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Abstract

This paper explains the construction of the filesystems which could be utilized in embedded systems as an
implementation of ubiquitous computing. It includes the formal architecture of filesystem hierarchy for the DOC
(Disk—-On-Chip) filesystem and the flash filesystem based on the MTD (Memory Technology Devices). For DOC, the
root filesystem and the user filesystem are constructed by the TrueFFS supported by the M-Systems. For MTD
filesystem, the root filesystem is implemented in the fast RAM disk, and the user filesystem is implemented in the
JFFS2 that supports large capacity. In order to support the GUI filesystem, the porting process of Qt/E is also
included in this paper.
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2.1 DOC AlAHA

DOCE thget §3ol AUsE 14%, Bd 3 S
SaZEM, WET 3717} Aot He Fhe AxsE A7
3 Ze taz Motk £, DOCE 59§ 924

U A9 E AEER 3 24 FH3n AYE ¥e 7A4
oz F3s EDC/ECC (Error Detection Code/Erro
Correction Code) +3E =§hs] oz g4 & 4% 4 °'
it, B-EBZ(IPL, Initial Program Loader)g_ 7YA 3L 93\01
N2B AlAY BHEe] shgsith Of 15 M-SYSAHY
DOC EEoltt, DOCE TrueFFS =dlolBiE ¥ 3ls)
wearing levelingg 53 Z#A] wjdy] 4 AXA d%
Ao dolHE 2E g WA dvt FHA FHIE
AA g F dE BEHA 43FIKE Y F UE
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Fig 1. DOC Block Diagram
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Wl AL8-=}7he] °]Einﬂ°] Lia=

SHA oim2] AlAH

“EH’\] Hrgde Ad, FE o, A82l 9 Fo| HY
o] gl AEiol A 546}71 A ARFALRE AMGEHTE Ayt
oz FE wdL A t2z P2 st BRI
AL A FHggoly] Wi o]& Bsy| AF YHom
JFFS#& “EHA] HAA "G AR, FeA HEE 2
F317] 18k MTD tiutolx Aj2gle] Hastoh(17 2(b)).
MTDE Ad #5804 mzg 9498 @33 Ad §4
4R “Memory Technology Device(MTD) support” &4
g3tH AMB gEEo] E43] FHo| F4S Hd¥ 4 o
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Fig 2. DOC(a) and MTD(b) of File System
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E 1. MTD/dev dE=] wo| A {u
Table 1. MTD/dev entries, Major number

mtdN char device char 90
mtdrN char device char 90
mtdblckN [block device, JFFS, and JFFS2| block 30
nftlLN NTFL block | 93
ftiILN FTL block | 44

I 32 ROM, RAM, flash, DOCE (g% + U=
MTD(Memory Technology Devices) A BA|2~& Fzolt}
T3 MTD A BA =L erase, read, write, and sync®t

2 28 Fds17] 9std F¥(callback) FrES &
st} o}#EH 3 MTDS 238l oz #dd olu) MTD
£ Aosl7} 93 MTD 2=7F ¥35 o] qloh w3 gl52

of £3tH o] glE MTDE AR HE 75 g3t 35
715& AFE7] Y5t MTD A BA &S A-Z3t) AL
A ZE(user modules) & AZEo] BEZA &3 J93
AejHo|2g HFFo2ZN MTD 3 =dto|HE A= &
F AEE HE

E 2. MTD/dev AE& ¢} mlol] nj
Table 2. MTD/dev entries, minor number

0 to 32 per increments of 2 | N=minor /2

mtdN
mtdrN 1 to 33 per increment of 2 |N=(minor-1)/2
mtdblockN | O to 16 per increment of 1 N=minor

MTDE AHg3te 7124 #4g& WA #Ad $4& 4
Asta, b MTDe el Ho3 FEEE A7),
R Eko g JdevET O] Axlof] I <E ] (Major/Minor)
& wEo] Folof 3}t F 19 E 28 HFI3 1de =
AHEE FAAFSH FH dulelze] wolA W (Major
Number)$} vloju] du](Minor Number)E& A AA4E +
Aot

