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Abstract

This paper presentsan exploration ervironmentfor the
designof 2D island-stylecoarse grained FPGA architec-
tures.Anarchitectuie descriptionle de nesvariousarchi-
tectural parametes including the de nition of new coarse
grainedblocks,the positioningof blocksin thearchitectue
andtheselectionof routingnetwork.Oncetheinitial archi-
tectureis de ned,a softwae ow placesandroutesatarget
netlist on the geneated architecture. The placementcost
of a netlistis optimizedeither by changingthe position of
netlistinstancenits respectivéblocksor by changingthe
position of blocks on the architecture. A single FPGA ar-
chitecture canalsobe obtainedfor mappinga setof netlists
at mutuallyexclusivetimes. It hasbeenfoundthat the sum
of the placementostsof all the netlistsis foundto be min-
imumif all thenetlistsare usedto geta singlearchitectue.
A setof DSPtest-benbesis usedto showthe effectiveness
of thevarioustechniquesusedin thiswork.

1. Intr oduction

This work proposesa new ervironment for the ex-
ploration of coarse-grainedFPGAs. Previously VPR [3]
(VersatilePlaceand Route) hasbeenextensvely usedfor
the explorationof ne grainedFPGAs. Inherentlyit does
not supportcoarsegrainedblocks. However [2] and [8]
have extended VPR to explore specic coarsegrained
architectures.In the samecontet, [5] hasdevelopedthe
virtual embeddedblock methodology (VEB) to model
arbitraryembeddedblockson existing commerciaFPGASs.
Later [12] hasincorporatedVEB methodologyin VPR,
thus enabling the support of architecturesother than
commercialFPGAs.[10] hasalso developeda CAD tool
for FPGAswith Embeddedard Cores.

All this previous work proposea pre-determinedoor -
planningorganizatioranddoesnot considetthe problemof
nding the block positionsin the architecture.Our major
contribution consistsof proposingan ervironment that
re nesthe FPGA oor -planning.

2. Exploration Environment

The basicworking groundof the exploration environ-
mentis a grid of equally sizedSLOTS. CELLS of differ-
entsizescanbe mappedon this grid. A CELL canbeary
block; a soft block like a Con gurableLogic Block (CLB);
or a hardblock like an adder multiplier or RAM etc. A
CELL when mappedon the slot-grid is referredto as a
SITE. Each SITE occupiesone or more SLOTS. A rout-
ing channelpassedetweerevery two neighboringSITES.
A SITE occupying morethanone SLOT canallow routing
channelto passthroughit. A software o w mapsthe in-
stance®f anetlistonthe SITESof its respectretypes.The
PLACER,asoftwaremodule,re nes boththe placemenbf
SITESontheslot-grid ( oor -planning)andthe mappingof
instanceson the SITES (binding). The PLACER canalso
generatean applicationspeci c FPGA oor -planning for
binding a setof netlistson it at mutually exclusive times.
Thistechniqueof placingasetof netlistsis proposedn [6],
whereit is usedto explore con gurable ASICsin a single
dimension. This work extendsthe samemethodologyto
explore two dimensionalisland-styleFPGA architectures.
After oor -planningandbinding, the ROUTER routesthe
netlistonthearchitecture.

Ar chitecture Description: An architecturedescription

le is usedto de ne the completearchitecturadetails. Nx
andNy de ne the sizeof the slot-grid. The channelwidth
of the routing architectureis either x edto a valueW, or
a binary searchalgorithm searcheghe minimum possible
channebwidth betweerthe minimum (Wmin) andthe max-
imum (Wmax) channelwidths. The positionof SITEScan
be either x edto an absoluteposition on the slot-grid, or
it canbe setasvariablesothatthe PLACER canmodify it
lateron. Eachtype of CELL is de ned in the architecture
descriptionle. Thepinsof the CELL aregivenaname,a
classnumberadirectionandthe slot positiononthe CELL
to which this pin is connected Pinshaving the sameclass
areconsiderecequivalent. Thusadriver nettargetingare-
ceiver pin of a SITE (CELL instancexanberoutedto ary
of the pinsof the SITE having thesameclass.If therouting
channelpasseshrougha CELL, the PINS canbe assigned
to ary of the internalchannelsalso. The routing network



Figure 1. Signal bounding box evaluation

supportedby the ervironmentcanbe eithera bidirectional
mesh[3] or a unidirectionalmesh[9].

