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Abstract

boardcircuitprogrammablefullyA
programmableandRAMsFPGAs,ofconsisting

Theconstructed.beenhaschipsinterconnect
usedsoftwarethewithalongdescribed,ishardware

Viterbiaapplications,sampleThreeit.programto
aandmemory,re-organizableadecoder,

theontestedbeenhaveunitarithmeticlogarithmic
board.

Introduction1.

theindeviceslogicField-programmable
tocomparedadvantagesmanyhaveFPGAsofform
ofdegreehighaofferTheydevices.logiccustom

partdistinctofnumberthereducingflexibility,
Theyinventory.inkeptbetoneedthattypes

inexpensivelyandrapidlytodesignersallow
aatminutesfewaindesignscircuitimplement

monthstocompareddollars,hundredfewaofcost
customfordollarsofthousandsoftensand

designs.

logiclowerfromsufferhowever,FPGAs,
Thelogic.customthanspeedloweranddensity

byaddressedbecanproblemdensitylogiclow
systemsfield-programmablelargerconstructing

aandRAMs,FPGAs,multipleofconsisting
Togethernetwork.interconnectionprogrammable

field-atools,softwareappropriatethewith
createtouseraallowssystemprogrammable
singleanyintofittolargetooarethatdesigns

chip.FPGA

multiplecontainingsystemsPrevious
emulationlogicforconstructedbeenhaveFPGAs

algorithmssoftwareofaccelerationthe[Butts92],
prototypingrapidand[Gokhale91],

ausedsystemspreviousMost[VandenBout92].
introducedRecentlystructure.interconnectfixed

moreaallowchipsinterconnectionprogrammable
tonetworkinterconnectionprogrammableflexible

used.be

field-programmableaconstructedhaveWe
WeTM-1.or1,Transmogrifierthecalledsystem

severalofdesignthesupporttoitusedhave
totoolsCADdevelopingareandcircuitssample

system.thesupport

thedescribespaperthisof2Section
3Sectionsystem.ourofarchitecturehardware

usingarewesoftwaresynthesisCADthediscusses
thediscusses4Sectiondeveloping.and

TM-1.theofarchitecturenetworkinterconnection
tested.aredesignsthehowdescribes5Section

havethatdesignsexamplethreediscusses6Section
describes7SectionandTM-1,theontestedbeen

work.ongoing
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ArchitectureHardware2.

chipinterconnectfield-programmableA
device.field-programmableofkindnewais(FPIC)

containsitFPGA,SRAM-basedanLike
passcanthatcircuitryswitchingprogrammable

itFPGA,anUnlikechip.thearoundsignals
Instead,blocks.logicprogrammablenocontains

andpins,I/OofnumberlargeacontainsFPICan
toneededresourcesswitchingandroutingthe

pins.thoseofcombinationanyalmostconnect

thesystem,field-programmablecurrentOur
field-AXB-GP2AptixanonbasedisTM-1,
boardThe[Aptix93a].boardcircuitprogrammable

Itsize.inmm175bymm300approximatelyis
arethatchipsFPICAX1024Aptixtwocontains

board.theonholes1700overtoconnected
intoinserteddirectlybecanpackagesDIPStandard

becandevicesFPICtheandholes,these
way.anyinpackagesthesewiretoprogrammed
andpowertopinsconnectingformadeisProvision
thetosuchasindicatedarepinstheseandground,

software.routing

toboardAptixtheusesTM-1The
chipsFPGAXC4010Xilinxfourinterconnect
chipsSRAM32Kx9fourand[Xilinx92a]

PLCCandPGAspecialonmounted[Motorola92],
bi-directional72carrycablesRibbonadapters.

illustratedasboard,interfaceseparateatosignals
1.Figurein

singleacontainsboardinterfaceThe
aasacttoprogrammedisthatFPGAXC4010

boardinterfaceThecontroller.communications
16-bitaandTM-1,thetoleadingsignals72has

workstation.SUNatoleadingcableportparallel
aimplementscontrollercommunicationsThe

SUNtheonprogramaallowsthatprotocolsimple
theonrunningdesignawithcommunicateto

TM-1.

toSUNthebyusedarecablesSeparate
XilinxtheandchipsFPICAptixtheprogram

FPGAs.

SoftwareSynthesisCAD3.

