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Abstract

With the development of System on
Chip (SoC) technology, researches on
embedded, real-time systems has received
lots of attention. Based on the power,
reliability of Linux, the goa of this project
isto develop an Linux system that is suitable
for SoC. We plan to research and implement
a ROM -based Linux kernel,
Execution-In-Place(X1P) function, real-time
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support, Flash memory file system, and
power management for SoC. We also plan
to modulize Linux kernel so that it can fit
various regirements of different SoC.

In the first year of the project, we have
modified the initialization, memory, and file
subsystems of Linux, and port the Linux to
the evaluation board. In this year (i.e. the 2™
year), we put focus on partitioning Linux
into components. In addition, we also put
research  efforts on adding power
management and real-time functionality to
Linux.

Keywords: Linux; Embedded Systems;

2. #+34%d R

Linux & p m+ & + &% 3| £ AR 0iF
¥ ik H AR e g4 E Microsoft =n
Windows 2000 - { ¢ ** Linux £_ Open
Source FTR T eITE kA BFRERR
G PRl R Rt SRR R
Ao REHAS R AL FE Gy
Microsoft = Windows 2000 4 jednid e

» & embedded & * 2 @ - Linux
o VME BUS 5 A& R Y %
FEA AR ERE LR o
,ﬁ%ivw%wmwi
7 EATR Y Linux e 2t Mg R R
SoC 7 ehif % & sty IP e fo i W pk iF

EE] l‘f‘: o)
peits
NS



% & 3% (red- time system support) 4+ SoC
MR RBREIEY ARy £ & o P RRe
}gﬁ*fﬂ?}‘}‘?ﬁfjfﬁrfaﬁ_ .
B her TR IEEN A > REHPET T
%i%ﬁ%%ﬁﬁ&ﬁ%ﬁe

Qi & ?x‘:‘mﬁig‘f % %
ke 7
Kernel Operatmg Systems) Lt
= N L_[‘],fig m,\#”:—f %ﬂ; SR 1 4
G TR 7 1 (extensible kernel
architecture)srF= 3 o

Bt ARG B FRAT o 1T ok
~ i+ (componentware) & " ¢ = % 4758k 3t
FE AT o AR TR
PR ARE - mMAN L FHB
FBpFs a7 R ang 2 % M (reuse)s H4r
B gic o~ @ & VBX,0OLE,COM,DCOM 2
Active X, Sun Micro £ Java Bean % Hjis »
Y OB G Mg R4 .
e BT E Kk ELph e AR50 2 T{&fr’?

e SRl B - #ﬁwﬂhNW%fﬂf
1B 4o zoﬂaa.:;]:ggbnaf\,,\},«—’xm;r.
oo i i’t‘%l% e E e B F ATH A
= 7

%** m%ﬁ%?{
i’v#,f ’téﬁ*f" 'é‘-@ FETE oo
A AR g BB A FT IR AT

m%ﬁﬁ»ﬁé%ﬁ’mﬂ AR S o)

eenlyra®rpr e g ko sufot BRE - BB
g e SRR e AR ﬁ;] & SR
FoAR N B~ AR R AL s 2R AR

2 3 Java APl o virtud machine: fo 1z i 5
®(Browser) » A # kG % E o doR - o

DeskTop Personal Info
System M anagement
Lyraz2 API || |

Lyra32 WinLib I

[Linux sSVGAlib |l [LyraosHAL || |

M ultimedia
A pplications

Internet I‘

O ffice
AP

Applications

RTOS like APl + BSD Socket API I

[ Acpi_ Ji[core JI[Filesys I [TcP stack ||

Linux Driver Library I

PC/ Elan SC410 UCE Reference board / strong ARM board I

g]_.

