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Abstract

Timingandpowerconsumptionof embeddedsystemsare
stateand input data dependent.Formal analysisof such
dependenciesleadsto intervals rather than singlevalues.
Theseintervals dependon program properties,execution
pathsandstatesof processes,aswell asonthetargetarchi-
tecture. Thispaperpresentsanapproach to analysisof pro-
cessbehaviorusingintervals.It improvespreviousworkby
exploiting programsegmentswith singlepathsandby tak-
ing the executioncontext into account.Theexampleof an
ATM cell handlerdemonstratessignificantimprovementsin
analysisprecision.

1. Intr oduction

Accuratesoftwarerunningtime andpower analysisare
key to optimizedsystemsynthesis.In general,imprecisees-
timationof softwareexecutioncosts(suchasrunningtime
andpower) increasesdesignrisk or leadsto inefficient de-
signs.Profilingandsimulationarethestate-of-the-artin in-
dustry, but sinceexhaustive simulationis impractical,sim-
ulation resultscanonly cover part of the systembehavior.
Static analysisis a more complicatedbut attractive alter-
native. It provideslower andupperboundsreflectingdata
dependentcontrolflow aswell asdatadependentstatement
executioncost. In the past, theseboundswere wide due
to a lack of efficient control flow analysisandarchitecture
modelingtechniques.Significantprogressin bothareashas
madeformalanalysispractical.

Intervalsfor softwareexecutioncostdependto a certain
extendon the processcontrol flow which dependson pro-
cessinput data. Executioncostof the softwareprocesses
and,hence,of theoverallsystemarecontext dependent.We
will usean examplefrom wirelesscommunication,where
thereareseveral pathson which differentdatapacketsare
routedthrougha network of softwareprocesses.Important
questionsof the systemarchitectcan be the power con-
sumptionfor sendinga datapacket or the time to set up
a connectionin a basestation.This shouldtake thesystem�
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context into account,sincefor eachpacket type the pro-
cessesreactwith a differentcontrolflow. Of course,simu-
lation is alwayspossibleandstatisticalexecutioncostanal-
ysisis feasible,but thefirst approachis not reliableandthe
secondis just an approximationof the complex hardware
activities whenexecutinga setof communicatingsoftware
processes.We will show with realistic examplesthat the
staticanalysisapproachprovidesreliableandnarrow inter-
valsfor context dependentprocessexecutioncostthatis au-
tomaticallyevaluatedby theanalysistool.

We explain theinfluenceof datadependentcontrolflow
on software executioncost in section2. Data dependent
instructionexecutionis explainedin section3. In section4
wepresentanexamplebeforeweconcludein section5.

2. Program Path Analysis

For pathanalysistechniques[7], a programis typically
dividedinto basicblocks,wherea basicblock bb is a pro-
gramsegmentwhich is only enteredat the first statement
and only left at the last statement[1]. Any programcan
bepartitionedinto disjoint basicblocks.Then,theprogram
structureis representedas a directedprogramflow graph
with basicblocksasnodes.For eachbasicblockacostwith
respectto eachinterval is determined.A longestandshort-
estpathanalysison theprogramflow graphis usedto iden-
tify a global interval. This proceduredoesnot yet provide
sufficient accuracy. For acceptableanalysisprecisionone
mustidentify feasiblepathsthrougha program.A feasible
program path or traceis a path in this flow graphcorre-
spondingto a possiblesequenceof basicblockswhenthe
programis executedfrom thefirst to thelastbasicblock of
a program. A programsegmentis a sequenceof nodesin
a programflow or syntaxgraph. This definition implies a
hierarchyof programsegments.Not all pathsin the graph
representfeasibleprogrampaths.A falseprogram path is
a pathin thegraphwhich cannotbeexecutedunderany in-
put condition. Falsepathidentificationis essentialfor pro-
gramswith loops sinceloops correspondto cycles in the
graphwhich lead to an infinite numberof potentialpaths
andresultinginfinite costintervals.



