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Abstract

In thecontext of physicalsynthesislarge-scalestandard-celplacemenalgorithmsmustfacilitateincrementathanges
to layout, both local andglobal. In particular e xible gatesizing, net buffering anddetail placementequirea certain
amountof unusedspacen every region of thedie. Theneedfor “local” whitespacés furtheremphasizedby temperature
and power-densitylimits aswell asthe increasinguseof bufferedinterconnect. Anotherrequirementthe stability of
placementesultsfrom runto run, is importantto the corvergenceof physicalsynthesidoops.Indeed logic re-synthesis
targetinglocal congestiorin a given placemenbr particularcritical pathsmay beirrelevantfor anothemplacemenpro-
ducedby thesameor a differentlayouttool.

In thiswork we offer solutionsto theabove problems We shav how to tie theresultsof aplacerto a previously exist-
ing placementandyetleave roomfor optimization.In our experimentghis techniqueproduceplacementsvith similar
congestiormaps. We alsoshav how to tradeoff wirelengthfor routability by manipulatingwhitespace.Empirically,
our techniquesmprove circuit delayof sparsdayoutsin conjunctionwith physicalsynthesis.Our proposedechniques
canbeimplementedisingexisting commerciaplacementoolswithoutsourcecodemodi cations andwith modesbover
head.They canalsobeintegrateddirectly into min-cutplacerswith negligible overhead We considetin particulardetail
the problemof scalingexisting IP blocksto increasetheir porosity Indeed,the needfor additionalrepeateiinsertion
whenmigratinga block to a newer processnodeoftenimplies re-optimizingthe layout. Our techniquegor achieving
placemenstability allow oneto rescalean existing layout with differentminimum local whitespacerequirements.In
contrastto currentECO techniquespur rescalingmethodis not restrictedto smallchange®f the netlistandlayout, but

will attemptto keeptherelative placementsimilarif thatis possible.

1 Intr oduction

With the rapid decreasef featuresizes,circuit layoutsbecomemore comple, bothin termsof size and designcon-

straints[3]. To achieve timing closurefor high-performanceircuits, it is nov commonto usephysicalsynthesis— an



approachthat combinedogic andphysicaloptimization,potentially performingplacement-aare buffer insertion,gate
sizing, fanoutoptimization,etc. A recentwork from Intel [23] suggestshatbuffering aloneimpliesthe needfor “local”
whitespaceahroughoutthe corearea. Suchunusedcell sitesfacilitate placemenbf signal-netand clock-treebuffersin
nearoptimallocationsratherthanpre-determinetbuffer islands”. However, researcirom IBM [4] shaws thatdistribut-
ing whitespaceauniformly [8] may signi cantly increasewirelength. It alsosuggestghat pin-limited and oorplanned
designse.g.,microprocessorwith largeon-chipcachesyery frequentlycontainplacemenpartitionswith largeamounts
of whitespaceTo thisend,we (i) developtechniqueso achieze acompromiséetweercell densityanddesign e xibility,
and(ii) studyrelevanttrade-ofs.

Timing optimizationand congestionremoval often useloopsin which a netlistis re-placedbasedon information
gleanedrom atrial placementHowever, somepopularalgorithmssuchasmin-cut placementndsimulatedannealing
tendto producevery differentplacemensolutionsfrom runto run. Thereforeinformationabouttiming-critical netsand
netsthatfailedto routemaybeinvalidated(similarreasonfiampeiinterconnecprediction[25]). To facilitateincremental
improvementof layout, we proposeto stabilizeplacementgrom run to run. We distinguishtwo kinds of stability. An
inherently stablealgorithm,suchasmary analyticalalgorithms would producesimilar resultsfrom runto run. However,
even with a generallyunstablealgorithm one cantetherall nev placementgo a given trial placementwith a tunable
amountof freedomfor further optimizations. Thus, we distinguishinherent stability from relative stability. The latter
may be used,e.g., to tie placementproducedby an annealetto a placementproducedby a min-cut algorithm. We
demonstratsuchrelative stability by comparingcongestioomaps[19] of severalmin-cutplacementsgell displacements
andtop critical paths. Our empirical resultsshav that small modi cations of a placemeninstancecan suppresshe
instability inherentin commonplacemenglgorithms withoutthelossof solutionquality. Ourtechniquesely largely on
pre-andpost-processingandcanbeeasilyimplementedvith existing tools.

Anothertrendin VLSI designis theincreasingdominanceof interconnect$13]. Thisis primarily becausehewires
do not scaleaswell asthe devices. Assumingideal scaling,all dimensionf awire areshrunkby 0:7x pergeneration-
It is known that the wire capacitanceer unit length remainsinvariant from generationto generatior{5]. However,
the resistanceper unit length doublesevery processgenerationresultingin a wire delay which scalesas 1:4x every
generation.RC delayof a wire grows quadraticallywith the lengthof the wire. Repeatersire often placedat optimal
distanceggenerallyequal)onthewire to linearizethedelaythroughthewire [5]. Sincefor anideally shrunkinterconnect,
thewire delayscalesas1:4x, it impliesthatmorenumberof buffersarerequiredfor aninterconnecto linearizethedelay
throughit in the new procesgeneration Additionally, the designfrequenciesrealsoincreasingcausingthe numberof
buffersto increaseper procesmnode. The requiremenbf additionalnumberof buffers would often entail replacingthe
entireblock with a morerelaxed minimum local whitespaceequirement.ln anapplicationof our proposedechniques
on placementstability, we addresghe issueof rescalinga placementto satisfy different minimum local whitespace
requirementsvhile maintainingthe timing characteristicef the original placementOur rescaling o w is not restricted

to smallchangef the netlistandlayout unlike currentECO techniques By combiningour techniquesnecandevise

1Currentlythewire heightsdo not scaleaswell asthewidth, resultingin tall thin wires



placemento ws to efciently map an existing layout-optimizeddesignto a new processgenerationwhile allowing
sufcient roomfor furtheroptimizations.Companieselling soft IP, like TensilicaandMIPS, andtheir customersould
bene t from rescaling. Microprocessorare alsooften downscaled.Perhapsour techniquesanbe usedasa rst step
followedby technology-speci cand/orperformancalrivenlayoutandcircuit optimizations.

In the remainderof the paper Section2 givesbackgroundon large-scaleplacementand describegprevious work.
Whitespacalistribution is discussedn Section3, andstability in Section4, accompaniedy relevantempiricalresults.
Our proposedescaling o w to allow for differentminimum local whitespacerequirementss explainedin Section5.

Finally, our contritutionsaresummarizedn Section6.

2 Background and Previous Work

ModernASIC designsaretypically laid outin the xed-die contet, wherethe outline of the corearea,all routingtracks
andpower lines are x ed beforeplacemenstarts[6]. Oneof the reasondor this is the useof previously designedand
rigorouslysimulatedpower grids. Also, standard-celpartitionsof microprocessorareoftenlaid outwith x edoutlines
in hierarchical oorplan-driven design o ws becauseaeshapinghe outline would affect neighboringpartitions. Large
on-chipmemoriessimilarly constrainrandom-logicpartitions. In the context of massie IP reuse especiallywith hard
IP blocks (analogcircuits suchas DACs, ADCs, PLLs andembeddednemories) the die areamay be determinecdby
oorplanning, thusmakingarea-minimizatiorduring placementirrelevant. Fixed-dielayoutis reasonabléor processes
with overthe-cellroutingon threeor moremetallayers.In this contet, thetotal areais x edandthe numberof unused
cell sites— whitespace— is known in advance.Variable-dieplacerstypically packall cellsto theleft in rows. However,
x ed-dieplacersoftenallocatewhitespacainiformly [6, 8] or accordingto congestiormaps[21, 27]. Whensigni cantly
morewhitespacés available,thework in [4] proposedo allocatewhitespacesoasto improve half-perimetewirelength.

