultaneoustemplategenerationandextraction
targetinghybrid programmablesystems[5]. Templatesex-
tractedby their methodareusedto determinea setof hard
macrosor IPs thatshouldbe includedwithin a hybrid pro-
grammablesystemthat is customizedfor a specificplat-
form. Kaplanet al. alsoproposedinterconnectoptimiza-
tions at the compiler level usinga modifiedalgorithmfor
SingleStaticAssignment(SSA)[6].

DEFACTO [7] is a compiler directeddesignenviron-
mentfor FPGAsto performautomatichardwaresynthesis
for loops. An external industrialhigh-level synthesistool
is usedfor the actualgenerationof datapathand control
in this environment.Anotherhardwarecompilationframe-
work that is coupledwith anexternalbehavioral synthesis
tool is developedby Kastner[8].

The third groupof hardwarecompilersperforman in-
ternalhardwaresynthesisalthoughthey maynot necessar-
ily make use of all high-level synthesissteps. The SA-
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Figure 1. Appr oaches to hardware compila-
tion targeting programmab le systems.

C compiler [9] transformsprogramswritten in a single-
assignmentsubsetof C into VHDL descriptions. The
PipeRenchcompilergeneratespipelineddesignstargeting
thespecialPipeRencharchitecture[10]. HCircal [11] maps
applicationsdescribedin the high-level languageCircal to
reconfigurablehardware. The Circal languageis designed
to describeapplicationsin sequencesof processes.The
hardware compiler mapseachprocessto dedicatedlogic
blocks. The NENYA hardwarecompiler[12] mapsDFGs
extractedfrom a Java programontoFPGAs. Cardoso[13]
proposedamethodfor temporalpartitioningandsimultane-
ouslyallowing resourcesharingwithin eachtemporalpar-
tition. Match[14] is a compilationenvironmentto synthe-
sizeefficient hardwarefrom applicationswritten in MAT-
LAB targetingreconfigurablesystems.Celoxicaoffers the
DK DesignSuitefor direct implementationof C-basedal-
gorithmsinto FPGAdevices[15].

3 Design Planning during RTL Synthesis

As hardwarecompilersarebecomingincreasinglycom-
plex containingtasksfrom differentdomainssuchasthose
adoptedfrom traditional software compilationdomainas
well ashigh-level synthesistasks,achieving anefficient in-
teractionbetweenthesestepsbecomeschallenging.Design
Planningis a methodologythat can be incorporatedinto
hardwarecompilationto addressthis issue. DesignPlan-
ningcollectively refersto techniquesthatenableearlyman-
agementandplanningfor designmetricswhich will allow
for differentcompilationstepsto interactin bettercoupling
without overconstrainingeachother. We will demonstrate
realizationof DesignPlanningusinga framework consist-



ing of aninitial compilationstagewhichgeneratesaCDFG
representationof anapplicationfollowedby anRTL synthe-
sisstage,whereschedulingof operations,resourceselection
andbindingis performed.Specifically, wewill focusontwo
DesignPlanningtechniques.Thefirst is incorporatedinto
the schedulingstagewithin RTL synthesismanagingtime
slackwithin a schedulein orderto leave enhancedfreedom
for the later resourceselectionandresourcebindingsteps.
Thesecondtechniqueaimsto providea smoothercoupling
betweenRTL synthesisandphysicaldesign.In thefollow-
ing sectionswewill provideadetaileddiscussionof eachof
thesetechniques.

3.1 Planning for Time Slack during Scheduling

Time slackwithin a scheduleis theamountof extra de-
lay an operationcantoleratewithout violating any depen-
dency constraints.Totalavailabletimeslackwithin asched-
ule is a function of the given timing constraint,resource
availability, anddistribution andtopologyof dependencies
amongtheoperationsthatarescheduled.Althoughthe to-
tal amountof time slack available within a scheduleis a
pre-determinedvaluebasedon theaforementionedfactors,
thedistribution of this total availableslackamongindivid-
ual operationsis determinedby the schedulingdecisions.
By incorporatingthenotionof slackmanagementwithin a
schedulingalgorithmaplanneddistributionof timeslackto
operationscanbeachieved.In turn,earlyplanningfor time
slackcanhaveanimpacton thelatersynthesisstages.