2.1. PreviousWork

The approachesby Puschnerand Koza [10] and Park
and Shaw [9] require iteration bounds for all loops in
the programwhich the usermustprovide by loop annota-
tion. While makingformalanalysisfeasible,loopbounding
aloneis not sufficient for accuratepathanalysis. The ap-
proachby GongandGajski [5] canpartially considerfalse
pathsbecausetheusercanspecifythebranchingprobabili-
ties. As a secondstepin [7] andin [9], theuseris askedto
annotatefalsepaths.Thenumberof falsepathscanbevery
large. Insteadof enumeratingfalsepathsor, conversely,
feasiblepaths,a languagefor userannotationwith regular
expressionsis introducedin [9]. Still, the numberof re-
quiredpathannotationscanbeextremelylarge in practice,
asdemonstratedwith evensmallexamplesin [7]. A major
stepforwardwasthe introductionof implicit pathenumer-
ation[7]. Here,theuserprovideslinear(in)equationsto de-
finefalsepaths.To evaluatethese(in)equations,Li andMa-
lik maptheupperandlowerboundidentificationto two ILP
problems,the oneoptimizing for the lower, the otherone
for the uppercostbound. Previous work by Ferdinandin
[4] baseson this kind of interactionwhile abstractinterpre-
tationis usedfor thestaticpredictionof cacheandpipeline
behavior. Abstractinterpretationhasalsobeenusedto re-
ducedesignerinteractionfor loopbounding[6].

2.2. Execution Cost

Theexecutiontime modelin [7] is establishedasa stan-
dardmodelfor staticapproacheswhichis calledthesum-of-
basic-blocksmodelin [13] for timing. It canbeextendedto
powerconsumption[11] anddatarates,abstractingthetim-
ing to theexecutioncostc of aprogramsegmentin general.
Let a programconsistof N basicblockswith xi execution
countof basicblock bbi andci executioncost. Then, the
sum-of-basic-blocksmodeldefinesfor theprogramexecu-
tion costinterval:

C � N

∑
i

ci � xi

For theexecutioncountinterval � xi � min 	 xi � max
 , thedesigner
provides an implicit descriptionof the possiblepathsby
meansof linearequationsfor executioncounts.Thestruc-
tural constraintsdefineanothersetof equations:The exe-
cutioncountinflow d of a basicblock equalsits execution
countx andits executioncountoutflow d.

∑
bb

din f low � xi � bb � ∑
bb

dout f low

These(in)equationsfor the upper and the lower execu-
tion countboundaremappedto two ILP problemswhich
canbesolvedto derive thewidestexecutioncountinterval� xi � min 	 xi � max
 for eachbasicblockor programsegment.

It is assumedthatall executionsof onebasicblock have
thesamecost. However, datadependentinstructionexecu-
tion andsuperscalaror superpipelinedarchitectureswith
overlappedbasicblockexecutionaswell ascachebehavior
leadto widelyvaryinglocalpathcostwith respectto latency
time andpower consumption.This hasa substantialeffect
on the cost interval. For thesearchitectures,the sum-of-
basic-blocksmodelcannotprovide closebounds,but must
be pessimisticto be correct. For higher accuracy, basic
block sequencesin programsegmentsmustbeconsidered.
This shallbecalledthesum-of-program-segmentsmodel
containingbasicblocksequenceswhichis amajorimprove-
mentcomparedto thestate-of-the-art.

2.3. Path Classification

Programpropertiescan be exploited to simplify path
analysisfor thedeterminationof theexecutioncostthrough
basicblock sequences[13]. Largepartsof typical embed-
dedsystemprogramshave a singleprogrampathonly. An
FIR filter is asimpleexampleandaFastFourierTransform
is amorecomplex one.Thereis only onepathexecutedfor
any input pattern,even thoughthis pathmay wrap around
many loops,conditionalstatementsandevenfunctioncalls
which areusedfor programstructuringandcompacting.A
programsegmenthasa Single FeasiblePath SFP, when
pathsthroughthissegmentarenotdependingon inputdata.
A programsegmentwith anSFPis anSFP-segment.

Previous analysisapproachesgive more than one exe-
cution path for SFPprogramsbecausethey do not distin-
guishbetweeninput datadependentcontrol flow andpro-
gramstructuringaids.In thebestcase,they maybeaccurate
but requiremuchdesignerinteractionfor SFPprogramseg-
mentsandstill do not deliver the pathsegmentcostssuch
as[7]. In caseof SFP, executionwould choosetheonecor-
rectpathandsequencefor any inputpatternwithout further
designerinteraction. Most practicalsystemsalso contain
non-SFPparts.Thesehave multiple feasiblepathsMFP. A
programsegmenthasMultiple FeasiblePathsMFP, when
pathsthroughtheprogramsegmentaredependingon input
data. A programsegmentwith MFP is an MFP-segment.
Isolationof SFPandMFP partscanhelpto exploit SFP.

