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A Light Interrupt Management for Real-time Linux
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One of the factor that disturbs the execution of a real-time task is the execu-
tion of an interrupt handler. To solve this problem, in a traditional technique,
an interrupt handler is executed as Linux kernel threads so that real-time tasks
are executed periodically. Although the real-time OS latency is improved by
this method, the time of the scheduler context switch is increased and the
priority management between the real-time tasks and the interrupt processing
becomes an issue. In this paper, a new technique is proposed to deal with this
interrupt problem, in which, accroding to the priority of the whole system, the
interrupt processing does not act as a thread and is delayed at three points:
previous to real-time task execution, after specific real-time task execution, and
behind the whole real-time task execution. A prototype system is implemented
on Linux 2.6.20 and the experimental results show that the time of scheduler
context switch is reduced to 25% and the maximum OS latency of the real-time
tasks is improved to half of the traditional one.
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Fig.1 Delayed interrupt processing.
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Fig.2 Dynamic interrupt treatment.
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do_IRQ {
if (is_lower_priority_IRQ() && (preempt_count() > 0)) {
desc->chip->mask_ack();
register_irq |= (1 <<irq);
return O;

}
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Fig.3 Interrupt accepting routine.

#define sub_preempt_count (val)
do {
preempt_count() —= (val);
if (preempt_count() == 0 && exist_higher_priority_IRQ()) {
do_higher_priority_IRQ();
}
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Fig.4 Processing of delayed interrupt.

scheduler() {

if (is_rt_task() { A
if (get_announced_interrupt()) {
do_rt_IRQ(),
}
if (is_non_rt_task) { B
do_pending_IRQ();
}

}
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Fig.5 Interrupt execution codes in scheduler.
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Fig.6 Executed real-time tasks in Linux.
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Fig. 7 Executed real-time tasks in proposed kernel.
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Table 3 Latency from real-time tasks to real-time interrupts.

oooooo oooo
Min 1.006 ms 0.71 ps
Max 1.010 ms 0.76 us
Avg 1.007 ms 0.73 us

0000o0o0oo0o0oo0oo0oo0oooo0ooooo ceUOOOOOOOOOO
gooobooooooooboooobooooobobooooooboooboboOobOoOoooDooo
goooboboboodoooooooooooooobobooooooobooooooooboooo
goboooooon

5.3 DO0UOO0OO0OO0OO0OOOOOOOODO

gbobooooboooooooobooooooooboOooooobOoooboOoobooobooboOoo
gbooobooooboboooooboooobooboobOoobobooboooooDo
gooobobooooboooooooooobooooobobooobobo10b000000on
gooooooooooooliobooooboooooooooooo 00000000 0on

(© 2009 Information Processing Society of Japan



93 000000 LinuxOOOOOOOOOOO

04 O0000OO0OO0OOODOODBOOOO
Table 4 Comparison of task dispatcher time.
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Max 142,078 124.75 100,077 119.94
Avg 132,121 122.93 100,067 118.13
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Table 5 Comparison of task context switch time.
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Table 6 OS latency.
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Min 0.85 us 0.90 ps 0.41 pus 0.45 pus
Max | 268.85 us 1221.96 pus 110.98 pus 651.23 us
Avg 12.23 pus 15.33 pus 3.23 us 4.04 us
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Table 7 Overhead of implementation (except interrupt processing).
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