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ABSTRACT

We proposefresherlooks into alreadyexisting hierarchical
partitioning basedfloorplan designmethodsand their relevance
in providing fasteralternatvesto corventionalapproaches.We
modify the existing partitioningbasedloorplanneito handlecon-
gestionandtiming. We alsoexploretheapplicabilityof traditional
Sizing Theoremfor combiningtwo modulesbasedon their sizes
andinterconnectingvirelength. The resultsshaw that our floor-
planning approachcan producefloorplanshundredtimes faster
and at the sametime achiering betterquality (on average20%
betterwirelength, better congestionand bettertiming optimiza-
tion) thanthatof pureSimulatedAnnealingbasedloorplanner

1. INTRODUCTION

Floorplanningpf thechipmoduleshasbeenanextensiely studied
problem.Severalstratgieshave beenproposedor floorplanopti-
mization. Thehierarchicabpproacho floorplanninghasbeenre-
portedin [17][20][11][14]. In particular the partitioningbasechi-
erarchicafloorplanninghasbeenstudiedin [5][9][10]. Floorplan-
ning algorithmsfor generalrectilinearblockshave beenreported
in [7][8]. However, till datethe bestfloorplanningalgorithmhas
beenthe onebasedon SimulatedAnnealing[19][18]. Simulated
Annealinghasproven to be very effective for area-optimization
becauseothers (like hierarchical)have difficulty matchingthe
shapes.

Floorplanningoeingthefirst stageof VLSI PhysicalDesignis
the mostsuitedfor early optimizationof timing, congestiorand
routability Somerecentresearchefave beendirectedtowards
doing interconnecplanning[2] [4] andtiming optimization[15]
at the floorplanningstage. However, the optionsof speedingup
thefloorplanningprocesainderthesenew constriantshave never
beenfully explored.

Here, we discussfaster methodsfor constained floorplan-
ning with congestiorandtiming control. Constrainedloorplan-
ning is definedasfloorplanningwith fixedboundaryshapesMa-
jor work towardsconstrainedloorplanninghasbeenreportedin
[6][3][1]. We extendthe definition of constainedfloorplanning
to constraintsseton timing and congestion.In [12] a fasthier
archicalfloorplanningtechniquebasedon flexibility of modules
hasbeenpresentedn this work we proposemodificationsand
enhancement® the Partitioning BasedFloorplannereportedin
[12] andcompareaheresultswith traditionalSimulatedAnnealing.
Our resultsshaw that, with suitablemodifications,Partitioning
BasedFloorplannemperformsasgoodasor betterthanthe Simu-
latedAnnealingbasedapproachn termsof timing andcongestion
optimizationandatthe sametime achieving a speed-upf almost
hundred.

Therestof the paperis organizedasfollows. In the next sec-
tion, Section2, we defineour Constrainedrloorplanningoroblem

more precisely In Section3, we discusshonv do we model dif-
ferentconstraintandthe associategroperties.In Section4, we
shav our modificationof Hierarchicalfloorplanningapproacho
handleconstrainedloorplanning.The experimentaketupandre-
sultsarediscussedn detailin Section5 andSection6 concludes
ourwork by presentindurtherdirectionsfor researchn this area.

2. PROBLEM DEFINITION

Theinputto thefloorplanningalgorithmis acircuit C = (M, N)

representedby a hypegraph,where M is the setof modulesin

thefloorplanningsystemandN is thesetof netsdefiningthecon-
nectvity amongthesemodules.For the sale of simplicity we are
assumingthat the netsare connectedo the centerof the mod-
ules(this doesnt hampera fair comparisorbetweenthe two ap-
proaches)Eachmodulem; from thesetof floorplanningmodules
M = m1,ma, .... canbe

e A rigid module:rectangulaith fixedshape.

e A fully flexible module: canchangeits rectangularshape
within a specifiedaspect-ratisange.

e A partially flexible module:canchooséts rectangulashape
from certainpre-definedixedshapes.