In [13], SFP are exploited by finding SFP and MFP
nodesin the control flow graph. EmbeddedMFP arecut
out andanalyzedseparatelyusingthe ILP approachwhile
SFPareanalyzedby simulatingthetiming of theonly path.
Costsfor cuttingout theMFPandtheMFPcostinterval de-
liveredby the ILP solver areadded. This leadsto tighter
costboundscomparedto [7]. In this paper, we presentma-
jor improvements.Theapproachin [13] canonly dealwith
onelevel of embeddedMFP. If several levels of hierarchy
with SFPandembeddedMFP arepresent,they have to be
analyzedseparately, so dependenciesacrossthe hierarchi-



cal levelsarelost leadingto overly pessimisticcostbounds
in caseof complex programs.We extendthis approachto
a global cost interval calculationfor all levels which pro-
videshigheranalysisprecision. The syntaxgraphinstead
of the control flow graphis chosenbecauseit candirectly
cover the hierarchyof control structuresandrewriting the
programto generatea controlflow graphis not necessary.

2.4. Identification of Program Properties

Syntax Graph For the identification of SFP and MFP
segments,theinput programis mappedto asyntax graph.

Figure 1. Hierarchical syntax graph

Thesyntaxgraphof a bubblesortalgorithmis shown in
figure1. In this syntaxgraph,every controlstructure,such
asi f and f or, is a hierarchicalnode.Thebasicblocksare
the leaf nodeswith the accordingbasicblock cost. Every
control structurehasedgeswith different meanings. The
”control” edgethatdecideswhich of the pathsis executed
andthe”successor”edgethatleadsto thenext nodearepart
of every control structurewhile the ”then” and the ”else”
edgeare specific for the i f � else programsegment. The
samerestrictionsto usestructuredprogramsare assumed
asin [7]. Controlflow entersandleavesani f � elseprogram
segmentexactly twice for the given hierarchylevel, once
for the control structureandoncefor either the ”then” or
the”else” edgelike in figure2.

FeasiblePaths in the Syntax Graph A ProgramSeg-
mentPrS in thesyntaxgraphis asequenceof syntaxnodes
with exactly one first and one last basicblock. This fol-
lows the definitionof basicblocksin [1]. A ProgramPath
SegmentPaS is a paththrougha programsegmentPrS.A
SingleFeasiblePath ProgramSegmentSFP-PrS is a hier-
archicalPrS with exactly onePaS throughthe PrS of the
syntaxgraphwhile a Multiple FeasiblePathProgramSeg-
mentMFP-PrS is a hierarchicalPrSwhich is no SFP-PrS.

A MaximumProgramSegmentMPrS is aPrSwith all SFP-
PrSandMFP-PrSon thesamelevel of hierarchy. A Max-
imum SingleFeasiblePath ProgramSegmentMSPrS is a
maximumsequenceof consecutive SFP-PrSon the same
level of hierarchy. It hasexactlyonePaSfor execution.

A depthfirst searchalgorithmonthesyntaxgraphcanbe
usedto determineinputdatadependenciesof conditionsus-
ing symbolicsimulationof basicblocks[13]. Everycontrol
structurewhich doesnot containan input datadependent
conditionmustbeSFP. LeafnodesareSFPby definition. If
conditionscontaininput data,or symbolicexecutionis not
successfuldue to the complexity of symbolicexpansions,
thesyntaxgraphnodesareclassifiedasMFP. This leadsto
wider cost intervals. This algorithmclassifieseachhierar-
chical node. PrS with MFP child nodesare classifiedas
MFP becausethe multiple pathsalso enterand leave this
hierarchicalnodeevenwhentheir controlstructureis inde-
pendentof inputdata.The f or-PrSin figure2 whichshows
theinnerloop of figure1 potentiallyhas2iterations pathsbe-
causecontrolflow splitsin the i f -PrS.

Figure 2. Execution paths in the graph

To treatsuchsituations,we introduceapseudoSFP-PrS.
A pseudoSFP-PrS is an SFP-PrSwith a single PaS on
onelevel of hierarchywhile lower levels may have multi-
plepathsasin figure3. Onthis level of controlhierarchy, it
canbetreatedlikeanSFP-PrSaswe provein [12].

Program SegmentCost Cost determinationrequiresa
ProgramSegmentExecutionPsE. It is an executionof a
PaSthroughthecompletePrS.Detailscanbefoundin [13]
andin section3. Therecanbea minimumanda maximum
costfor asinglePaSthroughthePrSbecauseof datadepen-
dentinstructionexecution. ThePrScost is thecostfor the
executionof a PrS.PrScostis determinedaccordingto its
PrSclassification.

