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Abstract At present, the emergence of multicore chip bring about the change in the computer operating system, many multicore
technologies are rapidly come out not only in the application software development but also in the operating system research. In order to
provide overall review of researchers on multicore operating system, the common problems that the current mainstream multicore
operating systems are facing are analyzed; these problems include real —time scheduling algorithm, load balance, synchronization
mechanism, task model, and their applications in the embedded domain. Finally, application examples based on multicore operating
system—LITMUS are given by means of the discussion on the system structure, design method, basic principles, and scheduling
algorithm, etc. Through the analysis on some key issues in the solution method, the basic idea for transplantation and scalability in the
field of multicore embedded problems is given, at the same time, the blueprint for the future direction of the research is proposed.

Keywords multicore OS; global real-time scheduling; earliest deadline first

0 Linux
LITMUS (Linux Testbed for Multiproccessor

3 s

Scheduling in Real-Time Systems ) 28

EDF (Earliest Deadline First) ,G-EDF, G-NP-EDF

o ) APT, N
o ,Tomiyama ™
, ; ulTRON,
[1-2] N o )
: 2012-02-06; :2012-04-06
(F201139); H
) ) N P2P, , :hsdrose@126.com

69 Im



ﬁﬁ (Reviews) 2012,30(11)
b .
1 ,
10 5 s Hurricane
, . Hive
, R (cell), . Disco
1 (ce—
0S NUMA) flash , .
; Corey 5
; . ., FOS  MIT
o ( )
: - Barrelfish ( )
0§  jd MoOS . MOS i
[8]0
Atom Intel ,
il o v Nokia Moblin , Megoo™,
B1 BARSHBEREHRBE Corey ’
Fig. 1 Research roadmap for multicore embedded o FOS Barrelfish
operating system PC  HPC , Barrelfish
N tr, 2 0
Linux Linux
- Application Domains
: RTLinux .RTAI Xenomai D W
LITMUS Linux
RTLinux FSMLab RS Planner
Linux, s Linux i
, Linux
. CPU Drivers s:ffuir
, Linux .
Linux . Linux E2 EfaZRZsKsmE
, , , Fig. 2 System structure for Barrelfish
Linux , Linux ,
> o WindRiver
, , Vxworks " QNX Neutrino ™,
Linux o RTLinux Linux MontaVista Linux!" R
s , RTLinux > s
Linux . Kandemir ™
. , RTLinux , (MPSocs)
) 1ol RTLinux Cache
Linux ,RTAI - s
RTLinux , s s
FIFO .mailbox .message queue Cache s o
s N ,Fedorova ™
Cache ,Anderson "

Cache r

B, 70

o



2012,30(11)

(Reviews)

,Gontmakher [ Intheads —_—

’

5 Inthreads

Enea™

) . OSE

.Enea  LINX (IPC)

OSE o LINX CUP.
OSE Linux

oLINX oLINX

o Enea o

CPU o

LITMUS 191 , Linux

[19]
o

ARM o
1.1

44

T WM & T BT

o

RM (Rate Monotonic ) o 1973 ,Liu  Leyland™

DM s
RM o
EDF .PD (Predictive Deadline) \TBS (Total Bandwidth Server)

[21]
’

o

EDF-FF (First Fit),PD? (a global Pfair

algorithm) o Pfair
, Anderson! ERfair (Early
Release Fair) s ,
, 22
o , ( )
[23]O
(Self—Suspension, ——Spinning
Lock  Suspension Lock),
(Sporadic Task Model) R
1.1.1
1
( ) o
2
t=max (f;)—min(a;) (1)
5,ﬁ sa; 1
1 5
3
1 if d>0 N\ f>d;,else O
late ()= L 2P0 N>dielse )
1 #Di>OAci>Di,€l88 0
, (



