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Scheduling Design on Multi-Core Processor for ARINC653 Partition Operating System

LI Ming, MO Jun
(China Electronics Technology Avionics Co. Ltd., Chengdu 611731, China)

Abstract: Integrated Modular Avionic (IMA) has become a popular aircraft avionics system, ARINC653 is a standard
interface for IMA architecture of aircraft avionics equipment, the real-time scheduling for ARINC653 partition Operating
System (OS) is a key issue. There are lots of scheduling algorithms for ARINC653 partition OS bgsed on single-kernel
processor. In this study, a scheduling method based on Multi-kernel Load Proportional Round Robin (MLPRR) is
proposed. The method calculates the task weight according to the load ratio of tﬁe task, and completes the scheduling of
the task on the multi-kernel processor to meet the real-time requirérpents of the multi-kernel partition OS. Experiment
results show that MLPRR is feasible and efficient. .

Key words: avionics; integrated modular avionic; real-time operating system; scheduling algorithm

1 5%
CEEBHA T BT Ra s N H TR — AR
R, 7% A380. & 787 55, AHX AL St (i i
R4t KM IMA RN RE B SERE S 43
JTAE DL S % % B B IR R S A
ARINC653 #7255 i 25 B 1 TRE 2% 04 2 il
JE [13& FH T3 I S I B A R Gihn i, B8 X T

IMA 2244 R [ SE i HRAE RGEH0AT I8 AN ) B FH AR 1
PR 142 TRV, 7R 12 SR B4 2R G0k B 1%
5K 4 Sy B 1) R 25 ) AR Bk ST S Y 4y X, N FE P
M F xR S ML RERER» X2 B X2
ARINC653 G0 — Mz O MR, e skl 7 R HE T
(AT 23 B . P S — A N AR P & — AT AT
FWEEE, T — AP X2 b X EAT 57

© Wik it 1 2017-08-26; 1& X []: 2017-09-15; SR FHHF[E]: 2017-09-29; csa 75 £k Hi fiR i 8]: 2018-04-23

216 W7t JF & Research and Development

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn/1003-3254/6349.html
http://www.c-s-a.org.cn/1003-3254/6349.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.006349
http://www.c-s-a.org.cn

20184F 55274 55

http://www.c-s-a.org.cn

i H AR SN A

G X P HEAT A E Y, 5 oA 43 X P AT 55 1A BE AR
FLMSE, AN TR B 53 X 2 (8] BEAT 4 X 18] 1 B2 LA
LB b FE AR 1) S [ B UL
BEENLE T RAL AL BRI RE, /71X
BAE RGBT EAL ERBREE RS, N
A AZ G 7 XEAE RG R, R EECA
IR B REIR I, AR AT 2 28 A A 25 o T i MR e T A
BER, ARSCHE T X AL AR RGBT 55 1 B, 45
EAE G5 2 AR RGUHE S, H AT T AL A1
AL LT 2 AR A B 7 X HRAE R G AT 55 TR L
ARINC653 TG 45 & FRAZ AL BLESAE AT &,
T HLE A A B AR RGAT S5 WS AR Z =T

KERNITE T B2 S 2 A B R AR 1R R,

ZIACEEE DR BB ENTH T RAEFER 72
R, AR AT 44702 55 3 RO AR, i i WL B R 4
1) i B P SR D) s R — 4 K B R 2
ARINC653 HT (R, 384T 75 2 A% b B 2% 1 (0 S vk 8 i
5 B IR 8 0 AT S FRL T 2R S4TSR R F T s P,
FT FIRJEA, ASCHE H—Fh IR T 2 B4 5 ok bl
8L 1 FE )51 (Multi-kernel Load Proportional Round
Robin, MLPRR), 1% 5 14K F 5 A1 55 S B L i 5324
&2 A% Kb PR A8 AT 55 T B AT 55 3k 45 DA B, T 55 3t 24
PAF1 R FH 6 2 R B 1) 5 20K 25 MT 2520 BE 2 23 N 1) Ak
HEZ b, DTS B 5 3 LB - 54T 55 BUH, € BT 45
TEZ 2 A0 B4 EIR L, AT 2 2% 0 X 3AE R 4
(1) S A LK.

2 SEI I R
2.1 EHEE ' .

% WAL RS G L DR R B % (7 2% % M At 32
ST g !

