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Abstract

Thispaperexaminestheproblemof determiningbounds
on executiontime of real-timeprograms. Executiontime
estimationis generally usefulin real-timesoftware verifi-
cation phase, but maybe usedin other phasesof the de-
sign and executionof real-timeprograms(scheduling, au-
tomatic parallelizing, etc.). This paper is devotedto the
worst-caseexecutiontime (WCET)analysis. We presenta
staticWCETanalysisapproach aimedto automaticallyex-
tract flow informationusedin WCETestimatecomputing.
Theapproach combinessymbolicexecutionand path enu-
meration. Themain idea is to avoid unfoldingloopsper-
formedbysymbolicexecution-basedapproacheswhilepro-
viding tight andsafeWCETestimate.

1. Introduction

Real-timesystemsare systemsin which the execution
time is subjectto someconstraints,which may leadto un-
desirableconsequenceswhenthey arenot respected,espe-
cially in hardreal-timesystems.The constraintvalidation
processrequiresthe knowledgeof the execution time or
boundson the executiontime of programs. WCET anal-
ysis is a popularapproachusedin thetemporalconstraints
validationof hardreal-timesystems.

StaticWCETanalysisperformsahigh-levelstaticanaly-
sisof theprogramsourceor objectcode.Thisavoidswork-
ing on theprograminput data.StaticWCET analysiscon-
sistsof determiningan upperboundon the programexe-
cution time. For eachcomponentof the program(block,
task,etc.), an upperboundon the time of its executionis
estimated.This definition implies that WCET analysisis
only ableto provide upperboundson WCET valuesrather
thanexactvalues.Therefore,WCET analysismustguaran-
teetwo mainpropertiesin orderto keepreal-timesystems
predictableandtheir costfinancially reasonable:Safeness;
andTightnessof providedWCETvalues.

StaticWCETanalysisproceedsgenerallyin threephases
[4, 7]: flow analysis,low-levelanalysisandWCETestimate
computing. Flow analysischaracterizesthe executionse-
quencesof the program’s componentsandtheir execution
frequency (executionpaths). Generally, two typesof flow
informationareextracted. The first category is relatedto
the programstructureandmay be extractedautomatically.
The secondcategory is relatedto the programfunctional-
ity and semantics. This includesinformation about loop
boundsand feasible/infeasiblepathsespecially. This type
of flow informationis complex to automateandthereforeis
generallyprovidedby theprogrammerasannotations[7, 2].
Low-levelanalysisevaluatestheexecutiontimeof eachpro-
gramcomponenton the target hardwarearchitecture.The
calculationphaseusestheresultsof thetwo previoussteps
to computeaWCET estimatefor theprogram.

Theremainderof this paperis organizedasfollows: the
next sectionpresentstherelatedwork. In section3, we in-
troducesomeconceptswhichwill beusedby theflow anal-
ysis approach.Section4 describesanddiscussesthe pro-
posedblock-basedsymbolicexecutionmethod.Finally, we
concludethepaperandpresentsomeperspective issues.

2. Related work

Oneof themostpopularmethodsfor staticWCET anal-
ysisarebasedonpathanalysis.Path-basedapproachespro-
ceedby explicitly enumeratingthesetof theprogramexe-
cutionpaths[10, 1]. [9] describesamethodbasedoncycle-
level symbolicexecutionto predicttheWCET of real-time
programsonhighperformanceprocessors.Themaindraw-
backsof thoseapproacheslie in theimportantnumberof the
generatedprogrampathswhich scalesexponentiallywith
the programsize. Anothercategory of approachescalled
IPET1 do not enumerateall programpaths,but rathercon-
sider that they implicitly belongto the problemsolution.
The problemof the WCET estimationmay then be con-

1Implicit PathEnumerationTechniques.
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vertedto theoneof solvinganILP2 problem[7, 11, 4].

