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Abstract— In this paper, we presentFastPlace2.0 – an ex-
tension to the ef�cient analytical standard-cell placer - FastPlace
[15], to addressthe mixed-modeplacementproblem. 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 placement to resolve
overlaps among the macros. (3) An ef�cient legalization scheme
to legalizethe standard cells among 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 academicplacersCapo9.1 and Feng-
shui 5.0 respectively. Corr espondingly, we are on average, �����

and ��� better in terms of wir elengthover the respectiveplacers.

I . INTRODUCTION

The explosive growth in the size of integrated circuits
has imposedenormouschallengeson placementalgorithms.
Placementtools have to producegood-qualityresultssatisfy-
ing variousdesignobjectives,suchastiming, congestionetc.
Simultaneously, they have to be computationallyef�cient to
deliver thesesolutionsin a reasonableamountof runtime.

As the time to market for designsis constantlyshrinking,
therehasbeena steadyincreasein there-useof pre-designed
or generatedmacroblockslike IP cores,embeddedmemories,
analogblocks etc. Designstoday often containa combina-
tion of a large numberof macroblocksandmillions of stan-
dardcells. This designstyle,known asmixed-modedesignor
mixed-sizedesigncomplicatestheplacementstepandimposes
a lot of dif�culty on placementtoolsdueto thevariedsizesof
theplaceablecomponents.

Traditionally, the mixed-modeplacementproblemwasdi-
vided into two stagesnamely, �oorplanning or block/module
placementandcell placement.Largemacroblockswerehan-
dledduringthe�oorplanningstagefollowedby cell placement
whereinthe macroblocksweretreatedas�x ed. Currentde-
signscanhave thousandsof large andmediumsizedmacros
alongwith millions of standardcells. As a result, traditional
�oorplanning techniquescannotscaleto this problemboth in
termsof runtime as well as solution quality. With an ever-
increasingtrendtowardmixed-modedesign,it is necessaryto
have ef�cient techniquesthat cansimultaneouslyhandlethis
combinationof placeableobjects.
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Over the last few years,the mixed-modeplacementprob-
lem hasgenerateda lot of interest.Placementalgorithmshan-
dling this problememploy variousapproachesincluding par-
titioning [2,4,11], clusteringandsimulatedannealing[7] and
analyticalplacement[6, 8,10,16–19]. Analytical placement
techniquesbasedon the force-directedmethodarepromising
for handlingthemixed-modeplacementproblem. This is be-
causeforce-directedmethodscanseamlesslyhandlethevaried
sizesof placeableobjectswithout employing additionaltech-
niqueslikepartitioningorclustering[8,18]. Secondly, they can
be very ef�cient andscalableto handlelarge-scaleplacement
problems[15].

In thispaperwepresentFastPlace2.0, anef�cient analytical
placerfor mixed-modedesigns.Themaincontributionsof our
work are:

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

� An ef�cient macrolegalizationalgorithmthatperturbsthe
macrosby theminimumpossibledistanceto resolveover-
lapscreatedduringglobalplacement.Themacrolegaliza-
tion problemis solved by a �oorplanning approachthat
usesthe sequencepair to representthe relative positions
of themacros.Weprovethatfor agivensequencepairour
algorithm is optimal. We thenusesimulatedannealing
to generatea goodsequencepair anda non-overlapping
placementof themacroswith minimumperturbationfrom
their globalplacementpositions.

� An ef�cient legalizationschemethat legalizesthe stan-
dardcellsamongtheplaceablesegmentscreatedafter�x-
ing themovablemacros.

The rest of this paperis organizedas follows: SectionII
gives an overview of FastPlacefor standard-cellplacement.
SectionIII outlinesthe mixed-modeplacement�o w andde-
scribesthe extensionsto the global placementframework for
handlingmixed-modedesigns. SectionIV describesthe le-
galizationschemefor macrosand standardcells. SectionV
describesthedetailedplacementtechnique.Experimentalre-
sultsareprovidedin SectionVI followedby theconclusionsin
SectionVII.

