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ABSTRACT

VLSI fabricationtechnologyhasadwancedrapidly, bringing with
it a strongdemandfor fasterand betterdesignautomationtools.
Accuratereportingof resultsfor placementapproachess crucial
to the developmentof improved automationtools; unfortunately
publicly available placementenchmarksare outdated,and there
arewide variationsin their interpretation.

At best,poorbenchmarksinddifferencesn interpretatiorresult
in misunderstandingsf the effectivenesf someapproachesAt
worst, they can motivate researchn areasof very little promise,
while other areaswhich have true potentialare ignored. In this
paperwedescribecurrentstandarctell placemenbenchmarkand
illustrate commondifferencesin their interpretation,in the hope
thata clearunderstandingf theseissueswill allow researcho be
directedandevaluatedmoreefficiently.

1. INTRODUCTION

Standarctell placements afundamentaproblemin VLSI com-
puteraideddesign. Objectves suchaswire lengthandareamin-
imization have long beena concern,andwith the adwent of deep
submicrondesign,the scopeof the problemnow includesdelay
optimization,pover minimization,anda numberof otherissues.

Marny approaches theplacemenproblemhave beenproposed,
anda setof well known benchmarkcircuits are widely available.
Unfortunately thereis wide variationin the interpretatiorof these
benchmarksmakingcomparisorof resultsdifficult orimpossible.

In this paperwe attemptto classifythe commoninterpretations,
andbring togethereportedresultsfrom anumberof authorsinto a
unifiedtable. Thelarge variationin resultsmale it clearthatthere
arefundamentatlifferencesn how measurementaretaken. Con-
trary to whatmight be anticipatedfor a problemthis well studied,
therearefew “commonassumptions.

This paperhasa motivation similar to that of [2], which illus-
trateddifficulties in hypegraphpartitioningresearchdueto vari-
ationin implementatiorof “standard”algorithms. The challenges
facedwith circuit placementare substantiallymore difficult than
thoseobseredwith hypegraphpartitioning:thereis notevenagree-
menton how aresultshouldbe measuredio saynothingof how a
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“standard”algorithmshouldbeimplemented.

As with [2], we obsenre thatthelack of consensusninterpreta-
tionshampergplacementesearchln mary publishedworks,there
areunintentionatomparisonsf “apples”to “oranges), resultingin
incorrector misleadingconclusionslf we hopeto promotethebest
algorithmsandapproachesye musthave a clearunderstandingf
what “best” means.At the mostfundamentalevel, if we hopeto
derive ary benefitfrom researchresults,we mustknow whatthe
resultsimply.

Theremaindeiof thepaperis organizedasfollows. Wefirst pro-
vide a bit of historicalperspectie on the benchmarkshemseles,
followedby a discussiorof the metricsusedto evaluateplacement
approachesOur focusis primarily on wire lengthbasedmetrics,
but we considerdelay optimization,areaminimization, parasitics,
andseveral otherissueswhich caninfluenceevaluations.We then
presenta tablewhich bringstogethereportedresultsfrom a num-
ber of earlierworks. We concludethis paperwith a numberof
suggestionghat shouldprovide for lessambiguityin the evalua-
tion of placemenmethodsallowing researcto be directedmore
efficiently andeffectively.

2. STANDARD CELL PLACEMENT BENCH-
MARKS

The MCNC benchmarksuite was releasedn the early 1990s,
with a numberof standardcell circuits being madeavailable in
the YAL andVPNRformats. Sereraltranslatorsvereavailable, al-
lowing corversioninto EDIF, andacademicTimberWolf formats.
Later, othertranslatorsallowedcorversioninto avarietyof formats,
including PROUD, commercialversionsof TimberWblf, Cadence
LEF/DEF, andthe GSRCBookshelfformats. While not part of
this original groupof benchmarkslBM’ s golem3hasalsobecome
a staplein placementesearch.Thesecircuits are by far the most
commonlyusedbenchmarksn standardell placementesearch.

