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Abstract

Timing and powerconsumptiorof embeddedystemsire
stateand input data dependent.Formal analysisof sut
dependenciekeadsto intervalsrather than single values.
Theseintervals dependon program properties, execution
pathsandstatesof processesaswell asonthetargetarchi-
tecture. Thispaperpresentsan appmac to analysisof pro-
cessbehaviorusingintervals. It improvespreviouswork by
exploiting program segmentswith single pathsand by tak-
ing the executioncontext into account. The exampleof an
ATM cell handlerdemonstatessignificantimprovementsn
analysisprecision.

1. Intr oduction

Accuratesoftware runningtime and power analysisare
key to optimizedsystensynthesisin generaljmprecisees-
timation of software executioncosts(suchasrunningtime
and power) increaseslesignrisk or leadsto inefficient de-
signs.Profiling andsimulationarethe state-of-the-arin in-
dustry but sinceexhaustve simulationis impractical,sim-
ulation resultscanonly cover part of the systembehavior.
Static analysisis a more complicatedbut attractive alter
native. It provideslower andupperboundsreflectingdata
dependentontrolflow aswell asdatadependenstatement
executioncost. In the past,theseboundswere wide due
to a lack of efficient control flow analysisandarchitecture
modelingtechniquesSignificantprogressn bothareashas
madeformal analysispractical.

Intervalsfor softwareexecutioncostdependo a certain
extendon the processcontrol flow which dependon pro-
cessinput data. Executioncostof the software processes
and,hencepf theoverall systemarecontext dependentWe
will usean examplefrom wirelesscommunicationwhere
thereare several pathson which differentdatapacletsare
routedthrougha network of softwareprocesseslmportant
guestionsof the systemarchitectcan be the power con-
sumptionfor sendinga datapaclet or the time to setup
aconnectionin a basestation. This shouldtake the system

contet into account,sincefor eachpaclet type the pro-
cesseseactwith a differentcontrolflow. Of course simu-
lation is alwayspossibleandstatisticalexecutioncostanal-
ysisis feasible but the first approachs notreliableandthe
secondis just an approximationof the comple< hardware
activities whenexecutinga setof communicatingsoftware
processes.We will shav with realistic examplesthat the
staticanalysisapproachprovidesreliableandnarraw inter-
valsfor context dependenprocessxecutioncostthatis au-
tomaticallyevaluatedby the analysigtool.

We explain theinfluenceof datadependentontrol flow
on software executioncostin section2. Data dependent
instructionexecutionis explainedin section3. In section4
we presenaainexamplebeforewe concludein section5.

2. Program Path Analysis

For pathanalysistechniqueg7], a programis typically
dividedinto basicblocks,wherea basicblock bb is a pro-
gram sggmentwhich is only enteredat the first statement
andonly left at the last statemen{1]. Any programcan
be partitionedinto disjoint basicblocks. Then,the program
structureis representeds a directedprogramflow graph
with basicblocksasnodes For eachbasicblock a costwith
respecto eachinterval is determined A longestandshort-
estpathanalysison the programflow graphis usedto iden-
tify a globalinterval. This proceduredoesnot yet provide
sufficient accurag. For acceptableanalysisprecisionone
mustidentify feasiblepathsthrougha program.A feasible
program path or traceis a pathin this flow graphcorre-
spondingto a possiblesequencef basicblockswhenthe
programis executedfrom thefirst to thelastbasicblock of
a program. A programsegmentis a sequencef nodesin
a programflow or syntaxgraph. This definitionimplies a
hierarchyof programsegments.Not all pathsin the graph
represenfeasibleprogrampaths.A false program path is
apathin the graphwhich cannotbe executedunderary in-
put condition. Falsepathidentificationis essentiafor pro-
gramswith loops sinceloops correspondo cyclesin the
graphwhich lead to an infinite numberof potentialpaths
andresultinginfinite costintervals.



