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ABSTRACT

We proposefresherlooks into alreadyexisting hierarchical
partitioningbasedfloorplandesignmethodsand their relevance
in providing fasteralternatives to conventionalapproaches.We
modify theexistingpartitioningbasedfloorplannerto handlecon-
gestionandtiming. Wealsoexploretheapplicabilityof traditional
SizingTheoremfor combiningtwo modulesbasedon their sizes
andinterconnectingwirelength. The resultsshow that our floor-
planningapproachcan producefloorplanshundredtimes faster
and at the sametime achieving betterquality (on average20%
betterwirelength,bettercongestionand bettertiming optimiza-
tion) thanthatof pureSimulatedAnnealingbasedfloorplanner.

1. INTRODUCTION

Floorplanningof thechipmoduleshasbeenanextensively studied
problem.Severalstrategieshavebeenproposedfor floorplanopti-
mization.Thehierarchicalapproachto floorplanninghasbeenre-
portedin [17][20][11][14]. In particular, thepartitioningbasedhi-
erarchicalfloorplanninghasbeenstudiedin [5][9][10]. Floorplan-
ning algorithmsfor generalrectilinearblockshave beenreported
in [7][8]. However, till datethebestfloorplanningalgorithmhas
beentheonebasedon SimulatedAnnealing[19][18]. Simulated
Annealinghasproven to be very effective for area-optimization
becauseothers (like hierarchical)have difficulty matching the
shapes.

Floorplanningbeingthefirst stageof VLSI PhysicalDesignis
the mostsuitedfor early optimizationof timing, congestionand
routability. Somerecentresearcheshave beendirectedtowards
doing interconnectplanning[2] [4] andtiming optimization[15]
at the floorplanningstage.However, the optionsof speedingup
thefloorplanningprocessunderthesenew constriantshave never
beenfully explored.

Here, we discussfastermethodsfor constrained floorplan-
ning with congestionandtiming control. Constrainedfloorplan-
ning is definedasfloorplanningwith fixedboundaryshapes.Ma-
jor work towardsconstrainedfloorplanninghasbeenreportedin
[6][3][1]. We extendthe definition of constrainedfloorplanning
to constraintsseton timing andcongestion.In [12] a fasthier-
archicalfloorplanningtechniquebasedon flexibility of modules
hasbeenpresentedIn this work we proposemodificationsand
enhancementsto thePartitioningBasedFloorplannerreportedin
[12] andcomparetheresultswith traditionalSimulatedAnnealing.
Our resultsshow that , with suitablemodifications,Partitioning
BasedFloorplannerperformsasgoodasor betterthantheSimu-
latedAnnealingbasedapproachin termsof timing andcongestion
optimizationandat thesametimeachieving aspeed-upof almost
hundred.

Therestof thepaperis organizedasfollows. In thenext sec-
tion, Section2, wedefineourConstrainedFloorplanningproblem

moreprecisely. In Section3, we discusshow do we modeldif-
ferentconstraintsandtheassociatedproperties.In Section4, we
show our modificationof Hierarchicalfloorplanningapproachto
handleconstrainedfloorplanning.Theexperimentalsetupandre-
sultsarediscussedin detail in Section5 andSection6 concludes
ourwork by presentingfurtherdirectionsfor researchin thisarea.

2. PROBLEM DEFINITION

Theinput to thefloorplanningalgorithmis acircuit
���������
	��

representedby a hypergraph,where
�

is the setof modulesin
thefloorplanningsystemand

	
is thesetof netsdefiningthecon-

nectivity amongthesemodules.For thesake of simplicity we are
assumingthat the netsare connectedto the centerof the mod-
ules(this doesn’t hampera fair comparisonbetweenthe two ap-
proaches).Eachmodule�� from thesetof floorplanningmodules��� �� � �� ��������� canbe� A rigid module:rectangularwith fixedshape.� A fully flexible module: can changeits rectangularshape

within aspecifiedaspect-ratiorange.� A partiallyflexible module:canchooseits rectangularshape
from certainpre-definedfixedshapes.

