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Non- Commercial | Commercial VxWorks QNX pSOS Windows CE
Embedded Linux Embedded Linux
Free Depend on $130M (20M $20M $105M ($15M $3M royalty

distributions royalty) royalty) $2M Tools
Free Free $7,500~ $2,955 $4,955 $995

$10,000
Royalty Free Free $1~$35 $3~$80 <$1~$30 <$5~$30

Networking Networking Telecom, Industrial Automobile Higher-end apps
Datacom Datacom Datacom, automation industry,

Handhold device Digital Imaging, Medical system, Some CE

CE Telecom,
Datacom,
CE
Strengths 1.0Open Source 1.Partial Open 1.Most complete 1.micro-kernel 1.Very good IDE 1.win32

2.Free Source, integrated architecture 2.0ptimized for 2.NT Connectivity
3. Complete POSIX 2.Cover more environment 2.Complete POSIX | Motorola 3.Robust GUI
compliant hosts than original | 2.Largest compliant processors and

Linux coverage of CPU 3.Most scalable DSPs

3.Tech Support and hosts

and good IDE
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Reduced Instruction Set Computer) - ]t » B Ffw L s [ E - F)W
G FATENORER AR LEY PIE R S A o - A 5
77 - BRIEERCEFFIAFLRF U AL S TR
B b v 7 Intel® StrongARM™ 110 5E&J2 ® > @6 ¢ 7 7 Intel®sh
StrongARM™EJZ F 2w (49 % *F ARM edp £ B 28 4E) 2 ¢ ¥ B~ B 3
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* uClinux 5= 4 7 3 Linux &t & 38 (7

Type CPU Core Cache Size | Tightly [IMemory| AHB Bus [Thumb|DSP|Jazelle| Clock
(Inst/Data)|Coupled|Manage |Interface MHz **

Memory| -ment

Embedded |ARM7TDMI No No No Yes* Yes | No| No 133
Cores ARM7TDMI-S No No No Yes* Yes | No| No |100-133
Intel StrongARM 16K/8K No MMU N/A No |No| No |206~233
ARM-based||ntel XScale | 32K/32K No MMU N/A Yes |Yes| No | 400+
Processors

F 2. ARM &l® B % vt £
FE K P ER R RGOS REEILFSNH P EA
I E fSfea B 4 R FRY 5 d 4 Linux SR TR R
P T E R i F R e P ? g e b e PI) kS en
P @ S8 ERF uClibc frdietlib & * B~k @ %L glibe ] & st £ )
Foo e Bded 3 AT 0 At FUEBAE A Foaicd] library 6 0 uClibe £.9 # 3«

g library o Flet i T kepp F ¢ o ARG Pl 1% uClibe k

ki@ iienglibe o & 2 4% uClibe #73% #en1 & ki > - BETen i S o
GNU C Library | uClibc Diet Libc newlib Sglibc

Size Largest Small Smallest Small Large

Compatibility | Yes Good Bad Unknown Good



http://www.arm.com/armtech/Thumb?OpenDocument
http://www.arm.com/armtech/DSP?OpenDocument
http://www.arm.com/armtech/jazelle?OpenDocument
http://www.arm.com/armtech/ARM7TDMI?OpenDocument
http://www.arm.com/armtech/ARM7TDMI_S?OpenDocument
http://www.arm.com/armtech/StrongARM?OpenDocument
http://developer.intel.com/design/intelxscale/

Speed Faster Fast Fast Fast Fastest

Portability Yes Yes Yes Yes Yes

MMU-less No Yes Yes Unknown No

support

Licensing LGPL LGPL GPL BSD, GPL... LGPL

Still active Yes Yes Yes Yes No

Note The standard C Rewrite for Reduce size by Managed by Red | A patch for GNU

library for Linux | embedded breaking libc APl | Hat . A collection | C library to