Thereare someuserdefinedconstrainton the following ob-
jectivesof thefloorplan

e Shapeconstraint:Givena pre-specifiednax\Wdth andmax-
Heightof thechipwhich definetheshapeandsizeof thefinal
floorplan.

e Capacityconstraint:The chip is dividedinto severalbinsby
supefimposinga grid. Eachbin boundaryhasa capacity
(maximumnumberof netsthatcancrossit) associatedvith
it. The objective is to minimize the capacityviolation on
thesebins.

e Timing constraintsBasedon the given clock speedhe goal
is to meetthe critical delayfor the longestpaths(between
two flip-flop boundaries)This delaymaybe modeledasthe
sumof thedelaysof the netsandgatesonthecritical path.

Giventheinputspecificationtheobjectiveis to find afloorplan
which bestmeetshe givenconstraints.

3. MODELING THE OBJECTIVE FUNCTIONS AND
CONSTRAINTS
3.1. ShapeConstraints

For the constrainedloorplanningthe chip shapeandsizearepre-
specified.Any violation from theseboundariesn eitherdirection
is consideredllegal. Theshapecostis modeledas

ShapeCost =|w —W |+ | h—H |; 1)



whereW andH aretheuserspecifiedvidth andheightfor the
final floorplanandw, h arewidth andheightfor the configuration
underconsiderationlt is easyto seethattheidealfinal floorplan
shouldhave ShapeCosaszero.

3.2. Wirelengthmodel

It hasbeenfairly well researchethatminimizationof total wire-
length helpstowardsother interconneciplanningobjectives like
congestionand timing [16]. Our modelfor wirelength estima-
tion is basedon center to-centerdistancebetweenmodules. In
[11][14] OttenandStockmeer have presented lineartime algo-
rithm for sizingsliceabl€eloorplans.Theiralgorithmhasbeende-
velopedprimarily for area-minimizatiomluringsizing. In ournext
lemmawe prove thatthe setof non-redundanéreaimplementa-
tions of combinedmodulealso containnon-redundantenterto-
centerengthimplementations.

Lemma : For any cut (vertical or horizontal) , in a slice-
able floorplan, the set of non-redundant implementations of
the combination contains all the minimum centerto-center
wirelengthimpleme(r;tla})tli)ons.
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Figure 1. A non-redundantcombination containsbetter wir e-
length

Proof: We consider vertical sizing (horizontal sizing fol-
lows a symmetricagument)as shavn in Figure 1. Suppose
the possible implementationsof the modules A and B are
(a1,b1),....., (as, bs) and(z1, y1), .-..., (¢, y¢), respectely. We
can assumethat the setsare sortedsuchthata; < a;4+1 and
b; > biy1 fori = 1,...., s andsimilarly for z;s andy;s. Let
us examinethe implementation®f the combinationof A and B.
Let (as, b;) and(z;, y;) bethepairsselectedo implement4 and
B respectiely. The dimensionf the combinationaregiven by
(a; + zj, maz(b;, y;)). Considerthe casewhereb; is the domi-
nantheight,thatis, maz(b;, y;) = b;. Considerll pairs(zx, yx)
with & > j. It is clearthatall choicesof (a;,b;) and (zk, yk)
are inferior becausda;,b;) and (zx,yx) will not decreasehe
heightbut will increasethe width. Thus,in the casewhenb; is
the dominantheightof(a;, b;) and(z;, y;), all the implementa-
tionsof (a;i, b;) and(xx, yx) canbeignoredfor £ > j. Thisway
we have generatethenon-redundanvidth andheightimplemen-
tationsof the combination.

Thusfar we have notincludedwirelengthof the combination
of the pair (a;,b;) and (z;,y;) when choosingnon-redundant
implementations.It may so happenthat a redundantwidth and
heightimplementationpair (a;,b;) and (zx,yx) with & > 7,
hasbettercenterto-centemwirelengththanthe non-redundanpair
(as,b;) and(z;,y;). In thefollowing discussionwve will prove
that sucha thing can not happen. That is, the combinationof
(ai,bs) and (z;,y;) hasbettercenterto-centerwirelengththan
the redundantpair (as,b;) and (zx,yx). For our wirelength
model(centerto-centerEuclideandistancehe distancebetween
the centersof the non-redundanpair (a;, b;) and (z;,y;) is
(%iz¥i)? 4 (2423)2 andthatbetweertheredundanpair (a;, b;)
and(zx, yx) is (2582 + (2282, Sinceyy, < y; andzy > z;
the centeﬂo-centerwirelengt% of the redundantcombinationis
greaterthan that of the non-redundantombination. However,
it is still possiblethat the redundantombinationof (a;,b;) and

