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Abstract

With thescalingof technology andhigherrequirementson
performanceandfunctionality, powerdissipationis becoming
oneof the major designconsiderationsin thedevelopmentof
networkprocessors. In this paper, we usean assertion-based
methodology for system-level power/performanceanalysisto
studytwo dynamicvoltage scaling (DVS) techniques,traffic-
basedDVSandexecution-basedDVS,in a networkprocessor
model.Usingtheautomaticallygenerateddistributionanalyz-
ers, weanalyzethepowerandperformancedistributionsand
studytheir trade-offs for the two DVSpolicieswith different
parametersettingssuch asthresholdvaluesandwindowsizes.
We discusstheoptimalconfigurationsof thetwo DVSpolicies
underdifferentdesignrequirements.By a setof experiments,
weshowthat theassertion-basedtraceanalysismethodology
is an efficient tool that can help a designereasily compare
and studyoptimal architectural configurationsin a large de-
signspace.

1 Intr oduction and Moti vation

As Internetgetsmoreandmorecomplicatedwith theriseof
new protocolsandservices,sodoesthecostof new equipment
andupgrades.A network processor(NPU) is a basehardware
platformthatprovideshighperformanceandflexible program-
mingcapabilities,whichallowsit to addressmany marketseg-
mentsanda wide rangeof applications.As a result,the cost
of upgradecanbereducedanddevelopingcyclesfor new pro-
tocolsanddatatypescanbe shortened.Therefore,NPUsare
poisedto replaceexpensive andinflexible fixed-functionsili-
conapplication-specificintegratedcircuits(ASICs).

A numberof challengesfor NPU implementationare al-
readyevident, and power dissipationis amongoneof them.
For example,in a typical router configuration,theremay be
oneor two NPUsperline card.A groupof line cards,e.g.16or
32,aregenerallyplacedwithin a singlerackor cabinet.Thus,
the aggregatedheatdissipationbecomesa big concern,given
that eachNPU typically consumesaround20 Watts and the
operatingtemperaturecanreachashigh as70oC [13]. On the
otherhand,with the demandof performancescaling,NPU’s
clock frequency is increasingandmorecomputationengines

Description IXP1200 IXP2400 IXP2800
Performance(MIPS) 1200 4800 23000
MediaBandwidth(Gbps) 1 2.4 10
Frequency of ME(MHz) 232 600 1400
Numberof MEs 6 8 16
Power(W) 4.5 10 14

Figure1: Thepower andperformanceof Intel IXP NPUs.

will beput on anNPU. Figure1 shows thepower andperfor-
mancechangesin threeIntel IXP family NPUs[10, 12, 13].
Notethatthepower dissipationincreasesasthecomplexity of
NPUincreases.This trendbringssignificantchallengesfor the
NPU design.

Systemlevel modelingwith executablelanguagessuchas
C/C++or othermodelingframeworkshavebeencrucialin de-
signing large electronicsystems.Unfortunately, mostcycle-
level accuratesimulatorsonly reportperformanceandpower
datafor worstand/oraveragecases,which poselimitation on
power/performanceanalysis. For example,an NPU’s perfor-
manceandpower dissipationarecloselyrelatedto the work-
load,namelythe incomingpacket rate. Theworkloadis usu-
ally unbalanced,which may causeextremehigh power dissi-
pation occasionally. The unbalancedworkload providesop-
portunitiesfor powerandperformancetuning. Thepower and
performancedistribution patternsare importantcomplements
to average/worst-casedatain thedesignexploration.

It hasbeenshown thattheassertion-basedanalysismethod-
ology is very suitablefor transaction-level or cycle-level de-
sign exploration, speciallyin power/performanceanalysisof
NPUdesigns.Thebasicmethodologyhasbeenproposedin [6]
for verifying andanalyzingbasicfunctionalandperformance
propertiesof an NPU design. From formally specifiedas-
sertions,trace checkers and distribution analyzersare auto-
matically generatedto validateor analyzesimulationtraces.
Designersdo not needto write separatereferencemodelsor
scriptsto scanthroughthe traces. So it is very suitablefor
designexplorationof largesystemswith high complexity and
functionalitysuchasNPU designs.

