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The Design and Implementation of a Predictable Real-Time Kernel

MAOBING DAI + and YUTAKA ISHIKAWA tt

In a traditional real-time system, when interrupt occurs, there is a possibility of causing
a deadline miss because the relation between interrupt processing and real-time tasks is not
considered. In this research, the Linux kernel is adapted to a style of prohibiting interrupts
from devices and realizing device drivers by periodic tasks. The kernel is implemented based
on a real-time algorithm and is confirmed to keep task’s deadline time on a real-time task set.
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3.2 EBLAEYRAFLO-
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rt_next_period() :

B A0 IS —JMDFATEMKT LI, ¥ 25 Lotk
BEMEL T, UTZNVE A LAY 2—Fh, Linux
DAY 2 —5 20T,

rt_exit() :

K & A7 O TIER T 5, FICERBFEITRE
BATH S Z 27 210 L T, Linux 5 ¥ F a2 —
WKZY X a—T58FCH 5,

3.3 RV a1—35 API

2—PPHEAD AT Y 2 — U v FEER EHT BIC
. 8= I NEY2a—-VEAMT S, APTIZRO=
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get_next_task() :

FATRBATIN S . RICFETTREZ 27 2R
9,

set_next_priority () *

¥ AZITHL T RDBEEE R 5

rt_enqueue() :

F AL T, FATREBATI DM 70V % TR |
ITF%a—F5,

4. X =

B 3= T, Linux 2RX—RZY PN F A LH—3
NDFGEH R RNz, ZOTETIE. Intel £ x86 D5
T, BB DL HICHEEL Lo, HEMER 2,

4.1 FYRAHOEILE

B3 TR LS, Ry 2/ EE S
AV EIIT, ZA=ENYARLISNDT NA AR T A
N=26DEY AR LT 5,

4.2 SARENYABIEN—F 2 DRE
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rupt[i] THB, LHL., AFFETCIE, O A <E
AR —F > & EFHT D,

& A <E ) ABMEN —F 1T 3 ETHRZL D
2. VAT L OFEBIERY jiffies OWIME HEFFT 50
T, A= NVOMDEKE & A7 DFTR FEL K
Uz T 5,

4.3 TNAAREYRABZNUF SOREEIRIE

FNA ZENY ABNY R T2 R 7 2 21 5E
T 51213, Linux @V ABRANY R S EET — 7 G
irq_desc[]->action Z {1 T 2. TNA AT 77 1
TR DI, TAA AEN ABNY R T & iR
struct irqaction *action ICE T HENH DL, L
e To TNAAL ZABN) ABNY R % TG Z 27
WICEMAT B1T1E,. NV R T % action ICEFL 72 RERg
TRZ 22 ) ANTERT 5.

4.4 YPNIALALARTY 2 —5DRE

UYFPNWVEALDAT Y a—F3FIXFATIDTFa—
BRIEEAT 5, FRERETREBITINICEH I TV 288
BERCIE, FRAZDY 7 YRR AUN=DIS. Z R
IHOY I =, Ey Ny TER BREI AT T
F—. RDA%—K CPU Kfifle & oRfiEk X2 N —
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DFPNEALLAT Y 2—FDFEEIKRELMTT,
(a) RATY %5 A7 DR get_rt next(). (b) HRL
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4.5 REEI RO OFRE

Kif & 27 0L TOHBE S 27 HIEK struct
task_struct ® A > /N— realtime_task ICHM S 5.

struct task_struct {

realtime_task_t * realtime_task;
struct list_head realtime_queue;

}

Z ZCD realtime_queue & U TNV T A LTV Fa—
DYARNYy RERSTND,

—D DRI F 27 DFEF=DDEMNT 5.
F A DE A LERE CPU FRICEHBL T, F
F 2 —IC AB T rt_enter(). — D FIATHHKS T
XD [ %E A ST rt next_period(). ¥ AT W45
T rt_exit() 172 > T 5, SROMIEIIR 3 o &
N> T35,

1 static int realtime_task(u64 start_time,u64 period_time,
u64 deadline_time, int count)

-~

]
rt_enter(start_time,period_time,deadline_time,count);
do {

/* actual task processing; */

Boom~NoabwN

rt_next_period();

[N
[

/* judgment of re-execution; */

e
w N

} while (1);

=
IS

15 /* initialization of the variable */
16
17 rt_exit();
18  /F%
19 return O;
\20 } J
X 3 realtime_task() B#

/

4.6 FFEREDRE
IR [ K B2 0 3% 2 1d PIT(Programmable Interval
Timer) F v 7IZxIL TIT D,

5. REpLEZER

KFETIE, BOETHEEL U TNF A LH -
0 Flh e YEAEFTFM 2 RN 5, FEME. Linux-2.6.5 &
ART-Linux & FEL 2 h—x Vo 3 Hf%E W5,