They shav thatuniform whitespacalistribution in suchdesignscausesery signi cant increasen wirelength.

2.1 Fixed-die placementin physical synthesis

It isimportantto notethatin thecontext of physicalsynthesisthestructureof the netlistmaybechangedndincremental
placementmust be performed. Given that somegatesmay be up-sizedand mary netsare likely to be buffered, the
availability of “local” whitespaces a necessity Indeed thework in [23, 17] predictsthat bufferswill soonbethe most
frequentlyusedgatesin large high-performanceircuits. Local whitespacecanalsobe usefulto accommodateegular
structuressuchas(i) N-well contactsghathave to be assignedo verticesof a grid, and(ii) area-array/O padsthatalso
form a grid. Thus,desiredwhitespacelistribution mustguarante@ minimum percentof “local” whitespacehroughout
the chip and beyond that optimize other designobjectives. The requirementfor minimum local whitespacemay also
be usedto genericallyimprove routability andyield, even out the temperaturgradientacrossthe die anddecreasé¢he

likelihoodof cross-talknoise.



Anothereffectof x ed-dielayoutis the occurrenceof unroutableplacementsindeed,in variable-dielayoutonecan
alwaysaddroutingtracksto completeroutingatthecostof increasedrea[20], butthisisimpossiblewith a x edoutline.
To improve congestionit is commonto usecell-bloating(i.e., treatingcells asif they werelargerin orderto freerouting
tracksaroundthem)in congestedegions[24]. Additionally, a numberof logic transformationgfanoutoptimization,
inputreorderinggatemerging andcloning, etc) canbe usedto improve congestionHowever, if thesameplacementool
producesanentirely differentplacementt the next run, suchoptimizationswould bewasted.This problemis especially
noticeablewith placersbasedon min-cut and simulatedannealing. The sameproblemis encounteredvhenlogic re-
synthesidarmgetstiming optimization. Therefore to reliably achieve timing closureonemaywantto stabilizeplacement

solutions.

2.2 Hierarchical WhitespaceAllocation in Top-Down Placement

The academiglacementool Capo[6] appliesa top-davn, min-cut partitioningbasedapproacho nd a global place-
ment.Capouniformly spread$3] the availablewhitespacehroughouthe coreregion. We brie y explainthewhitespace
allocationstrategyy implementedn Capo[8]. In thetop-davn, divide-and-conquesipproacHor globalplacementagiven
placementinstancds decomposeihto smallerinstancedy subdviding the placementegion andassigningcellsto sub-
regions suchthat goodsolutionsto sub-instancesombineinto good solutionsof the original instance.The conceptof
a placementin is pivotal. A bin representsi) a placementegion with allowed locations;2) a collectionof cells to
be placedin this region; 3) all netsincidentto the cells; and4) locationsof all cells beyond the given region thatare
adjacento thecellsto be placedin the region; suchexternalcellsareconsideredo beterminals,andtheir locationsare
x ed.In amin-cutplacerlike Capo,every placemenbin yieldsa hypegraphpartitioninginstancewhichis split through
min-cuthypegraphbisectionwith FM-typemove-basedheuristics. Theuniformwhitespacalistribution stratey in Capo
is explainedasfollows. Let a placemenbin have sitearea S, cell areaC, absolutewhitespac&V = maX$S C;0g, and
relativewhitespacev = W=S. A hypegraphbi-partitioningsolutionimplies cell areasCy andC; in child bins,suchthat
Co+Ci=C,0 Cp;0 Ci. Theinputto the hypegraphbi-partitionermustspecify both the netlistandthe allowed
rangesfor Co andCy, i.e., boundsCJ"™™ Cp CI'¥CP" C; CP' Theseboundsestablishabsolutetolerance
Tj = "™ C?“” andrelative tolerancet ; = T;=C. Capousesa mix of x ed tolerancesand hierarchicalwhitespace
allocationduring top-davn placemen{8]. The placerchoosesrertical or horizontalbin splits dependingon the bin's
aspectratio andtypically cutsalongthe longestside of a bin. Vertical partitioningis performedwith a x ed 20% tol-
erance.After partitioning,whenthe actualtotal cell areain eachpartitionis available,the vertical cut-line determining
the bin boundariess shiftedto equalizerelative whitespacen the bins. A differentstrateyy is employed for allocating
whitespacdor binssplit by horizontalcut-line. During a horizontalsplit, the partitioningtolerancesrecalculatechased
on therelative whitespaceof the bin andthe numberof rows in thebin. A precisemathematicamodelof hierarchical
whitespaceallocationin placemenis proposedn [8]. It is basedon the conceptof whitespacedeterioation which is

explainedasfollows. Assumingnon-zerorelative whitespaceat top-level, onewill requirethatfor eachbin split with



a relative whitespaceof w, therelative whitespacean eachchild bin is at leastaw, where0 a 1 is the whitespace
deteriomation. As a approacheg, thewhitespacadlistributionin the nal placementapproachesniformdistribution. An
a of O allows for fully utilized regionsof thelayout. Onecanadjusta onaperbin basisto accounfor maximumallowed
layout densitiesin the leaf-level bins which canbe guidedby minimum local whitespaceequirements.t is shavn in
[8], thatgiventhe whitespaceleterioratiora for a bin, the partition capacitiesandtolerancedor the partitionercanbe
calculatedasfollows.

0 Cop minfC;(1 a)So+aC—S:S)g::C{)”aX
H . C — . —~Mmax
0 Ci minfC;(1 a)Sl+a§Slg—.Cl
Co maf0,C CJg=:cjn
C: max0C CP¥g=:cpin

Whenthe bin haslarge amountof whitespace(i.e. C is very small comparedo S) anda sufciently smaII,C]max and
C]min may degeneratento C andzero,respectiely. In suchacaseall cellsareallowedto gointo onepartition. A closed
expressiorfor whitespacealeterioratiora in termsof relative whitespacev in the bin andthe numberof rows Rin thebin
is givenasfollows.

AT
a= %ﬂ;n= dog, Re
w1l ow

Partitioningtolerancesncreaseasthe placerdescendso lower levels, andrelative whitespaceén all binsis limited from
belaw, thuspreventing overlaps. This facilitatesgood useof whitespacewhenit is scarceand preventsdenseregions
whenlargeamountsof whitespacareavailable. Similar to vertical partitioning,afterhorizontalpartitioning,the cut-line
determiningthe bin boundariess shiftedto equalizerelative whitespacen the bins. Hierarchicalwhitespacellocation
during horizontalpartitioning allows for highertolerancesluring partitioning, thus allowing for lower cut [15] during
min-cutoperation.This canalsoleadto certainregionsof the layoutbeingpacled moredenselythanothers.However,

a constantioleranceduring the vertical partitioning stepand shifting of cut-linesafter eachpartitioningto equalizethe

relative whitespacen the child bins ensurea uniform distribution of whitespacehrough-outhe coreregion.

