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Abstract— In this paper, we presentFastPlace2.0 — an ex-
tensionto the ef cient analytical standard-cell placer - FastPlace
[15], to addressthe mixed-mode placementproblem. The main
contributions of our work are: (1) Extensionsto the global place-
ment framework of FastPlaceto handle mixed-modedesigns.(2)
An ef cient and optimal minimum perturbation macro legaliza-
tion algorithm that is applied after global placementto resohe
overlaps amongthe macros. (3) An ef cient legalization scheme
to legalizethe standard cellsamong the placeablesegmentscre-
ated after xing the movable macros. On the ISPD 02 Mixed-
Sizeplacementbenchmarks[3], our algorithm is and
faster than state-of-the-art academicplacers Capo9.1 and Feng-
shui 5.0 respectvely. Correspondingly we are on average,
and  better in terms of wir elengthover the respectve placers.

|. INTRODUCTION

The explosive growth in the size of integrated circuits
hasimposedenormouschallengeson placementalgorithms.
Placementools have to producegood-qualityresultssatisfy-
ing variousdesignobjectives,suchastiming, congestioretc.
Simultaneouslythey have to be computationallyefcient to
deliverthesesolutionsin areasonabl@mountof runtime.

As the time to market for designsis constantlyshrinking,
therehasbeena steadyincreasen the re-useof pre-designed
or generatedanacroblockslike IP cores,embeddeanemories,
analogblocks etc. Designstoday often containa combina-
tion of a large numberof macroblocksand millions of stan-
dardcells. This designstyle, known asmixed-modedesignor
mixed-sizedesigncomplicateghe placemenstepandimposes
alot of dif culty onplacementoolsdueto thevariedsizesof
theplaceableeomponents.

Traditionally, the mixed-modeplacementproblemwas di-
vided into two stagesnamely oorplanning or block/module
placementndcell placementLarge macroblockswerehan-
dledduringthe oorplanning stagefollowedby cell placement
whereinthe macroblocks weretreatedas x ed. Currentde-
signscan have thousandof large and mediumsizedmacros
alongwith millions of standardcells. As a result, traditional
oorplanning techniguesannotscaleto this problembothin
termsof runtime aswell as solution quality. With an ever
increasingrendtoward mixed-modedesign,it is necessaryo
have ef cient techniqueghat can simultaneouslyhandlethis
combinationof placeablebjects.

Thiswork wassupportedy the SemiconductoResearciCorporatiorun-
derTaskID: 1206.

Over the last few years,the mixed-modeplacementprob-
lem hasgenerated lot of interest.Placemenalgorithmshan-
dling this problememploy variousapproacheicluding par
titioning [2, 4,11], clusteringandsimulatedannealing7] and
analyticalplacement6, 8,10,16-19]. Analytical placement
techniquedasedon the force-directednethodare promising
for handlingthe mixed-modeplacemenproblem. This is be-
causdorce-directednethodscanseamlessiyrandlethevaried
sizesof placeableobjectswithout emplgying additionaltech-
niquedik e partitioningor clustering8,18]. Secondlythey can
be very ef cient andscalableto handlelarge-scaleplacement
problemd15].

In this papemwe presentastPlace?.0, anef cient analytical
placerfor mixed-modelesigns.Themaincontritutionsof our
work are:

Extensionsto the Cell Shifting techniqueof FastPlace
[15] to handlemixed-modedesigns.

An ef cient macrolegalizationalgorithmthatperturbshe

macrosby theminimumpossibledistanceo resohe over-

lapscreatediuringglobalplacementThemacrolegaliza-
tion problemis solved by a oorplanning approachthat
usesthe sequencgair to representhe relative positions
of themacros We provethatfor agivensequenceairour

algorithmis optimal. We then usesimulatedannealing
to generatea good sequencegair and a non-overlapping
placemenbf themacrosvith minimumperturbatiorfrom

their globalplacemenpositions.