In [15], resultsof earlyplacemenapproachesn thebenchmark
circuitsweresummarizedln thiswork, only circuit areaswerere-
ported;the circuitswereplacedandrouted with thefigure of merit
beingtotal area. While it wassuggestedhat subsequentesearch
shouldreportcircuit areagandin particulay for placementsvith a
variety of aspectatios), mostwork reportsinsteadhalf perimeter
wire lengths

Thetransitionfrom reportingof areato reportingof half perime-
ter wire lengthis understandable Global and detail routing are
generallytime consumingandvariationin the quality of the rout-
ing tools canskew comparisonsRoutingis now rarely performed
(for reportingof placementesults),andhalf perimetemwire length
is widely acceptedsarelevantmetric.

The MCNC benchmarksveredesignedutilizing fabricationpa-
rameterdghatwerecurrentat the time. The advanceof fabrication



hasmademary of the fundamentahssumptionsisedin thesede-
signsinappropriatdor moderndesign.

e In early fabricationprocessesonly two metal layerswere
available for routing, requiring additional “channel” space
betweeractive circuitelementsWith currentprocessesnore
metallayersareavailable,andmostrouting canoccur“over
thecell”

¢ For the early benchmarksa simple RC delay modelis sug-
gested.This is clearly inadequatemostgroupsnow useei-
ther EImore[6] delay or an approachbasedon asymptotic
waveformevaluation[17].

e Thebenchmarkaresmallcomparedo currentcircuits, with
the larger MCNC benchmarkgavgsmall,avglamge) being
half the sizeof IP blocksexpectedfor system-on-a-chiple-
sign.

e Modernissuessuchaspower minimization, crosstalkmini-
mization,andsignalintegrity, arenot consideredt all.

Industrygroupshave beenreluctantto releasenen benchmarks,
with competitive advantagebeinga primary concern.As a result,
researcherin academiaare left with a dilemma. If the MCNC
placemenbenchmarksireusedasdesignedrelevanceof resultsto
modernobjectivesis questionablelf proprietary(industry)bench-
mark resultsare reported,othergroupswill be unableto perform
comparablexperimentsthereis noway of knowing if reportedre-
sultsaregood,bad,or indifferent. If the MCNC placemenbench-
marks are scaledor adaptedto modernfabricationtechnologies,
comparisorof resultsto previouswork will be hopelesslyskewed.

3. REPORTING OF RESULTS

In this sectionwe illustratecommonbenchmarknterpretations,
which arealargefactorin thevariationin reportedresults.In some
casesyve have beenunableto determinevhatinterpretationsvere
usedto producesomereportedresults:thedetailswe areconcerned
with herearerarelydocumentedn the publishedwork, anddueto
time constraintsye wereunableto contactall authordirectly. We
consideffirst thoseissueswhich impactwire lengthestimatesand
thenaddresperformanceptimizationconcerns.

3.1 WireLength Metrics

While wire lengthmight seemto be arelatively simplequantity
to measurethereare a surprisingnumberof issueswhereresults
canbeskewed substantially

3.1.1 Differencesn Translation

With eachtranslationthereis thepossibilitythatinformationcan
belost. In mostcasesthe numbersof cellsandnetsarepresered.
Thenamingschemehowever, is notalwayspresered, makingde-
terminationof the useof somenetsunclear Errorsin translation
may be subtle,and are thereforedifficult to identify. In somere-
portedwork, we obsenre thefollowing.

e Thenumberof cells or netsin a benchmarkvariesfrom the
specification®f the original circuits. This clearly indicates
thatthe resultscannotbe comparedo previously published
work.

e Namesof netsand cells are sometimedost in translation.
Clearly, netsnamedVvdd, Vss,Reset,Clock, Scan,Phil, or
Phi2, shouldreceve differenttreatmentthan ordinary nets,
andmaybecritical to properdeterminatiorof circuit delay
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Figure 1: In early fabrication processesadditional spacebe-
tween cell rows is required to completerouting. With modem
fabrication, over the cellrouting allowsthe elimination of space
betweencell rows in most casesWe can expectsignificantly re-
ducedwir e lengthsfor modem fabrication processesvenif we
accountfor feature sizescaling

3.1.2 Scalingof BendimarkDimensions

To enablefastcell mirroring, early versionsof the TimberWolf
placementtool requiredcell dimensionsto be even integers. To
handlethis requirementthe MCNC benchmarkdract, struct, and
biomedhave their dimensiongloubledin the TimberWblf formats,
while golem3hasdimensionsnultiplied by four.