I I . FASTPLACE: STANDARD-CELL PLACEMENT

In thissection,wegiveanoverview of theFastPlaceanalyt-
ical standard-cellplacerdescribedin [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 andspreadthe cells over the coreregion. This technique
roughlymaintainstherelativeorderof thecellsasobtainedby
solving thequadraticprogram.During Cell Shifting thecore
region is binnedandthe utilization of eachbin is computed.
Thecellsarethenspreaddependingon theutilization of their
respective bins. The basicintuition behindCell Shifting is to
evenout theutilization of adjacentbins. This is doneby con-
structingan unequalbin structurefrom the regular bin struc-
ture. Cells arethenmappedfrom the regularbin structureto
theunequalbin structure.After eachiterationof Cell Shifting,
additionalforcesareaddedto thecellsby way of pseudonets
connectedto pseudopinsontheplacementboundary. Thispre-
ventsthecellsfrom collapsingbackto theirpreviouspositions
duringthenext quadraticprogrammingstep.

TheIterative Local Re�nementtechniqueis usedto reduce
the wirelengthof the placementbasedon the half-perimeter
wirelengthmeasure.This techniqueusesa greedyheuristicto
move the cells basedon a weightedscoreof the linear wire-
lengthandtheplacementutilization.

FastPlace uses the pre-conditionedconjugate gradient
methodto minimizethequadraticobjectivefunction.Therun-
timeof thesolveris directlyproportionalto thenumberof non-
zeroentriesin theconnectivity matrix. To improvethespeedof
thesolver, thealgorithmusesaHybrid NetModel to transform
thecircuit netlistfor quadraticplacement.[15] showedthatthe
modelresultsin a ��� ����� reductionin thenumberof non-zero
entriesin theconnectivity matrix anda ������� speed-upin the
solver ascomparedto the clique modelon the ISPD04IBM
StandardCell Benchmarks[14].

For standard-cellplacement,FastPlaceachievescompara-
bleplacementsolutionsto otherstate-of-the-artacademicplac-
ers,but in a signi�cantly lesserruntime.We now build on this
ultra-fastplacementtool to handlemixed-modedesigns.

I I I . M IXED-MODE PLACEMENT

Ourmixed-modeplacement�o w is summarizedin Figure1.
For theglobalplacementstage,we employ thesametop-level
�o w as[15]. During legalization,we �rst removetheoverlaps
amongthe macrosand assignthem to legal positionsin the
coreregion. Oncelegalized,themacropositionsare�x edand
they behave asplacementblockagesfor all subsequentsteps.
Theseplacementblockagesfragmentthe rows in thecorere-
gion into placeablesegments.In the next stepof legalization
we move the standardcells amongthe placeablesegmentsto
satisfytheirrespectivecapacities.Finally, welegalizethestan-
dardcellswithin thesegments.Following legalizationweper-
form detailedplacementonthestandardcellsto furtherreduce
thewirelengthof theplacement.

A. Cell Shifting for Mixed-ModePlacement

As describedin SectionII, during Cell Shifting, the cells
arespreadover thecoreregion by attemptingto even out the
utilization of adjacentbins in the regular bin structure. For
standard-cellplacement,the width of the bins in 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 Iterative 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. TheMixed-Modeplacement�o w.

bin structureis greaterthantheaveragecell width. Hence,the
movementof any cell hasanin�uenceontheutilizationof only
the adjacentbins. On the otherhand,for mixed-modeplace-
ment,themovementof amacrowill in�uencetheutilizationof
all thebinsspannedby themacro.Therefore,to moveamacro
duringCell Shiftingwe needto considera largerregion thatis
proportionalto thesizeof themacro.

Shiftingof themacrosfollowsthesametwo-stepprocessas
thestandardcells. We �rst constructanunequalbin structure
from the regular bin structure. The macrosare then linearly
mappedfrom theregularbin structureto theunequalbin struc-
ture.Theonly differencebetweenCell Shifting for themacros
andthe cells is the constructionof the unequalbin structure.
SinceCell Shifting is independentand similiar in the verti-
calandhorizontaldirections,wedescribethetechniquefor the
horizontaldirection.Figure2 illustratestheconstructionof the
unequalbin structurefor horizontalshifting. FromFigure2(a),
for theregularbin structure,let,

� � : Totalnumberof binsspannedby themacro.

�"! #%$'&)( : Totalnumberof columnsspannedby themacro.