(zk,yr) has better wirelength than some other non-redundant
combination,say (ai, b;) and (&, ym). Our claimis thateven
in suchcaseswe can safely discardthe combinationof (a;, b;)
and (zx,yx). The agumentis that even if the redundantpair
(asi, b;) and(zy, yr) hasbetterwirelengththanthenon-redundant
pair (ai, b;) and(zm,, ym ), we have anon-redundantombination
(as, bs) and(z;, y;) which hasbetterwirelengthandwidth/height
thanthe redundanpair (a;, b;) and(z, yx). Hencewe candis-
cardthepair (a;, b;) and(z, yx ) fromourlist of implementations
of thecombinationof modulesA andB. O

Hencewe needto retainonly non-redundarareaimplementa-
tionsasgivenby thesizingtheorem.Suchalist of non-redundant
implementationscontainsall the minimum wirelengthsfor the
combination.The proof caneasilybe extendedto BoundingBox
basedvire models.

Note thatthis proofis valid only whenwe arecombiningtwo
modules.Thatis, this wirelengthminimizationschemeby retain-
ing non-redundanimplementationss at besta local one. For
globalwirelengthminimizationwe may still needto retainall the
s X t implementation®f the modulesA and B. However, it is
easyto seethatsucha choicewill resultin exponentialgrowth in
thenumberf implementationsf thefinal floorplan. For ourwork
we areretainingthenon-redundaritnplementationatall levelsof
sizing. Thatis, evenwhen combining two sub-floomplans (each
of thesemay itself be a combination of several modules)we
retain only the non-redundantimplementations

3.3. CongestionModel

We superimposea grid on the floorplanunderconsideratiorand
measurecongestionin terms of capacity violation on the bin
boundaries.

_Congested bin boundary (i,j)

N(i,j) : number of nets crossing (i,j)
C(i,j) : capacity of (i,j)

Figure 2. Our congestionmodel

The modelfor our congestionestimationis shavn in Figure
2. With eachbin boundary(i, j) are associatedhe numberof
netscrossingit N (i, 7) andthe capacityof the boundaryC(i, 7).
The bin boundariesnarled ascongestedreviolating the capac-
ity constraint.To calculatethe congestior{capacityviolation),we
do a simplebounding-boxbasedrouting to estimatethe number
of netscrossinga particularbin boundaryandthe overall conges-
tion is the summationof all suchcapacityviolations(werflows).
Overflow onthebin boundary(i, ) is

N(,j) — C(4,7) it N(3,5) > C(4i, j) andzerootherwise.

Thetotal congestiorcostis:

CongestionCost = Z[N(i,j) - C(4,7)] 2
]
3.4. Timing model
We modelpathdelayasthe sumof netdelaysandgatedelayson
this path. To calculatethe net delayswe usethe timing model
proposedn [13]: Forthegivencoordinate®f theterminalsof the
net(centerof moduledn ourcase)thestarpointis calculatedas

the centerof gravity of all theterminalsonthenet. The starpoint
is connectedo the driver terminalandall the driventerminalsof



thenet. For ageneramoduledistribution the starmodelis shavn
in Figure3.

Figure 3. The star model and equivalent RC ;etv;ork

Thenumberof terminalsonthe netis denotedy &, m; is the
driverterminalandrestof them;sarethedriventerminals.Let X;
andY; denotethe Manhattardistanceof terminals from the star
nodein z andy directionsrespectrely. Basedon this netmodel,
the equivalent RC-modelis calculated.In this modeleachedge
hasan outputresistanceR,, a seriesresistanceR; anda parallel
capacitance; andeachdriventerminalhasaload capacitancef
C;. Basedon the Manhattandistancefrom the star node,these
lumpedresistanceandcapacitanceare

Ri=r.. X+ 1Y, ¢ =coXi+c¢y.Yis. 3)

wherer;, ry, ¢, ande, aretheresistanceandcapacitance@er
unitlength)in z andy directionsrespectiely.
The Elmore path delay from driver terminal d to the driven
terminals will beestimatedas

(Rs + Ra)lca + Z(Cj + Cj)] + Ri(ci + Ci) 4)
i#d

Thoughwe areprimarily relying on the starmodelfor model-
ing our delays,our algorithm can work well with a variety of
other timing models Thetiming costfor eachfloorplanconfigu-
rationis thencalculatedas

k

TimingCost = z maz(d[i] — D[], 0); (5)

i=1

whered][:] is the Elmore delay of the ith critical path basedon
the Starmodeldiscusseearlierand D[] is themaximumallowed
delayfor thatpath.