Theresultof this scalingis thatin somecasesresultsreported
for thesebenchmarksnay differ by afactorof two or four depend-
ing onwhatinputfiles areused.This hasclearlyoccurred:in [19],
theresultfor golem3s reportecas88.98,while [24] reportsaresult
of 19.84,andscaleghe[19] resultto 22.60.

3.1.3 RowSpacingand Numbes of Rows

Perhapshemostsignificantdifferencen interpretatiorhasbeen
with row spacingsandthe numbersof rows usedin standarccell
placementWhenthe MCNC benchmarksverefirst releasedrel-
atively few metallayerswereavailablefor routing; thus, channel
baseddesignis appropriate and spacingbetweencell rows is re-
quired.With currentfabricationtechniquespver thecell routingis
possible andadditionalspacingcanbe eliminatedin mostcases.

Changedo row spacingresultin a substantiaimpactto esti-
matedplacementvire lengths. In Figurel, a simple5 row place-
mentis shawvn; by removing spacingbetweerrows, we reducethe
lengthsof netswhich spanmorethanonerow. Bothinterpretations
of row spacingarereasonableandbothoccurwithin theliterature.
In our experimentswe obsenre thatit is quite possibleto have as
muchasa 30%reductionin wire lengthssimply by removing inter-
row spacing.

If row spacingsare not determinedpreciselyby completerout-
ing, mary groupsassumespacingis equalto standarccell height.
In[13][19][12], resultsreportecarewith routingbetweercell rows.
In [5], resultsareobtainedwith row spacingequalto cell height.In
[10][24][11], no spacds assumedbetweerrows.

Thereis alsolittle consensusn the numberof rows to usefor
thebenchmarksThis hassubstantialmpacton results:if we con-
sider a circuit which forms an 8 by 8 mesh,a placementinto 8
rows is clearly superiorto eithera 7 or 9 row solution. Thereis
no way to a priori determinean appropriatenumberof rows, or
to determinethe impactof this decisionon total wire length. For
the benchmarlkprimary2, the numberof rows usedhave included
29[15], 36[14], 28[19][5][7][11][24], and32[18]. The benchmark
primary2 is not unusual;thereare a variety of row numbersused
for theotherbenchmarkaswell.

3.1.4 Pad Positioning

A benchmarkfeaturefrequentlyobscuredn translationdbetween
formatsis the placemenbf input andoutputpads.In somecases,
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Figure 2: Pad positionsare not always presewed during trans-
lation from one format to another. If pads are shifted away
from standard cell rows, this obviously increasesxpectedwir e
length. If we assumemodem fabrication techniques,placing
the pads at the positions suggestedn the original VPNR and
YAL benchmark files would be extremely pessimistic.

the padsare broughtnearto the cell rows; in others,positionsare
determinedy therow spacingsxpected(usingroutingchannels).

As with row spacing,changego pad positionscanimpactthe
reportedwire length, particularly for small benchmarksvherea
large percentagef netsconnectto pads. Thesedifferencesare
illustratedin Figure2.

3.1.5 Pin Positions

Half perimeterwire lengthis the most commonlength-based
metric usedin researchon standardcell placement. Like issues
alreadymentioned thereare a numberof reasonablenethodsto
estimatehalf perimetemwire length,andinstance®f mary of these
arein use.

Pin positioningis more complex thanit mightinitially appear
In moststandarccell libraries,therearemultiple port locationsto
allow connectionto the transistorinputsand outputs. Theseports
may be on eitherthetopsor bottomsof the cells, or follow a “cen-
ter terminal” alignment. Somecurrentdetail routersremove pre-
determinedconnectionwiring, placingvias at ary corvenientand
design-rulecorrectlocation.

Thevariationin the numberof ports,andtheir locations,results
in variationsin half perimeterwire length estimationmethods.In
Figure3, anumberof reasonablenethodsareshavn.