�+*-,/. : ! -coordinateof the left boundaryof the leftmost
binsspannedby themacro.

�+*-,/0 : ! -coordinateof therightboundaryof therightmost
binsspannedby themacro.

�2143 : Sumof theutilizationsof the � binsspannedby the
macro(shadedregionwith linesto theright bottom).

�214. : Sumof the utilizationsof � bins to the left of the
macro.(shadedregionwith linesto theleft bottom).

�2140 : Sum of the utilizations of � bins to the right of
macro.(shadedregionwith linesto theleft bottom).
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Fig. 2. (a)Regularbin structure(b) Unequalbin structurefor macroblock
cell shifting.

FromFigure2(b), for theunequalbin structure,let,

� 576/8 : 9 -coordinateof the left boundaryof the leftmost
binsspannedby themacro.

� 576/: : 9 -coordinateof the right boundaryof the right-
mostbinsspannedby themacro.
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As in [15], theparameter
P

is setto avalueof ����� to prevent
cross-over of bin boundariesin theunequalbin structure.For
performingthelinearmapping,if,

�

9 : 9 -coordinateof themacrobeforemapping.

�

9HT : 9 -coordinateof themacroaftermapping.

Then,
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Oncethemacrois moved,weaddthespreadingforceto the
macroandupdatetheconnectivity matrixfor thenext quadratic
programmingstepin thesamefashionas[15].

IV. LEGALIZATION

A key issuewith analyticalplacementis that it generates
overlapsamongthe cells or macrosthat needto be resolved.

We divide our legalization stageinto two steps. First, we
ignore all the standardcells and resolve overlapsamongthe
macrosandassignthemto legalpositions.In thenext step,we
�x themacrosandlegalizethestandardcells. Thesestepsare
describedin moredetailbelow.

A. MacroBlock Legalization

During legalization,we want to maintainthe macroposi-
tions in the global placementsolution as much as possible.
If we denotethe original positionof a macro,determinedby
globalplacement,asits target position, then,themacroblock
legalizationproblemis to minimize the total perturbationof
all themacrosfrom their targetpositionssuchthatthereareno
overlapsamongthem.

This problemis solved by usinga �x ed-outline�oorplan-
ning approach.We usethesequencepair [12] to representthe
�oorplan andenforcethe non-overlappingconstraintsamong
the macros. We can also easily incorporateother �oorplan-
ning representationsin our approach. We formally describe
theproblemof �nding a minimumperturbationplacementfor
a givensequencepair below.

Minimum Perturbation Floorplan Realization
(MPFR) Problem:

Given: I macroswith targetcoordinates
>

9KV

W�XFY

V

W

J for
Z

<

�

X

�
�
�

X

I anda sequencepair
>

E

X\[

J .

Determine: Legalizedcoordinates
>

9

W

X%Y

W

J s.t.
]_^

Wa`cb4d

9

W

B

9eV

W

d

O

d

Y

W

B

Y

V

W

d is minimized.

In the following sub-sectionswe �rst describethe Iterative
ClusteringAlgorithmthatis usedto solve theMPFRproblem.
We thendescribethetop-level �o w for macrolegalizationus-
ing simulatedannealing.Sincethehorizontalandverticalnon-
overlappingconstraintscanbehandledindependently, weonly
discussthehorizontalproblem.

A.1 Iterati veClustering Algorithm

The basicideaof the IterativeClusteringAlgorithm is that if
we know which macrosabut with eachother to form a clus-
ter in the optimal solution, thenthe positionof the clusteris
easyto �nd. To determinewhichmacrosshouldbegroupedin
the samecluster, we alwaysshift all clustersto their optimal
positions. In doing so if thereareany overlapsamongsome
clusters,thenweknow thattheseclustersshouldbemergedto
form largerclusters. In Figure3 we give the pseudo-codeof
theIterativeClusteringAlgorithm.

