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xlanchen@xlanchen-desktop:
xlanchen@xlanchen-desktop:
xlanchen@xlanchen-desktop:
xlanchen@xlanchen-desktop:
xlanchen@xlanchen-desktop:

bin dev etc 1lib proc

xlanchen@xlanchen-desktop:
xlanchen@xlanchen-desktop:
xlanchen@xlanchen-desktop:
xlanchen@xlanchen-desktop:

bin 1ib shin

xlanchen@xlanchen-desktop:

1ib 1lob lock run [Hil
xlanchen@xlanchen-desktop

~% mkdir rootfs

~$ cd rootfs

~/rootfs$ mkdir bin dev etc lib proc sbhin tmp usr var
~/rootfs$ chmod 1777 tmp

~/rootfs$ 1s

sbin [ usr var

~/rootfs$ mkdir usr/bin usr/1lib usr/sbin

~/rootfs$ mkdir var/1lib var/lock var/lob var/run var/tm
~/rootfs$ chmod 1777 var/tmp

~/rootfs$ 1ls usr

~/rootfs$ 1s var

:~/rootfss |
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o glibc &M 6123 THEIEE o
o TROL 4 LAY
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libLIBRARY_NAME-GLIBC_VERSION.so
o flde glibc 2.5 #9Fk F 443 E 4 libm-2.5.50

xlanchen@xlanchen-desktop:~$ 1s /1ib/1lib*.so

/1lib/liban1-2.9.s0 /1lib/Tlibmemusage.so /lib/libpcprofile.so
/1ib/1libBrokenLocale-2.9.s0 /1lib/1libns1-2.9.s0 /1ib/1libproc-3.2.7.s0
/1ib/libnss_compat-2.9.s0
/1ib/1libcidn-2.9.s0 /1ib/libnss_dns-2.9.s0 /1ib/1libresolv-2.9.s0
/1ib/1libcrypt-2.9.s0 /1ib/libnss_files-2.9.s0 /1ib/1librt-2.9.s0
/1ib/1libd1-2.9.s0 /lib/1libnss_hesiod-2.9.s0  /lib/1libSegFault.so
/1ib/1libkeyutils-1.2.s0 /1ib/1libnss_nis-2.9.so /1ib/libthread_db-1.0.s0
/1ib/1ibm-2.9.s0 /1ib/libnss_nisplus-2.9.s0 /lib/libutil-2.9.so0

xlanchen@xlanchen-desktop:~$ l

£ (xlanchen@ustc.edu.cn)


mailto:xlanchen@ustc.edu.cn

o FAFITRRAREG G T 4k4E » XL A
libLIBRARY_NAME.so.MAJOR_REVISION_VERSION
o Hhe EEREY FZ 4 E libm-2.5.50 °
A5 EBG LA libm.so.6

xlanchen@xlanchen-desktop:~$ 1s /lib/libm* -la

-rw-r--r-- 1 root root 149328 2009-09-01 02:46 /1ib/1ibm-2.9.so

-rw-r--r-- 1 root root 13740 2009-09-01 02:46 /lib/libmemusage.so
Trwxrwxrwx 1 root root 11 2009-09-11 20:56 -> 1ibm-2.9.s0
xlanchen@xlanchen-desktop:~$ D

= (xlanchen@ustc.edu.cn)



mailto:xlanchen@ustc.edu.cn

o SHRT %I B HAEIS ) 2O THURY SR - BT A
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BATHA S K, glibe A AHLAT % o TS A
libLIBRARY_NAME.so °*

o 4= libm.so & # libm.s0.6 * libm.so.6 15 ©) 5% I 69 3 F 4k 35
J& libm-2.2.3.50
xlanchen@xlanchen-desktop:~$ 1s /usr/lib/libm.so -la

Trwxrwxrwx 1 root root 14 2009-09-11 20:56 -> /lib/1libm.so.6
xlanchen@xlanchen-desktop:~$ D
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A E &L 0 IH LKA lIbLIBRARY_NAME.a »
W B K BRE libdl 894 5 XA libdl.a

xlanchen@xlanchen-desktop:~$ 1s /usr/lib/*.a

/usr/lib/libanl.a /usr/1lib/1ibgio-2.0.a /usr
Jusr/lib/1libasprintf.a /usr/1ib/1ibglib-2.0.a
/usr/lib/1libaudio.a /usr/1ib/1ibGLU.a /usr
/usr/lib/1ibBrokenLocale.a /usr/lib/libgmodule-2.0.a /usr
/usr/1ib/1libbsd-compat.a /usr/lib/libgobject-2.0.a /usr
Jusr/lib/libc.a /usr/lib/libgthread-2.0.a /usr
Jusr/lib/1libchmfile.a Jusr/1ib/1ibICE.a /usr
Jusr/1lib/1libc_nonshared.a  /usr/lib/libieee.a /usr
Jusr/lib/1libcom_err.a /usr/lib/1libjpeg.a /usr
Jusr/lib/libcrypt.a /usr/lib/libkdeextra.a /usr
/usr/1ib/libcrypto.a /usr/1lib/liblcms.a /usr
/usr/lib/libm.a /usr
Jusr/lib/1libd1l.a /usr/lib/libmcheck.a /usr
/usr/lib/libexpat.a /usr/lib/libmenu.a /usr
Jusr/lib/1libexpatw.a Jusr/lib/libmng.a
Jusr/lib/1libfontconfig.a /usr/1lib/libncurses.a /usr
Jusr/lib/1libform.a /usr/lib/libncurses++.a
Jusr/lib/1libfreetype.a Jusr/lib/libnsl.a
/usr/1ib/libg.a /usr/lib/libpanel.a /usr
/usr/lib/libgettextpo.a /usr/1lib/libpgport.a /usr

xlanchen@xlanchen-desktop:~$
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xlanchen@xlanchen-desktop:~$ 1s /1lib/1ld-* -la
-rwxr-xr-x 1 root root 117348 2009-09-01 02:46
Trwxrwxrwx 1 root root 9 2009-09-11 20:56
xlanchen@xlanchen-desktop:~$ I