‘ﬁﬁ (Reviews) 2012,30(11)
T ﬂﬁ".‘ e
" Real-Time Execution Trace Toolkit 2.0 s
Niw= D, late (1) 3)
i1 VI
(3) n , , .
R R 1.2
di o ) di o
H ,d=a+D,, , s
, Low=max (fi-d;) o d; CPU -
( )o o ,
( ) . — . CPU
R.=-(XC) ()
i=1 ) o
(4) , ,
(C) o > . Linux
[21] s
, [2310 1 5 s
1.1.2 CPU o (
, , ),
, , . o Mellor—Crummey™  FIFO ,
[2224-26] ol BIl ,
o o Chen ™ ( )
Zhang & Linux , PCP (Priority—Ceiling Protocol ) o Lopez ™
, , P-EDF s
5 ( ) o Gai 134 o
; . Bl FMLP s
Fedorova G-EDF  P-EDF, FMLP ,
, ; . FMLP G-EDF
3 - o o
) - ,Fedorova
s 2
B LITMUS s
,LabEIVW ) Linux o
LabVIEW 8.5 ° B o
(SMP), LabVIEW 8.5 Linux s
s s RTLinux .RTAT P Linux .
(time—critical ) s LITMUS Linux 2.6.36 ,

’

(Plug—in Components)



2012,30(11) (Reviews) ﬁﬁ
| SR
o s o o EDF(
2.1 LITMUS ) JFP( ) o
LITMUS , s o
s s . ,Cache
° ,Cache 5 HRT,
Linux ; SRT, o
, . o O
) ° 3 s 200 R
o , 20 , 110h,
3, 500GB o LITMUS ,
) e ey e 0 1 o
A H 1
J g [ ﬁ g g ‘ Table 1 Comparison of reaction time for the algorithms
S99 between the hard and soft real-time
P <5 HRT SRT
v : PEDF Util loss Util loss
GEDF Util loss No loss
m— NP-GEDF Util loss No loss
e ———— CEDF Util loss Util loss
3 \H‘-““‘—____Es_,__.--—“'/ PD? No loss No loss
S-PD? Slight loss No loss
B3 LITMUS Z#&4&#ME
Fig. 3 System structure for LITMUS Sun Niagara(UltraSPARC T1)
R 8 4 s 16KB LI Cache, 3MB
(RTD) rt_domain_t ) L2 Cache 32 . 1.2 GHz RISC s
o s Linux list.h s Intel ,Cache .
list_insert()  list_gsort() s sort  wrapper LITMUS,
. ,PEDF ,S-PD? S
, trace () printk , PD*  GEDF . ,PEDF
featherTrace () R , ,CEDF
0S 136l ,S-PD? ,GEDF o
2.2 [371—1[38]. ,
, 2.3
, NP-hard R ’ )
NP s s , ,
s cost . . R
PEDF (Partitioned EDF) .GEDF - N N N N
& NP -GEDF (Preemptive & Non —preemptive Global ) o
EDF) .CEDF (Clustered EDF) .PD? .S-PD? , (many core)
(Staggered PD?) , o (1) o
CEDF ( ) ) 0 (2)
o , (3) o o (4) o

73 I



‘ﬁﬁ (Reviews) 2012,30(11)
T ﬂﬁ"h\ e
o (5) o o ARM -
LITMUS s Flexible Multiproce- : (1) get Linux 2.6.36;(2) apply the
p g pply
ssor Locking Protocol (FMLP)™®_, FLMP LITMUS RT patch; (3) make menuconfig; (4) compile the
(CS) , G-EDF  P-EDF, s kernel ; (5) proceed to install kernel ; (6) minicom,
p
(Suspension Lock) R 2.5 LITMUS
, , ol , LITMUS , ;
FLMP s s °
o 3 (D) - (1) , , HRT/SRT
5(2) ;(3) o
o (2> ’ o
o Gy ° s ARM INTEL-ATOM
L1, 2e Gy ( job, 11 2 s °
( 12 1) 11.12 short \ \ -
long . (3) o Intel
g0 13-
o ( ) o
,long outmost |_outmost s_outmost .
R FIFO s 3
’jOb b
FMLP ° - LITMUS s
(1) o o ,
PD? , s ,
(2) /0 . (References)
10 [1] ) ) . [J].
: , 2008(3): 253-257.
’ ’ 10 ’ Li Lei, Shen Haibin, Yan Xiaolang. Journal of Jiangnan University:
o Natural Science Edition[]]. 2008(3): 253-257.
24 LITMUS ARM A9 121 ’ ; Ul
. 2011(9): 1566-1570.
Cortex-A9 Liu Jiahai, Yang Maolin. Journal of Zhejiang University: Engineering
o . N Science Edition, 2011(9): 1566-1570.
(Speculative Out-of—order Execution),Cortex— [3] Brandenburg B, Block A, Calandrino J, et al. LITMUSRT: A status report
’ [C}//Proceedings of the 9th Real-Time Linux Workshop, North Carolina,
A9 1GHz ’ USA, November 12-13, 2007. North Carolina: The University of North
4 s Carolina at Chapel Hill, 2007: 107-123.
[4] Hara Y, Tomiyama H, Honda S, et al. Chstone: a benchmark program
suite for practical c—based high-level synthesis [C]/IEEE International
MPCore s Cortex~A9 Symposium on Circuits and Systems, Seattle, WA, United States, May
MPCore 18-21, 2008. New York: IEEE, 2008: 1192-1195.
MPCore [5] Yigiao P, Qingguo Z, Kairui S, et al. Various freed multi—cores RTOS
based Linux, 2008 [C]/Proceedings of 2008 IEEE International
, Cortex—A9 MPCore DMA Symposium on IT in Medicine and Education, Xiamen, China, December
250mW 12-14, 2008. New York: [EEE, 2008: 900-905.



