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Abstract

With the scalingof technolagy and higherrequirementson
performanceandfunctionality powerdissipationis becoming
oneof the major designconsideationsin the developmenbf
networkprocessas. In this paper we usean assertion-based
methodolgy for system-leel power/performancenalysisto
studytwo dynamicvoltage scaling (DVS) techniques,traffic-
basedDVSandexecution-basedVS,in a networkprocessor
model.Usingthe automaticallygenemateddistribution analyz-
ers, we analyzethe powerand performancedistributionsand
studytheir trade-ofs for the two DVS policies with different
parametersettingssud asthresholdvaluesandwindowsizes.
We discusghe optimal configumationsof thetwo DVSpolicies
underdifferentdesignrequirements.By a setof experiments,
we showthat the assertion-basetrace analysismethodolgy
is an efficient tool that can help a designereasily compae
and studyoptimal architectural configumtionsin a large de-
signspace

1 Intr oduction and Moti vation

As Internetgetsmoreandmorecomplicatedvith therise of
new protocolsandservicessodoesthe costof new equipment
andupgradesA network processo(NPU) is a basehardware
platformthatprovideshigh performancendflexible program-
ming capabilitieswhich allowsit to addressnary market segy-
mentsanda wide rangeof applications.As a result,the cost
of upgradecanbereducedanddevelopingcyclesfor new pro-
tocolsanddatatypescanbe shortened.Therefore NPUsare
poisedto replaceexpensve andinflexible fixed-functionsili-
conapplication-specifitntegratedcircuits (ASICs).

A numberof challengefor NPU implementationare al-
readyevident, and power dissipationis amongone of them.
For example,in a typical router configuration,theremay be
oneortwo NPUsperline card.A groupof line cardsg.g.16or
32, aregenerallyplacedwithin a singlerackor cabinet. Thus,
the aggregyatedheatdissipationbecomesa big concern,given
that eachNPU typically consumesaround20 Watts and the
operatingtemperatureanreachashigh as70°C [13]. Onthe
other hand,with the demandof performancescaling, NPU’s
clock frequeng is increasingand more computationengines
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Description IXP1200 | IXP2400 | IXP2800
Performance(MIPS) 1200 4800 23000
MediaBandwidth(Gbps) | 1 2.4 10
Frequeng of ME(MHz) 232 600 1400
Numberof MEs 6 8 16
Powver(W) 45 10 14

Figurel: Thepowerandperformancef Intel IXP NPUs.

will be putonanNPU. Figurel shavs the power andperfor
mancechangesn threelintel IXP family NPUs[10, 12, 13].
Note thatthe power dissipationincreasessthe compleity of
NPU increasesThistrendbringssignificantchallengegor the
NPU design.

Systemlevel modelingwith executablelanguagesuchas
C/C++or othermodelingframeavorks have beencrucialin de-
signing large electronicsystems. Unfortunately most cycle-
level accuratesimulatorsonly reportperformanceand power
datafor worstand/oraveragecaseswhich poselimitation on
power/performancenalysis. For example,an NPU’s perfor
manceand power dissipationare closelyrelatedto the work-
load, namelythe incomingpaclet rate. The workloadis usu-
ally unbalancedwhich may causeextremehigh power dissi-
pation occasionally The unbalancedvorkload provides op-
portunitiesfor power andperformanceuning. The power and
performancedistribution patternsare importantcomplements
to average/verst-casalatain the designexploration.

It hasbeenshowvn thatthe assertion-baseahalysismethod-
ology is very suitablefor transaction-leel or cycle-level de-
sign exploration, speciallyin power/performanceanalysisof
NPU designs.Thebasicmethodologyhasbeenproposedn [6]
for verifying andanalyzingbasicfunctionaland performance
propertiesof an NPU design. From formally specifiedas-
sertions,trace checlers and distribution analyzersare auto-
matically generatedo validate or analyzesimulationtraces.
Designersdo not needto write separataeferencemodelsor
scriptsto scanthroughthe traces. So it is very suitablefor
designexplorationof large systemswith high compleity and
functionality suchasNPU designs.

In this paper we focus on the assertion-basedesignex-
ploration of dynamicvoltage scalingtechniquesn the NPU
model. In orderto efficiently analyzethe power-performance
trade-ofs amongdifferentDVS policieswith differentparam-
etersettingswe uselLogic of Constraint{LOC) [4] to specify
assertionformulasfor power and performancedistributions.