o MAMER NN T

o 3T i386 ~ arm X m68k * i F A
Id-linux.so.MAJOR_REVISION_VERSION
o 3T MIPS & PPC > Ni&HF A
Id.so. MAJOR_REVISION_VERSION
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Hh g MR EZA L glibc A4 o

o T UM Idd 4 8R4 EALLIBATEY ST AT IR L 89 S
xlanchen@xlanchen-desktop:~$ ldd /bin/mkdir
linux-gate.so.1l => (0xb7f4c000)
libselinux.so.1l => /lib/libselinux.so.1 (0xb7f1b000)
libc.so.6 => /1ib/t1ls/i686/cmov/1libc.so.6 (Oxb7db80060)
libdl.s0.2 => /1ib/t1s/i686/cmov/1ibd1l.s0.2 (0xb7db3000)
/lib/1d-1linux.so0.2 (0xb7f4d000)
xlanchen@xlanchen-desktop:~$ I

o 2 » W FIZATE BARME A o Idd TARETAT » LB &
W48 A R R EIRSTAR A 9 AR X4
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o 4= arm-linux-readelf -d busybox

xlanchen@xlanchen-desktop:~/workspace/make_romfs/busybox-1.9.2%
/usr/local/arm/3.3.2/bin/arm-linux-readelf -d busybox

Dynamic segment at offset 0xca850 contains 22 entries:

#RiE B3l EZWR/ME

0x00000001 (NEEDED) = [libecrypt.so.1]
0x00000001 (NEEDED) = [libm.so.6]
0x00000001 (NEEDED) = [libc.so.6]
0x0000000c (INIT) 0xd358

A¥YARARARAAA (FTNT) AYhR1hr
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uClibc

o uClibc /& glibc 89 % K& » EIT 5 LR EEIEE o
e M3k @ http://www.uclibc.org/

@ uClibc - a Small C Library for Linux

a C library for developing embedded Linux systems.

e much smaller than the GNU C Library, but nearly all

applications supported by glibc also work perfectly with uClibc.
Porting applications from glibc to uClibc typically involves just
recompiling the source code.

It currently runs on standard Linux and MMU-less (also known
as pClinux) systems with support for alpha, ARM, cris, el,
h8300, 386, 1960, m68k, microblaze, mips/mipsel, PowerPC,
SH, SPARC, and v850 processors.
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o #& T HRAZRMN » N

make clean

make config

make CROSS=arm-linux-

make PREFIX=< & X H A% B % > install

0 X THRMAZCEREFLF6 » W FEEKEHHENINRIH R
S HEZTH lib BEP

o H RN TR E A » M FHERAEM glibc 897 HKE
B AR FT AR 81 89 uClibe

o — AT » AT &894 M uClibc’ FEx% 5 uClibc
ARBLE 8 X Lk T 4L > T VA% uClibc M35 RIS 8 »
W EFEEAITAHT
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A B ARAGE LRG|

o 7 Linux R ALF » BT A 698 & AL /dev B X
o TEFET —EEKRY /dev X B

X4 BLA A8 | 25455 | kEES | RBR4E
mem 438 R A AR FHF 1 1 600
null null & & FH 1 3 666
zero VA OEFF A#PBRR | FH 1 5 666
random | FEMUEL = A 3% FH 1 8 644
tty0 B AT B AT & FH 4 0 600
ttyl F—AEBIEH & FH 4 1 600
ttyS0 | % —/ UART #4730 FH 4 64 600
tty LATHY tty k& FAF 5 0 666
consol | AZ%dx#Hl & FHF 5 1 600
e
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o T Mb ToyepbEIL EEFHILALA
(&3 root M)

xlanchen@xlanchen-desktop:~/rootfs/dev$ 1s
xlanchen@xlanchen-desktop:~/rootfs/dev$ sudo mknod -m 600 mem c 1 1
xlanchen@xlanchen-desktop:~/rootfs/dev$ sudo mknod -m 666 null ¢ 1 3
xlanchen@xlanchen-desktop:~/rootfs/dev$ sudo mknod -m 666 zero ¢ 1 5
xlanchen@xlanchen-desktop:~/rootfs/dev$ sudo mknod -m 666 random c 1 8
xlanchen@xlanchen-desktop:~/rootfs/dev$ sudo mknod -m 600 tty® c 4 ©
xlanchen@xlanchen-desktop:~/rootfs/dev$ sudo mknod -m 600 ttyl c 4 1
xlanchen@xlanchen-desktop:~/rootfs/dev$ sudo mknod -m 600 ttySO ¢ 4 64
xlanchen@xlanchen-desktop:~/rootfs/dev$ sudo mknod -m 666 tty ¢ 5 0
xlanchen@xlanchen-desktop:~/rootfs/dev$ sudo mknod -m 600 console ¢ 5 1
xlanchen@xlanchen-desktop:~/rootfs/dev$ 1s

consotclffrenfiinut Ul andonflc Jfc ) ctysoffizera

xlanchen@xlanchen-desktop:~/rootfs/dev$
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o b /dev B X T& 2% TLRNFFTHYE Lo

e fd— /proc/self/fd
o stdin—fd/0

o stdout—fd/1

o stderr—fd/2

xlanchen@xlanchen-desktop:~/rootfs/dev$ 1n -s /proc/self/fd fd
xlanchen@xlanchen-desktop:~/rootfs/dev$ ln -s fd/0 stdin
xlanchen@xlanchen-desktop:~/rootfs/dev$ 1n -s fd/1 stdout
xlanchen@xlanchen-desktop:~/rootfs/dev$ 1n -s fd/2 stderr
xlanchen@xlanchen-desktop:~/rootfs/dev$ 1s

consold [Fandor ceylilcey (e ro
ttyOttySo|
v$

xlanchen@xlanchen-desktop:~/rootfs/de
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xlanchen@xlanchen-desktop:~/rootfs/dev$ 1s -la

2HE 8

drwxr-xr-x 2 xlanchen xlanchen 4096 2009-10-12 17:35 .
drwxr-xr-x 11 xlanchen xlanchen 4096 2009-10-12 16:42 ..