Linux. Support compatibility of several library | discard sections
standard libc API parts of glibc source
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A ariE * e p T 5 (target platform) #.d Simtec Electronics #78
i 79 StrongARM™ 110 Evaluation Board(r+ ™ f§ £ EBI10ATX) » v &_StrongARM™
q*,% Nk ken- BLAIRFET L i * 7 - 3f Intel 7 StrongARM™ 110
233Mhz 4 » 3 RJZE o gt bR R ¥ 0 digital 21285 & Ali M1543C %4 i % if
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% 2P £ P EBIIOATX g hf S s > b o 025 E e eni®3 ks> & 327
FER R gE FILr AT R AY - 5 Linux F & 2 - B cross—compile & 5
F A 1 & L EBLIOATX b e » i g o 4250 o FI 5 P L3 g Bt
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#73) & 2 cross-compile H ¥ o dpenEaE 2 - B e 7 =K toolchain» 141
ok iR bedS L T A RS o @ toolchain :TJL{;}FI - B il £ T

B R AR R T R FBOEARY > € kBRI F I FIS AR

toolchain ° toolchain ¢ target platform fop # ek Sl A 2 - 24Pk >
BREFLF I EREF T d A Php T o 3t F R Y uClibe %
P~k glibc> %% 7 uClibe e shfs A P e P4 &7 ~ B4 buildroot
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3.3. P{¥ buildroot

P %5 e uClibe $ 4 #idk een™ 0507 E A AT & > Fpt AP E R

g * CVS e ;8 KB~ B AT R 4075

cvs -d:pserver:anonymous@uclibc.org:/var/cvs login
cvs -z3 -d:pserver:anonymous@uclibc.org:/var/cvs co -c
cvs -z3 -d:pserver:anonymous@uclibc.org:/var/cvs co -P buildroot

3.4. 3% Z_buildroot

buildroot = £ 29 & - ® 4% & 7 toolchain f-— % ¥f 2L B 4% 9 makefile

fhkeresang o g el (VST R=ri AR 7 & H Makefile #
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fAire you building your own kernel? Perhaps you have a kernel
you have already configured and you want to use that? The
default iz to just wuse a =set of known working kernel headers.
Unless you want to build a kernel, I recommend just using
that...

TARGETS+=kernel-headers

#TARGETS +=11inux

#HTARGETS +==zystem-linux

## The default minimal set
TARGETS+=busybox #tinylogin

#t Openssh. ..

#TARGETS+=z1ib opens=sl openssh

#t Dropbear =shd is much s=maller than openssl + openssh
# TARGETS +=dropbear_sshd

B 2. KT SFR Aoe
%%%Q—%?u%%ﬁﬁﬁ%ﬁ’”ﬂW$5ﬁ§ﬁ’¥—ﬁ%{%%E
$o?FE 2 E42Y > buildroot ¢ p # 2 =9 toolchain > &% = buildroot 7
toolchain %2 {8 » 24 ## 2 & buildroot/build_arm/staging dir & & 45 3
¥ 5 ARM #4775 e toolchain » % = f8i% % )T*wfr'\i BE - BV BN
e ARM & B > & f]*u% & Js gee 3 3 target ~ ccache target & H # &9 TARGET

FIHFE Aot - KA T UEFNEFRFF L EORETRR -

3.5. B4-MmiF

A0 2 &4~ i H 9 make 0 buildroot :T%g pEFIAET R E & R

e

H R R Aok - L B 2 A G F I R L

_arm/root-sl1
tildroots/build_armsstaging_dirsbinsarm-linux-uclibc-strip --remove-section=.comm
ent --remove-section=.note --strip-unneeded 2>r/devsnull i true:
rootsbuildroot-sbuild_arm/genextZ2fs-1.3-/genextZ2fs -i 912 -b 6896 ~

-d srootsbuildroot-build_armsroot -q -D -root-/buildroot-sources-device_t
ble.txt »rootsbuildrootsroot_fs_arm
[rootPevo buildrootl# _