With automaticallygeneratedlistribution analyzersywe com-
paretheir power and performancecharacteristicandidentify
optimalconfigurationsn theirlargedesignspaces.
Therestof thepapetis organizedasfollows. In thenext sec-
tion, weintroducethenetwork processomodel,thebasicDVS
techniqueandthe assertion-basetiiaceanalysismethodology
In Section3, we describethe experimentsettingsfor the net-
work processosimulatorNePSimincluding benchmarks|P
traffic files,andsimulationtraces.In Section4, we presenthe
proceduresand analysisresultsof assertion-basedesignex-
plorationfor DVS policiesin theNPU model.We comparewo
typesof DVS techniquesraffic-basedDVS and execution-
basedVS, with differentparametesettings andfind optimal
configurationdor both DVS techniquesinderdifferentdesign
requirementsSection5 concludeghe paper

2 Background
2.1 Network ProcessomModel

A network processodesignusuallycontainsmultiple RISC
processingores,dedicatechardwarefor commonnetworking
operationshigh-speednemoryinterfaces high-speed/O in-
terfaces,and interfacesto generalpurposeprocessors.Here
we use NePSimsimulator [8] to model the NPU architec-
ture. NePSimis basedon Intel IXP1200andincludesa cycle-
accuratearchitecturesimulatoranda power estimator All the
configurationsn NePSimareparameterizable.

The referencemodel of the network processodesignfol-
lows IXP1200and consistsof a StrongARM core, six multi-
threadegrocessinginitscalledmicroenginegMEs), memory
controllers,high-speeduses,and packet buffers. The Stron-
gARM coreinitializesthemicrocodeprogramto controlstores
of themicroenginegndloadsnecessargatainto memorybe-
fore enablingthe microengines. The off-chip SRAM (up to
8M) is typically usedto storethe forwardingtable, while the
SDRAM (up to 256M) is typically usedto storelP paclets.
The usageof eachcomponenis highly dependenbn the ap-
plicationandworkload.

2.2 Dynamic Voltage Scaling

Dynamicvoltagescaling(DVS) [3] is a popularlow power
techniqueandhasheenemployedwidely for microprocessors,
resultingin significantpower and enegy savings. DVS ex-
ploitsthevarianceof aprocessos utilization,reducingvoltage
andfrequeng (VF in short)whenthe processohaslow activ-
ity andincreasingVF whenthe peakperformances required.
Dynamicpower consumptioris proportionalto C- Vdd? - a - f,
soreducingvoltage(Vdd) andfrequeng (f) cansignificantly
reducepower consumption.

Althoughmary DVS algorithmsappeain literature theun-
solveddifficulty is how to derive the optimalsettingsfrom ex-
ternalobsenations,for example,by monitoringthe workload

oridle time. In this paperwe will useassertion-basetiethod-
ology to studyandfind out optimal DVS parametergn NPUs.

2.3 Assertion-BasedAnalysis Methodology

Assertion-basedheckingis similar to the popularembed-
ded assertiontechniquein hardware design, where simple
comparisortircuitry is insertedinto HDL descriptiondo help
designerauncover bugsduring simulation. The methodology
beginswith aformula,e.g.in Logic of Constraint{LOC), and
generatestand-aloneheclers,independentf any simulation
languageand platform[4, 6]. FurthermoreLOC is designed
to specify quantitatve performanceandfunctional properties
for analysisof transaction-leel executiontraces. The basic
component®f LOC areeventnamesinstanceof events an-
notations andasingleindex variablei. For example,alateng
property(a dequeueventhappenso later than50 cyclesaf-
terthecorrespondingnqueuetanbeformally specifiedasan
LOC formula: cycle(deq]i])-cycle(enq[i]}<=50. Theformula
is satisfiedif it holdsfor all eventinstancesi.e. for all values
of i. The automaticallygenerateccheclersare usedto ana-
lyze simulationtracefiles andreportall the violations of the
assertions.