The conceptof slack is known to existing scheduling
methods. Variationsto Force-DirectedSchedulingalgo-
rithms utilize the differencebetweenALAP and ASAP
schedulesof operationsasa measureof mobility andthen
usethis as meansto prioritize operationsduring schedul-
ing. However, thosealgorithmsdo not specificallytry to
reacha desireddistribution of time slack to operationsin
thefinal schedule.Weextendedaschedulingalgorithmpro-
posedby Memik etal. [16] in orderto incorporateplanning
for slackinto theschedulingdecision.Thisalgorithmbasi-
cally schedulesDFGsin aniterativefashion,onepathspan-
ning theDFG at a time. Pathscoveringthe input DFG are
orderedaccordingto their lengthsandthe algorithmstarts
with schedulingthe longestpath. Schedulinga singlepath
is doneby performinganon-crossingbipartitematchingbe-
tweenoperationsalongthatpathandfeasiblecontrolsteps
to which operationscanbeassignedto. This is a weighted
matchingwherethe weight of eachpossiblematchingre-
flectsthequalityof thelocalschedulingdecision.Optimiza-
tionobjectivessuchaslatency andresourceusagehavebeen
incorporatedinto the weight of eachmatchingsuchthat a
matchingmaximizingtheweightsumis themostdesirable.

We canincorporatethe slackdistribution objective into
theexistingweightfunctionof thisschedulerin thefollow-
ing manner. Givena latency constraint

�
, we evaluatethe

weightof a feasiblematchingfor eachoperationconsider-
ing the amountof slackthat the operationcanattainafter
this matching. Specifically, we aimedto distribute slack
alongpathshomogeneouslyat eachstep.For this purpose,
wefirst determinetheaverageslackeachoperationcanhave

alongapath.This is foundby dividing thetotalslackalong
a pathto thenumberof operationon thepath.Then,while
computingtheweightfor a certainassignmentof anopera-
tion to a controlstep,we determinethedifferencebetween
theaverageslacktheoperationcouldattainandtheamount
it can attain if the currentassignmentwere to take place.
The latency constraintis necessaryin this case,sincethe
flexibility in finishtimesof operationsneedsto bebounded.

Thedistribution of time slackamongoperationscanbe
donein differentwaysdependingon theultimategoal.One
possibilityis describedabove,which is distributionof time
slackamongasmany operationsaspossiblein a homoge-
neousfashion. Alternatively, a certaintype of operations
can be selectedand available slack can be distributed to
thoseasmuchaspossible.Fromtheperspective of Design
Planningour goal is to createa schedulingsolutionwhich
will leave thehighestflexibility for the following resource
selectionandresourcebindingstages.Many programmable
systemsallow useof IP libraries,andcustomizedmacros.
Suchelementsare utilized towardsvariousdesignobjec-
tives,suchasincreasingperformance,reducingpowercon-
sumption,reducingreconfigurationoverhead,etc.Allowing
extra delayon a selectedsetof operationsduringschedul-
ing, alternative resourceswith varying delay characteris-
tics can be selectively instantiatedfor a single operation.
Thecurrentdesignobjectivemightrequirereplacementof a
modulewith a slower instant. In thatcase,having planned
for timeslackondesignobjective-criticaloperationswill al-
low thenecessaryfreedomfor theresourceselectionstage.

3.1.1 Results on Planning for Slack

In this sectionwe presentsomeexperimentalresultswith
the modified schedulerin order to demonstratehow time
slackcanbe manipulatedin differentwayswith planning.
First, we have useda weight functionwithin thescheduler
thatonlyconsiderstominimizelatency. Thiscorrespondsto
theW/OSlackObjectivecase.Alternatively, wehaveadded
theslackcomponentto theweightfunctionandusedthela-
tenciesobtainedin thefirst caseasour