TM-1theonimplementedbetocircuitA
usingformatXNFXilinxtheincreatedfirstis
tools.CADuniversity-developedorcommercial

forcreatedbeenhavefilesXNFindividualOnce
aretheyboard,theonFPGAstheofeach

mapping,technologyXilinxthebyprocessed
program,routingandplacement ppr [Xilinx92b],

files.programmingFPGAtheproduceswhich



thatfilesXNFindividualthemakeTo ppr
thatpiecesintobrokenbemustcircuittheneeds,
onavailablechipstheintofittoenoughsmallare

donebecansteppartitioningThisTM-1.the
timebecanpartitioningmanualbutmanually,

andevelopingareWeprone.errorandconsuming
largeatakecanthatprogrampartitioningautomatic

piecesintoitpartitionandformatXNFindesign
TheFPGAs.individualtheintofitwillthat

calledprogram, part andFiducciatheonbasedis,
[Fiduccia82],algorithmpartitioningMattheyses

andpartitioningmulti-wayforextensionswith
[Shih92].preclusteringsensitivetiming

routingandplacementperformingWhile
FPGA,eachfor ppr usedbetopinsthechooses

areassignmentspinThesignal.I/Oeachfor
thefromextracted ppr inincludedareandoutput,

theandwiringinter-chipthedescribesthatnetlista
isnetlistThispositions.outputandinputexternal

Aptixthebytaken axess and[Aptix93b],software
FPICtheAfterchips.FPICtheprogramtoused
chipstheofremaindertheprogrammed,arechips

Xilinxtheandup,poweredareboardtheon
xchecker FPGAs.theprogramssoftware

NetworkInterconnectionTM-14.

example(forboards,multi-FPGAtypicalIn
FPGAstheconnectthatwiresthe[Gokhale91]),

pin.topinfromhard-wiredusuallyaretogether
circuittheonrestrictionstwoplacesThis

thatsignalsofnumberthefirst,implementation:
limitedisFPGAstwoanybetweenpassedbecan
severeplaceswhichwires,existingtheby
leadsandpartitioningmulti-chiptheonrestrictions

FPGAs.theofutilizationlowertodirectly
placetousedarethatprogramsCADtheSecondly,

arepinswhichonagreemustFPGAstherouteand
signals.thetransfertousedbeto

passsignalsinter-FPGAallTM-1,theIn
programmedbecanwhichchip,FPICanthrough

theallowsThisway.anyinthemconnectto
besttoFPGAeachonpinstheusetopartitioner

connectit,requirescircuittheifcan,Itadvantage.
FPGA,secondatoFPGAoneonpinstheof90%

purposegeneralaonpossiblebenotwouldwhich

thewell,Asconnections.hard-wiredwithboard
Xilinx ppr toallowedissoftwarerouteandplace

usedarepinswhichaboutdecisionsownitsmake
oftasktheeasesfreedomThissignals.externalfor

eachoflogicinternaltheofroutingandplacement
anddensitybettergiveshouldturninwhichchip,
theofinterconnectprogrammableThespeed.

signals,inter-chiptheconnectthencanTM-1
pinswhichofregardless ppr forchoosetohappens
chip.eachonsignaleach

forFPICanusingofdisadvantageThe
hard-wiredthanrathercommunicationinter-chip

delayextraanincursignalsallthatisconnections
evidenceAnecdotalns.15to5approximatelyof

users,systemfield-programmableotherfrom
incurredpenaltydelaythethatsuggestshowever,

infarbemayplacementbeforepinsthefixingby
mitigatetohopeweso,Evendelay.thisofexcess

algorithms.partitioningbetterusingbycostthis
ideabetterahavewillweexperience,moreAfter
andhard-wiredofmixtureidealtheof

field-futureinusetoconnectionsprogrammable
designs.systemprogrammable

TestingDesign5.

becanTM-1theinrunningDesigns
Ananalyzer.logicstandardausingobserved
onconnectorsofsetatoconnectedbecananalyzer

atoexternalisthatsignalanyandboard,TM-1the
thetoroutedeasilybecanboardtheonchip

software.Aptixthebyconnectors

workstationSUNtheonrunningPrograms
signal72theofanymodifyorobservealsocan

Theboard.interfacethetoconnectedarethatlines
aintomappedmemoryisSUNtheonportparallel
isprotocolsimpleaandspace,memoryprogram’s

andprogramSUNthebetweendatapasstoused
board.interfacethethroughdesignthe



ApplicationsExample6.

applicationsthreedescribessectionThis
TM-1.theontestedbeenhavethat

DecoderViterbiA6.1

constraintlongaconstructingareWe
decoderViterbiAdecoder.Viterbilength

hasthatcodeconvolutionalofformainterprets
noisyovercommunicationimprovetousedbeen

architectureOurlinks.deep-spaceassuchchannels
memorylocalwithprocessors13ofconsists

ring.ainconnected

willdecoderViterbiourofversionfullThe
thefor4010sXilinx13leastatofconsistprobably

controllers,RAMfor4010sXilinx12processors,
willThereswitches.datafor4005sXilinx13and

smallotherfewaandRAMs256x939bealso
beenhavedesignsFPGAtheofMostcomponents.

toyetmodificationsminorsomewithcompleted,
implemented.be

oneprocessor,oneofconsistingsystemA
beingwasRAMsthreeandcontroller,RAM

becamethisbutsimulation,throughverified
TheTM-1.theusetodecidedwasitsotedious,

4010onewithhand,bypartitionedwassystem
anothergenerator,vectortestaasprogrammed

RAMtheasusedthirdaandprocessor,theasused
controller.

