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ABSTRACT

Along with the fastevolution of programmablendrecon-
figurable systems,hardware compilersalso adwvancedto-

wardsenhancedapabilitiesand optimizationpower. The
responsibilityof early hardware compilerswas to map a
subsetof proceduresor time critical computationsonto
hardware, wherereconfigurablehardware was mostly uti-

lizedasaco-processingnit. A new generatiorof hardware
compilersare neededto createframeavorks for mapping
significantlycomplec applicationsonto programmableale-
vices. This canbeachievzedby empaveringhardwarecom-
pilerswith newv methodologiego increasetheir efficiency.

DesignPlanningis onesuchconcept.In this paper we in-

troducetechniquego enablea smooth,non-restrictve in-

teractionbetweerdifferentcompilationstagesThesetech-
niguesarecollectively referredto asDesignPlanning.

KEY WORDS
ReconfigurableSystems,Hardware Compiler High-level
Synthesis

1 Introduction

Today’s high-endField Programmabl&ateArrays (FP-
GAs) are large and sophisticatedprocessingunits ca-
pable of implementingSystem-on-a-ChigSoC) designs.

Such designsare called System-on-a-Re-programmable-

Chip (SoRC).Designersarenow ableto usethesedevices
to implementcomplex circuitry. Someof theseFPGAsare
equippedvith embeddednicroprocessorand/ordedicated
ASIC macrosand IPs. Generatingdesignstargetingsuch
highly evolveddevicespresentsiew opportunitiesandchal-
lenges. Traditionally, designswere mappedonto FPGAs
manually However, with changesn the natureof designs
andtheincreasingcompleity of FPGAhardware, theman-
ual processs becomingcumbersomeConsequentlystart-
ing from an elevatedlevel of abstractionand automating
themappingprocesgpresentanattractve alternatve. This
processs alsoreferredto ashardwarecompilation.

Two universal goals are pursuedduring the develop-
mentof currenthardwarecompilersfor programmableys-
tems.Incorporationof effective optimizationsinto the pro-
cessandability to generatdeasiblesolutionswith fewest
numberof iterationspossiblethroughoutthe process.Op-
timizationscantarget a wide variety of goals, which can

be broadly consideredas efforts to increasethe quality of
the final designin one or multiple aspects.Area require-
ment, executiontime, power consumptionand reliability
can be namedamongothers. The secondgoal, i.e., abil-
ity to quickly generatefeasibledesignsandreachclosure
soon, particularly gainsimportancewith the uniquechar
acteristicsof the programmablesystems. The mostdefin-
ing featureof programmablesystemss the fact that they
arepre-characterizeandpre-fabricatedTheir capacitiesn
termsof logic resourcesarewell-definedandtheirintercon-
nectresourcesre alsolimited anddiscreetby nature. As
aresult,they aresusceptibleéo designswith highlogic and
interconnectesourcedemand.As thesedevicesarebeing
usedfor implementingincreasinglycomplex designs,the
issueof feasibility is becomingnoreandmoreimportant.

DesignPlanningis our proposedapproachowardscre-
ating more powerful compilationtargeting programmable
systems.The main philosophybehindDesignPlanningis
early on recognitionand managemenbf relevant design
metricsto createmaximum freedomas compilation pro-
ceedsfrom onestageto another DesignPlanningcanbe
appliedat variouspoints throughoutthe synthesisflow at
differentboundarieseparatinglifferenthardware synthe-
sistasks.As thesynthesidlow for programmableystemss
becomingmoreandmorecomple, theinteractionbetween
differentsubtaskdbecomesnore crucial aswell. Prevent-
ing a synthesisstepfrom overconstraininghe stageshat
follow is oneimportantaspecbf managinghisinteraction.
DesignPlanningaimsto leveragethis by enablingthe max-
imum freedomto be handedfrom one stagedown to later
stages.

Thegenerakoncepbf DesignPlanningcanbematerial-
izedin differentformsfor variousdesignrmetricsatdifferent
levelsof thesynthesidlow. In this paperwe will exemplify
two applicationsof DesignPlanningonto hardwarecompi-
lationfor programmablsystemsThefirst focusesonman-
agemenof time slackwithin ascheduleluringRTL synthe-
siswhich in turn is exploited to createadditionalfreedom
for selectionof resourceandIPs during resourcebinding.
Thesecondpplicationthatwe will discusdealswith man-
agemenbf resourcesharingin orderto passdesignswith
higherpossibility of feasibleplacementindrouting during
thephysicaldesignstage We will discusgechnique$ncor-
poratedinto RTL synthesisstageof hardwarecompilation.
Thesetechniquesnablebettercoupling betweendifferent



sub-taskén theflow.