�
. By doingthis,we

areableto comparetwo schedulesfairly. Table1 presents
theDFGs,theoptimallatencies,thelatenciesobtainedwith
the algorithmandthe run timesof the algorithm. Table2
shows our results.TheparticularDFGsusedfor theseex-
perimentswerechosenamongpopularDSPfunctionswith
suitabletopologiesto reflectimprovementin slack. Avail-
ability of slackin ascheduledependsonthetopologyof the
input DFG asmuchason the schedulingmethod. There-
fore, in someDFGs it is not possibleto seeany effect of
slackplanningdueto theirstructure.For theselectedDFGs
wehaveusedtwo ALU resourcesandtwo multipliers.Each
ALU hasadelayof oneclockcycle,andeachmultiplier has
a delayof two clock cycles.Theslackof operationsis cal-
culatedasthedifferencebetweenthecontrolstepwhenthe
resultof anoperationis readyandthecontrolstepatwhich
theearliestscheduledsuccessorof this operationdemands
the result. We report the numberof operationsthat have
non-zeroslackvalues,i.e., therestof theoperationsin the
scheduledDFG had slack valuesequalto 0 or they were



I/O operationsfor which we do not reportslack. We only
reporttheslackvaluesof arithmeticoperations(MUL and
ADD). We alsogive the total sumof the slack valueson
eachoperationtype. We presenta breakdown of thesetwo
measurementsfor thetwo typesof arithmeticoperationsin
theDFG, i.e. theALU operationsandmultiplications(ab-
breviatedasMUL in Table2).

DFG OptimalLatency OurLatency Runtime
ewf 28 28 10msec
arf 18 20 7 msec
fir 16 16 6 msec

Table 1. Summar y of DFG proper ties, latenc y
and runtime results.

The resultsin Table2 show that with properplanning
to distribute slack on arithmeticoperationsour algorithm
could indeedtransformavailable flexibility in a schedule
into additionalslackfor aspecificallytargetedsetof opera-
tions;arithmeticoperationsin this case.For thearf bench-
markweobserveadegradationin slackvaluefor ALU oper-
ations.Thereasonis dueto theassignmentof prioritiesfor
thetwo operationstypesALU andMUL. Thesensitivity to-
wardsincreaseof slackfor MUL operationswassethigher
for theseexperiments. Therefore,the gain of increasing
te slackfor MUL operationsis evaluatedto be larger than
for ALU operationsleadingto greatertendency to allocate
slackfor MUL operationsthanfor ALU operations.In the
caseof ewf dueto theDFGtopologyandtheorderin which
operationswerescheduledMUL operationscouldnotattain
any slackwhereasALU operationscouldgain largerslack
usingtheslackobjective.For thefir benchmarkslackobjec-
tive affectedtheslackdistribution for bothoperationtypes
positively.

3.2 Global Resource Sharing

Many existinghardwarecompilersgeneratedatapathsby
creatingdedicatedcomponentsfor eachindividual opera-
tion. This eliminatestheneedfor sophisticatedscheduling
andbindingstages.Assuminginfinite resourcesanASAP
schedulecanbesimply generatedfor theoperationsin the
datapath.However, whenmappinglargeandcomplex ap-
plicationsonto programmablesystemswe cannotrely on
theassumptionof infinite resourcesanymore. Suchanas-
sumptionis likely to yield infeasibledesignsfor targetde-
viceswith a fixedamountof logic resourcesandsimilarly
limited routing infrastructure. Therefore,a better plan-
ning on resourcedistribution needsto beperformedbefore
thesynthesizeddatapathis passedontothephysicaldesign
stages.This canbeachievedthroughresourcesharing.On
theotherhand,applyingaggressiveresourcesharingstrate-
giesmaydegradethedesignquality, becauseresourceshar-
ing introducesmultiplexer components,which can intro-
duceadditionaldelay on the critical path of executionas
well ascreatehighly congestednodesin theroutingstruc-
ture. Programmablesystemshaving limited areaanddis-
creetrouting architectures,aresusceptibleto designswith

high interconnectresourcedemand. Thereforea system-
aticapproachto resourcesharingis required.In thefollow-
ing,wewill describeatechniquefor resourcesharingcalled
GlobalInterBasicBlock ResourceSharing(GIBBS).

We assumea synthesisflow within the hardwarecom-
piler thatgeneratesdatapathsfor individualbasicblocksin
theapplicationprogramandcombinesthemwith a control
flow. Whenmappingapplicationswith largenumbersof ba-
sic blocks,the resourcedemandwill bevery high aswell.
Therefore,we needan efficient way of sharingfunctional
units amongdatapathsof basicblocks. However, sharing
shouldnot introducelargecritical pathdelaysanda larger
demandon interconnectand logic resourcesdue to addi-
tional multiplexers to overshadow the anticipatedbenefit.
Moreover, not everyexecutionpathis invokedin equalfre-
quency. Resourcesharingshouldconsiderthecriticality of
individualbasicblocks.