In Figure 3(a), the boundingbox containsthe pins of a netin
their entirety; this is perhapsthe most conserative estimate. In
3(b), the boundingbox is determinedby the centersof the cells,
andignoresprecisecell positions;this is a frequentlyusedmetric,
which eliminatesheimpactof cell mirroring. In 3(c),thebounding
box containginsthatmightbeincludedwith a Steineror Spanning
Treeconstructionln 3(d), theboundingbox containghelower left
cornerof eachcell, producingan estimatethat would be similar
to thatof 3(b), but with somedifferencedependingn cell place-
mentsandsizes.Someplacementools usethefirst pin definedin
the cell library to determinepin locations,resultingin the possi-
bility thata numberof equivalentplacementsould have slightly
differentwire lengthestimations.

Again, thesemetricsareall reasonablebut canresultin differ-
ing wire lengthestimates The metric shavn in (b) might be most
common but the estimateof (c) mightbemoreaccurate.

3.1.6 Spanningand SteinerTreeMetrics

In somework ([10], for example) wire lengthestimatesrebased
on Spanningor SteinerTreeconstructionstesultingin anestimate
that would be more accuratethan half-perimeter Half perimeter
estimatesouldbe consideredoptimistic” for netswith morethan
threepins. If all otherfactorsareequal,onewould expectthehigh-
estwire lengthsto bereportedfor metricsbasedn spanningrees,
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Figure 3: Estimation of half perimeter wir elengthscanbe done
in a number of ways. In most cell libraries, there are multiple
ports for the inputs and outputs of a cell; how theselocations
are considered, or if we only considercell locationsand ignore
actual pins, impacts the computedwir e length.

with Steinertreemetricsreducinglengthsslightly, andhalf perime-
terresultingin the lowestlengthestimates.

3.2 Other Metrics

While mostof our focusis on issuesthatimpacthalf-perimeter
wire length measurementwe note that thereis considerabldan-
terestin performanceoptimization(in termsof delay power con-
sumption,andsignalintegrity), aswell as“practical” metricssuch
asruntime andmemoryrequirements.

3.2.1 Delay, Power Signallntegrity

Theinitial MCNC circuitsweredesignedor thetechnologypa-
rameterof theday We focusin this sectionon delayoptimization,
but othermodernconcerngacesimilar challengesObviously, cur
rentperformancelrivenresearchmustconsidercurrentfabrication
technology resultingin difficulty in the comparisorof results. If
currentwork utilizesthe earliertechnologyparameterst haslittle
relevanceto moderndesign. If the work insteadconsidersmod-
ern parametersye canexpectthatwire lengthsanddelayswould
be substantiallyreduced.We noteagainthatthis issuehasserious
implications.

o If theoriginaldevice dimensionsareusedwire lengthresults
arecomparablebut delayanalysiswill considemwire lengths
greatlyin excessof whatcouldbereasonablyexpected.

e If device dimensionsarescaledto moderntechnologycom-
parisonto previouswork is impossible.

As interconnectdelay continuesto increasein importance[4],
thesescalingissuesbecomeprogressiely more difficult. If we
areto obtainreasonablendrealisticevaluationsof timing-driven
placementapproacheswe mustscalefeaturesizesand transistor
sizescarefully The delay model suggestedn [15] is clearly in-
appropriatefor moderndesign; more complex delay modelsare
required. In this areai,it is likely thatinterpretationdecisionswill
havefargreateiimpactthanary algorithmicchoicewe couldmale.

Beyondthesescalingissuesthe problemof simply determining
the longestcritical pathis quite difficult. Most moderncircuitry
utilizes sophisticateatlocking schemesand careful architecuture
design,to minimize the longestpath. Simplemethodssuchasde-
terminationof thelongestpaththrougha circuit mayidentify false
paths(resultingin optimizationfor anunrealisticobjective). If the
functionality of individual netsis not consideredpptimizationmay
focuson large nets(suchasresetets,or scanchains),missingthe
netsthatareof true consequence.



3.2.2 Routability

Half perimeterwire lengthis only anestimateof the routingre-
sourcegequiredto completea design.If theroutingis dispropor
tionately horizontalor vertical, or is unevenly distributed, it may
be impossibleto completelyroute the circuit. Without successful
routing,aplacements of little use[3].

