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Preemptable Priority Inheritance Queueing
Spin Lock and its Hardware Implementation

TosHIYUKI ICHIBA,T! YUTAKA MATSUBARA, 2
SHINYA HONDA'? and HirRoAKT TAKADAT!T2

Many queueing spin lock algorithms for exclusive accesses on multicore real-
time systems have been proposed. Most of the algorithms are only for a single
spin lock. Therefore they can not satisfy both of real-time property and scala-
bility for increasing the number of cores in the nested spin locks. In this paper,
we propose a preemptive priority inheritance queueing spin locks algorithm for
nested spin locks. Moreover the design of a queueing spin lock hardware for
supporting the algorithm is described. As the evaluation of the algorithm, ac-
quiring and releasing time of nested locks and interrupt latency are measured
with a FPGA evaluation board. In the evaluation, the hardware implementa-
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tion achieved 3.11 times speedup against the software implementation. It is
useful in a system that requests a high response.

1. 0000

000000000000 0000000000000000000000000000
0000000000000 000000000D00000000000D00000DO00
000000000000 0000000000000000000000000000
00000000000 100 LSI000000000000000000000000
000000000000 000000000000000000000000000

00000000000000000000000000000 OSO000RTOSOO
0000000000000 000000000000000000000000000
00000000000000000000000 RTOSOODO0O0000 RTOSOOO
oDoooo

0000000 RTOSOODDOOOOOOOOODOOOODOOOODOOOOD
0000000000000 O00 RTOSOOODDOOO00DDOO0O00ODODOO0OODOOO
0000000000 Y000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000 000000000000000000000000000000
0000000000000 0000D0000000000000000000 RTOSO
0000000000 0000D000000000000000000000000000
000000000000 0000000000D000000000000 RTOSOOO
00000000000 000000000RTOSODO00DO000DO00O0O000O0
ooooooo*o

000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000RTOS 00

t1000000000000000

Graduate School of Information Science, Nagoya University
t2000000000000000000D0O0O0OO0DOOOODOO

Center for Embedded Computing Systems, Nagoya University
x1 00000000000DOORTOSOOOOOOOOODODOOOOOOODOOOODOOOOO

(© 2011 Information Processing Society of Japan



134 0O000000O0OO0OO00O0OCOOO0OO0COOOOO0OCOOOOO0OCGO

0000000000000 ooooooooooooooooo RTOSOOOOO
0o0oooogogogRrRrosooOoOOOoOOOoOoOoUoUOoOoooooooooooog
gobooooooboooboobooooboboooooobooooooag

oooOoo0o0o RTOSOO0O0O0OODOOOOOOODOOODOOOOOOODOODODOO
gooooobooodooooooooboooooooboo0oooooooDoboooooooo
goooobobooooooobooooooooobooboooooooobooooooooboo
000000000000000?0

O000000o0o0o0oooooooooo RTOSOOO TOPPERS/FDMPDDEIDD
coooOrDMPOOODOOOOOOOOOOODOOOO200000000000000
0000®000000002000000000000000000000000000
gooooooooooooboooboooooobooOooooobooobooboOoobooooobooboonoo
gobooooooooon

ooooOOoOoRrTOSOOO 2000000C0DOOO0OOOOOOOOOOOODOOODOO
gooooobooooooooooboooOooboooooooobooooobooOooOobooooDoonoo
goooooooooooooboooobooooobooboooooooboboooooDoobonoo
gooooboooooooooooooooboobooooooobobooooobobooDbo
000000000000000000000000000000 CASOO0O LL/SCO
goboooooboooooooobooobooobooooooog

goboooobobooobooooo20b0b0000ooooDoOooooDOoOoUoDbOo
gooboooooobooboooooobooboooooobooboboOobOooooDbboooooDboo
ooooooosooooooboooOoODOOOODDOOOODDOOOODODOOOO40
gobooboooooooboooooboooooooosbobooobooooboooooooo
ocoooooooooooOoOobOOOOOOODOO6ODOOOOOOOOOOOOOYO
gobooooooboooooooo

2. RTOSOOOOOOOO

2.1 0O d

goooooooooooboooooooooooboOobooooboobOboboOooooDooo
goooboooooooooooooooooboobobooooooooooooboOoooooboo
gooobooooooboooooboobooooooooobooooooooboooooonoboo
0000000000000 000oU0LO000O0UDUOO0O0OULOUDOODOOD 3)0

000000000 0O0o0o0ooOoOooOoood Vol.4 No.o 3 133-146 (May 2011)

Ay 7ERSHLRE Oy I/RERE 0Oy o @BRLEETRE

WBER 2K

() ELAHDRE L o 2I56

BLAAIGERSRE BHAAMIERIC L BRFIVT 1 BEE

-
T A
WEER i R
#1322
(D) BIAH At LB
[ Javomsss V) nvominsm

PEZEVETPEMAN\EREY =

01 300000b00bDOobo
Fig.1 Times that correspond to three requreiments.
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Fig.2 An example of priority inversion by An enhanced Totally FIFO approach.
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Fig.3 PPIQL algorithm.
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Fig.4 An example of PPIQL.
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Fig.5 An example system with proposed hardware.
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Fig.6 Priority ordering spin lock unit.
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Fig.7 State transition diagram of the priority ordering spin lock unit.
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/* 00000 %/
disable_interrupt();
retry:
/* 000000000000 %/
if ( prilcoreid] == INVALID ) {
prilcoreid] = get_priority();
¥
spinning[coreid] = true;
/100000000 */
enter_spinlock(lockidl, coreid, prilcoreid]);
while( try_spinlock(lockidl, coreid) ) {
enable_interrupt();
/* 00000000000 =/
disable_interrupt();
if (spinning[coreid] == false) {
goto retry;
}
}
/* 0000 10000000000000000C0OOOO
000000000 000o0O00o0ooooooooooO =/
/200000000 */
enter_spinlock(lockid2, coreid, prilcoreidl]);
while( try_spinlock(lockid2, coreid) ) {
enable_interrupt();
/¥ 00000000000 =/
disable_interrupt();
if (spinning[coreid] == false) {
goto retry;
}
high_pri = get_high_pri_on_spinlock(lockidl);
if ( high_pri < prilcoreid] ){
enter_spinlock(lockid2, coreid, high_pri);
}
}
/* 1000200000000000000000000 %/
/* 00000 */
release_spinlock( lockid2, coreid );
release_spinlock( lockidl, coreid );
spinning[coreid] = false;
prilcoreid] = INVALID;
enable_interrupt();

08 OOOOO0OOOOBOODOO

Fig.8 Routine of acquiring and releasing locks.
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/00000000 */
suspend_spinlock( lockid2, coreid );

suspend_spinlock( lockidl, coreid );

BwWw N e

spinning[coreid] = false;

09 0D0oooooooooo
Fig.9 Interrupt service routine.
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Fig.10 Execution times from acquring locks to releasing locks without interrupt.
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Fig.11 Interrupt latency.
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Fig.12 Execution times from acquring locks to releasing locks with interrupt.
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Fig. 13 Times of an interrupt service and a penalty for an interrupt service.
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Fig. 14 Effect of priority inheritance.
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