Chu--=-=---- 1 root root 5, 1 2009-10-12 17:32
Trwxrwxrwx 1 xlanchen xlanchen 13 2009-10-12 17:35 -> /proc/self/fd
CrW-=====-- 1 root root 1, 1 2009-10-12 17:31 yglly

crw-rw-rw- 1 root root 1, 3 2009-10-12 17:31 yITIAN
crw-rw-rw- 1 root root 1, 8 2009-10-12 17:31 [Ehll
Trwxrwxrwx 1 xlanchen xlanchen 4 2009-10-12 B fd/2
Trwxrwxrwx 1 xlanchen xlanchen 4 2009-10-12 B fd/0)
Trwxrwxrwx 1 xlanchen xlanchen 4 2009-10-12 -> 1
crw-rw-rw- 1 root root 5, 0 2009-10-12

CrW------- 1 root root 4, 0 2009-10-12

Crw------- 1 root root 4, 1 2009-10-12

Crw------- 1 root root 4, 64 2009-10-12

crw-rw-rw- 1 root root 1, 5 2009-10-12

xlanchen@xlanchen-desktop:~/rootfs/dev$ I
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o THAMLH romfs # dev B & » 3 B Linux AL EH dev
B %

xlanchen@xlanchen-desktop:~/workspace/skyeye-testsuite-1.2.8/uClinux/at91/uclinux_cs
8900a$ 1ls romfs/dev/

xlanchen@xlanchen-desktop:~/workspace/skyeye-testsuite-1.2.8/uClinux/at91/uclinux_cs
8900as l
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o Linux A EFZa44 » Z2HE AKX Linux 1 FEL
EORES
o AAArHik :

o I EA MY Linux #4
o RTHGE % t9as » A2 a4 409 ) G AT R

o X T/EH#H N3 MAMKEMF

e BusyBox
o TinyLogin (&4 5 busybox &)
o Embutils
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BusyBox: The Swiss Army Knife of Embedded Linux |

BusyBox H #T® Denys Vlasenko k 4

M3kt http://www.busybox.net/

T #% : http://www.busybox.net/downloads/

CRH S F N AR BRAREE R — g J NG EY T
PATRFF > — SR AR AL > B R AT
6L & By X S M AL FRBE R P OPTF R8) KIE AhE o

o AW AT — NI B RMAKXARLRB— A S T EH IR
o RAtAR BALF YR IRALIRE » REH A B A=tk T H]
e & busybox ## 35 £ » #& busybox :

e combines tiny versions of many common UNIX utilities into a
single small executable.

e 6 o6 o

xlanchen@ustc.edu.cn) HARRE AL
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#

BusyBox: The Swiss Army Knife of Embedded Linux

o T XAELA GNU fileutils, shellutils, etc.

o have fewer options than their full-featured GNU cousins

@ provides a fairly complete environment for any small or
embedded system

o BusyBox has been written with size-optimization and limited

resources in mind
o AL ~ g]/’i%’]

o WA
e 1% busybox M st _E& FAQ
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T # busybox A% &, » i A2 )E 45

B1% INSTALL sUH#

1% 1 make help 7T VA& B 7 % 69 Bie B fo 22 3 3% R
AL BB e

make menuconfig # This creates a file called ".config"
make # This creates the "busybox" executable
make install # or make CONFIG PREFIX=/path/from/root install
fa ¥ 09 B B A K

make defconfig

make

make install

B4 A 42t 386 4aiE

£ (xlanchen@ustc.edu.cn)
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o &4t arm > ME458 ARCH #» CROSS_COMPILE

o %54 » 4t2f arm » 4£ A allnoconfig » ok
o 12 defconfig > M &K A 45X » & R A4S menuconfig f&
B AR
o xt T4+t i386 F & &9 busybox * T ¥AEAT

o ./busybox ash
# A busybox #9 shell S-@

o T arm ¥ » EfratanyF& L

o Tl > H AT @Y
o busybox-1.00 &% A % ik o 2 4
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o busybox-1.9.2 #9# & thiFfr K
o busybox-1.9.2 #93h & thiFfr K
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M 35 : http://tinylogin.busybox.net/

T #% : http://tinylogin.busybox.net/downloads/

Tinylogin ¥ F 4 2 X L AR EEN R B T » BT 2
5 BusyBox M > A& dda B 897 & # LA

TinyLogin ¥ 8 X % # &4 21% A root ARIRMAT

% T busybox 4 tinylogin #) % A

e TinyLogin was merged into BusyBox, current sources can thus
be checked out via BusyBox.

o In the busybox source tree, just

e make allnoconfig && make menuconfig

o and select the appropriate applets from the “Login/Password
Management Utilities” menu.
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o B (s » AR AEE)
o T # tinylogin-1.2
O@E%’%Eﬁﬁ
o 1 glibc A& uclibc 9 X LHFSH (3.3.2 OK) st L #1474
F o e

Stinylogin-1.2% make CROSS=arm-linux-

o /& root IR T tinylogin-1.2 X KB RIMH AL B X F
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TinyLogin Il

dongergdonger:~/tinylogin-1.2% sudo make PREFIX=~/rootfs install
FPassword:
Jhome/donger/root fs/binsaddgroup -> tinylogin
Shome/donger/root fs/binfadduser -» tinylogin
Jhome/donger/root fs/binsdelgroup -> tinylogin
Shome/donger/root fs/binfdeluser -» tinylogin
Jhome/donger/root fs/bin/login -» tinylogin
/fhome/sdonger/root fs/bin/su -» tinylogin