LyraTrps it ¥ % sige ¥ i A7 7 %
,il’«—-ﬁﬁé—'f‘? ZS T érﬂ ;E'l\; "/—E-'E‘L%
A 4 mk RS APl A
/)"1’}; ﬁ’fmﬁi 5}}]% ,fi AU “Lr."lii FE D

EART R Y AR
3

‘J'\o j\;J.éJ FE U= gl 2= A )ﬁﬂé‘,&?
au1§;ﬂéupmp§,g%ngw
% 4

RN
Fx’? w® fv’ﬂﬁ% T F ﬁT#z: ;ﬂ‘ Linux +% < #23%

ﬁé o F fpe :::zﬁv | #* $c k8 = % (componentware)
mﬁwiﬁﬂ“gW%ﬁiﬂﬁiiﬁ%
> NIEE S et i Linux $E s A2 5N o

B o5 B AR 7 A

BN o3 5 < F{or 7 o i3
B > T pE o 425N 2 4p BE B E TR B T
1o RPN EEA T FITE
TR Rl RN SN - SRt A
¥ ~6Eﬂ%ﬁ: SfeFRLEREE o b
B h 1994 & B he o BT PLe JF 4R ehdR o
B 4e% 3¢ 3 ACM SIGOPSA USENIX 1
% Communities =€ 4R » 1T LR
% >t Componentized mei AELE G
K Chorus/ClassiX o m ¥ p% 3% Codereuse
SRR IE D AT %mFluk OSKit :*+ 3] »

\m

P
O

o iy NEFRHEORENTENRY T
FE - B R R KA Manp hm e oy

Ao A AT BN E s e 2N B AT
1% o

+ A 2K L B chResource-centric
s PR BE 3 3] T pE R eh iR g e 7
@ % dhpieyrs 2 e RT-Mach o v i@ 4 &
3 VINO w23 BIE s 4250 P 4r
»~ 7 Transaction =g 4 » # 3 i SLPRFET
PUFE B B e~ PR
@ Transaction =h P gk § Fr ik Bk 4o 7
“ﬁwﬁ*éﬁ’ﬁamﬁii@ﬁo
V|NO g & FIERRR ALK Samay 0 fde A
Transaction & > %o A% & < & "% % >
MR P R A o
4 8 HSPIN 1w 3 3140 VINO
S Rt R EE RS Y
_j%ﬁqﬂ 4v 2 50 5& (THE o d 3N # ﬁﬁi;“
FOUGE S AP L FAE o e AR T Y



BRI ERH %ﬁ—\ Foo @ BRIy T
FVHD o BARLEA - BRSO E

*RAA - BEOFH Biraf o AR
Ao AN 4R Bl A T B 0
* TF ,qg H ool e oo
SPIN 2% E & %A ~ 4] 2 % Sigc
& ’amﬁaﬁiﬁi#ﬁ#mr IR Y
Bt E - BRER DL A MIT
o1 Exokernel 1% 34 0 B B_H- k Skl i
E N ERT ARARNE - 04 0 P el
D kAR R ‘F‘i‘ FiaEal s Pl Y F N
B BT 0 &35? drie Fe B ot f
* 1+ > Exokernel 1% e % «u—Fﬁf-T LT fE
AE PR A 4 UIUC < & & Choice
P AR 3833 > B i Eo BT
%em%ﬁ.’\ P BAG B EES O

ﬁé’ TR ERT AT o BlAr MK E g H A
S ARV SRR 0 E AN s R N il e

it o

-

|

)3
s
U

iy

¥ 5 MG hH 7k Hde PSOSH
LynxOS VTRX > Chorus Fgo T E

T L

A AN P LT mﬁ Joo e B ¥ 0¥
#" S8 vbm},%' 'ﬁrﬁi} A ﬁ e j; ff_ﬂ
P BHE o Bif g ﬂﬁ’“ﬂ. LEE