An efcient legalizationschemethat legalizesthe stan-
dardcellsamongtheplaceablesggmentscreatedafter x-
ing themovablemacros.

The rest of this paperis organizedas follows: Sectionll
givesan overview of FastPlacefor standard-celplacement.
Sectionlll outlinesthe mixed-modeplacemento w and de-
scribesthe extensiongo the global placemenframework for
handling mixed-modedesigns. SectionlV describeghe le-
galizationschemefor macrosand standardcells. SectionV
describeghe detailedplacementechnique.Experimentale-
sultsareprovidedin SectionVI followedby the conclusionsn
SectionViII.

Il. FASTPLACE: STANDARD-CELL PLACEMENT

In this sectionwe give anoverview of the FastPlaceanalyt-
ical standard-celplacerdescribedn [15]. FastPlaceutilizesa
quadraticwirelengthobjective function andis basedon three



key features:Cell Shifting, Iterative Local Re nementanda
Hybrid Net Model.

The Cell Shifting techniqueis usedto remove cell over-
lap and spreadthe cells over the coreregion. This technique
roughlymaintaingherelative orderof the cellsasobtainedby
solving the quadraticprogram. During Cell Shifting the core
region is binnedandthe utilization of eachbin is computed.
The cellsarethenspreaddependingon the utilization of their
respectie bins. The basicintuition behindCell Shifting is to
evenout the utilization of adjacenbins. Thisis doneby con-
structingan unequalbin structurefrom the regular bin struc-
ture. Cells arethenmappedfrom the regular bin structureto
theunequabin structure After eachiterationof Cell Shifting,
additionalforcesareaddedto the cells by way of pseudmets
connectedo pseudginsontheplacemenboundary This pre-
ventsthecellsfrom collapsingbackto their previouspositions
duringthenext quadratigprogrammingstep.

The Iterative Local Re nementtechniques usedto reduce
the wirelengthof the placementbasedon the half-perimeter
wirelengthmeasureThis techniqueusesa greedyheuristicto
move the cells basedon a weightedscoreof the linear wire-
lengthandthe placementitilization.

FastPlace uses the pre-conditioned conjugate gradient
methodto minimize the quadraticobjective function. Therun-
time of thesolweris directly proportionako thenumberof non-
zeroentriesin theconnectvity matrix. Toimprovethespeedf
thesolver, thealgorithmusesa Hybrid Net Modelto transform
thecircuit netlistfor quadratigplacement[15] shavedthatthe
modelresultsin a reductionin thenumberof non-zero
entriesin the connectvity matrix anda speed-upn the
solver as comparedo the clique modelon the ISPD041BM
StandardCell Benchmarkg$14].

For standard-celplacement FastPlaceachieves compara-
ble placemensolutionsgto otherstate-of-the-aracademiplac-
ers,but in asigni cantly lesserruntime. We now build on this
ultra-fastplacementool to handlemixed-modedesigns.

I11. MIXED-MODE PLACEMENT

Ourmixed-modeplacemento w is summarizedn Figurel.
For the global placemenstage we employ the sametop-level
o w as[15]. During legalization,we rst removetheoverlaps
amongthe macrosand assignthemto legal positionsin the
coreregion. Oncelegalized,the macropositionsare x edand
they behae asplacemenblockagedor all subsequensteps.
Theseplacemenblockagedragmentthe rows in the corere-
gion into placeablesggments.In the next stepof legalization
we move the standarccells amongthe placeablesegmentsto
satisfytheirrespectie capacitiesFinally, we legalizethe stan-
dardcellswithin the sggments.Following legalizationwe per
form detailedplacemenbnthestandardellsto furtherreduce
thewirelengthof the placement.