T8 3. MTD ABAAY BEE
Fig 3. MTD subsystem block diagram
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2.3 QI/E GU| T 2éAA|AE4

QtE v=AF E AAE Boki Axg FH %
g 4AE B GUI R F shuelth. 84 fxs g3
5 31749 KDE(K Desktop Environment)2] 7de] £71o]
H71Z gtk Qte GNU C++ 7|9ke] GUI Library 24
MS-Windows, Unix, Linux, Mac, Zaurus, iPaq,
Cassiopeia, Generic PDA 52 X3l M=E = 9%
A A=) S8 BASHCHI0][13]. Qe zefw X
AL Qt/x117 Qt/Embedded®] HEje] M2 FRHE AF
TEE Z=tHIYEY). A dutzloz AgstE gsaE
Hl23F 3732 XFree865 AH43t1 Slth XFree862 x86
| UNIX Alge OS€o=z s gy 87 d8 4Ax
Ediojolt). o7 71A] HtQ JlE o dj&3ln 7]THE
AT dF-= vY e e dSsA &z o u
gE2g Sdto|nje] Tdo] pol7t lut, I3, Qg
U EfE R o= Ao AF X 2o] dasith %
29 P25 o7 XFreeB6Z AMHESIY guitiz= Aol
GUIZ Td3t7|& EBE 789 4 8, XFree869

7H &% YR A A4E Bol ARAF}E EAE Ze

Qt/X11 Qt/Embedded
Application [} Application
Qt Qt

Qt/X11 Qt/Embedded

Xlib FrameBuffer
Embedded
Xserver LINUX
Linux

O3 4. Qt FAE AT
Fig 4. hierarchy of Qt platform

HAA XFreeR6s oF 20Mbyte AEE wW$ AT o7 &
e HAs] Ys  QUEmbeddedel=  EZ#Hdu|H
(FrameBuffer) Al &-& #A|33sle] XServer, X112 AAsH A
€ ¥ol3, GUIY Hog golrnEele A Fg o
3he ETE ATEvh ZHAdHMHAE o]idH X-UE$E
AXEA] Fristz 7d FEA A3 23 sl=9) vge
Aol Foehe BAe AR = itk ZHAWHE  Gray
Scale, 8bit Color, 24bit Color si¥ =& A|FslL TXAE &
Aol A B BAAMYE A gl & 4 JE VFB(Virtual
Frame Buffer)& A&t dutj= A"l A QI/E 2ol
HYE o4 Awd =z S 93 GUIE AgE
T AE VGAEZH ZAYNT &3 34& dAsfor &
k. LILO 52 GRUB¢ Z& RE=ZUY FHE& HAHsN
AAR YAFE zlo] Yubzl wHo|t),

Z+7Zke]l F4 olE2 BE VGAQUH, 29" Jl= A=z3)
Abell ogl FA4 o]Fo] vk = Qlvk 7{EAH<d VESA20 7
AL #vse 29Y Jt=gd, VGA 3422 8 33 2
< =7t Foizth HY3 Hee 16bit, ITEE
X600 22 1024x768S A ©stA &3}

g

E 3 SR =Zyodniy 44
Table 3. setting of value for frame buffer resolution
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3. 2l52 8 DOC A

DOC7} #Aztd duigdzs ZPF oz SBCE AXIOM
-TEK(F)ol A Mdsk 2lE A8 B2 7|E Holai
x860lt}, 4] AL HEo7] wie B 71EFH AX
TS B FHAAE Ao E2ld duE A% SBC
e 71€ Haag g5ag YR AMeste Ad 84 2
RANZ FHL 43T F A48T 5 Uk

3.1 #eojAa3 =AM

DOC¥= NAND 3o Z#A] tulolag Az Fo
280 ¥3d & Utk BFESL AFYsy] A €|
(BBT)°] DOCSl = Hej= =gt €A g%
A& BBT HeolE9 WE&S ¢olX &=z, DOC tlulo
25 AMg3lEE k868 DOS DOC < AHA% DOSE 2
B 7bs¢ tjadglo] Wasith DOSE $8 ¥ ofg wHol
£ A3 AHE do00ol 9l BBT(Bad Block Table)®
docbbt.txtoll HE()Z EAFT]