Jhome/donger/root fs/binstinylogin -» tinylogin
Shaome/donger/root fe/sbinsgetty -> . /bin/tinylogin
Shomesdonger/root fe/shinssulogin -> .. /binstinvlogin
Jhome/donger/root fs/usr/bin/passwd -> ../../bin/tinylogin
Shomesdonger/root fs/usr/binsvlock - ../, ./bin/tinylogin
dongergdonger:~/tinylogin-1.2% I
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TinyLogin IV

donger@donger:~/rootfs$ 1s bin
chown dmesg n M sh true
cp echo login pidof sleep umount
date false s ps su uname
dd arep mkdir  pwd sync zcat
delgroup  gunzip mknod  rm tar
deluser azip more rmdir Tinylogin
df kill mount  sed touch
~frootfst 1s shin
Tsmod modprobe  reboot swapoff syslogd
klogd mkewap powercoff sulogin swapon
donger@donger:~/root fs$ 1s usr/bin
cut find killall sort uniqg which
dirname free logger tail uptime whoami
du head passwd test wlock Xargs
eny id reset Tty WC yes
donger@donger:~/root fs$ 1s usr/shbin
chroot
donger@donger: ~/root fs$ I

HARBIEAL
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Embutils

e M3k : http://www.fefe.de/embutils/

o HA4tat LA Unix 4R — A2 7 FiLfhILeg B X
o H Al X4 ARM ~i386 ~ PPC #= MIPS

o R4 &5 diet libc /AR » RAAE#H A4 diet libc
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Outline
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o EHl ML

(xlanchen@ustc.edu.cn)


mailto:xlanchen@ustc.edu.cn

T H A R AL

o HTWE ARFLERERIMHALNENE KT » IR
T RALFPTAMA 6 A S8 An X R

o WRHB MY > TUHEEHE] /bin BET

o WR MBI MHSHE LALELS LB, RFLER
XA ARG — kG B K B4 /project

o BHFWHAT » @HFFLXE PATH R EF » VMR A K
3] T P AT S
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R ARG AERLES

M & A Ak AL U

o ALAIEALLAE Unix AAMREZN—3 5 > Ede RATZAT
BTt » MAZ ARG —3 A4 ACIRAE A B 3 init # A2 » AR
Rl 2R 5 A% — % XA s AT

o Init ATLIEMZIAHERE
o # Linux ¥ » init #4445 T System V 89 init » & xfF
A Linux @3 » FEEKE K
o HAMKAN4
o A%AE6Y system V #4461k

o BusyBox #1441t
o Ubuntu ##1451%

N
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*T init 893

o T L ABHTR XN init HEZH—A»init HIERAFT
RETTNZREVELTEREERNHERF
o T VME R B #h A F At WAZAE A &A1 8 T8 init

o init=PATH_TO_YOURLINIT

o MRELT » BMRBMERHENATHRA » R HLELE
FARPEARME init 99— TAE > Bl B H Hiesb T ) ARG 40
1

o FH—F» XM BFEAFFTHN » THREHENRZALY
EAREERL - EHOHERAT » BRZRAT AL > 124
REFFLT » IHEBELRE -

o Ak » Whix e Aty F iksh B4 il — AN EEH init 225
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L A

1% 8y system V #4510 |

o A init B % &K Linux KATHRAFATAEARE] » 47T 14
f= ftp: / /ftp.cistron.nl /pub/people/miquels/sysvinit/ L& %] »
B AT & Miquel van Soorenburg 43

o BAEMNHALA

e halt > init » killall5 » last » mesg * runlevel * shutdown °
sulogin » utmpdump * YA & wall

o THIRA » )% » & A X LhFRRF
make CC=arm-linux-gcc

o BEIMRIMALT
make BIN.OWNER= “$(id-un)” BIN.GROUP= “$(id-gn)” > ROOT=
B A% B & install
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1% 8y system V #4516 I

o i THMMEM ZATA P AR > f Makefile BRI root A
Mo FLTRAKRK » LT ILEYG - BABFALT THE
SR P o FMT AL root AR TR o
o #1%£ M root IR » &/ ek E ROOT 48 @) B Ar & 691 T
WAG SMNBBEZEIN ENMuiEF G T AL RR »
TR FHALEHE o
o REXZ init 55 » & EH e /etc/inittabT# »
1 Jetc/rc.d F 38 o — 3 T4
e /etc/inittab ZEX runlevels
o /etc/rc.d BREXEA runlevels LiE{THIARS

%% £ (xlanchen@ustc.edu.cn) HAXBRIE R
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W

44T halt k&

%R F, L NES, @447 X 49 login

THEG SR AKX, #A4TH X4 login

AL

X11, B# 7&K X4y login

% % reboot
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o ER%HEMLE 8 E runlevel 4 5

o EHAXALKL » TR EA 1 i B A 5 944

0 AU RBHZE » RAVBART VIS runlevel » X3 F F & #7
% init # B4 FIFO #4745

o HEZLIHE—1 FIFO

o mknod — m 600 R A% H & /dev/initctl p
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BusyBox #7451t

o BusyBox .42 BE R ML init 894k EHSA THAXNARL
o BusyBox #3424t runlevel 7 ft
o £ &ATATE K K 6 BusyBox F > sbin/init A& /bin/busybox
#4554 4% > A BusyBox R RFKBINEIEITHE—EL
RERF
o BusyBox A € &init
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BusyBox &9 init |

o Init TEMATTIE%

Q WAL init 8913 5 A KK

Q@ ¥4k console ¥4 &

© MHE Jetc/inittab LA

Q EAT AL ALHI A > BusyBox #:41EH /etc/init.d/rcS
Q lé TﬁfT?ﬁ‘ inittab #9 [AL 2 X 44~

TP A inittab 89— REATH

©
rﬁ\

o AR LEMIESZE » init RFA—NRIGIR » f£ZXARAGIR
P AT T 2ME %

Q EBATHIH LM A A M4
© ZATHA bR R ot 6 A

y\\
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BusyBox #7 init Il

° /fi BusyBox #1441t console 14| & 69 B 1% » RIE A LAY B B
#AT #1461

o tw > ERHHIF console=ttySO > R RIEHA & 1
o WAL T console X & » busybox ¥ &k E AL H 1
etc/inittab » 4w R A A W &4% Kl £ 4 89 inittab B &
o H 4 &Y inittab X E > 4o

o AAER » ALAFE o init TR
o VAR L 8y 4 ANE PN console : ttyl tty4d L& 3 shell
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NE A