4. OUR APPROACH
4.1. Modifying Traditional Hierar chical Floorplanner

Our HierarchicalFloorplannelis basedon top-davn partitioning
andfull implementatiordetailsarereportedin [12]. In thatwork
they handleareaandwirelengthaspartof the optimizationobjec-
tives. Authorshave reportedvariousheuristicsto male partition-
ing basedfloorplanningeffective. We will presenthe heuristics
for partitioningbasedloorplannerasreportedn [12] andour en-
hancementto theseto handlecongestiorandtiming:

4.1.1. Balancewith respecto flexibility andarea

Themodelingof flexibility canbefoundin [12]. Flexibility is
ameasuref how flexible amoduleis, in termsof shapeandnum-
berof representationg:lexibility in therepresentationf modules
comesfrom thefactthatthey areat gatelevel andcanbe imple-
mentedin mary shapes.While doing top-davn partitioningthe
partitionsare balancedwith respecto areaandflexibility. This
helpsin shapemanagemertty pairingrigid moduleswith flexible
ones. The partitionerwe useis hMetis which hasbeenshavn to
bethebestpartitionertill datefor VLSI circuits.

4.1.2. grc])g]binemoduleSO producean aspect-atio closerto

Deciding on the cut (horizontal/ertical) for combining two
modulesis a hard problem. We proposeto retainthe cut which
givesaspect-ratiof the combinationcloserto one. Onemotiva-
tion for doingthatis to sase on wirelengthtoo. For thatwe also
definethe equivalentaspect-atio of a flexible modulewhich is
simply the productof aspect-ratiosf all its representationd-or a
fully flexible moduletheequialentaspect-ratiags one.

4.1.3. Swappingsub-floorplango improve wirelength

The min-cut partitioning may producefloorplansin which
highly connectednodulesendup in diagonallyoppositechip re-
gions. To overcomesuchan undesirablesituation, we propose
to swap the subfloorplansandretainthe configurationwhich im-
provesthetotal wirelength.

4.1.4. Handlingcongestionandtiming constaints

We needto handleadditionalconstraintdik e congestionand
timing in our hierarchicafloorplanner The congestionobjective
is inherentlylinked to a large extent to minimizing partitioning
cut. Lesserthe numberof wires crossingthe two partitions,less
congestedhatboundaryof partitionsis goingto be.

For taking timing into considerationwe note that a critical
pathis composedf several critical nets. Meetingthe delayre-
quirementof a critical path meanssmallerdelay valuesfor all
thesenets. Sincedelayis inherentlyrelatedto the length of the
path, by restrictingsuchlengthsat the partitioning stagewe can
reducetheoverall delayof thecritical path. For thiswe usea sim-
ple stratgy of assigninglarge weightson the critical nets(nets
onthecritical paths).The partitionerhMetiswill ensurethatsuch
high-weightnetsarerespectedvhile partitioning. Thoughsucha
stratgy may not alwaysguaranteémprovementin delayof indi-
vidual critical paths,we obseredthatoverall delayimprovement
(reductionin numberof critical pathsandtotal sumof all thedelay
violations)wasquite satishctory

4.2. UseLow Temperature Annealing for shapemanagement

Onemajorlimitation of hierarchicafloorplanninghasbeenits in-
ability to optimize on area. Thoughvariousmadificationsof hi-
erarchicalfloorplanninghave beensuggestednoneof themhas
beenableto matchthe shape-managemeathiezed by full-blown
SimulatedAnnealingfloorplanne(FullSA). In thiswork ourmain
focushasbeentheoptimizationof objectveslikewirelength,con-
gestionandtiming whenthe shapeof thefinal floorplanis fixed.
Evenwith alot of flexibility in therepresentationf modulesthe
hierarchicalfloorplanneralonedoesnt prove to be effective for
constrained-shapequirementFor this purposenve emplg Low
TemperatureSimulatedAnnealingon the floorplan obtainedby
Partitioning-Basedloorplannerto obtainthe desiredshape(we
call this approachof hierarchicalpartitioning followed by Low
TempSA asHierPlusSA). At thesameime we needto make sure
thatwe do not interferetoo muchwith otherobjectiveslike wire-
length, congestionandtiming. The SimulatedAnnealingfloor-
planner(FullSA) thatwe will discussin the next sectioncanbe
suitably emplo/ed to meetthe shape-constrainwith little or no
degradationin quality.

