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ABSTRACT

Floorplannings a crucialphasdan VLSI PhysicalDesign.The
subsequemntlacemenandroutingof the cells/modulearecoupled
very closelywith the quality of the floorplan. A widely usedtech-
niquefor floorplanningis SimulatedAnnealing.It givesvery good
floorplanningresultsbut hasmajor limitation in termsof running
time. For morethantensof modulesSimulatedAnnealingis not
practical.Floorplanningformsthe coreof mary synthesisapplica-
tions. Designersieedfastempredictionof systemmetricsto quickly
evaluatethe effectsof designchangesEarly predictionof metrics
is imperatve for estimatingtiming androutability. In this work we
proposea constructivetechniquefor predictingfloorplanmetrics.
We shav how to modify the existing top-davn partitioningbased
floorplanningto obtainafastandaccuratdloorplanprediction.The
predictiongetsbhetterasnumberof modulesandflexibility in their
shapedncreases.We also explore the applicability of traditional
Sizing Theoremwhencombiningtwo moduleshasedn their sizes
andinterconnectingvirelength.Experimentatesultsshav thatour
predictionalgorithmcanpredictthe area/lengttcostfunction nor
mally within 5-10%of theresultsobtainedby SimulatedAnnealing
andis, ontheaveragethousandimesfaster

1. INTRODUCTION

Given a circuit representedy a hypegraph, the floorplanning
problemis to determinethe approximatdocationof eachmodule
in arectangulachip area.An importantstepin floorplanningis to
decidetherelative positionof eachmodule. A goodfloorplanning
algorithmshouldminimizethetotal chipareamake thesubsequent
routing phaseeasy andimprove performanceby, for example,re-
ducingsignaldelays.To facilitatesubsequenbutingphasesmod-
uleswith relatively high connectionshouldbe placedcloseto one
another The setof netsthusdefinesthe closenessf the modules.
Placinghighly connectednodulescloseto eachotherreducesout-
ing space/congestioWirelengthminimizationaimsto do exactly
that.

Several strat@ies have beenadoptedfor floorplanning. The
rectangulardual graph [22] approachto floorplanningis based
on the proximity relation of a floorplan[14]. The algorithm for
constructinga rectanguladual floorplan, if one exists, hasbeen
reportedto run in lineartime [1]. Otherworks on floorplanning
by graph-dualizatiothave beenreportedby Yeapet. al. [37][38].
The hierarchical (bottom-up/top-downapproacho floorplanning
is basedon a divide andconquermparadigmwhereat eachlevel of
hierarchy only a smallnumberof rectanglesreconsidered4]. A
hierarchicalapproachto floorplanninghasbeenreportedin [17],
andresearcton this classof floorplanshassomeencouraginge-
sults[31][35][18][27]. The partitioning basedhierarchicalfloor-
planninghasbeenstudiedin [4][15][16]. SimulatedAnnealingis a
techniqueusedto solve generaloptimizationproblems floorplan-
ning problemsbeingoneof them[32]. SimulatedAnnealingexam-
inesthe configurationsof the problemin sequenceEachconfigu-
rationis afeasiblesolutionof the optimizationproblem.Simulated
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Annealingis limited to very smallnumberof modules(40 - 50) as
reportedn [33][34]. SimulatedAnnealinghasbeenthebestknonn
floorplannerso far becausenthers(like partitioning basedhierar
chical) have difficulty matchingthe shape However, becaus®f its
semi-&haustve natureSimulatedAnnealingtakessubstantiatom-
putationresourcesindis extremelyslow.

Here,weaddresdastpredictionof floorplanmetrics.Floorplan-
ning needsto be usedin the heartof mary synthesisapplications
(High Level SynthesisLogic Synthesisfor example). Designers
wantto evaluatethe effectsof early designingdecisionson the fi-
nal layout hencethereis a real needfor fastfloorplanpredictors.
With large systems(hundredsof modules)SimulatedAnnealing
fails. Whatis neededs a fairly accurateandvery fastfloorplan-
ningtechniqueto be ableto corvincingly predictthe metricsof the
layouti.e., area,wirelength relative positionsof themodules.The
reductionin device sizeshasleadto the integration of micropro-
cessorandchipset. The conceptof integratingwhole systemon a
chipis fastgaininggrounds.Quick floorplanpredictorsareneeded
in thisdomainasmary differentcombinationsxist for chipsetslt
is predictedhattheperformancemprovementin deepsub-micron,
for the existing fabricationtechnologieswill come mainly from
architectureandcircuit [26]. Floorplanpredictorsthat canassess
viability of a chip atthe architecturalevel areneeded.Fastfloor-
plan predictorswill help the architectsto decidethe featuresand
theirimpacton layout.