From Figure3, in step1, immediateneighboursof macros
are thosethat canpotentiallyabut. They areassociatedwith
thenon-transitive edgesin theconstraintgraph.The immedi-
ateneighboursof all macroscanbe found in

@f>

IcghJ time. In
steps3-4,themacrosareplacedoneata timefrom left to right
(i.e., accordingto thesequenceE ). Thentheclusteringis up-
datedaccordingto steps5-11. Theconditionin step5 andthe
closestclusterin step6 canbedeterminedby consideringthe
constraintsof theimmediateleft neighboursof modulesin i .
Theshiftingin step8 is easyaccordingto thefollowing lemma.



Iterati veClustering Algorithm:
1. Find theimmediateleft andright neighbours

of all macros
2. for

Z

<

� to I

3. PlacemacroE

W in its targetposition
4. Let i bea new clusterconsistingof E

W

5. while i overlapswith otherclustersdo
6. Merge i with theclosestclusteron its left
7. Let i bethenew clusterformed
8. Shift i to its optimalposition
9. if macroj in i is at its targetpositiondo
10. Detachj from i if necessary

andgotostep8
11. endwhile
12.endfor

Fig. 3. Iterative ClusteringAlgorithm.

Lemma 1 For a cluster i , its positionis optimalif thenumber
of macros perturbedto the left from their target positionsis
equalto thenumberperturbedto theright.

Note that sincewe add macrosfrom left to right, macros
will alwaysbeaddedto theright of astationarycluster. Sothe
clusterswill alwaysshift left. Therefore,it is veryeasyto �nd
thecorrectshift amountof thenewly formedclusters.In step
9, aftershifting a cluster i , a macro jlkmi maypotentially
reachits targetposition.If j doesnothaveany othermacrosin
thesameclusterto its right thenit shouldbedetachedfrom the
cluster. If not, j will movewith theclusterduringsubsequent
stepsand henceits position will not be optimal in the �nal
solution.Theconditionto detachj canbecheckedby looking
at its immediateright neighbours.

Although the while loop in steps5-11 looks complicated,
we can show with careful implementationand analysisthat
the runtimecomplexity of the Iterative ClusteringAlgorithm
is

@f>

InghJ . We show in SectionVI that its runtimeis insigni�-
cantin practice.

A.2 Macro Legalization by Simulated Annealing

Theaim of themacrolegalizationalgorithmis to obtaina se-
quencepair suchthat the correspondingplacementobtained
from the Iterative ClusteringAlgorithm will resolve overlaps
amongthemacroswith minimumperturbationfrom theglobal
placementsolution. Another factor to be consideredduring
placementis that the macroshave to be placedin legal posi-
tions within the core region. Hence,the cost function is de-
�ned asa weightedsumof thetotal perturbationalongwith a
penaltyfor beingoutof bound.Weusesimulatedannealingto
searchfor asequencepairwith low cost.

If
>

E

XF[

J representsthe sequencepair. Then,the initial se-
quencefor Epo

[ is generatedby sortingthemacrosin ascending
orderaccordingto theManhattandistancefrom theupperleft
/ lower left cornerto their targetpositions.This sequencepair
closely correspondsto the original placementand is usually
quite good. Hence,a low-temperatureannealingis suf�cient
to generatea goodresult. Besides,we restricteachannealing
moveto randomlyexchangetwo adjacentmacrosin oneof the

two sequencessoasto not disturbthecurrentsolutionsigni�-
cantly.

In Figures4 and5 we plot theplacementof themacrosbe-
fore andafter legalizationfor thecircuit ibm01. Fromthetwo
�gures, wecanseethatthemacroshavemovedby averysmall
amountfrom theglobalplacementsolution.

Fig. 4. Circuit ibm01beforelegalizationof movablemacros.

Fig. 5. Circuit ibm01afterlegalizationof movablemacros.

B. StandardCell Legalization

Oncetheoverlapsamongthemovablemacroshavebeenre-
solved,we �x their positionsfor all subsequentstepsandtreat
themasplacementblockages.We thendivide eachrow in the
core region into placeablesegmentsbasedon the overlapof
theblockageswith therow. A placeablesegmentis de�ned as
themaximalpart of a row that is not coveredby a placement
blockage.We thenmove thestandardcells amongtheplace-
ablesegmentsto satisfytheir respectivecapacities.Finally, we
legalizethestandardcellswithin thesegments.