3 WhitespaceManagementFramework

As shawvn in [4], min-cutplacersthat uniformly distribute whitespacd8, 6] tendto produceexcessve wirelengthwhen
largeamountof whitespacarepresentTheauthorsof [4] proposeafairly sophisticatedechniqueAnalytical Constraint
Generation(ACG), to placesparseadesigns.lt hasheenarguedin [4] thatanalyticalplacemenglgorithmshave a global
view of the placemenproblemandcanbettermanagdarge amountsof whitespace ACG [4] combinesa min-cutbased
placerwith quadratioplacemengengine.ln ACG, duringtop-davn recursve bisectionbasedmin-cutplacemento w, the
partitioning capacitieor eachplacemenbin to be partitionedare generatedasedon quadraticwirelengthminimum

placemenatthatlevel. While we addresshe sameproblemof placingsparsedesignspur studyis somevhatorthogonal



to theirs. Themethodswe proposearemuchsimplerandcanbeimplementedaspre-processingvithout having accesgo
placersourcecode. This allows usto explorethe effect of whitespacen routedwirelengthandcongestiorusingdifferent
academiglacers.We alsodescribeoptimizedimplementation®f our whitespacemanagementechniquesn atypical
top-davn min-cutplacerframeavork. Additionally, our placemenframework is somevhatdifferentfrom thatusedin [4]
andbene tsfrom thesesimpletechniquesn new ways.Namely Capocanshift the cut-lineto betterre ect theoutcome
(balance)of every min-cut partitioning call, whereaghe placerin [4] usesa grid of placemenbins ratherthana more

generaklicing oorplan asin Capo.

3.1 FreeCells

Thetechniquewe proposeassumes placerthatuniformly distributeswhitespaceacrosshe corearea.We assumehat
theminimum®“local” whitespaceequirementeavescertainslackrelative to the total whitespacewailablein the design.
By pre-processingye canensurg(i) theminimum*“local” whitespacehroughthe corearea,and(ii) betterallocationof
the remainingwhitespace The techniqueconsistof addingsmall disconnectedfree cells” to the designin anamount
not exceedingwhitespacehat remainsafter the “local” requiremenis satis ed. Sincefree cells are disconnecteand
small,a placeris freeto placethosecells so asto improve relevant designobjectives. After placementwe remove free
cellsandtreatthe remainingcell sitesasempty This causesigh cell densityin certainareaswith free cellsoccupying
thevacantareasf thechip.

OurempiricalevaluationusegheCapoplacer6] whichuniformly distributesavailablewhitespacég8] with routability
in mind (Feng Shui 2.0 andmPl 2.0 do not distribute whitespace put Dragon 2.23 doesin the x ed-die
mode).However, with designshaving low placementiensitieghis stratgy resultsin excessie wirelengthandpotentially
poorsignaldelay Figurel shaws placement®f anindustrialdesignwith 72940cells, 73155netsand 74% whitespace.
Figurel (A) shaws the placementchiered by uniform distribution of whitespaceandFigure (B) shaws the placement
achieved by introducingfree cellsto reducewhitespaceavailableto the placerto 15%. Thewirelengthof thedesignwas
improvedfrom 15.32e&0 8.77e6.Theglobalplacementuntimeincreasedrom 444 secondgo 722 secondsACG was
alsotestedon this circuit [4], andwirelengthimproved from 11.43e6(for uniform whitespacedistribution) to 10.38e6
(with ACG). Figure2 shaws the effect of free cellson thelocal whitespacedistribution for the samedesign.To calculate
the local whitespacdistribution, we divide the layoutregion into a grid of bins (27x27in this case)and calculatethe
localwhitespaceén eachbin. Freecellsareremoved from the designbeforecalculatingthe local whitespacelistribution.
We plot the % of binsvs. the% local whitespacén eachbin. As seenfrom Figure2, with nofreecellsintroducedduring
the placementmostof the bins have a local whitespaceof around70-80%. Whenfree cells are addedto the design
to reducewhitespaceo 30%, a large numberof bins have 100% whitespace.Thesebins representhe vacantareasof
the chip asseenin Figure 1 (B). However, mostof the bins containingstandardcells have a local whitespacearound
30%. Similar effect is obserned whenfree cellsareaddedto reducewhitespacedo 15%. While we have not performed

experimentswith ACG, we suspecthatACG mayfurtherimprove wirelengthif usedin conjunctionwith freecells. This



canbedemonstratedsinga sparsedesignwith onedenseclusterof logic connectedo pinson the peripherysothatthe
clustermustbe placedin the centerto minimize wirelength. However, sincesucha placemenimplies a high top-level
cut, sometop-davn placers(especiallythosewith x edcutline)will avoid this optimalplacement.

We shaw that betterwhitespaceallocationreduceswirelengthin mixed-sizeplacemento w from [2]. The main
contribution of [2] is a methodologyto placedesignswith numerousmacrosby combining oorplanning andstandard-

cell techniquesTheproposedesign o w is asfollows:

A black-boxstandard-celplacergeneratesninitial placementln a pre-processingtep,all macrosareshredded
into smallpiecegfake cells)connectedy fake wires,andpinsfrom themacroarepropagatedo individual pieces.
Eachmacrois thusrepresentedby a grid, and the resultingnetlist consistsof only small cells. If the fake nets
have sufciently high weights,the fake cells belongingto the samemacroshouldplacenext to eachother Fixed

orientationsof macroscanbeaccommodated.

Theinitial locationsof macrosareproducedy averagingthelocationsof respectie fake cells. To remove overlaps
betweenmacros,a physicalclusteringalgorithm constructsa x ed-outline oorplanning instance. Thus, small

standarctellsplacednext to eachotherareclusterecandform soft blocks.
A x ed-outline oorplanner[1] generatesalid locationsof macrosandsoft blocksof movablecells.
With macrosconsideredx ed,the black-boxstandard-celplaceris calledagainto re-placesmallicells.

Step4 of themixed-sizeplacemento w presentedh [2] x esthemacrolocationsto theonesprovidedby the oorplanner
andreplacesstandard-cellsroundthe macros.We improve whitespacellocationin this stageby introducingfree cells.
We addfree cellsto reducethe available whitespaceo the placerto 10% andreplacethe designwith the macrosbeing
x ed. Theresultsaresummarizedn Tablel. We compareour resultsto mPG[11].

Physicalsynthesiso ws interleave placemenbptimizationswith logic optimizationsto achieve desiredtiming. This
reduceghe numberof iterationsrequiredbetweerthefront-enddesignandback-enddesignfor timing closure.Physical

synthesigoolstypically startfrom a globalplacemenandperformlogic optimizationdik e buffer insertion driver sizing,
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Figurel: The ckt4 designfrom IBM has72940cells, 73155nets, several pre-placedmacros and 74% whites-
pace.Figure (A) shows a placementproducedby Capowith uniform whitespacedistrib ution. Figure (B) showns
another placementproducedby Capo after fr eecellswere addedto reduceplacer whitespacefr om 74% to 15%.
This reduceghe half-perimeter wir elengthfrom 15:32e6 to 8:77e6. Freecellsare not shown in the placeddesign.
Figure (C) shaws a placementobtained from a min-cut placer from IBM and (D) shows the placementobtained
by the ACG techniquel4].
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Figure2: A histogram for local whitespacein designckt4 from IBM with 74% whitespace. We subdivide the
core areainto a 27x27grid and calculate local whitespacein eachhbin. We plot the % number of bins versus
the % whitespacein eachbin. Figure (A) shows the local whitespacedistrib ution in a Capo placementwith no
freecellsadded. Figure (D) shows a similar distrib ution for Feng Shui 2.0that hasno whitespacemanagement
and packs cellsto the left. Figures(B) and (C) shaw the local whitespacedistrib ution achieved by Capo with

freecellsaddedto reducethe whitespaceavailable to the placer. Freecellsare removed after placementfor local

whitespacecomputation.