Theremaindenf thispapetis organizedasfollows. Sec-
tion 2 givesanoverview of existing approache$or hard-
ware compilationtargeting programmablesystems. Sec-

tion 3 presentheconcepbf DesignPlanninganddiscusses

its applicationgo theRTL synthesistageof hardwarecom-
pilation. Sectiond concludeghepapermwith asummaryand
conclusions.

2 Overview of Existing Flows

Thereare several proposednethodsandtoolsto create
an automaticpath from high-level designdescriptionsto
programmabléardware. Early effortsto thisenddealtwith
extractingcomputationallyintensive kernelsascustomized
instructionsfrom an input programand assigningthoseto
a programmableco-processowhile the remainderof the
programis compiledtargetinga CPU.Compilersaccompa-
nied by their respectie novel processoirchitecturedike
PRISM[1], Garp[2], NAPA C compiler[3], andChimaera
[4] wereproposed.

Other projectsproposedautomaticdatapathgeneration
from algorithmic level descriptions. Such flows can be
broadly cateyorizedinto two. Thosethatemploy aninter
nal RTL synthesisstepand othersthat first transformap-
plication codeinto a behaioral hardware descriptionand
thenutilize an externalbehaioral synthesigool. Alterna-
tive approache® hardwarecompilationaresummarizedn
Figurel.

Commonto all flows is theinitial compilationstage.In
this stagethe input programis transformednto an inter-
nalrepresentatioandoptimizationsareperformedo lever-
agethetransitionfrom the algorithmicdescriptiorto hard-
ware.Marny of thosetransformationgndoptimizationsare
inspired from their counterpartsn software compilation.
We can nameconstantpropagationredundang elimina-
tion, functionin-lining, andloop unrolling amongothers.
Hardware-drizen optimizationsspecifically targeting pro-
grammablesystemshave also beenrecentlyincorporated
into suchcompilationsteps.Kastneret al. proposedech-
niguesfor simultaneousemplategeneratiorandextraction
targetinghybrid programmablesystemd5]. Templatesex-
tractedby their methodare usedto determinea setof hard
macrosor IPs thatshouldbe includedwithin a hybrid pro-
grammablesystemthat is customizedfor a specific plat-
form. Kaplanetal. alsoproposednterconnecbptimiza-
tions at the compilerlevel usinga modified algorithmfor
SingleStaticAssignmen{(SSA)|[6].

DEFACTO [7] is a compiler directeddesignerviron-
mentfor FPGAsto performautomatichardware synthesis
for loops. An externalindustrial high-level synthesigool
is usedfor the actualgenerationof datapathand control
in this environment. Anotherhardwarecompilationframe-
work thatis coupledwith an externalbehaioral synthesis
tool is developedby Kastner{8].

The third group of hardware compilersperforman in-
ternalhardware synthesisalthoughthey may not necessar
ily malke use of all high-level synthesissteps. The SA-
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Figure 1. Approaches to hardware compila-
tion targeting programmab le systems.

C compiler [9] transformsprogramswritten in a single-
assignmentsubsetof C into VHDL descriptions. The
PipeRenclcompiler generatepipelineddesignstargeting
thespecialPipeRenclarchitecturg10]. HCircal[11] maps
applicationsdescribedn the high-level languageCircal to
reconfigurabléhardware. The Circal languages designed
to describeapplicationsin sequence®f processes. The
hardware compiler mapseachprocessto dedicatedogic
blocks. The NENYA hardwarecompiler[12] mapsDFGs
extractedfrom a Java programonto FPGAs. Cardosd13]
proposedh methodfor temporalpartitioningandsimultane-
ously allowing resourcesharingwithin eachtemporalpar
tition. Match[14] is a compilationervironmentto synthe-
size efficient hardware from applicationswritten in MAT-
LAB targetingreconfigurablesystems.Celoxicaoffersthe
DK DesignSuitefor directimplementatiorof C-basedal-
gorithmsinto FPGAdevices[15].