A. Cell Shifting for Mix ed-ModePlacement

As describedn Sectionll, during Cell Shifting, the cells
are spreadover the coreregion by attemptingto even out the
utilization of adjacentbins in the regular bin structure. For
standard-celplacementthe width of the binsin the regular

Algorithm Mixed-Mode Placement
Stage 1: Global Placement
Step 1: Coarse Global Placement
Repeat
1. Solve the quadratic program
2. Perform Cell Shifting on standard cells and
macro blocks and Add Spreading Forces
Until the placement is roughly even
Step 2: Wirelength Improved Global Placement
Repeat
1. Solve the quadratic program

2. Perform lterative Local Refinement on
standard cells and macro blocks

3. Perform Cell Shifting on standard cells and
macro blocks and Add Spreading Forces

Until the placement is very even
Stage 2: Legalization
1. Legalize Macro Blocks

2. Fix Macros and move standard cells among
placeable segments to satisfy segment capacity

3. Legalize standard cells within segments

Stage 3: Detailed Placement

Fig. 1. The Mixed-Modeplacemento w.

bin structureis greaterthanthe averagecell width. Hence the
movemenif ary cellhasanin uence ontheutilization of only
the adjacentbins. On the otherhand,for mixed-modeplace-
ment,themovementof amacrowill in uence theutilization of
all thebinsspannedy the macro.Thereforefo move amacro
during Cell Shifting we needto consideralargerregionthatis
proportionatto the sizeof themacro.

Shifting of themacrosfollows the sametwo-stepprocessas
the standarccells. We rst constructan unequalbin structure
from the regular bin structure. The macrosarethenlinearly
mappedrom theregularbin structureto theunequabin struc-
ture. Theonly differencebetweerCell Shifting for themacros
andthe cellsis the constructionof the unequalbin structure.
Since Cell Shifting is independentnd similiar in the verti-
calandhorizontaldirections we describehetechniqueor the
horizontaldirection.Figure2 illustratestheconstructiorof the
unequabin structurefor horizontalshifting. FromFigure2(a),
for theregularbin structure]et,

: Total numberof binsspannedy the macro.
- : Total numberof columnsspannedy the macro.

-coordinateof the left boundaryof the leftmost
binsspannedy themacro.

-coordinateof theright boundaryof therightmost
binsspannedy themacro.

: Sumof theutilizationsof the  binsspannedy the
macro(shadedegionwith linesto theright bottom).

: Sumof the utilizationsof  binsto the left of the
macro.(shadedegionwith linesto theleft bottom).

: Sum of the utilizationsof  bins to the right of
macro.(shadedegionwith linesto theleft bottom).
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Fig. 2. (a) Regularbin structure(b) Unequalbin structurefor macroblock
cell shifting.

FromFigure2(b), for theunequabin structure]et,

-coordinateof the left boundaryof the leftmost
binsspannedy themacro.

-coordinateof the right boundaryof the right-
mostbinsspannedy the macro.

Then,

and,

Asin [15], theparameter is setto avalueof  to prevent
cross-@er of bin boundariesn the unequalbin structure.For
performingthelinearmappingiif,

-coordinatenf the macrobeforemapping.
-coordinateof the macroaftermapping.

Then,

Oncethe macrois moved,we addthe spreadindorceto the
macroandupdatetheconnectvity matrixfor thenext quadratic
programmingstepin the samefashionas[15].

IV. LEGALIZATION

A key issuewith analytical placements that it generates
overlapsamongthe cells or macrosthat needto be resohed.

We divide our legalization stageinto two steps. First, we
ignore all the standardcells and resole overlapsamongthe
macrosandassigrnthemto legal positions.In the next step,we
x themacrosandlegalizethe standarctells. Thesestepsare
describedn moredetailbelow.

A. MacroBlock Legalization

During legalization,we want to maintainthe macro posi-
tions in the global placementsolution as much as possible.
If we denotethe original position of a macro,determinedcby
global placementasits target position then,the macroblock
legalizationproblemis to minimize the total perturbationof
all themacrosfrom theirtargetpositionssuchthatthereareno
overlapsamongthem.