PrScost(PrSi) �
�
 � MSPrScost(PrSi) PrSi is MSPrS

MFP-PrScost PrSi is MFP-PrS
undefined else



The SFP-PrScostis the costfor the executionof an SFP-
PrS. SFP-PrScostis determinedby PsE. In practice, all
consecutive SFP-PrSand pseudoSFP-PrSare joined in
MSPrS,so MSPrScostis computedby PsEcovering the
SFP-PrScost.TheMSPrScostis thecostfor theexecution
of anMSPrS.Let PrSi beMSPrS:

MSPrScost(PrSj ) is determinedby PsE

for the cost of the one executedpath. The PaScost is
the cost for the executionof a PaS.The path may cover
MSPrSand MFP-PrS.It can containa lower hierarchical
level MFP-PrSrequiring a descendin the recursive cost
analysisapproachuntil we get to a PaScostwithout MFP-
PrS, i.e. only containingMSPrScostdeliveredby PsEas
above. TheMFP-PrScost is thecostof anMFP-PrS.

MFP-PrScost(PrSj) � ∑
PaSi

xi PaScost(PaSi) � Tp� e� Pj

MFP-PrScostis computedasanILP problemusingtheap-
proachof [7], delivering the executioncountxi of the dis-
tinct PaSi plusthetransitioncosts.MFP-PrScosthasamin-
imum anda maximum.TheTransition Cost Tp� e� Pj

is the
cost representingoverlappingPrScostfor the prologue p
andtheepiloguee in figure2. Thesetransitioncostsmust
beconservative. If no MFP-PrSin thePaSon lower levels
of hierarchyis present,therecursivedescentstops.Theex-
ecutioncountxi of a PaSis solvedaccordingto section2.2
after the equationsfor the embeddedMFP-PrSincluding
executioncountxi havebeenpropagatedto thetop level.

Figure 3. Pseudo SFP-PrS with MFP-PrS

In the previous approachin [13], embeddedMFP cost
and”cut point” costwereseparatelyanalyzedandaddedto
thesimulatedSFPfor everyMFPondifferentlevelsof hier-
archy. Wedonotlosethedependenciesacrossseverallevels
of hierarchybecausetheMFP-PrScostequationsincluding
the executioncountxi andtransitioncostsarepropagated
to thetop level of thesyntaxgraphinsteadof addingvalues
in thecontrolflow graph.This generalizestheapproachin
[13]. As MFP-PrScostis basedon PaS,singlepathsPaS
throughtheMFP-PrScanbeanalyzed.

Global Cost Calculation For thebubblesortexamplein
figure 3, the recursive cost calculationwith the propaga-
tion of equationsworksthefollowing way: We starton the
top level of theprocess.For its executioncostwe needthe
costof PrS1 andof the lower levels of hierarchyPrS2 and
PrS3. After checkingthe two f or loops,the recursive de-
scendfindsPrS3, thei f � elseMFP-PrS.It only containsleaf
nodes.TheMFP-PrScosti f � else of PrS3 is composedby the
costof thepathsPaSi � 3 across”control” and”then” or ”con-
trol” and”else” eachof whichis deliveredby PsE.xi is their
executioncountandTp� e� P3

thetransitioncost.Thenwecan
calculatethecostof PrS2, theinner f or loopshown in figure
2. It is composedby thecostequationof the i f � elseMFP-
PrS,andtheMSPrScostof the” j++”-PrSand”control”-PrS
astheseareleafnodes.Thecostequationfor PrS1, theouter
f or loop, canbe given which addsthe MSPrScostof the
” i++”-PrSand”control”-PrSto thecostof PrS2 andPrS3.

ExecutionCost � ∑
PaSi � 3 xi PaScost(PaSi � 3) � Tp� e� P3

� MSPrScost(PrS2) � MSPrScost(PrS1)

Even with one level of hierarchybetweenPrS1 andPrS2,
their MSPrScostcan be delivered by the samePsE be-
causethe control flow is given by the programproperties.
PrScostequationsfor PrS3 havebeenpropagatedto thetop
level wherethedesignercanprovide functionalconstraints
boundingthexi of PrS3 insteadof basicblocksaccordingto
section2.2.Thisfinally deliverstheexecutioncostbounds.