Therearesomeuserdefinedconstraintson the following ob-
jectivesof thefloorplan� Shapeconstraint:Givenapre-specifiedmaxWidth andmax-

Heightof thechipwhichdefinetheshapeandsizeof thefinal
floorplan.� Capacityconstraint:Thechip is dividedinto severalbinsby
super-imposinga grid. Eachbin boundaryhasa capacity
(maximumnumberof netsthatcancrossit) associatedwith
it. The objective is to minimize the capacityviolation on
thesebins.� Timing constraints:Basedon thegivenclockspeedthegoal
is to meetthe critical delay for the longestpaths(between
two flip-flop boundaries).Thisdelaymaybemodeledasthe
sumof thedelaysof thenetsandgateson thecritical path.

Giventheinputspecification,theobjectiveis to find afloorplan
whichbestmeetsthegivenconstraints.

3. MODELING THE OBJECTIVE FUNCTIONS AND
CONSTRAINTS

3.1. ShapeConstraints
For theconstrainedfloorplanningthechipshapeandsizearepre-
specified.Any violation from theseboundariesin eitherdirection
is consideredillegal. Theshapecostis modeledas�������! "�$#&%(')�+*�,.-0/1*32�*4�5-768* 9

(1)
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where
/

and
6

aretheuser-specifiedwidth andheightfor the
final floorplanand

,
,
�

arewidth andheightfor theconfiguration
underconsideration.It is easyto seethat theidealfinal floorplan
shouldhaveShapeCostaszero.

3.2. Wir elengthmodel
It hasbeenfairly well researchedthatminimizationof total wire-
lengthhelpstowardsother interconnectplanningobjectives like
congestionand timing [16]. Our model for wirelengthestima-
tion is basedon center- to-centerdistancebetweenmodules. In
[11][14] OttenandStockmeyer havepresenteda lineartimealgo-
rithm for sizingsliceablefloorplans.Theiralgorithmhasbeende-
velopedprimarily for area-minimizationduringsizing.In ournext
lemmawe prove that the setof non-redundantareaimplementa-
tions of combinedmodulealsocontainnon-redundantcenter-to-
centerlengthimplementations.

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 center-to-center
wir elengthimplementations.

A B

(ai,bi)

(xj,yj)

(xk,yk)

Figure1. A non-redundantcombination containsbetter wir e-
length

Proof: We consider vertical sizing (horizontal sizing fol-
lows a symmetricargument)as shown in Figure 1. Suppose
the possible implementationsof the modules : and ; are�<� � �
= � �>�(�����������4�<�@?��A=B?(� and

�<C � �AD � �>�B�����������"�<C!E
�
D&EF� , respectively. We
can assumethat the setsare sortedsuch that

� �HG � �JI � and= �LK = �JI � for M �ON4�����������>%
andsimilarly for

CQP
s and

DBP
s. Let

usexaminethe implementationsof thecombinationof : and ; .
Let

�<� � �
= � � and
�<C P �
D P �

bethepairsselectedto implement: and; respectively. Thedimensionsof thecombinationaregiven by�<� � 2RC P �  �QCS�<= � �
D P �
� . Considerthecasewhere
= � is thedomi-

nantheight,thatis,  �@CT�<= � �
D P �U�V= � . Considerall pairs
�<CXWQ�
D&W3�

with YZK\[ . It is clear that all choicesof
�<� � �
= � � and

�<CXWQ�
D&W3�
are inferior because

�<� � �
= � � and
�<CXW]�^D]W3�

will not decreasethe
heightbut will increasethe width. Thus, in the casewhen

= � is
the dominantheightof

�<� � �A= � � and
�<CQP&�AD�P"�

, all the implementa-
tionsof

�<� � �
= � � and
�<CXWQ�^D]W3�

canbeignoredfor Y�K_[ . This way
wehavegeneratedthenon-redundantwidth andheightimplemen-
tationsof thecombination.