Many modernfabricationprocessessefixeddies in which both
circuit area,and the spacingbetweenrows, cannotbe changed.
Most placementesearcltonsidersnly wire lengthminimization,
butit is possiblethata solutionwith low wire lengthmight not “fit”
into the spaceavailable,or routing of the placementmight fail.

3.3 Additional Considerations

Beyond simply placementquality, we have a numberof other
issueswhich caninfluencethe evaluationof results.

3.3.1 RunTimesand RandonfStarts

Runtimesarefrequentlyreportedfor eachbenchmarkbut com-
parisongmay be difficult or misleading.First, comparison®f pro-
cessingpower ondifferentcomputingplatformsis non-trivial. Sec-
ond, implementatiordetailssuchaslanguagechoicemay impact
run times, but reveal little aboutthe underlyingalgorithmiccom-
plexity.

To complicatethe issuefurther, mary placementools cantake
adwantageof increasedun timesto obtainimproved results. The
impact of multiple randomstartson partitioning resultsis well
known, so placementmethodsbasedon partitioning can simply
utilize morestarts,increasingrun time while generallyimproving
solutions. With annealingoasednethods additionalrun time can
be utilized for additionalmoves at a temperaturestep, or for an
elongatedtoolingschedule.

Ultimately, therecanbe tradeof betweerrun time andsolution
quality, with a circuit designemperhapseingbestsuitedto deter
mine the right mix for a specificdesign. In publishedwork, au-
thorsusuallyattemptto provide “reasonable’tun time results;but
what could be considered'reasonable’changeswith the advance
of computingplatforms.

As mary placemenalgorithmsutilize randomizationtheresults
of asinglerunmayvary. To obtainabettermeasuref averagecase
behaior, multiple runsmaybe required. The numberof runsused
when reportingthe bestobsened performance however, varies;
whenresultsarecompareddiffering numbersof runs,or total run
times,may causethe comparisorto be unfair.

3.3.2 Tuning

Marny placementools have parametersvhich can be “tuned?
In bisectionbasedmethods for example,different cut sequences
can leadto substantiallydifferent results. With annealingbased
methodsthetypeof movesconsiderednayalsohave considerable
impact.

In general,it is difficult to determineoptimum parametewal-
uesfor anindividual benchmark.and eachbenchmarkmight re-
quiredistinctly differentparametesettings Whenconsideringnew
benchmarksor configurationf row numbersor row spacingsn
old benchmarksit is possiblethat the default configurationof a
placementool will not producethe bestpossibleresult. In prac-
tice, it is reasonabl¢o assumehat a designteamwould become
familiar with atool, andbe ableto make adjustmentso matchde-
signconstraintsfor reportingof results eitheradjustmenor useof
default parametersight againbe consideredinfair.

3.3.3 Tool \ersions
In mary publishedworks, resultsfrom “TimberWbolf” are re-

Benchmark]] Rows Cells Nets [[ TW Result
fract 6 149 163 0.032
struct 21 1952 1920 0.383
primaryl 17 833 904 0.974
primary2 22 3014 3029 3.594
biomed 44 6514 7052 1.690
industryl 24 3085 2594 1.540
industry2 69| 12637 13419 14.064
industry3 52| 15433 21967 42.264
avgsmall 79| 21918 30038 6.152
avglame 83| 25178 33298 6.580
golem3 117 100312 217362 25.113

Tablel: MCNC placementbenchmarks. The number of rows
suggestedwvas determined by the TimberWolf placementand
routing tools, using row spacingequalto cell height.

ported.We malke specialnoteof this, astherehave beenmary ver
sionsof this placementool, andthe versionnumberingsequence
causesomeconfusion.TimberWblf transitionedrom anacademic
tool, with the highestversionbeing“7.0,” to a commercialtool,
with a beginning“1.0” versionnumber Thus,reportedresultsus-
ing “TimberWblf 1.x" arelikely referencedo a fairly recentcom-
mercialtool, andnotto avery earlyacademiceffort. An academic
versionof TimberWolf is frequentlyintegratedwith the Berkeley
LAGER packagebut thisis not the bestperformingversionof the
tool, with a default configurationthat prefersspeedto quality of
result.