Aldformat/win:d000/noformat/log:docbbt.txt (1)

HEoJ(DE FSH20A DOC FHXE EuA] AlEAE

DOCe ARE #Hd 2 A% F v DOCe RARE
B3t}

32 DOCE #st HY =t

52 ZAZAgA DOC HXE Y3 AFstE un
(dummy) LEAE Fele] TrueFFS =#tol¥g} x5~ #
9<el kernel-2.4.2-1386tar.gzE 5T & 53 ZH(/tmp)
of ¢EdEA sk FH2 7de| FH|EE DOCS #ddl
F71371 fa #A] 2ol dasthoil]

3.2.1 Y sl x|

DOCHA] HHE©2)E )] Yol EH make xconfig,
make menuconfig, make config Al 7F# ¥4 F & R E
At DOC U498 dad 34E F49 o] A4t

#>patch_linux linux-2_2-patch driver-patch  (2)



E 4. DOCE #i% Adg4 A9
Table 4. selection kernel option for DOC

» Loadable module support

->[*] Enable loadable module support

~>[*] Set version information on all symbols for modules
->[*] Set version information on all symbols modules

» Block devices

->[*] Loopback device Support

-><*> RAM disk support

->[*] Initial RAM disk(initrd) support

->[M] M-System DOC device support

322 #x =(node) BH=7|

DOC 4¢3 FXEe] 928 FH(dev)ol FHo
(3)o.2 =2 AAIY} mknod IS nlE] FAE A(shell)
~AYER vjo]A dH, stold YHE A4S, == A
A A Agle] Bast.

#> mknod_fl (/dev/msys/fla, flal1-4]) 3)

323 7d #duy

DOC7} xdd #AdE oqAZ A3y s H#
@)-(9) =42 #Aod I
#>make dep //AEAAA} 4)
#>make clean //AFLFAE AA 5)
#>make bzImage //FAdolmx] A4 (6)
#>make install /A ogH HAG EA} (7
#>make modules //2 8 FH3d 8
#>make modules_install //5& A X] 9

324 DOC 9HE K¢ AH

DOC7} 71 AdZ AAFsloF DOCE £, ¥8 ¢
23 A, FE fdUdA 28-S QY F do o1& A3 3
A(/etc/lilo.conf)ell X 59 Zo] Frpstr) T3k Hd
(lilo.conf)& ¢4 F FE=ZHd F7td Ad AR H&&
A8 WH(10)& A F3sjoF sk

#>./sbin/lilo Q10

528 A 23 F Ad HAAA AdelA QA=
DOCE. g(doco)-»] F7F WEHA1DE 33

#>insmod doc (11)

I 5 RE=ZYe) DOC meE
Table 5. DOC mount from the bootloader

image=/boot/flash-2.4.0 //DoC #d o] =|
label=DOC(DiskOnChip) // A4 °|&
root=/dev/hda5 //linux root filesystem

3.25 DOCE fist FE={ MH
DOCE 18 2dig & =y vnE AMESdE 218 A
dof| gajof stk 3 (Vete/lilo. conf) dolA E 63 #o]
PRz

REFEL HFES 918 v = THAAAH

E 6. DOC #¥€& $% LILO 44
Table 6. setting of LILO for DOC booting

boot=/dev/msys/flal

compact

install=/boot/doc.b
map=/boot/System.map-2.2.14-5.0
disk=/dev/msys/flal

bios=0x80

prompt

delay=50

time=50

vga=0x314 //800x600, 65535 Color 16bit
image=/boot/vmlinuz-2.2.14-5.0
label=linux

root=/dev/msys/flal
initrd=/boot/initrd-2.2.14-5.0.img

326 Y ojo|x] BAl U ZEGlAA| AR XM

A DOC7} —rﬂ% g5z FeE Agolu FeAA
of AHEE &2 LAAA BH oJvA & DOC FA e &
AHAEOIR A, FE A 2d)sfof gt} EH12)5 A
3 vy g 4 AaYER ¥HE TP