2.1 Previous Work

The approachedy Puschnerand Koza [10] and Park
and Shav [9] require iteration boundsfor all loops in
the programwhich the usermustprovide by loop annota-
tion. While makingformal analysideasible Joop bounding
aloneis not sufficient for accuratepath analysis. The ap-
proachby GongandGajski[5] canpartially considerfalse
pathsbecause¢he usercanspecifythe branchingprobabili-
ties. As asecondstepin [7] andin [9], the useris aslkedto
annotatdalsepaths.The numberof falsepathscanbevery
large. Insteadof enumeratingfalse pathsor, corversely
feasiblepaths,a languagefor userannotatiorwith regular
expressionds introducedin [9]. Still, the numberof re-
guiredpathannotationcanbe extremelylargein practice,
asdemonstrateavith evensmallexamplesin [7]. A major
stepforward wastheintroductionof implicit pathenumer
ation[7]. Here,theuserprovideslinear(in)equationgo de-
finefalsepaths.To evaluatethesg(in)equationslLi andMa-
lik maptheupperandlowerboundidentificationto two ILP
problems the one optimizing for the lower, the otherone
for the uppercostbound. Previous work by Ferdinandin
[4] baseonthiskind of interactionwhile abstracinterpre-
tationis usedfor the staticpredictionof cacheandpipeline
behavior. Abstractinterpretatiorhasalsobeenusedto re-
ducedesigneiinteractionfor loop bounding[6].

2.2 Execution Cost

The executiontime modelin [7] is establishedsa stan-
dardmodelfor staticapproachewhichis calledthesum-of-
basic-blocksnodelin [13] for timing. It canbeextendedo
powerconsumptiorj11] anddatarates abstractinghetim-
ing to the executioncostc of aprogramsegmentin general.
Let a programconsistof N basicblockswith x; execution
countof basicblock bby andc¢; executioncost. Then, the
sum-of-basic-blocksmodel definesfor the programexecu-

tion costinterval: \
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For the executioncountinterval [X min, Xi,max, the designer
provides an implicit descriptionof the possiblepathsby

meansof linear equationdor executioncounts. The struc-
tural constraintsdefineanothersetof equations:The exe-

cution countinflow d of a basicblock equalsits execution
countx andits executioncountoutflow d.

édinflow = Xi pb = édouflow

These (in)equationsfor the upper and the lower execu-
tion countboundare mappedto two ILP problemswhich
canbe solvedto derive the widestexecutioncountinterval
[Xi,min, Xi,max fOr eachbasicblock or programsegment.

It is assumedhatall executionsof onebasicblock have
the samecost. However, datadependeninstructionexecu-
tion and superscalaror superpipelinedarchitecturesvith
overlappeddasicblock executionaswell ascachebehaior
leadto widely varyinglocal pathcostwith respecto lateng
time andpower consumption.This hasa substantiakffect
on the costinterval. For thesearchitecturesthe sum-of-
basic-blockamodelcannotprovide closebounds,but must
be pessimisticto be correct. For higher accurag, basic
block sequencem programsegmentsmustbe considered.
This shall be calledthe sum-of-program-segmentanodel
containingbasicblock sequencewhichis amajorimprove-
mentcomparedo the state-of-the-art.

2.3. Path Classification

Programpropertiescan be exploited to simplify path
analysigfor thedeterminatiorof the executioncostthrough
basicblock sequencefl3]. Large partsof typical embed-
dedsystemprogramshave a single programpathonly. An
FIR filter is a simpleexampleanda FastFourier Transform
is amorecomplex one. Thereis only onepathexecutedor
ary input pattern,eventhoughthis pathmay wrap around
mary loops,conditionalstatementandevenfunctioncalls
which areusedfor programstructuringandcompacting.A
programseggmenthasa Single Feasible Path SFP, when
pathsthroughthis segmentarenotdependingn input data.
A programseggmentwith an SFPis an SFP-segment

Previous analysisapproachegjive more than one exe-
cution pathfor SFPprogramsbecausehey do not distin-
guish betweeninput datadependentontrol flow and pro-
gramstructuringaids.In thebestcasethey maybeaccurate
but requiremuchdesigneiinteractionfor SFPprogramsey-
mentsandstill do not deliver the path segmentcostssuch
as[7]. In caseof SFP executionwould choosethe onecor-
rectpathandsequencéor ary input patternwithoutfurther
designerinteraction. Most practical systemsalso contain
non-SFPparts. Thesehave multiple feasiblepathsMFP. A
programsegmenthasMultiple FeasiblePaths MFP, when
pathsthroughthe programsegmentaredependingon 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. EmbeddedVFP are cut
out and analyzedseparatelysingthe ILP approachwhile
SFPareanalyzeddy simulatingthetiming of theonly path.
Costsfor cuttingoutthe MFP andthe MFP costinterval de-
liveredby the ILP solver are added. This leadsto tighter
costboundscomparedo [7]. In this paperwe presenma-
jor improvementsThe approachin [13] canonly dealwith
onelevel of embeddedVFP. If several levels of hierarchy
with SFPandembeddedFP are presentthey have to be
analyzedseparatelyso dependencieacrossthe hierarchi-