4rline0 2 F R 1

At 7 & Linux so e
*f}%i'\ S8 e Bk PR g { # Boot #%

A€ ¥kt Linux 5 o

AP L E R A R T

LLinux %< 4238 7~ i v
2Linux &k p Ik

3.Linux T pEzt gy
y;;,g__ﬁ_,gzr;g & B A e T

31L|nUX’ff'uﬁ_r_\‘ful«— fL
B2 2R f%q'ﬁL;kmF'“’?ﬁﬁ%ﬂ" F1
ﬁi‘fﬁmf*}&"' S e e S

' 2

FOEv Ak en

o RS N R 1" aR
%ﬁﬁﬁé’uﬁ&%ﬁﬁwﬁ*ﬁp

» dr i@ Ay

BFo- ERCE AT E LR GUT
woo AP o M E B L kAL
S E 0 #-Linux BRad S kA2 B ep
URTIE 7 R G ’Hf-’k* A E R firle
Ao F - A EE Riz-!z‘!«(service
points) o ~ it A gk d Fl;izz-—\_h N ,i

’Zg‘*{/gﬁ—‘k?ﬂ" o

1. Linux ¢ kg 32 % 5
Flo 4~ 39K H = T
4Rk b’L’r.u«;Tﬁ» AR BEER
}}’?EJ)rLK-Q %
%?m%%’u e 1 CPU,
monitor % & o fe £riZ 3 $o %i;“—i f%"
) B R KRB
BT A o BT iﬁ%ﬁl#ﬁf&?l’
isﬁ&:}.ﬁrw} afrv@q:,}g,?g

.
Ton i

3

mﬂf | % R g
HpET 7 i'JJrﬁMﬁB% i*ﬁ-%hﬁ 'P%ﬁI'J G
Hest o dmt - ARV RO AETE B H A
& CPU ey £ -CPU I 5 fa1 iF
TR o 1 ITTRMPFRE R R A o e d
%‘\«"T*,}gq,}!;i.ﬁ%@lﬂs AR VAL Y
TRHTY TG e s

Jho ke ﬂ—.\i"ﬂf—i
& o/ 5 §_WirdlessLAN 34 5
i Wireless LAN MAC & 3 — & Power
Save fi G o dgd 4t fiG o NPT LR
Wireless LAN o/ §8:E ~ 4 7 H#3 - F
Pro AN iPs B A KM AEARAPR
CPU g 5 > ﬁ LEER ESRT ¢ R

PR E e

%P e Linux
EARIAR N
s B N

AN LD T



3.3 Linux rpFx gt

g Linux R ek 3t BN - B
TIAREAETREDORT 2
Fen E G - Ty fI.%P“ 42238 Linux
."ziéi'li#f'-‘“’ﬁﬂfm)@?* AR P e B
r ¢ KURT, RTLinux, RTAI % TimeSys
Linux/RT &% - A8 pagntd vy » Ajpe
&4 357 RTLinux m—#’f#}‘ BB - #rr
A zE g RTLIiNUX P R 54 50 § 2% 9 en
Linux %< #2358 972 & o B Bipdt 304 #
f& 3 2 f* 2 Evaluation board 3 & # ¢h
Linux + -

# ) t"l—i— 'l'/(

BT - E R A4 WirdessLAN
Ry Ae o ViR angt o~ 34 Linux £ AR
T 4 SoC % ERE & 'P’s;: v"*ﬁ_;f_/fr' /?J\zé‘

4, %% é}?&

[1] SG. Abraham and S. A. Mahlke, ” Automatic and
Efficient Evaluation of Memory Hierarchies for
Embedded Systems” Proc. 32th Annua
ACM/IEEE Int'l symposium Microarchitecture,
pp. 114-125. 1999.

[2] J. M. Bass, “Proposals Toward an Integrated
Design Environment for Complex Embedded
Systems,” Proc. Sixth Euromicro Workshop
Parallel and Distributed Processing, pp. 273-278,
1998.

[3] D. Beuche et a., "The PURE Family of
Object-Oriented Operating Systems for Deeply
Embedded Systems,” Proc. IEEE Object-Oriented
Real-time Distributed Computing, pp. 45-53,
1999.