Prediction methodscan broadly be classifiedinto statistical
and constructive Major work on prediction has beentowards
statistical prediction. Wirelength estimationhasbeenstudiedin
[5][8][11][6][29] [23][25][10][19]. Kahnget. al. [2] discusghree
basictypesof wirelengthestimations a priori estimationis pre-
dicting wirelengthof layoutin adwance,a posteriori estimationis
usedwhen for a fixed placementpost-routingwirelengthis pre-
dictedand online estimationattemptsto predictwirelengthasthe
hierarchicallayout progresses.Rents rule hasbeenextensiely
studiedandusedfor statisticalestimatior{24] [9][28]. Otherworks
relatedto wirelengthestimationhave beene.g., MST-based12],
Bounding Box basedmethods[2]. Kahnget. al. [2] propose
new boundingbox estimatorgor on-linewirelengthestimatiorand
wirelengthestimatorausingpureanalytictechniquesTheproblem
with statisticalpredictionis thatcircuitsarenothomogeneou<Cir-
cuitshave beendesignechierarchicallyandhave high connectiity
atlow level. Thesefeaturesaredifficult to modelstatistically

Constructie prediction(algorithmicheuristics)hasbeengiven
very little attention. General guideline on constructive pre-
diction was outlined in SLIP’99 positional statementf21]. In
this work we presentconstructve predictionof floorplan metrics
(area/wirelengthcost metric). Our claim is that fast algorithms
can exploit the featuresof the systemto act as betterpredictors
andeventuallyasconstructorsThe difficult thing in floorplanning
is shape-managemefwhich SimulatedAnnealingdoesperfectly).
Flexibility in representationf moduleseduceshapenanagement
andlets oneconcentrat®n otherobjectves (wirelengthetc.). We
proposea fastalgorithmasa predictorbasedn modificationof ex-



istingtop-davn hierarchicapartitioningapproacho floorplanning.
We alsoshaw thatthe predictorcanbe extendedto actasconstruc-
tor whenmoduleshave high shapdiexibility . Having constructie-

predictoras the constructorenablesone to control and guide the

solutionquality moreeffectively, a privilege that statisticalpredic-
torslack.

Therestof thepapetis organizedasfollows. We presenteveral
relevant definitionsin Section2. Section3 presentseveral mod-
els of flexibility. Variousheuristicsassociatedvith our approach
have beendiscussedn Section4. Section5 givesanoutlineof our
algorithm. In Section6 we discusshe time compleity of the al-
gorithm. Section7 discussesur experimentaketupandresultsfor
predictionand construction. We presentconcludingremarksand
directionfor futurework in Section8.

2. DEFINITIONS
In this sectionwe presentdefinitionsrelatedto our work.

2.1. Flexibility

Flexibility , f, asthe termindicatesis a measureof how flexible a
moduleis, in termsof shapeand numberof representationsThe
moreflexible a modulebetterarethe chancesf obtaininga com-
pactfloorplanor in otherwordsmoresaving in dead-spacelntu-
itively we cansaythatif we have moduleof infinite flexibility then
we canobtainfloorplanswith zerodead-space.
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Figure 1. Shapecurve of a flexible module

The shapecune for a flexible module[3][36] is shavn in Fig-
ure 1. We did someexperimentswith TimberWolf to analyzethe
shapecurve of somemodules.We had TimberWblf placea cluster
of cellsin rectangulaareaswith varyingaspectatiosandobsered
the width/heightrelation of the final placement.From our exper
imentsand somereal dataon flexible modules[20], we obsered
that the shapecurwe is almost constant,i.e., width.height =
constant £ X%, whereX generallyvariesbetweerb - 10 %.

2.2. SlicingTree

A slicing tr eeis the binary treerepresentationf a sliceablefloor-

plan. Theleavesof thetreecorrespondo modulesandaninternal
nodedefineshow its child floorplansarecombinedo form a partial
floorplan.Basedon the type of internalnodewe definethreetypes
of slicingtrees.

2.2.1. Emptyslicingtree

As the nameindicates an emptyslicing treehasvacantinternal
nodes,i.e., thereis no cut or orientation(relative position of the
children)associatedvith theinternalnodes.

The floorplan for an empty slicing tree has just the posi-
tional information of the modules. No decisionis yet madeon
how thesemoduleswill combine(vertical/horizontal}to produce
(sub)floorplan An exampleis shavn in Figure2.

2.2.2. Cut-basedlicingtree

Eachinternalnodeof a cut-basedslicingtreedenoteghe cut of
thechildrennodeg(vertical| or horizontal—). Thereis acomplete
freedomon the orderingof thechild nodes.

The correspondindloorplanhasonly the cut information. The
orderin whichmoduleswill beplaced(left/right for verticalsizing,

Modules

An Empty Slicing Tree Corresponding floorplan
Figure2. An Empty Slicingtree

Corresponding floorplan

A Cut-based Slicing Tree
Figure 3. Cut-basedslicing tree

top/bottomfor the horizontal)is notyetfixed. Figure3 shaws such
aslicingtree.

2.2.3. Orientedslicingtree

The orientedslicing tree is an extensionof cut-basedslicing
tree wherein addition to the cut the relative position (left/right,
top/bottom)of thechildrennodesfor aninternalnodeis alsofixed.
Wefollow thecorventionthatfor theverticalcut, left childis placed
left andright child is placedright. For the horizontalcut, left child
is placedon thetop andright child onthe bottom.

N\

Corresponding floorplan
Figure 4. Oriented slicing tree

The correspondindloorplanis completeasfar asthe positions
andthe relative orderingof the modulesare concerned.Oriented
slicingtreeandthe correspondindloorplanis shavn in Figure4.

An Oriented Slicing Tree

3. MODELING FLEXIBILITY

Enlistedbelov are somemodelsto calculateflexibility of a mod-
ule. As we shall seein the next section,an accurateassessmeruf
flexibility of amoduleis importantfor ourwork.

3.1. Basedon maximum dimensionsof the module

We assumethat we have an orderedlisting of representationsf
modulesji.e., w1 < w2 < w3 < ... < wn and h1 > ho >
hs > ... > hx whereN is the numberof distinctrepresentations
of themodule.