5. EXPERIMENT AL SETUP AND RESULTS

For our work we have chosenfour circuits (ind1, ind2, hway?2,
fract) for modelingthe floorplans. The modulesin our floorplan
circuitsaretheclusterof cellsfrom thecircuitsusedn placement.
We usedTimberWblf1.4.0to placetheseclusterof cellswith vary-
ing aspect-ratioso generateshapedor the modules.Theflexible
modulesin our floorplancircuits have aspect-ratiosangingfrom
3 to 1/3. Eachfloorplancircuit hasfour differentpercentagesf



rigid modulesin the system(From10% to 50%. ind1.10implies
thatcircuit ind1 has10%rigid modulesin it). The percentag®f
white spacgasapercentagef totalareaof modulesj)s alsogiven.
Thecritical pathsandassociatednaximumdelaysareassumedo
beprovidedwith thecircuits. We modelcritical pathsafterobserv-
ing thedelaysof few largedelaynetsin theunoptimizedloorplan.
Thedetailsaboutthesecircuitsaregivenin Tablel. All thetests
have beencarriedon SunUlItra-10workstations.

Table 1. TestCir cuits

circuit | #of modules| #of nets | % of white space
Indl 20 19 Q
Ind2 40 40 Q

hway?2 73 6/ 10
fract 149 147 10

We compareour approachHierPlusSA)with full-blown Sim-
ulatedAnnealingfloorplanner(FullSA). For this we needto add
new constraints:shapepngestiontiming into SimulatedAnneal-
ing cost-function.

5.1. Modifying Simulated Annealing to include additional
constraints

Our SimulatedAnnealing floorplanneris basedon the Wong-
Liu floorplannerdiscussedn [19]. Sincefor constrainedloor-
planningthereare several otheroptimizationobjectves,we need
to include themin the costtoo. Variouscomponentof cost-
functionShapeCostWreLength, CongestionCostand Timing-
Costhave alreadybeendiscussedh Section3..

The over all-cost function is v = «a.ShapeCost +
B.WireLength + ~v.CongestionCost + n.TimingCost. The
only nearcontinuoustermin the costfunction is WireLength.
Hencefor settingtherelative importanceof thesetermswe choose
Wirelengthasthe normalizationfactor The valuesof o, v andn
arenormalizedatthe beginningof annealingvith respecto Wire-
Lengthor atthetime thesecostsareswitchedon in theannealing
processJustike Wong-Liufloorplannethetemperaturschedule
is of theform Ty, = r.Tx_1, k = 1,2, .... Theinitial temperature
Ty is determinedby performinga sequenc®f randommovesas
describedn [19]. Thesenitial randommovesalsohelpin setting
thevaluesfor «, v andyn whichremainunchangedhroughouthe
annealingorocesqif ary costfunctionis switchedon ataninter
mediatestagethenthewirelengthat thatstepis usedto normalize
it). To accountfor the sudderjumpsin the costfunctionwe use
the stratgy proposedor TemperaturéAdjustmentin [2]. How-
ever, insteadof adjustingthe temperaturevhenturningon a new
objective functionwe updatethe Boltzmannconstant.

Table 2. Comparing FullSA with TimberWolf

circuit FUllSA TimberWbIf1.4.0
area | cpu(s)| area | cpu(s)

ind1.J0 I 10400 66 11858 a7

INd2.10 [ 26376 600 28322 551

We also compare our Simulated Annealing floorplanner
(FullSA) with TimberWblf1.4.0 floorplannerto make sure that
ourimplementations fastandof goodquality whencomparedo
otherSimulatedAnnealingimplementationsSincethewirelength
modelsof the two aredifferent,we compareareaandrun-times.
It turnsout that our SimulatedAnnealingfloorplanneris as fast
asTimberWolf SimulatedAnnealingfloorplannerandthe areare-
sults (TimberWolf producesa larger areabecauseét leavessome
spacebetweemmodulesfor routing channelor padspacing)are
comparableasgivenin Table2. As our majoremphasidgor com-
parisonhasbeenrun-times,we arereportingresultsfor only two
of thetestcircuits (remainingcircuitsshav similartrend).