Thereis a one-to-onecorrespondencebetweenthebasic
blocksof thesyntaxgraphandthenodesof thehierarchical
control flow graphHCFG the syntaxgraphcan be trans-
formedto. For thefollowing examplestheHCFGis usedto
allow aneasiermodelingof controlflow.

2.5. Context DependentControl Flow

Thepathanalysisapproachpresentedup to this point is
basedon the identificationof input dataindependentcon-
trol flow. This improvestheestimationaccuracy compared
to the approachin [7] andthe first preliminarySFPanaly-
sis approachin [13]. Even MFP segmentswith input data
dependentpathsareanalyzedwith narrowerboundsthanin
thepreviousbasicblockbasedapproaches,aslongassome
segmentson thelower levelsof hierarchyareSFP-PrS.

In the introduction, we have argued that the designer
is often interestedin a context dependentprocessbehav-
ior. Here, context is definedto be a subsetof input data
and/ora subsetof possibleprocessstates,oftencalledpro-
cessmodes.In eachcontext, only a subsetof pathsthrough
aprogramsegmentcanbeexecuted.Thispotentiallymeans
reducedcost boundswhich could be exploited for analy-
sis. Globalprocessrepresentationmodels[14] cansupport



processmodes,suchthat the distinguishablecontexts are
known for costanalysis.A simpleexamplefor context de-
pendentcontrolflow in anATM switchcomponentis given.

Figure 4. Path selection of the OAM mode

An ATM switch identifiessomeof the cells in the data
cell streamas so called operationand maintenancecells,
OAM, which control theATM connection[3]. Thesecells
do not carryuserdataso they areirrelevant for datatrans-
mission. Figure4 shows a typical codesegmentto handle
theOAM componentof theswitch. Thecontrolflow graph
is shown in figure5. In this ”OAM mode”,theshadedelse
programsegmentin figure 4 cannotbe reached.It should
not beincludedin furtheranalysisof theOAM modewhile
in the ”USER mode” only this elsepath is executed. For

Figure 5. PrS in the ATM switc h component

a given context, the ”if” nodebb2 hasa singlepathonly.
In other words, the contexts ”VCI = 3” correspondingto
theOAM mode,and”not (VCI = 3)” correspondingto the
USERmodeturnanMFP-PrSinto aPrSwith asinglepath.
We will call sucha PrS a Context DependentPath pro-
gramsegmentCDP-PrS. For analysisof thegivencontext,
it is treatedlikeanSFP-PrS.Wherethisapproachis notap-

plicable,thereducedpathsetof a givencontext canfurther
be exploited via additionalstructuraland functional con-
straints[7]. In bothcases,context dependentbehavior can
beanalyzedusingthesametechniquesasdescribedbefore.
Thesamediscussionfor thegainin accuracy asin [13] ap-
pliesbecauselongersequencesareachievedthanwith SFP
identificationalone. At the transitionsbetweenSFPand
CDPsegments,MSPrScontainingbothSFP-PrSandCDP-
PrScanbedefined.

For differentmodes,SFP-PrSandfunctionalconstraints
for theremainingMFP-PrSstaythesame,while a different
blockof CDP-PrScanbeextractedfrom theMFP-PrS.This
way, averagecasesgivenasartifical modescantightenthe
wideintervals.Stochasticor probabilisticdistributionof in-
putdatacouldbeconsideredusingaccordingcostfunctions
andconvolutionsfor thePrS-cost.

3. Ar chitecture Modeling

A programsegmentexecutionPsEfor thecostdetermi-
nationof a PrSusesoneof thefollowing two techniques:

Instruction Cost Addition ICA The instruction or
statementexecutioncostsin abasicblockor PrSareadded.
Wedonotneedinputdata.Hosttracingis usedwhile execu-
tion costsaretakenfrom atable.This is averycomputation
timeefficientapproach.Instructionexecutioncostci canbe
dependenton input data.A popularexampleis a shift-and-
addimplementationof amultiplicationin aprocessordeliv-
eringaninterval for ci . Soin thetables,minimumandmax-
imum instructionexecutioncostcanbeconsideredleading
to aninterval for thePrScostdeliveredby ICA.