In this paper, we focus on the assertion-baseddesignex-
ploration of dynamicvoltagescalingtechniquesin the NPU
model. In orderto efficiently analyzethe power-performance
trade-offs amongdifferentDVS policieswith differentparam-
etersettings,weuseLogic of Constraints(LOC) [4] to specify
assertionformulas for power and performancedistributions.
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With automaticallygenerateddistribution analyzers,we com-
paretheir power andperformancecharacteristicsandidentify
optimalconfigurationsin their largedesignspaces.

Therestof thepaperisorganizedasfollows. In thenext sec-
tion,weintroducethenetwork processormodel,thebasicDVS
techniqueandtheassertion-basedtraceanalysismethodology.
In Section3, we describethe experimentsettingsfor the net-
work processorsimulatorNePSimincluding benchmarks,IP
traffic files,andsimulationtraces.In Section4, we presentthe
proceduresandanalysisresultsof assertion-baseddesignex-
plorationfor DVSpoliciesin theNPUmodel.Wecomparetwo
typesof DVS techniques,traffic-basedDVS and execution-
basedDVS,with differentparametersettings,andfind optimal
configurationsfor bothDVS techniquesunderdifferentdesign
requirements.Section5 concludesthepaper.

2 Background

2.1 Network ProcessorModel

A network processordesignusuallycontainsmultipleRISC
processingcores,dedicatedhardwarefor commonnetworking
operations,high-speedmemoryinterfaces,high-speedI/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
configurationsin NePSimareparameterizable.

The referencemodelof the network processordesignfol-
lows IXP1200andconsistsof a StrongARMcore,six multi-
threadedprocessingunitscalledmicroengines(MEs),memory
controllers,high-speedbuses,andpacket buffers. The Stron-
gARM coreinitializesthemicrocodeprogramto controlstores
of themicroenginesandloadsnecessarydatainto 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 storeIP packets.
Theusageof eachcomponentis highly dependenton the ap-
plicationandworkload.

2.2 Dynamic VoltageScaling

Dynamicvoltagescaling(DVS) [3] is a popularlow power
techniqueandhasbeenemployedwidely for microprocessors,
resultingin significantpower and energy savings. DVS ex-
ploitsthevarianceof aprocessor’sutilization,reducingvoltage
andfrequency (VF in short)whentheprocessorhaslow activ-
ity andincreasingVF whenthepeakperformanceis required.
Dynamicpowerconsumptionis proportionalto C � Vdd2 � α � f ,
soreducingvoltage(Vdd) andfrequency ( f ) cansignificantly
reducepowerconsumption.

Althoughmany DVSalgorithmsappearin literature,theun-
solveddifficulty is how to derive theoptimalsettingsfrom ex-
ternalobservations,for example,by monitoringtheworkload

or idle time. In thispaper, wewill useassertion-basedmethod-
ology to studyandfind out optimalDVS parametersin NPUs.

2.3 Assertion-BasedAnalysisMethodology

Assertion-basedcheckingis similar to the popularembed-
ded assertiontechniquein hardware design, where simple
comparisoncircuitry is insertedinto HDL descriptionsto help
designersuncover bugsduring simulation. The methodology
beginswith a formula,e.g.in Logic of Constraints(LOC), and
generatesstand-alonecheckers,independentof any simulation
languageandplatform [4, 6]. Furthermore,LOC is designed
to specifyquantitative performanceandfunctionalproperties
for analysisof transaction-level executiontraces. The basic
componentsof LOC areeventnames, instancesof events, an-
notations, andasingleindex variablei. For example,a latency
property(a dequeueeventhappensno later than50 cyclesaf-
ter thecorrespondingenqueue)canbeformally specifiedasan
LOC formula:cycle(deq[i])-cycle(enq[i])� =50. Theformula
is satisfiedif it holdsfor all event instances,i.e. for all values
of i. The automaticallygeneratedcheckersare usedto ana-
lyze simulationtracefiles andreportall the violationsof the
assertions.