This problemis solved by usinga x ed-outline oorplan-
ning approachWe usethe sequenceair [12] to representhe
oorplan andenforcethe non-overlappingconstraintsamong
the macros. We can also easily incorporateother oorplan-
ning representations our approach. We formally describe
the problemof nding a minimum perturbatiorplacementor
agivensequence@air below.

Minimum  Perturbation
(MPFR) Problem:

Floorplan Realization

Given: macroswith targetcoordinates for

andasequenceair

Determine: Legalizedcoordinates s.t.
is minimized.

In thefollowing sub-sectionsve rst describethe Iterative
ClusteringAlgorithmthatis usedto solve the MPFR problem.
We thendescribethetop-level o w for macrolegalizationus-
ing simulatedannealing Sincethe horizontalandverticalnon-
overlappingconstraint€anbehandledndependentlywe only
discusghehorizontalproblem.

A.1 lterati ve Clustering Algorithm

The basicideaof the Iterative ClusteringAlgorithm is that if

we know which macrosatut with eachotherto form a clus-
ter in the optimal solution, thenthe positionof the clusteris

easyto nd. To determinevhichmacrosshouldbegroupedn

the samecluster we always shift all clustersto their optimal
positions. In doing soif thereareary overlapsamongsome
clustersthenwe know thattheseclustersshouldbe memgedto

form larger clusters. In Figure 3 we give the pseudo-codef

the Iterative ClusteringAlgorithm.

From Figure 3, in stepl, immediateneighboursf macros
arethosethat can potentiallyabut. They are associatedvith
the non-transitve edgedn the constraintgraph. The immedi-
ateneighboursof all macroscanbe foundin time. In
steps3-4,themacrosareplacedoneatatime from left to right
(i.e., accordingto the sequence). Thenthe clusteringis up-
datedaccordingto steps5-11. The conditionin step5 andthe
closestclusterin step6 canbe determinedy consideringthe
constraintof theimmediateleft neighboursof modulesin
Theshiftingin step8is easyaccordingo thefollowing lemma.



Iterati ve Clustering Algorithm:

1. Findtheimmediatdeft andright neighbours
of all macros

2. for to

3 Placemacro in its targetposition

4 Let beanew clusterconsistingof

5 while  overlapswith otherclustersdo

6. Merge with theclosestclusteronits left

7 Let bethenew clusterformed

8 Shift  toits optimalposition

9 if macro in

1

. is atits targetpositiondo
0. Detach

from if necessary
andgotostep8
11.  endwhile
12. endfor

Fig. 3. Iterative ClusteringAlgorithm.

Lemmal Foracluster , itspositionis optimalif thenumber
of macios perturbedto the left from their target positionsis
equalto thenumberperturbedto theright.

Note that sincewe add macrosfrom left to right, macros
will alwaysbeaddedo theright of a stationarycluster Sothe
clusterswill alwaysshift left. Thereforejt is very easyto nd
the correctshift amountof the newly formedclusters.In step
9, after shifting a cluster , amacro may potentially
reachitstargetposition.If ~ doesnothavearny othermacrosn
thesameclusterto its right thenit shouldbedetachedrom the
cluster If not, will move with the clusterduringsubsequent
stepsand henceits position will not be optimal in the nal
solution. Theconditionto detach canbechecledby looking
atits immediateright neighbours.

Although the while loop in steps5-11 looks complicated,
we can shav with carefulimplementationand analysisthat
the runtime compleity of the Iterative ClusteringAlgorithm
is . We shaw in SectionVI thatits runtimeis insigni -
cantin practice.

A.2 Macro Legalization by Simulated Annealing

The aim of the macrolegalizationalgorithmis to obtaina se-
guencepair suchthat the correspondingplacementobtained
from the Iterative ClusteringAlgorithmwill resole overlaps
amongthe macroswith minimumperturbatiorfrom the global
placementsolution. Anotherfactorto be consideredduring
placemenis thatthe macroshave to be placedin legal posi-
tions within the coreregion. Hence,the costfunctionis de-
ned asaweightedsumof thetotal perturbatioralongwith a
penaltyfor beingout of bound.We usesimulatedannealingo
searchfor a sequencgair with low cost.