To move thecellsamongtheplaceablesegments,we usea
greedyheuristicsimilar to theIterativeLocalRe�nementtech-
niqueof [15]. For everycell presentin asegment,wecompute

q

scoresbasedon moving thecell to its nearest
q

neighboring
segments.For calculatingthe score,we assumethat a cell is
moving from its currentposition in a source segmentto the
nearestpossiblepositionin the target segment. Eachscoreis



TABLE I
PLACEMENT BENCHMARK STATISTICS.

Circuit #Cells #Macros #Pads #Nets %Cell %Macro
Area Area

ibm01 12260 246 246 14111 37.23 42.76
ibm02 19071 271 259 19584 24.69 55.31
ibm03 22563 290 283 27401 30.04 49.96
ibm04 26925 295 287 31970 38.03 41.98
ibm05 28146 0 1201 28446 80.01 0.00
ibm06 32154 178 166 34826 34.60 45.41
ibm07 45348 291 287 48117 44.07 35.93
ibm08 50722 301 286 50513 38.79 41.20
ibm09 52857 253 285 60902 40.18 39.82
ibm10 67899 786 744 75196 20.34 59.66
ibm11 69779 373 406 81454 42.36 37.63
ibm12 69788 651 637 77240 28.35 51.65
ibm13 83285 424 490 99666 43.82 36.18
ibm14 146474 614 517 152772 60.36 19.64
ibm15 160794 393 383 186608 53.26 26.74
ibm16 182522 458 504 190048 42.11 37.89
ibm17 183992 760 743 189581 62.80 17.20
ibm18 210056 285 272 201920 71.31 8.69

a weightedsumof two components:The �rst beingthe half-
perimeterwirelengthreductionfor themove.Thesecondbeing
a functionof theutilization of thesourceandtargetsegments.
Sincethelegalizationtechniqueis mainlyusedto evenout the
placementandbringall thesegmentswithin capacity, ahigher
weight is assignedto thesecondcomponent.If all thescores
arenegative,thecell will remainin thecurrentsegment.Other-
wise,it will move to thetargetsegmentwith thehighestscore
for themove. Duringoneiteration,we traversethroughall the
segmentsin thecoreregionandfollow theabovestepsfor cell
movement.Subsequently, this iterationis repeateduntil all the
segmentsarewithin theirrespectivecapacities.Wethenassign
thecellsto legalpositionswithin eachsegment.

V. DETAILED PLACEMENT

The aim of the detailedplacementstageis to further re-
ducedthewirelengthof theplacement.We adopttheFastDP
detailedplacementalgorithmdescribedin [13] for the same.
The detailedplacementalgorithmis basedon four key tech-
niques: global swap, vertical swap, local re-orderingand
single-segmentclustering.All the techniquesact only on the
standardcells anddo not modify the positionsof the macro
blocks.

Brie�y , theglobalswapusesthemedianideaof [9] to swap
thestandardcellsfor wirelengthreduction.This techniqueop-
erateson the entirecoreregion. The vertical swap is similar
to theglobalswapbut it only considerscells in adjacentrows
for swapping. The local re-orderingtechniquepicks a subset
of cells within a segmentand tries out all possibleleft-right
orderingsof thecells to pick the onegiving the bestpossible
wirelength. Finally, retainingthe order determinedby local
re-ordering,anoptimalsingle-segmentclusteringalgorithmis
usedto clusterthecellswithin asegmentfor furtherwirelength
reduction.

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

Stage1 Stage2 Stage3
Ckt Global Legalize Legalize Detailed Total

Placement Macros Cells Placement Time

ibm01 6.73 0.85 0.93 1.97 10.48
ibm02 21.29 1.01 2.34 9.22 33.86
ibm03 17.96 1.00 2.23 6.16 27.35
ibm04 28.16 1.07 2.60 6.50 38.33
ibm05 17.54 0.00 2.34 14.15 34.03
ibm06 24.86 0.39 3.34 8.88 37.47
ibm07 84.49 1.21 5.37 14.10 105.17
ibm08 79.20 1.10 7.62 33.30 121.22
ibm09 66.80 0.68 10.21 15.91 93.60
ibm10 104.10 5.52 12.47 39.66 161.75
ibm11 96.55 1.96 10.07 23.32 131.90
ibm12 116.91 3.73 11.17 57.48 189.29
ibm13 116.87 2.30 19.22 31.49 169.88
ibm14 220.86 5.40 23.21 66.45 315.92
ibm15 305.02 2.03 31.08 76.83 414.96
ibm16 265.54 2.74 31.70 117.25 417.23
ibm17 425.82 7.94 46.30 143.81 623.87
ibm18 526.18 1.18 37.00 204.83 769.19