To automatequantitative distribution analysisthat is com-
mon in designexploration,we extendthe LOC assertionsby
introducing3 moreoperators��� , � and� . To analyzethedistri-
bution of somequantityovercertainranges,we canusea for-
mula, in the form of quantity���	� min
 max
 step� , to automat-
ically generatea correspondinganalyzer. An analysisperiod
is specifiedwith a triple � min,max,step� , wheremin andmax
arelowerandupperbounds,andtheintervalbetweenthesetwo
valuesis dividedinto binsof width step. For example,givena
formula:�

time

�
forward  i � 100����� time

�
forward  i ����������� 40� 80� 5��� (1)

anassertionanalyzeris generatedto evaluatetheleft handside
with i being0, 1, 2, ... , andreportthepercentageof formula
instanceswhosevaluesfall within therangesof ( � ∞, 40], (40,
45], ..., (75, 80], (80, � ∞). If we replacetheoperator��� with� or � , the rangesbecome( � ∞, 40], ( � ∞, 45], ..., ( � ∞, 75],
( � ∞, 80] or [40, � ∞), [45, � ∞), ..., [75, � ∞), [80, � ∞), re-
spectively.

3 Experimental Settings

In this section,we introduceour experimentenvironment,
IP packet traffic modelsusedin thesimulation,andthesimu-
lation traces.

3.1 Benchmark Applications

In ourexperiments,wechoosefour representativenetwork-
ing applicationsto explore different architecturalfeaturesof
the NPU model, i.e. ipfwdr, url, nat andmd4. The applica-
tion ipfwdr is an IP forwarding software provided in Intel’s
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Figure2: ExampleIP packetsdistribution

SDK. The routing table is storedin the SRAM and the out-
putport informationis storedin theSDRAM. Theprogramurl
routespacketsbasedon URL requests.It checksthe payload
of packetsfrequently, soit needsalargenumberof SRAM and
SDRAM accesses.In nat (network addresstranslation),each
packet only needsan accessto SRAM for looking up the IP
forwardingtable.Themd4providesa128-bitdigital signature
algorithm.It movesdatapacketsfrom SDRAM to SRAM and
accessesSRAM multipletimesfor computation.It is therefore
bothmemoryandcomputationintensive.

Memory accesses,speciallySDRAM accesses,have long
latency. They lead to long idle time for MEs, which in
turn shows up aslower power andthroughput.Computation-
intensivebenchmarks,thosethatdonotwait onmemories,will
tendto show higherpowerconsumption.

3.2 IP Traffic Patterns

Thesimulationinputsfollow IP packet traffic patternsin a
real world edgerouter from NLANR [15]. Figure2 shows a
daytimedistributionof IP packetarriving rates.It is obviously
too expensive to simulatetheentireday’s worth of simulation
tracesfor thepurposeof designspaceexploration.We sample
a few secondsof real traffic in high,mediumandlow arriving
ratesasindividual inputsto thesimulator.

3.3 Simulation Traces

The simulatorprovidesthe assertionanalyzerwith neces-
sarydatatraces.The tracescontaina setof architecturalex-
ecutioneventsthat occur frequentlyduring simulationanda
setof power/performancerelatedvaluescalledannotations.In
ourexperiments,wemainlyusethreetypesof events,pipeline,
forward andfifo, explainedin Figure3. In a simulationtrace,
the eventsareprefixed to differentiatedifferentmicroengines
(MEs) or configurations.For example,m2 pipelinerepresents
a pipelineeventfrom ME2. Eacheventis associatedwith five
annotations(seeFigure3). A snapshotof a tracefile generated
by NePSimsimulatoris shown in Figure4.

Eventtype Details
pipeline aninstructionenterstheexecutionpipeline
forward anIP packet is forwarded
fifo anIP packet is put into theprocessingqueue
Annotationtype Details
cycle numberof coreclockcycleselapsedfrom thebeginning
time simulatedtimeelapsedfrom thebeginning
energy cumulative energy consumed
total pkt total packetsreceivedor transmitted
total bit total bits receivedor transmitted

Figure3: List of eventandannotationtypes.

cycle time(us) energy p loss event
... ...

365 1.573 0.768133 120 m2 pipeline
366 1.577 0.773932 120 m3 pipeline
367 1.580 0.784506 121 forward
368 1.583 0.794108 121 m5 pipeline
369 1.587 0.809369 121 m4 pipeline

... ...

Figure4: A snapshotof NePSimsimulationtrace.