4. REPORTED RESULTS

We first summarizeéhe MCNC bencharkgandgolem3)in Table
1, including half-perimeterwire length results(after routing and
insertionof feedthroughsfrom TimberWolf 1.2.6,a well known
andwell respectedcommercialplacementand routing tool. Row
spacingsare equalto cell height,and padsare placedoutsidethe
coreregion, on the sidesindicatedby the original MCNC designs.
The numberof rows indicatedallows for a roughly squarecore
area. The TimberWblf resultscould be considereda “good ref-
erencepoint” for otherresults.

We now presentTable 2, which summarizeswire lengthsre-
portedfor the MCNC benchmarkcircuits. Each column corre-
spondgo atool which hasbeenpresentedn a competitve confer
enceor journal publication,with the exceptionof the lastcolumn,
which wasobtainedfrom InternetCAD,a commerciakool vendor
Obviously, thisis only a subsef the work doneon standarctell
placementwe selectthis setasthey provide a cross-sectiomnf re-
sults,andareall reasonablyvell knowvn works.

We have contactedmary of the authorscited in this table; uni-
formly, they have beenextremelyhelpfulin clarifying theirresults.
Due to time constraintswe have not beenableto contactall au-
thors, andthis illustratesa centralconcernof this paper Ideally,
we would hopethat the publishedrecordwould allow a clearun-
derstandingf theresultsof researchin practice thisis seldomthe
case.

Wereporttheresultsverbatimfrom thecitedworks,andin roughly
chronologicalorder The “benchmarkunits” usedhasvaried,and
we includethis detail in the secondto lastrow of thetable. Units
rangefrom metersto microns,resultingin a differencein wherea
“decimal point” shouldbe placed. The final row of the tablein-
cludesanindicationof row spacing.

Giventhelengthof time thatthe MCNC benchmark$iave been
consideredandthe importanceof the problem,one might expect



[13] [9] [22] [14] [19] [10] [18]
Gordian PRC | HALO POPINS| TW?7.0 QUAD NRG
Fract 45225 337 25602
Struct 558+362 3780 287631
Primaryl 841+553| 999.5| 1.439| 1128245 0.83 8972 | 894545
Primary2 | 4761+3153| 3665.6 6.73| 4128324 3.53 36824 | 3412195
Biomed | 5232+3123 4128324 3.22 23765
Industryl
Industry?2 13.30 332318
Industry3 41.53 938682
Avgsmall 23848188 5.08 62890
Avqglamge 28323022 5.65 65906
Golem3 88.98
Units X1000 | XI000 | Meter Micron Meter X100 | Micron
Spacing Routed Routed None
[5] [7] [21] [24] [11] 23] 7 _T12]
FD98 | ARP | Dragon SFADE | Mongrel | FengShui iTools
Fract 0.034 0.024 0.032
Struct 0.338 0.34 0.291 0.266 0.380 0.272
Primaryl 0.87 0.79 0.74 0.83 1.018 0.799
Primary2 3.72 3.61 3.13 2.94 3.684 3.37
Biomed 1.78 1.83 1.43 1.689 2.90
Industryl 1.50 1.606
Industry?2 14.6 12.88 11.90 11.89 15.408 114
Industry3 4511 4812 42.33 35.37 3453 44729 39.6
Avgsmall 491 6.06 5.17 5.08 4.4 5.960 4.48
Avqglamge 5.38 6.54 5.25 6.16 4.87 6.301 478
Golem3 77.56 19.84 21.882 79.9
Units Meter| Meter| Meter Meter Meter Meter Meter
Spacing Row Row None None Row Routed

Table 2: Reported wir e length results. A significant differ encein interpretation is in row spacing, which varies from arearequired
by an actual routing, to an estimateof channelheight equalto row height, to a completeelimination of spacing

somesortof convergenceof thereportedresults.Clearly, thisis not
the case;even for the smallestbenchmarksresultswithin the last
few yearsdiffer substantially

5. SUMMARY AND CONCLUSION

Circuit placementis a centralproblemin VLSI designautoma-
tion. While fabricationtechnologyhasadwancedat a breakneck
pace designtools have hada difficult time keepingup.