To automateguantitatve distribution analysisthatis com-
mon in designexploration, we extendthe LOC assertiondy
introducing3 moreoperatorsx<, < ands. To analyzethedistri-
bution of somequantityover certainrangeswe canusea for-
mula, in the form of quantity< {min, max steg, to automat-
ically generatea correspondingnalyzer An analysisperiod
is specifiedwith atriple {min, max,stepg, wheremin andmax
arelowerandupperboundsandtheinterval betweerthesgwo
valuesis dividedinto bins of width step For example,givena
formula:

(time(forward[i + 100) — time(forward[i])) o< {40,80,5} , (1)

anassertioranalyzeliis generatedo evaluatetheleft handside
with i being0, 1, 2, ... , andreportthe percentag®f formula
instancesvhosevaluesfall within therangeof (—oo, 40], (40,
45], ..., (75, 80], (80, +). If we replacethe operator< with
< or >, therangesbecome(—oo, 40], (—oo, 45], ..., (—o0, 75],
(—o0, 80] or [40, +), [45, +), ..., [75, +), [80, +), re-
spectvely.

3 Experimental Settings

In this section,we introduceour experimentervironment,
IP paclettraffic modelsusedin the simulation,andthe simu-
lationtraces.

3.1 Benchmark Applications

In our experimentsywe choosdour representatie network-
ing applicationsto explore differentarchitecturalfeaturesof
the NPU model,i.e. ipfwdr, url, natandmd4 The applica-
tion ipfwdr is an IP forwarding software provided in Intel’s
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Figure2: ExamplelP pacletsdistribution

SDK. Therouting tableis storedin the SRAM andthe out-
putportinformationis storedin the SDRAM. Theprogramurl
routespacletsbasedon URL requests.t checksthe payload
of pacletsfrequently soit needsalargenumberof SRAM and
SDRAM accessesln nat (network addresgranslation),each
paclet only needsan accesd¢o SRAM for looking up the IP
forwardingtable. The md4providesa 128-bitdigital signature
algorithm. It movesdatapacletsfrom SDRAM to SRAM and
accesseSRAM multiple timesfor computationlt is therefore
bothmemoryandcomputatiorintensie.

Memory accessesspecially SDRAM accesseshave long
lateng. They lead to long idle time for MEs, which in
turn shows up aslower power andthroughput. Computation-
intensive benchmarksthosethatdo notwait on memorieswill
tendto shawv higherpower consumption.

3.2 |IP Traffic Patterns

The simulationinputsfollow IP paclet traffic patternan a
realworld edgerouterfrom NLANR [15]. Figure2 shavs a
daytimedistribution of IP pacletarriving rates.It is obviously
too expensve to simulatethe entireday’s worth of simulation
tracesfor the purposeof designspacesxploration. We sample

afew second®f realtraffic in high, mediumandlow arriving
ratesasindividual inputsto the simulator

3.3 Simulation Traces

The simulator providesthe assertionanalyzerwith neces-
sary datatraces. The tracescontaina setof architecturalex-
ecutioneventsthat occur frequentlyduring simulationand a
setof power/performanceelatedvaluescalledannotationsin
ourexperimentsyve mainly usethreetypesof events,pipeling
forward andfifo, explainedin Figure3. In asimulationtrace,
the eventsare prefixed to differentiatedifferentmicroengines
(MEs) or configurations For example,m2 pipelinerepresents
apipelineeventfrom ME2. Eacheventis associatedvith five
annotationgseeFigure3). A snapshobf atracefile generated
by NePSimsimulatoris shovn in Figure4.

Eventtype Details

pipeline aninstructionentersthe executionpipeline

forward anl|P pacletis forwarded

fifo anlP pacletis putinto the processingjueue
Annotationtype | Details

cycle numberof coreclock cycleselapsedrom the beginning
time simulatedtime elapsedrom the beginning

enegy cumulatize enegy consumed

total_pkt total pacletsreceivedor transmitted

total_bit total bitsrecevedor transmitted

Figure3: List of eventandannotatiortypes.

cycle time(us) enegy p_loss event

365 1573 0.768133 120 m2_pipeline
366 1577 0.773932 120 m3_pipeline
367 1.580 0.784506 121 forward
368 1.583 0.794108 121 mb_pipeline
369 1.587 0.809369 121 m4_pipeline

Figure4: A snapshobf NePSimsimulationtrace.

4 DesignExploration of DVS

In areal systemwith DVS, the frequeng andvoltageare
adjusteddynamicallyaccordingo theprocessingvorkload. A
DVS schedulereliesonthehistoryinformationof workloadto
make decisions.In an NPU design,two typesof information
canbeusedfor thispurposenetwork traffic loadandprocessor
idle time. We call thetwo DVS policiestraffic baseddynamic
voltagescaling(TDVS) andexecutionbaseddynamicvoltage
scaling(EDVS). We do not combinethe two policiesbecause
monitoringbothtraffic load andprocessoidle time on a chip
is expensie in termsof areaandpower.