4 DesignExploration of DVS

In a real systemwith DVS, the frequency andvoltageare
adjusteddynamicallyaccordingto theprocessingworkload.A
DVS schedulerreliesonthehistoryinformationof workloadto
make decisions.In an NPU design,two typesof information
canbeusedfor thispurpose,network traffic loadandprocessor
idle time. We call thetwo DVS policiestraffic baseddynamic
voltagescaling(TDVS) andexecutionbaseddynamicvoltage
scaling(EDVS). We do not combinethetwo policiesbecause
monitoringbothtraffic loadandprocessoridle time on a chip
is expensive in termsof areaandpower.

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

4.1 Traffic basedDynamic VoltageScaling

TDVS usesthe total traffic load detectedat the 16 device
portsas the control parameterfor scaling. If the traffic vol-
ume in the previous time window is smalleror larger thana
particularthresholdvalue,we scaledown or up theVF of the
processorby onestep,until a loweror upperboundis hit. The
lower andupperboundsof VF, similar to thoseusedin Intel
XScale[11], arefrom 400MHzto 600MHzand1.1V to 1.3V.
We setthe frequency stepto 50Mhz andcomputethe voltage
as in XScale. In order to matchhigher NPU frequency, we
scalethespeedof SDRAM, SRAM andixbus to 1.3 timesof
thosein IXP1200.

To estimatethe power in TDVS, we modified NePSim’s
powerestimationmoduleto includethepoweroverhead,a32-
bit adder. Theadderis usedto accumulatethepacket sizesin
eachmonitorwindow, andcomparethetraffic volumewith the



threshold.Note this adderis only usedwhena packet comes
in, muchlessfrequentlythantheALUs in ME pipelines.From
theexperimentresults,wefind theoverheadis lessthan1%of
totalpower.

TDVS reducesthe power, but it may adverselyaffect the
performance.The clock cycle becomeslonger if Vdd is de-
creased,so the NPU takeslongertime andpossiblymoreen-
ergy to getthesameamountof work done.Thetrade-off moti-
vatesusto analyzebothpower consumptionandperformance
of theNPU with differentTDVS policiesapplied.Thegoal is
to find theoptimalpointsin thedesignspacefor eachbench-
mark.WeusethefollowingLOC formulato analyzethepower
consumptiondistribution:

!
energy

!
forward " i � 100#%$&� energy

!
forward " i #�$'$%(!

time
!
forward " i � 100#%$&� time

!
forward " i #�$'$�)� 0* 5
 2* 25
 0* 01�+* (2)

Theleft handsideof theformulacalculatestheaveragepower
consumptionfor each100packetsforwarded.

To study the performanceof the processorwith various
configurations,we analyzethedistribution of thetransmitting
throughputsusingthefollowing formula:

!'!
total bit

!
forward " i � 100#�$&� total bit

!
forward " i #%$,$-( 106 $( ! time

!
forward " i � 100#%$&� time

!
forward " i #�$'$�.� 100
 3300
 10�+* (3)

The left handsideof the formula calculatesthe averagefor-
wardingbit ratein Mbpsfor each100packetsforwarded.

With the two formulas,we searchfor the optimal settings
of TDVS policies. In TDVS, two main typesof parameters
that needto be carefully tunedare the traffic thresholdsand
window size. For eachTDVS policy, the traffic thresholds
area setof volumenumbersthat control the voltagescaling
in different VF combinations. With the frequency and volt-
agereduced,thetraffic thresholdis alsoloweredto matchthe
reducedME processingcapability. Taking ipfwdr asanexam-
ple, we choosea top thresholdof 1000Mbpsfor the normal
frequency of 600MHz andother thresholdsfor reducedVFs
aredecidedasshown in Figure5. In our experiments,we use
thebenchmarkipfwdr to comparetheTDVS policieswith four
differenttop thresholds:800,1000,1200,and1400Mbps.

Frequency (Mhz) 600 550 500 450 400
Voltage(V) 1.3 1.25 1.2 1.15 1.1
Traffic Threshold(Mbps) 1000 916 833 750 666

Figure5: Thedetailedscalingvalues.