BT RGUE SN T={T,, Ty, T, ), RS 01
VEAE S5 T, | MESS T RN N T=(Z,,C.PDy). oo,
7, WALS HI5F AR, € AR AL BRI 1), P, LS5 A
FRRE ], D; AT f K SUVFAEIR, — % B D<P;.

BUE 577 5 T RHE 5 AU 50, P
U 5 5 S T . A SCOR P 6 T 5L 91
KU B, R BT

1) AR A S T, FEAE 545 T JF o5 503 Lol
YT

W,'ZZXTRLXM (1)
U
2) HE55 faR:
G
Ui= P 2

3) BAERN:
n
U= )Y U; (3)
i=1

e, € N 1 ML AL BRI ISP 5 § M5 K
HEERI, U, A5 (MRS IS SRR, U RS
P A 145 M TS5 S T A,
22 ESEEER

Efot AT SRR B A 4y X AR 518 2 %
ROFTAE b (R 25 VR R RN P 1 T AT 4% VA P A A
S={8,85,*.S,}, S=(T,.K,), K={K/,K»,"* Ky} . 1255
TR | ST P R AT 45 0 L 09 B A A A b T 2
E45 1R BE AT 55 0 45 DA B, % AT 55 50 4% B\ 51 SR L 6 s
Vi RE 17 204 % AT 5540 TE B 23 I A0 TR 484% 1

| | [ |
it LIsaliEn ] |- ]
| T . i | I
[ [l — % | B2 [ |
. i ! !

| A ECE .

- ) 1T ! I

‘ L | :
B | l
HE : |

{55 A% %M ,—\ D

I BARSRUE !

1 RS EER

2.3 ERRFHIFELAR

TE 2 A BT 55 PR B S kb, B T AR5 1
BUE W; 5h, RASH T BAREREKE Ty OEREE
ZEEE M. & B S E0 T RHE 55 1 n] B AR
Kz mt,

B R S 7R oK, W AUESR A B EVE MRS T, o
FCHIRUE W 3 S P AN 20 TR SR A

1) i A FRI [A] 29 R

YT n AN A, S0 0 DU P kA, FE R
B C; FP AL BRIN R], 75 B 2 B A 2

Research and Development iff i & 217

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20184F #5274 55

a

Z—- )

N?ﬂﬁMﬁVﬁ%ﬁLﬁ%@%%ﬁ%W%
THFE, 5 250 L AR

Z%— )

2) R R R LR
XEF n A0 DXAE S5, 75 B 2 AR

"U

Z W; < MTpy (6)
i=1
KA W, AMESHBUE, M N2 S ZEH,
Ty, %C R B BART 4.
24 ZESGEEHRERAESE
%E%ﬁ%%ﬁ?%ﬁfﬁ&f%%ﬁmF4A
IR
D%%%F&ﬁ%?%ﬂ%nb
2) B FAL S BUE le 715, o i EAREAMME S TR
BREC W B BUE W
3) W REAL LAY T A AL S, B BUE = AT 5
HETE SR A0 BE BA S 1) 5 1 THI ;
4) R GHIBRM S ML RB TN, B RPN
— /NS R AL PR 28 A% 2 e 25 25 A BA A 1 AT 55
AR R E 2 s

T

[ HiET,, |

v
[ isEsw sy |

AL PR ES AL 7 2 A e
[ wmfes  je— 5t
2 AR5 AL E R

A
FRAE

3 B
3.1 FEEMSH

XRAN M AR B n MES JE 3 113
Ll A8 RS AE %6 7 8 B35 B0, DR ARUEAT 55 B SR i 1, A 551
K IEIR AN K56 JA ),

TR M MO

218 W7t JF & Research and Development

" UXP;

XTrr < P; 7
TRLXM“ RL i ( )

Vi, 1<i<n I, 2200 P 88455 SR LU AR 1 B2
Sk, MR RGN T 155 2 SEAT 1
LR AR55 T, 4% 5k i) 2y PO AU

U.
W,':EZXTRLXM (8)

LA BRI N ST T, I HCRAER

UXxP;
Tri. XM

Di= i XTRL:

T XTre (9)

#XTRLXM

N T il A% (VS T, 45 X 1 A4 L
SR

’V UXP;

X Trr < P; 10
TRLXM} RL < P; (10)