Inittab T 69 4& X,

o Inittab XH P H—1TH T 2|4 X,

id:runlevel:action:process
e /& busybox ¥ *

o id K& tty 855

o 2% runlevel

o Process LU 12 4T 092 5 04 B8 A2 o 4 A 1 IR
o Action L8 process &9 #AT 7 X
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8 Fp AT 7 X,

o
2]
o
o
o
o
o
o

sysinit : Bt init #9812

respawn : % —AMEAERG SRER HZP L
askfirst : 4L respawn * 2 & &K —T A P
wait : FLE XG4 o init BFFLEITTE
once : RIBAT—R » TbF

ctrialtdel : =4 F-dz 0t » ZATE 4
shutdown : & 4 % H B AT

restart : AL LB M IAT » B F A init
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o —ANTTAEAY inittab =T (id #2 runlevel #F 4 %)
::sysinit: /etc/init.d /rcS
::respawn: /sbin /getty 115200 ttySO
::respawn: /control-module/bin/init
::restart: /sbin/init
::shutdown:/bin/umount -a -r

WE letclinit.d/rcS E 4 R G LR S

R (115200 JHE2) JHE)—ANE R
JA IR R A ) R G LR A B A

W Isbin/init 2 5 5 N EAT ) A 4

REKHIN, 24T umount
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mailto:xlanchen@ustc.edu.cn

% %% 46 b A

@ busybox F4£M /etc/init.d/rcS

o RIE AL ReG L EFF » LX) TRE K
o

FHHEBRIHAL > ATETE
BRI AL

WAL H B 7 R %

R ARTY AL
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o 25|
#1/bin /sh

# Remount the root filesystem in read-write (requires
/etc/fstab)
mount -n -o remount,rw /

# Mount /proc filesystem
mount /proc

# Start the network interface
/sbin/ifconfig eth0 192.168.172.10
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/etc/fstab

o NMIH AL (BN RAAEE) M—ITkMd
o EHE—ATF » HEHK TAB #H% %ﬁ\ﬁ%%/]\?—f&
BRERBR A ALLBLR
device directory type options
o HA|
# /etc/fstab
# device directory type options

i
/dev/nfs / nfs defaults

none /proc proc defaults
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Outline

@ M HAREMM LIS
o B AFA G 1A A H 1
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AR A Gt KB R 1E

FAER A AL

o MEFIFRIA ALY N EE > SKZRE T4 B A7 AL A 69 AR
AL
o WHMRUAMALM LA
o HAERLA AL BRAGRLZERLHALE BAxtE L

%% £ (xlanchen@ustc.edu.cn) HAXBRIE R
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AR A Gt KB R 1E

HHER M RALIRE |

o B —MRARNHRFHIFFIER T 845

o AIHEN : /\14%%%71&5)\49
° ,\Eﬂd\li FI 8B BAIHAATUREGERIHA
EAL?

o EEWIHAIFHE : BT HNIHAATUEN IBKE
kA7

o ZHEYE  RRENIMHAL  ANEEEEHEL?

o TF7E RAM 1 : UHF A 409 W B AR K Z AT & S A ik %
& BE A E RAM P& 9

o TARIIMTFILAIUAFHRAXH RARLA LT

%% £ (xlanchen@ustc.edu.cn) HAXBRIE R
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HER THRE |BAKAM |BABHOTENR |2EE%H | 44T RAM
A kil
CRAMFS % Rig /A ES <3 F3 %
JFFS2 E3 £ £ £ %
JFFS 2 2 2 = =
NFTL k& Ext2 |A£ F3 F % =
NFTL k¢ Ext3 |& b3 £ % %
RAM disk E# -3 % % % F-3
Ext2
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AR A Gt KB R 1E

CRAMEFS |

o XA Linux Torvalds BB R L&A RFHG AL
CEFTHE S BIRHEALAR L TEATHEARNAL &
A VAT R :

FAIHZRAFABET 16MB

ARSI AFZ ) B X

XHE UID FEAH 16 150 GID FHAH 8 1%

B A SUAR 89 B R 8R4 Unix epoch (00:00:00 GMT, January 1,

1970)

R A5 T K 8LIR & 4096

o I MFEEIE T EAREZA 1

o TAMRIHAYLESL CRAMFS 1% » BB I H R E
CRAMFS L £ : cramfsck ## mkcramfs
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AR A Gt KB R 1E

CRAMES I

o T VAl AAZIRARAG M B scripts/cramfs B & 2K B[ (]16942
JP ARG > f£ 7% B R TAEA make T AR LA A

o 1% M mkcramfs 44 # 2 CRAMFS B1% :
o mkcramfs BXHALGRE & BRiZZ

%% £ (xlanchen@ustc.edu.cn) HAXBRIE R
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% 4%

AR A Gt KB R 1E

RAMdisk

o BT RAM ¥ » LA REMT A%

o MM Xl Fl —i 18 X % A& 30 89 RAMdisk

o &£ RAMdisk =T vA4¢ R AE4T % & AF A 44

o RAMdisk i # &M B E B HE AL (Fldo ext2) A
BEANZE > AAGLR LG IAEEE SIS initrd (initial
RAM disk) BeARAE A © R A RGO RES o

o B » NELHINT FHALEGIETAH initrd 895 4£ > 4o
RA KA NPT T 09 505 7% & BB A A& LB if L RAM
disk » B3 &€ 2 % AR LA A 4

o & —T skyeye ¥ ep7312/ep7312_with_imagekernel T #J
initrd.img ¥ A &4+ 2

%% £ (xlanchen@ustc.edu.cn) HAXBRIE R
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BE A R A