Onecansaythatflexibility in width is

Fwidth = Wmaz [Wmin
andflexibility in heightis
fheight = hmaz/hmin
And total flexibility is
fmazD = fwidth + freight

Thereare several shortcomingsf this model. One caneasily
comeup with exampleswhereamodulewith only few distinctrep-
resentationss estimatecasmoreflexible thanonewith morenum-
berof representations.



3.2. Basedonincrementalsum

This model calculateghe ratio of width and heightof successie
representationandsumsthemall to obtainflexibility

N N
foveratt = Z wit1/w; + Z hi/hit1
i—1 i=1

Thoughthis modelfaresbetterthanthe previous onein terms
of giving afairly accuratepictureof flexibility but failsto take into
accounthenumberof distinctrepresentationdy, of themodules.

3.3. Flexibility asa function of incrementalsum and number
of distinct implementations
Whatis neededs somekind of flexibility functionFwhichdepends
on fovev"all andN.
F(foverall: N)

We also needto definea transitive relationon this functionto be
ableto saythatonemoduleis moreflexible thantheother i.e.,

Fl(fove'rall; N) Z FZ(foverall: N)

Also thepropertyof sum‘+’ needgo bedefinedon this functionto
beableto sumtheflexibilities of themodulesj.e.,

F3(fave7‘all; N) = Fl (foveralla N) + FZ(foverall: N)

In generalt is difficult to comeupwith auniqueflexibility function
whichwill satisfytheabove two propertiesor all thecombinations
of modulesandtell us with certaintyaboutthe flexibility of ary
module.Theproblemlies morewith trying to defineflexibility asa
numberthanwith thefunctionitself.

For ourwork we have chosertheflexibility functionto be

F(fove’rallyN) = fm)e’rall-N

Thisfunctioncanassestheflexibility of amodulewith fairamount
of certainty

We will shav theapplicationof thesemodelsonthree2x6 area
modulesvheremodulelhasarigid (rotatable?x6, 6x2representa-
tions; module2has2x6, 4x3, 6x2 representationandmodule3has
2x6,3x4,4x3,6x2 representations.

Table 1. Comparing the modelsof flexibility

moduleno. fmamD foverall F(foverall, N)
modulel 6 12
module2 6 7 21
module3 6 8.67 34.67

As is clearfrom the datain Table 1 f,,..p doesnot truly re-
flect the flexibility of the module. A modulewith mary represen-
tationsis estimatedo be having the sameflexibility asthe rigid
one. foverqu thoughbetterthanthe previous onefails to take into
accountthe numberof distinct representationsf the moduleand
flexibilities asestimatedy it areerrorprone.Thelastoneis based
on the functionalrelationshipbetweenf,yerqi: @ndN. The func-
tion choserby us, foyerau-N, cantell with fairamountof certainty
abouttheflexibility of variousmodules.The slight changen flex-
ibility is reflectedasa large changein the numbercorresponding
to that. Addition of evenoneextrarepresentatiosontrituteslarge
to the flexibility number We have experimentedwith thesethree
flexibility modelsandindeedthelastone, foyerqaii-N, produceghe
bestresults.

4. PREDICTION HEURISTICS

In the previous sectionwe discussedhow to obtainagoodmeasure
of flexibility of amodule.In this sectionwe discusselatedheuris-
tics which male predictionmore effective. Theseheuristicsare
addedto an existing top-davn hierarchicalpartitioningapproach,
discussedn Section5.

4.1. Balancewith respectto areaand flexibility

After obtainingameasuref theflexibility of amoduleit isimpera-
tiveto balancethetwo partitionswith respecto areaandflexibility .
Balanceon areahelpsin saving dead-spacandbalanceon flexibil-
ity helpsshape-managemehy pairing up rigid moduleswith the
flexible ones.

Theobserationis thatcombininga flexible modulewith a rigid
oneis betterthancombininga rigid modulewith anotherrigid mod-
ule.

flexible modules rigid modules

Figure5. Partitioning basedon areabalancing

This argumentis bestexplainedby Figure5. We partition the
four modulesinto two regions,oneregion hasall the flexible mod-
ulesandthe otheronehasall therigid modules.Thoughthesetwo
partitionsarebalancednareawewill getalot of dead-spaceven
if we take alot of carein balancingareaon further partitions. As
is evidentfrom thefigure,theright half will resultin alot of dead-
space Thoughthe modulesn theleft half will combineto produce
a compactpartition, the overall effect will be a badfloorplanbe-
causeof theright half.

Figure6. Partitioning basedon flexibility plus areabalancing

Now considerthe casewherethetwo regionswerebalancen
flexibility andareaasshavn in Figure6. Herehalf of the flexible
modulesareon onesideandhalf on the other As is evidentfrom
thefigure, therigidity of therigid moduleis annulled(may not be
fully) by theflexibility of theflexible module.The overall effectis
amuchbetterfloorplanthanif we hadbalancedvith respecto area
only.