[4] S. H. Bokhari and R. Rehman, “Linux and the
Developing World,” IEEE Software, Vol. 16, No.
1, pp. 58-64, Jan.-Feb. 1999.

[5] S. N. Bokhari, “The Linux Operating System,”
|IEEE Computer, Vol. 28, NO. 8, pp. 74-79, Aug.
1995.

[6] T. Ballinger, “Linux in Practice: an Overview of
Applications,” |EEE Software, Vol. 16, No. 1, pp.
72-79, Jan.-Feb.1999.

[7] T. Bollinger and P. H. Beckman, “Linux on the
Move,” |EEE Software, Vol. 16, No. 1, pp. 30-35,
Jan.-Feb.1999.

[8] I. T. Bowman, R. C. Holt, and N. V. Brewster,
“Linux as a Case Study: its Extracted Software
Architecture,” Proc. Int'l Conf. Software

Engineering , pp. 555-563, 1999.

[9] CA. G. Dean and J. P. Shen, “Techniques for
Software Thread Integration in Real-time
Rmbedded Systems’, Proc. |IEEE Real-Time
Systems Symposium, pp. 322-333, 1998.

[10] Hugo Fierz, “The CIP Method: Component- and
Model-based  Construction of  Embedded
Systems,” Proc. 7th ACM SIGSOFT Symposuim
on Foundations of Software Engineering, pp.
375-392, 1999.

[11]J. FHeschmann and K. Buchenrieder,
“Prototyping Networked Embedded Systems,”
|EEE Computer, Vol. 32, No. 2, pp. 116-119, Feb.
1999.

[12]A. M. Fox, J. E. Coodling, and N. S. Colling,
“Integrated Design Approach for Real-time
Embedded System,” Proc. |IEE Software, Vol.
146, No. 2, pp. 75-85, April, 1999.

[13] Robert Geist and James Westall, “Bringing the
High End to the Low End: High Performance
Device Drivers of the Linux PC,” Proc. 36th
Annua Conf. On Southeast Regional Conference,
pp. 251-260, 1998.

[14] S. Goel and D. Duchamp, “Linux Device Driver
Emulation in Mach,” Proc. Annual USENIX
Technica Conference, pp. 65-73, San Diego,
California, January 1996.

[15] A. Gokhale and D. C. Schmidt, “Techniques for
Optimizing CORBA Middleware for Distributed
Embedded Systems,” Proc. IEEE INFOCOM, Vol
2, pp. 513-521, 1999.

[16] D. Grunwald, “Embedded, General -purpose, and
High-performance Systems,” ACM Comput. Surv.
Vol. 28, No. 4, Dec. 1996.

[17]J. Halen, A. Hammarqvist, F. Juhlin, and A.

Chrigstrom, “Linux at the Workplace,” |EEE
Software, Vol. 16, No. 1, pp. 52-57, Jan.-Feb.
1999.

[18] A. Harbert, W. Lively, and S. Sheppard, “A
Graphical Specification System for User-Interface
Design,” Vol. 74, pp. 12-20. July 1990.

[19] D. Hildebrand, “An Architecture Overview of
QNX,” Proc. Usenix Workshop on Micro-Kernels
and Other Kernel Architectures, pp. 113-126,
1992.

[20] S. Hustin, M. Potkonjak, Eric Verhulst, and
Wayne Wolf, “Real-time Operating Systems for
Embedded Computing,” Proc. IEEE/ACM Int'l
Conf. on Computer-aided Design, 1998.

[21]D. Jensen, “Adventures in
Development,” |EEE Software, Vol.
116-118, Nov. 1994,

[22] R. Jha et al., “Adaptive Resource Allocation for
Embedded Parallel Applications,” Proc. Int’'l Conf.
High Performance Computing, pp. 425-432, 1996.

[23] M. B. Jones, D. Rosu, and Marcel-Catalin Rosu,
“CPU Reservations and Time Congtraints:
Efficient, Predictable Scheduling of Independent
Activities” Proc. 16" ACM Symposium on

Embedded
116, pp.