cal levelsarelostleadingto overly pessimisticcostbounds
in caseof complex programs.We extendthis approacho

a global costinterval calculationfor all levels which pro-
vides higher analysisprecision. The syntaxgraphinstead
of the control flow graphis chosenbecauset candirectly
cover the hierarchyof control structuresand rewriting the
programto generate controlflow graphis notnecessary

2.4. |dentification of Program Properties

Syntax Graph For the identification of SFP and MFP
segmentstheinput programis mappedo a syntax graph.
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Figure 1. Hierarchical syntax graph

The syntaxgraphof a bubblesortalgorithmis shovn in
figurel. In this syntaxgraph,every control structure such
asif andfor, is ahierarchicalnode. The basicblocksare
the leaf nodeswith the accordingbasicblock cost. Every
control structurehasedgeswith different meanings. The
"control” edgethat decideswhich of the pathsis executed
andthe”successoredgethatleadsto the next nodearepart
of every control structurewhile the "then” andthe "else”
edgeare specificfor the i f /else programsegment. The
samerestrictionsto use structuredprogramsare assumed
asin [7]. Controlflow entersandleavesanif /elseprogram
segmentexactly twice for the given hierarchylevel, once
for the control structureand oncefor eitherthe "then” or
the"else” edgelikein figure 2.

Feasible Paths in the Syntax Graph A ProgramSey-
mentPrS in the syntaxgraphis a sequencef syntaxnodes
with exactly one first and one last basicblock. This fol-
lows the definition of basicblocksin [1]. A ProgramPath
SgymentPaSis a paththrougha programsegmentPrS. A
Single FeasiblePath ProgramSegmentSFP-PrSis a hier-
archicalPrSwith exactly one PaSthroughthe PrS of the
syntaxgraphwhile a Multiple FeasiblePath ProgramSeg-
mentMFP-PrS is a hierarchicalPrSwhich is no SFP-PrS.

A MaximumProgramSegmentMPrS is aPrSwith all SFP-
PrSandMFP-PrSon the samelevel of hierarchy A Max-
imum Single FeasiblePath ProgramSegmentMSPIS is a
maximum sequencef consecutre SFP-PrSon the same
level of hierarchy It hasexactly onePaSfor execution.

A depthfirst searchalgorithmonthesyntaxgraphcanbe
usedto determindnputdatadependenciesf conditionsus-
ing symbolicsimulationof basicblocks[13]. Every control
structurewhich doesnot containan input datadependent
conditionmustbe SFP Leaf nodesare SFPby definition. If
conditionscontaininput data,or symbolicexecutionis not
successfutueto the compleity of symbolic expansions,
the syntaxgraphnodesareclassifiedasMFP. This leadsto
wider costintervals. This algorithmclassifieseachhierar
chical node. PrSwith MFP child nodesare classifiedas
MFP becausehe multiple pathsalso enterand leave this
hierarchicahodeevenwhentheir control structureis inde-
pendenbf inputdata.The for-PrSin figure2 which shavs
theinnerloop of figure 1 potentiallyhas2/e®ions pathshe-
causecontrolflow splitsin thei f-PrS.
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Figure 2. Execution paths in the graph

To treatsuchsituationswe introducea pseuddSFP-PrS.
A pseudo SFP-PrSis an SFP-PrSwith a single PaS on
onelevel of hierarchywhile lower levels may have multi-
ple pathsasin figure 3. Onthislevel of controlhierarchyit
canbetreatedike an SFP-PrSaswe provein [12].