All thoseapproachesinvolvetheprogrammerin theflow
informationdeterminationprocess,especiallythe flow in-
formationrelatedto programsemantics(feasible/infeasible
paths,loop bounds,etc.). Though the provided flow in-
formation may be highly precise, this is an error-prone
problem. [5] usesan interval-basedabstractinterpretation
methodthatassociatesrangesto theprogramvariablesand
allows to automaticallyextract flow informationrelatedto
programsemantics. The methodproceedsby rolling out
theprogram(especiallyloops)until it terminates,which is
very costly in time andmemory. [8] presentsan approach
for automaticparametricWCETanalysis.Themethoduses
abstractinterpretation,a symbolicmethodto countinteger
pointsin polyhedraanda symbolicILP technique.Theap-
proachseemscomplex in practice. In [6], anapproachfor
determiningloop boundsis presented.They considerloops
with multiple exit conditionsandnon-rectangularloops,in
which thenumberof iterationsof aninnerloop dependson
thecurrentiterationof anouterloop. However, they handle
only loopswith theinductionvariablebeingincreasedby a
constantamountbetweentwo successive iterations.More-
over, only the flow information relatedto loop boundsis
determined. Symbolic executionis anothertechniquefor
automaticallyextractingtheflow informationrelatedto pro-
gramfunctionality. Theprogramis rolled out which allows
to determinethe valuesof variablesasexpressionsof the
programinputs[3]. Symbolicexecution-basedmethodsare
capableto work with smallprograms,but arenotwell suited
for long andcomplex programs.

Our aim is to determinean approachwhich automati-
cally extractsflow informationrelatedto programfunction-
ality andcomputesasafeandtight upperboundon thepro-
gramWCET with a lower cost. We usea hybrid method
basedon symbolicexecutionandpathenumeration.Loops
arenotunfolded,ratherapathanalysisis performedoneach
loopblock.

3. Flow analysis concepts

In the following, we presenta setof conceptsusedby
ourflow analysisapproach.���������	��

�����������������������
��������

�

We usethe control flow graph(CFG) formalismto ex-
pressthe control flow of the programto be analyzed.The
sourcecodeof theprogramis decomposedinto a setof ba-
sic blocks. A basicblock is a set of instructionswith a
singleentry point anda singleexit point. The entry point
is situatedat the beginningof the block andthe exit point

2IntegerLinearProgramming.

at its end.Two fictitious blocks,labeled� �"!�#$� and %'&)(�� are
added.Weassumethatall executionsof theCFGstartatthe�*�"!�#$� blockandendat the %'&)(�� block. Figure1-b illustrates
anexampleof a controlflow graphof a programwherethe
C sourcecodeis shown in figure 1-a. Formally, the pro-
gram is representedby the graph +-,/.10325476 , where 0
representstheprogrambasicblocksand 4 theprecedence
constraintsbetweenthem.���189�;:=<�
�>@?9�A���CBEDF<G
C>�?H�
���I�KJ��

Weusethenotionof blockwhereasetof blocksof level L
aregroupedinto ablockof level L�M=N . Complex blockscor-
respondto complex programminglanguagefeatures(loops,
conditionalstatements,functions,modules,etc.).Theblock
compositionstartsatthelowestlevelandmayberecursively
carriedoutuntil theCFGlevel. Figure2 illustratestheblock
graphsconstructedfor the exampleof the figure 1. For-
mally, a block O of level L is definedby the formula 1 and
composedof: a numberof sub-blocks( 0QP ); a setof header
blocks( 0SRPUT 0 , 0SRPVT 0WP ); a set 4XP of edgesconnecting
thesub-blocks;andoneor moreexit edges( 47YP T 4ZP ).