#> /mkdocimg redhat-kernl.root files.copy  (12)

327 DOCE &S3dt #d
DOCE HH®3t7] 3 REZH A8 HHoj(13)5 A3}
T FGAAE AAF gk BE o] AR HF A
‘401] HAA 2o LOGOE & < Utk VGA Ervl 24
Fevd H4de & 228 *_‘ZE}*E shd i} 3 FEo

ek
#> /shin/lilo 13)
 RE muAad

FE BUAARE Ado| AMSY fFYFE #FEHEA
GUYERE TAH Utk FE 271 wE F oz Wy

oz ZeA vmgdd AgHo AL SFdE EAPA
FANELE FE sidAAgor AgshE F9Ut &

# daas W B3 X E A3 Aol °}‘4"4
Hze] dRE iz A7 Aotk ¥ gaag FE
HAA 2o 2 AMEEHE Zo] YWt g Al2gldA
7P durARl wigolt), o] A2 ¢ faae WA 2t
71 W&o, =7t ME By ofE gzip guEFoE ¢
F3t7] ol 38 59 F dvke FHolth

413 da3z 957|

BHol(14)9 Zo] ddFH e £ ¢ txas 44 dok
1024byte—4 & BES 40060 uheate] & AMByted ¥ o
2% YA At

#>dd if=/dev/zero of=./ramdisk count=4096 bs=1024 (14)

42 ext2 ut2l EH

Ztzhe] g 2X EAgte ¥ tidas LA g A
28g JHAA Yok A x50 B9 ext29) ext3E b
& ®ol AMEET
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#>mkfs -t ext? ramdisk.fs (15)

BPol(15)% 2ol AHE Wtz st TUE 24
Sn Wad FYe AR,

43 T nl2E

WHol(16)9] mount FHE £F shte daEel ol
e8) A gade] o3 o] Nee AT, grpow &
Za® W 7453 A taa onA o] whsof A,

#>mount -t ext2 -o loop ramdisk.fs /mnt/ramdisk (16)

A g A4HE Rz FE RAAAd Baw 6
SEREDEREITREIE DR A

5. JFFS (Journalling Flash File System)

JFFSE 2999l Axis Communicationsell A 7lE3k A
a8y YA FdA2Eo R Tj2F7) glE gt X4
AN ZA WE2E o] &3 AY & Foll <hHT FUAA
dolt}. JFFS2E o] HE|o]E HWEA <tF, = A
T #4E 7Isg
dlo|AE F3 Pdo| 7Hesith

5.1 JFFS f7galel MM
JFFS2 ou|Alg AAd3t7] HalAE ovAjof 4y o
£2 v dxnsa dad FEAEHE AXsoof
22% #HEEEe 99X FTP//ftpuklinu x.org/pub/
people/dwmw2/mtd/cvs/N A 7L 4= o). bz =7}
45/4% 84 slged AAEE uwil UHAEIR o)F F
olmiz] Ao Ha3 FEHEE HHAUDNH Zo| HAs
d FYPe AXH JFFS27F Ad =
#>make mkfs.jffs2 a7
52 JFFS ojojx] 4 M
EA ojn=E AT ¢ 9= JFFS2 FEEEI SR
oA gHo] (1819)E JFFS2 oA & wtg 4 9tk
#>cp mkfs.jffs2 /usr/local/bin/
#>mkfs.jffs2 —o usr.jffs —e 0x40000 -r tmpdir
HHol(19)4e] 4L o A AU oE, -eT
Flash erase £& Alo]= —r& thA ddEY AAGH] ¢
dEg ¥3)-2 el o|Fo JFFS2E o] &3 usr o]
A A L Ero] ad &S BA F HHA2008 §
3 o|uXE A gL
#>mkfs jffs2 -o my jffs ~e 0x10000 —r myjffs  (20)
AeHo jffs2o]m| X7 A HATE REZA Y tftp
7158 o]£% gdozE Al8Ul5S & F uh