If representshe sequenceoair. Then,the initial se-
guencefor is generatedby sortingthemacrosin ascending
orderaccordingto the Manhattandistancefrom the upperleft
/ lower left cornerto their targetpositions.This sequencgair
closely correspondsgo the original placementand is usually
quite good. Hence,a low-temperatureannealings sufcient
to generatea goodresult. Besideswe restricteachannealing
move to randomlyexchangewo adjacenmacrosin oneof the

two sequencesoasto not disturbthe currentsolutionsigni -
cantly.

In Figures4 and5 we plot the placemenbf the macrosbe-
fore andafterlegalizationfor the circuit ibm01. Fromthetwo
gures, we canseethatthemacroshave movedby averysmall
amountfrom the globalplacemensolution.

L]
EIEIE|

Fig. 5. Circuitibm01afterlegalizationof movablemacros.

B. StandardCell Legalization

Oncetheoverlapsamongthe movablemacroshave beenre-
solved,we x their positionsfor all subsequergtepsandtreat
themasplacemenblockagesWe thendivide eachrow in the
coreregion into placeablesegmentsbasedon the overlap of
theblockageawith therow. A placeablesggmentis de ned as
the maximalpart of a row thatis not coveredby a placement
blockage.We thenmove the standarccells amongthe place-
ablesggmentdo satisfytheirrespectie capacitiesFinally, we
legalizethe standardcellswithin the segments.

To move the cellsamongthe placeablesggments,we usea
greedyheuristicsimilarto thelterative Local Re nementtech-
niqueof [15]. For every cell presenin asegment,we compute

scoesbasedon moving the cell to its nearest neighboring
segments. For calculatingthe score,we assumeahata cell is
moving from its currentpositionin a source sggmentto the
nearespossiblepositionin the target segment. Eachscoreis



TABLE |
PLACEMENT BENCHMARK STATISTICS.

TABLE 1l
BREAK-UP OF TOTAL RUNTIME (ALL VALUES IN SECONDS)

Circuit | #Cells | #Macros | #Pads | #Nets | %Cell | %Macro Stagel Stage2 Stage3
Area Area Ckt Global Legalize | Legalize | Detailed Total

ibmO1 | 12260 246 246 14111 | 37.23 4276 Placement| Macros Cells Placement| Time
ibm02 | 19071 271 259 19584 | 24.69 55.31 ibm01 6.73 0.85 0.93 1.97 10.48
ibm03 | 22563 290 283 27401 | 30.04 49.96 ibm02 21.29 1.01 2.34 9.22 33.86
ibm04 | 26925 295 287 31970 | 38.03 41.98 ibm03 17.96 1.00 2.23 6.16 27.35
ibm05 | 28146 0 1201 | 28446 | 80.01 0.00 ibm04 28.16 1.07 2.60 6.50 38.33
ibm06 | 32154 178 166 34826 | 34.60 45.41 ibm05 17.54 0.00 2.34 14.15 34.03
ibm07 | 45348 291 287 48117 | 44.07 35.93 ibm06 24.86 0.39 3.34 8.88 37.47
ibm08 | 50722 301 286 50513 | 38.79 41.20 ibm07 84.49 121 5.37 14.10 105.17
ibm09 | 52857 253 285 60902 | 40.18 39.82 ibm08 79.20 1.10 7.62 33.30 121.22
ibm10 | 67899 786 744 75196 | 20.34 59.66 ibm09 66.80 0.68 10.21 15.91 93.60
ibm11 | 69779 373 406 81454 | 42.36 37.63 ibm10 104.10 5.52 12.47 39.66 161.75
ibm12 | 69788 651 637 77240 | 28.35 51.65 ibm11 96.55 1.96 10.07 23.32 131.90
ibm13 | 83285 424 490 99666 | 43.82 36.18 ibm12 116.91 3.73 11.17 57.48 189.29
ibm14 | 146474 614 517 | 152772 | 60.36 19.64 ibm13 116.87 2.30 19.22 31.49 169.88
ibm15 | 160794 393 383 | 186608 | 53.26 26.74 ibm14 220.86 5.40 23.21 66.45 315.92
ibm16 | 182522 458 504 | 190048 | 42.11 37.89 ibm15 305.02 2.03 31.08 76.83 414.96
ibm17 | 183992 760 743 | 189581 | 62.80 17.20 ibm16 265.54 2.74 31.70 117.25 417.23
ibm18 | 210056 285 272 | 201920 | 71.31 8.69 ibm17 425.82 7.94 46.30 143.81 623.87

