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Abstract

This paperpresentsan exploration environmentfor the
designof 2D island-stylecoarse grained FPGA architec-
tures.Anarchitecturedescription�le de�nesvariousarchi-
tectural parameters including the de�nition of new coarse
grainedblocks,thepositioningof blocksin thearchitecture
andtheselectionof routingnetwork.Oncetheinitial archi-
tecture is de�ned,a software �ow placesandroutesa target
netlist on the generatedarchitecture. Theplacementcost
of a netlist is optimizedeither by changingthe positionof
netlist instanceson its respectiveblocksor bychangingthe
positionof blocks on the architecture. A singleFPGA ar-
chitecturecanalsobeobtainedfor mappinga setof netlists
at mutuallyexclusivetimes.It hasbeenfoundthat thesum
of theplacementcostsof all thenetlistsis foundto bemin-
imumif all thenetlistsareusedto get a singlearchitecture.
A setof DSPtest-benchesis usedto showtheeffectiveness
of thevarioustechniquesusedin this work.

1. Intr oduction

This work proposesa new environment for the ex-
ploration of coarse-grainedFPGAs. Previously VPR [3]
(VersatilePlaceandRoute)hasbeenextensively usedfor
the explorationof �ne grainedFPGAs. Inherentlyit does
not supportcoarsegrainedblocks. However [2] and [8]
have extended VPR to explore speci�c coarsegrained
architectures.In the samecontext, [5] hasdevelopedthe
virtual embeddedblock methodology (VEB) to model
arbitraryembeddedblocksonexistingcommercialFPGAs.
Later [12] has incorporatedVEB methodologyin VPR,
thus enabling the support of architecturesother than
commercialFPGAs.[10] hasalso developeda CAD tool
for FPGAswith EmbeddedHardCores.

All this previous work proposea pre-determined�oor -
planningorganizationanddoesnotconsidertheproblemof
�nding the block positionsin the architecture.Our major
contribution consistsof proposing an environment that
re�nes theFPGA�oor -planning.

2. Exploration Envir onment

The basicworking groundof the exploration environ-
ment is a grid of equallysizedSLOTS. CELLS of differ-
entsizescanbemappedon this grid. A CELL canbeany
block; asoft block likea Con�gurableLogic Block (CLB);
or a hard block like an adder, multiplier or RAM etc. A
CELL when mappedon the slot-grid is referredto as a
SITE. EachSITE occupiesone or more SLOTS. A rout-
ing channelpassesbetweenevery two neighboringSITES.
A SITE occupying morethanoneSLOT canallow routing
channelto passthroughit. A software �o w mapsthe in-
stancesof anetlistontheSITESof its respectivetypes.The
PLACER,asoftwaremodule,re�nes boththeplacementof
SITESon theslot-grid(�oor -planning)andthemappingof
instanceson the SITES(binding). The PLACER canalso
generatean applicationspeci�c FPGA �oor -planning for
binding a setof netlistson it at mutually exclusive times.
This techniqueof placingasetof netlistsis proposedin [6],
whereit is usedto explore con�gurableASICs in a single
dimension. This work extendsthe samemethodologyto
explore two dimensionalisland-styleFPGA architectures.
After �oor -planningandbinding, the ROUTER routesthe
netliston thearchitecture.

Ar chitecture Description: An architecturedescription
�le is usedto de�ne thecompletearchitecturaldetails.Nx
andNy de�ne thesizeof theslot-grid. Thechannelwidth
of the routing architectureis either �x ed to a valueW, or
a binary searchalgorithmsearchesthe minimum possible
channelwidth betweentheminimum(Wmin) andthemax-
imum (Wmax)channelwidths. Thepositionof SITEScan
be either �x ed to an absolutepositionon the slot-grid, or
it canbesetasvariableso that thePLACERcanmodify it
lateron. Eachtype of CELL is de�ned in the architecture
description�le. Thepinsof theCELL aregivena name,a
classnumber, adirectionandtheslotpositionon theCELL
to which this pin is connected.Pinshaving thesameclass
areconsideredequivalent. Thusa driver net targetinga re-
ceiver pin of a SITE (CELL instance)canberoutedto any
of thepinsof theSITEhaving thesameclass.If therouting
channelpassesthrougha CELL, thePINScanbeassigned
to any of the internalchannelsalso. The routing network



Figure 1. Signal bounding box evaluation

supportedby theenvironmentcanbeeithera bidirectional
mesh[3] or a unidirectionalmesh[9].