4.2. Sizing Theoremand Wir elength

Althoughareamanagemernis important,we alsoneedto consider
wirelength for wirelengthcloselymodelsroutability [30]. We first

presentour lemmaon sizing which forms an extensionof the fa-

moussizingtheoren18][27] “given two subfloorplanspnewith s

andthe otherwith ¢ implementationshenthe combinationhasat

mosts + ¢t — 1 non-redundanimplementations” Theimplemen-
tationsof amodulearenon-redundanif for ary pair of implemen-
tationsi andj of the moduleeitherof theseis true: w; < w; and
h; > h; orw; > wj; andh; < hj, wherew; andh; arethewidth

andheightof 4¢th implementation.

Lemma : For any cut (vertical or horizontal) the set of
non-redundant implementations of the combination contains
all the minimum centerto-centerwir elengthimplementations.

Proof: Weconsidewerticalsizing(horizontalsizingfollowsasym-
metric agument)asshavn in Figure7. Supposehe possibleim-
plementation®f the modulesA and B are (a1,b1), ....., (as, bs)
and(z1,y1),....., (¢, y:), respectrely. We canassumethat the
setsaresortedsuchthata; < a;+1 andb; > b; 1 fori =1,....;s
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Figure 7. A non-redundant combination contains better wir e-
length

andsimilarly for z;s andy; s. Let usexaminetheimplementations
of the combinationof A and B. Let (a;,b;) and(z;,y;) bethe
pairsselectedo implementA and B respectrely. Thedimensions
of the combinatioraregivenby (a; + z;, maz(b;, y;)). Consider
thecasewhereb; is thedominantheight,thatis, maxz(b;, y;) = b;.
Considenall pairs(z, yx) with k& > j. It is clearthatall choicesof
(ai,b;) and(zk, yx ) areinferior becauséa;, b;) and(zg, yx) will
not decreasehe heightbut will increasethe width. Thus,in the
casewhenb; is the dominantheightof(a;, b;) and(z;, y;), all the
implementationsf (a;, b;) and(z, yx) canbeignoredfor k& > j.
This way we have generatedhe non-redundantvidth and height
implementation®ef the combination.

Thusfar we have notincludedwirelengthof the combinationof
the pair (a:, b;) and(z;, y;) whenchoosingnon-redundanimple-
mentations. It may so happenthat a redundantwidth and height
implementationpair (a;, b;) and(zx, yx) with & > j, hasbetter
centerto-centemwirelengththanthenon-redundarpair (a;, b;) and
(z4,y;). Inthefollowing discussiowewill prove thatsuchathing
cannothappenThatis, thecombinatiorof (a;, b;) and(z;, y;) has
bettercenterto-centerwirelengththan the redundanipair (a;, b;)
and(zx, yx ). For ourwirelengthmodel(centerto-centerEuclidean
distance)the distancebetweenthe centersof the non-redundant
pair (a;, b;) and(z;, y;) is (25%)? + (%3%1)2 andthatbetween
the redundanipair (a;, b;) and (z, yi) is (454 )2 4 (%tee)?,
Sincey, < y; andzr > z; the centerto-centerwirelengthof
theredundantombinatioris greatethanthatof thenon-redundant
combination.However, it is still possiblethatthe redundantom-
binationof (a;,b;) and (zx, yx) hasbetterwirelengththansome
othernon-redundantombinationsay (a;, b;) and(xm, ym ). Our
claimis thatevenin suchcaseswve cansafelydiscardthe combi-
nationof (a;, b;) and(zx,yx). The agumentis thatevenif the
redundanpair (a;, b;) and(zx, yx) hasbetterwirelengththanthe
non-redundarpair(a;, b;) and(x,, y ), wehaeanon-redundant
combination(a;, b;) and(z;, y;) which hasbetterwirelengthand
width/heightthanthe redundanpair (a;, b;) and(zx, yx). Hence
we candiscardthepair (a;, b;) and(zk, yx) from ourlist of imple-
mentation®of the combinatiorof modulesA andB. O

Hencewe needto retainonly non-redundanareaimplementa-
tionsasgiven by the sizingtheorem.Sucha list of non-redundant
implementationsontaingall theminimumwirelengthsor thecom-
bination. The proof caneasilybe extendedo BoundingBox based
wire models.

Note that this proof is valid only whenwe are combiningtwo
modules.Thatis, this wirelengthminimizationschemeby retain-
ing non-redundarimplementationgs atbestalocalone.For global
wirelengthminimizationwe maystill needto retainall the s x ¢ im-
plementation®f the modulesA and B. However, it is easyto see
thatsucha choicewill resultin exponentialgrowth in the number
of implementation®f the final floorplan. For our work we arere-
taining the non-redundanimplementationst all levels of sizing.
Thatis, evenwhen combining two sub-floorplans (eachof these
may itself be a combination of several modules)we retain only
the non-redundantimplementations

4.3. Determining the Cut-Orientation

The major bottle-neckof ary hierarchicalfloorplanningapproach
is how to decideon the cut (horizontalor vertical). Thereareser-

eral possibleways of combiningmodulesin the systemand till
now thereis no universallyagreedupontechniqueor that. A most
commonpracticeis to pre-decideon the cut-orientation However,
this techniqueoverlooksthe importanceof exploring the various
cut possibilities. The commonlyusedtechniquesof retainingthe
cutwhich producedeastareafor the combination”cannotbeused
with flexible modules We proposdollowing heuristicfor deciding
the cut-orientatiorof a combinatiorof flexible modules.

Choosethe cut-orientation which makesaspect-ratio of the
combination closerto 1

The equivalentaspect-raticof a flexible moduleis the product
of theaspect-ratiosf its individualimplementationsilt is nothard
to seethat the equivalentaspect-ratiof a highly flexible module
will bealmostl.