logic replicationetc. to improve timing of the design. Theselogic optimizationsare basedon the physicalinformation
generatedby theinitial globalplacementSuchtoolsrely on ECO placementechniqueso legalizeincrementathanges
in the netlist after global placement.This enforcesa minimum local whitespaceequiremengfter global placemento
facilitateECOplacemenafterchangesiueto logic optimizations.Compactinga placementvithout physicalsynthesisn
mindwill severelylimit theefcacy of thephysicalsynthesigools. We studythe effect of freecellson physicalsynthesis
in Table2. We conductour experimentson proprietaryindustrialbenchmarksvith varying row-utilization. We report
theworstslackandthetotal negative slack(TNS) in the designafterthe physicalsynthesisln the defaultrun, the global
placer(Capo)uniformly spreadshe cellsaroundthe corearea.As analternatve o w, we addfreecellsduringtheglobal
placemenstageto reducethe whitespacevailableto the placerto 40%. Thus,the global placercompactghe placement
but ensuresninimumlocal whitespacef 40% aroundthe corearea.Freecells areremoved after global placement As
seerfrom theresultsin Table2, theworstslackandtotal negative slackfor all thedesignsmprove considerablyoy adding
free cellsduringthe global placemenstageof physicalsynthesisAll thedesignsareroutableevenaftercompactinghe
designsy usingfreecells.

We alsoconductexperimentso demonstrat¢he effect of free cells on the routability of a design.We usetheibm02
benchmarkrom [27]. Thedesigninitially hasabout9% whitespaceThedesignis re- oorplannedto have 65% whites-
pace.Thedesignis placedwith Capoplacerandroutedwith WarpRoutefrom Cadence Freecells aregraduallyadded
during placementreducingwhitespacehat the placercanallocateuniformly. Eachof thesedesignss placed;the free
cellsareremoved after placementandthe designis routedwith CadencéVarpRoute Table3 reportsthe resultsof these
experiments Clearly, addingfree cellsconsistentlyimproveshalf perimetemwirelength. Theroutedwirelengthandrout-
ing time alsoimprove initially becausef betterplacedwirelength.However, aftera certainthresholdroutedwirelength
increasesndthenthe designsbecomeconsistentlyunroutable Thus,free cellsareusefulin reducingthe half-perimeter

wirelength,but, distributing a portion of whitespaceauniformly helpsCapoproduceroutableplacementsin fact, report-



Circuit Flow = Capo+Rrquet+Cap§2] Our Flow = Capo+Rrquet+Capo mPG[1]
(High TempAnneal) (Low TempAnneal)
| 1l 1l \Y
Uniform WS Uniform WS Uniform WS + FreeCells

HPWL(e6) | Time | #FPTries | HPWL(e6) | Time | #FPTries | HPWL(e6) | Time | #FPTries | HPWL(e6) | Time
ibm01 3.96 18m 1 3.36 13m 1 3.05 20m 4 3.01 18m
ibm02 8.37 31m 1 8.23 4hrOm 15 6.83 11m 1 7.42 32m
ibm03 12.16 42m 1 11.53 22m 1 10.38 59m 6 11.2 32m
ibm04 13.48 47m 1 11.93 25m 1 10.11 15m 1 10.5 42m
ibm05 11.51 8m N/A 11.20 5m N/A 1.1 5m N/A 10.9 36m
ibm06 10.25 56m 3 9.63 19m 1 9.94 18m 1 9.2 45m
ibm07 15.75 58m 1 15.80 39m 1 15.25 25m 1 13.7 1hr8m
ibm08 21.18 1hr34m 1 18.85 1hr51m 3 17.91 29m 1 16.4 1hr22m
ibm09 19.59 1hrém 1 17.52 2hr58m 6 19.88 29m 1 18.6 1hr24m
ibm10 60.72 3hr49m 1 53.58 8hr10m 3 45.46 1hr56m 1 43.6 2hr52m
ibm11 28.49 1hrd6m 1 26.47 1hr9m 1 29.4 45m 1 26.5 1hr52m
ibm12 51.74 11hr15m 4 55.12 1hr59m 1 55.79 25m 1 44.3 1hr33m
ibm13 39.39 2hr31m 1 33.56 1hr28m 1 37.73 53m 1 37.7 1hr31lm
ibm14 56.19 4hr4ém 1 52.67 5hr33m 2 50.26 2hr35m 1 435 4hr36m
ibm15 70.48 3hr57m 1 64.69 4hr24m 2 65.0 3hrl5m 1 65.5 6hr25m
ibm16 - - - 83.14 9hr40m 4 90.01 2hr42m 2 72.4 7hrl6m
ibm17 92.38 7hr23m 1 91.50 4hr9m 1 89.17 3hr8m 1 78.5 10hrém
ibm18 54.90 5hr78m 2 54.11 6hr37m 5 51.84 2hr7m 1 50.7 7hrl7m

Table 1: Mixed-size placement(Capo+Parquet+Capo), with the oor planner Parquet using low-temperature
annealingto preseweinitial macro locations. Wereport resultsfor uniform whitespacedistrib ution without free
cells(Il) and with freecells(lll). Resultsare compared with the high-temperature annealing o w from [2] with

uniform whitespacedistrib ution (I) and mPG (IV). Runtimesfor Table | are observed on 1 GHz Linux/P entium
3 machineand are reproducedfrom [2]. Runtimesfor Tablell andlll are obsewedon a2 GHz Linux/P entium
4 machine. Runtimesfor mPG (IV) are obsewned on a Sun Blade 1000workstation running at 750MHz and are
reproducedfrom [10].

Circuit #Cells no FreeCells w FreeCells
(During After Placement After Phy-Synthesis After Placement After Phy-Synthesis
Placement| Place Place Worst | Worst Place Place Worst | Worst
Stage) %WS | RunTime WL Slack | Slack TNS %WS | RunTime WL Slack | Slack TNS
(sec) (ns) (ns) (ns) (sec) (ns) (ns) (ns)
Ind1 10957 89 38 4.29e6 | -3.75 -0.116 -2.150 40 75 3.37e6 | -2.62 0.046 0.00
Ind2 39600 60 185 4.67e6 | -7.70 -2.14 -6975 40 223 4.08e6 | -6.57 -0.951 -2854
Ind3 109558 81 818 2.71e7 | -14.77 | -8.67 -133467 40 1562 1.51e7 | -9.89 -2.19 -47578

Table2: The impact of freecells on physical synthesisfor industrial designswith low utilization. We report
the worst slack and total negative slack (TNS) after physical synthesis.During the placementstageof physical
synthesis,we add freecells sothat the whitespaceavailable to the placer was reducedto 40%. Freecellsare
removed after global placement.All designsare routable after physical synthesis.

ing only half-perimetemwirelengthmay be misleading. Routability of Capoand Dragonplacement®n ibm-Dragon
benchmarkss discussedn [3], where,the differencesare tracedto greaterhorizontalwirelengthand smallervertical

wirelengthin Capoplacements.