B3 piggEza
FFAPT U AT chdp £ a2 A i lmage P F R IR AARM T S

o EH AR o



dd if=root_fs_arm of=/dev/hdgl
e2fsck -f /dev/hdgl
resize2fs -p /dev/hdgl

F oA poL T oo OB o ;“’:T‘f‘uiiﬁz‘ff?i
buildroot/build_arm/root T #7} %k Pl A HET > Aok ¥ T4 L K

AR e

cp —Raf buildroot/build_arm/root/* /mnt/

3.6. WFEx Ly
A 25 7 - B uClibc PR FERFHRE > b LA PRE LR D
Linux #3= » 2 £ #7% 3| buildroot # Makefile 3% ¥ » # linux =% 7 3+

B 4ofl 4 907 0 I F AT 2 P o

fire you building your own kernel? Perhaps you have a kernel

i
# you have already configured and you want to use that? The

#t default is to just use a =et of known working kernel headers.
#t Unless you want to build a kernel, I recommend just using

#t that...

TARGETS +=kernel-headers

TARGETS+=1inux

#HTARGETS +=system-1inux

## The default minimal set
TARGETS +=busybox #itinylogin

#t Openssh...

#HTARGETS+=z1ib open=s=sl openssh

#t Dropbear sshd is much smaller than openssl + openssh
TARGETS+=dropbear_sshd

buildroot 4B 2 H 5 £ A 386 + 6 > Flpt§ - ISR T & - BB
Frgd  Fud 3 &P Patchfriax86 T & &€ = 2h% 4pk o 5 AP T
buildroot/sources P 4T » #-Jk %k e kernel-patches P &-iv# i» » ¥ 7 H %

Ao R ket d A% o BF T ARMLinux 2k 0 2 ¥ 02 & developer F oo ¢ 45

-10 -



$1# o<~ eh ARM Linux patch » ™ 4% & P % kernel * # ¢ patch ¥
buildroot/sources/kernel-patches ¥ » ¥ ¥ 44§ &endem #4001 4oi4E
z { & i 00lpatch-2.4.26-vrsl.bz2 - # ¥ #® i % &
buildroot/make/linux. mk » #& T_p & & T §* Smi¥en kernel & & %L o 100 -
LINUX_VERSION # % 4 » ARM ¢mPatch & s & &4 > 4e 2. 4. 26-vrs] -

¥ ¥ buildroot P &7 - & #74E » make > % ¥ ¢ T kernel R 4045 0
22 RN T chpatch £ % B Ae S 1803 X € 5 Tl error I % 0E Sl
$ pF o F| buildroot/build_arm/linux-2. 4. 26-vrsl/arch/arm/def-configs
TOEDREPIFREX UG AP SRRT 0 E* footbridge thk 0 R FAF

# 3 buildroot/build_arm/linux-2.4.26-vrsl ~ & % ¥ & & k. config #

h

o ¥ % % ¥| buildroot/build_arm/linux-2. 4. 26-vrsl > 4 i make oldconfig
2 make menuconfig’ ZRIHEB T FLEFTEH Z & onficle ¥ Fa:d B Foorbridge
Implementations ® 7 CONFIG_ARCH_CATS > M if s L 3£ P w1 enTh B - B fé w
3| buildroot B 4™ » & 734 {7 make > "8 § e3E 32 ¥ 14 & buildroot/build_arm
T 7 | buildroot-kernel #h% - {3t LRIRIA ottt ko fh ko @

System. map P ¥ 2 & buildroot/build_arm/linux-2. 4. 26-vrsl =353 - &%
A E RS R R T A0S N E - BB E > RS EATH T make 2 =

file system image » #4z w4 & » % ¢ > 3T A kg r o

mkdir build_arm/root/boot

cp build_arm/buildroot-kernel build_arm/root/boot/vmlinuz

cp build_arm/linux-2.4.26-vrs1/System.map build_arm/root/boot/System.map
cd build_arm/root

In —s boot/vmlinuz vmlinuz

cd../../

make

FF oV IUBRRLIA DT R G Pu kg R~ PR 0 R
o ew rL i B Ak A T ARM E o b T

-11-



BIpwid AP g2 WA R I Efopie chihi o Bk
TOARM T S A Y ¥ y%, BN b B BARA € F G T LA
e Bootloader # @ Bdp st g3 2 LA R o R ARE BIIWL T G o B A

