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Study of Partition Mechanism for sel.4 on Multi-core Platform
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Abstract In avionics and other embedded fields. the multi-core era has come. How to make full use of multiple cores

has become the research hotspot in field of the system. At the same time.as the system integration is getting higher and
higher,a hardware platform may need to run tasks with different security levels, which requires the operating system to
provide isolation and protection for the application. In order to solve the two problems mentioned above, this paper add-
ed multi-core and partition isolation support on the basis of sel.4 with a single core,and then put forward multi-core

selL4 and partition mechanism to achieve a partition mechanism with multi-core sel.4 running on the gemu simulator.

The implementation of the partition mechanism is in accordance with the semantics of the ARINC653 standard.
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Fig. 3 Partition scheduling
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Fig. 4 Representation of partitions and processes in sel.4
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Fig. 6 User-mode program processing clock interruption
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Hi 7 a ﬂu%#/\ﬁlzﬂ@i&ﬁ AFEEZH —Nr K
RIZEFE B AETH S B LT RS e AR5 Al
I ¥ A ARAT 45 Rk T B RAT S I B I B S L B LI B
WA ENH B IX b AT 55 A Y0 B Ry L PR AE 55 A 4k
SLIBAT 1155 B IAE 4 X WML, A IR AR AT 55 & 2% 95 L 3R
Felle A Kk M B IRAT S5 WA B Ll g sela 19 TPC #E‘i‘ﬁ )5
RIZGAES Bo LU L RISE B— 1R 58 8 1 1 A Ay i

4 seld ZIZMHRXRNENES

B SCHHE B seld 28 B 15 0 XL B9 BT 5% J2: Hh f
FTHY AL RI7E BRAZ seld A EAE) B 23 A 22 4% A4 S35 431X
MLl . AT 3T 2 seld V- 19 3EAE BB A5 X HLH
BITE sel4 N % (BSP) 3 8 Z 5 , B 46 AL HoAl AP, i3 47 1RAT:
% . WALSBATTESE — DA Sh A% O b, 03T 58 A3 X R TS

BTAR A AR T A 8 Bk .

=1

2.0 B

Cores“‘ Partition List: > O P

Core0 @ @ @ |:| 2B

Corel @ @ @

Core2 @ @

_ | o |
i B ] B 100ms —>{«—Ft [6] & 60ms—>| Time

K8 i REME
Fig. 8 Scheme architecture

8 Rl R R ] ] YRl R R DB B TR R AR
HAESS . 78 qemu J& Z 3 2 58 i -smp S 801 AL B
fM-smp 4, FRHHITT 4 DL B0 EHE—
43 X 31 & (Partition List) , I:,TI]ZJET]IE**XT R FR, B —
AKX N — AN 4 X 1) 38, % N e R TEARAE S HhBLE . B
0 143 XH H T LU P 55 oK A 8 L BAE RSB AT
AR AR EER - BB Z EEATER, T
Ay XK selld Y VSpace R SEFL, ARUE T 49 X 22 18] #) N FF



74 B N N = R

2018 4F

S B8 FLA D 18] 5 ] Bt R 0E 58 A% 0 B A9 20 IX 2 A A R
A2 B4k 0 Corel bRy X AEIZAT 3 B p % AR B8 1R IR BB
% 2R & Corel s Ml 43 X /) 23 1E # 18 %, 3 IE 1K
LT o3 DXL A 28 5 A 42 A e

BERIE AN seld W ROME S0 X I8 4T 1 1
SRR SEI T AR AL seld (LA A3 A 2 R 4y X
Bl 8 B SCFF . B AR IX AR AR S SRk R I T 2 F
B KALH DT . RRTTE qemu B S BIBITIZT R,

2 % x W

[1] KLEIN G,ANDRONICK J,ELPHINSTONE K, et al. sel.4: for-
malverification of an operating system kernel[ J]. Communica-
tions of the Acm,2010,53(6) :107-115.

[2] PETERS S,DANIS A,ELPHINSTONE K, et al. For a Micro-
kernel,a Big Lock Is Fine[ C]// Proceedings of the 6th Asia-Pa-
cific Workshop on Systems. Newyork. NY,USA: ACM, APSys”’
15,2015,

[3] ALVES-FOSS J,OMAN P W, TAYLOR C,et al. The MILS ar-
chitecture for high-assurance embedded systems[ ] ]. Internationl
Journal of Embedded Systems,2006,2(3/4):239-247.

[4] PRISAZNUK P J. ARINC 653 role in integrated modular avio-
nics(IMA)Y[C] // 2008 IEEE/AIAA 27th Digital Avionics Sys-
tems Conference. 2008.

[5] COMMITTEE A E E.et al. Avionics application software stan-
dard interface part lrequired services[ EB/OL]. https://stan-
dards. globalspec. com/std/280829/arinc-653pl.

[6] HAN S,JIN H W.Kernel-level ARINC653 partitioning for
Linux[ C] // Proceedings of the 27th Annual ACM Symposium
on Applied Computing. 2012:1632-1637.

