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ü Embedded systems are ubiquitous

ü Billions of embedded processors sold every year*

ödesktop processors in same time frame å100 million

ü Some embedded applications:

ü Lack of analysis tools and techniques

öfor contemporary embedded processors

ü Constraints onEmbedded systems designers 

öforced to usemultiple 8/16 bit processors

öconsolidate using a single, more powerful processor ?
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* Jim Turley. Embedded Processors by the Numbers. 1999. http://www.embedded.com/1999/9905/9905turley.htm



ü Novel analysis techniques for modern micro-architecture features

ü Hybrid analysis Ÿ combination of

östatic/compile-time analysis

ödynamic measurements aided by micro-architectural enhancements

ü Results:

öbetter analysis techniques and tools 

Åfor modern processors

ötighter worst-case execution time results 

Ådue to use of information from microarchitecture

üImpact:

ömake contemporary processors available to embedded designers

Åout-of-order processing

Ådynamic branch prediction, etc.

öaid in better design of embedded processors ?
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ü Real-time systems theory reasons about

öthe schedulability of task-sets

üWCET of a task:

ömaximum time span it may execute on specific hardware

ü Determination of WCET is a non-trivial task
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ü Process of determining WCET

ü Two typical approaches

ü Static Timing Analysis

öcompile-time analysis of code segments

ömodel traversal of all possible paths

örequires detailed modeling of processor features

ötiming independent of program traces/input values

ü Dynamic Timing Analysis

öexperimental/trace-driven

öcannot guarantee safety

örequires worst-case input sets (often infeasible to obtain)

öarchitectural complexity hides worst-case behavior
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ü Real-time designers forced to use outdated processors

ü Constraint: Processor Complexity

ömodern architectural features 

Åout-of-order processing

Ådynamic branch prediction, etc.

ü Process variations in microprocessor manufacturing

ü Processor vendors do not disclose internal details

ü Non-determinism introduced into task code

ü Increased analysis complexity

ü Extensive modeling Ÿ each minor processor feature

önot always feasible

ü Situation exacerbated by new paradigms

ömulti-core architectures

Thursday, April 24, 2008Sibin Mohan | RTAS 20087



Thursday, April 24, 2008Sibin Mohan | RTAS 20088

Timing Analysis

Hurdles in Timing Analysis

CheckerMode

Experimental Framework

Results

Future work

Conclusions



ü Hybrid Timing Analysis approach

öinteractions between hardware and software

öincludes minor modifications to processor architecture

ü Accurate WCETs for contemporary processors

öavoids costly modeling of processor features

ü ñCheckerModeò

ü Task code split into feasible execution paths

ü Execution times obtained for such paths

öfrom actual processor/hardware

ü Alternate paths (conditionals)

öall paths timed separately

ü Capture Timing information & ñstateò of processor
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