3 Design Planning during RTL Synthesis

As hardwarecompilersarebecomingincreasinglycom-
plex containingtasksfrom differentdomainssuchasthose
adoptedfrom traditional software compilationdomainas
well ashigh-level synthesigasks,achievzing anefficientin-
teractionbetweerthesestepsbecomeshallenging.Design
Planningis a methodologythat can be incorporatedinto
hardware compilationto addresghis issue. DesignPlan-
ning collectively refersto techniqueshatenablesarlyman-
agementndplanningfor designmetricswhich will allow
for differentcompilationstepgo interactin bettercoupling
without overconstraininggachother We will demonstrate
realizationof DesignPlanningusinga framework consist-



ing of aninitial compilationstagewhich generatea CDFG
representationf anapplicatiorfollowedby anRTL synthe-
sisstagewhereschedulingf operationstesourceselection
andbindingis performed Specificallywewill focusontwo

DesignPlanningtechniques.Thefirst is incorporatednto

the schedulingstagewithin RTL synthesignanagingtime
slackwithin aschedulén orderto leave enhancedreedom
for the later resourceselectionandresourcebinding steps.
The secondechniqueaimsto provide a smootheicoupling
betweerRTL synthesisandphysicaldesign.In thefollow-

ing sectionsve will provide adetaileddiscussiorof eachof

thesetechniques.

3.1 Planningfor Time Slack during Scheduling

Time slackwithin a schedulas theamountof extra de-
lay an operationcantoleratewithout violating ary depen-
deng constraintsTotal availabletime slackwithin asched-
ule is a function of the given timing constraint,resource
availability, anddistribution andtopologyof dependencies
amongthe operationghatare scheduled Althoughtheto-
tal amountof time slack available within a scheduleis a
pre-determinedaluebasedon the aforementionedactors,
the distribution of this total available slackamongindivid-
ual operationsis determinedby the schedulingdecisions.
By incorporatingthe notion of slackmanagemenuithin a
schedulingalgorithma planneddistribution of time slackto
operationganbeachieved. In turn, early planningfor time
slackcanhave animpacton thelatersynthesistages.

The conceptof slackis known to existing scheduling
methods. Variationsto Force-DirectedSchedulingalgo-
rithms utilize the differencebetweenALAP and ASAP
schedule®f operationsasa measureof mobility andthen
usethis as meansto prioritize operationsduring schedul-
ing. However, thosealgorithmsdo not specificallytry to
reacha desireddistribution of time slackto operationsn
thefinal scheduleWe extendedaschedulingalgorithmpro-
posedby Memik etal. [16] in orderto incorporateplanning
for slackinto the schedulingdecision.This algorithmbasi-
cally schedule®FGsin aniterative fashiononepathspan-
ning the DFG at atime. Pathscoveringthe input DFG are
orderedaccordingto their lengthsandthe algorithmstarts
with schedulinghe longestpath. Schedulinga singlepath
is doneby performinganon-crossindpipartitematchingoe-
tweenoperationsalongthat pathandfeasiblecontrol steps
to which operationcanbe assignedo. Thisis aweighted
matchingwherethe weight of eachpossiblematchingre-
flectsthequality of thelocal schedulinglecision.Optimiza-
tion objectivessuchaslateng andresourcaisagehave been
incorporatednto the weight of eachmatchingsuchthata
matchingmaximizingtheweightsumis the mostdesirable.

We canincorporatethe slackdistribution objective into
the existing weightfunctionof this schedulein thefollow-
ing manner Givena lateng constraint)\, we evaluatethe
weightof a feasiblematchingfor eachoperationconsider
ing the amountof slackthat the operationcan attainafter
this matching. Specifically we aimedto distribute slack
alongpathshomogeneouslgat eachstep. For this purpose,
wefirstdetermingheaverageslackeachoperatiorcanhave

alongapath.Thisis foundby dividing thetotal slackalong
a pathto the numberof operationon the path. Then,while
computingtheweightfor a certainassignmenof anopera-
tion to a controlstep,we determinethe differencebetween
theaverageslackthe operationcouldattainandthe amount
it canattainif the currentassignmentvereto take place.
The lateng constraintis necessaryn this case,sincethe
flexibility in finishtimesof operationsieedgo bebounded.
The distribution of time slackamongoperationscanbe
donein differentwaysdependingntheultimategoal. One
possibilityis describedabore, which is distribution of time
slackamongasmary operationsaspossiblein a homoge-
neousfashion. Alternatively, a certaintype of operations
can be selectedand available slack can be distributed to
thoseasmuchaspossible.Fromthe perspectie of Design
Planningour goalis to createa schedulingsolutionwhich
will leave the highestflexibility for the following resource
selectiorandresourcéindingstagesMany programmable
systemsallow useof IP libraries,and customizednacros.
Suchelementsare utilized towards various designobjec-
tives,suchasincreasingperformancereducingpower con-
sumptionyeducingreconfiguratioroverheadetc. Allowing
extra delayon a selectedsetof operationsduring schedul-
ing, alternatve resourceswith varying delay characteris-
tics can be selectvely instantiatedfor a single operation.
Thecurrentdesignobjective mightrequirereplacemensof a
modulewith a slower instant. In thatcase having planned
for time slackon designobjective-criticaloperationsvill al-
low thenecessarfreedomfor theresourceselectiorstage.