Thusfar we have not includedwirelengthof thecombination
of the pair

�<� � �
= � � and
�<C P �
D P �

when choosingnon-redundant
implementations.It may so happenthat a redundantwidth and
height implementation,pair

�<� � �^= � � and
�<CXW&�AD]W4�

with Y`Ka[ ,
hasbettercenter-to-centerwirelengththanthenon-redundantpair�<� � �^= � � and

�<CQP&�
D�P"�
. In the following discussionwe will prove

that sucha thing can not happen. That is, the combinationof�<� � �^= � � and
�<C]P]�
DBP4�

hasbettercenter-to-centerwirelengththan
the redundantpair

�<� � �
= � � and
�<CXW]�
D]W4�

. For our wirelength
model(center-to-centerEuclideandistance)thedistancebetween
the centersof the non-redundantpair

�<� � �
= � � and
�<C P �
D P �

is��bdc^egfih� � � 20��j�c Ilk h� � � andthatbetweentheredundantpair
�<� � �
= � �

and
�<C W �
D W �

is
� b�c
egf(m� � � 2n� j�c IXk m� � � . Since

D W G D�P and
C W K C]P

the center-to-centerwirelengthof the redundantcombinationis
greaterthan that of the non-redundantcombination. However,
it is still possiblethat the redundantcombinationof

�<� � �^= � � and

�<C W �
D W �
has better wirelength than someother non-redundant

combination,say
�<�@o��^=Bop�

and
�<C!qr�
D&qs�

. Our claim is that even
in suchcaseswe can safelydiscardthe combinationof

�<� � �^= � �
and

�<CXW]�^D]W3�
. The argumentis that even if the redundantpair�<� � �
= � � and
�<CXW&�
D]W4�

hasbetterwirelengththanthenon-redundant
pair

�<�to��
=Bo<�
and

�<C q �
D q �
, wehaveanon-redundantcombination�<� � �
= � � and

�<C P �
D P �
whichhasbetterwirelengthandwidth/height

thanthe redundantpair
�<� � �
= � � and

�<CXW&�
D]W4�
. Hencewe candis-

cardthepair
�<� � �
= � � and

�<C!W]�
D&W3�
fromourlist of implementations

of thecombinationof modules: and ; . u
Henceweneedto retainonly non-redundantareaimplementa-

tionsasgivenby thesizingtheorem.Sucha list of non-redundant
implementationscontainsall the minimum wirelengthsfor the
combination.Theproof caneasilybeextendedto BoundingBox
basedwire models.

Note that this proof is valid only whenwe arecombiningtwo
modules.Thatis, this wirelengthminimizationschemeby retain-
ing non-redundantimplementationsis at besta local one. For
globalwirelengthminimizationwe maystill needto retainall the%

x
'

implementationsof the modules: and ; . However, it is
easyto seethatsucha choicewill resultin exponentialgrowth in
thenumberof implementationsof thefinalfloorplan.Forourwork
weareretainingthenon-redundantimplementationsatall levelsof
sizing. That is, evenwhen combining two sub-floorplans (each
of thesemay itself be a combination of several modules)we
retain only the non-redundant implementations.

3.3. CongestionModel
We super-imposea grid on thefloorplanunderconsiderationand
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)

Figure2. Our congestionmodel

The model for our congestionestimationis shown in Figure
2. With eachbin boundary

� M � [ � are associatedthe numberof
netscrossingit

	7� M � [ � andthecapacityof theboundary
�v� M � [ � .

Thebin boundariesmarkedascongestedareviolating thecapac-
ity constraint.To calculatethecongestion(capacityviolation),we
do a simplebounding-boxbasedrouting to estimatethe number
of netscrossinga particularbin boundaryandtheoverall conges-
tion is the summationof all suchcapacityviolations(overflows).
Overflow on thebin boundary

� M � [ � is	w� M � [ �U-0�v� M � [ � if
	7� M � [ � K �v� M � [ � andzerootherwise.

Thetotalcongestioncostis:

�$#"x!y@ "%B' M #4xz�$#3%B'U��{ �<| P~}
	7� M � [ ��-_�v� M � [ �d� (2)

3.4. Timing model
We modelpathdelayasthesumof netdelaysandgatedelayson
this path. To calculatethe net delayswe usethe timing model
proposedin [13]: For thegivencoordinatesof theterminalsof the
net(centersof modulesin ourcase),thestarpoint is calculatedas
thecenterof gravity of all theterminalson thenet.Thestarpoint
is connectedto thedriver terminalandall thedriventerminalsof
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thenet.For ageneralmoduledistributionthestarmodelis shown
in Figure3.

