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Recursivebisectionplacementalgorithmwiththepredictedwirelength
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Abstract:Toobtainabetterplacementresult, apartitioning-based
placementalgorithmwithwirelengthpredictioncalledHJ-Plis
presented.Anewmethodisproposedtoestimateproximityof
interconnectsinanetlist, whichiscapableofpredictingnotonly
shortinterconnectsbutlong interconnectsaccurately.The
predictedwirelengthisembeddedintothepartitioningtoolof
bisection-basedglobalplacement, whichcanguideourplacement
towardsasolutionwithshorterinterconnects.Inaddition, the
timingobjectivecanbehandledwithinthealgorithm by
minimizingthecriticalpathdelay.Experimentalresultsshow
that, comparedtoCapo10.5, mPL6, andNTUplace, HJ-Pl
outperformstheseplacersintermsofwirelengthandruntime.
Theimprovementsin termsofaverage wirelength over
Capo10.5, mPL6andNPUplaceare13%, 3%, and9%withonly
19%, 91%, and 99% oftheirruntime, respectively.By
integrating the predicted wirelength-driven clustering into
Capo10.5, theplacerisabletoreduceaveragewirelengthby
3%.Thetiming-drivenHJ-Plcanreducethecriticalpathdelay
by23%.
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P
lacementisanimportantstepintheoverallICdesign
processindeepsubmicrontechnologies.Alotofalgo-

rithms[ 1-2] havebeenproposedinthepast30 years, including
partitioning-basedmethods[3-5] , analyticalmethods[ 6] , iterative
methods, etc.Partitioning-basedplacementalgorithmsdeter-
minecelllocationsbyrecursivelydividinganinitialregion
withsuccessivebisections[ 3-4] orquadrisections[ 5].Advances
inpartitioningresearchhaveprovidedanumberoffastalgo-
rithmswhichproduceextremelygoodresults.
　Theplacementproblemcanbedrivenbydifferentobjec-
tives, suchastiming, routability, thermaldistribution, ora
combinationofthem.Theclassicalplacementobjectivefunc-
tionisthetotalwirelength, whichcorrelateswellwithglobal
routingresourcedemand.Interconnectionpredictionisvery
importantforearlyfeasibilitystudiesindesignflow.During
thepasttwodecades, differentwirelengthpredictionapproa-
cheshavebeenproposedbecauseoftheneedforearlyinter-
connectoptimizationinthedesignflowtoachievetimingclo-
sure.Rentsrule[7] hasbeenabasictooltoestimatethewire-
length[ 7-8] .InRefs.[ 9-11] , wirelengthsareestimatedbased
oncircuitcharacteristics.Mostoftheestimationtechniques
provideestimatesofjusttheaveragewirelength.Wedevelop
anindividualwirelengthpredictionbasedoncircuitcharacter-
isticstoestimatethewirelengthofalayoutdesigninadvance

beforeplacement.Infact, thefinalwirelengthsdependon
placementalgorithms.Wirelengthpredictionsthatareaccurate
foroneplacementalgorithmmaybeinaccurateforanother.In
ourplacementtool, thepredictedwirelengthasamainoptimal
objectiveisembeddedintoplacementflow.Experimentalre-
sultsshowthatthewirelengthsoffinalplacementcantrendto
predictedwirlengths.
　Inthispaper, weproposeanovelpartitioningbasedplace-
mentalgorithmforstandardcells.Themajorcontributionsof
thispapercanbesummarizedasfollows:
　1)Wefindthatthebasiccircuitcharacteristics(e.g.net
degreeandnetarea)andnodelevelcanbeusedtopredict
wirelengthsinthefinallayout.Theseprelayoutmeasuresdem-
onstrate good correlations with postlayoutinterconnect
lengths.Weproposetocouplethewirelengthpredictionswith
ourplacementflows.
　2)Inconventionalpartitioning-basedplacements, partitio-
ningtoolsaretypicallydonewiththemin-cutobjective.Inor-
dertoreducethelengthsofintra-clusterinterconnects, wein-
troduceanewobjectivefunctionthatincorporatesapredicted
wirelengthcomponentforpartitioningtools.Experimentsshow
thatwecanobtainabetterwirelengthresultwithlittlelossin
time.