3.1.1 Resultson Planning for Slack

In this sectionwe presentsomeexperimentalresultswith
the modified scheduletin orderto demonstratédnow time
slackcanbe manipulatedn differentwayswith planning.
First, we have useda weight functionwithin the scheduler
thatonly considergo minimizelateng. Thiscorrespond&
theW/O SlackObjective case Alternatively, we have added
theslackcomponento theweightfunctionandusedthela-
tenciesobtainedn thefirst caseasour A. By doingthis,we
areableto comparetwo schedulegairly. Tablel presents
the DFGs,theoptimallatenciesthelatenciesobtainedwith
the algorithmandthe run times of the algorithm. Table 2
shaws our results. The particularDFGsusedfor theseex-
perimentaverechoseramongpopularDSPfunctionswith
suitabletopologiesto reflectimprovementin slack. Avail-
ability of slackin aschedulalepend®nthetopologyof the
input DFG asmuchason the schedulingmethod. There-
fore, in someDFGsit is not possibleto seeary effect of
slackplanningdueto their structure For theselectedFGs
we have usediwo ALU resourcesindtwo multipliers. Each
ALU hasadelayof oneclockcycle,andeachmultiplier has
adelayof two clock cycles. The slackof operationss cal-
culatedasthe differencebetweerthe control stepwhenthe
resultof anoperationis readyandthe controlstepat which
the earliestscheduledsuccessoof this operationdemands
the result. We reportthe numberof operationghat have
non-zeroslackvalues,i.e., the restof the operationsn the
scheduledDFG had slack valuesequalto 0 or they were



I/O operationgor which we do not reportslack. We only
reportthe slackvaluesof arithmeticoperationdMUL and
ADD). We also give the total sum of the slack valueson
eachoperationtype. We presenia breakdeovn of thesetwo
measurement®r thetwo typesof arithmeticoperationsn
the DFG,i.e. the ALU operationsandmultiplications(ab-
breviatedasMUL in Table?2).

| DFG | OptimalLateny | OurLateny | Runtime]

ewf 28 28 10 msec
arf 18 20 7 msec
fir 16 16 6 msec

Table 1. Summary of DFG properties, latency
and runtime results.

The resultsin Table2 shown that with proper planning
to distribute slack on arithmeticoperationsour algorithm
could indeedtransformavailable flexibility in a schedule
into additionalslackfor a specificallytargetedsetof opera-
tions; arithmeticoperationsn this case.For the arf bench-
markwe obseneadegradatiorin slackvaluefor ALU oper
ations.Thereasoris dueto theassignmenof prioritiesfor
thetwo operationgypesALU andMUL. Thesensitvity to-
wardsincreaseof slackfor MUL operationsvassethigher
for theseexperiments. Therefore,the gain of increasing
te slackfor MUL operationds evaluatedto be largerthan
for ALU operationdeadingto greatertendeng to allocate
slackfor MUL operationghanfor ALU operations.n the
caseof ewf dueto the DFG topologyandtheorderin which
operationsverescheduledMUL operationsouldnotattain
ary slackwhereasALU operationsould gainlarger slack
usingtheslackobjectie. For thefir benchmarlslackobjec-
tive affectedthe slackdistribution for both operationtypes
positively.