processorandFPGAgeneratortestThe
controllerRAMthehowever,MHz;10atworked

beingcurrentlyisandcorrectly,functionnotdid
couldsystemthethatdesiredwasItre-designed.

butMHz,10thanhigherrateclockaattestedbe
speedshigheratdegradedbecamesignalclockthe

NoFPIC.thethroughfanouthighofbecause
clockthetogivenbeingwastreatmentspecial

allowedhasTM-1theofusetheHowever,signals.
processorViterbitheoftestingandverification

withpossiblewasthanspeedshighermuchatnode
simulation.software

OrganizerMemoryA6.2

calledtoolCADwrittenlocallyA
smallaletwillthatcircuitaproducesMemPacker
largeraemulatechipsRAMphysicalofnumber

differentofchipsmemorylogicalofnumber
speeds.andsizesshapes,

requiredoflistaistoolthistoinputThe
(width,parameterstheirwithmemorieslogical

producestoolThetime).accessdesiredanddepth
multiplexers(thecircuitthebuildtousednetlista

case,our(indeviceprogrammableaincontrol)and
FPGAs).seriesXC4000Xilinx’s

circuitrythegeneratecanprogramThe
anyasTM-1theinmemorytheusetoneeded
theinfittheyifmemories,oftypesornumber
aretimesaccessrequiredtheirandspace,available

met.

configurecanMemPackerexample,For
samplethesesatisfythatcircuitsRAMlogical

designs:ASICindustrialfromtakenconstraints,

RAMsbit368x16fourandbit736x16a•

one22x32;threeRAMs;bit688x4three•
168x12two1024x4;

168x12two366x11;two1620x3;two•

circuitsseveraltesttousedwasTM-1The
usingworks,toolTheMemPacker.byproduced

typicalaforFPGAstheinspacetheof5%about
usedbecanspacetheof95%otherTheexample.

logic.application’stheimplementto

ChipArithmeticLogarithmicA6.3

beingisthatapplicationAnother
numberlogarithmicforprocessoraisimplemented

arithmeticLNSarithmetic.(LNS)system
ausinglogarithm2baseitsbynumberarepresents

andMultiplicationrepresentation.fixed-point
usingperformedareandLNS,ineasyaredivision

andAdditionsubtraction.andadditionpointfixed
evaluationtherequireanddifficultaresubtraction

[Lewis93].functionstranscendentalcomplicatedof



processorLNSanisapplicationtargetThe
full-customindesignedbeenpreviouslyhadthat

hopeweexample,thisUsingCMOS.micron1.2
TM-1theofspeedandareathecompareto

implementation.full-customthetoimplementation
ormultipliestwoperformcanprocessorThe
oradditiononeandcycle,clockperdivides

subtraction.

manyoffersimplementationTM-1The
full-customthetocompareddifferencesinteresting

functionquadraticausingalgorithmsNewdesign.
beenhavememoryinterleavedandinterpolator

full-custominefficiencyhighofferanddesigned,
full-theinstructurememorynovelTheCMOS.

usingpossiblenotwasimplementationcustom
theinlessmuchwerecostsmemorybutFPGAs,

TheSRAM.availablethetoduedesign,TM-1
itsreducetoredesignedalsowasalgorithm

size.memoryincreasedofcosttheatcomplexity
barrelmanytheforusedwerecontrollershotOne

tightlybutdesign,full-customtheinusedshifters
logicshiftofamountthereducedcontrolencoded

needsdesignTM-1Thedesign.TM-1theinused
andfunctions,circuittheimplementto4010sfour
Therate.clockMHz5awithsimulatedbeenhas
bit19*8aisdesignTM-1theinpathcritical
tocycleclockpertwiceusediswhichmultiplier

workingAmultiply.bit19*16aimplement
shortly.expectedisimplementation

WorkFuture7.

Bell-Northernproject,researchjointaIn
isthatmodulemulti-chipaproducingisResearch

XC4010fourcontainwillItTM-1.thetosimilar
AptixsingleaandSRAMs,32x9fourFPGAs,

2.4x2.4bewilldimensionsItschip.FPICAX1024
purposegeneral216havewillmoduleTheinches.
externalandinternaltheAllpins.signalexternal

chip.FPICthetowiredbewillmoduletheonpins

exampleotherimplementtointendWe
moduleBNRtheonandTM-1theoncircuits
gainedexperienceTheavailable.becomesitwhen
secondimprovedandesigntousedbewill
speedhigherwithmodule,generation

FPGAs.largerandinterconnections

Summary8.

toprojectongoingandescribespaperThis
field-ofbenefitsandcoststheexamine

associatedtheirandsystemsprogrammable
software.

boardcircuitprogrammablefullyA
programmableandRAMsFPGAs,ofconsisting

CADAconstructed.beenhaschipsinterconnect
allowtoassembledbeenhassystemsynthesis

sampleThreeboard.theontestedbetodesigns
inaremoreandtested,beenhaveapplications

progress.
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