O;,\[$0QP]2^0 RP 254ZP*2^4 YP�_�` (1)

Eachblock O of level L is definedby a block graphdescrib-
ing its structure. The O ’s blocks set 0 P is composedof
blocks of higher levels ( acbdL ). The set of edges4 P is
constructedas follows: eachedgeof the CFG connecting
two nodesbelongingto two different blocks O]e and O5f of0QP formsanedgeof level L from O]e to O^f . Edgesto blocks
outside 0WP produceedgesof exit type. Redundantedges
areeliminated. In figure2, in thegraphof block O gh corre-
spondingto thewhile loop,theedge%'i connectingthebasic
blocks 0j0Zi and 070Qk in theCFGyieldstheedge%$li .

A headerblock is a basicblock executedwhenthe ex-
ecution flow reachesthe block for the first time. Infor-
mally, headerblockscorrespondto loop andselectioncon-
dition test blocks. The set of header-blocks of the blockO gh is 0jRP ,�['0j0 g _ (figure 2). We handleonly well-
structuredcodeprogramsyielding blockswith oneheader
block. Whenthe executionof the block is terminated,the
controlflow leavestheblock throughanexit-edge.Theset
of exit-edgesof theblock O gh is ['%$lg 25%'&)(�� _ . Whentheexecu-
tion of ablockmustberepeated,this is doneby transferring
theexecutionflow to theheaderblockthroughaback-edge.
Thesetof back-edgesof theblock O gh is ['% lm 2^% ln _ (figure2).���o���;�S����JC�V���CBp�G�q�����I����

���

A pathin a block graph O is a sequenceof edgesin 4ZP
wheretheend-nodeof eachedgeis thestarting-nodeof the
next edgein the path. In the following we refer by block-
pathsto theone-iterationpathsin ablock O . Wedistinguish
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void some_func(int n, int cond) {
int i = 1;
while (i < 2*n) {
if(cond)

break;
... //statements
if(i < n) {

i = 2*i;
continue;

}
i++;

}
}
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Figure 1. Example program.
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Figure 2. The bloc k graphs of the example .

two typesof block-paths:exit pathsand loop paths. An
exit-pathin O is a pathstartingat theheaderblock of O and
endingby anexit-edgeof O . Likewise,a loop-pathin O is a
pathstartingat theheaderblock of O andendingby a back-
edgeof O . In figure2 andtable1, theblock O gh hastwo exit
paths:r�lh andr�lg , andtwo loop-paths:r�ll andr�lm .

Eachblock is executeda numberof times(0 or more).
We usethe notion of iteration to denotean executionof a
block,which is definedasoneexecutionof a block-path.

4. Flow analysis approach

In this section,we describeour methodaimedto auto-
matically extract the flow information relatedto program
semantics.We useadataflow analysisapproachin orderto
derivevaluesof variablesatdifferentpointsin theprogram.
Theapproachcombinessymbolicexecutionwith pathenu-

meration. The flow analysisis performedfor eachblock
withoutunfoldingiterativeblocks.Ratherthan,thenumber
of times the blocks areexecutedis analyticallycomputed
which reducesthe complexity of the method. Only a sub-
setof thesymbolicstatessetof theprogramarecomputed
(statesat the entry point andthe exit pointsof the block).
Exit pointsof ablockarethestartingpointsof its exit edges.

A symbolic execution statemay be representedby a
triple sut�25vxwQ2^y�vzb , where: t{,|[�sp} g 2^% g b~2 `*` ` 2*s}���2^%$��b _ is the setof pairs s�}�!�#$(�!�O�L1%�2^%'&�r)#�%��'�*(��$��b ,
wherethe variables} g 2 `*` ` 2^} � have beenassignedthe ex-
pressions% g 2 ` ` ` 2^% � ; vxw is the pathconditionexpressing
theconditionsunderwhich thatpathis taken;and y�v refers
to thenext instructionto execute.Initially, theinputparam-
etersareinitializedusingsymbolsandtheothervariablesto
thespecialvalue ���I��%�� . Symbolicexecutionof a program
takesa symbolicstateanda rule which correspondsto the
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currentstatementreferredby y�v andreturnsthe symbolic
statesresultingfrom theexecutionof thestatement.