3.2 Low-Overheadlmplementation of FreeCellsin a Min-cut Placer

As explainedin Section3, ageneriowvhitespacenanagemerftameavork canbeobtainedoy usingaplacerthatdistributes
whitespacauniformly throughthe coreregion andby representinghe excessve whitespaceassmall disconnectedree
cells. Thisimplementatiorof free cells doesnot requireary changego the placersourcecodeandonly pre-processes
the input netlistby introducingfake free cells, which makes sensewith existing commercialplacers.However, explicit
modelingof free cellsandletting the placerprocesghe modi ed netlistimpactsthe run-timeandthe memoryfootprint

of the placer The placerrun-time degradationis evident from resultspresentedn Tables2 and3. In this section,we




Capo8.6 Dragon2.23(®xed-diemode:-fd)

%Free Place Place Routed Route #Vio Route Place Place Routed Route #Vio Route
Cells | WL(e8) | Time(s) | WL(e8) | Time(s) | lations ‘ Success|| WL(e8) | Time(s) | WL(e8) | Time(s) | lations ‘ Success
0 1.80 129 2.29 2160 1 Yes 1.97 1618 2.42 1020 0 Yes
5 1.68 130 2.14 1080 0 Yes 1.89 1611 2.37 780 0 Yes
10 1.68 152 2.22 1800 0 Yes 1.83 1348 2.31 1560 1 Yes
15 1.64 162 277 1680 20741 No 1.67 1921 2.07 600 0 Yes
20 1.57 168 2.90 2040 27883 No 1.66 2342 217 720 0 Yes
25 1.55 186 2.95 2640 63864 No 1.57 2030 2.09 780 0 Yes
30 1.52 181 3.00 1560 66096 No 1.52 1988 2.12 1380 0 Yes

Table 3: Placeand Route resultsfor iom02 benchmark from IBM-Dragon suite with whitespaceincreasedto
65%. Freecells(asafraction of total area)areaddedto handle whitespace.Capoallocatesthe remaining whites-
paceuniformly. Dragon performs congestion-driven allocation of the remaining whitespace.All experimentsare
conductedon a 2GHz Pentium/Linux platform.

80%
(40%)

/
50% \——/50%
@ @ 80% @ (25%)/——\_ (25%

A B C D

Figure3: A bin with 50% whitespacebeing partitioned. FiguresA and B have only real std-cells.FiguresC and
D havefreecellsintr oducedto occupy40% of sitearealeaving 10% whitespaceto beallocatedby the partitioner.
Real std-cellsare shown in shadedcirclesand freecellsare shavn in plain circles. Numbersin circleswithout
parenthesesare areaof cellsas% of total real std-cellareain the bin. Numbersin parenthesesare areaof cells
as% of total site areain the bin.

explainimplicit handlingof largeamountsof whitespacen atop-davn, recursve bisectionbasedmnin-cutplacer[6] with
minimal runtime and memoryoverhead. We achie/e this without representingxcessie whitespaceasfree cells and
hencewithout pre-processintheinput netlist.

Figure 3 shaws the min-cut partitioning procedurefor a bin with 50% whitespacen absenceand presencef free
cells. Figures3A andB shav 2 waysto partition a bin with no free cells added. The parametersffecting the balance
in thetwo partitionsare(i) Partition capacitieC;j), and(ii) PartitiontoIerance:{CE‘“a’%C?“”). In theexample,Figure3A
shaws the std-cellsbeingpartitionedin the ratio 50%:50%with a net-cutof 3. However, if highertoleranceis allowed
the partitionermay decideto partitionthe cellsin the ratio 80%:20%with a smallernet-cutof 2. As shawvn in Figure
3B, Capois allowedto shift cut-linesafter partitioningto equalizethe relative whitespacen the two partitions. Figures
3C and D shawv how the partitioning procedureworks in presenceof free cells. Out of the 50% whitespace40% is
representedsfree cellsandthe remainingl0% whitespacecanbe distributedbetweerthe two bins. To achieve alower
cut,agoodmin-cutpartitionerwill favor to partitiontheinstanceasshavn in Figure3D over Figure3C. Thus,theeffect
of highertolerancess imitatedusingfree cellsanda constantolerance.

As explainedin Section2.2,Capouniformly spreadshe availablewhitespacehroughouthe coreregion. Capouses
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Figure4: Placementsof the ibom02 designwith 19321cells and 18429nets, 9% whitespaceand no terminal

connections.Figures(A) and (B) shav congestionmapsof ibm02 placedby two differ ent runs of Capo. As seen,
the congestionmaps are differ ent indicating the lack of stability in the placementalgorithm. Figure (C) shows
the congestionmap of a placementproducedby tethering 5% of movable cellsto the seedplacementin Figure
(A) and running Capoagain. Figure (D) showsthe congestionmap of a placementproducedby tethering cellsto
a placementproducedby Dragon and then running Capo on the tethered netlist.

hierarchicawnhitespaceolerancecalculation[8] only while splitting a bin horizontally Thetoleranceduringthevertical
splitis constantandtheverticalcut-lineis allowedto move afterpartitioningto balancetherelative whitespacén thetwo
child bins. This strateyy workswell for low whitespacelesignsHowever, for highwhitespacelesignsit resultsin lower
tolerancesluring vertical partitioningand uniformly distributesthe whitespacen the coreregion resultingin excessie
wirelength. After studyingthe behaior of Capo8.7on low utilization designswe addedthe option-nonUniformWSto
Capo8.8ThiscauseLapoto usethesamehierarchicatolerancecomputatiorfor bothhorizontalandverticalsplitswhen
the bin whitespacds greaterthanthe minimum local whitespaceequirement.Since,during the top-davn placement
processtheaspectatio of mostof thebinsis closeto 1.0, we canapproximatehe numberof recursvely appliedparallel
verticalbin splitsto n = log;R, whereR is the numberof rows in the bin. With this assumptionthe partitiontolerances
are calculatedin the samemannerfor horizontaland vertical splits. This changeallows Capoto transparentlyhandle
designswith a large amountof whitespace.To accountfor local minimum whitespaceequirementwe make surethat
ijax for ary partition doesnot violate the local minimum whitespacerequirementor that child bin. Also, if the bin
whitespaces greaterthanthe minimum local whitespacerequirementwe do not shift the cut-linesafter partitioning.
This ensureghat someregions of the layout are moretightly pacled thanotherregionsresultingin lower wirelength.
However, theminimumlocalwhitespaceequiremenarestill respectedWe testtheeffect of thischangeonthe“qor” test
casefrom IBM whichhas73095cells,73155netsand74 % whitespacen thedesign.Capo8. distributesthewhitespace
uniformly aroundthe chip and producesa placementwith Half PerimetefWirelength(HPWL) of 15.85e6. With our
changesCapo8.8allows highertoleranceduring the initial cuts, having the effect of compactingthe placement.The
nal HPWL of the placemenproducedby Capo8.8with a 15% minimum local whitespaceequiremenis 8.9e6. The
performancenf Capo8.8onthe IBMv1 andIBMv2 benchmarksemainsunchangedvith respecto Capo8.7.This is to

be expectedasthesebenchmark$ave arti cially-createdlayoutregionswith arelatively smallamountof whitespace.
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Figureb: A singlecell/macroistied to arectangularregionin 4 differ entways. Solid dots shaw arti cially added
(fake) pins, skewlines show fake two-pin nets,and a fake 5-pin netis showvn by a spline. In all threecasesnoving
the cell within the regiondoesnot affect the total length of fake nets. However, any placementbeyond the region
will incur a wir elengthpenalty that is independentof other movable objects.