2 5t RAM disk 1% 89 SUHF & S 1%

B 7 — A3 8 mount &  initrd

o 44 : mkdir initrd

o Add & 1 —/ 8192KB # U A 4k ig » H W4
/dev/zero 2t € #AT AL

xlanchen@xlanchen-desktop:~$ mkdir initrd

xlanchen@xlanchen-desktop:~$ dd if=/dev/zero of=initrd.img bs=1k count=8192
B3 T 819240 HIIEA

B3R 7819240 WEH

8388608F 77 (8.4 MB)E.E % , 0.0348422 b , 241 MB/Fb

xlanchen@xlanchen -desktop:~$ I
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3£ 5 4 RAM disk 1% A 89 U8 & omkig |

o XM ARG LETHRL (FE root IR)
mke2fs initrd.img

xlanchen@xlanchen-desktop:~$ mke2fs initrd.img
mke2fs 1.41.4 (27-Jan-2009)

initrd.img is not a block special device.
Proceed anyway? (y,n) y

Filesystem label=

0S type: Linux

Block size=1024 (log=0)

Fragment size=1024 (log=0)

2048 inodes, 8192 blocks

409 blocks (4.99%) reserved for the super user
First data block=1

Maximum filesystem blocks=8388608

1 block group

8192 blocks per group, 8192 fragments per group
2048 inodes per group

Writing inode tables: done
Writing superblocks and filesystem accounting information: done

This filesystem will be automatically checked every 26 mounts or
180 days, whichever comes first. Use tune2fs -c or -i to override.
xlanchen@xlanchen-desktop:~$
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BRI m ek At R B AR

3Z 54 RAM disk 1% A &9 U4 & Somkig 1N

o Tk > s A initrd.imgiEZ FI RIAI 22 2 #) mount R E
xlanchen@xlanchen-desktop:~$ sudo mount -o loop initrd.img initrd
[sudo] password for xlanchen:
xlanchen@xlanchen-desktop:~$ 1s initrd
lost+found
xlanchen@xlanchen-desktop:~$ I

o TTAAE| » B I HALTARLZEY
o SHIM UM A %2 RAM disk

o TUAAKAN A THIMEH

o WA AAZATH K ep7312 #9 initrd.img
o HIFHRIHAL

o 44 ! sudo umount initrd

o L initrd.img XH T LLEET Bz EMRIH AL
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BRI m ek At R B AR

3£ 5 4 RAM disk 1% A 89 U0 & i 1V

o [Tik]|&/EM MAEHEH RAM disk
o 4 1 gzip -9 < initrd.img > initrd.bin
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f# romfs &9 % m%

Outline

© Rt A LRI
o B puClinux F & RARAG » T M romfs 894 &
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07 f# romfs 894

«-1

1% ;iCLinux2008 P 8978 AR5 > T A romfs &9 % A, |

o I U uClinux-dist/vendors/GDB/ARMulator/Makefile
o THE ZHEIE

7 ROMFS_DIRS = bin dev etc home 1lib mnt proc sbhin usr var
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KRG > T fif romfs #9 24 %

o THE dev B R T & LA QIR

9 DEVICES =

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

tty,c,5,0

mem,c,1,1
raml,b,1,1

tty0,c,4,0
ttyS0,c,4,64

zero,c,1,5

console,c,5,1

kmem,c,1,2

ttyl,c,4,1
ttyS1l,c,4,65

ttypl,c
ttyp5,c
ttyp9,c
ttypd,c

random,c,1,8

lanchen@ustc.ed

cua0,c,5,64

null,c,1,3

ptyp2,c,2,2
ptyp6,c,2,6
ptypa,c,2,10
ptype,c,2,14

rom2,b,31,2
rom6,b,31,6

tty2,c,4,2

ttyp2,c,3,2
ttyp6,c,3,6
ttypa,c,3,10
ttype,c,3,14

urandom,c,1,9

cual,c,5,65

ramd,b,1,0

ptyp3,c,
ptyp7,c,
ptypb,c,
ptypf,c,

tty3,c,4,3

ttyp3,c,3,
ttyp7,c,3,
ttypb,c,3,

3
7
1
ttypf,c,3,1
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% romfs 094 &

W% pCLinux2008 F 899 RAG » T A romfs &9 4 A Il

37 romfs:
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

[ -d $(ROMFSDIR)/%%i ] || mkdir -p $(ROMFSDIR
for i in <(ROMFS_DIRS); do

[ -d $(ROMFSDIR)/%4i ] || mkdir -p ¢(ROMFSDIR)/¢¢i
done

for i in ¢(DEVICES); do
touch §(ROMFSDIR)/dev/@%%i
done
# these permissions are needed for openpty and family to work
# on non-ptmx ptys
chmod 620 ¢ (ROMFSDIR)/dev/@[pt]ty[pqrsPQRS][0-9a-f],
ROMFSINST) -s /var/tmp /tmp
#$(ROMFSINST) -s /bin /sbin
ROMFSINST) /etc/rc
ROMFSINST) /etc/inittab
ROMFSINST) ../../Generic/romfs/etc/services /etc/services
case "$(LINUXDIR)" in
2.4.
2.6.
echo "ttySO:1linux:/bin/sh" >> ¢ (ROMFSDIR)/etc/inittab
esac
ROMFSINST) /etc/motd
ROMFSINST) /etc/passwd
echo "$(VERSIONSTR) -- " ‘date” > ROMFSDIR) /etc/version
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B pCLlinux2008 F &7 /AR » T # romfs & 4 & IV

62 image:

63 [ -d $(IMAGEDIR) 1 || mkdir -p ¢(IMAGEDIR

64 genromfs -v -V "ROMdisk" -f ¢(ROMFSIMG) -d ¢(ROMFSDIR
65 cp $(ROOTDIR)/S(LINUXDIR)/linux ¢ (IMAGEDIR

Z (xlanchen®ustc.edu.cn) B


mailto:xlanchen@ustc.edu.cn

1% puClin fi > T A& romfs &4 &
3T busybox #l1E 4%
bus .00 894

Outline

© 1% H ALty Bl

o T busybox #|1EAR LA £ 4
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13 pCLinux
busybox 4
-1.0