Thewindow sizedecideshow long a traffic history is used
to make voltagescalingdecisions,andit alsodirectly affects
the overall performanceof the TDVS policy. For example,if
thewindow sizeis setto 20k clock cycles,the averagetraffic
volumein the previous20k cyclesis comparedto the current
thresholdto decidewhethertheVF needsto bechanged.If a
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Figure6: Power underdifferentdesignpointswith TDVS.
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Figure7: Throughputunderdifferentdesignpointwith TDVS.

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

We run the simulation8 0 106 cycles for eachTDVS con-
figuration. Using the automaticallygenerateddistribution an-
alyzerwith the formulas(2) and(3), we comparethe power
andperformancedistributionswith differentTDVS policiesor
no TDVS enabled.Thedistributionsfor thepowerandperfor-
manceareplottedin Figure6 andFigure7 respectively. Each
subgraphshows the power or throughputdistribution with a
particular top thresholdand different window sizes. In the
power distribution graphs,the horizontalaxis representspos-
sible power valuesand the vertical axis representsthe per-
centagesof assertioninstancesthataresmallerthanparticular
power values. Similarly, in the throughputdistributions, the
vertical axis representsthe percentagesof assertioninstances
thatarelargerthanparticularthroughputvalues.

From Figure6, we canseethat comparedwith no TDVS
policy, the power saving by TDVS is obviousno matterwhat
thresholdor window sizeis chosen.In mostcases(exceptwith
window size of 20k), the performancedegradationis small
(from Figure 7). It is thereforeshown that TDVS is a very
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Figure8: Power underdifferentdesignpointswith TDVS.

successfulpower saving technique. We also seethat TDVS
configurationswith smallerwindow sizeshave lower power
consumptionbut worse throughput,regardlessthe threshold
values. Whenwindow sizeis small, e.g20k, the TDVS pol-
icy becomesvery aggressive. The VFs arechangedvery fre-
quently, andasa result,the 6000-cycle penaltiesalmostcon-
sume30%of thewindow time. Thatis thereasonwhy thereis
dramaticdrop in throughputfor window sizesof 20k. On the
otherhand,for 80k window sizes,certainpower savings are
still achievedwith almostno performanceloss.

To comparetheresultsof differentthresholdsmoreclearly
and look for a bestTDVS policy for ipfwdr with an optimal
threshold-window sizecombination,we generate3-D graphs
for power andperformancedistributionsin Figure8 andFig-
ure 9. A vertex on the surfaceshown in Figure8 represents
that80%of formula(2) instancesarelower thanapowervalue
for a particularthresholdandwindow size.Similarly, a vertex
on the surfacein Figure9 representsthat80%of formula (3)
instancesare higher thana throughputvalue for a particular
thresholdandwindow size.As shown in Figure8, for apartic-
ularwindow size,thethresholdof 1000Mbpshashigherpower
thanothers,andthistrendbecomesmoresignificantasthewin-
dow sizeincreases.As shown in Figure9, if thewindow size
is small, the performancesfor different thresholdsare simi-
lar; as the window sizebecomeslarger, the performancefor
1000Mbpsthresholdbecomesmuchbetterthanothers.

Basedon above analysis,if performancehasa higherpri-
ority in the design,we shouldchoosethresholdof 1000Mbps
and80k window sizeresultingin limited power savings. On
theotherhand,if saving power is moreimportant,theconfig-
urationwith 1400Mbpsand40k of window sizeis preferred.
And this resultis specificto this particularipfwdr application.

4.2 ExecutionbasedDynamic VoltageScaling

In executionbaseddynamicvoltagescaling(EDVS), the
idle time of microengineis usedasthe control parameterfor
voltagescaling. Whenthe idle time is longeror shorterthan
a certainpercentageof anobservedperiod,theVF of themi-
croengineis scaleddown or up by onestep,until a lower or
upperboundis hit. Note that in EDVS, eachME changesits
VF independent.Intuitively, ME idle timeis usuallyseento be
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Figure9: Throughputunderdifferentdesignpointwith TDVS

proportionalto theworkload,which makesTDVS andEDVS
almostthe same. However, this is not really the casein the
NPU model. Even if an ME doesnot processpacketsduring
low workload,it will actively executeinstructionsto poll the
buffersandstatusregistersto checknew packets. In theNPU
model, the idle time of an ME is mainly introducedby long
latency of memoryaccessessinceanSDRAM accesscantake
asmuchas100 clock cycles. If all the threadsin an ME are
waiting for memoryaccessesto becompleted,weconsiderthe
ME idle.

