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Abstract

Systemdesignmethodology is poisedto becomethenext
big enabler for highly sophisticatedelectronic products.
Designverificationcontinuesto be a major challenge and
simulationwill remainan important tool for makingsure
that implementationsperform as they should. In this pa-
per we presentalgorithmsto automaticallygenerate C++
checkers from any formula written in the formal quanti-
tative constraint language, Logic Of Constraints (LOC).
Theexecutablecan thenbe usedto analyzethe simulation
tracesfor constraint violation andoutputdebugging infor-
mation.Differentcheckerscanbegeneratedfor fastanaly-
sisunderdifferentmemorylimitations.LOC is particularly
suitablefor specificationof systemlevel quantitativecon-
straints where relativecoordinationof instancesof events,
not lower level interaction,is of paramountconcern.We il-
lustratetheusefulnessandefficiencyof our automatictrace
analysismethodologywith casestudieson largesimulation
tracesfromvarioussystemleveldesigns.

1 Introduction

The increasingcomplexity of embeddedsystemstoday
demandsmore sophisticateddesignand test methodolo-
gies. Systemsarebecomingmore integratedasmoreand
morefunctionalityandfeaturesarerequiredfor theproduct
to succeedin the marketplace. Designingat the Register
TransferLevel (RTL) or sequentialC-codelevel, asis done
by embeddedhardwareandsoftwaredeveloperstoday, is no
longerefficient. Thenext majorproductivity gainwill come
in theform of systemlevel design.

In thispaper, weproposeanefficientautomaticapproach
to analyzesimulationtracesand checkwhetherthey sat-
isfy quantitative propertiesspecifiedby denotationallogic
formulas. The propertyto be verified is written in Logic
of Constraints(LOC) [4], a logic particularlysuitablefor
specifyingconstraintsat the abstractsystemlevel, where
coordinationof executions,not thelow level interaction,is
of paramountconcern. We then automaticallygeneratea

C++ tracechecker from thequantitativeLOC formula.The
checkeranalyzesthetracesandreportsany violationsof the
LOC formula. Like any othersimulation-basedapproach,
thecheckercanonly disprove theLOC formula(if a viola-
tion is found),but it canneverprove it conclusively, asthat
would requireanalyzinginfinitely many traces.

In thenext section,wereview thedefinitionof LOC and
compareit with otherformsof logic andconstraintspecifi-
cation.In section3, wediscussthealgorithmfor building a
tracechecker for any givenLOC formula. We demonstrate
theusefulnessandefficiency with a verificationcasestudy
in section4. Finally, in section5, weconcludethis paper.

2 Logic Of Constraints (LOC)

Logic Of Constraints[4] is a formalismdesignedto rea-
sonaboutsimulationtraces.It consistsof all thetermsand
operatorsallowed in sententiallogic, with additionsthat
make it possibleto specify systemlevel quantitative con-
straintswithout compromisingthe easeof analysis. The
basiccomponentsof anLOC formulaareevents, event in-
stances, event indexes andannotations.

LOC can be usedto specify somecommonreal-time
constraints:

� rate: E.g. “a new �����	��
��� will beproducedevery 10
timeunits”: ��������	��
����� ��������������������	� 
!�"��� �#�$�&%'�)(

� latency: E.g. “ �����	� 
!�"� is generatedno more
than 25 time units after *+���-,/.0
�� ”: ���!�����	� 
����� �!���1�
���!*&���#,2.0
��3� �#���547698

� jitter: E.g. “every �����	� 
!��� is no morethan15 time
unitsawayfrom thecorrespondingtick of thereal-time
clockwith period15”: :;��������	� 
!�"��� �#�$�<�=�0>?�@(A:B4C�@8

By adding additional index variablesand quantifiers,
LOC canbeextendedto beat leastasexpressiveasS1S[3]
andLinearTemporalLogic. Thereareno inherentproblem
in generatingsimulationmonitorfor them.
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Figure 1. Trace Analysis Methodology.

3 The LOC Checker

We analyzesimulationtracesfor LOC constraintviola-
tion. The methodologyfor verificationwith automatically
generatedLOC checker is illustratedin Figure1. Fromthe
LOC formula and the traceformat specification,an auto-
matic tool is usedto generatea C++ LOC checker. The
checkeris compiledinto anexecutablethatwill takein sim-
ulation tracesandreportany constraintviolation. To help
thedesignerto find thepointof erroreasily, theerrorreport
will include the value of index � which violates the con-
straintandthevalueof eachannotationin theformula.The
checker is designedto keepcheckingandreportingany vi-
olationuntil stoppedby theuseror if thetraceterminates.

The algorithm progressesbasedon index variable � .
EachLOC formula instanceis checked sequentiallywith
the valueof � being0, 1, 2, ...etc. A formula instanceis a
formulawith i evaluatedto somefixedpositiveintegernum-
ber. In addition,amemoryrecycling algorithmis utilizedto
minimizetheruntimememoryusage.

4 Case Study

In this section,we apply the methodologydiscussedin
the previous sectionto an designexample. It is a Syn-
chronousData Flow (SDF) [5] designcalled Expression
originally specifiedin Ptolemyandis part of the standard
PtolemyII[1] distribution. TheExpressiondesignis respec-
ified andsimulatedwith SystemCsimulator[2].

Figure 2 shows a SDF design. The data generators
SLOW andFAST generatedataat differentrates,andthe
EXPR processtakesone input from each,performssome
operation(in thiscase,multiplication)andoutputstheresult
to DISPLAY. SDF designshave the propertythat different
schedulingwill resultin thesamebehavior. A snapshotof
thesimulationtraceis shown in Figure2.

The following LOC formula must be satisfiedfor any

FAST

    EXPR

SLOW

Display

FAST output data: 0.314
SLOW output data: 0.0314
FAST output data: 0.628
SLOW output data: 0.0628
DISPLAY the result: 0.0098596
FAST output data: 0.942

Figure 2. Expression Design and Simulation
Trace.

correctsimulationof thegivenSDFdesign:

*&DFEHGI� �#�B>FJHKL*+MN� �#��%7��OB*&PHDQKSR�� �!� (1)

We usethe automaticallygeneratedcheckersto show that
thetracesfrom SystemCsimulationadhereto theproperty.
The analysistime is linear to the sizeof the tracefile and
the maximummemoryusageis constantregardlessof the
tracefile size(seetable1. Theplatformfor theexperiment
is a dual1.5GHzAthlon systemwith 1GBof memory.

Table 1. Result of Constraint (1) on EXPR
Linesof Trace �@(UT �)(9V �)("W �@(9X
TimeUsed(s) Y 1 1 12 130
MemoryUsage 8KB 8KB 8KB 8KB

5 Conclusion

In this paper, we have presenteda methodologyfor
system-level verificationthroughautomatictraceanalysis.
We have demonstratedhow we take any formulawritten in
theformal quantitative constraintlanguage,Logic Of Con-
straint,andautomaticallygeneratea tracechecker thatwill
efficiently analyzethe simulationtracesfor constraintvi-
olations. The analyzeris fasteven undermemorylimita-
tion. We appliedthemethodologyto many casestudiesand
demonstratethatautomaticLOC traceanalysiscanbevery
useful.
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