In orderto ensuretheanalyzabilityof real-timesoftware,
the flow analysismethodimposessomelimitations on the
handledprograms.First, potentiallynon-deterministicand
complex programminglanguagefeatureslikerecursion,dy-
namicmemoryallocationandunstructuredcodearenot al-
lowed. Moreover, for instancethe loop inductionvariable
updatestatementis limited to the form (Q,p!j�Z(
��O . We
think that this restrictionis compatiblewith hardreal-time
systems,knowing thatmany worksusemorerestrictivefor-
mulas[6]. Furthermore,the expressionscanbe easilyex-
tendedto Presburgerformulas.�C�������S����J�>)
���BK�G����
�������BE���I��J���>�����
��

Eachelementaryedge% in theCFGis associateda path
condition vxw�.1%�6 which is a Booleanpredicatecondition-
ing the executionof thatedgewith respectto the program
state � at the sourcenodeof the edge. Likewise,eachba-
sic block O]O appliesa block action 07�j.GO]O]6 which repre-
sentsthe effect of the executionof all statementsof the
block on the programstate � (symbolic executionrules).
Thepathactionof a block-pathr denotedv~�7.�r�6 is these-
quenceof the block action of all blocks constitutingthat
path. Likewise the path condition of a block-pathis the
“lo gical and” of the path condition of all edgesforming
thatpath. vxw�.�r�6C,�vxw�.1% h 6I�	vxw�.G% g 6 `*` ` ��vxw�.G% ��� g 6 .

In order to computethe path action of a block-pathr , we considerthe set t@� of programvariablesassigned
in different blocks of r . Let 0j�7.GO O$2�}�6 be the function
applied by the basic block O O on the variable }���t��
which representsthe effect of the executionof all state-
mentsof the block on } . The action appliedon } by r
( v~�j.�r�2^}@6 ) is the sequenceof block actionappliedby all
blocksforming r in theorderthey appearin r . v~�7.�r�2^}@6C,.107�j.GO]O h 2�}�6�  ` `*`  ^0j�7.�O]O��@� g 2�}�6�6 is representedby an ex-
pressionof the form !�}S�¡O (for loop inductionvariables)
suchthat ! and O areintegerconstants( !	b£¢ ).�C�18���¤¥<�����DK������>£�)¦���<�§�������
���

¨7�K����J��

Pathsareevaluatedby decomposingeachconditionalex-
pressionvxw�.�r�6 into elementaryBooleanexpressionsre-
latedby logical operators.Eachconditionalexpression% is
of theform (��©r7%'&�r)# , where �©r is a relationaloperatorand%*&�r)# is an integer valuedexpression.For eachexpression% , thefollowing parametersareevaluated:ª Interval type: theinterval is qualifiedasraisedif �©r is

“ s ” or “ « ”, constantif �©r is “ , ” andundervaluedif�©r is “ b ” or “ ¬ ”.

ª Direction: if thevariable ( is increasedin thepathac-
tionof r ( v~�j.�r�6 ), thedirectionis positiveandnegative
if ( is decreasedin v~�7.�r�6 . If ( is never updatedalong
with thepath,thedirectionis null.

Thedirectionandthe interval typeareusedto checkfor
emptyendunboundedpathsbeforeevaluatingthe number
of iterationsof thepath. This stepallows to determinethe
pathparameters( !�25O�2^­ g and ­ l ) usedby theformula2.