Software Flow: Oncethe architectureis properly de-
�ned, a software�o w mapsthenetlistson it. The input to
this software�o w is a structuralnetlist in VST (structured
VHDL) format. This netlist is composedof the traditional
standardcell library instancesandthehardblock instances.
VST2BLIF tool is modi�ed to convert theVST �le having
hardblocksto BLIF format. Latera PARSERremovesall
theinstancesof hardblocksandpassestheremainingnetlist
to SIS[11] for synthesisinto 4-LUT format.All thedepen-
dencebetweenthehardblocksandtheremainingnetlist is
preservedby addingnew input andoutputpins to themain
netlist. After SIS,andlaterby theconversionof thenetlist
to NET format throughT-VPACK [4], anotherparseradds
all theremovedhardblocksinto thenetlist. It alsoremoves
all thepreviouslyaddedinputsandoutputs.This�nal netlist
in NET format,containingLUTs andhardblocks,is passed
to thePLACERandtheROUTER.In futureinsteadof SIS,
we intendto useABC [1].

3. The Placer

3.1 Bounding box formation

Thiswork considersthepositionanddirectionof pinsin
theformationof boundingbox(bbx). All theinputpinsof a
SITE having sameclassarealsoincludedin thebbx. Thus
theboundingboxof anetusedin thiswork is theminimum
box which encompassesthedriver andthereceiver pinsof
the net, andall the input pins of a SITE having the same
classas that of the receiver pin of the SITE connectedto
thenet. ThePLACERtries to achieve a placementhaving
the minimum sum of the half-perimetersof the bounding
boxesof all the nets. Figure 1(a) shows a casein which
all the input pinsof SITE `A' have differentclass,whereas
in Figure1(b) all its input pins have sameclass. The size
of theboundingbox actuallyincreasesin 1(b)ascompared
to 1(a); but this increasedoesnot matter. The driver in-
stancetargetingsucha receiverpin (having otherpeerpins
of sameclass)will be having multiple placementoptions
for achieving thesameplacementcost.

Figure1(c)andFigure1(d)show two casesin which the
boundingbox is formedwithout consideringthe pin posi-
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Figure 2. Site MovementCases

tions and directions. In both cases,the bbxs are equally
sized.WhereasFigure1(e)andFigure1(f) show thesame
two examplesin which bbx is formedusingpin positions
and their directions. It canbe seenfrom the sizesof bbx
thattheplacementin Figure1(f) is to bepreferredover the
placementshown in Figure1(e).

3.2 Placemen t Mo ve Generation

ThePLACEReithermovesaninstancefrom oneSITEto
another, movesa SITE from oneSLOT positionto another,
or rotatesa SITE at its own axis. After eachoperationthe
placementcostis recomputedfor all thedisturbednets.De-
pendingonthecostvalueandtheannealingtemperaturethe
operationis acceptedor rejected.Multiple netlist �les can
beplacedtogetherto getasinglearchitecture�oor -planning
for all the netlists. With multiple netlist placements,each
SITE canallow multiple instancesto bemappedon it; but
multiple instancesof thesamenetlistcannotbemappedon
asingleSITE.

The PLACERperformsan operationon a “source”and
a “destination”. The “source” is randomlyselectedto be
eitheran instancefrom any of the input netlistsor a SITE
from thearchitecture.If thesourceis aninstance,thenany
randommatchingSITE is selectedasits destination.If the
sourceis a SITE to berotated,thesamesourcepositionbe-
comesthedestinationaswell.

If the sourceSITE is to be moved, a randomslot is
selectedas its destination. The rectangularwindow start-
ing from this destinationslot, having the samesizeasthe
sourceSITE is calledas the destinationwindow, whereas
therectangularwindow occupiedby sourceSITE is called
as sourcewindow. The dashedline in Figure 2(a) is the
sourcewindow, andthe solid line in Figure2(b) depictsa
valid destinationwindow. The sourcewindow will always
containsasingleSITE,whereasthedestinationwindow can
containmultipleSITES.Thedestinationslotis rejectedif (i)
thedestinationwindow exceedstheboundariesof theslot-
grid, (ii) the destinationwindow containsatleastonesuch
SITE which exceedsthe limits of the destinationwindow
(asshown in Figure2(c)) and(iii) thesourcewindow over-
laps the destinationwindow diagonally(i.e partially hori-
zontal,partiallyverticaloverlap).Theprocedureis repeated
until avalid destinationslot is found.