To analyzeEDVSpolicies,theidle timethresholdsandwin-
dow sizesarethemainparameters.Otherparametersarecon-
figured as thoseusedin TDVS. We use the assertion-based
distribution analyzerto find the goodidle time thresholdsby
analyzingthe distribution of the idle time in simulations. It
is observed that for receiving 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 microenginesseem
working underonly two statuses,eitherbusyor idle. Herewe
simply choosetheidle time thresholdvalueas10%,i.e. if the
idle time of an ME is longer or shorterthan10% of an ob-
served perioddeterminedby the window size,its VF may be
changed.We studythreedifferentwindow sizes,20k,40k and
60k andstill useipfwdr astheexamplebenchmark.
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Figure10: Power andperformancedistribution for EDVS

We run the simulation8 2 106 cycles for eachEDVS con-
figurationandplot the distributionsof throughputandpower
in Figure10. From the power distribution graph,we observe
that power dissipationgenerallydropsfrom 1.5W to 1.15W
for mostcaseswith EDVS applied,achieving around23% of
power saving. Meanwhile, there is nearly no performance
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Figure11: Energy comparisonsfor employing DVS

degradationfrom thethroughputdistributions.In EDVS, each
ME changesits VF independentlyand the transmittingMEs
neverscalesdown theirVFs dueto their low idle time.

4.3 ComparisonbetweenTDVS and EDVS

We have shown thatbothTDVS andEDVS arecapableof
saving power with little performancesacrificed.Now we are
readyto comparethetwo policies,andfind whichoneis better
givenaparticularpoweror performancerequirement.Wesam-
ple therealtraffic file in threeperiodswith high,medium,and
low traffic volumesrespectively. We simulateall four bench-
markswith the optimal configurations(from previous analy-
sis)for two DVS policiesandcomparethepowerdistributions
in Figure 11. We do not show the throughputperformances
andonly note that in all casesEDVS hasno significantper-
formancelosswhile TDVS neverdropsmorethan2-5%com-
paredto theoriginalNPU modelwith noDVS applied.

Overall,TDVS hasmorepowersavingsthanEDVS. But as
thetraffic volumebecomeshigher, powersavingsby TDVS re-
ducequickly, while EDVS hasa moresteadyreductionunder
everysituation.EDVS hasbetterresultsfor memoryintensive
benchmarks.We observe that ipfwdr shows the mostpower
savings if traffic volumeis mediumor high. This is because
ipfwdr needsto checkrouting tablesin SRAM and the out-
put port information in SDRAM for eachpacket. Thereare
plentyof opportunitiesfor EDVS. The benchmarknat shows
no power savingsfrom EDVS underevery traffic patternsdue
to thefactthatnathasveryfew memoryaccesses,andtheMEs
arekeptbusy.

In summary, if thepower consumptionis thedominantde-
sign factor, TDVS shall be a better choice. Otherwise, if
performanceis more importantand packet loss needsto be
avoidedasmuchaspossible,EDVS shallbeused.

5 Conclusions

In thispaper, weusedanassertion-baseddesignexploration
methodologyto study two differentdynamicvoltagescaling
techniquesin a network processormodel: TDVS andEDVS.
Weanalyzedthepowerandperformancedistributionswith the
two DVS policiesanddifferentparametersettingsusingauto-
matically generateddistribution analyzersbasedon assertion
formulas. We studiedthe power-performancetrade-offs with
TDVS and EDVS appliedand different thresholdsand win-
dow sizesused. It wasshown that in the NPU modelthe op-
timal configurationof a DVS policy usuallydependson mul-
tiple factorssuchasthecharacteristicsof theapplication,traf-
fic loadsandpower or performancedesignrequirements.The
assertion-basedanalysismethodologywasshown to beaneffi-
cienttool to helpadesignerchooseanoptimalconfigurationin
a largedesignspace,speciallywhenthenumberof considered
parametersis large andmanualanalysisof simulationresults
becomestedious.
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