]
il

romfs #9 24 A&,

%% busybox |

T #% : http://www.busybox.net/downloads/
o HIRA : busybox-1.15.1.tar.bz2 » #/E 45
o 1% INSTALL U #

e EAT
make help

o BT T4
make defconfig
make
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1% pClinux 2 romfs &4 %
ft»f busybox I 'F

%1% busybox I

Lt BB %iF 89 busybox AEEAT AT & LEAT?

o EATIm T a4 !
./busybox ash
Is
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1% puClinux F &
X F busybox #14

o AT initrd.img > ® M ER LM AL T Gkl
dd if=/dev/zero of=initrd.img bs=1k count=2048
o W E &G init.img XL ext2 TH AL
mkfs.ext2 initrd.img
o K= @R ALIERE rootfs B KT
mkdir rootfs
sudo mount -o loop initrd.img rootfs
o EEMRIMHALNE KIER
cd rootfs
sudo mkdir root home sbin etc dev usr lib tmp mnt sys proc
sudo mkdir usr/lib usr/bin
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romfs #9 24 A&,

RS & St H4E

busybox-1.9

AT busybox #IAEAR A A4 (arm-linux #R) I

o MEHRSMALITE 89U
o shell : 4% busybox (1% busybox &4 % i&4F)
cd /path/to/busybox

make ... CONFIG_PREFIX=/path/to/rootfs install
° &

o RIEFE

o B FHMp KL 4
cp -rf /path/to/busybox/examples/bootfloppy/etc/*
/path/to/rootfs/etc
o EEXH
cd /path/to/rootfs/dev
sudo mknod -m 660 console c 5 1
sudo mknod -m 660 null c 1 3
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1% pClinux romfs &9 4 %,
3T busybox %4
bu 0 94

AT busybox #IAEARSTAF AL (arm-linux h&) Il

o # # rootfs
sudo umount rootfs

o JA skyeye-testsuite-1.2.8/linux/s3c2410/s3c2410x-2.6.14/ H
% T B %] skyeye.conf LHA= vmlinux TH#F

o iZ1T skyeye 44
skyeye -c skyeye.conf -e vmlinux
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# romfs #9 4 M,

Outline

© 1B ALK A

@ busybox-1.00 #9# & thiFf 2 &
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romfs #9 24 A&,

busybox-1.00 # %1% |

X X% #F % : arm-linux-gcc-3.3.2.tar.bz2

o ZEMAREFT » &E4T ¢
sudo tar juxf /FILE_DIR/arm-linux-gcc-3.3.2.tar.bz2
o i » REIFH L LHKIFHA /usr/local/arm/3.3.2 B ETF

busybox h& A& : busybox-1.00.tar.bz2

THE » EIAFBXTHRES » BETTH45
cd busybox-1.00

make defconfig

make menuconfig

15X E T
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romfs #9 24 A&,

busybox-1.00 #
busybox-1.9.2 f

busybox-1.00 #7 %% I

e Build Options —>
[*] Build BusyBox as a static binary (no shared libs)
[ ] Build with Large File Support (for accessing files > 2 GB)
[*] Do you want to build BusyBox with a Cross Compiler?
(/usr/local/arm/3.3.2 /arm-linux/bin/) Cross Compiler
prefix
() Any extra CFLAGS options for the compiler?
o Installation Options —>
[*] Don't use /usr
(./-install) BusyBox installation prefix
e NetWorking Utilities : BX;H route

o RGBT
make dep
make busybox
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T A% romfs 89 4

busybox-1.00 #74% %X

make install

o && install B ZFTHAR
o X4 HE DIR: N
make PREFIX=DIR install
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# romfs #9 4 M,

Outline

© 1B ALK A

@ busybox-1.9.2 89# X hiFf 2K
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nCLin T A% romfs 89 24 A&,
busybo
x-1.00 @
busybox-1.9.2 ##
busybox-1.10.1
busybox-1.9.2

busybox-1.9.2 #) %1% |

o X X% # £ : arm-linux-gcc-3.3.2.tar.bz2
o EEMAME FZT » B1T:
sudo tar jvxf /FILE_DIR/arm-linux-gcc-3.3.2.tar.bz2
o LBt » REIFH R LHRFR AL Jusr/local/arm/3.3.2 B & T

@ busybox F& A& : busybox-1.9.2.tar.bz2
o THE » AEZIMMAXTHREE » BETL T4

cd busybox-1.9.2/

make help

make ARCH=arm CROSS_COMPILE=/usr/local/arm/3.3.2/arm-linux/bin/ distclean
make ARCH=arm CROSS_COMPILE=/usr/local/arm/3.3.2/arm-linux/bin/ defconfig
make ARCH=arm CROSS_COMPILE=/usr/local/arm/3.3.2/arm-linux/bin/ menuconfig
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T #% romfs 89 4 A%

busybox-
busyb
busyb

busybox-1.9.2 & %1% ||

o 5B 4T

Busybox Settings —>

e Build Options —>

[*] Build BusyBox as a static binary (no shared libs)

o Installation Options —>
[*] Don't use /usr

e %1% busybox

make ARCH=arm CROSS_COMPILE=/usr/local/arm/3.3.2/arm-linux/bin/ busybox )
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> T A% romfs 894 A%,

SRR P

cc applets/applets o
applets/applets.c:15:2: warning: #warning Static linking against glibc produces buggy executables
applets/applets.c: : warmning: #warning (glibc does not cope well with 1d --gc-sections).
applets/applets.c:17:2: warming: #warning See sources.redhat.com/bugzilla/show_bug.cgi?id=3400
applets/applets.c:18:2: warning: #warning Note that glibc is unsuitable for static linking anyway.
applets/applets.c:19:2: warning: #warning If you still want to do it, remove -Wl,--gc-sections
applets/applets.c:20:2: warming: #warning from scripts/trylink and remove this warning.
applets/applets.c:21:2: #error Aborting compilation.