[ 2i5 s ,/}:‘_“jb;é:tgﬁf; y VA x,:ut& 'FT _er‘IBer—rmE{f,—,%m °

0,10,0: vendor Bx5333 product Bx8811 (VGA display, rev Ox54&)

?,16,@: vendor B0x10b9 product Bx5229 {IDE mass storage, interface Bxfa, rev Bxcl
wdB: <ST34310A, 7AXOHLOY, 3.0

wdd: 4111MB, 8354 cyl, 16 head, 63 sec, 512 bytes/sec

cdB: <ASUS CD-S500/A, , v1.2D>

cdd: 25MB

0.17.0: vendor 8x10b9 product 0x7101 (miscellaneous bridge)

0,20,0: vendor Bx18b9 product 0x5237 (USB serial bus, interface 0x10, rev 0x03)

>> Cyclone 1.30 (09:41 30 Jul 2002) firmware for Chalice CATS (KX8GEMU)
>>» Copyright 1998,1999 BCCS Limited

>» Copyright 2001,2002 Simtec Electronics

>>» Machine id 710000008d3f1be?

128 MB memory available
bootable devices are:

wdB cdd
Autobooting in 5 seconds
boot>

B 5. EBLI0ATX fx# %

¥ 1 &+ Bootloader 4 §* » Linux 7 ¥ » » i]-*‘u{ﬁ (Tdg £ 40T o

boot wdOa:vmlinuz root=/dev/hdal

=i}

¥ 35 Fl4c® 6 <hd # P Linux .@*L:T‘Aa K24 I EEE--3 7%&? "3 3 ARM

i SRR+ foktdE b oo B et * A e ARM Linux 7o

boot> boot wdBa:vmlinuz root=/dev/hdal

MBR Partition a: sector 63 len 7807527 active

symlink: new destination is: boot/vmlinuz-2.4.26-vrsl

Loading wdBa:vmlinuz to 10000000

linux (CATS): 787272 total=0xcB348 (763 KB)

exec linux...

linux: moving kernel (10000000 to 100080600) 787212

Uncompressing Linus. . ....... . . done, b
ooting the kernel.

6.~ s Linux

3.8, s

-12 -



ERAPP WKL NPT LEE - B 7 Kernel Image ~ uClibe
Library §= Busybox ¢ Image 4% % » @ 22 i * — 4 Library fv- 41 £ & ¢h
AR BR DRF RS AP E RAed 4 gk o dopt T OUER ok sH
FERL T IR Ffedon B AT R T 13.2Thehz B SRR (8 h

AP VHERIARFRE BRI LR T

@1 E&S7 & | uClibc&Busybox HpEo ol
¥%< (Kernel) 1122186 828630 26. 16%
A+ 1 & (/sbin) 1362013 40960 96. 99%
- 4.1 & (/bin) 1946104 381952 80. 37%
o B (/1ib) 2118396 4986388 76. 46%
£33 6548699=6. 24MB | 1750235=1. 67MB 13.2T%

£ 4, Rk BB ET R Ruirib g B i

4, F» Linux % svfcdpr T S g e
B ie Sasg  ARMT 2 38 F Linux 7 > BF A PaYF 1% 6 s
fE 5 A2 (bootstrap)frs T SAp iR B anAe o A B W A L B At 2

S A AR BB AE R o] T 4T o
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Extract and decompress the
kernel image (and ramdisk, if used)

h

1
1
1
1
1
1
Bootloader :
1
1
1 Launch kernel
1
1
1
1

 J

Initialize device drivers |

Linux kernel

|

Mount root filesystem

|

| Run /sbin/init |
|

—_ = — —y - — —

= | User programs |

Bl 7. Linux 2.4.x B #4254
B F ARk At
BRh- @bk - BivE i p Jafj,»a{sﬁ R R B AT B
FRpro o PIR B R LAt b 32 B B ¥ 4p A SDRAM ehde 4Bk