Fig.1　Frameworkofourplacementtool

1　OverallofPlacementTool

　Fig.1 showsthatourplacementframeworkconsistsoffour
stages.Wepredictindividualwirelengthsforallnetsbasedon
circuitcharacteristicsinstage1.Instage2, wepartitionboth
thechipregionandthecircuitnetlistsrecursivelybyhorizon-
talandverticalcutlines.Inthepartitioningphase, wire-
length-drivenclusteringisperformedtoreducethewire-
lengthsofintra-clusterinterconnects.Afterclustering, forbet-
termin-cut, wirelength-drivenrefinementisexecutedwithout
lossofwirelengthquality.Thesubcircuitsafterpartitioning
　　



areassignedtorectangularbins.Abin-basedsimulatedan-
nealingisperformedtoimprovethecurrentplacement.Thefi-
nalstepsimplyspreadsoverlappedcellsandmakeslocalim-
provementstoobtainthedetailedplacement.

2　WirelengthPrediction

　Inthissection, weexplainourwirelengthpredictiontech-
niqueindetail.Acircuitnetlistcanbemodeledbyahyper-
graphH(V, E)withanode(cell)setV=狖vi i=1, 2,  , n狚
andahyperedge(net)setE=狖ej j=1, 2, , m狚.Eachnet

ejisasubsetofVwithcardinality ej≥2.Anedge(s, t)∈
ejisanoutputofsourcenodesandaninputofsinknodet,

whichisasubsetofthehyperedge.Thedegreeofthenodevi,
denotedbyd(vj), isthenumberofnetsincidenttoit.Thede-
greeofnetej, denotedbyd(ej), isthenumberofnodesinci-

denttoit.Eachnodeisassociatedwithanareacost,
area(vi).Netareaisthetotalareaofnodesbelongingtothat

net, namely, area(ej)=∑
vi∈ ej
area(vi).

　Individualwirelengthisdependentonthreefactorsinthis
paper:1)Thenetdegreeandthenetarea, whicharetheba-
sesofthewirelength;2)Theshapedistributionofanodelev-
el;3)Therangeofanodelevel.Wirelengthpredictionisper-
formedinthreephasesinwhichwecalculatethreedifferent
weightsforallthenetsaccordingtotheabovethreefactors.
Thefinalpredictedwirelengthisobtainedbycombiningthese
weights.

2.1　Basicwirelength

　Obviously, thenetwithalargernetdegreeandnetarea
tendstohavealargerfan-outrange.Itisintuitedthatlarger
fan-outnetsusuallycorrespondtolongernetlengths.Weuse
netdegreeandnetareaofnetasitsbasicwirelength.Thear-
eafactorofneteiscomputedby

A(e)=∑
vi∈ e

area(vi)

d(e)
(1)

　Thebasicwirelengthofneteisthecombinationofthearea
factorandthenumberofnodesbelongingtothenetandis
givenas

Lbasic(e)=1 +
A(e)
Amax

+
d(e)
dmax

(2)

whereAmaxisthelargestnodeareaamongstallnodes;dmaxis
thelargestnetdegreeoverallnets.

2.2　Shapedistributionofnodelevel

　Definelevel(v), thelevelofnodev, asthemaximum
topologicaldepthoveralldirectedpathsbeginningataPI
(primaryinput)andterminatingatnodev.num-level(v)is
thenumberofnodesatlevel(v).Fig.2showstheshapeofthe
rd73 circuitintheMCNC(MicroelectronicsCenterofNorth
Carolina)benchmark.InFig.2, thenumberofnodesatlevel
1 ismaximalandtheplacementtoolneedsmoresitesforthe
nodesatlevel1.Sothewirelengthofnetswithnodesatlevel
1 maydilateduringtheplacementphase.Thenetsconnecting
thenodeswithlargernum-levelswillhavelargerfan-outran-
gesinthefinallayout.ThefactorDNL(e)usedtomeasure

thedilatabilityduetotheshapedistributionofnodelevelsfor
netecanbecalculatedas

DNL(e)=∑
vi∈ e

num-level(vi)
d(e)

(3)

Fig.2　Shapedistributionofrd73

　Forexample, referringtoFig.3, num- level(x0 )=
num-level(u)=1, num-level(x1)=num-level(x2)=
num-level(x3)=num-level(x4)=5, num-level(x6)=
num-level(x7)=2.