Vi, 1<i<n. iEEE.
3.2 RGESBITN R

BREK T Ty AR, WIS S0E T AT 55 1 D) 4 1)
THFEHR N, AOFRESHCH MU, RS IR IR S,
AV BB

n

My=—+um, 1)

f(Tre, M1, M>,---, T
RL 5

A5 5 A BLHA A 52 1 T SR g 934 )
e A LR 0, RN, R G55 T
WL |
4 RIS

AT YT 4R h 02 T B0 1 55 S EL 4 6 1
Y BE A, PR BT A B i 3y X
155 % BOU B FE LR, 6 55 3017 8 g ) 2
S

7 29 % R TDK LS F1 4 0 4E % 7 T AL
Timer J A5 AN 07 SR BE, SHUIE T B IMIE S 51
A4 4 VP 05 . 260 VR Timer KA TP 3
2K TaskQueue fll TaskThread 3%, 73 B AT 55 1 & A
TP ARS8 T={T,, Ty, T, } b B8 25 1% 45
K={K,K5,***,K,,}.

Sl B BT AT 45 U EC B 5, R
IS P Ty S RGENERE SN, 25 4, S
SR TV, BV U5 VA T VR AT S

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20184F 55274 55

http://www.c-s-a.org.cn

i H AR SN A

FET MLPRR B 7755 SCHR[ 15192 H 1 BAR
SE 715 UL SCHER[16] 42 H ) RTA € 753047 T H
g

BARSEES iR T

HAMES AT RN T=(Z, C,, P;, D,), 1i EIf ARIX
SRS FTERY X, % D; N P, #AT LRI AT 55 5
BN T=(C, P;, D).

S5 2 HEOSCHR[8] 77 2Bl WL A AT 55, AT 55 1R H
B U, ARG L, o IR E0r A, A Bud 72
HEBR U>1 BIT550; I T, IR, 200] b 1I35 5] 43047,

S PRGN IR =BT

1) WIIBAAT 555, AE 55N E0N nt 1

2) SKHISCHR[ 14148 H AR 55 S B ATAT PR A A4 3

SAFHEAT R 6. 5% AT 25 5 FTAT, UG PR AR L g1 52 77
WRHME ST A R )

3) BT S5 W) & T VAT 55 4, 0 AT
SAETRIN— A%, AR ES %, BEES
T 2).

I b E 5 Ab TR B3 (0 MR M=4, TR %
8=0.6, F A& MIMAAT 548 1000 MES. Hseihgh R
w3, K 4 Fios.

35

w
S

[}
W

393
S

ol

«=@=TRL=12
e TRL=5

—
W

45 Kb BN ) (ms)

—
(=}

wn

(=}
I

1 2 3 4 5 6 7 8 9 10
5%

3 LA I ek

3FIRT 10 AMESSAEA [FFE W JE 1 Tp =5
Tre=12 MAE S AL ERITE]. B 3 T LAAS e T =12 AT
AT 55 Ab FRIN (8] G To, =5 JIT 55 AT 25 A0 B0 i) 21,
AR 55 (] R B M ek e, SR MR SR AT

ML 4 BT LLAS e 3R AT R AT SRR
767 MES. Hob, @it BAR HE T EMAESES
285 A, il it RTA HIE LTS EA 426 A, i A
SCHEH ) MLPRR € T EE 55 H 458 4.

800

700 /\

600 /AN
“ﬂ%ﬂ 500 A
:@K 400 —o— MLPRR
QHQE 300 —i—-RTA
s

200 ! BAR

100

0t —

1 2 3 4 5 6 7
(5 HEREE

K 4 ﬁﬁﬁirgﬁaﬁua@

LG B gl:jci%’ﬂj f) MLPRR 752 B4 F 4T
AT A P, R RS B ) E AT 55 4R RO
MLPRR 7775 53t 7 5 3 0 S A 48 3 78 4 AR S 4
HH )3 T 2 4% Bk LU A9 6 4% (1 1 B2 J7 %5 MILPRR 43
XHEME RS2 A% A 38T 55 T FE SR A8 T — Fh A 20 1A
FE SRS

5 /NGS

AR T —FEET ARINC653 43 X #:4E R 4iH)
Z 1% A0 AR AT 55 YR BE IR AT 55 A7 8 A9 A0 e 1 B T vk
MLPRR, 1% J5 ¥ VME 55 1) 8k EL ) T SERUE, 58 AT
FAEZ R AR PRAS LRI B, AT 2 2 % 70 X ERAE &
Gt S PR R B e B BRI S HO i T A
B VAT R 2. ARSI BT T \OTEL 2 BT AT FL 45
W BT ARG ARINC6S3 SRUER) 2 1A FE4% 45 X
S 5 110 e 1 44

!

o SE 30k

1 AEEC, Aeronautical Radio Inc. ARINC 653P0 Avionics
application software standard interface. 2551 RIVA ROAD,
ANNAPOLIS, MARYLAND 21401-7435, 2014.