éﬂ@ﬂ*m%kﬁé%Eb’d%%ﬁ’iﬁéﬁfé%f*iéw&ﬁﬁﬁ

-—\

e @ ipdt B T d B8 425% (bootstrap loader) kg {7 - #%%’Ij'&{ﬁé’:-ﬁ A
<~ (text) = ¥ *x 3| & Feni= sk > 4o Linux 2. 4. x " s §or FIRE ak e
4o % e b 0x1000 bytes e 3 5 4Bl 8 #7 » f E - KPS R4S 0 G i*u
PO AP AT T L FootBridge 0 Ak LB 4P Q##»h@ﬁ

0x7c000000 it o gk 3% T A8 7 0 fjfu’% Brd o dogt oSl A

-14 -



arch/arm/boot/compressed/head.S
#elif defined(CONFIG_FOOTBRIDGE)
.macro loadsp, rb
mov \rb, #0x7c000000
.endm
.macro writeb, rb

Bl 8. head.S %4 425 75
B Linux %
%‘*ﬁ*ﬂ\u""» P SAn Bl A > 14 Linux 2.4.26 5 G| 0 s enkd
A e 8 #77 0 B P ot Sapiedty M ehi & 5 ARCH ~ INCLUDE f= DRIVERS
- IR AR 0 R INA f AR RR T BT SEA A FH MR
FoFReS B 2 f"f&if S Seehdeda e 2l & 28 4 ensgds (ARCHD ~ A
WAk & Fopt e 2 & (INCLUDE) foA 45k 42.3¢ (DRIVERS) = < 37> # i2 je it

Linux # & & 5 B4z BIRA o

M BEs APE T g IRE B Linux S D] - BATHT S o BE &
E ﬁ* SRR A St :fﬁ* L H_1% T B S endR B 1€ 2 a0 I FE ek
oo for Plie ety o @ e s FREBRT O oA i Ap #HE i i 5
407 b A2 B foli iy Benig 2 5 o ;,5 TR EATRARE - ﬁdéfﬁ‘u{
EEH G AR o G SR RS RAL § Bk R SRd 4R
TR ]~*K/}mx}pa:,Tk,? MEF et 5 ViEE> Rl iRRG - 7L
SRR U R BRds 425 > 4o [DE BRds AR & )’j'*u:%' RiRBpART oA dERE

FREFRNFG o
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| o LTmLKernel

2.4.26

L Arch
| P EEE P 2 AH RS

Drivers

FEESERENFE
B Include
- FEEUEAE
B 8. Linux Kernel 2.4.26 E@i@f}%‘lo
oS E B S 1R
5. B Fs

ICESES &y

ipaHRA P o AP R FREE & Linux F)ARM T 50 2 g A iEie -

Init ,
B AT S AR AT 6 18 PR AL o 1R A P B A ﬁgﬁ%ﬁmé% B IRE
afe

ZINTR
BEL L ARz BHEL HFRE Y  BFREN ORI A RER
Kernel

ﬁ&iﬁ%ﬂ%ﬁﬁ%ﬁ@i*é*Qiﬁﬁﬁﬁgﬁfﬁﬁﬁ’mgiﬂ?
=A

cross—compile e ;N . H B e i AL FiE B Ap M ﬁjﬁ%ﬁ“ o BAARS > RIEf F ¥
pcC

Profior pliefp ol il 0 2% T o fr@%ﬁ?%%%%ﬁ%ﬁék 2z
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http://speed. cis. nctu. edu. tw/~ydlin/miscpub/embedlinux tanet. pdf
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http://speed. cis. nctu. edu. tw/~ydlin/miscpub/survey emb0S. pdf
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http://www. bluemug. com/research/els/els. pdf

[4] The Linux 2.4 Kernel’ s Startup Procedure, Bill Gatliff 2003

http://billgatliff. com/articles/emb-1inux/startup. html/index. html
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http://www. uclibc. org

[6] ARM Linux

http://www. arm. 1 inux. org. uk
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