In thefollowing sub-sectionge shav theresultsfor floorplan-
ning undercongestiorandtiming control. Wirelengthis the sum-
mationof centerto-centerEuclideardistance®etweerconnected

modules.Congestions reportedasthe summatiorof capacityvi-
olationson all the bin boundariesTiming violationsarereported
in termsof : total violation on all thecritical pathsandnumberof
critical pathsviolating the delayconstraintsIn our timing model
we have choserthevaluesof r, ry, ¢, ande, tobel (referequa-
tion 3). Thevalueof R, in equatiord is choserto be0.

5.2. Performanceof FullSA and HierPlusSA under Conges-
tion and Timing control

Theresultsfor FullSA andHierPlusSAundercongestiorandtim-
ing control are shawvn in figures4 and5 respectiely. The data
associatedwvith thesebarchartscan be found in Table3. The
resultsare catgyorizedunderfour differentcolumns: whenboth
congestiorandtiming optimizationsareoff, whencongestiorop-
timizationis onfor 100%o0f thetemperaturestepsandtiming op-
timizationis off, whencongestioroptimizationis off andtiming
optimizationis on for 100% of the stepsandwhenboth of these
areon for 100%of the steps. For HierPlusSAif we wanttiming
optimizationoff, we do not weightthe netson the critical path(at
the min-cutpartitioning state)andturn off timing optimizationin
Low Tempeature SimulatedAnnealing

It is easyto obsere thatthe trendsof the resultsfor various
optimizationscenariogs similar for FullSA andHierPlusSA As
is clearfrom the results,turning congestioroptimizationon for
100% of the stepsdoesleadto a significantdecreasén the con-
gestionof thecircuit (thoughit leadsto anincreasen theruntime
by about50%, referTable3). Whentiming optimizationis turned
onfor 100%of the stepsthetotaltiming violation andnumberof
violating pathsreducedrastically The casewhereboth conges-
tion andtiming optimizationsareon for 100%of the stepsshavs
a definiteimprovementover the casewhenboth of theseare off.
To sumuptheresults,

e Full congestionoptimizationleadsto a drasticdecreasen
congestiorbut thetiming violation remainsunchanged.

e Full timing optimization reducesthe timing violation (in
termsof total violationandnumberof violating critical paths)
but the overall congestiorof the circuit shavs no changen
general.

e Selectve optimizationof congestioror timing produceet-
ter resultsfor congestiorandtiming respectiely. However,
thecongestiorandtiming resultswith boththe optimizations
onareasgoodasthe selectve optimizationresults.

5.3. Comparing FullSA and HierPlusSA

The resultscomparingFullSA with HierPlusSAaregivenin Ta-
ble 3. Onceagainwe are reportingcomparatie resultsfor the
four optimizationscenarioswhenbothcongestiorandtiming op-
timizationsareoff, whencongestiors on andtiming is off, when
timing is on andcongestioris off andwhenboth congestiorand
timing optimizationsare on. The resultscan be summedup as
follows,

e Evenwhenbothcongestiorandtiming optimizationsareoff,
HierPlusSAproducesbetter congestionand timing results
thanthatof FullSA.

e HierPlusSAproducesoverall bettercongestiorresultsthan
FullSA whenonly congestioroptimizationis turnedon.

e HierPlusSAachieves significantreductionin timing viola-
tionswhencomparedo FullSA for the casewhenonly tim-
ing optimizationis on.

e For the casewhenboth congestiorandtiming optimizations
areon, HierPlusSAproducesbetter congestiorresultsand
muchbettertiming violations.