4 Stability of PlacementResults

Physicalsynthesiso ws often requirethe stability of placementesultsfrom run to run for future optimizationswhich
targettiming and/orcongestionHowever, Figures4 (A) and(B) shav thatcongestiormaps[19] producedor unrelated
runsof arandomizednin-cutplacermaybevery different.In orderto improve congestionpnemaydistributewhitespace
to congestedireasor restructurehelogic, but such x esmay be irrelevantto the resultof the next placementun, or if
anothemlaceris used.To achieve relative stability, we proposethe following approach Given a placementwe modify
the original netlist by addingfake pins and fake nets. After the modi ed netlistis placed,the locationsof real cells
arelikely to be closeto their original locations,andthe amountof changeallowed canbe easilycontrolledduring pre-
processinglt is importantto notethatwe arenotaddinghardconstraints— in principle,ary cell canbeplacedarywhere.
However, locationsthatarefar from the original locationcarrya wirelengthpenaltyin termsof fake wires— furtherthe
location,greatethepenalty A key propertyof our constructioris thatall locationswithin aprescribedectangleentered
aroundthe original locationcarrythe sameminimal wirelengthpenalty andthis areequallyattractive duringwirelength
optimization.

Figure5 demonstrateseveralwaysto tie a cell or amacroto aregion withoutinducinga hardconstraint.Four outer
fake pinsare x edin the cornersof the givenregion. In Figure5 (A), four fake pinsareaddedin the cornersof the cell
to presere cell orientation.In Figure5 (B), onefake pin is addedat the centerof the cell sothatchangesn orientation
do not affect wirelength. In Figure5 (C), the sameeffect is achieved by usingonefake 5-pin netratherthanfour fake
two-pin nets.In Figures5 (B) and5 (C), only thecenterof thecell is constrainedo bein theregion. In Figure5 (D), one
fake 8-pin netis usedwith thefake pinsin the cornersto ensurethatthe entirecell is placedwithin theregion. Notethat
atechniquesimilarto thatin Figure5 (A) is usedin [2] to restrictorientationsof macrosbut in thatwork the four outer
fake pinsare x edatthe cornersof the coreregion. Thethreenew constructionsgnorecell orientations.The rst one
usesfour two-pin nets,the secondusesone ve-pinnetandthethird usesoneeightpin net. Thethird new construction
wassuggestedo usby Amir Farrahifrom SunMicrosystemslt canbe usedto mitigatethenumberof addednetsandto
ensurethatthe entirecell is placedwithin the constrainingregion. Otherwise theseconstructionareequialentif used

with min-cutplacersor placershasedon simulatedannealinghatminimize HPWL.
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% RgnSize | % Avg | %Max

(of layout) Diff Diff
0.2 3.3 47
0.5 2.6 58
1.0 3.9 50
10.0 3.7 43
50.0 5.1 48

Table4: The impact of constraining regionsizeduring tethering on the stability of global placementsproduced
by Capo on the ibm06 benchmark. The constraining region sizeis measured as a percent of the total layout
regionsize.5% of cellsare tetheredto the baseplacementfor all the runs. Wereport the averageand maximum
Manhattan displacementper cell betweentethered placementsand the baseplacement.

In our experimentswe randomlyselect2%-5%cellsin a given placementndtie themto regions centerecat the
cells' locations. The size of the regionsis selectedasa small fraction (several percent)of the coreregion size. These
sizesandthe weightsof fake wires allow oneto control changedrom the original placement.As shawvn in Figure4
(C), additionalrunsof the min-cut placerCapoproduceessentialljthe samecongestiormap. The placementin Figure
4 (D) is tied to the outputof Dragon. Table5 reportsthe effect of tetheringcells to a baseplacemenbon the IBM-v1
benchmarkg26]. Baseplacementsre generatedisingthe randomizedmin-cut placerCapo. We thentethera small
numberof randomlyselectedcells of the netlist to the baseplacement. The IBM-v1 benchmarks$ave disconnected
groupsof cells, causedby the removal of macros(andincidentnets)during the corversionfrom the original ISPD 98
partitioning suiteto placemenbenchmarkg26].2 To stabilizesuchdesignswe randomlyselectat leastone cell from
eachdisconnectedomponentn thenetlistfor tethering.Table5 reportsthe averageandmaximumManhattardifference
betweerlocationsof cellsin the new tetheredblacementso thosein the baseplacementThe differenceis reportedasa
percentagef the coreregion boundingbox andcanbe comparedo the tetheringregion whosehalf-perimeteiis 1% of
thatboundingbox. As seenfrom the results tetheringseveral % of the cellsto a baseplacementiramaticallyimproves
the stability of the randomizedmin-cut placer— the averagecell displacemenfrom the initial locationsis very small.
However, the maximumdisplacementemainscomparatiely high. We tracethisto cellsin high fanoutnetswhich, if not
tetheredhave alarge freedomto be placedaroundthe coreregion without affecting the half-perimetemwirelengthof the
design? In practice whenit is desirableto stabilizeplacementvith respecto a particulardesignobjective, e.g.,circuit
delay oneshouldtethercellsthatarerelevantto thatobjective, e.g.,thoseon critical paths(seeSection5.2).

Table4 shaws thatthe constraining-rgion sizedoesnot have a signi cant effect on the stability of global placement
asmeasuredy averageandmaximumdisplacement— a surprisingresult. Finally, in all of our experimentsgxceptfor

thosewith very small constrainingegions,the wirelengthof tetheredplacementss similar to the original wirelength.

2Similar disconnectedells andgroupsof cellsalsooccurin somereal-world designmethodologiese.g.,2bonuscells®that are sprinkledthrough
designsgn anticipationof futureincrementathanges.

3We attemptecaddingcellswith largestdisplacementso the list of tetheredcells andre-runningthe placer On our benchmarkshis approacthas
only moderateeffect becausét takesa numberof iterationsto identify all 2loose<ells.

13



Circuit | #Cells | #Nets No Tethering 2% CellsTethered | 5% CellsTethered | 10%ZCellsTethered | 50% Cells Tethered
%Avg | %Max | %Avg %Max %Avg %Max %Avg %Max %Avg %Max
Diff Diff Diff Diff Diff Diff Diff Diff Diff Diff
ibm01 | 12282 | 11507 46 98 6 38 2.6 32 3.1 38 11 39
ibm02 | 19321 | 18429 24 58 4.8 47 4 45 29 54 11 37
ibm03 | 22207 | 21621 19 92 6.1 61 3.1 44 2.6 59 1.6 41
ibm04 | 26633 | 26163 41 95 9.4 58 33 45 29 51 1.3 51
ibm05 29347 | 28446 7.6 70 6.4 86 4.2 87 3.1 68 1.5 82
ibm06 | 32185 | 33354 40 95 5.3 53 3.8 62 2.7 48 1.4 44
ibm07 | 45135 | 44394 14 90 4 43 3.1 42 21 55 1.4 41
ibm08 50977 | 47944 36 90 2.7 56 2.1 59 1.7 56 0.9 59
ibm09 51746 | 50393 38 89 5.6 45 2.7 44 1.9 38 1 26
ibm10 | 67692 | 64227 23 94 3.2 56 1.8 50 1.4 50 0.6 49

Table5: The impact of tethering on stability of global placementsproducedby the Capo placer. Using ibm-v1
benchmarks, we evaluate the impact of tethering random 2% / 5% / 10% / 50% of cellsto a baseplacement.
Wereport the averageand maximum Manhattan cell-to-cell displacementbetweentethered placementsand the
baseplacement. The displacementis reported as% of the core bounding box.