Software Flow: Oncethe architectureis properly de-
ned, a software o w mapsthe netlistsonit. Theinputto
this software o w is a structuralnetlistin VST (structured
VHDL) format. This netlistis composedf the traditional
standarctell library instancesndthe hardblock instances.
VST2BLIF tool is modi ed to corvertthe VST le having
hardblocksto BLIF format. Latera PARSERremovesall
theinstance®f hardblocksandpassesheremainingnetlist
to SIS[11] for synthesisnto 4-LUT format. All thedepen-
dencebetweerthe hardblocksandthe remainingnetlistis
preseredby addingnew inputandoutputpinsto the main
netlist. After SIS, andlater by the conversionof the netlist
to NET formatthroughT-VPACK [4], anothemparseradds
all theremovedhardblocksinto thenetlist. It alsoremoves
all thepreviouslyaddednputsandoutputs.This nal netlist
in NET format,containingLUTs andhardblocks,is passed
to the PLACERandthe ROUTER.In futureinsteadof SIS,

weintendto useABC [1].

3. The Placer
3.1 Bounding box formation

Thiswork considerghe positionanddirectionof pinsin
theformationof boundingbox (bbx). All theinputpinsof a
SITE having sameclassarealsoincludedin the bbx. Thus
theboundingbox of anetusedin thiswork is theminimum
box which encompassee driver andthe recever pins of
the net, andall the input pins of a SITE having the same
classasthat of the recever pin of the SITE connectedo
thenet. The PLACERtriesto achieve a placementaving
the minimum sum of the half-perimetersof the bounding
boxesof all the nets. Figure 1(a) showns a casein which
all theinput pinsof SITE A" have differentclass,whereas
in Figure 1(b) all its input pins have sameclass. The size
of theboundingbox actuallyincreasesn 1(b) ascompared
to 1(a); but this increasedoesnot matter The driver in-
stanceargetingsucha recever pin (having otherpeerpins
of sameclass)will be having multiple placementoptions
for achieving the sameplacementost.

Figurel(c) andFigurel(d) shav two casesn whichthe
boundingbox is formedwithout consideringthe pin posi-
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Figure 2. Site MovementCases

tions and directions. In both casesthe bbxs are equally
sized. Whereadrigure 1(e) andFigure 1(f) shav the same
two examplesin which bbx is formed using pin positions
andtheir directions. It canbe seenfrom the sizesof bbx
thatthe placementn Figure1(f) is to be preferredoverthe
placemenshowvn in Figurel(e).

3.2 Placement Mo ve Generation

ThePLACEReithermovesaninstancdrom oneSITEto
anotheymovesa SITE from oneSLOT positionto anothey
or rotatesa SITE atits own axis. After eachoperationthe
placementostis recomputedor all thedisturbednets.De-
pendingonthecostvalueandtheannealingemperatur¢he
operationis acceptecbr rejected.Multiple netlist les can
beplacediogetheto getasinglearchitectureoor -planning
for all the netlists. With multiple netlist placementsgach
SITE canallow multiple instancego be mappedon it; but
multiple instance®f the samenetlistcannotbe mappedn
asingleSITE.

The PLACER performsan operationon a “source” and
a “destination”. The “source” is randomlyselectedo be
eitheraninstancefrom ary of the input netlistsor a SITE
from thearchitecturelf the sourceis aninstancethenary
randommatchingSITE is selectedasits destination.If the
sources a SITE to berotated the samesourcepositionbe-
comesthe destinatioraswell.

If the sourceSITE is to be moved, a randomsiot is
selectedasits destination. The rectangulawindow start-
ing from this destinationslot, having the samesize asthe
sourceSITE is called asthe destinationwindow, whereas
the rectangulamwindow occupiedby sourceSITE is called
as sourcewindow. The dashedine in Figure 2(a) is the
sourcewindow, andthe solid line in Figure 2(b) depictsa
valid destinatiorwindow. The sourcewindow will always
containgasingleSITE, whereaghedestinatiorwindow can
containmultiple SITES.Thedestinatiorslotis rejectedf (i)
the destinatiorwindow exceedsthe boundarieof the slot-
grid, (ii) the destinationwindow containsatleastone such
SITE which exceedsthe limits of the destinationwindow
(asshawn in Figure2(c)) and(iii) thesourcewindow over-
lapsthe destinationwindow diagonally(i.e partially hori-
zontal,partially verticaloverlap). Theprocedurés repeated
until avalid destinatiorslotis found.