���� ����

������
������
�
������
������
�
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Figure3. The star modeland equivalent RC network

Thenumberof terminalson thenetis denotedby Y , w� is the
driverterminalandrestof the  � sarethedriventerminals.Let � �
and � � denotetheManhattandistanceof terminal M from thestar
nodein

C
and

D
directionsrespectively. Basedon this netmodel,

the equivalentRC-modelis calculated.In this modeleachedge
hasanoutputresistance� ? , a seriesresistance�$� anda parallel
capacitance�B� andeachdriventerminalhasa loadcapacitanceof� � . Basedon the Manhattandistancefrom the starnode,these
lumpedresistancesandcapacitancesare� � �V� k � � � 2�� f � � � 9 � � � � k � � � 2 � f � � � � (3)

where
� k , � f , � k and � f aretheresistancesandcapacitances(per

unit length)in
C

and
D

directionsrespectively.
The Elmore path delay from driver terminal � to the driven

terminal M will beestimatedas� � ? 2 ��� � } �(� 2 { P3�� �
� � P�2H��P4�d�Q2 �$� � �B� 2R� � � (4)

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

� Mp�M x!yt�$#3%B'��
W{
� � � 

�QCS� � } M �@-0� } M �p�(�3�>9 (5)

where � } M � is the Elmore delay of the ith critical path basedon
theStarmodeldiscussedearlierand

� } M � is themaximumallowed
delayfor thatpath.

4. OUR APPROACH
4.1. Modifying Traditional Hierarchical Floorplanner
Our HierarchicalFloorplanneris basedon top-down partitioning
andfull implementationdetailsarereportedin [12]. In thatwork
they handleareaandwirelengthaspartof theoptimizationobjec-
tives. Authorshave reportedvariousheuristicsto make partition-
ing basedfloorplanningeffective. We will presentthe heuristics
for partitioningbasedfloorplannerasreportedin [12] andour en-
hancementsto theseto handlecongestionandtiming:

4.1.1. Balancewith respectto flexibility andarea
Themodelingof flexibility canbefoundin [12]. Flexibility is

ameasureof how flexible amoduleis, in termsof shapeandnum-
berof representations.Flexibility in therepresentationof modules
comesfrom the fact that they areat gatelevel andcanbe imple-
mentedin many shapes.While doing top-down partitioningthe
partitionsarebalancedwith respectto areaandflexibility. This
helpsin shapemanagementby pairingrigid moduleswith flexible
ones.Thepartitionerwe useis hMetiswhich hasbeenshown to
bethebestpartitionertill datefor VLSI circuits.

4.1.2. Combinemodulesto produceanaspect-ratio closerto
one

Deciding on the cut (horizontal/vertical) for combining two
modulesis a hardproblem. We proposeto retain the cut which
givesaspect-ratioof thecombinationcloserto one. Onemotiva-
tion for doing that is to save on wirelengthtoo. For thatwe also
definethe equivalentaspect-ratio of a flexible modulewhich is
simply theproductof aspect-ratiosof all its representations.For a
fully flexible moduletheequivalentaspect-ratiois one.

4.1.3. Swappingsub-floorplansto improvewirelength
The min-cut partitioning may producefloorplans in which

highly connectedmodulesendup in diagonallyoppositechip re-
gions. To overcomesuchan undesirablesituation,we propose
to swap thesubfloorplansandretaintheconfigurationwhich im-
provesthetotalwirelength.

4.1.4. Handlingcongestionandtimingconstraints
We needto handleadditionalconstraintslike congestionand

timing in our hierarchicalfloorplanner. Thecongestionobjective
is inherentlylinked to a large extent to minimizing partitioning
cut. Lesserthe numberof wirescrossingthe two partitions,less
congestedthatboundaryof partitionsis goingto be.

For taking timing into consideration,we note that a critical
path is composedof several critical nets. Meetingthe delayre-
quirementof a critical path meanssmallerdelay valuesfor all
thesenets. Sincedelayis inherentlyrelatedto the lengthof the
path,by restrictingsuchlengthsat the partitioningstagewe can
reducetheoveralldelayof thecritical path.For thisweuseasim-
ple strategy of assigninglarge weightson the critical nets(nets
on thecritical paths).ThepartitionerhMetiswill ensurethatsuch
high-weightnetsarerespectedwhile partitioning.Thoughsucha
strategy maynot alwaysguaranteeimprovementin delayof indi-
vidual critical paths,we observedthatoverall delayimprovement
(reductionin numberof critical pathsandtotalsumof all thedelay
violations)wasquitesatisfactory.