Themotivationfor desiringtheaspectatioto becloserto listo
reduceheperimeterof thefinal floorplan.A squareshapednodule
will obviously have lessemperimeterthana rectangulamoduleof
samearea.We evaluatethe equialentaspect-ratiof the combined
modulefor bothhorizontalandverticalcutandretainthatcutwhich
givesanaspect-ratiecloserto 1.

4.4, Length Minimization by Swapping Sub-floorplans

Ourmodelof lengthestimationis basednthecenterto-centelEu-
clideandistancebetweernthe modules. Samemodelis beingused
in the SimulatedAnnealing[Wong-Liu] [33] floorplannerthat we
usefor comparingourresults.

The bi-partitioningapproachmay itself at timesaid in increas-
ing thewirelength.Thiskind of situationariseshecausefterinitial
partitioningthe sub-partitiondehae asindependenpartitionsand
have no constrainbnwherethe connectednodulesn thetwo sub-
partitionsbe placedto minimize the wirelength. The situationis
bestdepictedin Figure 8 wherethis independenpartitioninghas
put connectedmodulesin diagonally oppositeblocks. One can
loosehighly onwirelengthif thishappengor severalsub-partitions.

e
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Figure8. Bipartitioning may pushsomeconnectedmodulesfur -
ther apart

We proposefollowing Partition-Swappingheuristicwhich can
be utilized as a post-processingtepto correct(may be partially)
suchundesirablesituation.

Recursively swaptwo sub-floorplans (a top-down approach)

A
Ty

i

connected modules placed far apart

bo] [

swapping two sub-floorplans

Figure 9. Swappingtwo sub-floomplans

The procedureis shavn in Figure 9. Theideais to swap the
sub-partitiongstartingfrom top), retaintheconfiguratiorthatgives
wirelengthimprovementandproceedo lower sub-floorplansThis



may leadto substantialvirelengthimprovementgattimes30-40%
improvementwasobsenred).

5. A PREDICTION ALGORITHM

1 Partition (G,Vo,go)

2 # Gisthenetlistconnectiity

3 # Vy arethemoduleswith groupgo

4 # go isgroup0 (initial group)

5 g0 — (91,92)

6 # groupgo splitsinto g; andg»

7 Ar ea+Fl exi Bal ance( Vo, g1, 92)

8 = Vo = (V1,Va)

9 # hMetisusedto partitionwith area

10 # andflexibility of thetwo halvesbalanced
11 Partition (G, Vi1, g1)

12 Partition ( G, V2, g2)

13 # recursiely partitionV; andVx till we
14 # reachthebasicmodulesny andma

15 Cut-orientation( listy, lists)
16 # list1 istherepresentatiotist of m
17 # listo istherepresentatiotist of mo

18 listVert <« vertical Cut (listy, lists)
19 listHori < horizontal Cut (lists, lists)
20 return best(listVert,listHori)

21 # cutheuristicdiscusseaarlier

22  Wireimprovemen{ subf | oor pl an)

23 leftHal f <« |eft(subfloorplan)

24 rightHal f <« right(subfloorplan)
25 Swap(l eftHal f, rightHalf)

26 i f(inprovenent)

27 —> retain the configuration
28 Wre inprovenent (leftHalf)

29 Wre inmprovenment (rightHalf)

30 # recursvely applyWire improvement

Our algorithmis basedon hierarchicallypartitioningthe circuit
in atop-davn fashion.In the process/arioussizingandwirelength
improvementeuristics(discussedn previous section)areapplied
to obtainareasonablyccuratdloorplanin termsof areaandwire-
lengthcost. ThealgorithmhasthreemainphasesThethreephases
demonstratéhe building up of the floorplanthroughslicing trees,
from emptyto cut-basedo oriented.

5.1. Hierarchical Partitioning Phase

The circuit is recursvely bi-partitioned using a variation of
Fiduccia-Matthgses min-cut heuristic[7] called hMetis Hyper
graphPartitioner[13]. The basicideabehindusingmin-cutbased
partitioningis to minimize the connectiity betweerthetwo parti-
tions (arestrictionimposedby the factthatwirestake a substantial
portionof the chip area).While partitioningwe needto ensurethat
thetwo halvesarebalancedvith respecto areaandflexibility. In
Sectiond we madeseveral obserationswhich justify the needfor
distributing flexible modulego ensurahatrigid modulegyetpaired
with flexible ones.

5.1.1. UsinghMetisasthepartitioner

hMetisis asoftwarepackagdor partitioninglargehypegraphs.
The algorithmsin hMetis (basedon multilevel hypegraph parti-
tioning) reducethe size of the graph (or the hypegraph)by col-
lapsing verticesand edges,partition the smallergraphand then
constructa partitionfor the original graph. Thesehighly tunedal-
gorithmsallow hMetisto quickly producehigh-qualitypartitions.

Sincewe areusingthelibrary functionsprovided by the hMetis
packageit is difficult to have both areaand flexibility balancein
the samehMetisrun. Insteadwe run area-balancetMetis several
timesandchoosehe mostflexibility balancedunfrom these.

rigid

rigid
=—=

flexible modules

o distributgd evenl
rigid on ohe side e‘ Y
flexible on other :

Figure 10. Distrib uting flexible modules to minimize dead-
space
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5.2. Decidingthe cut-orientation

While recursvely partitioningthe circuit, assoonaswe reachthe
sub-floorplanconsistingof two moduleswe decideon the cut-
orientationof this sub-floorplanbasedon the heuristicsdiscussed
earlier Thusdecidingthe cut-orientatiorof the nodesproceedsn
abottom-upfashion.