[7] DELANGE J,POK L L.An ARINC653-compliant operating
system released under the BSD license[ C] // 13th Real-Time

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Linux Workshop. 2011.

ASBERG M,NOLTE T. Towardsauser-mode approach to parti-
tioned scheduling in the sel.4 microkernel[ J]. ACM SIGBED
Review,2013,10(3) :15-22.

FORD B,SUSARLA S. CPU inheritance scheduling[ C] // Pro-
ceedings of the Second USENIX Symposium on Operating Sys-
tems Design and Implementation(OSDI’96). 1996:91-105.
LACKORZY N SKI A, WARG A,VOLP M,et al. Flattening hic-
rarchical scheduling[ C]// Proceedings of the Tenth ACM Inter-
national Conference on Embedded Software. 2012:93-102.
HEISER A L G,LYONS A, VANGE M, et al. FlaRe: Efficient
Capability Semantics for Timely Processor Access EB/OL]. ht-
tps://people. mpi-sws,org/ ~bbb/papers/pdf/preprint-FlaRe. pdf.
SERGEY B, ALEXANDRA F. User-level schedulingon NUMA
multicore systems under Linux[ EB/OLJ. http://citeseerx. ist.
psu. edu /viewdoc/download?doi = 10. 1. 1. 369. 9422&.rep =
repl & type=pdf.

MERCER C W,SAVAGE S,TOKUDA H. Processor capacity
reserves: An abstraction for managing processor usage[ C] /Y
Fourth Workshop on Workstation Operating Systems. 1993
129-134.

UHLIG R,NEIGER G,RODGERS D, et al. Intel virtualization
technology[ J]. Computer,2005,38(5) :48-56.

MERKEL D. Docker:lightweight linux containers for consistent
development and deployment [ J ]. Linux Journal, 2014, 2014
(239):2.

NICTA. The sel.4 microkernel[ EB/OL]. https://github. com/
selLd/sel.4.

KLEIN G,ANDRONICK J,ELPHINSTONE K, et al. Compre-
hensive formal verification of an OS micro-kernel [ J]. ACM
Transactions on Computer Systems ( TOCS), 2014,32(1):32-
102.

(L35 69 T

[26] FANJ C,ZHANG W Y.LIANG Y Q. Decision tree classifica-
tion algorithm based on Bayesian method[]]. Journal of Com-
puter Applications,2005,25(12) :2882-2884. (in Chinese)

Ak IR o ) R, K 4x. kT UL BT Ok 0 P SR A 4 28 T
(I HF5EHLRE A 2005 ,25(12) :2882-2884.

[27] FRANK A, ASUNCION A. UCI Machine Learning Repository
[DB/OL]. http://archive. ics. uci. edu/ml/Irvine, CA: Universi-
ty of California, School of Information and Computer Science.

[28] YANG L Y,ZHANG J Y,WANG W ]J. Selecting and Combining
Classifiers Simultaneously with Particle Swarm Optimization
[J]. Information Technology Journal,2009,8(2) :241-245.

[29] SINGH R G,PANDEY A. The Impact of Randomization on Cir-
cular-Complex Extreme Learning Machine for Real Valued Clas-
sification Problems[ ] ]. International Journal of Computer Ap-
plications,2014,103(2) :1-7.

[30] LIPITAKIS A D,ANTZOULATOS G S,KOTSIANTIS S,et
al. Integrating global and local boosting[ CJ// 2015 6th Interna-
tional Conference on Information, Intelligence,Systems and Ap-
plications(I1ISA). IEEE,2015:1-6.

[31] RAHMAN A,VERMA B. A novel ensemble classifier approach

using weak classifier learning on overlapping clusters[ C]// Inter-

[32]

[33]

[34]

[35]

[36]

[37]

[38]

national Joint Conference on Neural Networks. IEEE.2010:1-7.
COELHO A L V,NASCIMENTO D S C. On the evolutionary
design of heterogeneous bagging models [J]. Neuro Computing,
2010,73(16) :3319-3322.

CHEN J,JI S,CERAN B, et al. Learning subspace kernels for
classification C] // Proceedings of the 14th ACM SIGKDD In-
ternational Conference on Knowledge Discovery and Data Mi-
ning. ACM,2008:106-114.

DO T N,POULET F. Enhancing svm with visualization[ C]//
International Conference on Discovery Science. Springer Berlin
Heidelberg, 2004 :183-194.

QUINLAN ] R. Bagging, boosting, and C4. 5[ C] // Association
for the Advancement of Artificial Intelligence. 1996 :725-730.
CLARK P,.BOSWELL R. Rule induction with CN2: Some recent
improvements[ CJ // European Working Session on Learning.
Springer Berlin Heidelberg,1991:151-163.

JO H,NA Y,OH B,et al. Attribute value taxonomy generation
through matrix based adaptive genetic algorithm [ C] // 20th
IEEE International Conference on Tools with Artificial Intelli-
gence. IEEE,2008,1:393-400.

SAEED A A,CAWLEY G C,BAGNALL A. Benchmarking the
semi-supervised naive Bayes classifier[ C] // International Joint

Conference on Neural Networks. IEEE,2015:558-561.