2012,30(11)

(Reviews)

2,

[6] Sato H, Yakoh T. A real-time communication mechanism for RTLinux[C]
//26th  Annual Conference of the IEEE Electronics Society, Nagoya,
Japan, October 22-28, 2000. New York: IEEE, 2000: 2437-2442

(71 . . .

[J]. , 2009, 23(3): 359-364.
Lu Yutong, Yang Xuejun, Suo Guang. Journal of Computer Research and
Development, 2009, 23(3): 359-364.

[8] Baumann A, Barham P, Dagand P E, et al. The multikernel: A new OS
architecture for scalable multicore systems, 2009 [C]//Proceedings of the
22nd ACM SIGOPS Symposium on Operating Systems Principles, Big
Sky, MT, United states, October 11-14, 2009. Mohamed Zahran: ACM
SIGOPS, 2009: 29-43.

[9] Imad Sousou. What’s next for MeeGo. moblin.org[EB/OL]. [2012-03-28].
http://moblin.org/.

[10] Peter S, Sch U, Pbach A, et al. Design principles for end —to —end
multicore schedulers, 2010 [C]//HotPar’10 Proceedings of the 2nd
USENIX Conference on Hot Topics in Parallelism, CA, USA, May 4,
2010. Boston, MA: USENIX, 2010: 10-13.

[11] Fedorova A. Wind river VxWorks RTOS — the world’s #1 RTOS for
embedded real time systems[EB/OL]. [2012-03 -28]. http://www.
windriver.com/products/vxworks/.

[12] Krten R. QNX neutrino RTOS[EB/OL]. [2012-03-28]. http://www.qnx.
com/products/index.html.

[13] MontaVista software [EB/OL]. [2012-03-28]. http://www.mvista.com/
real_time_linux.Php.

[14] Kandemir M, Chen G. Locality—aware process scheduling for embedded
MPSoCs, 2005[C]//Proceedings—Design, Automation and Test in Europe,
DATE ‘05, v II, Munich, Germany, March 7 —11, 2005. Munich,
Germany: IEEE Conference Publications, 2005: 870-875.

[15] Fedorova A, Seltzer M, Small C, et al. Throughput—oriented scheduling
on chip multithreading systems, Technical ReportTR -17 -04 [R].
Cambridge, USA: Harvard University, 2004.

[16] Anderson J H, Calandrino J M. Parallel task scheduling on multicore
platforms [J]//Proceedings of 2006 IEEE 27th Real -Time Systems
Symposium, Rio de Janeiro, Brazil, December 5-8, 2006. New York:
IEEE, 2006.

[17] Gontmakher A, Mendelson A, Schuster A. Using fine grain
multithreading for energy efficient computing, 2007 [C]//Proceedings of
the ACM SIGPLAN Symposium on Principles and Practice of Parallel
Programming, San Jose, CA, United States, March 14 -17, 2007.
Mohamed Zahran: ACM SIGPLAN, 2007: 259-269.

[18] Software—Enea software [EB/OL]. [2012-03-28]. http://www.enea.com/
software/.

[19] LITMUS RT: Linux testbed for multiprocessor scheduling in real -time
systems| EB/OL]. [2012-03-29]. http://www.litmus—rt.org/.

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

[21] Palopoli L, Abeni L, Cucinotta T, et al. Weighted feedback reclaiming
for multimedia applications, 2008 [C]//6th Workshop on Embedded
Systems for Real-Time Multimedia, Atlanta, GA, USA, October 23-24,
2008. Texas: IEEE Conference, 2008.

[22] s . [J].