ibm18 526.18 1.18 37.00 204.83 769.19

a weightedsum of two componentsThe rst beingthe half-

perimetemwirelengthreductionfor themove. Thesecondeing
afunctionof the utilization of the sourceandtargetsegments.
Sincethelegalizationtechniqueas mainly usedto evenoutthe

placementndbring all the segmentswithin capacity ahigher
weightis assignedo the secondcomponent.If all the scores
arenegative,thecell will remainin thecurrentsegment.Other

wise, it will moveto thetargetsegmentwith the highestscore
for themove. During oneiteration,we traversethroughall the
segmentsn thecoreregion andfollow theabove stepsfor cell

movement.Subsequentlythisiterationis repeatedintil all the
segmentsarewithin theirrespectie capacities\We thenassign
thecellsto legal positionswithin eachsegment.

V. DETAILED PLACEMENT

The aim of the detailed placementstageis to further re-
ducedthe wirelengthof the placement.We adoptthe FastDP
detailedplacemenialgorithm describedn [13] for the same.
The detailedplacementalgorithmis basedon four key tech-
nigues: global swap, vertical swap, local re-orderingand
single-sgmentclustering. All thetechniquesactonly on the
standardcells and do not modify the positionsof the macro
blocks.

Brie y, the globalswap usesthe medianideaof [9] to swap
thestandardellsfor wirelengthreduction.This techniqueop-
erateson the entire coreregion. The vertical swap is similar
to the global swap but it only considersellsin adjacentrows
for swapping. The local re-orderingtechniquepicks a subset
of cells within a segmentandtries out all possibleleft-right
orderingsof the cellsto pick the onegiving the bestpossible
wirelength. Finally, retainingthe order determinedby local
re-ordering anoptimal single-sgmentclusteringalgorithmis
usedto clusterthecellswithin asegmentfor furtherwirelength
reduction.

V1. EXPERIMENTAL RESULTS

Our algorithmwastestedon the ISPD02IBM-MS Mixed-
size PlacemenBenchmarkg3-5]. Thesedesignsare rela-
tively largeandcontainmary macroblocksandstandardells.
All macroblocksareassumedo be hardblockswith x edas-
pectratios. Eachdesigncontainsaround of whitespace.
Thecircuit characteristictistedin Tablel includethe number
of cells,macros pads,netsandthe areaoccupiedby the cells
andmacroblocksasa percentagef thetotal placementrea.

Tablell givesthe break-upof the runtimeof FastPlace2.0
for the 18 benchmarlcircuits. From Column3, it canbe seen
that on average the macroblock legalizationalgorithmtakes
only of thetotal runtimeoverthe 18 benchmaricircuits.
This demonstratethat the runtime of the algorithmis negli-
gible comparedo the otherpartsof the o w andit is highly
efcient in resolvingthe overlapsamongthe macros.

In Tablelll, we compareFastPlace2.0 with variousaca-
demic placers. Resultsfor the capo-paquet-capoow [4],
mPG-Mg[7], Fengshui2.4[11], andBonnPlacg6] areasre-
portedin the respectre publications. We do not reportrun-
timesfor theseplacersasthey wererun on differentmachines.
For runtime comparisorwe run Capo 9.1 and Fengshui5.0,
which are updatedversionsof the tools publishedin [2] and
[11] respectiely. Both placersarerun in their default mode.
All experimentsarerunon anintel Xeon,3.06GHzCPU.

