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Introduction



Safety-Critical Hard Real-Time Software

Å#ÏÎÔÒÏÌÌÅÒÓ ÉÎ ÐÌÁÎÅÓȟ ÃÁÒÓȟ ÐÌÁÎÔÓȟ ȣ ÁÒÅ ÅØÐÅÃÔÅÄ ÔÏ ÆÉÎÉÓÈ ÔÈÅÉÒ ÔÁÓËÓ 
within reliable time bounds.

Å Timing analysis must be performed. 
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Automotive: ISO-26262

5

Excerpt from: 
Draft BS ISO 26262-6 Road vehicles - Functional safety ɀPart 6: Product development: software level

Criticality levels: 
A(lowest) 
to
D (highest)
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ExecutionTime Variablility(Singlecore)
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LOAD     r2, _a

LOAD     r1, _b

ADD      r3,r2,r1

1990: 68020 2001: MPC755

Upto a factor of 100 betweenbest-caseandworst-case!



The Timing Problem
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Two Levels of Timing Analysis

Å Code level

ïSingleprocess, task, ISR

ïFocus on

ÅControl flow

ÅProcessor architecture
with pipelines and caches

ÅWCET

Å System level

ïMultiple functions or tasks

ïFocus on

ÅIntegration and scheduling

ÅEnd-to-end timing

ÅWorst-Case Response Time
(WCRT)
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Fixed-point problem

Response time

Core execution time = WCET

Interference



Problem Solved?

Reinhard Wilhelm et al.:
The Worst-caseExecutionTime Problem 

ɂOverviewof MethodsandSurvey of Tools

ACM Transactions on Embedded Computing Systems, Vol. 7, No. 3, April 2008. 

CONCLUSIONS

ăTheproblemof determiningupperboundson execution

times for single tasks and for quite complex processor

architectureshasbeensolved. SeveralcommercialWCET

tools are availableand have experiencedvery positive

feedbackfrom extensiveindustrialuse.ò
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Problem Solved? No!

Å The statementonlyaddressedsinglecorearchitectures.

Å At least 17 publicationsconcerning multicore timing analysis have been 
presented at the past five instances of the WCET Workshop.

Å Several past and current research projects investigated multicore timing 
analysis
ï ARAMiS

ï ARAMiSII

ï ARGO

ï ASSUME

ï CERTAINTY

ï CONIRAS

ï PREDATOR

ï T-CREST

ïȣ
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Resource Conflicts



Singlecore
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Singlecore
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Singlecore
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Multicore
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Multicore
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Multicore with Resource Conflicts
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Multicore with Resource Conflicts
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Problem: Resource Conflicts
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Å Any soundmulticoreWCET analysismust take interferencedelaysinto
account!
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