In this section,we analyzethe power/performancdrade-
offs of DVS policiesby varyingthewindow sizeandthreshold
for voltage/frequeng scaling, and searchfor optimal points
in the designspace. We also comparethe two DVS policies
throughtheir power and performanceresultsunderdifferent
designrequirements.

4.1 Traffic basedDynamic Voltage Scaling

TDVS usesthe total traffic load detectedat the 16 device
ports as the control parameteffor scaling. If the traffic vol-
umein the previous time window is smalleror larger thana
particularthresholdvalue,we scaledown or up the VF of the
processoby onestep,until alower or upperboundis hit. The
lower and upperboundsof VF, similar to thoseusedin Intel
XScale[11], arefrom 400MHzto 600MHzand1.1V to 1.3V.
We setthe frequeng stepto 50Mhz and computethe voltage
asin XScale. In orderto matchhigher NPU frequeng, we
scalethe speedof SDRAM, SRAM andixbusto 1.3 timesof
thosein IXP1200.

To estimatethe power in TDVS, we modified NePSims
power estimatiormoduleto includethe power overheada 32-
bit adder The adderis usedto accumulatehe paclet sizesin
eachmonitorwindow, andcomparehetraffic volumewith the



threshold. Note this adderis only usedwhena packet comes
in, muchlessfrequentlythanthe ALUs in ME pipelines.From

theexperimentresultswe find the overheads lessthan1% of

total power.

TDVS reducesgthe power, but it may adwerselyaffect the
performance.The clock cycle becomedongerif Vdd is de-
creasedsothe NPU takeslongertime andpossiblymoreen-
ergy to getthe sameamountof work done.Thetrade-of moti-
vatesusto analyzeboth power consumptiorand performance
of the NPU with differentTDVS policiesapplied. The goalis
to find the optimal pointsin the designspacefor eachbench-
mark. We usethefollowing LOC formulato analyzethepower
consumptiordistribution:

(enegy(forward[i +100) — enegy(forward[i]))/
(time(forward[i +100Q]) — timgforward(i]))
>{0.5,2.250.01} . (2)
Theleft handsideof theformulacalculategshe averagepower
consumptiorfor each100 pacletsforwarded.
To study the performanceof the processorwith various
configurationsyve analyzethe distribution of the transmitting
throughputsisingthefollowing formula:

((total_bit(forward]i + 100)) — total_bit(forward]i])) /10°)
/(timg(forward[i + 100Q) — timg(forward]i]))
<{100,330Q10} . (3)
The left handside of the formula calculateshe averagefor-
wardingbit ratein Mbpsfor each100 pacletsforwarded.

With the two formulas,we searchfor the optimal settings
of TDVS policies. In TDVS, two main typesof parameters
that needto be carefully tunedarethe traffic thresholdsand
window size. For eachTDVS policy, the traffic thresholds
are a setof volume numbersthat control the voltage scaling
in different VF combinations. With the frequeng and volt-
agereducedthetraffic thresholdis alsoloweredto matchthe
reducedME processingapability Takingipfwdr asan exam-
ple, we choosea top thresholdof 1000Mbpsfor the normal
frequeng of 600MHz and other thresholdsfor reducedVFs
aredecidedasshowvn in Figure5. In our experimentswe use
thebenchmarkpfwdr to comparehe TDVS policieswith four
differenttop thresholds800,1000,1200,and1400Mbps.

Frequeng (Mhz) 600 550 | 500 | 450 | 400
Voltage(V) 1.3 125 12 [ 115 [ 1.1
Traffic Threshold(Mbps)| 1000 | 916 | 833 | 750 | 666

Figure5: Thedetailedscalingvalues.