4.2. UseLow TemperatureAnnealing for shapemanagement
Onemajorlimitation of hierarchicalfloorplanninghasbeenits in-
ability to optimizeon area. Thoughvariousmodificationsof hi-
erarchicalfloorplanninghave beensuggested,noneof themhas
beenableto matchtheshape-managementachievedby full-blown
SimulatedAnnealingfloorplanner(FullSA). In thisworkourmain
focushasbeentheoptimizationof objectiveslikewirelength,con-
gestionandtiming whentheshapeof thefinal floorplanis fixed.
Evenwith a lot of flexibility in therepresentationof modules,the
hierarchicalfloorplanneralonedoesn’t prove to be effective for
constrained-shaperequirement.For this purposewe employ Low
TemperatureSimulatedAnnealingon the floorplan obtainedby
Partitioning-Basedfloorplannerto obtain the desiredshape(we
call this approachof hierarchicalpartitioning followed by Low
TempSA asHierPlusSA). At thesametimeweneedto makesure
thatwe do not interferetoo muchwith otherobjectiveslike wire-
length,congestionand timing. The SimulatedAnnealingfloor-
planner(FullSA) that we will discussin the next sectioncanbe
suitablyemployed to meetthe shape-constraintwith little or no
degradationin quality.

5. EXPERIMENT AL SETUPAND RESULTS

For our work we have chosenfour circuits (ind1, ind2, hway2,
fract) for modelingthe floorplans.The modulesin our floorplan
circuitsaretheclusterof cellsfrom thecircuitsusedin placement.
WeusedTimberWolf1.4.0to placetheseclusterof cellswith vary-
ing aspect-ratiosto generateshapesfor themodules.Theflexible
modulesin our floorplancircuitshave aspect-ratiosrangingfrom�

to
N�� �

. Eachfloorplancircuit hasfour differentpercentagesof
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rigid modulesin thesystem(From
N��3�

to � �&� . ind1.10implies
thatcircuit ind1 has10%rigid modulesin it). Thepercentageof
whitespace(asapercentageof totalareaof modules)isalsogiven.
Thecritical pathsandassociatedmaximumdelaysareassumedto
beprovidedwith thecircuits.Wemodelcriticalpathsafterobserv-
ing thedelaysof few largedelaynetsin theunoptimizedfloorplan.
Thedetailsaboutthesecircuitsaregiven in Table1. All thetests
havebeencarriedonSunUltra-10workstations.

Table1. TestCir cuits

circuit # of modules # of nets % of whitespace
ind1 20 19 10
ind2 40 40 10

hway2 73 67 10
fract 149 147 10

Wecompareour approach(HierPlusSA)with full-blown Sim-
ulatedAnnealingfloorplanner(FullSA). For this we needto add
new constraints:shape,congestion,timing into SimulatedAnneal-
ing cost-function.

5.1. Modifying Simulated Annealing to include additional
constraints

Our SimulatedAnnealing floorplanneris basedon the Wong-
Liu floorplannerdiscussedin [19]. Sincefor constrainedfloor-
planningthereareseveralotheroptimizationobjectives,we need
to include them in the cost too. Various componentsof cost-
function:ShapeCost,WireLength, CongestionCostand Timing-
Costhavealreadybeendiscussedin Section3..

The over all-cost function is � � ��� �������! "�$#3%B'72��� / M �4 ��� �x!y]'
� 2R¡S� �$#4x!y@ "%(' M #"xT�$#3%('�2H¢X� � Mp�M x!yt�$#&%(' . The
only near-continuousterm in the costfunction � is WireLength.
Hencefor settingtherelativeimportanceof thesetermswechoose
Wirelengthasthenormalizationfactor. Thevaluesof

�
,
¡

and
¢

arenormalizedatthebeginningof annealingwith respectto Wire-
Lengthor at thetime thesecostsareswitchedon in theannealing
process.JustlikeWong-Liufloorplannerthetemperatureschedule
is of theform