3.2 Global Resource Sharing

Many existinghardwarecompilersgeneratelatapathby
creatingdedicatedcomponentdor eachindividual opera-
tion. This eliminatesthe needfor sophisticategcheduling
andbinding stages.Assuminginfinite resourcesan ASAP
schedulecanbe simply generatedor the operationsn the
datapath.However, whenmappinglarge and comple< ap-
plicationsonto programmablesystemswe cannotrely on
the assumptiorof infinite resourcegrnymore. Suchan as-
sumptionis likely to yield infeasibledesigngfor targetde-
viceswith a fixed amountof logic resourcesndsimilarly
limited routing infrastructure. Therefore,a better plan-
ning on resourcelistribution needgo be performedbefore
the synthesizedlatapathis passedntothe physicaldesign
stages.This canbe achiezedthroughresourcesharing.On
theotherhand,applyingaggressie resourcesharingstrate-
giesmaydegradethedesignquality, becauseesourceshar
ing introducesmultiplexer componentswhich can intro-
duceadditionaldelay on the critical path of executionas
well ascreatehighly congestedhodesin the routing struc-
ture. Programmablesystemshaving limited areaand dis-
creetrouting architecturesare susceptibldgo designswith

high interconnectresourcedemand. Thereforea system-
atic approacho resourcesharingis required.In the follow-

ing, wewill describeatechniqudor resourcesharingcalled
Globallnter BasicBlock Resource&Sharing(GIBBS).

We assumea synthesidlow within the hardware com-
piler thatgenerateslatapathg$or individual basicblocksin
the applicationprogramandcombineghemwith a control
flow. Whenmappingapplicationswith largenumberf ba-
sic blocks,the resourcedemandwill be very high aswell.
Therefore ,we needan efficient way of sharingfunctional
units amongdatapathof basicblocks. However, sharing
shouldnot introducelarge critical pathdelaysanda larger
demandon interconnectand logic resourcesiue to addi-
tional multiplexersto overshadw the anticipatedbenefit.
Moreover, not every executionpathis invokedin equalfre-
gueng. Resourcesharingshouldconsiderthe criticality of
individual basicblocks.

We formulatethe problemof Global ResourceSharing
(GRS)to efficiently planfor resourcee-use GRSrefersto
reusinga functionalunit within datapath®f multiple basic
blocks.We definethe GRSproblemasfollows:

Input: a CDFG, a library of functional modulesand
multiplexers M = {m;|module — delay(d;), module —
area(a;)}, and the executionfrequencyf; of eat basic
block.

GSRistofinda setof modulego beshaedamongmulti-
ple basicblocks,suc thatthedeceasen arearequirement
is maximizedwhile the increasein the expectedatencyof
the CDFGis lessthan A.

A, the increasein the expectedlateny of a CDFG is
equalto A = . f; x d;, where f; is the executionfre-
queng of basicblock bb; andd; is theincreasen thecriti-
cal pathof basicblock bb;.

Ultimately we aim to synthesizea CDFG with smaller
areavia sharing.However, we needto insertsteeringlogic
into basicblock datapaths$o achieve this. Eachmultiplexer
componentnuz; will introducean additionaldelay of d;
into the datapath.This delay can causethe total delayon
thecritical pathof a basicblockto increase.

We developeda heuristicalgorithmsolve the problemof
Global ResourceSharing. We call this algorithm GIBBS.
The main idea behind GIBBS is to identify pairs of re-
sourceswithin a givensetof datapathssuchthatthosetwo
resourcesvill be mergedandthe operationsassignednto
both resourcewill be re-assigneanto the single meiged
resource.Theinitial setof datapathgorresponds$o a de-
signthatis synthesizedvith no resourcesharing.Progres-
sively, we eliminateresourcesut 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 takenat eachstep.

The three GIBBS metricsusedcorrelatewith possible
reductionin logic arearequirementpnumberof moduleto
moduleinterconnectsand criticality of a resource.Let us
firstdefinethecriticality of aresourceTheideabehindcrit-
icality is to establisha relationshipbetweernthe 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
Objectve  Objectve | Objectve  Objectve | Objectve  Objective

Num. of ALU operations 4 5 4 2 3 4

with non-zeroslack

total slackon 14 16 9 8 7 9

ALU operations

Num. of MUL operations 2 2 7 9 4 5

with non-zeroslack

total slackon 3 3 23 26 6 8

MUL operations

Table 2. Incorporating operation slack into scheduling objective .

cutiontime of theapplication.Specifically we measurghe
criticality aser = basic_block_frequency

i slack_of_resource
where basic_block_frequency

is the execution fre-
guengy of the basic block containingthe operationand
slack_of _resource is the slack of the operationassigned
to theresourcen theinitial scheduleUsingtheslackof the
operationsGIBBS calculateshecriticality of aresourcelf
multiple operationsareassignedo a resourcethe critical-
ity of theresourceequaldo themaximumof thecriticalities
of the operationsln otherwords,the slackof aresourcas
determinedby the minimum of slack valuesof all opera-
tionsassignedo the resource Criticality relatesto the ex-
pectedimpactof increasingan operation$ executiontime.
This increasewill be causeddy the additionalmultiplexer.
Theareareductionmetricsimply considergheareaof each
moduleasit is pre-characterizedithin the modulelibrary
andindicatesa gaincorrelatinglinearly with theareaof the
moduleunderconsideration. The metric indicating inter
connectrequirementdetermineghe pair of resourcesvith
themostnumberof commoninputsandoutputs.