(A) (B)
Row Util=70% Row Util=50%
AspectRatio=1 AspectRatio=1

Figure6: Capo placementsfor AES(Rijndael) core.

5 Application: ResizingExisting PlacedDesigns

The numberof buffers will, in general,increaseaswe move to lower processnodes[23]. This is primarily because
(i) wires arenot scalingaswell asdevices, (ii) transistorcountson chipsareincreasingresultingin more numberof
buffers per logic gate. As we scaleto newer processnodesand existing IP blocks getsembeddedn larger designs,
the IP blocksmay have to be moreporous,i.e. have a larger minimum local whitespaceequirements We extend our
techniquegor achiezing placemenstability to thecontext of rescalingalayoutwhile maintainingthesamerelative timing
characteristicsln contrasto currentE COtechniquesour proposedescalingnethodallows for large-scaleptimizations
duringthe placemenprocessandis notlimited to smallchangesn netlistandlayout.

Figure6 shavs 2 differentblock shapeg oorplans) for the samecircuit AES(seeSection5.3). Figure(A) shavsthe

designwith 70% row utilization andan aspectatio of 1. Figure(B) shavs the designwith 50% row utilization andan
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aspectatioof 1. Ourobjective in thiswork is thefollowing : givenalayoutoptimizeddesign(Figure6 (A)); rescalehis
designto t alargerdie (Figure6 (B)) resultingfrom higherlocal minimumwhitespaceequirements.

We usethetechniquedor achieving stability presentedh Section4 asthebasisof our rescalingechnique We tether
randomlychosenx% of standarctellsto thelocationsspeci ed by theoriginal layout. This helpsa decisionbasedlacer
suchastop-davn min-cut placerto make the right decisionswhile splitting the netlistat eachpartitioninglevel. Thus,
thenew placements biasedo be similarto theoriginal placementThe objective in Section4 wasto achiere run-to-run
stability for inherentlyunstableplacemenalgorithms.We usesimilar conceptdo tradeoff predictabilityvs. optimization
potentialwhenrescalinga design. Our proposedo w for achiezing predictabilitywhile rescalinga designis shawvn in

Figure7.

5.1 Experimental Flow

For our experiments,we usea well-knovn academigplacerCapo[6] and the industrial placementool QPlacefrom
CadencseSilicon Ensemble(SEDSM)n the rst step,initial placemenbf the designis obtained.In anactualscenario,
this would be obtainedfrom thelayoutoptimizeddesignthatwe aretrying to rescaleIn our experimentswe obtainthis
placemenby runningthe placementool on the design.We thenre- oorplan the designto have a lower row-utilization
(higherwhitespacefomparedo theoriginal oorplan. A placerwhich uniformly distributeswhitespacewill ensurethat
thenew oorplanneddesignhasa higherlocal minimumwhitespaceomparedo theoriginal design.However, from our
experimentswve obsere thattheresultingnew placementarein generalnot similar to the original placementn terms
of timing characteristicsIn mostcasesthe mostcritical pathsof the nev placemengretotally differentfrom the most
critical pathsin theoriginal placemenbf the higherrow-utilization design.This pointsto theinstability in the placement
algorithmswe used.To achieve similarity in placementve usethe following approachWe rst rescalethelocationsof
all thestandardtellsandterminalsfrom the original placemento thenew oorplan. Thisscalingis straightforward. Let
the oorplan of theblock scalefrom heighth andwidth w to heighth®andwidth w®. Thenthelocation(x;y) of astandard

cellin theoriginal placemenscalego thelocation(x? y9 in new oorplan asfollows.
X0= x whw

Y=y h&h

After therescaleglacemenhasbeenobtainedthestraight-forvardthingto dois to applyECOplacementechniques
to legalizethe new re-scalechlacement.This canbe doneef ciently usingcurrentECO placementechniquesuchas
QPlacerun in the ECO mode. However, in a scenariovherethe netlistalsochangesonsiderablyduring the rescaling
processusinglocal ECO changeswill resultin sub-optimalresults.In our proposedo w (Figure7), we tetherthe new
rescalechlacemenusing fake pins andfake netsasexplainedin Section4. The new tetherednetlistis thenreplaced.

The tetheringfake netsand pins ensurethat the netlistis placedsimilarly to the original placement.We thus ensure
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1 Rescale Placed Design

2 Obtain initial placement of the design;

3 Rescale locations of all standard cells and
terminals to new layout dimensions

4 Tether x% of cells to resulting placement

5 Replace the tethered netlist

6 Remove the fake tethering pins and nets

Figure 7:  Proposedrescaling o w.

| Circuit | Function | #Cells | #Nets |

AES Rijndaelcore 10404 | 11955
MULT | 53X53Multiplier | 13803 | 14359

Table6: Benchmarksusedin our rescalingexperiments. AdvancedEncryption Standard/Rijndael (AES) core
is encryption core downloaded from http://www.opencores.org . MULT is 53X53bit multiplier that we
synthesizedusing synopsysdesignfoundation library .

predictability during rescaling. After the placementthe fake pins andfake netsareremaved from the netlistandthis
is the nal re-scaledplacement.The allowed freedomduring the secondplacementun is governedby the numberof
standard-cellgetheredandtheregionsizeof thetetheringboundingoox aroundeachtetheredstandard-cellOur proposed

techniqueallows oneto convenientlytrade-of furtheroptimizationvs. predictabilityduringtherescalingprocess.

5.2 Presewing Critical Paths

In the techniquespresentedn Section4, the designerspeci esthe % of cellsto be tetheredto their initial locations.
Speci ¢ cells are chosenat random. This approachworks well when one s trying to focus mainly on the average
similarity of thetwo placementsHowever, sincein our casewe aretrying to presere thetiming behaior of the design
duringthe rescalingprocesave selectcells differently Fromtheinitial layout-optimizeddesign,we extractthe cellsin
thetop few (1000in our experiments)vorst pathsin the design. We tetherthesecritical cellsto the locations,rescaled
from their original locations. The remainingcells to be tetheredaregeneratedandomly We thustry to ensurethatthe
cellsin thecritical pathareplacedcloseto their rescaledocationswith anaim to betterpresere the timing behaior of
thedesign.

As avariantof timing-driventetheringof cells, we alsoproposeto changethe size of the tetheringregion basedon
thedimension®f thecritical netsin the original placementBy default, thetetheringregionis choserto beacertain%(in
our case0.5%to 5%) of thelayoutdimensionsThesizeof thetetheringregion givesusaknobto tradeoff optimization
vs. predictability However, by tetheringthecritical cellsto theboundingbox of thecritical netthey belongto, onewould

maximizethe optimizationpotentialwithout sacri cing predictabilityin termsof timing behaior of thedesign.
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| Circuit | Row Util | Tetherype | HPWL(e5) | Clk Period(ns)| # Similar paths ]

AES 70% - 5.141 2.49 -
50% - 5.713 2.68 0/1000
50% Rand 6.211 2.87 996/1000
50% TD 6.138 2.68 1000/1000
MULT 70% - 4.156 1.99 -
50% - 4.767 2.13 0/457
50% Rand 5.014 2.02 279/457
50% TD 5.002 2.07 414/457

Table7: Rescalingresultsfor Capo. Tethered regionsize=0.5%of layout size.