5.1 EYRHZNVE S DEE

ETEH AN R TORELZIET 5. RIIET
REL foh— 20, 10 AR LS, AR
NY R TN E ZAZICEBL T, TNAALARSOD
T =B & 5B 5,

K hdparm XY R &5 T, N—RKF 1 A7
L T. DMA(Direct Memory Access) ZikU 7233

G L TROWIEEICBT 250 — 3V ToH
BEHEL 7z, £z, TNAZNY R I0ORfl% 1ms
CEEL TS, R1ICEFLD D,

KENT 10 MO TFEETH L., R126H9ELD
12, FEEL 2 h— %D HDD 7 27 & ZWEIF Lo
Linux H—RIVEIZL AL R THDLZ MND-7z,

5.2 AFTa1—SHHEE

AT a—IWERIH— RV CPU Zy I TV
FEAMAL THESN Z, FEIRDO L IR >TY
5, ¥F. AF TV a—5OBHCBUED CPU 72y
7 EIET B, NS, ATV a—FMETTNES 2
JEERL OO AZay X ANERICY ) — %
CPU 71y 7 %I%5. &EKIZ. ZOWAGDORFHELE
10000 EIHIZEL T, FHHEE RO 5, KEHT 8 HDHE
K 2 2 7 DFECHIEL 72, ZOFEH : Linux-2.6.5 ®
O(1) Ar Y a— i3] 159ns @ CPU K& H ¢
52 2ITHL T, REL R AT Y 2 — T3P
156ns TH -7z, HAEIEIHD Linux I1EEEL TH
LI NP ONTZ, LIz oT, EELh—*
NVORGH ALY 2 — T T RINIERTEA 220 & RER
T&5,

5.3 FrRMEEORER

BUED Linux ORFRIFEELE 1ms 722 > TV 508,
K7 2 7 o RHIREEEZh DITiCL i hiudize s
BROGERH 5, K 27 OJiE 500 <A 71
PoBsE. #A4~—FvTDh ¥ —1F 2000 &
EIhb,

5.4 UFPINEALARYTY 12— T EEDRR

REL 12— RVORREM AT D 2 —FM ) 7 H
ALTNVIYANIL MW oTC, FRIEATY a—
VT L TOBWNE IDERERT 5088 H 5, Fip
BR20%27%y b EHAWTITI,

Linux 71— %)V, ART-Linux H — %)V, E¥EL /=
VFIE A LK =RV TCOETRIREZR 31TRT,

Linux ClX. 702 ZAOFEFIZ A L> =7 VT
DHATEITL T0DizdD, ZFAT 2T 9 RI A
I 295, ART-Linux Tl&. % 2 7 FE17EREHs
BN, 2—IDFTHPRNTHFERE Z FEEL R e
B AVBREMELC L i ahd, 2ok, #AD
2MWF 9 RITA Y IRT D, —FH., RELh—F)

% 1_HDD 72 w2 (MB/SEC)

kernel DMA speed
I »HY 20.37
FE zL 2.44
Linux H5 20.22
Linux L 2.42
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Kl 2 2 7 ¥ v b

A7 FATR (ms) B (ms) Ty RI4Y (ms)
1 0.64 0 10
2.452 0 5
3 3.751 0 8
&3 A7 EITHE (BT 2 ms)
227  FvRI4>¥ Linux ART FEEHh—-%N
1 10 4.52  4.451 7.172
2 5 5.362  5.212 2.551
3 8 6.722  6.651 6.41
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AT a—) T L TN5EZ e[RRI,

6. ¥ Y [

AT, Linux 2 X — 21 0] BEFE R —
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HOABREEEL | IV ABNY R T2 RG] 7 27
WCEMAL 72, EBHIT, EDF 7T UXLITL 208 5
Te R AT D 2 —F & FBIL . BRI 2 2 27
WS CE D DIz, Eho. EMHEERERN S 22
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T, MEEE 2V 2 -5 VT 4 2RERL 7=, Z 0%
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niz, EBfr 2729 ML T, $RTCF v RS
A VHICEITBKT LTS Z e RS h =, ko
T EEL I — XV OFEREPD STz,
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#f #

AEFFED —TRIE . REERORrIRBUBEAE (JST) B
M AERFFEEESESE (CREST) OXXE® 0T £ L 72,

2 & X B

1) C. W. Liu and J. W. Layland, “Scheduling
algorithms for multiprogramming in a hard
real time environment”, Journal of the ACM,
20(1):46-61, 1973

2) W. Horn, “Some simple scheduling algo-
rithms”, Naval Research Logistics Quarterly,
21, 1974

3) J.P. Lehoczky, L. Sha, and Y. Ding ,” The rate
monotone scheduling algorithm: Exact charac-
terization and average case behavior”, In Pro-
ceedings of the 10th Real-Time Systems Sym-
posium, page 166-171, IEEE Computer Society
Press, December 1989

4) J. Strosnider, J. Lehoczky and L. Sha, “The
deferrable server algorithm for enhanced ape-
riodic responsiveness in hard real-time envi-
ronments”, IEEE Transactions on Computers,
Vol.44, No.1, January 1995

5) B. Sprunt, J. Lehoczky and L. Sha, “Ape-
riodic task scheduling for hard real-time sys-
tems”, Real-Time Systems, 1(1):27-60, 1989

6) M. Barabanov and V. Yodaiken, “Introduc-
ing Real-Time Linux”, Linux Journal, Febru-
ary 1997.

7) V. Yodaiken, “The RTLinux Manifesto”, In
Proc. of the 5th Linux Expo, Raleigh, NC,
March 1999

8) A —, “U IV A LIEER KBIT 5 ART-
Linux O #atEL F2 | Interface, Vol.25, No. 11,
1999

9) S. Oikawa and R. Rajkumar “Portable RK: A
Portable Resource Kernel for Guaranteed and
Enforced Timing Behavior”, In Proceedings of
the IEEE Real-Time Technology and Applica-
tions Symposium Vancouver, June 1999

10) B. Srinivasan, S. Pather, and D. Nichaus, “A
Firm Real-Time System Implementation Us-
ing Commercial Off-The-Shelf Hardware and
Software”, In Proceedings of IEEE Real-
Time Technology and Applications Sympo-
sium, June 1998

11) Ingram, D, “Integrated Quality of Service
Management”, University of Cambridge Com-
puter Laboratory Technical Report, No. 501,
2000

0 1260


研究会temp
テキストボックス
－126－

研究会temp
テキストボックス