Thewindow sizedecideshow long atraffic historyis used
to make voltagescalingdecisionsandit alsodirectly affects
the overall performanceof the TDVS policy. For example,if
thewindow sizeis setto 20k clock cycles,the averagetraffic
volumein the previous 20k cyclesis comparedo the current
thresholdto decidewhetherthe VF needso be changed.f a
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Figure7: Throughputunderdifferentdesignpointwith TDVS.

window sizeis too large, it may smooththe peaktraffic with
low traffic andmissa goodchanceto reducepower; If window
sizeis too small, VF may changetoo frequently which in-
cursmorepenaltyandeventuallyhurtstheperformanceln our
experimentsthe penaltyfor eachvoltagescalingis 10us[8],
which is equivalentto 6000cyclesat the normalfrequeng of
600MHz. We compare4 differentwindow sizesfor ipfwdr,
rangingfrom 20k to 80k cycles.

We run the simulation8x 10° cyclesfor eachTDVS con-
figuration. Using the automaticallygeneratedlistribution an-
alyzerwith the formulas(2) and (3), we comparethe power
andperformancalistributionswith differentTDVS policiesor
no TDVS enabled.Thedistributionsfor the power andperfor
manceareplottedin Figure6 andFigure7 respectiely. Each
subgraphshaws the power or throughputdistribution with a
particulartop thresholdand different window sizes. In the
power distribution graphs,the horizontalaxis representpos-
sible power valuesand the vertical axis representghe per
centage®f assertiorinstanceghataresmallerthanparticular
power values. Similarly, in the throughputdistributions, the
vertical axis representshe percentagesf assertionnstances
thatarelargerthanparticularthroughputvalues.

From Figure 6, we can seethat comparedwith no TDVS
policy, the power saving by TDVS is obvious no matterwhat
thresholdor window sizeis chosenln mostcasegexceptwith
window size of 20k), the performancedegradationis small
(from Figure 7). It is thereforeshovn that TDVS is a very
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Figure8: Paver underdifferentdesignpointswith TDVS.

successfupower saving technique. We also seethat TDVS
configurationswith smallerwindow sizeshave lower power
consumptionbut worse throughput,regardlessthe threshold
values. Whenwindow sizeis small, e.g 20k, the TDVS pol-
icy becomessery aggressie. The VFs arechangedvery fre-
quently andasa result,the 6000-g/cle penaltiesalmostcon-
sume30%of thewindow time. Thatis thereasornwhy thereis
dramaticdropin throughputfor window sizesof 20k. On the
otherhand,for 80k window sizes,certainpower savings are
still achievedwith almostno performancdoss.

To comparetheresultsof differentthresholdsmoreclearly
andlook for a bestTDVS policy for ipfwdr with an optimal
threshold-windav size combination,we generate3-D graphs
for power andperformancelistributionsin Figure 8 andFig-
ure 9. A vertex on the surfaceshowvn in Figure 8 represents
that80%of formula(2) instancesrelower thanapowervalue
for a particularthresholdandwindow size. Similarly, a vertex
on the surfacein Figure 9 representshat 80% of formula (3)
instancesare higherthan a throughputvalue for a particular
thresholdandwindow size.As shavn in Figure8, for apartic-
ularwindow size,thethresholdof 1000Mbpshashigherpower
thanothersandthistrendbecomesnoresignificantasthewin-
dow sizeincreasesAs showvn in Figure9, if thewindow size
is small, the performancedor differentthresholdsare simi-
lar; asthe window size becomedarger, the performanceor
1000Mbpghresholdbecomesnuchbetterthanothers.

Basedon above analysis,if performancehasa higherpri-
ority in the design,we shouldchoosethresholdof 1000Mbps
and 80k window sizeresultingin limited power savings. On
the otherhand,if saving poweris moreimportant,the config-
urationwith 1400Mbpsand 40k of window sizeis preferred.
And this resultis specificto this particularipfwdr application.

4.2 ExecutionbasedDynamic Voltage Scaling

In executionbaseddynamicvoltage scaling (EDVS), the
idle time of microengineis usedasthe control parametefor
voltagescaling. Whenthe idle time is longeror shorterthan
a certainpercentag®f an obsened period, the VF of the mi-
croengineis scaleddown or up by one step,until a lower or
upperboundis hit. Notethatin EDVS, eachME changests
VF independentlntuitively, ME idle time is usuallyseerto be
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Figure9: Throughputunderdifferentdesignpointwith TDVS

proportionalto the workload,which malkesTDVS andEDVS
almostthe same. However, this is not really the casein the
NPU model. Evenif an ME doesnot procesgacletsduring
low workload, it will actively executeinstructionsto poll the
buffersandstatusregistersto checknew paclets. In the NPU
model, the idle time of an ME is mainly introducedby long
latengy of memoryaccessesincean SDRAM accessantake
asmuchas100clock cycles. If all thethreadsin an ME are
waiting for memoryaccesset becompletedwe considerthe
ME idle.