VI. EXPERIMENTAL RESULTS

Our algorithmwastestedon the ISPD02IBM-MS Mixed-
size PlacementBenchmarks[3–5]. Thesedesignsare rela-
tively largeandcontainmany macroblocksandstandardcells.
All macroblocksareassumedto behardblockswith �x edas-
pectratios. Eachdesigncontainsaround ��rts of whitespace.
Thecircuit characteristicslistedin TableI includethenumber
of cells,macros,pads,netsandtheareaoccupiedby thecells
andmacroblocksasapercentageof thetotalplacementarea.

TableII givesthebreak-upof the runtimeof FastPlace2.0
for the18 benchmarkcircuits. FromColumn3, it canbeseen
that on average,the macroblock legalizationalgorithmtakes
only ��� �ts of thetotal runtimeover the18benchmarkcircuits.
This demonstratesthat the runtimeof the algorithmis negli-
gible comparedto the otherpartsof the �o w andit is highly
ef�cient in resolvingtheoverlapsamongthemacros.

In Table III, we compareFastPlace2.0 with variousaca-
demic placers. Resultsfor the capo-parquet-capo�o w [4],
mPG-MS[7], Fengshui2.4 [11], andBonnPlace[6] areasre-
portedin the respective publications. We do not report run-
timesfor theseplacersasthey wererunondifferentmachines.
For runtimecomparisonwe run Capo9.1 andFengshui5.0,
which areupdatedversionsof the tools publishedin [2] and
[11] respectively. Both placersarerun in their default mode.
All experimentsarerunonanIntel Xeon,3.06GHzCPU.

From Table III, we areon average, ���)s and u)s betterin
termsof wirelengthover Capo9.1 andFengshui5.0 respec-
tively. Correspondingly, we are ��vw�

q

� and x��

q

� faster. We
areon average��s morein termsof wirelengthascompared
to 6zy

IeIn{}|~Gt••€ . But accountingfor thedifferencesin thepro-
cessorsbasedondataobtainedfrom [1], weareapproximately

��r�� faster.



TABLE III
COMPARISON OF OUR PLACEMENT RESULTS WITH VARIOUS ACADEMIC PLACERS.

CAPO-I , MPG-MS, FENGSHUI 2.4 (FS 2.4), CAPO 9.1, FENGSHUI 5.0 (FS 5.0) AND BONNPLACE (BP)

Half PerimeterWirelength RunTime
Ckt

Our ‚wƒF„\…�†�‡

ˆ'‰
Š ‹4ŒŽ•

†w•/•

ˆ'‰
Š ‘

•�’F“ ”

ˆ'‰
Š

‚wƒF„\…%•\“ –

ˆ'‰
Š ‘
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Š ™ Œˆ'‰
Š Our Capo9.1 ‚wƒF„\…%•\“ –
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Š FS5.0 ‘
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ˆH‰
Š

[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
ibm07 10.99 1.43 1.25 1.07 1.11 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 1.11 1.00 0.96 94 1375 14.69 660 7.05
ibm10 31.65 1.92 1.38 1.18 1.18 1.11 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 1.21 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

VII . CONCLUSION AND FUTURE WORK

In this paperwe extend the ef�cient analyticalplacement
tool FastPlaceto handlemixed-modedesigns.Thecurrentim-
plementationhandlesthewirelengthminimizationproblem.It
producesbetterresultsthanstate-of-the-artacademicplacers
in asigni�cantly lesserruntime.

Routability and timing arekey concernsfor industrial de-
signs.Futureextensionsto our work would be in considering
theproblemof timing drivenplacementandroutability driven
placement.Also, thecurrentimplementationdoesnot handle
rotationandmirroring for themacroblocks.We will bework-
ing onhandlingtheseconstraintsfor mixedmodeplacementin
thefuture.
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