Program SegmentCost Cost determinationrequiresa
ProgramSegmentExecution PsE It is an executionof a
PaSthroughthe completePrS.Detailscanbefoundin [13]

andin section3. Therecanbea minimumanda maximum
costfor asinglePaSthroughthe PrSbecausef datadepen-
dentinstructionexecution. The PrScostis the costfor the
executionof a PrS.PrScostis determinedaccordingto its

PrSclassification.

MSPrScost(Pr$ PrS is MSPrS
MFP-PrScost PrS is MFP-Prs
undefined else

PrScost(Prg =



The SFP-PrScostis the costfor the executionof an SFP-
PrS. SFP-PrScosts determinedby PsSE. In practice, all
consecutie SFP-PrSand pseudoSFP-PrSare joined in
MSPrS, so MSPrScostis computedby PsE covering the
SFP-PrScostThe MSPrScostis the costfor the execution
of anMSPrS.Let Pr§ be MSPrS:

MSPrScos(PrS) is determinedy PSE

for the cost of the one executedpath. The PaScostis
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 recursve cost
analysisapproachuntil we getto a PaScostwithout MFP-
PrS,i.e. only containingMSPrScosteliveredby PsEas
above. The MFP-PrScostis the costof an MFP-PrS.

MFP-PrScosi(PrS) = % X; PaScost(BS) + Ty/ep,

MFP-PrScosts computedasanILP problemusingthe ap-
proachof [7], delivering the executioncountx; of the dis-
tinct Pa§ plusthetransitioncosts.MFP-PrScoshasa min-
imum anda maximum. The Transition COStTp/ij is the
costrepresentingpverlappingPrScostfor the prologue p
andthe epiloguee in figure 2. Thesetransitioncostsmust
be conserative. If no MFP-PrSin the PaSon lower levels
of hierarchyis presenttherecursve descenstops.Theex-
ecutioncountx; of a PaSis solvedaccordingto section2.2
after the equationsfor the embeddedMFP-PrSincluding
executioncountx; have beenpropagatedo thetop level.
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Figure 3. Pseudo SFP-PrS with MFP-PrS

In the previous approachin [13], embeddedMFP cost
and”cut point” costwereseparateanalyzedandaddedto
thesimulatedSFPfor every MFP on differentlevelsof hier-
archy We donotlosethedependencieacrossererallevels
of hierarchybecause¢he MFP-PrScostquationsncluding
the executioncountx; andtransitioncostsare propagated
to thetop level of the syntaxgraphinsteadof addingvalues
in the controlflow graph. This generalizeshe approachin
[13]. As MFP-PrScosis basedon PaS, single pathsPaS
throughthe MFP-PrScanbeanalyzed.

Global Cost Calculation For the bubblesortexamplein
figure 3, the recursie cost calculationwith the propaga-
tion of equationsvorksthefollowing way: We starton the
top level of the process For its executioncostwe needthe
costof Pr§ andof the lower levels of hierarchyPrS and
PrS. After checkingthe two for loops,the recursve de-
scendindsPrS, theif /elseMFP-PrS it only containdeaf
nodes.The MFP-PrScost/e!s¢ of PrS is composedy the
costof thepathsPa§ 3 across'control” and’then” or "con-
trol” and”else” eachof whichis deliveredby PsE x; is their
executioncountandT /e p, thetransitioncost. Thenwe can
calculatehecostof PrS, theinner for loopshaownin figure
2. It is composedy the costequationof thei f /else MFP-
PrS,andtheMSPrScosbf the” j++"-PrSand”control™-PrS
astheseareleafnodes.Thecostequatiorfor PrS, theouter
for loop, canbe given which addsthe MSPrScostof the
"i++"-PrSand”control”-PrSto thecostof Pr$ andPrSs.

ExecutionCost= % Xi PaScost(BS3) + Ty/ep,
Pag 3

+ MSPrScost(Prg + MSPrScost(Pr

Even with onelevel of hierarchybetweenPrS andPrS,
their MSPrScostcan be delivered by the samePsE be-
causethe control flow is given by the programproperties.
PrScosequationdor PrS have beenpropagatedo thetop
level wherethe designercanprovide functionalconstraints
boundingthex; of PrS insteadof basicblocksaccordingo
section2.2. Thisfinally deliversthe executioncostbounds.