Fig.3　Anexampleofnodelevel

　Then, wecanobtainDNL(u, x0)=1, DNL(u, x1 , x2)=
3.67, DNL(u, x3)= =DNL(u, x5)=3, DNL(u, x6)=
1.5, DNL(u, x7)=3.5.
　SinceDNL(u, x1 , x2)islargerthanothers, itindicatesthat
net(u, x1 , x2)hasastrongerdilatabilitythanothers.

2.3　Rangeofnodelevel

　Ifnodelevelsarewithinalimitedrange, thewirelengthof
theoutputnetwilllikelytobelessthanthatofanetwith
widelydistributednodelevels.Tocapturetherangesofthe
nodelevelsofnete, wedefinethefactorRNL(e)as

RNL(e)=∑
vi, vj∈ e
i≠j

level(vi)-level(vj)

d(e)
(4)

　Ifthenodesconnectingthenethavethesamenodelevel,
theRNLfactorofthenetis0.InFig.3, fromourdefini-
tions, RNL(u, x3)=1, RNL(u, x6)=2.Thatis, bythemet-
ric, net(u, x6)hasalongerwirelengththannet(u, x3).
NotethatsometimestheRNLandDNLareapproximately
orthogonal.WhentheRNLfactorofanetis0, theDNL
factorofthenetmaybeverylarge.
　Thepredictedresultoftheapex2 circuitisshownin
Fig.4.Inthesefigures, onthex-axisarenetidandonthey-
axisarenetlengths.Thesolidlinerepresentspredictedwire-
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lengths, andthepointsrepresenttheactualwirelengths(in
percentages)inthefinalplacementusingourHJ-Pl.The
shapedistributionofnodelevel, DNL, andtherangeofnode
level, RNL, inestimationofcircuitsarepresentedinFigs.4

(b)and(c).AsshowninFig.4, wirelengthsoflonginter-
connectsincreaserapidlywithanincreaseinRNL.DNLis
moreefficientforshortinterconnects.

Fig.4　Predictionresultsofapex2.(a)Lprevs.actualwirelength;(b)DNLvs.actualwirelength;(c)RNLvs.actualwirelength;(d)Con-
nectivityvs.actualwirelength;(e)Edgeseparabilityvs.actualwirelength

2.4　Individualwirelength

　Thewirelengthofnete, Lpre, isitsbasicwirelength

Lbasic(e)adjustedbyDNL(e)andRNL(e):

lpre(e)=a×Lbasic(e)×DNL(e)+b×Lbasic(e)×RNL(e)
(5)

Lpre(e)=
lpre(e)
lmax

(6)

wherea, bareparametersthatcontrolthetrade-offbetween
DNLandRNL;lmaxisthelargestlpre(e)amongstallnets.
　Mostproposedwirelengthpredictionshavepoorresults
forlonginterconnects.Figs.4 (d)and(e)arethepredicted
resultsusingconnectivityandedgeseparability[ 10-11] , which
arenotsensitiveforlongconnections.Fig.4(a)showsthat
ourapproachhasgoodpredictionsforlonginterconnects.

3　RecursiveBisection-BasedGlobalPlacement

　Recursivebisectionbasedplacementalgorithmsseekto
decomposeagivenplacementinstanceintosmallerin-

stancesbysubdividingtheplacementregion, assigningcells
tosubregions, reformulatingconstraintsandcuttingthe
netlist(seeFig.1).Thetop-downplacementprocesscanbe
viewedasasequenceofpasseswhereeachpassexamines
allblocksand, ifrequired, dividesthemintotwosmaller
blocksusingmin-cutpartitioning.Suchnetlistdecomposi-
tionistypicallydonewiththemin-cutobjective.Anovel
clustering-refinementmultilevelpartitioningalgorithm by
incorporatingamin-wirelengthobjectiveisproposedinthis
paper.Theglobalplacementalgorithmisasfollows:

　GLOBAL-PLACEMENT(H(V, E), Layout)//Q:the
queueofplacementbins
　Whilebinsizeisbigenough
　　 doQ※abin;
　　　 Choosea(horizontalorvertical)cut-lineforthe
bin;
　 Partitioningattemptstospliteachbinroughlyin
half;
　 Buildpartitioninghypergraphfromnetlistandcells
containedinthebin;
　 PartitionthebinintosmallerbinsusingWL-PAR-
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TITIONING(Hi(Vi, Ei));
　 //Hi(Vi, Ei)isasub-hypergraphofH(V, E)
　　　Q→eachchildbin;
　forallfinestbins//bin-basedoswapping
　　doswaptwobins;
　　　ifHPWLincreases
　　　thenundoswapping;

　WL-PARTITIONING(H(V, E))
　fore∈ E//clusteringphase
　　doiftheareaofpartition≤area-th＆＆thenumberof
allcells≤num-th
　　//area-thistheareathreshold;num-thistheminimal
specifiednumberofcellsafterclustering
　　　thenClusterthecellsofneteinanonincreasingnet
weightorder;
　Initialrandombisection;
　forv∈ partitionbounder//refinementphase
　　doComputegw=λLpre+(1 -λ)go;
　　　ChoosecellmoveaccordingtoFM-scheme;

3.1　Wirelength-drivenclustering

　Thenetsareinitiallysortedinanonincreasingnetweight
orderwhichiscomputedasthepredictedwirelength, Lpre.
Thenetsofthesameweightaresortedinanondecreasing
netareaorder.Then, thenetsarevisitedinthatorderand
foreachnetthatconnectscellsthathavenotyetbeen
grouped, thecellsaregroupedtogether.Thus, thisscheme
givespreferencetothenetsthathavelargeweight.Afterall
ofthenetshavebeenvisited, thegroupsofcellsthathave
beenmatchedarecontractedtogethertoformthenextlevel
coarsernetlist.Thecellsthatarenotpartsofanycontracted
netsaresimplycopiedtothenextlevelcoarsernetlist.

3.2　Timing-drivenclustering

　Inaddition, timingobjectivescanbehandledwithinour
algorithmbyminimizingthecriticalpathdelay.Thecritical
pathdelaycanbedeterminedbycomputingthearrival
time, iteratively, makinguseofthefollowingequation:

　ARR(t)=
0 t∈ PI
max
(s, t)∈ E
狖ARR(s)+d(s, t)狚　 otherwise(7)

whered(s, t)isthedelayofedge(s, t).Thecriticalpath
delayis

T=max
t∈PO
ARR(t) (8)

　Similarlywecanalsocomputetherequiredarrivaltime
foreachnodeusingthefollowingequation:

REQ(s)=
T s∈ PO
min
(s, t)∈ E
狖ARR(t)-d(s, t)狚　 otherwise

(9)

　Wecannowcomputetheslackvalueforeachedge,
whichmeasureshowmuchadditionaldelaycanbeaddedto
anedgewithoutincreasingthecriticalpathdelayofthe
wholecircuit.Theslackofagivenedge(s, t)canbecom-
putedas

slack(s, t)=REQ(t)-ARR(s)-d(s, t) (10)

whered(s, t)=r(s, t)(c(s, t)/2 +c(Tv)), c(s, t)=
(caw(s, t)+cf)l(s, t), r(s, t)=rol(s, t)/w(s, t), l(s, t)=
Lpre(e)/d(e).w(s, t), ca, cfandroarewirewidth, areaca-
pacitance, fringingcapacitanceandresistanceforunit-width
wire, respectively;Tvisthesubtreerootedatv;c(Tv)is
thecapacitanceofadc-connectedsubtreeinTvrootedat
Tvsroot.Finally, accordingtoEq.(10), wecanobtainthe
netweightwithtimingobjective:

weight(e)=1 -∑
(s, t)∈ e

slack(s, t)
smax

(11)

wheresmaxisthelargestslacksumoverallnets.Foroptimi-
zingtimingobjectives, asthenetweight, weight(e)instead
ofLpreisembeddedintotheclusteringphase.Thenetwith
smallslackwillbeprotectedbythetiming-drivencluste-
ring, whichcaneffectivelyminimizecriticalpathdelaydur-
ingplacement.

3.3　Wirelength-drivenrefinement

　Intherefinementphase, theFM algorithm[ 12] isusedto
reducethecutsize.WechangetheoriginalgainofFM by
introducingapredictedwirelengthobjectivetoreducethe
degenerationofthefinalwirelength.Thewirelength-aware
gainofFM swappingisgivenas

gw=λLpre+(1-λ)go (12)

whereλisaparameterthatcontrolsthetrade-offbetween
wirelengthandtheoriginalgainofFM, whichislessthan1
andlargerthan0.