InstanceMove: In thiscase,amoveoperationis applied



on thesourceinstanceandthedestinationsite. If thedesti-
nationsiteis empty, thesourceinstanceis simplymovedto
thedestinationsite. If thedestinationsiteis occupiedby an
instance,thena swapoperationis performed.

Site Jump: If thesourcewindow doesnot overlapwith
the destinationwindow, a JUMP operationis performed.
All the sites in the destinationwindow are moved to the
sourcewindow, andthesourcesite is movedinto thedesti-
nationwindow. EachaffectedSITE breaksits link with the
currentslotsandconnectswith new slots.

Site Translate: If thesourcesiteis commonbothin the
sourceandthedestinationwindowsthenatranslationis per-
formed.Currentlyonly thehorizontalor verticaltranslation
is performed. No diagonaltranslationis performed. Fig-
ure 2(d) and 2(e)show a caseof vertical translation.The
� ve sitesfound in theupper2 rows of thedestinationwin-
dow (asshown in Figure2d)aremovedto thelower2 rows
of thesourcewindow (asshown in Figure2e). Thesource
siteis thenmovedto thedestinationwindow.

Site Rotate: The rotationof SITESis importantwhen
theclassesof eachof its pins aredifferent. In sucha case
theboundingboxvariesdependingon thepin positionsand
theirdirections.Multiplesof 90� rotationareallowedfor all
theSITEShaving a squareshape,whereasonly 180� rota-
tion is allowed for rectangular(non-square)SITES.A 90�

rotation for rectangularSITES involvesboth rotation and
moveoperation;which is left for futurework. Theorienta-
tion of SITE is usedby the boundingbox costfunction to
correctlycalculatetheexactpositionanddirectionof each
of its PINS.Figure2(f) depictsa90� clock-wiserotation.

4. Experimental Results

In this work a set of 4 testbenchesis usedto design
an FPGA. The goal is to generatea singlecoarse-grained
FPGA�oor -planningfor thegiventestbenches.In the �rst
step, thesebenchesare experimentallyanalyzedto deter-
mine which componentsshouldbe madeas hard blocks.
The selectedblocks are de�ned, and different placement
and�oor -planningtechniquesareappliedon themto min-
imize theoverall placementcost. Thetotal switchesin the
architectureandtheswitchesusedfor routingaremeasured
with bi-directionalanduni-directionalroutingchannels.

Netlist generation: Thenetlistsareextractedfrom gen-
eratorswritten in a procedurallanguage.Thesenetlistsare
generatedin a modularfashionwhichmakesit mucheasier
to extract differentblocks. Only thoseblocksareselected
ashardblockswhichareusedat leastby 2 netlists.There-
mainingblocksareconvertedto softblocks(CLB) usingthe
software�o w. Thesetof blocksusedby eachof thenetlists
areshown in Table1. The�nal targetarchitecture,asshown
in thelastrow of Table1, containsthemaximumnumberof
blocksrequiredby any of the netlist. Oncethe blocksare
identi�ed, the sizesof eachof theseblocksaremeasured
andthencomparedwith aCLB. Thisis doneby placingand

clb mul 8 8 16 slans16 sff 8 sub 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

SizeLamda2 Ratio w.r.t clb MB Size
clb 280x250 1 1x1

slans16 615x600 5.27 3x3
sff 8 215x200 0.61 2x2
sub8 410x450 2.63 2x2

smux 16 1 cmd 215x200 0.61 3x3
mul 8 8 16 1120x1150 18.4 4x5

Table 2. Block sizetable

routingthemin standardcell library usingALLIANCE [7].
Table2 shows the relatedareainformation. This informa-
tion is usedto decidethesizeof eachblockontheslot-grid.
Anothermajor factorin decidingthe sizesof theseblocks
is their pin-demand.An imbalancedpin-demandgivesrise
to underutilization of routing resourcesin a uniform rout-
ing channel.Thus,in this work all hardblocksarede�ned
with routing channelpassingthroughthem. The pins are
notonly limited to theboundariesof theblocks,but arealso
attachedto theroutingchannelpassingthroughthem. The
sizesof thehardblocksareincreasedto make themrectan-
gularshaped,aswell asto balancetheir pin demand;caus-
ing somearealoss.Onemethodto overcomethis arealoss
can be to employ the shadow cluster technique[8]. The
emptyspacecanbe�lled by shadow CLBsthatcanbeused
if thehardblock is notused.