We formulatethe problemof Global ResourceSharing
(GRS)to efficiently planfor resourcere-use.GRSrefersto
reusinga functionalunit within datapathsof multiple basic
blocks.We definetheGRSproblemasfollows:

Input: a CDFG, a library of functional modulesand
multiplexers � �������
	 ���
���������������������������! "���
�������#�
��$��������%�&�(' , and the executionfrequency)
� of each basic
block.

GSRis tofinda setof modulesto besharedamongmulti-
plebasicblocks,such that thedecreasein arearequirement
is maximizedwhile the increasein the expectedlatencyof
theCDFGis lessthan * .+

, the increasein the expectedlatency of a CDFG is
equalto

+ �-,/.0) .21�3(. , where ) . is the executionfre-
quency of basicblock 4!4 . and 3 . is theincreasein thecriti-
calpathof basicblock 454 . .

Ultimately we aim to synthesizea CDFG with smaller
areavia sharing.However, we needto insertsteeringlogic
into basicblockdatapathsto achievethis. Eachmultiplexer
component�6�87 � will introducean additionaldelayof � �
into the datapath.This delaycancausethe total delayon
thecritical pathof a basicblock to increase.

We developedaheuristicalgorithmsolvetheproblemof
Global ResourceSharing. We call this algorithmGIBBS.
The main idea behind GIBBS is to identify pairs of re-
sourceswithin a givensetof datapaths,suchthatthosetwo
resourceswill bemergedandtheoperationsassignedonto
both resourceswill be re-assignedonto the singlemerged
resource.The initial setof datapathscorrespondsto a de-
signthat is synthesizedwith no resourcesharing.Progres-
sively, we eliminateresourcesout of the initial setof dat-
apaths. The GIBBS algorithm seeksguidanceof several
designmetricswhich collectively indicatethe impactof a
possibleresourcesharingontheoveralldesign.Thesharing
move, which indicatesthe highestgain accordingto those
metricsis takenateachstep.

The threeGIBBS metricsusedcorrelatewith possible
reductionin logic arearequirement,numberof moduleto
moduleinterconnects,andcriticality of a resource.Let us
first definethecriticality of aresource.Theideabehindcrit-
icality is to establisha relationshipbetweenthe time spent
to completean operationandits effect on the overall exe-



ewf arf fir
W/O Slack With Slack W/O Slack With Slack W/O Slack With Slack
Objective Objective Objective Objective Objective Objective

Num. of ALU operations 4 5 4 2 3 4
with non-zeroslack
totalslackon 14 16 9 8 7 9
ALU operations
Num. of MUL operations 2 2 7 9 4 5
with non-zeroslack
totalslackon 3 3 23 26 6 8
MUL operations

Table 2. Incorporating operation slack into scheduling objective .

cutiontimeof theapplication.Specifically, wemeasurethe
criticality as 9:$;�=<?>5@ �BA <�CED AGF HJI(KMLMN
KGO�A&P@&CE> AGF D H I(K @MD N�IQAGK  
where 4!�%R�SG9 4:���
95T )8$
�JU����JVW9:� is the execution fre-
quency of the basic block containing the operationand
R����%95T �X) $��
RJ���8$�95� is the slackof the operationassigned
to theresourcein theinitial schedule.Usingtheslackof the
operations,GIBBScalculatesthecriticality of aresource.If
multiple operationsareassignedto a resource,thecritical-
ity of theresourceequalsto themaximumof thecriticalities
of theoperations.In otherwords,theslackof a resourceis
determinedby the minimum of slackvaluesof all opera-
tionsassignedto theresource.Criticality relatesto theex-
pectedimpactof increasinganoperation’s executiontime.
This increasewill becausedby theadditionalmultiplexer.
Theareareductionmetricsimplyconsiderstheareaof each
moduleasit is pre-characterizedwithin themodulelibrary
andindicatesagaincorrelatinglinearlywith theareaof the
moduleunderconsideration.The metric indicating inter-
connectrequirementdeterminesthe pair of resourceswith
themostnumberof commoninputsandoutputs.