6. QUE GUI Tt A|A- =y
Trolltech Aol A&3h= A¥lt= QUE EAES T2

o} ¢+&L AT ¥ 69 o]l AAA| FolHH HE
w22 AYE  bash_profile(Readhat 73-$)oll ZAdshd
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&b, %20l AFsi= MTD ¢ .7

QUE GUI djdA|28le 248 = oy AAA] &4 A
o= B¥98 GUI AXVES AYstHAr Ax

]
r
30
£

E 7. QYE #734A
Table 7. setting of Qt/E environment

QTDIR=~/qte-2.3.2
LO_LIBRARY_PATH=~/qte-2.3.2/lib:$LD_LIBRARY_PATH
export QTDIR LD_LIBRARY_PATH

Qt €9Hid= ERE AAA B & 2E AR, Qt
ZolBg?], VFB AYAFE 43t Makefiled 2438
ot AAE B4 Ao #HE 5 INSTALLAIA #1E +
gt =3 Qe FHE T2 sl AFo=
MakefileZ A 3HA BHE F F UE tmakeE X3}
E 694+ tmakeZ bash_profileo] o3k FEo|t}

E 8. tmake 7344
Table 8. setting of tmake environment

TMAKEPATH=~/tmake—1.8/lib/aws/linux—x86-g++
PATH=$PATH:~/tmake-1.8/bin
export TMAKEPATH PATH

HFHom HA

% stk

H¥(make)E® P Qt E2S HXT

7. DOCS} Z Al wpAAAH o bW

HAEA o2 FAE FIAN2EY AF TRE Y I F
A g2A90 DOC 71 FREF(E 57 MTDE AH8-§
dukAEQl FaA Wimele SAEF(IY 6)oR o|FofRh

a9 5% x86719te] AHTIE BlE A AlxE AddlA] DOC
g ARRE gdaz" AFxold, o FL AT F=
TrueFFS 7%2 ¥3dstm go] Yuts Ajxde] a3
54 F AL woln AHd FE A AU 2" #
gz e +3 9 F£Ho] 7|F& & F dE FHE 7HA
I gk

Qt-Embedded Application

GUI File System

FrameBuffer

Embedded Linux
File System

TrueFFS

Embedded Linux Kernel

DOC{(DiskOnChip}

a8 5. DOC 71 #dA) =¥
Fig. 5. Filesystem on DOC




Qt-Embedded Application ‘. |

GUI File System

FrameBuffer

Embedded Linux
Ramdisk & JFFS

MTD System

Embedded Linux Kernel

Flash Memory Device

a8 6. ZA Wz 78t g Al
Fig. 6. Filesystem on Flash Memory Devices

I¥ 6% 4Rl EA WEHE MTD Al29E AR
sto] A 29 ASE TS WP R 583 MTD A
29E A FEAM T3 WAAR Fol YA W=}
Holeo] Mgg =oEth EF FE A xde £E}
e d gaaz Agsta, f4 fdALEL 18FS A
4 e JFFS29] FE EHA FAA=FE AHE-E}
o 3 #E FFHHeR & & vk F A AS BT
g GUI HAA R QUE F7hste] Al&| AREA}
7h AA olE Al AT £ A T 5 ATk

8.2 &
FHAE s AFY A2dY Y PEoz

6
del AAe Az WA Al R FES AN & A
oJek.
¥ R QUHE A xde AgHE FE
N2d, 4 BUA2E B GUI A 2de] Pl Yol
3

F2E AYBetA ALY AgRel e HINS ATY
F Q=S 9k

FUAEE AFY 8PS GuS AxGS] A4 )
EQa% T Adde] FUsE gz BUY At
ool ciulstel AFE SAAAE LY Ao, o B
A AHEE 5 Qe FAA20] MAL FAF olFE T
2 Aol ogdch ¥F AT FAZ RTOSE ol &3 2
2T ALY Aol BAE & gl ANZE A A
Wel 4 Uig AT ol FoiHok & Holch,
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