3.4　Bin-basedswapping

　Afterclusteringforminimizingthewirelengthsofintra-
partitioninterconnects, bin-basedsimulatedannealingis
conductedtofindagoodlocationforeachpartitiontobe
placedin, thus, minimizingthetotalwirelengthbetween
bins.Therearethreetypesofmovesinbin-basedsimulated
annealing:horizontalswitch, verticalswitch, anddiagonal
switch.Thesemovesswitchtwoadjacentbins.

4　DetailPlacement

　Inthedetailedplacementstep, overlapsbetweencells
havetoberesolvedtoobtainalegalplacement.Whenpla-
cingcellstoremoveoverlaps, wehavetoconsidertwocon-
flictingfactors:thetotalwirelengthandthelegalityofre-
sult.Weuseagreedheuristictoobtainalegalplacement,
whilethelocalswappingtriestoreducethewirelengthof
theplacement.
　Afterglobalplacement, wedivideeachrowintheplace-
mentregionintoplaceablesegmentsbasedontheoverlapof
theblockageswiththerow.Wenowuseagreedyheuristic
tobringeveryrowintheplacementregiontowithinitsca-
pacitybymovingthestandardcells.Oncetherowshave
beenbroughtundercapacity, wemovethecellsamongthe
placeablesegmentstosatisfytheirrespectivecapacities.The
cellsarethenassignedtolegalpositionswithineachseg-
ment.
　Afteralloverlapsareremoved, greedylocalimprovement
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isperformed.Wetrytoswitchadjacentstandardcellstosee
iftotalwirelengthcanbeimproved.Thisstepwillcurethe
wirelengthlosscausedbytheblindcellspreadingstepof
legalization.Foreachrow, allthebinsfromlefttorightare
traversedandanattemptismadetoplaceinthebinonto
thesitearray.Ifthereareblockedsites, weignoreitandgo
totherightsideofthechunkofblockedsites.

5　Experiment

　OurplacementalgorithmisimplementedinCprogram-
minglanguageandcompiledwithgcc4.0 onaLinuxPC
withanIntelPentiumⅣ1.5 GHzCPUand768 MBmemo-
ry.Thesealgorithmsaretestedusingasetofbenchmarks
publishedinISPD2002, ISPD2005, ISCAS89 andPEKO.In
thefirstexperiment, wecompareHJ-Plwiththreewell-
knownacademicplacementtools, namelyCapo10.5[ 3] ,
mPL6[ 4] andNTUplace[ 13] .Moreover, thewirelength-driven
clusteringalgorithmisanindividualsoftpackagewhichcan

embedotheropensourcetools.Forthesecondexperiment,
weintegratethewirelengthclusteringwithCapo10.5dueto
itscodeavailability.Ourwirelengthpredictiontoolesti-
matesonlyHPWLinalltheexperiments.Forthelastexper-
iment, wecomparethetiming-drivenHJ-Plwiththeorigi-
nalHJ-Pl.

5.1　Comparisonwithotherplacers

　Forallexperiments, wegiveanaverageof10 runsand
usetheISPD2002 benchmarkswith20% totalwhite-space
andrandom padlocations.Thestatisticalinformationof
benchmarksislistedinTab.1.Tab.1 showsthatHJ-Plob-
tainsaHPWLimprovementof13% versusCapo10.5 and
is5.24 timesfasterthanCapo10.5.TheruntimeofCa-
po10.5 fortheibm16 circuitisverylong.HJ-Pl(WL)re-
ducesruntimeby10% and9% overmPL6 andNTUplace
with3% and1% shorterwirelengths, respectively.