Thereis a one-to-onecorrespondencketweerthe basic
blocksof the syntaxgraphandthenodesof the hierarchical
control flow graphHCFG the syntaxgraph can be trans-
formedto. For thefollowing examplegshe HCFGis usedto
allow aneasiemodelingof controlflow.

2.5, Context DependentControl Flow

The pathanalysisapproachpresentedip to this pointis
basedon the identificationof input dataindependenton-
trol flow. Thisimprovesthe estimationaccurag compared
to the approachin [7] andthefirst preliminary SFPanaly-
sisapproachin [13]. Even MFP sggmentswith input data
dependenpathsareanalyzedwith narraver boundsthanin
thepreviousbasicblock basedapproachesaslongassome
segmentson thelower levelsof hierarchyare SFP-PrS.

In the introduction, we have arguedthat the designer
is often interestedin a context dependenprocessbehar-
ior. Here, contet is definedto be a subsetof input data
and/ora subsebf possibleprocessstatespften calledpro-
cessmodes.In eachcontext, only a subsebf pathsthrough
aprogramseggmentcanbeexecuted.This potentiallymeans
reducedcost boundswhich could be exploited for analy-
sis. Global procesgepresentatiomodels[14] cansupport



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

CFG | VPI | VCI | PT | CRC
| 4 Bit | 8 Bit |16 Bit| 4 Bit | 8 Bit | 48 Byte Payload

Context: VCI =3

int mvector [18];
int VCI; .
OAM Mode Switch Code
void main()
—» i‘fi(VCI::fS){
if (type == 1){
i=VPItable [VPI];
ATM Switch wee
Simulation IH_perf monitoring (); }

>

Figure 4. Path selection of the OAM mode

An ATM switch identifiessomeof the cellsin the data
cell streamas so called operationand maintenancecells,
OAM, which controlthe ATM connection3]. Thesecells
do not carry userdataso they areirrelevantfor datatrans-
mission. Figure4 shaws a typical codesegmentto handle
the OAM componenbf the switch. The control flow graph
is shavn in figure5. In this "OAM mode”,the shadecelse
programsegmentin figure 4 cannotbe reached.It should
notbeincludedin furtheranalysisof the OAM modewhile
in the "USER mode” only this else pathis executed. For

bbl

CDP
Prs

bes

bb6 f Vi
bb5 .. EHiperfimonitoring()]
M
bb7
Y

Figure 5. PrS in the ATM switc h component

a given contet, the "if” nodebb?2 hasa single pathonly.
In otherwords, the contexts "VCI = 3” correspondingo
the OAM mode,and”not (VCI = 3)” correspondingo the
USERmodeturn anMFP-PrSinto a PrSwith a singlepath.
We will call sucha PrSa Context DependentPath pro-
gramsggmentCDP-PrS. For analysisof the givencontext,
it is treatedik e an SFP-PrSWherethis approachs notap-

plicable,thereducedpathsetof a givencontext canfurther
be exploited via additional structuraland functional con-
straints[7]. In both casesgontext dependenbehaior can
beanalyzedusingthe sametechniquesasdescribedefore.
The samediscussiorfor thegainin accuray asin [13] ap-
pliesbecausdongersequenceareachiezedthanwith SFP
identificationalone. At the transitionsbetweenSFP and
CDPsegments MSPrScontainingboth SFP-PrSandCDP-
PrScanbedefined.

For differentmodes SFP-Pr&andfunctionalconstraints
for theremainingMFP-PrSstaythe samewhile a different
block of CDP-PrScanbeextractedfrom the MFP-PrS This
way, averagecasegivenasartifical modescantightenthe
wideintervals. Stochastior probabilisticdistribution of in-
putdatacouldbeconsideredisingaccordingcostfunctions
andcorvolutionsfor the PrS-cost.

3. Architecture Modeling

A programsegmentexecutionPsEfor the costdetermi-
nationof a PrSusesoneof thefollowing two techniques:

Instruction Cost Addition ICA The instruction or
statemenexecutioncostsin abasicblock or PrSareadded.
We donotneednputdata.Hosttracingis usedwhile execu-
tion costsaretakenfrom atable. Thisis avery computation
time efficientapproachlinstructionexecutioncostc; canbe
dependentninput data.A popularexampleis a shift-and-
addimplementatiorof amultiplicationin a processodeliv-
eringaninterval for ¢;. Soin thetablesminimumandmax-
imum instructionexecutioncostcanbe consideredeading
to aninterval for the PrScostdeliveredby ICA.

