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RT-Est: Real-time Operating System
for Semi-fixed-priority Scheduling

HirovYUKI CHISHIRO™! and NOBUYUKI YAMASAKI'!

This paper proposes RT-Est, which is a real-time operating system for semi-
fixed-priority scheduling. RT-Est implements the following mechanisms: 1) the
hybrid O(1) scheduler, which is an extension of the O(1) scheduler in Linux
kernel 2.6, to achieve semi-fixed-priority scheduling with low overhead; 2) the
high resolution timer, which performs to terminate optional parts at optional
deadlines; 3) SIM, which is an architecture for simulating real-time scheduling.
Both evaluation results of SIM and the real machine show that semi-fixed-
priority scheduling in RT-Est is well suited to autonomous mobile robots.
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Table 1 Tasks in an autonomous mobile robot.
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Fig.2 Optional deadline.
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Fig.4 Split one extended imprecise task into two general tasks.
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Fig.5 General scheduling and semi-fixed-priority scheduling.
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Fig. 6 Task queue.

(1) When 7; becomes ready, set R;(t) to m;, dequeue 7; from SQ, and enqueue 7; to

RTQ. If 7; has the highest priority in RT'Q, preempt the current task.

(2) When 7; completes its mandatory part:

(a) If OD; expired, set R;(t) to w;.

(b) Otherwise set R;(t) to 0;, dequeue 7; from RTQ and enqueue 7; to NRTQ. If
there are one or multiple tasks in RTQ or NRT'Q which have higher priority
than 7;, preempt 7;.

(3) When 7; completes its optional part, dequeue 7; from NRTQ and enqueue 7; to SQ.
(4) When OD; expires:

(a) If 7 is in RTQ and does not complete its mandatory part, do nothing.

(b) If 7; is in NRTQ, terminate and dequeue 7; from NRTQ, set R;(t) to w;, and
enqueue 7; to RT'Q. If 7; has the highest priority in RT'Q, preempt the current
task.

(c¢) If 7 isin SQ, dequeue 74 from SQ, set R;(t) to w; and enqueue 7; to RTQ.

(5) When 7; completes its wind-up part, dequeue 7; from RTQ and enqueue 7; to SQ.
(6) When there are one or multiple tasks in RT'Q, perform RM in RTQ.
(7) When there is no task in RTQ and there are one or multiples tasks in NRTQ, perform

RM in NRTQ.
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Fig.7 RMWP algorithm.
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Fig.8 Example of schedule generated by RMWP and RM.
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RTA-OODH(T) {
while (7, € T') {
Ay = Dy —wy, = X121 I
I =0;
do {
OD =1+ Ag;
1= ([9R] ma+ [92722:] wi);
} while (I + Ay > OD);
ODy = OD;
}

}

0 9 RTA-OODH OO
Fig.9 RTA-OODH function.
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Fig. 10 Example of schedule generated by RMWP with harmonic task sets.
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part = save_context();
switch (part) {
case MANDATORY:
exec_mandatory() ;
res = end_mandatory();
case OPTIONAL:
if (res != DISCARD) {
exec_optional();
end_optional();
}
case WINDUP:
exec_windup() ;
}
end_task();

011 00000OO0O0OO0O0OOOOO0O0O00OO00O0

Fig.11 Pseudo code of extended imprecise computation model.
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Fig.12 Hybrid O(1) scheduler.
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Fig.13 Periodic timer and high resolution timer.
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do_timer (next_timer_interrupt) {

if (exec_jiffies == SU2EU(1) {
sys_jiffies++;
exec_jiffies = 0;

}

if (next_timer_interrupt < SU2EU(1)) {
tmp = EU2SU((SU2EU(1) - next_timer_interrupt) * read(TCOR));
stop_timer();
write(TCNT, max(0, read(TCNT) - tmp - TMU_ADJUST));
start_timer();
prev_exec_jiffies = exec_jiffies;
exec_jiffies += next_timer_interrupt;

} else {
exec_jiffies = SU2EU(1);
prev_exec_jiffies = 0;

0 14 do-timer 00

Fig.14 do_timer function.
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Fig.15 Configuration of RT-Est.
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02 RT-Est 0000000
Table 2 Code sizes of RT-Est.

DO00O0O0D0 | SIMOOOOOODO [byte] | SHOOOODOOO [byte]
RMWP 148,223 181,268
M-FWP 144,314 177,212
RM 136,080 166,564
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Table 3 # of tasks in each system CPU utilization.
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Fig.16 Reward Ratio.
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Fig.18 RFJ Ratio.
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Fig.19 SPJ Ratio.
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0 4 LEPRACAUNOOO
Table 4 Specification of LEPRACAUN.

CPU SH-7785(R8A77850BA) 600 MHz
FLASH ROM NOR FLASH ROM 8 MB
SDRAM DDR2 SDRAM 256 MB
I-Cache 32 KB 4-way set associative
D-Cache 32 KB 4-way set associative
oooo 1/0 0160000
oo 0 92mmx 00 55mm x 00 20.5mm

05 0O0I1/0000000
Table 5 Specification of extended I/O board.
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Table 6 # of evaluations in each algorithm.
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Fig.21 Maximum overhead of algorithm.
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Fig. 20 Average overhead of algorithm.
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