InstanceMove: In thiscaseamaove operatioris applied



onthesourceinstanceandthe destinatiorsite. If the desti-
nationsiteis empty the sourceinstancds simply movedto
thedestinatiorsite. If thedestinatiorsiteis occupiedby an
instancethena swap operationis performed.

Site Jump: If the sourcewindow doesnot overlapwith
the destinationwindow, a JUMP operationis performed.
All the sitesin the destinationwindow are moved to the
sourcewindow, andthe sourcesiteis movedinto the desti-
nationwindow. EachaffectedSITE breaksts link with the
currentslotsandconnectswith new slots.

Site Translate: If the sourcesiteis commonbothin the
sourceandthedestinatiorwindowsthenatranslations per
formed.Currentlyonly the horizontalor verticaltranslation
is performed. No diagonaltranslationis performed. Fig-
ure 2(d) and 2(e) shaow a caseof verticaltranslation. The

ve sitesfoundin the upper2 rows of the destinationwin-
dow (asshowvnin Figure2d) aremaovedto thelower 2 rows
of the sourcewindow (asshawn in Figure2e). The source
siteis thenmovedto the destinationwindow.

Site Rotate: The rotationof SITESis importantwhen
the classeof eachof its pins aredifferent. In sucha case
theboundingbox variesdependingpn the pin positionsand
theirdirections.Multiplesof 90 rotationareallowedfor all
the SITEShaving a squareshapewhereanly 180 rota-
tion is allowed for rectangulainon-squareBITES.A 90
rotation for rectangularSITES involves both rotation and
move operationwhichis left for futurework. The orienta-
tion of SITE is usedby the boundingbox costfunctionto
correctlycalculatethe exact positionanddirectionof each
of its PINS. Figure2(f) depictsa90 clock-wiserotation.

4. Experimental Results

In this work a set of 4 testbenchess usedto design
an FPGA. The goal is to generatea single coarse-grained
FPGA oor -planningfor the giventestbenchesln the rst
step, thesebenchesare experimentallyanalyzedto deter
mine which componentsshould be madeas hard blocks.
The selectedblocks are de ned, and different placement
and oor -planningtechniquesareappliedon themto min-
imize the overall placementost. The total switchesin the
architectureandthe switchesusedfor routingaremeasured
with bi-directionalanduni-directionalrouting channels.

Netlist generation: The netlistsareextractedfrom gen-
eratorswritten in a proceduralanguage.Thesenetlistsare
generatedn a modularfashionwhich makesit mucheasier
to extract differentblocks. Only thoseblocksare selected
ashardblockswhich areusedatleastby 2 netlists. There-
mainingblocksarecorvertedto softblocks(CLB) usingthe
software o w. Thesetof blocksusedby eachof the netlists
areshavnin Tablel. The nal targetarchitectureasshovn
in thelastrow of Tablel, containghe maximumnumberof
blocksrequiredby arny of the netlist. Oncethe blocksare
identi ed, the sizesof eachof theseblocks are measured
andthencomparedvith a CLB. Thisis doneby placingand

clb| mul_8.8_16|slans16|sff_8|suh.8|smux16.1_cmd
FIR |32 4 3 4 - -
FFT | 94 4 3 - 6 -
ADAC| 47 2 - 1
DCU |34 1 1 4 2 2
Target| 94 4 3 4 6 2

Table 1. Netlist block utilisation table

SizeLamda? | Ratio w.r.t clo[MB Size]
clb 280x250 1 1x1
slans16 615x600 5.27 3x3
sff_8 215x200 0.61 2x2
suh8 410x450 2.63 2%2
smux16.1.cmd| 215x200 0.61 3x3
mul_8.8_16 1120x1150 18.4 4x5

Table 2. Block sizetable

routingthemin standarctell library usingALLIANCE [7].
Table 2 shows the relatedareainformation. This informa-
tion is usedto decidethesizeof eachblock ontheslot-grid.
Anothermajor factorin decidingthe sizesof theseblocks
is their pin-demand An imbalancedpin-demandjivesrise
to underutilization of routing resourcesn a uniform rout-
ing channel.Thus,in this work all hardblocksarede ned
with routing channelpassingthroughthem. The pins are
notonly limited to theboundarie®f theblocks,but arealso
attachedo the routing channelpassinghroughthem. The
sizesof the hardblocksareincreasedo make themrectan-
gularshapedaswell asto balancetheir pin demandgraus-
ing somearealoss. Onemethodto overcomethis arealoss
can be to employ the shadav clustertechnique[8]. The
emptyspacecanbe lled by shadev CLBsthatcanbeused
if thehardblockis notused.