Ar chitecture evaluation: From the requirednumber
of blocksof eachtypeaninitial architectureis generatedby
�rstly placingall thehardblocksandthenplacingtheCLBs.
Theinitial architecture�oor -planningachievedis shown in
theFigure4(a).

All the netlistsaremappedtogetheron the architecture
and different �oor -planning techniquesare tested. Once
the �nal �oor -planningis achieved eachnetlist is individ-
ually placedandroutedon it (without changingthe �oor -
planning). A set of 5 different combinationsof �oor -
planningaregenerated.(1) The initial architectureshown
in Figure4(a) (I). (2) Only the rotationof 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(excepttheCLBs)
(MRC).Eachnetlistis individually routedonthesearchitec-
tureswith both the bi-directionalanduni-directionalrout-
ing channel. Figure 3(a) shows how the placementcost



(a)PlacementCostw.r.t architecture (b) SwitchesUsed(bi-directional)

(c) RoutingResults (d) PlacementCostw.r.t netlistoptimizedarchitecture

Figure 3. Comparison results

of eachnetlist reduceswith different�oor -planningarchi-
tectures. An averagereductionof 25% in the placement
cost of all the netlist is noticedbetweenthe initial archi-
tectureand the MRC. The MRC architectureis shown in
Figure4(b). Thearrows in the�gure show theorientations
of theblocks.Sinceall thefour inputpinsof CLBshavethe
sameclass,andthe singleoutputpin is found both on the
right andtop side,therotationof CLB is not of greaterad-
vantagein reducingtheplacementcost. Ratherturningoff
its rotationgiveshigherprobabilityof movement/rotationto
otherhardblocks.Thatis why a slight bene�t in theplace-
mentcostis noticedwith no rotationof CLBs. Figure3(b)
shows how the total switchesusedfor routing reducewith
each�oor -planning.Figure3(c) shows thetotal numberof
theswitchesin thearchitecture.Theseswitchesarepropor-
tionateto thenumberof routingchannelsrequiredto route
a netlist. It hasbeennotedthat the minimum numberof
switchesamongall the netlistsare found with the archi-
tecture(M). Moreover, theuni-directionalroutingnetwork
takeson average28%lessnumberof switchesthanthebi-
directionalnetwork.

Figure3(d) comparestheplacementcostsof thenetlists
on the architectureswhose�oor -planningis optimizedei-
ther for individual netlists(netlist nameopt.) or for all the
netliststogether(all opt.). The�oor -planningoptimizedfor
an individual netlist givesrelatively betterresultsonly for
that particularnetlist, but worseresultsfor all the remain-
ing netlists;thusincreasingthe total placementcostof all
the netlist. Whereasthe sumof placementcostsof all the
netlistsis found to be minimum with the “all opt.” �oor -
planning.However theplacementcostof asinglenetliston
“all opt.” �oor -planningis on average17%higherthanon
the�oor -planningoptimizedfor thatparticularnetlist.

5. Conclusionand Future Work

In this paperwe have presentedanexplorationenviron-
mentfor theconceptionof coarse-grainedFPGAs.Thisex-
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Figure 4. Optimized FPGA Floor-planning

plorationenvironmentcan be usedto develop application
speci�c FPGAsoptimizedfor a givensetof netlists.In fu-
ture we intend to gatherand test more test benchescon-
taining coarse-grainedcomponents.The SITE movement
techniquesneedto be improved i.e. 90� and 270� rota-
tion for rectangular(non-square)sites,diagonaltranslation
and �nally considering“sourcewindow” having multiple
sites.Thehardblockswhosesizeshave beenincreasedfor
balancingthe pin demandproducesomefree space.This
spacecanbe usedto incorporateshadow clustersin those
blocks.Finally we intendto judgethe�oor -planningof ex-
istingcommercialFPGAsusingthisenvironment.
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