make[1]: *** [applets/applets.o] 44i% 1
make: *** [applets] &R 2

o ATH X scripts/trylink * MIFRFTE & & -WI,—gc-sections H]
17
o JF15 B applets/applets.c » 4% L iR$R $5 B9 JLITHHIBR
Y 4 %1% (make ... busybox)
% 5| route 44 > make ... menuconfig ¥ 15 fie &4 T »
o Networking Utilities —> BUiH route HJIEHE

Y4 %1% (make ... busybox)
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T A% romfs 89 4

busybox-1.9.2 #]4 %

@ make ... install
o & A& install B ZTFTAZR

o xTsmx X H X DIR> N
make ... CONFIG_PREFIX PREFIX=DIR install
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# romfs #9 4 M,

Outline

© 1B ALK A

@ busybox-1.10.1 #9# & it fe o
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busybox-1.

busybox-1.10.1 &) # & %% |

o XTLBERAL
o kA4

make ARCH=arm

CROSS_COMPILE=/usr/local/arm/3.3.2 /arm-linux/bin/ distclean
make ARCH=arm
CROSS_COMPILE=/usr/local/arm/3.3.2/arm-linux/bin/
defconfig

make ARCH=arm

CROSS_COMPILE=/usr/local/arm/3.3.2 /arm-linux/bin/
menuconfig
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% romfs &9 4 M,

bus:\/bo-— 9.2
busybox-1.10.1

busybox-1.9

busybox-1.10.1 &) #% & % & ||
o 5% E

Busybox Settings —>

e Build Options —>

[*] Build BusyBox as a static binary (no shared libs)

e Installation Options —>

[*] Don't use /usr

@ make ... busybox
o AHIFERATF » BEH4 > M EF| make ... menuconfig > B
HAR X EeE
o THLA : taskset ~ brctl ~ ifenslave ## route
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T #% romfs 89 4 A%

busybox-1.10.1 )% %

o make ... CONFIG_PREFIX=ROOTFS_DIR install
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# romfs #9 4 M,

Outline

© 1B ALK A

@ busybox-1.9.2 #93h X thiFf 2 K
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busybox-1.9.2 &) % & % ¥ |

XL piEHEF L
make ... distclean
make ... defconfig
make ... menuconfig
152 Bt B 4= T

e Installation Options —>
[*] Don't use /usr

make ...

make ...

busybox
A8 3| route.c A HABH M LB E T4 route TR

CONFIG_PREFIX=/path/to/rootfs install
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> T A% romfs 894 A%,

busybox-1.9.2

busybox-1.9.2 &% & % I

o TAIRMOIFH S E

o /usr/local/arm/3.3.2/bin/arm-linux-readelf -d busybox
o J Jusr/local/arm/3.3.2/lib/ T & %69 U435 N 2
rootfs/lib B & T
o AR AL AFTHME ¥ THIMEL TR LG
G IENES

o b BERH M X HER Id-*
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AR

Q RIXHARHNEALE S

o BRI MALMYA ZRMALES

o ARWRALAEEMIEE

o FE N IF WAL BRI

o ABRARAREILEE LM

o & AAF

o TH L AAF

o &ALkt T
©Q R AL L Yk

o MR AL XA R AHIME
© UM A G HIAE

o B puClinux F & RARAG » T M romfs 894 &

o T busybox #|1EAR LA £ 4
busybox-1.00 89# & ke &
busybox-1.9.2 89 # X %hiFf 2 XK
busybox-1.10.1 #9# A hiEf R E
busybox-1.9.2 83 A hiFfe 2 %
Q &AL

xlanchen®@ustc.edu.cn) A XA
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o AHARN Linux AAFA T » BAMIUM T4/ BRI R
KAGEM?

o EIAU ) BARARE VXA XA ML ?

o AKX Linux A4A695] § 8 g 69 KA A LA 2

o MM AL TR EAML?
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N

HI4E initrd.img 8 — A% 2 MRS |

o AIE
o WA SUHHA" busybox-1.00 (&R # busybox-1.9.2) /£ F —4-H
xT
o A Ay initrd.img WAEF —/AMB X T
o 1M rootfs EARIMH AL E & (RFRKBXTERA
rootfs B %)

o MAMNZLT ()
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o

#AE initrd.img 89 — A5 B A SUAE I

IMG=initrd.img

VER1=1.00
VER2=1.9.2
BUSYBOX_VERSION=${VER1}

CUR_DIR="pwd"

ROOTFS_DIR=rootfs

[-d ${ROOTFS_.DIR} ] && rm -rf ${ROOTFS_DIR}
mkdir ${ROOTFS_DIR}

[-f${IMG} ] && rm ${IMG}

dd if=/dev/zero of=${IMG} bs=1k count=2048
mkfs.ext2 ${IMG}

sudo mount -o loop ${IMG} ${ROOTFS_DIR}

cd ${ROOTFS_DIR}
sudo mkdir root home sbin etc dev usr lib tmp mnt sys proc
sudo mkdir usr/lib usr/bin

cd ../busybox-${BUSYBOX_VERSION}

if [ ${BUSYBOX_VERSION} = ${VER2} ]; then

make ARCH=arm CROSS_COMPILE=/usr/local/arm/3.3.2/arm-linux/bin/ CONFIG_PREFIX=../rootfs install
fi
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o

FAE initrd.img 89 — A5 B A SUAE I

if [ ${BUSYBOX_VERSION} = ${VER1} |; then
sudo make PREFIX=../rootfs install
fi

sudo cp -rf ./examples/bootfloppy/etc/* ../rootfs/etc
cd ${CUR.DIR}/${ROOTFS.DIR}
sudo chmod 4755 bin/busybox

cd dev
sudo mknod -m 660 console ¢ 5 1
sudo mknod -m 660 null c 1 3

cd ${CURDIR}
sudo umount ${ROOTFS_DIR}
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The end.
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