5.3 Experimental Results

Table 6 lists the characteristic®f benchmarksisedin our experiments. We downloadedthe verilog codefor the Ad-
vancedEncryptionStandard/RijndagAES) coredesignfrom [18]. The MULT designis a 53X53bit multiplier thatwe
instantiatedrom the Synopsyslesignfoundationlibrary. We synthesizedhesedesignaisingSynopsy®esignCompiler
and oorplannedthemusing CadenceSilicon Ensemble(SEDSMer. 5.4). For our experimentswe usethe academic
standardeell placementool Capo[6] andleadingindustrialplacementool QPlacefrom Cadence.

Theresultsfor rescalingareshowvn in Tables7, 8 and9. For all rescalingexperimentswe rst oorplan the die to
have arow utilization of 70%. We run placementoolson theinitial designto geta baseplacemenandaninitial timing
reportwhich is generatedising SynopsysPrimetimetool. All subsequentomparisonsremadeto this baseplacement.
The designis thenre- oorplannedto have row utilization of 50%. The netlist remainsthe same. We thenreplacethe
50% utilized design.Next, we employ our proposedescaling o w to maintainthe timing characteristicef the design.
For our o w, we choosel0% of thecellsto betetheredor the secondblacementun. We applytwo variantsof our o w.
In the rst versionwe selectthe cellsto be tetheredrandomly The secondversionusestiming-driven tetheringof cells
by selectingcellsonthetop critical pathsalongwith afew randomcells,asthe cellsto betethered.Table7 presentshe
resultsfor Capowhenthe sizeof tetheringregion aroundeachtetherechodewaschoserto be 0.5%of thelayoutregion
size. As canbe seenwithout usingtethering,Capoproducesvastly differentresultsin termsof tetheringwith 0 out of
worst 1000 pathsbeingsimilar for AES and MULT. We stabilizethe placementonsiderablyusing our proposedo w
and produceplacementsvhich have very similar timing characteristiceomparedo the original placement.However,
thewirelengthsufiersaround10%dueto tethering.Oneof the problemswasthatthe tetheredregion sizewastoo small,
thuseffectingthe optimizationpotentialof the placer Sowe increasedheareaof thetetheringregionto 5% of thelayout
region. Resultsfor this con guration of the experimentareshovn in Table8. With this changewe areableto reduce
theimpacton HPWL to minimal while still maintainingthe similarity in the timing behaior of the designs.We repeat
the sameexperimenton rescalingusingindustryplacerQPlace Resultspresentedn Table9 shav thatQPlace produces
vastlydifferentresultsin termsof timing behaior whenthe oorplan is changedlittle. ThisresultsuggestshatQPlace
is usinginherentlyunstablealgorithms. Sinceour techniquesnainly rely on pre-processingnd post-processingf the

input net-list,we canperformthe sameexperimentson QPlaceandtry to improve its behaior in termsof predictability
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| Circuit | Row Util | Tetherype | HPWL(e5) | Clk Period(ns)| # Similar paths ]

AES 70% none 5.141 2.49 -
50% none 5.713 2.68 0/1000
50% Rand 5.895 2.76 997/1000
50% TD 6.078 2.74 1000/1000
MULT 70% none 4.156 1.99 -
50% none 4.767 2.13 0/457
50% Rand 4.869 2.08 328/457
50% TD 4818 2.06 403/457

Table8: Rescalingresultsfor Capo. Tethered regionsize=5%of layout size.

| Circuit | Row Util | Tetherype | HPWL(e5) | Clk Period(ns)| # Similar paths |

AES 70% none 6.068 2.46 -
50% none 6.122 2.86 0/1000
50% Rand 6.591 2.48 885/1000
50% TD 6.732 2.88 978/1000
MULT 70% none 3.821 2.26 -
50% none 4,295 2.19 25/457
50% Rand 4,776 211 457/457
50% TD 4,745 2.39 457/457

Table9: Rescalingresultsfor QPlace. Tetheredregionsize=5%of layout size.

As seerfrom Table9 we wereableto produceplacementsvith very similartiming characteristicevenwhenwe changed
therow-utilizationsof the design.However, thelossin HPWL dueto tetheringseemso be moresigni cant for QPlace.
We suspecthis is becausef thefake x ed pinsintroducedall over the layoutduring tethering. Capodoesnot resere
ary spacefor thesefake pins on the layout, howvever, QPlaceseemdo be reservinga site for eachof thesepins during
placementthushurting the optimizationof HPWL. Currently we aretrying to alleviate this problemby tweakingour

QPlaceow.

6 Conclusions

Large-scaleplacementis becomingmore sophisticatedn the presenceof large IP blocks, embeddednemoriesand
macros. Aggressie timing constraints Jarge whitespaceand physical synthesis o ws posenew challengedo layout
tools. In particular local and globalincrementalkchangesnustbe sustainedvithout chaoticeffectson congestiorand
circuit delay We obsenre that“local” whitespacenaleslayoutsamenablédo local modi cations andre-synthesiswhile

stability of placementesultsfacilitateslargerincrementathanges.

We contribute simple andtunabletechniquedor ensuringminimum “local” whitespacehroughoutthe coreregion
without distributing all whitespaceuniformly, and empirically demonstratehat suchlocal whitespacds achiezed with
approximately6% precision.Our studyis complementaryo thatin [4] wherewhitespacés managedisingacombination

of min-cutandanalyticalplacementechniques Similarly, our methodscanbe usedwith congestion-drien whitespace
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allocationfrom [21, 27]. Our empiricalresultsshav thatlax controlsover whitespacanay leadto betterhalf-perimeter
wirelength,but at the sametime may increaseroutedwirelengthor even leadto unroutabledesigns. This may be the
clearesexampleyet of the divergencebetweerhalf-perimetewirelengthand routedwirelengthas optimizationobjec-
tives. Our experimentswith physicalsynthesigoint out thatusinga combinationof free cellsanduniform whitespace
distribution duringglobalplacementansigni cantly improve circuit delayof low-utilization designs.

Our studyof stability shavs thatwhile min-cut placersmay producesolutionswith very differentcongestiommaps,
it is possibleto stabilizetheir resultsby a simplepre-processingn fact, it takesa surprisinglysmallmodi cation of the
netlistto tie future placemensolutionsto a given setof locations. While somealgorithms,e.g.,analyticalplacement,
tendto produceconsistentesultson multiple runs, our techniquesanbe usedto tie the resultsproducedby different
placemenalgorithmsandimplementationso eachother In particular placemenpredictionamadeby afastestimatorcan
be enforcedat a globalscalewhena slower placeris usedto optimizewirelengthandvariousdesignobjectives. We also
addressheissueof reshapinganexisting layout-optimizeddesignwith anaim of preservinghetiming characteristicsf
thedesignwhile still allowing roomfor furtheroptimizations.

We apply our techniquedor achieving stability in placersto devise a o w to rescalean existing layout-optimized
designwith the aim of preservinghetiming characteristicef the design. We studythe optimizationvs. predictability
trade-of in this contet. The proposedescalingo w is particularlyusefulwhenonealsochangeshe netlistof the block
duringits re-implementationFurther therescalingo w is notlimited to smallchangesn layoutandnetlist.

Straightforvardimplementationsf theproposedechniquessuchasfreecellsandfake nets,mayincreasehe mem-
ory footprint of the placerandits runtime. Instead thosetechniquesanbeimplementedmplicitly so asto guarantee
the original memaoryfootprint andonly aninsigni cant slowv-dovn. However, this is incompatiblewith the simplepre-
processing@pproactthatenabledbur experimentswith severalplacers.
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