TheresultsindicatethatHierPlusSAoutperformg-ullSAin all
the floorplanmetrics(wirelength,congestiontiming) andacross
all the optimizationscenariogbold-faceddatashavs which ap-
proachperformedbetter). In all the casesthe improvementin
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Table 3. Comparing HierPlusSA with FullSA

congestioroptimizationon for 0%, timing optimizationon for 0%

FUlTSA HIerPIusSA .
ckt WL cong tim vio cpu(s) [ WL cong fim VIO cpu(s) | %impWL | speedip
ind1.10 779 35 13255,2 80 691 28 11887,3 12 11.3 67
ind1.20 674 31 10136,3 115 686 14 187513 1.2 -1.8 96
ind1.30 866 57 15749,3 73 629 22 1856,2 0.7 274 104
ind1.50 728 29 7956,3 55 802 32 2957,2 0.7 -10.2 79
ind2.10 2325 252 344334 602 1753 92 0,0 6.2 24.6 97
ind2.20 2536 290 43862 4 468 2183 102 24766,2 4.7 13.9 100
ind2.30 2477 251 357104 551 1796 114 16365,2 6.4 27.5 86
indZ.50 2779 296 707244 395 1948 35 24882 4.6 30.0 86
hway2.10 | 6530 | 4344 1216047 3045 | 5576 | 4100 1071954 29.4 14.6 104
hway2.20 | 6520 | 4166 1373236 3314 | 5636 | 4149 1125474 27.3 13.6 121
hway2.30 | 6283 | 4539 1789736 2529 | 5869 | 4465 1313715 29.8 6.6 85
hway2.50 | 6662 | 4855 2664123 1877 | 5640 | 4073 1697454 22.5 15.3 83
fract.10 [ 21094 | 14450 | 78738714 | 14830 [ 16141 | 14983 | 78142812 128 23.5 116
fract.20 | 22794 | 15459 | 91812315 | 14974 [ 14372 | 15757 | 42521711 124 37.0 121
fract.30 | 22324 | 17196 | 158835315 | 11818 [ 16810 | 15936 | 27880911 117 247 101
fract50 | 24117 | 15746 | 1797969,15 | 8815 [ 16202 | 15681 | 48138312 85 32.8 104
congestioropiimizationon for 100%,fiming optimizationonfor 0%
FUllSA HierPIusSA ]
ckt WL cong fim vio cpu(s) [ WL cong tim vio cpu(s) | %impWL | speedup
nd1.10 754 6 104123 136 732 6 7360,3 15 2.9 o1
nd1.20 783 5 8446,3 166 718 10 22342 1.6 8.3 104
nd1.30 834 9 17996,3 110 658 9 6848,2 11 21.1 100
ind1.50 932 15 19835,3 11T 724 20 8056,2 171 22.3 101
nd2.10 2579 [27 70846, 848 [029 49 01,1 8.2 25.2 103
nd2.20 2696 [03 54212, 807 [990 50 117212 6.0 26.2 135
nd2.30 2797 [78 67718 833 [809 54 21808,2 7.1 35.3 117
nd2.50 3127 [29 65101, 607 1634 24 6655,1 5.2 47.7 117
hway2. 10 | 6178 | 3592 90855,4 4631 | 5067 | 3368 1119242 405 18.0 114
hway2.20 | 6625 | 3884 1826568 4659 | 4931 | 3112 29353,3 374 25.6 125
hway2.30 | 6383 | 3720 711115 3894 | 5169 | 3535 83388,3 422 19.0 92
hway2.50 | 6853 | 3781 864105 2910 | 5416 | 3827 1165043 31.6 21.0 92
fract.10 [ 23320 | 14202 | 108800315 | 21227 [ 14613 | 13942 | 31152212 172 37.3 123
ract.20 | 22299 [ 13504 | 102161315 | 22535 [ 15830 | 14058 | 493159,12 182 29.0 124
ract.30 | 21958 [ 13182 | 104915915 | 22341 | 14745 | 13168 | 2197819 181 32.8 23
ract.50 | 23551 [ 13588 | 136415615 | 18213 | 15067 | 13860 | 30781811 141 36.0 29
congestioropiimizationon tor 0%, fiming optimizationon for 100%
FUlTSA HierPIusSA .
ckt WL cong tim vio cpu(s) [ WL cong im VIO cpu(s) | %impWL | speedip
ind1.T0 701 19 1960,1 132 634 14 2098,1 12 9.6 110
ind1.20 637 34 246,1 140 676 15 0,0 14 -6.1 100
ind1.30 988 60 83233 71 697 18 1707,1 1.0 294 71
ind1.50 996 38 1516,1 54 614 27 1249,1 0.7 38.4 77