� Wr���4� � W e � � Y �£N3�>¤]�B�������
Theinitial temperature�l¥

is determinedby performinga sequenceof randommovesas
describedin [19]. Theseinitial randommovesalsohelpin setting
thevaluesfor

�
,
¡

and
¢

whichremainunchangedthroughoutthe
annealingprocess(if any costfunctionis switchedon at an inter-
mediatestagethenthewirelengthat thatstepis usedto normalize
it). To accountfor the suddenjumpsin the costfunctionwe use
the strategy proposedfor TemperatureAdjustmentin [2]. How-
ever, insteadof adjustingthetemperaturewhenturningon a new
objective functionweupdatetheBoltzmannconstantY .

Table2. Comparing FullSA with TimberWolf

circuit FullSA TimberWolf1.4.0
area cpu(s) area cpu(s)

ind1.10 10400 66 11858 47
ind2.10 26376 600 28322 551

We also compare our Simulated Annealing floorplanner
(FullSA) with TimberWolf1.4.0 floorplannerto make sure that
our implementationis fastandof goodqualitywhencomparedto
otherSimulatedAnnealingimplementations.Sincethewirelength
modelsof the two aredifferent,we compareareaandrun-times.
It turnsout that our SimulatedAnnealingfloorplanneris as fast
asTimberWolf SimulatedAnnealingfloorplannerandtheareare-
sults(TimberWolf producesa larger areabecauseit leavessome
spacebetweenmodulesfor routing channelsor padspacing)are
comparable,asgivenin Table2. As ourmajoremphasisfor com-
parisonhasbeenrun-times,we arereportingresultsfor only two
of thetestcircuits(remainingcircuitsshow similar trend).

In thefollowing sub-sectionsweshow theresultsfor floorplan-
ningundercongestionandtiming control.Wirelengthis thesum-
mationof center-to-centerEuclideandistancesbetweenconnected

modules.Congestionis reportedasthesummationof capacityvi-
olationson all thebin boundaries.Timing violationsarereported
in termsof : total violationon all thecritical pathsandnumberof
critical pathsviolating thedelayconstraints.In our timing model
wehavechosenthevaluesof

� k , � f , � k and � f to be1 (referequa-
tion 3). Thevalueof � ? in equation4 is chosento be0.

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

Theresultsfor FullSA andHierPlusSAundercongestionandtim-
ing control areshown in figures4 and5 respectively. The data
associatedwith thesebar-chartscan be found in Table 3. The
resultsarecategorizedunderfour differentcolumns: whenboth
congestionandtiming optimizationsareoff, whencongestionop-
timizationis on for 100%of thetemperaturestepsandtiming op-
timization is off, whencongestionoptimizationis off andtiming
optimizationis on for 100%of thestepsandwhenbothof these
areon for 100%of the steps.For HierPlusSAif wewant timing
optimizationoff, wedo not weightthenetson thecritical path(at
themin-cutpartitioning state)andturn off timing optimizationin
LowTemperatureSimulatedAnnealing.

It is easyto observe that the trendsof the resultsfor various
optimizationscenariosis similar for FullSA andHierPlusSA.As
is clear from the results,turning congestionoptimizationon for
100%of the stepsdoesleadto a significantdecreasein the con-
gestionof thecircuit (thoughit leadsto anincreasein theruntime
by about50%,referTable3). Whentiming optimizationis turned
on for 100%of thesteps,thetotal timing violationandnumberof
violating pathsreducedrastically. The casewhereboth conges-
tion andtiming optimizationsareon for 100%of thestepsshows
a definiteimprovementover the casewhenbothof theseareoff.
To sumuptheresults,� Full congestionoptimizationleadsto a drasticdecreasein

congestionbut thetiming violationremainsunchanged.� Full timing optimization reducesthe timing violation (in
termsof totalviolationandnumberof violatingcriticalpaths)
but theoverall congestionof thecircuit shows no changein
general.� Selectiveoptimizationof congestionor timing producesbet-
ter resultsfor congestionandtiming respectively. However,
thecongestionandtiming resultswith boththeoptimizations
onareasgoodastheselectiveoptimizationresults.