In true sensethe two phasespartitioningandcut-deciding are
coupled. We arebuilding the emptyslicing treeandthe cut-based
slicing tree at the sametime. Thetop-davn partitioningbasically
builds theemptyslicing treeandthe bottom-upsizingtransformst
to a cut-basedne. The cut-basedslicing tree thus obtainedhas
sizing information but the relative orderingof the modules/sub-
floorplansis still undecided.

5.3. Wirelengthlmpr ovementPhase

Thecut-basedlicing treehasa default orientation(arbitrary). The
final floorplanmay itself have multiple non-redundanimplemen-
tations. For ary suchimplementatiorthe sizesof the subsequent
sub-floorplans/modulesre unique. This phasedoesthejob of as-
signingorientationto the internalnodesof the slicing tree so that
thewirelengthof the systemgetsminimized(for a particularfloor-
plansize).

Theslicing treeobtainedafterthe partitioningandsizing of the
nodesis a cut-basedone. Till this stepwe do not considerthe
orientationof theinternalnodes.Thelengthminimizationheuristic
is basicallytrying the variousorientationsof theinternalnodesin
a greedyfashion(we always retainthe currentbestand move to
subsequergub-partitionsjo improve onthelength.

Y
Figure 11. Slicing tr eewith default orientation

A typical situationthat may arise becauseof the independent
partitioningis shavn in Figurel1. Herethetwo connectedanodules
X andY have beeninadwertentlyputatalargerdistancebecausef
theindependenpartitioningdiscussecarlier

Figure 12. Orientation asweimprove on length

By swappingproperinternalnodeswe cangetrid of suchsitu-
ations.Of courseary suchsequencés retainedonly if it improves
the overall length. Theresultingoriented slicing treeis shavn in
Figurel2.



6. TIME COMPLEXITY OF THE ALGORITHM
Thealgorithmhasfollowing majorsteps,

6.1. Populating the data structures

With anefficientuseof datastructureshepopulationtimeis guided
by the numberof (hyper)edgeghyperedgéds definedasthe edge
with two or moremodulesconnectedo it) in the systenmn.. Con-
sideringthefactthatnumberof modulesin eachhyperedges gen-
erally muchsmallerthanthe numberof hyperedgegself, thetime
requiredfor populatingour graphdatastructures O(K.n.) where
K is afactordependenbn numberof modulesconnectedo each
hyperedgd K is normallybetweer2 and4).

6.2. Recursive bi-partitioning using hMetis and sizing

FM hasbeenshavn to behaving alineartime compleity O(t) [7]

wheret is the numberof terminalsin the system. SincehMetis
alsoemplg/s FM asits partitioner the analysisof time compleity

remainsthe same(other partsof hMetis partitionersuchas clus-
tering have linear time compleity). For slicing treethe heightis

O(log(n)), wheren is the numberof modules/ertices. Hence
the contrikution of recursve bi-partitioning to the complity is

O(n.log(n)). ThereareO(n) internalnodesn thetreewhichneed
to besizedandtheir orientationseedto bedecided If m is theav-

eragenumberof implementationgor a modulethenthetime com-
plexity of sizinganddecidingon the orientationof internalnodes
is O(mn.log(n)).

6.3. Length minimization

We traversedown the slicing treeandtry the swappingat eachin-
ternalnode. After ary suchswap we needto fix up the shapesf
thenodesaffectedby theswap. Thisinvolvessizing of the affected
nodegoo. Thecompleity of suchanoperatioris O(mn.log”®(n)).

7. EXPERIMENTAL SETUPAND TEST CIRCUITS

For our work we have chosennine circuits (ind1, ind2, hway2,
fract, primZ1, prim2, primLlsmall, prim2.smalll,prim2.small2and
prim2_.small3). Thedetailsaboutthe numberof modulesandedges
in the circuitsaregivenin Table2. The modulesin our floorplan
circuitsarethe clusterof cellsfrom the circuitsusedin placement.
We usedTimberWblf1.4.0to placetheseclusterof cellswith vary-
ing aspect-ratioo generateshapedgor the modules.The datafor
the shapeand size of the flexible moduleswere generateased
on the shape-curg givenin Figurel. The flexible modulesin our
floorplancircuits have aspect-ratiosangingfrom 3 to 1/3. Each
floorplancircuit hasfour differentpercentagesf rigid modulesin
the system(From10% to 50%. ind1 (10) impliesthatcircuit ind1
has10%rigid modulesn it).