2 Lee YH, Kim D, Younis M, et al. Partition scheduling in
APEX runtime environment for embedded avionics software.
Proceedings of the Fifth International Conference on Real-
Time Computing Systems and Application. Hiroshima,
Japan. 1998. 103-109.

3 Lim S, Hyun J, Shin SM, et al. A feasibility study for
ARINC 653 based operational flight program development.
Proceedings of the 31st Digital Avionics Systems
Conference. Williamsburg, VA, USA. 2012. 6C2-1-6C2-7.

4 Ruan WL, Zhai ZJ. Kernel-level design to support
partitioning and hierarchical real-time scheduling of ARINC
653 for VxWorks. Proceedings of the 2014 IEEE 12th

Research and Development iff 72 & 219

© TEREBIK R

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

20184F #5274 5

W

o]

10

International Conference on Dependable, Autonomic and
Secure Computing. Dalian, China. 2014. 388-393.

Tindell KW, Burns A, Wellings AJ. Allocating hard real-
time tasks:
Systems, 1992, 4(2): 145-165. [doi: 10.1007/BF00365407]
TR, RGN, REAEAN. T2 T BUZ AR 5543 DX 2
JEETT A IR R 2274, 2008, 34(11): 1364-1368.

Saidi S. On the benefits of multicores for real-time systems.

An NP-hard problem made easy. Real-Time

Proceedings of 2017 Euromicro Conference on Digital
System Design. Vienna, Austria. 2017. 383-389.

Marko B, Michele C, Giuseppe L. Schedulability analysis of
global scheduling algorithms on multiprocessor platforms.
IEEE Transactions on Parallel and Distributed Systems,
2009, 20(4)' 553-566. [doi: 10.1109/TPDS.2008.129]
AR, BB, Fte, 5. 2 A0 IR 8% S R G0 n] A B 2 A
1) UPPAAL BB . R 1R 24k, 2015, 26(2): 279-296:[doi:
10.13328/j.cnki.jos.004781]

o7, AR B, X1 m)\itgi‘?fﬂ’ﬁ%é}ﬁﬁﬁmréﬁ?n it

¥
w

220 W7t JF K Research and Development

13

14

15

16

FHEIAR, 2014, 44(3): 96-100.

XIRG, %, s, . BT 20 XEBERGN ZEFE
PR R LS T E IR, 2016, 46(1): 99-102.
WAy, VR, R, S LB 2 P IO 4% 0 S i M R R A
R, e, 2013, 33(4): 0406001,

JASE, T ML, BEARAN. 123 B WDM 4% 2 15 38 5 S 1 1Y
FEW . BT MR R4, 2010, 36(2): 1392-1395.
VRN SV 2/ bR S T e R SR R e
SHLRH, 2010, 30(10): 2735-2737.

Baruah S. Techniques for muiﬁprocessor
Procéedings” of the 28th IEEE
International, Real-Time Systems Symposium. Tucson, AZ,
USA. 2007. 119128,

Bertogna M, Cirinei M. Response-time analysis for globally

global
schedulability analysis.

scheduled symmetric multiprocessor platforms. Proceedings
of the 28th IEEE
Symposium. Tucson, AZ, USA. 2007. 149-160.

International Real-Time Systems

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1007/BF00365407
http://dx.doi.org/10.1109/TPDS.2008.129
http://dx.doi.org/10.13328/j.cnki.jos.004781
http://dx.doi.org/10.1007/BF00365407
http://dx.doi.org/10.1109/TPDS.2008.129
http://dx.doi.org/10.13328/j.cnki.jos.004781
http://dx.doi.org/10.1007/BF00365407
http://dx.doi.org/10.1109/TPDS.2008.129
http://dx.doi.org/10.13328/j.cnki.jos.004781
http://dx.doi.org/10.1007/BF00365407
http://dx.doi.org/10.1109/TPDS.2008.129
http://dx.doi.org/10.13328/j.cnki.jos.004781
http://www.c-s-a.org.cn