In this paper we have shavn thatthereis wide variationin the
interpretationof placemenbenchmarksThis hasresultedin vast
differencesn reportedresultswith mary instance®f “apples”be-
ing inadvertentlycomparedo “oranges. The placemenproblem
is extremelycomple, andaswe have shavn, mary researclyroups
have madeassumptionshat, while reasonablediffer substantially
from theassumptionsf others.

Improvementto designautomationresearchs of profoundim-
portanceijt is difficult to imaginehow thiswill occurif we cannot
accuratelyevaluateor compareapproachesOne of the purposes
of publishingresearclis to enableothersto understandhe merit of
anapproachandto make subsequertomparisonsWithoutacom-
moninterpretatiorof the availablebenchmarksthe entireresearch
processs undermined.

While we have focusedprimarily onwire lengthevaluationhere,
we notethattherearefargreatedifficultieswith performancelriven
design. Delay models, device parametersdeterminationof the
longestpath,andinterpretation®f clockingschemesganall make
significantimpacton results. For example,the delay reportedin
[16] is a factor of 10 lower thanthe resultof [20]. Otherareasof
VLSI CAD researcharelikely to have similar problems: [2] fo-
cusedon hypegraphpartitioning,andmakesa numberof sugges-

tionswhich couldveryeasilyapplyhere.As fabricationtechnology
adwancesandthesizeof the“designgap”increasesmprovements
to thereportingandevaluationof resultshecomesncreasinglyim-
portant.Our main suggestionarethefollowing.

5.1 Distribution of PlacementResults

We would encourageesearctgroupsworking on placemento
male their placemenbutputavailable (perhapghroughthe web).
This is commonpracticein mary other academicareas,and we
expect that this would reduceambiguity in reportedresultssub-
stantially Distribution of resultsrequiresvery little effort.

As partof the GSRCBookshelf[8]effort, placementesultsfrom
a numberof tools have beenmadeavailable. In addition, both
sourcecodeand executableversionsof someplacementools are
alsoavailable,allowing independenterificationof results.

We have refrainedfrom presentatiorof “definitive” placement
resultsin this paper preferringinsteado directresearcherowards
a Web-basedable of currentresults. Placementesultsarelarge,
preventingunambiguouslescriptionin the limited spaceavailable
for atechnicalpaper Additionally, placementoolsarebeingcon-
tinually improved, and resultsthat could be reportedherewould
likely becomeoutdatedquickly.

5.2 Standard Measurement

We would also encouragethe adoptionof a standardfor row
spacingnumberof rows, andmethodof half-perimetemvire length
computation. Mary currentresearctgroupshave eliminatedrow
spacing,and this matchescurrentdesignpractice; thus, we sug-
gestthat the standardnclude zero spacing,and cautionthat this
will malke resultsfrom currentplacementtools incomparableto
somepreviously publishedwork. The GSRCBookshelfstandard



cell placemenslotincludesatool to determinehalf perimetemire
length,givenaproperlyformattedplacementesult.

It shouldbestressedgainthathalf-perimetemire lengthshould
not be consideredisthe only measuref placementuality. Issues
suchassignal delay power consumptioncrosstalk,and areaare
perhapsmoreimportant,but arealsoquite difficult to measureac-
curately It is ourhopethatif someconvergencecanbeobtainedon
half-perimetewire lengthmeasuresye canextendthis success$o
othermetricsaswell.

5.3 NewBenchmarks

Industry groupshave beenhesitantto releasecurrentdesigns,
citing competitve adwantageissues.We would suggesthatwhile
somecompetitve adwantagemight be lost, guidanceand bench-
marksfrom industry groupscould improve the stateof computer
aideddesignasawhole.

Recentlyanumberof industrialpartitioningbenchmarks[1have
beenadaptednto standarctell placemenbenchmarks[21]While
thesenew benchmarkdack information suchassignaldirections,
cell functionality etc.,they arerelatively large, andarealsofree
of wide ranginginterpretation. We encourageesearchgroupsto
reportresultson thesebenchmarksusing the row spacings pad
placementsanddistancemetricsprovided. Thesebenchmarksre
availablethroughthe GSRCBookshelfstandaraell placemenslot.
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