Table 2. TestCir cuits

circuit #of modules| #of edges
Indl 2
na? il 20
hway? 73 67
fract 149 147
primIsmall 252 553
primI 750 830
prim2_smalll 98 1470
prim2_small2 186 1482
prim2_small3 268 1536
prim2 2907 2961

Table 3. Comparing our implementation of Wong-Liu with
TimberWolf

circuit Wong-Liu Timberwolt
area | time(s) | _area | time(s)
ind1(10) [ 10400 177 11858 156
IndZ(10) | 26376 915 28322 863

SimulatedAnnealing floorplanner[Wong-Liu] [33] has been
usedfor comparingthe quality of our algorithm. We alsocompare

the quality of our Wong-Liu floorplannerwith Timber\Wolf1.4.0
floorplanner Sincethe wirelengthmodelsof the two are differ-

ent,we compareareaandrun-times.It turnsoutthatour Wong-Liu

SimulatedAnnealingfloorplanneris asfastas TimberWolf Simu-
latedAnnealingfloorplannerandthe arearesults(TimberWolf pro-

ducesa largerareabecausét leavessomespacebetweermodules
for routing channelsor pad spacing)are comparableas givenin

Table3. Themainmotivationfor comparisorwith TimberWolf has
beento make surethatourimplementatiorof Wong-Liufloorplan-
neris fastandof goodquality whencomparedo other Simulated
Annealingimplementationgwe arereportingresultsfor only two

of thetestcircuits). All the experimentsawerecarriedout on Ultra

Sparcs machine.

In generalobtainingminimal valuesfor all the objectives (area
andwirelengthetc.) of a multi-objective optimizationproblemis
difficult. For agivenfloorplanningproblemtheremayexist several
optimalfloorplanswith differentareaandwirelengthcombinations.
A commonlyusedmetricfor assessinfoorplanqualityis area +
Awirelength, where) is abalanceactor

We experimentedwith several valuesof A, betweenl/2 and
1/4, andfound out that our predictionwas consistenwith thatof
Wong-Liu floorplanner We arereportingresultswith A having a
constantalueof 1/2 sothatwe cancomparethe two approaches
in astraightforward manner

The resultsof SimulatedAnnealing[Wong-Liu] floorplanner
our predictorandconstructoraregivenin Table4 (we alsopresent
theresultsin form of barcharts Figure13). Thefirst columnof Ta-
ble 4 givesthenameof thecircuitandthenumbeiin theparentheses
tells the percentagef rigid modulesin thatcircuit. The floorplan
metric(area + A\.wirelength) for theWong-Liufloorplannerpre-
dictor andconstructoris given underthe column“cost”. “% diff”
columngivesthe percentagdy which our predictorandconstruc-
tor differ from Wong-Liu cost. “Speedup”columngivesthe factor
by which our predictorand constructorare fasterthan Wong-Liu
floorplanner

In the following subsectionsve discussthe resultsassociated
with our predictionandconstruction.

7.1. The Algorithmic Predictor

In the previous sectionswe have discussedour algorithm and
heuristicso malke Partitioningbased-loorplanningnoreeffective,
the objective beingareaandwirelengthminimization. Our claim
is (andthe resultsshaw) that Partitioning basedFloorplanningis
avery goodandfastpredictorof systemmetrics(area-wirelength)
andgetsbetterasthe shapananagemenjetseasietby

e increasedwumberof soft modules/IPs.

e numberf modulesncreasesSothatareamanagementf one
modulebecomedessrelevant.

Theresultsaregivenin Table4. As is clearfrom theresultsthe
quality of our predictorgetsbetterwith anincreasan the number
andflexibility of modules.It canbe obsered, in generafor both
Wong-Liu and Predictor that the floorplan metric startsworsen-
ing with increasean the percentagef rigid modulesin the system.
However, evenwith varyingpercentagef rigid modulesin thesys-
tem, thefloorplanmetric aspredictedby our modifiedpartitioning
basedapproachs almostalwayswithin £10% to thatby Wong-Liu
SimulatedAnnealingfloorplanner The real gainis evidentwhen
we comparehe speed.Our predictoris on the averagel000times
fasterthanWong-Liufloorplanner

7.2. Extending our Predictor to Constructor
Till nov wehave concentrategrimarily onthepredictionof system
metricsby fastfloorplanning. Whatis importantin floorplanning
with easedshapemanagemer
e |t is notimportantto properlyfit all the moduledrom thevery
beginning, like annealingloes.
e It is importantto avoid long wires (obviously bad for the
lengthandotherobjectives,suchascongestion).



Table 4. Comparing our Predictor and Constructor with Wong-Liu floorplanner. **:  For prim2 no resultscould be obtained even
after 80 hours of Simulated Annealing