5.3. Comparing FullSA and HierPlusSA
The resultscomparingFullSA with HierPlusSAaregiven in Ta-
ble 3. Onceagainwe are reportingcomparative resultsfor the
four optimizationscenarios:whenbothcongestionandtiming op-
timizationsareoff, whencongestionis onandtiming is off, when
timing is on andcongestionis off andwhenbothcongestionand
timing optimizationsare on. The resultscan be summedup as
follows,� Evenwhenbothcongestionandtiming optimizationsareoff,

HierPlusSAproducesbetter congestionand timing results
thanthatof FullSA.� HierPlusSAproducesoverall bettercongestionresultsthan
FullSA whenonly congestionoptimizationis turnedon.� HierPlusSAachieves significantreductionin timing viola-
tionswhencomparedto FullSA for thecasewhenonly tim-
ing optimizationis on.� For thecasewhenbothcongestionandtiming optimizations
are on, HierPlusSAproducesbettercongestionresultsand
muchbettertiming violations.

TheresultsindicatethatHierPlusSAoutperformsFullSA in all
thefloorplanmetrics(wirelength,congestion,timing) andacross
all the optimizationscenarios(bold-faceddatashows which ap-
proachperformedbetter). In all the casesthe improvementin
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Figure4. Performanceof FullSA under congestionand timing control
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Figure5. Performanceof HierPlusSA under congestionand timing control
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Table3. Comparing HierPlusSA with FullSA

congestionoptimizationon for 0%,timing optimizationon for 0%
FullSA HierPlusSA

ckt WL cong tim vio cpu(s) WL cong tim vio cpu(s) % imp WL speedup
ind1.10 779 35 13255,2 80 691 28 11887,3 1.2 11.3 67
ind1.20 674 31 10136,3 115 686 14 18751,3 1.2 -1.8 96
ind1.30 866 57 15749,3 73 629 22 1856,2 0.7 27.4 104
ind1.50 728 29 7956,3 55 802 32 2957,2 0.7 -10.2 79
ind2.10 2325 252 34433,4 602 1753 92 0, 0 6.2 24.6 97
ind2.20 2536 290 43862,4 468 2183 102 24166,2 4.7 13.9 100
ind2.30 2477 251 35710,4 551 1796 114 16365,2 6.4 27.5 86
ind2.50 2779 296 70724,4 395 1948 35 2488,2 4.6 30.0 86

hway2.10 6530 4344 121604,7 3045 5576 4100 107195,4 29.4 14.6 104
hway2.20 6520 4166 137323,6 3314 5636 4149 112547,4 27.3 13.6 121
hway2.30 6283 4539 178973,6 2529 5869 4465 131371,5 29.8 6.6 85
hway2.50 6662 4855 266412,8 1877 5640 4073 169745,4 22.5 15.3 83
fract.10 21094 14450 787387,14 14830 16141 14983 781428,12 128 23.5 116
fract.20 22794 15459 918123,15 14974 14372 15757 425217,11 124 37.0 121
fract.30 22324 17196 1588353,15 11818 16810 15936 278809,11 117 24.7 101
fract.50 24117 15746 1797969,15 8815 16202 15681 481383,12 85 32.8 104

congestionoptimizationon for 100%,timing optimizationon for 0%
FullSA HierPlusSA

ckt WL cong tim vio cpu(s) WL cong tim vio cpu(s) % imp WL speedup
ind1.10 754 6 10412,3 136 732 6 7360,3 1.5 2.9 91
ind1.20 783 5 8446,3 166 718 10 2234,2 1.6 8.3 104
ind1.30 834 9 17996,3 110 658 9 6848,2 1.1 21.1 100
ind1.50 932 15 19835,3 111 724 20 8056,2 1.1 22.3 101
ind2.10 2579 127 70846,4 848 1929 49 191,1 8.2 25.2 103
ind2.20 2696 103 54212,4 807 1990 50 11721,2 6.0 26.2 135
ind2.30 2797 178 67718,4 833 1809 54 21808,2 7.1 35.3 117
ind2.50 3127 129 65101,4 607 1634 24 6655,1 5.2 47.7 117