Operating Systems Principles, Saint-Malo, France,
October 1997.

[24] A. Kalavade and P. Moghé, “ AsaP--a Framework
for Evaluating Run-time Schedulers in Embedded
Multimedia End-systems,” Proc. 6th ACM Int’|
Conf. Multimedia, pp. 291-296, 1998.

[25] Orran Krieger, “HFS: A Performance-Oriented
Flexible File System Based on Building-Block
Compositions,” ACM Transactions on Computer
Systems, Vol. 15, No. 3, pp. 286-321, August
1997.

[26] G. Lamastra et a., “HARTIK 3.0: a Portable
System for Developing Real-time Applications,”
Proc. Fourth Int'l Workshop Real-Time
Computing Systems and Applications, pp. 43-50,
1997.

[27] David Langan, “EOS. an Object-oriented
Operating System for Embedded Real-time
Applications,” Proc. ACM Conf. computer
science, pp. 60-65, Feb. 1993.

[28] D. Lefkon, B. Payne, “The Practical Engineer.
Making Embedded systems Year 2000
Compliant,” IEEE Spectrum, Vol. 356, pp. 74-79,
June 1998.

[29] Jason Nieh and Monica S. Lam, “The Design,
Implementation and Evaluation of SMART: A
Scheduler for Multimedia Applications,” Proc.
16" ACM Symposium on Operating Systems
Principles, Saint-Malo, France, October 1997.

[30] “Linux Online,” http://www.linux.org/

[31] “Red-Time Linux,”
http://rtlinux.cs.nmt.edu/~rtlinux/homepage nofra
mes.shtml.

[32] “Linux Document Project,”

http://metal ab.unc.edu/mdw/index.html
[33]“The ELKS: Embeddable Linux Kernel Subset,”
http://www.elks.ecs.soton.ac.uk/

[34]“VIMELinux: Linux for Your Embedded
System,” http://www.vmelinux.org/
[35]“Pocket Linux Embedded Box Project,”

http://www.cse.unsw.edu.au/~pleb/ “LEM: Linux
Embedded,” http://linuxembedded.com/

[36]H. Zeng, X. Fan, C. Ellis, A. Lebeck, and A.
Vahdat, “ECOSystem: Managing Energy as a
First Class Operating System Resource,” Duke
Computer Science technical report CS-2001-01,
basis of poster presentation at SOSP 2001.

[37]X. Fan, C. S. Ellis, A. R. Lebeck, “Memory

Controller  Policies for DRAM  Power
Management,” in  Proceedings of the
International  Symposium on Low  Power

Electronics and Design (1SLPED) August, 2001.

[38] Alvin R. Lebeck, Xiaobo Fan, Heng Zeng, Carla
S. Ellis, “Power Aware Page Allocation,” in
Proceedings of Ninth International Conference on
Architectural  SQupport  for  Programming
Languages and Operating Systems (ASPLOS 1X),
November 2000.

[39] Vahdat, A. R. Lebeck, C. S. Ellis, “Every Jouleis
Precious: A Case for Revisiting Operating System
Design for Energy Efficiency,” in the 9th ACM
S GOPS European Workshop, September 2000.

[40] T. Cignetti, K. Komarov, C. S. Ellis, “Energy
Estimation Tools for the Palm,” in ACM MSWM
2000: Modeling, Analysis and Smulation of
Wireless and Mobile Systems, August, 2000.

[41]S. Chandra, C. S. Elliss and A. Vahdat,
“Managing the Storage and Battery Resources in
an Image Capture Device (Digital Camera) using
Dynamic Transcoding,” in the Third ACM
International Workshop on Wireless and Mobile
Multimedia (WoWMoM'00), August 11, 2000.

[42] Ellis , “The Case for Higher Level Power
Management,” in Proceedings of HotOS March
1999.



	page1
	page2
	page3
	page4
	page5
	page6