Tab.1　TheresultingHPWLandruntimefordifferentplacers

Circuit #cell
HJ-Pl Capo10.5 mPL6 NTUplace

HPWL/(106μm) Time/s HPWL/(106μm) Time/s HPWL/(106μm) Time/s HPWL/(106μm) Time/s

ibm01 12 752 2.02 257.17 2.54 1 035.84 2.12 615.38 2.23 97.4

ibm02 19 601 4.24 315.32 5.63 1 585.57 4.63 765.09 4.74 165.1

ibm07 45 926 9.35 1131.41 11.13 1 656.26 9.68 1 707.49 10.24 993.8

ibm08 51 309 11.19 2 483.09 13.55 5 006.82 11.22 2 550.87 11.99 798.6

ibm09 53 395 12.19 2 153.11 14.33 1 983.73 12.08 2 777.82 12.30 959.8

ibm10 69 429 28.85 3 031.21 29.28 3 701.04 28.85 1 350.3

ibm11 70 558 17.80 3 069.43 20.02 6 835.09 17.43 3 569.79 17.79 1 644.9

ibm12 71 076 31.97 2 324.90 38.91 4 347.09 32.77 2 119.54 32.86 1 231.2

ibm16 183484 51.49 5 485.23 61.70 98 889.93 53.45 5 646.05 55.49 6 286.4

ibm18 210613 40.17 10 174.31 44.78 22 158.01 41.98 10 152.01 51.17 17 264.3

Ratio 1 1 1.13 5.24 1.03 1.10 1.09 1.01

5.2　IntegrationwithCapo

　 We integrate ourwirelength-driven clustering with
Capo10.5, whichisbasedonmin-cutplacementtech-
niques.Inaddition, thewirelength-drivenclusteringusing
Connectivity[ 10-11] isembeddedintoCapo10.5 asacompari-
sonwithourmethod.Tab.2 showstheresultswithoutand
withwirelength-driven clustering based onthePEKO

benchmarkwith10% totalwhite-space, uniformcellsizes,
andrandompadlocations, andtheISPD2005 benchmarks.
From Tab.2, theoriginalCapo10.5 averages3% more
wirelengththanCapo10.5 withwirelength-drivencluste-
ring, andrunsfaster.Theexperimentalresultsalsoreveal
thefactthatourwirelengthpredictionissuperiortoCon-
nectivityforplacementquality.

Tab.2　HPWLandruntimecomparisonoforiginalCapoandCapowithwirelength-drivenclustering

Circuit
Capo10.5(WL) Capo10.5(connectivity) Capo10.5

HPWL/(106μm) Time/s HPWL/(106μm) Time/s HPWL/(106μm) Time/s

peko01 1.43 671.42 1.56 674.78 1.57 514.38

peko05 4.11 1 423.34 4.97 1 400.17 4.09 1 138.97

peko10 14.11 3 978.12 15.31 4 309.12 14.52 3 823.33

peko15 45.92 39 871.44 44.88 40671.02 46.81 38 625.60

peko18 38.73 12 150.71 40.01 11098.15 39.64 11 427.60

adaptec1 87.43 26 587.89 88.01 27564.77 88.72 25 065.40

adaptec2 96.89 33 158.54 98.90 32453.98 98.25 32 530.90

bigblue1 101.14 40 138.23 104.65 41453.01 106.85 39 549.60

Ratio 1 1 1.02 1.01 1.03 0.96

5.3　Timing-drivenHJ-Pl

　Theresultswithoutandwithtiming-drivenclusteringare
showninTab.3.Afterplacement(usingtheISCAS89 bench-
mark), weperformglobalanddetailedrouting, RCextraction

andtiminganalysisusingcommercialtools.Theelectrical
parametershavebeenchosentoresembleatypical90 nm
process.Tab.3 showsthatHJ-Pl(T)withtiming-drivenclus-
teringreducesthecriticalpathdelaybyabout23%.
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Tab.3　Criticalpathdelaycomparisonoforiginal
HJ-PlandHJ-Plwithtiming-drivenclustering

Circuit
Criticalpathdelay/ns

HJ-Pl(T) HJ-Pl

C6288 14.21 18.34
C7552 18.77 23.90

S9234 27.96 32.89

S13207 26.33 37.41
S15850 35.47 39.19

Ratio 1 1.23

6　Conclusion

　Anewmethodforstandardcellplacementispresentedin
thispaper.Theproposedmethodisbasedonanewmin-cut
partitioningwithwirelength-drivenclusteringandrefine-
ment.ExperimentsshowthatwecanobtainshorterHPWL
thanCapo, mPLandNTUplace.Ourtoolisalsocapableof
doingpower-drivenplacementinthefuture.