Ar chitecture evaluation: From the requirednumber
of blocksof eachtypeaninitial architectures generatedby
rstly placingall thehardblocksandthenplacingthe CLBs.
Theinitial architectureoor -planningachievedis shavn in
theFigure4(a).

All the netlistsare mappedtogetheron the architecture
and different oor -planningtechniquesare tested. Once
the nal oor -planningis achieved eachnetlistis individ-
ually placedandroutedon it (without changingthe oor -
planning). A set of 5 different combinationsof oor -
planningare generated.(1) Theinitial architectureshovn
in Figure4(a) (). (2) Only the rotation of blocksallowed
on the initial architecture(R). (3) Only block movement
allowed (M). (4) Both the block movementaswell asthe
rotation of all the blocks (MR). (5) The block movement
andtherotationof all theblocksallowed (exceptthe CLBS)
(MRC). Eachnetlistis individually routedon thesearchitec-
tureswith both the bi-directionaland uni-directionalrout-
ing channel. Figure 3(a) shavs how the placementcost
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Figure 3. Comparisonresults

of eachnetlist reduceswith different oor -planningarchi-
tectures. An averagereductionof 25% in the placement
costof all the netlistis noticedbetweenthe initial archi-
tectureandthe MRC. The MRC architectureis shovn in
Figure4(b). Thearrownsin the gure shov the orientations
of theblocks. Sinceall thefour inputpinsof CLBs havethe
sameclass,andthe single outputpin is found both on the
right andtop side, therotationof CLB is not of greaterad-
vantagen reducingthe placementost. Ratherturning off
its rotationgiveshigherprobabilityof movement/rotationo
otherhardblocks. Thatis why a slightbene tin the place-
mentcostis noticedwith no rotationof CLBs. Figure3(b)
shawvs how the total switchesusedfor routing reducewith
each oor -planning. Figure 3(c) shavs the total numberof
theswitchesn thearchitecture Theseswitchesarepropor
tionateto the numberof routing channelgequiredto route
a netlist. It hasbeennotedthat the minimum numberof
switchesamongall the netlists are found with the archi-
tecture(M). Moreover, the uni-directionalrouting network
takeson average28% lessnumberof switchesthanthe bi-
directionalnetwork.

Figure3(d) compareshe placementostsof the netlists
on the architecturesvhose oor -planningis optimizedei-
therfor individual netlists(netlistnameopt.) or for all the
netliststogether(all opt.). The oor -planningoptimizedfor
anindividual netlist givesrelatively betterresultsonly for
that particularnetlist, but worseresultsfor all the remain-
ing netlists;thusincreasingthe total placementostof all
the netlist. Whereaghe sumof placementostsof all the
netlistsis found to be minimum with the “all opt” oor-
planning.Howeverthe placementostof asinglenetliston
“all opt” oor-planningis on averagel7% higherthanon
the oor -planningoptimizedfor thatparticularnetlist.

5. Conclusionand Futur e Work

In this paperwe have presentedn explorationerviron-
mentfor the conceptiorof coarse-graineBPGAs.This ex-

(@) (b)

Figure 4. Optimized FPGA Floor-planning

ploration ernvironmentcan be usedto develop application
speci ¢ FPGAsoptimizedfor a givensetof netlists. In fu-

ture we intend to gatherand test more test benchescon-
taining coarse-grained@omponents.The SITE movement
techniquesneedto be improvedi.e. 90 and270 rota-
tion for rectangulanon-squareyites,diagonaltranslation
and nally considering“sourcewindow” having multiple

sites. The hardblockswhosesizeshave beenincreasedor

balancingthe pin demandproducesomefree space. This

spacecanbe usedto incorporateshadev clustersin those
blocks.Finally we intendto judgethe oor -planningof ex-

isting commerciaFPGAsusingthis ervironment.
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