In figure 3, for the state( t®,¯[�s�(©25° h b~2*s��925° g b2 sd±]�$�I�²2^° l b _ 2^vxwz,³° h «d° g MHN~�¥° l ,´¢ ), and
the path r²ll , therearetwo expressions% g ,p° h «�° g M¡N
and % l ,µ° l ,µ¢ . The setof variablesinvolved in % g is[*( _ , v~�7.�r ll 2^("6�,¶(C·¹¸�( . Thereforetheinterval typeof % g
is “r aised” andthedirectionis “positive” . Thenumberof
iterationsis never emptynor unbounded.Thenthenumber
of iterations y@Y� of the path r relatedto % andthe resulting
symbolicstateºCY� arecalculated.

In orderto analyticallycomputethenumberof iterations
of a loop pathr , wedefinethefollowing suite }�� :» } h , ­ g} ��¼ g , !�} � �½O¿¾��V�SÀ `

The numberof iterations y is definedby the formula­ l M½­ g ¬pÁ¡Â � l��Ã h �*� . �'�¥,p}���¼ g M½}�� . The right-hand
sideof theinequalitywouldbethegreatestintegerlessthan
or equaltheexpression­ l MÄ­ g .
yj,¿ÅÆÆÇ ÆÆÈ

ÉËÊÍÌqÎ�Ï .�N��EÐÍÑ�Ò � Ñ9Ó�Ô�Ð Ï � g ÔP ¼ Ð Ï � g ÔoÑ9Ó 6�ÕF��NcÖX×²%*� ­ l bØ­ g�Ù!	b¡NC��­ g ."N;M¥!�6XÚ,¡OÉ Ñ Ò � Ñ ÓP ÕK��N ÖX×²%*� !S,ÛNÜ ÖX×²%*� O;,�­ g ."NZMÄ!�6
(2)

The numberof iterationsis then given by equation2.
When OÛ,Ý­ g ."N	M�!@6 , the induction variable } would
have the samevalue during the different iterations } � ,­ g ¾��¯¬³¢ . Therefore,the numberof iterationsis un-
bounded( y�, Ü ). Let us considerthe loop: ���$#�.o(¥,Nq ^(	sX,�N*¢�¢� �(Þ,´¸7�W(C��N'6 , the parameterscharacteriz-
ing theloop pathare: !�,¡¸�25OF,HN�2^­ g ,ÛN and ­ l ,HN'¢q¢ .
Thealgebraictool evaluatesthenumberof iterationsto 6.

The final numberof iterationsof the path r is deter-
minedfrom the numberof iterationsof all elementaryex-
pressionsof vxw�.�r�6 as follows: y@Y Ó^ß Y Ò� ,´àÞá�âI.1y@Y Ó� 25y�Y Ò� 6
and y�Y Ó�ã Y Ò� ,�à�äæå�.1y@Y Ó� 25y�Y Ò� 6 .�C�o���;:=<�
�>@?
ç DK�I����BE��èC�ØD�
�<���>½�)é���>²§C����

�

Theblock-basedsymbolicexecutionproceedsin a post-
ordermanner. The blocksof the level LI�HN areevaluated
beforetheblocksof thelevel L . Theevaluationof a block O
is performedin thefollowing steps:
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êjëGìIí'î ïXð�ñ*ò óZô�õ�ö ïXð�ñ*ò�íqì�÷øõCì�ù*ú1ñ*úGì²û ïXð�ñ*ò�íqì�û
ü�ú1ñ*ú1ì�û ïXð�ñ*òÙð�í�ñ'ú1ì�û ýQü�þ�ö
O�lh r mh %'&)(�� .G% m g 6C,H.G070 l 6 ±]�$�I�ÿÚ,¡¢ %$llr m g %'&)(�� .G% mh 2^%'&)(���6�,�.10j0 l 2^070 m 6 ±]�$�I�j,¡¢ %'&²(��O�l g r ml %'&)(�� .G% mm'6C,H.G070Xi$6 (C¬£� %$lir mm %'&)(�� .G% ml 2^% mi 6�,�.10j0Zi�2^0j0 n 6 (�«£�ÙM£N .1(�·³¸�("6 %$lmO gh r�lh %'&)(�� .G%'lg 6C,H.G070 g 6 (�¬ ¸�� %'&²(��r�lg %'&)(�� .G%'lh 2^%'&)(���6�,�.10j0 g 25O�lh 6 (�«Ø¸��	M£NC�Ù± �$�I�ÿÚ,�¢ %'&²(��r�ll LG���©r .G%'lh 2^%$ll 25%$lm 6�,�.1070 g 2©O�lh 2©O�l g 6 (�« �ÿM£NC�	±]�$�I��, ¢ .1(�·³¸�("6r lm LG���©r .G% lh 2^% ll 25% li 2^% ln 6�,Û.G070 g 25O lh 25O l g 2^0j0 k 6 �Ä« (�«Ø¸��ÙM£NC�	± �$�I�S, ¢ .1(�·´(�� N$6O hh r�gh %'&)(�� .�� �"!�#$��2^%�gh 2^%'&)(���6�,Û.1070 h 25O gh 6 ��#$��% .1(�·-N� ^v~�j.GO gh 6�6 % h g�"�©r r hh %'&)(�� .G% hh 2^% h g 6�,�.G�*�"!�#$��25O hh 2^%'&²(���6 ��#$��% .Gv~�7.�O hh 6^6

Table 1. Path definition and parameter s.

a- Path information The first stepconsistsof determin-
ing a setof informationcharacterizingtheblock. We deter-
minethesetof block-pathsof theblock. For eachpathaset
of parametersiscalculated:pathtype(looporexit path); the
setof edgesforming the path;pathcondition;pathaction;
andfinally for exit paths,the edgeof the enclosingblock
graphon which theflow will go after takingthatpath.The
startingpoint of that edgeconstitutesan exit point of the
block. This informationis keptin a tablewhereasummary
for theexampleof thefigure1 is shown in table1.

b- Block evaluation The symbolicexecutionof a blockO is performedby evaluating all the block paths v ,O�L1��± � r�!���×²��.GO 6 startingat theentrypoint of theblock with
asymbolicstatein whichall variablesusedin theblockare
assignedsymbols.For evaluatingeachpathr weuseasym-
bolic statein which vxw correspondsto the pathcondition
of r . This stepyieldsthesetof theblock exit statesºIP and
thenumberof iterationsof theblock (figure3).

c- Path evaluation Thepathevaluationtakesa symbolic
state � , the pathaction v~�j.�r�6 andperformsthe algebraic
evaluationof the path using the formula 2. The result is
the numberof iterationsof the path y©� and the generated
symbolicstatesº²� .

Figure3 illustratesthe block-basedsymbolicexecution
of the block O gh . Edgesareannotatedby the numberof it-
erationsappliedby the path on the symbolic stateof the
starting node. We assumethat the variable ±]�$�I� is up-
datedin the “instructions” block but not � . The result-
ing symbolicstatesaretheterminalnodes( ���h 2©��� g 2 `*` ` ) (fig-
ure 3). Merging of statesmay be performedwhich al-
lows to reducethe numberof resultingstates.Two states� g ,js�t g 25vxw g 2^y�vzb and � l ,js�t l 25vxw l 2^y�v³b with
the sameinstruction pointer y�v can be merged into one
state�W,jsØt g � t l 25vxw g � vxw l 2^y�v b . Mergingof states
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Figure 3. Bloc k-based symbolic execution of
the bloc k O gh

may sometimescauseinformation loss. Then somepes-
simismwill be incurredin theWCET estimate.Therefore,
a trade-off mustbedonebetweentheWCET precisionand
the numberof generatedstates. States��� g and ��� l may be
mergedinto onestate��� m ( s¡t ,H[�s (©2^°9gh b~2 sØ�925° g b~s±]�$�I�²2^°=<l b _ 25vxw�,�° h «£° g M½NC��° g «£°9gh «£¸q° g b ).
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Thesestatesconstitutetheblock exiting symbolicstates
whichwouldbeusedin theevaluationof lower level blocks
(ex. O hh ). Indeed,whenthecurrentblock O(> is examinedin
theframework of ablock O�� of lower level, theblockaction
of theblock 07�j.GO > 6 is evaluatedin onestep.