th(o (0} rlgld) Wong-Liu Predictor Constructor
CoSt | time(s) COSt U6 diff | ime(s) | speedup|  Cost Yo diff | tme(s) | speedup
ind1(10 12039 177 13256 10.11 0.3 590 12182 1.18 .6 21
ind1(20 12168 173 12871 5.78 0.3 577 12324 1.28 7.5 23
ind1(30 14971 122 18535 23.8 0.3 407 15400 2.86 5.9 21
ind1 (50 16033 88 19935 24.34 0.3 293 17578 9.64 5.1 17
IndZ (10 31010 915 31703 2.23 0.9 1017 30856 -0.50 46.5 20
ind2(20 32293 933 33711 4.20 0.8 1166 32242 -0.16 42.2 22
ind2(30 32705 956 34011 3.84 0.8 1195 31368 -4.10 494 19
ind2 (50 33874 644 36327 7.24 0.8 805 34389 1.52 24.9 26
hway?2 (10) 70571 3420 71981 2.00 1.7 2011 69611 -1.36 194 18
hway?2 (20) 71838 3515 73390 2.16 1.7 2068 70448 -1.93 183 19
hway?2(30) 72274 3524 75530 4.50 1.6 2202 71900 -0.51 210 17
hway?2 (50) 77653 2564 80273 3.37 1.6 1602 78696 1.34 105 24
fract (10 131431 15651 129187 -1.7 45 3478 128388 | -2.32 897 18
fract (20 137044 | 12803 139125 1.52 4.6 2783 130984 | -4.42 704 18
fract(30 137084 14694 140192 2.27 4.6 3194 135869 | -0.88 723 20
fract (50 144072 9268 152436 5.81 4.7 1972 145392 0.91 549 17
prim1(10) 831329 | 110491 | 863012 3.81 40.0 2762 832365 1.20 4629 24
primI(20) 867690 | I00010 | 864245 -0.4 39.4 2538 862657 -0.6 49171 20
prim1(30) 870456 [ 95299 881813 1.3 37.1 2569 871623 0.13 4214 23
primI(50) 897120 | 68303 957847 6.77 36.6 1866 931694 3.85 3617 19
primLsmall(I0) [ 221847 35537 238420 7.47 15.4 2308 222788 0.42 2184 16
primLsmall(20) [ 218440 35303 220704 1.04 15.3 2308 206426 5.5 2028 17
primLsmall(30) [ 219080 | 39221 215167 -1.8 15.8 2482 207357 -5.4 2142 18
primLsmall(50) [ 229675 27507 240214 4.60 15.4 1786 216396 -5.8 1772 16
prim2 (10) * * 4290382 * 660 * 3600380 * 67143 *
prim2(20) * * 5100415 * 652 * 4113471 * 61157 *
prim2 (30) * * 5403593 * 658 * 4367985 * 55498 *
prim2(50) * * 5802178 * 627 * 5128714 * 47902 *
primZsmall1(10) | 230703 | 11899 216478 -6.2 16.7 713 215193 | -6.72 455 26
primZsmall1(20) | 235694 | 11141 227186 -3.6 16.9 659 217542 | -7.70 439 25
primZsmall1(30) | 248317 9306 230093 -7.3 16.6 561 229349 | -7.64 411 23
primZsmall1(50) | 249489 | 7445 254568 2.03 16.5 451 248566 | -0.37 328 23
primZsmalli2(10) | 323017 | 38416 299704 | -7.21 29.8 1289 283188 | -12.33 | 1477 26
primZsmalli2(20) | 319897 | 30062 318005 | -0.59 30.4 989 301768 | -5.67 1389 22
primZsmali2(30) | 333313 | 29632 322356 | -3.28 29.7 998 308023 | -7.59 1506 20
primZsmalli2(50) | 354387 | 21045 344175 | -2.88 29.5 713 323188 | -8.80 1138 18
primZsmall3(10) | 500150 [ 69111 [ 443082 | -11.4 41.6 1661 437585 | -1251 [ 3795 18
primZsmall3(20) | 508492 | 62206 | 450918 | -11.3 414 1502 445128 | -12.46 | 3542 18
primZsmall3(30) | 502128 | 59607 | 467333 | -6.93 42.6 1399 445036 | -I11.15 | 3218 19
primZsmall3(50) | 531305 | 46333 510805 | -3.86 427 1085 500750 | -5.75 2864 16
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Figure 13. Bar-charts showing comparisonof Wong-Liu with our appraoch



e However, in asmallsubsebf thefloorplanningareamanage-
mentis important.

e We need partitioning early on and then needto switch to
length-areaoptimization at some point (use annealingfor
that).

We modify our predictor slightly to obtain a floorplan con-
structorevenbetterthanWong-Liu SimulatedAnnealingfloorplan-
ner We do Low TemperatureSimulatedAnnealingas the post-

processingon our predictorto obtain propershapemanagement.

Thepartitionerhasalreadydoneagoodjob of reducingwirelength.
With large flexibility in the shapesof modulesLow Temperature
annealingn the endwill furtherimprove thefloorplanby making
it morecompact.Theresultsaregivenin Table4. In almostall the
caseswe achieve a floorplanquality asgoodasor 5 - 10% better
thanthe Wong-Liu floorplannerand at the sametime achieving a
speedumf 20 ontheaverage.

8. CONCLUSION AND FUTURE WORK

As the designsizesgrow by leapsandbounds fasterpredictionof
systemmetrics gainsmore and more importance. Floorplanning
forms the early phaseof PhysicalDesign. Systemmetricsat the
floorplanninglevel are a good indicator of the quality of design.
Unfortunatelythe bestknown floorplanner SimulatedAnnealing,
is extremelyslow. In our work we have proposedan algorithmic
predictor of floorplanmetrics. Our work falls in the category of
constructive predictionwherewe actuallyconstructfastfloorplans
to estimatethe quality of final floorplan. We have shavn thatthe
existingtop-dawn hierarchicafloorplanningapproactcanbe mod-
ified suitably (throughwell definedheuristics)to obtainfastfloor-
plans.Our floorplanpredictoris almostthousandimesfasterthan
thetraditionalSimulatedAnnealingfloorplannerandthe prediction
erroris within 5 - 10 %. The quality of predictiongetsbetterwith
theincreasaén numberof modulesandthe flexibility in the repre-
sentatiorof shape®f modules.

In this work our primary focus has beenthe prediction of
area/wirelengtifioorplanmetric. Furtherwork in this directionwill
beto integratepredictionof othermetricslike congestiorandtim-
ing. We alsointendto handlepredictionunderconstrainedloor-
planningwhencertainmodule/pinlocationsarefixed.
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