References

[ 1] AdyaSN, MarkovIL.Combinatorialtechniquesformixed-
sizeplacement[ J] .ACMTransactionsonDesignAutomation
ofElectronicSystems, 2005, 10(1):58-90.

[ 2] DollK, JohannesFM, AntreichKJ.Iterativeplacementim-
provementbynetworkflowmethods[J].IEEETransactions
onComputer-AidedDesignofIntegratedCircuitsandSys-
tems, 1994, 13(10):1189-1200.

[ 3] RoyJA, PapaDA, NgAN, etal.Satisfyingwhitespacere-
quirementsintop-downplacement[ C] //ProcofInternation-
alSymposium onPhysicalDesign.SanJose, California,
USA:IEEEPress, 2006:206-208.

[ 4] WangM, YangX, SarrafzadehM.Dragon2000:faststand-
ard-cellplacementforlargecircuits[ C] //ProcoftheInter-
nationalConferenceonComputer-AidedDesign.SanJose,

California, USA, 2000:260-263.
[ 5] VygenJ.Algorithmsforlarge-scaleflatplacement[ C] //
ProcofDesignAutomationConference.Anaheim, Califor-
nia, USA, 1997:746-751.

[ 6] ChanT, CongJ, JosephR, etal.mPL6:enhancedmultilevel
mixed-sizeplacement[ C] //ProcofInternationalSymposium
onPhysicalDesign.SanJose, California, USA, 2006:212-
214.

[ 7] DonathW E.Placementandaverageinterconnectionlengths
ofcomputerlogic[ J] .IEEETransactionsonCircuitsand
Systems, 1979, 26(4):272-277.

[ 8] CaldwellAE, KahngAB, MantikS, etal.Onwirelength
estimationsforrow-basedplacement[ J] .IEEETransactions
onComputer-AidedDesignofIntegratedCircuitsandSys-
tems, 1999, 18(9):1265-1278.

[ 9] BalachandranS, BhatiaD.Aprioriwirelengthinterconnect
estimationbasedoncircuitcharacteristics[ J] .IEEETransac-
tionsonComputer-AidedDesignofIntegratedCircuitsand
Systems, 2005, 24(7):1054-1065.

[ 10] HuB, MalgorzataMarck-Sadowaka.Wirelengthprediction
basedclusteringanditsapplicationinplacement[ C] //Proc
ofDesignAutomationConference.Anaheim, California,
USA, 2003:800-805.

[ 11] LiuQ, MalgorzataMarck-Sadowaka.Semi-individualwire-
lengthpredictionwithapplicationtologicsynthesis[ J] .
IEEETransactionsonComputer-AidedDesignofIntegrated
CircuitsandSystems, 2006, 25(4):611-624.

[ 12] FiducciaCM, MattheysesRM.Alinear-timeheuristicfor
improvingnetworkpartitions[C] //ProcofDesignAutoma-
tionConference.LasVegas, Nevada, USA, 1982:175-181.

[ 13] ChenTung-Chieh, HsuTien-Chang, JiangZhe-Wei, etal.
NTUplace:aratio-partitioning-basedplacementalgorithmfor
large-scalemixed-sizedesigns[ C] //ProcofInternational
SymposiumonPhysicalDesign.SanFrancisco, California,
USA, 2005:236-238.

预测线长驱动的二分布局算法

蒿　杰　马　鸿　彭思龙

(中国科学院自动化研究所国家专用集成电路设计工程研究中心 , 北京 100190)

摘要:为了有效提高布局质量 ,提出一种基于预测线长的二分布局算法 HJ-Pl.该算法对长 、短互连线都有很好的

预测效果.通过将预测线长嵌入到布局框架中 ,使算法可以预先控制布局后可能产生的长互连线 ,有效降低它们

在布局过程中被分割的几率 ,从而达到减小总线长的目的.另外 ,该算法通过最小化关键通路时延 ,得到了较好

的时序优化效果.实验表明 ,与现有的 Capo10.5 , NTUplace和 mPL6算法相比 ,该布局算法可分别减小线长

13%, 3%, 9%.将预测线长目标集成到 Capo10.5中可减小线长 3%.带有时序驱动功能的 HJ-Pl可以减小关键

通路时延 23%左右.

关键词:层次化;互连线;布局;超大规模集成电路;线长预测
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