By usingthe metricsdescribedhe GIBBS algorithmit-
eratvely transformgpartially memged)datapath®f the ba-
sicblocksandtheresultingdatapathsrecombinedn asin-
gle CDFGdatapatHor generatiorof thefinal netlistby the
RTL synthesigdool. The completioncriteriais givenby a
userdefinedconstantimit ontheestimatedxtradelay Af-
ter eachselectionof resourcego be sharedthe estimated
increasein executiondelay (using the multiplexer delays
andthe executionfrequencie®f the basicblocks)is calcu-
lated. If theincreaseds above the giventhresholdthenthe
resourcesharinghalts without memging the last candidate
resourcepair.

3.21 Resultson Resource Sharing

To evaluatethe effects of resourcesharing,we have cre-
atedanautomategathfrom programswrittenin C to RTL
VHDL. We usethreerepresentatie MediaBench[17] ap-
plicationsfor our experiments. They are selectedbased
on the numberof basicblocks they contained,which in
turnis anindicationto the resourcerequirement®f these
applications. A small, medium, and large applicationin
thatsensds selectedout of the suite. The SUIF compiler
[18]infrastructures usedto performthecompileroptimiza-

tions and generatethe IR, which is thentransformednto
a CDFG. We annotatethe CDFG with basicblock execu-
tion frequenciesobtainedthroughprofiling. We have im-
plementedur own high-level synthesigool to performthe
initial schedulingandbinding for eachbasicblock, which
assumesghat eachinstructiontype in the CDFG can be
mappedto a distinct moduletype. The initial scheduling
andbinding minimizesthe numberof modulesrequiredfor
eachbasicblock. However, it doesnotperformarny resource
sharingamongbasicblocks. Consequentlywe apply our
resourcesharingalgorithm. After the resourcesharingis
completedthetool generateanRTL VHDL descriptiorof
thedatapattor thecompleteCDFGincludingtheinsertion
of necessaryegisterand multiplexers. This VHDL code
is then synthesizedising Synplify Pro 7.0 from Synplic-
ity and placedandroutedby Xilinx DesignManager Ta-
ble 3 shavsthearerequirementvith andwithoutresource
sharingtargetingdifferentXilinx Virtex chips. Using FP-
GAs of variouscapacitiesrangingfrom Virtex XCV150to
Virtex XCV800, we obsene thetrendfor resourcaequire-
ments.It canbeseerthatwhile it is possibleo useacertain
modelwith resourcesharingit is always infeasibleto use
thesamesizedFPGAwithout sharingandwe areforcedto
usealargerchip.

4 Conclusions

In this paper we presentedechniqueghatareincorpo-
ratedinto representadie hardwarecompilerstargetingpro-
grammablesystemsCateyorizedunderthegenerakoncept
of DesignPlanningthesetechniquegssentiallyaimto cre-
atebettercouplingbetweerdifferentstagesvithin thehard-
warecompiler They specificallyaddressptimizationand
feasibility issuesrelevant to programmablesystems. The
ultimategoalis to createa compilationflow, whereactions
taken at one stagereachthe local optimizationobjectives
successfullyithout narroving down the explorationspace
of the later stagedor their respectie objectives. To take it
even a stepfurther, our intentis to equipindividual steps
with enhancementallowing themto planandmanagede-
signmetricswhichwill helpincreasdreedomto pursueal-
ternatve solutionsor guaranteeto reachfeasibility in later
stages.We demonstratedhow time slackcanbe managed
during schedulingto help the following resourceselection



| [ XCVI50 [ 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/osharing | 641% 471% 360 % 230% 160 % 118%
with sharing| 314% 230% 176 % 113% 78% 58 %

Table 3. Resour ce requirements (in terms of percentage of available CLBs) for diff erent Virtex chips.

stageobtainmore alternatves. We also presenteda tech-
nigue to reacha feasiblesolution sooneror with smaller
cost(by beingableto usea smallerFPGA chipin this par
ticular example)throughplanningfor resourcesharing.
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