Program SegmentSimulation PSS Thebasicblockor
PrS is simulatedusingknown input dataanda cycle true
processormodel [2] which can exactly deliver processor
timing or power consumption. This can be any well es-
tablished,off-the-shelfprocessorsimulatorprovidedby the
processorvendor. Processorevaluationkits implementedin
hardwarehave beensuccessfullyusedfor timing or power
measurementwith a logic stateanalyzerandautomaticre-
sult backannotation.As an examplefor PSSthat delivers
theexecutioncostof thePrS,a StrongARMsimulatorcore
is combinedwith theDINERO III cachesimulatordeliver-
ing bothinstructionanddatacachebehavior. Sourcecodes
have beenrecompiledto onesimulator. Architecturemod-
eling regardingtiming andtheenergy dissipationmodelis
derivedfrom [8] and[11]. Dataratesarederivedfrom the
amountof dataproducedor consumedon a pathandits ex-
ecutioncountfrom section2.2.

Themajor improvementto thearchitecturemodelingof
the first SFPanalysisapproachin [13] is the possibility to
integrateoff-the-shelfprocessorsimulatorsandemulators.
This enablesus to determineexecutioncost intervals for
severaltargetarchitectures.



4. Experiment

Packet Receiver Theapproachis appliedto aprocessthat
readsapacketandloadsapictureaspresentedbelow. If the
pictureis addressedto the component,it performsa filter.
A pseudocodedescriptionis givenbelow.

89: header = receive(INPUT, HEADER_SIZE);
for all pixels /* Size mode */

picture[y][x] = receive(INPUT, 1);
122:if(address == MY_ADDRESS) { /* Ann. address */
124: for all pixels {

for a 3*3 pixel window {
143: if(without_center) /* Ann. center */

average = sum/8;
else average = sum/9;

151: if(abs(picture[y][x]-average)>threshold)
send(OUTPUT, average, 1);

else send(OUTPUT, picture[y][x], 1);
} } }

In table1,executioncostintervalswith respectto latency
time,powerconsumptionanddatarateswithoutpicturesize
or addressmatchmodearegiven. The intervalsaswell as
thepathclassificationaregivenfor every PrSthat is refer-
encedby theline numberit is startingwith. Dueto theloop
boundsfor eachcontext givenby thepacket sizeboundsin
thereceivedheader, we know theminimumandmaximum
numberof pixels leadingto a CDP in line 124. SFPseg-
mentsandCDP segmentsaremergedinto MSPrS,so they
may not be visible in the results.The resultsfor the com-
pleteprocessaregivenin thelastline.

Line+ PrStype Latency ms Energy mWs Sentbytes Receivedbytes

89 SFP [4.92,38.0] [2.0,8.5] [0,0] [6197,25045]
122 MFP [413ns,2475ns][50nWs,178nWs] [0,0] [0,0]
124 CDP [39.5,329] [17.5,72.6] [0,0] [0,0]
143 MFP [1.54,131] [0.65,14.7] [0,0] [0,0]
151 MFP [16.7,182] [2.85,20.4] [0,24393] [0,0]

∑cost - [4.955,680.847] [2.099,116.211] [0,24393] [6197,25045]

Table 1. Cost � ci � min 	 ci � max
 without modes

In table2, differentmodesareexplored.In thefirst three
lines, picture sizesare derived from processmodes. Ad-
dressandluminancecalculationmodesfollow. Table1 can
be found in line 3. We notice that known processmodes
leadto tighter, but context dependentcostintervals for the
processthat canbe usedfor formal processrepresentation
supportingprocessmodeson higherlevels[14].

Modes/Context Latency ms Energy mWs Sentbytes Receivedbytes

SmallPicture [4.955,66.71] [2.099,24.61] [0,5865] [6197,6197]
LargePicture [19.24,680.8] [8.474,116.2] [0,24393] [25045,25045]
No Size [4.955,680.8] [2.099,116.2] [0,24393] [6197,25045]

Small+Address [38.49,63.62] [21.03,23.61] [5865,5865] [6197,6197]
Large+Address [264.6,572.0] [97.3,106.5] [24393,24393] [25045,25045]
No Size+Address[38.49,572.0] [21.03,106.5] [5865,24393] [6197,25045]

Table 2. Cost � ci � min 	 ci � max
 with modes

5. Conclusion

Processtiming and power consumptioncan be highly
context dependent.Processmodesare introducedto dis-
tinguishcontextswith significantlydifferentexecutioncost.
An existing symbolicanalysisapproachis extendedto cal-
culateglobalprogramcostintervalsandcapturecontext de-
pendentcostintervalsof singleprocesses.Major improve-
mentsto pathanalysisandarchitecturemodelingtechniques
are presented. The resultsdemonstratea significant im-
provementin executioncostanalysisprecision.
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