ToanalyzeEDVS policies,theidle timethresholdsandwin-
dow sizesarethe main parametersOtherparameterarecon-
figured as thoseusedin TDVS. We usethe assertion-based
distribution analyzerto find the goodidle time thresholdsby
analyzingthe distribution of the idle time in simulations. It
is obsenedthat for receving MEs, in around90% of the to-
tal simulationtime, idle time is eitherunder5%, or between
30% and40%, indicatingtwo modesof operation.For trans-
mitting MEs, idle time is almostalwaysunder5%, indicating
a transimmionconstrainedscenario. The microengineseem
working underonly two statuseseitherbusy or idle. Herewe
simply chooseheidle time thresholdvalueas10%,i.e. if the
idle time of an ME is longer or shorterthan 10% of an ob-
sened perioddeterminedoy the window size,its VF may be
changedWe studythreedifferentwindow sizes,20k, 40k and
60k andstill useipfwdr asthe examplebenchmark.
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Figure10: Paver andperformancelistribution for EDVS

We run the simulation8x 10° cyclesfor eachEDVS con-
figurationandplot the distributions of throughputand power
in Figure10. Fromthe power distribution graph,we obsene
that power dissipationgenerallydropsfrom 1.5W to 1.15W
for mostcaseswith EDVS applied,achiezing around23% of
power saving. Meanwhile, thereis nearly no performance
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degradationfrom thethroughputdistributions. In EDVS, each
ME changests VF independentlyand the transmittingMEs
neverscalesdown their VFs dueto theirlow idle time.

4.3 ComparisonbetweenTDVS and EDVS

We have shovn thatboth TDVS andEDVS are capableof
saving power with little performancesacrificed. Now we are
readyto compareghetwo policies,andfind which oneis better
givenaparticularpoweror performanceequirement\We sam-
ple therealtraffic file in threeperiodswith high, medium,and
low traffic volumesrespectiely. We simulateall four bench-
markswith the optimal configurations(from previous analy-
sis)for two DVS policiesandcomparethe power distributions
in Figure11. We do not shav the throughputperformances
andonly notethatin all casesEDVS hasno significantper
formancelosswhile TDVS never dropsmorethan2-5% com-
paredto the original NPU modelwith no DVS applied.

Overall, TDVS hasmorepower savingsthanEDVS. But as
thetraffic volumebecomesigher, powersarzingsby TDVS re-
ducequickly, while EDVS hasa moresteadyreductionunder
every situation.EDVS hasbetterresultsfor memoryintensie
benchmarks.We obsene that ipfwdr shavs the most power
savingsif traffic volumeis mediumor high. This is because
ipfwdr needsto checkrouting tablesin SRAM and the out-
put port informationin SDRAM for eachpaclet. Thereare
plenty of opportunitiesfor EDVS. The benchmarknat shavs
no power savingsfrom EDVS underevery traffic patternsdue
tothefactthatnathasveryfew memoryaccessegndthe MEs
arekeptbusy.

In summaryif the pawer consumptioris the dominantde-
sign factor TDVS shall be a better choice. Otherwise, if
performanceas more importantand paclet loss needsto be
avoidedasmuchaspossible EDVS shallbeused.

5 Conclusions

In this paperwe usedanassertion-basedesignexploration
methodologyto studytwo differentdynamicvoltagescaling
techniquesn a network processomodel: TDVS and EDVS.
We analyzedhe power andperformancalistributionswith the
two DVS policiesanddifferentparametesettingsusingauto-
matically generatedlistribution analyzershasedon assertion
formulas. We studiedthe power-performancerade-ofs with
TDVS and EDVS applied and different thresholdsand win-
dow sizesused. It wasshawn thatin the NPU modelthe op-
timal configurationof a DVS policy usuallydependon mul-
tiple factorssuchasthe characteristicef theapplication traf-
fic loadsandpower or performancealesignrequirementsThe
assertion-baseahalysismethodologywvasshownn to be an effi-
cienttool to helpadesignerchooseanoptimalconfigurationin
alargedesignspacespeciallywhenthe numberof considered
parameterss large and manualanalysisof simulationresults
becomededious.
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