By usingthemetricsdescribedtheGIBBS algorithmit-
eratively transforms(partiallymerged)datapathsof theba-
sicblocksandtheresultingdatapathsarecombinedin asin-
gleCDFGdatapathfor generationof thefinal netlistby the
RTL synthesistool. The completioncriteria is given by a
user-definedconstantlimit ontheestimatedextradelay. Af-
ter eachselectionof resourcesto be shared,the estimated
increasein executiondelay (using the multiplexer delays
andtheexecutionfrequenciesof thebasicblocks)is calcu-
lated. If the increaseis above thegiventhreshold,thenthe
resourcesharinghalts without merging the last candidate
resourcepair.

3.2.1 Results on Resource Sharing

To evaluatethe effects of resourcesharing,we have cre-
atedanautomatedpathfrom programswritten in C to RTL
VHDL. We usethreerepresentative MediaBench[17] ap-
plications for our experiments. They are selectedbased
on the numberof basicblocks they contained,which in
turn is an indicationto the resourcerequirementsof these
applications. A small, medium,and large applicationin
that senseis selectedout of the suite. The SUIF compiler
[18]infrastructureis usedto performthecompileroptimiza-

tions andgeneratethe IR, which is then transformedinto
a CDFG. We annotatethe CDFG with basicblock execu-
tion frequenciesobtainedthroughprofiling. We have im-
plementedourown high-level synthesistool to performthe
initial schedulingandbinding for eachbasicblock, which
assumesthat eachinstruction type in the CDFG can be
mappedto a distinct moduletype. The initial scheduling
andbindingminimizesthenumberof modulesrequiredfor
eachbasicblock. However, it doesnotperformany resource
sharingamongbasicblocks. Consequently, we apply our
resourcesharingalgorithm. After the resourcesharingis
completed,thetool generatesanRTL VHDL descriptionof
thedatapathfor thecompleteCDFGincludingtheinsertion
of necessaryregisterand multiplexers. This VHDL code
is then synthesizedusing Synplify Pro 7.0 from Synplic-
ity andplacedandroutedby Xilinx DesignManager. Ta-
ble 3 shows thearerequirementwith andwithout resource
sharingtargetingdifferentXilinx Virtex chips. Using FP-
GAsof variouscapacities,rangingfrom Virtex XCV150 to
Virtex XCV800,we observe thetrendfor resourcerequire-
ments.It canbeseenthatwhile it is possibleto useacertain
modelwith resourcesharingit is always infeasibleto use
thesamesizedFPGAwithout sharingandwe areforcedto
usea largerchip.

4 Conclusions

In this paper, we presentedtechniquesthatareincorpo-
ratedinto representative hardwarecompilerstargetingpro-
grammablesystems.Categorizedunderthegeneralconcept
of DesignPlanning,thesetechniquesessentiallyaimto cre-
atebettercouplingbetweendifferentstageswithin thehard-
warecompiler. They specificallyaddressoptimizationand
feasibility issuesrelevant to programmablesystems. The
ultimategoalis to createa compilationflow, whereactions
taken at onestagereachthe local optimizationobjectives
successfullywithoutnarrowing down theexplorationspace
of the laterstagesfor their respective objectives.To take it
even a stepfurther, our intent is to equip individual steps
with enhancementsallowing themto planandmanagede-
signmetricswhichwill helpincreasefreedomto pursueal-
ternativesolutionsor guaranteesto reachfeasibility in later
stages.We demonstratedhow time slackcanbe managed
duringschedulingto help the following resourceselection



XCV150 XCV200 XCV300 XCV400 XCV600 XCV800
adpcm

w/o sharing 135% 101 % 76 % 48% 34% 25 %
with sharing 102% 75% 57 % 37% 25% 19 %

getblk
w/o sharing 247% 181 % 139 % 89% 62% 45 %
with sharing 141% 103 % 79 % 51% 35% 26 %

noiseest
w/o sharing 641% 471 % 360 % 230 % 160 % 118 %
with sharing 314% 230 % 176 % 113 % 78% 58 %

Table 3. Resour ce requirements (in terms of percenta ge of availab le CLBs) for diff erent Vir tex chips.

stageobtainmorealternatives. We alsopresenteda tech-
nique to reacha feasiblesolution sooneror with smaller
cost(by beingableto usea smallerFPGAchip in this par-
ticularexample)throughplanningfor resourcesharing.
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