ind2.10 2487 251 6563,2 734 1795 66 0,0 7.0 27.8 105
ind2.20 2602 219 5972,2 584 1817 62 4764,1 5.3 30.2 110
ind2.30 2704 325 144852 779 1959 124 10218,1 6.2 27.6 126
ind2.50 2639 236 8716,2 477 1789 58 0,0 3.8 32.2 126
hway2.10 | 6543 | 4483 52933,2 4513 | 5677 | 4278 50525,2 31.1 13.2 145
hway2.20 | 6526 | 4449 274143 4275 | 5344 | 4060 11880,2 28.8 18.1 148
hway2.30 | 7159 | 5041 31700,3 3414 | 5810 | 4161 436232 31.6 18.8 108
hway2.50 | 6892 | 4872 667014 2628 | 5995 | 3853 688944 19.6 13.0 134
fract.10 | 23175 | 15427 | 44678112 | 14738 | 13876 | 14656 | 233613 111 40.1 133
fract.20 | 22724 | 15109 | 40975312 | 15575 | 16345 | 15814 | 45628,2 120 30.4 130
fract.30 | 23530 | 16499 | 40967912 | 14196 | 14691 | 16171 | 789414 115 37.6 123
fract.50 | 23863 | 15832 | 52246712 9275 | 15071 15002 | 421374 86 36.8 108
congestioroptimizationon for 100%,timing optimizationon for T00%
FUITSA HIerPIusSA ]
ckt WL cong fim vio cpu(s) [ WL cong tim vio cpu(s) | %impWL | speedup
ind1.10 710 10 2692,1 168 697 11 5695,2 1.7 1.8 99
ind1.20 711 11 3616,1 164 644 7 0,0 1.6 9.4 103
ind1.30 793 6 10049,3 116 710 8 1408,1 1.3 10.5 89
ind1.50 735 7 69212 104 614 7 1132,1 0.9 16.5 116
ind2.10 2340 129 1698,1 885 1992 a4 0,0 7.8 14.9 113
ind2.20 2641 69 12059,2 723 1993 43 0,0 6.0 24.5 121
ind2.30 2366 73 6965,2 784 2060 29 140382 7.5 12.9 105
ind2.50 2934 75 217423 609 1559 21 0,0 5.1 46.9 119
hway2.10 | 6622 | 4111 415532 4755 | 6183 | 3871 65540,3 41.3 6.6 115
hway2.20 | 6639 | 3270 2826,2 5612 | 5789 | 3989 5215,1 38.9 128 144
hway2.30 | 6667 | 3919 864864 3921 | 5522 | 3366 44779,2 40.3 17.2 97
hway2.50 | 7223 | 4343 542355 3118 | 5464 | 3661 848564 32.9 244 95
fract.10 [ 22957 | 14624 | 49234513 | 24266 | 13943 | 14336 [ 634004 183 39.3 133
fract.20 | 24537 | 15157 | 63709213 | 22646 | 15356 | 15358 | 62684,5 187 374 121
fract.30 [ 25085 | 14799 | 80276313 | 22707 [ 15772 | 16080 | 1431195 186 37.1 122
fract.50 | 23782 14412 57183913 [ 17699 | 15420 | 14115 | 255134 159 35.2 111




wirelengthis 20% on average. The major gain is evident when
we comparethe speedof two approachesOur algorithm (Hier-
PlusSA)is, on average,100 times faster thantraditional Simu-
latedAnnealingbasedloorplanneFullSA).

6. CONCLUSION AND FUTURE WORK

In this work we have proposedfastermethodsfor constrained
floorplanning. We have shavn thata carefulmodificationof hi-
erarchicafloorplannercanperformasgoodasor betterthanSim-
ulatedAnnealingbasedloorplanner We have incorporatedccon-
gestionandtiming constraintsnto both SimulatedAnnealingand
Hierarchicalffloorplanners The comparatie resultsshav thatwe
can producefloorplanswith 20% betterwirelengthon average,
betterin congestiorandtiming optimizationandat the sametime
achieving aspeedupf 100acrossavarietyof testcircuits. As the
futurework in this direction,we proposdo integratebettertiming
andcongestiorptimizationtechniquesvith ourfloorplanningap-
proach.Also we intendto studythe effect of suchearlyoptimiza-
tionsonfinal layout,a detailedplacedandroutedchip.
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