hway2.10 6178 3592 90855,4 4631 5067 3368 111924,2 40.5 18.0 114
hway2.20 6625 3884 182656,8 4659 4931 3112 29353,3 37.4 25.6 125
hway2.30 6383 3720 71111,5 3894 5169 3535 83388,3 42.2 19.0 92
hway2.50 6853 3781 86410,5 2910 5416 3827 116504,3 31.6 21.0 92
fract.10 23320 14202 1088003,15 21227 14613 13942 311522,12 172 37.3 123
fract.20 22299 13504 1021613,15 22535 15830 14058 493159,12 182 29.0 124
fract.30 21958 13182 1049159,15 22341 14745 13168 219781,9 181 32.8 123
fract.50 23551 13588 1364156,15 18213 15067 13860 307818,11 141 36.0 129

congestionoptimizationon for 0%,timing optimizationon for 100%
FullSA HierPlusSA

ckt WL cong tim vio cpu(s) WL cong tim vio cpu(s) % imp WL speedup
ind1.10 701 19 1960,1 132 634 14 2098,1 1.2 9.6 110
ind1.20 637 34 246,1 140 676 15 0 , 0 1.4 -6.1 100
ind1.30 988 60 8323,3 71 697 18 1707,1 1.0 29.4 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 14485,2 779 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 27414,3 4275 5344 4060 11880,2 28.8 18.1 148
hway2.30 7159 5041 31700,3 3414 5810 4161 43623,2 31.6 18.8 108
hway2.50 6892 4872 66701,4 2628 5995 3853 68894,4 19.6 13.0 134
fract.10 23175 15427 446781,12 14738 13876 14656 23361,3 111 40.1 133
fract.20 22724 15109 409753,12 15575 16345 15814 45628,2 120 30.4 130
fract.30 23530 16499 409679,12 14196 14691 16171 78941,4 115 37.6 123
fract.50 23863 15832 522467,12 9275 15071 15002 42137,4 86 36.8 108

congestionoptimizationon for 100%,timing optimizationon for 100%
FullSA HierPlusSA

ckt WL cong tim vio cpu(s) WL cong tim vio cpu(s) % imp WL 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 6921,2 104 614 7 1132,1 0.9 16.5 116
ind2.10 2340 129 1698,1 885 1992 44 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 14038,2 7.5 12.9 105
ind2.50 2934 75 21742,3 609 1559 21 0, 0 5.1 46.9 119

hway2.10 6622 4111 41553,2 4755 6183 3871 65540,3 41.3 6.6 115
hway2.20 6639 3270 2826,2 5612 5789 3989 5215,1 38.9 12.8 144
hway2.30 6667 3919 86486,4 3921 5522 3366 44779,2 40.3 17.2 97
hway2.50 7223 4343 54235,5 3118 5464 3661 84856,4 32.9 24.4 95
fract.10 22957 14624 492345,13 24266 13943 14336 63400,4 183 39.3 133
fract.20 24537 15157 637092,13 22646 15356 15358 62684,5 187 37.4 121
fract.30 25085 14799 802763,13 22707 15772 16080 143119,5 186 37.1 122
fract.50 23782 14412 571839,13 17699 15420 14115 25513,4 159 35.2 111
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wirelengthis 20% on average. The major gain is evident when
we comparethe speedof two approaches.Our algorithm(Hier-
PlusSA)is, on average,100 times faster than traditionalSimu-
latedAnnealingbasedfloorplanner(FullSA).

6. CONCLUSION AND FUTURE WORK

In this work we have proposedfastermethodsfor constrained
floorplanning. We have shown that a carefulmodificationof hi-
erarchicalfloorplannercanperformasgoodasor betterthanSim-
ulatedAnnealingbasedfloorplanner. We have incorporatedcon-
gestionandtiming constraintsinto bothSimulatedAnnealingand
Hierarchicalfloorplanners.Thecomparative resultsshow thatwe
can producefloorplanswith 20% betterwirelengthon average,
betterin congestionandtiming optimizationandat thesametime
achieving aspeedupof 100acrossavarietyof testcircuits.As the
futurework in thisdirection,weproposeto integratebettertiming
andcongestionoptimizationtechniqueswith ourfloorplanningap-
proach.Also we intendto studytheeffectof suchearlyoptimiza-
tionsonfinal layout,adetailedplacedandroutedchip.
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