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A Parametric Execution Time Analysis Method

for Reuse of Real-time Software

Toshihiro KAWAIT and Akio NAKATAT

T Faculty of Information Sciences, Hiroshima City University
11 Graduate School of Information Sciences, Hiroshima City University

Abstract Software reuse is generally useful to reduce development time of large-scale software. However, it is very
challenging to reuse real-time software such as embedded software, since the execution time of software strongly
depends on its execution environment consisting of CPU, OS, memory, and so on. In this paper, to make real-time
software reuse easier, we propose a method to derive automatically a condition between software design parameters
and execution environment parameters in order to satisfy a given real-time constraint. Here, the software design
parameters are those which changing their value does not affect the least functionality but the quality and the
execution time of the software, and are related to loop iteration numbers. Execution environment parameters are
CPU clock frequency and each instruction’s execution cycle (including memory access time). The proposed method
enables us to easily choose optimal parameter values that is ensured to guarantee the given real-time constraint
without try and error.

Key words real-time software, embedded software, real-time constraint, worst case execution time (WCET) anal-

ysis, formal method, parametric model checking
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for(i=0;i<N;i++} {
/« 0000000000000000NO000 %/

asm volatile ("marker=N");

for(j=0;j<3;j++) {
/* 0000000000030 @ma) =/
asm volatile ("marker=3");

}
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Fig.1 Example of Specifying Markers
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Fig.2 Parametric Instruction Execution Times of ARM7TDMI

Processor (from [10])
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asm volatile ("opl"); /+ OODO 1 x/
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for(j=0;j<3;j++) {

}
}
asm volatile ("op2"); / OOO 2 */
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Fig.3 Example of Specifying Observation Points
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Fig.4 Sequential Composition Operation of Execution Times
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Fig.5 Kleene Closure Operation of Execution Times
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Fig.6 Union Operation of Execution Times
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Fig.7 Algorithm RIP(s) (slightly modified from Ref. [8])
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Fig.9 Case of Eliminating States of Fig. 8in Wrong Order
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Fig.10 Case of Eliminating States of Fig. 8in Right Order
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Fig.11 Final Result of Eliminating s5 from Fig. 10
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2: if 00 sO00O00O0O then

3: return
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25: return

26: end if
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