Program SegmentSimulation PSS Thebasicblock or
PrSis simulatedusing known input dataand a cycle true
processomodel [2] which can exactly deliver processor
timing or power consumption. This can be ary well es-
tablished pff-the-shelfprocessosimulatorprovidedby the
processowendor Processoevaluationkits implementedn
hardware have beensuccessfullyusedfor timing or power
measurementith alogic stateanalyzerand automaticre-
sult backannotation.As an examplefor PSSthatdelivers
the executioncostof the PrS,a StrongARMsimulatorcore
is combinedwith the DINERO Il cachesimulatordeliver
ing bothinstructionanddatacachebehaior. Sourcecodes
have beenrecompiledto onesimulator Architecturemod-
eling regardingtiming andthe enegy dissipationmodelis
derivedfrom [8] and[11]. Dataratesarederivedfrom the
amountof dataproducecdor consumedn a pathandits ex-
ecutioncountfrom section2.2.

The majorimprovementto the architecturenodelingof
thefirst SFPanalysisapproachin [13] is the possibility to
integrateoff-the-shelfprocessosimulatorsand emulators.
This enablesus to determineexecution cost intervals for
severaltargetarchitectures.



4. Experiment

Packet Recevver Theapproachs appliedto aprocesghat
readsa pacletandloadsa pictureaspresentedbelow. If the
pictureis addressedio the componentjt performsa filter.
A pseudacodedescriptionis givenbelow.
89: header = receive(lNPUT, HEADER SI ZE);
for all pixels /* Size node */
picture[y][x] = receive(lNPUT, 1);
122:if (address == MY_ADDRESS) { /* Ann. address */
124: for all pixels {
for a 3*3 pixel wi ndow {
143: i f(w thout_center) /* Ann. center */
average = suni 8;
el se average = suni9;
151: i f(abs(picture[y][x]-average)>threshol d)
send( QUTPUT, average, 1);
el se send(QUTPUT, picture[y]l[x], 1);
Py ol

In tablel, executioncostintervalswith respecto lateng
time, powerconsumptioranddatarateswithoutpicturesize
or addressmatchmodearegiven. Theintervalsaswell as
the pathclassificationare given for every PrSthatis refer
encedby theline numberit is startingwith. Dueto theloop
boundsfor eachcontet givenby the paclet sizeboundsin
thereceved headerwe know the minimum andmaximum
numberof pixelsleadingto a CDPin line 124. SFPsey-
mentsand CDP sggmentsare memgedinto MSPrS,so they
may not be visible in the results. The resultsfor the com-
pleteprocessaregivenin thelastline.

[Line+[PrStype[ Lateny ms | Enegy mWs [Sentbyteq Recevedbytes|
89 SFP | [4.92,380] | [2.085] | [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 [Cimin, Ci,may Without modes

In table2, differentmodesareexplored.In thefirst three
lines, picture sizesare derived from processmodes. Ad-
dressandluminancecalculationmodesfollow. Tablel can
be foundin line 3. We notice that known processmodes
leadto tighter, but context dependentostintervalsfor the
procesghat canbe usedfor formal processepresentation
supportingorocessnodeson higherlevels[14].

[Modes/Contet | Lateny ms [ Enegy mWs] Sentbytes [Recevedbytes|

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+Addresb[38.49,572.0][21.03,106.5] [5865,24393]| [6197,25045]

Table 2. Cost [Ci min, Ci,maxy With modes

5. Conclusion

Procesgiming and power consumptioncan be highly
contet dependent.Procesanodesare introducedto dis-
tinguishcontextswith significantlydifferentexecutioncost.
An existing symbolicanalysisapproactis extendedto cal-
culateglobalprogramcostintervalsandcapturecontet de-
pendentostintervals of singleprocessesMajor improve-
mentsto pathanalysisandarchitecturenodelingtechniques
are presented. The resultsdemonstrate significantim-
provementin executioncostanalysisprecision.
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