Whentheexecutionreachestheblock O hh (higherlevel),
the variable ( is initialized to 1, then the incomplete
branchesof thefigure3 arediscarded( vxw becomes��!@LG�'% ),
reducingthusthenumberof theblockexiting statesto only
3. Furthermore,it is possibleto keeponly the resulting
statesmaximizingtheWCET of theblock.�C�Ë���'?$�q���������1¦
�UDF<�
�>@?9�A@Ä�1��JØ¦��I�������
���9§��ØD����	

¨�G�q����������

���

In the caseof nestedloops,the numberof iterationsof
aninner loop maydependon thecontrolvariablesof outer
loopsand thus variesfollowing thosedependencies.The
worst-casenumberof iterationsfor sucha block may be
consideredalwaysits limit. Thismayresultin animportant
WCETover-estimation.Therefore,thenumberof iterations
of aninnerloop mustbeexpressedin termsof controlvari-
ablesof outerloopsvalues.Theblock-basedsymbolicexe-
cutionapproachis ableto estimatea worst-casenumberof
iterationsof suchblockswithoutover-estimation.

Assumethatthe“statements”areaof thefigure1-acom-
prisesa block O mh consistingof the loop: ���$#�.CB£,d¢) 9BØs(5 DB~���W6 . OnecanestimatetheWCET of the loop nestto¸��FE .G¸��¥M\N'6 since ( startswith the value1. Whenap-
plying the block-basedsymbolic execution: � e �H,js¹[�s(525° h b~2 sØ�92^° g b~2*sGBq25° m b _ 25vxwH,���#'��%Sb , theresults
are � � !H� ,js [�s�(©2^° h b~2*s��92^° g b~2*sIB�2^° g b _ 25vxwu,��#'��%3b with a numberof iterationsof ° g M ° h . Whenthe
analysisreachesthetop level ( ( is initializedto 1), thenum-

berof iterationsis evaluatedto Á l - Òe Ã g (�J ('Kz¸�(ML�� Á l ��� ge Ã l - Ò ( .For example,for ��,|N*¢ , the intuitive methodyields 380
while ourmethodprovidestheactualWCET 85.

In addition, the block basedsymbolicexecutionelimi-
natesimplicitly most of the programinfeasiblepathsand
allows to expresstheWCET estimatesassymbolicexpres-
sionsfunctionof theprogrampartsinput parameters(func-
tion parameters,etc.). Thequality of theprovidedflow in-
formationis comparableto the oneof symbolicexecution
andabstractinterpretationschemasinceour approachis a
symbolicexecutionmethod.

5. Conclusion

WCET analysisis a popularmethodusedto validatethe
temporalcorrectnessof real-timesystems.WCET analy-
sis may be donestatically on the programsourceor ob-
ject code, which resultsin overestimatedvalues. There-

fore, techniquesallowing to tighten the WCET estimates
are required. However, thesetechniquesare complex be-
causethey dealwith programsemantics.

We proposeda practicalapproachaimed to automati-
cally extractflow informationrelatedto programsemantics
which will be usedto tighten the WCET estimates. The
methodpresentsa reducedcomplexity in termsof time and
memoryby avoiding unfoldingiterative blocks. Moreover,
theapproachprovidestight valuessinceit handlesnonrect-
angularloopsand loopswith multiple exit conditionsand
eliminatesimplicitly mostof theinfeasiblepaths.

We areimplementingaprototypeof themethodin order
to evaluateits performance.Furthermore,weplanto extend
theexpressionusedto evaluateloopsto Presburgerformulas
andusetheresultsobtainedon thoseformulas.
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