, 2008, 28(2): 22-24.
Yuan Yun, Shao Shi. Journal of Computer Applications, 2008, 28 (2):
22-24.

[23] Leontyev H. Compositional analysis techniques for multiprocessor soft
real —time scheduling [D]. North Carolina, USA: University of North
Carolina, 2010.

R4, ,

. [J].
, 2008, 28(12): 139-140.

T WM & T BT

Li Shi, Liu Naiqi, Guo Jiandong. Journal of Computer Applications,
2008, 28(12): 139-140.
[25] s s , .
[J]. , 2008, 29(5): 972-975.
Liu Yi, Zhang Xin, Li He, et al. Journal of Chinese Computer Systems,
2008, 29(5): 972-975.
26 . [D].
, 2006.
Yao Zhen. Study on parallel programming models|[D]. Beijing: University
of Science and Technology of China, 2006.

[27] Zhang Y, Gill C, Lu C. Real —time performance and middleware for
multiprocessor and multicore linux platforms [C]//2009 15th IEEE
International Conference on Embedded and Real -Time Computing
Systems and Applications (RTCSA 2009), Beijing, China, August 24—
26, 2009. New York: IEEE, 20009.

[28] Fedorova A, Vengerov D, Doucette D. Operating system scheduling on
heterogeneous core systems [C]//Proceedings of the First Workshop on
Operating System Support for Heterogeneous Multicore Architectures.
Brasov, Romania: PACT, 2007.

[29] Mellor -Crummey J M, Scott M L. Algorithms for scalable
synchronization on shared—-memory ~ multiprocessors|[J]. ACM
Transactions on Computer Systems (TOCS), 1991, 9(1): 21-65.

[30] Lim B H, Agarwal A. Waiting algorithms for synchronization in large—
scale multiprocessors [J]]. ACM Transactions on Computer Systems
(TOCS), 1993, 11(3): 253-294.

[31] Sha L, Rajkumar R, Lehoczky J P. Priority inheritance protocols: An
approach to real-time synchronization[J|. IEEE Transactions on
Computers, 1990, 39(9): 1175-1185.

[32] Chen C M, Tripathi S K. Multiprocessor priority ceiling based protocols
[R]. Maryland USA: UM Computer Science Department, 1998.

[33] Lopez J, Diaz J, Garcia D. Utilization bounds for EDF scheduling on
real —time multiprocessor systems [J]. Real-Time Systems, 2004, 28(1):
39-68.

[34] Gai P, Di Natale M, Lipari G, et al. A comparison of MPCP and MSRP
when sharing resources in the Janus multiple —processor on a chip
platform, [C]/Proceedings the 9th IEEE Real -Time and Embedded
Technology and Applications Symposium, Toronto, Ont, Canada, May
27-30, 2003. New York: IEEE, 2003: 189-198.

[35] Anderson J H, Ramamurthy S. A framework for implementing objects
and scheduling tasks lock—free real-time systems [C]//17th IEEE Real-
Time Systems Symposium (Cat. No.96CB36024), Los Alamitos, CA,
USA, December 4-6, 1996. New York: IEEE, 1996: 94-105.

[36] Ramamurthy S, Moir M, Anderson J H. Real—time object sharing with
minimal system support [C]//Proceedings of the Fifteenth Annual ACM
Symposium on Principles of Distributed Computing, Philadelphia, PA,
USA, May 23-26, 1996. Texas: ACM, 1996: 233-242.

[37] Wentzlaff D, Gruenwald III C, Beckmann N, et al. An operating system
for multicore and clouds: mechanisms and implementation [C]/
Proceedings of the 1st ACM Symposium on Cloud Computing, SoCC ‘10,
Indianapolis, IN, United States, June 6-11, 2010. Texas: ACM, 2010:
3-14.

[38] Li T, Brett P, Knauerhase R, et al. Operating system support for
overlapping—isa heterogeneous multi—core architectures [C]//2010 IEEE
16th  International Symposium on High Performance Computer
Architecture (HPCA), Bangalore, India, January 9-14, 2010. New York:
IEEE, 2010.

[39] Block A, Leontyev H, Brandenburg B B, et al. A flexible real —time
locking  protocol for multiprocessors [C]//13th TEEE International
Conference on Embedded and Real —~Time Computing Systems and
Applications, Daegu, South Korea, August 21 -24, 2007. New York:
IEEE, 2007: 42-51. ( ) )

75