From Tablelll, we are on average, and betterin
termsof wirelengthover Capo 9.1 and Fengshui5.0 respec-
tively. Correspondinglywe are and faster We
areon average  morein termsof wirelengthas compared
to . But accountingor the differencesn the pro-
cessordasedn dataobtainedrom [1], we areapproximately

faster



TABLE I
COMPARISON OF OUR PLACEMENT RESULTS WITH VARIOUS ACADEMIC PLACERS.
CAPO-1, MPG-MS, FENGSHUI 2.4 (FS 2.4), CAPO 9.1, FENGSHUI 5.0 (FS 5.0) AND BONNPLACE (BP)

Half PerimeteWirelength RunTime
Ckt
Our —_— Our Capo9.1 — | FS5.0 ——
4] [7] [11] [2 [6] (sec) (sec) (sec)

ibm01 2.45 1.62 1.23 0.98 1.05 1.01 0.92 10 219 20.90 142 13.55
ibm02 4.91 1.70 1.51 1.09 1.06 1.08 1.00 34 457 13.50 245 7.24
ibm03 7.32 1.66 1.53 1.03 1.20 1.16 0.96 27 735 26.87 284 10.38
ibm04 8.14 1.66 1.29 0.98 1.11 1.05 1.01 38 771 20.11 323 8.43
ibm05 10.24 1.12 1.06 0.99 1.00 0.96 0.98 34 684 20.10 372 10.93
ibm06 6.01 1.71 1.53 1.13 1.25 1.14 1.09 37 809 21.59 437 11.66
ibmQ7 10.99 1.43 1.25 1.07 111 1.05 0.95 105 1236 11.75 586 5.57
ibm08 12.38 1.71 1.32 1.10 1.13 1.04 1.02 121 1322 10.91 647 5.34
ibm09 13.79 1.42 1.35 1.00 111 1.00 0.96 94 1375 14.69 660 7.05
ibm10 31.65 1.92 1.38 1.18 1.18 111 1.04 162 2666 16.48 1085 6.71
ibm11 20.30 1.40 1.31 0.98 1.08 0.97 0.94 132 2172 16.47 891 6.76
ibm12 34.18 1.51 1.30 1.04 1.17 1.06 0.93 189 3413 18.03 1011 5.34
ibm13 25.21 1.56 1.50 0.99 1.16 0.98 0.96 170 4288 25.24 1189 7.00
ibm14 37.76 1.49 1.15 1.02 1.07 1.03 1.00 316 5091 16.11 2553 8.08
ibm15 52.56 1.34 1.25 0.99 1.13 0.97 0.94 415 6399 15.42 3171 7.64
ibm16 58.37 N/A 1.24 1.05 121 1.03 0.99 417 7211 17.28 3626 8.69
ibm17 69.89 1.32 1.12 1.01 1.08 0.99 0.95 624 6782 10.87 3935 6.31
ibm18 45.39 1.21 1.12 0.99 1.05 0.98 1.01 769 5163 6.71 3471 4.51
Average 1.52 1.30 1.03 1.12 1.03 0.98 16.84 7.84

VIl. CONCLUSION AND FUTURE WORK

In this paperwe extend the ef cient analytical placement
tool FastPlaceto handlemixed-modealesigns.Thecurrentim-
plementatiorhandleghewirelengthminimizationproblem. It
producesbetterresultsthan state-of-the-aracademiqlacers
in asigni cantly lesseruntime.

Routability and timing are key concerngfor industrial de-
signs. Futureextensiongo our work would bein considering
the problemof timing drivenplacemengandroutability driven
placement.Also, the currentimplementatiordoesnot handle
rotationandmirroring for the macroblocks.We will bework-
ing on handlingtheseconstraintgor mixedmodeplacementn
thefuture.
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