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(Lat. Multum + Medium) is media that uses multiple
forms of and
(e.g.

’

, ) to inform or entertain the
(user) audience. Multimedia also refers to the use

of (but not limited to) to store
and experience multimedia content. Multimedia is
similar to traditional N . but

with a broader scope. The term "rich media" is
synonymous multimedia. Multimedia means that
computer info can be represented through audio,
graphics, image, video and animation in addition
to traditional media(text and graphics)

ref) http://en.wikipedia.org/wiki/Multimedia
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Potable

= Phone, PMP/DMB/Navigation, PSP, Internet tablet,...
Set top box (0I35t, STB)

= P4, A&, Cable, IP-STB

Home media

= DVD, DivX player, DMA (Digital Media Adopter)
DIESI)

= TV, Home theater

HEII=S

= Wii, PS3, X-box360, GP2x....

Etc

= slingmedia , & X2 X}



Dcone Potable
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Phone
= 04l) Nokia N80

Internet tablet
= Sony Mylo, Nokia 770

PMP/DMB/Navigation
UMPC (Ultra—Mobile PC)
Audio device : mp3, MD
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Xbox 360
PS3 / PS2
Wii

GP2x
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P& STB

K& STB

Cable STB

|IP—Set top box
Hybrid Set top box

B MEHA

PVR function e— |
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DVD

DivX player

DMA (Digital Media Adopter)
= Or Media Extender

Hybrid player

10



Y)COM EtC

= Placeshifting technology
= SlingBox, Location free, Take out

SRSPNELPN;
= SKT2{R AMHIA

TYPEFP | EIYP
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H/W
= Chip
= case design

= Board
= AL

S/W

= Firmware

= O/S
M/W
Application
Server

Application

Middleware

Library

0s

Bootloader

e _:‘;:-_fél-

;
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H/W decoder L&
SigmaDesigns
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: ~ o Wy
: Erﬂégmz ) L, ﬂmﬁﬂgms
= NXP (Philips)
= |ntel =
= BroadCom ARM QMIM
= ST

DSP / dual CPU LY/ TOSHIBA IE
= T
= ADI
o Free.Scale:i.I\/IX } {wd N X-'A
= Magic—-Eye ounded by Phiips {4 A2
= C&S

Corelogic
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Sigma Designs : EM8622L, SMP863X
(SoC)

BroadCom : BCM7411, BCM740X (SoC)
Bonexant : CX2418X

ST Micro : ST710X (SoC)

Texas Instruments : TMS320DM642,
TMS320DM644X (SoC)

Vweb @ VWA40XX
Wischips : DECYPHER 8100 (SoC)

14
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Broadcast

HDTV

Video
: Pin Compatible - - - - - E
Enepoints Common HW and SW

and

Networked
- - - Pin Compatible - - -

[EmBa]

- - - Pin Compatible - - -

Players

ref) H.264 J|Bt MIS8IA e =

00
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Pl
HudiniVidea Output
Video
Tranapart
P51 SPOF ——| Augio | | TOMHE [ | gy, | | Decoder el L
i RISC RSC) (RISC)
o 080
\hdeo LT
L M| (s pes| | Aelo b Graphies Scale | | b [[——PSVideo
Graphics IIS. acd Decoder Video Seale | | and TV
i h:m ENCOUES |y Araiog RGE | YPBPY
e
24-bit RGA
4 % I I I I I > P 5.5 20k Vb

Up to &4 ME Memary Peripheral
DOR DRAM Control Input { Output

b SFOIF

e 3] 115

IDE UARTs &P IDE Froat
Flash IR OVD Loader Fanel
Loeal Bug Bc
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Dconz ST Micro roadmap

STB7109:
Addition of VC-1 HD

Flexible Decoder (DELTA)

MSFT IPTV security
WM DRM, SVP

STB7109
Q3 05

STi5528:
ST40-200MHz
S5T20-166MHz
Dual SD decode
‘GAMMA’ graphics

2xUSB 1.1
MPEGZ EI 2?’:1;31& Transport STB7100
(OM E GA) 2x TV 9 Samples

STi5528
PRODUCTION

STET100:

H.264 MP L4 (HD)

MPEG-2 HDx2
; Multi format audio decode
STibb17 STi5100 USB 2.0/S-ATA
e ey C~and DRM Support
PRODUCTION
i STi5100:
STi5517:
: ST20-240MHz
ST20-180MHz :
Single SD decode Single SD decode
5-planes graphics (16-bit OSD) fjg:;geg graphics (16-bit OSD)

CA and DRM rt
an Sppo CA and DRM support

HW MPEG2 Decoder

ref) H.264 J| Bt AlSEtA e =

Multi standard Decoder: MPEG2/4, WM, VolIP, transcoding

edu@ydcome.com

LINUXAWINCE/
0821

STB7200 (iiddie o high end)

STB7200:
2x H.264/VC-1 HD

2x USB 2.0

CA, DRM, AV connectivity

STB5200

STB5200:
Cost optimization
for SD TV

STB5301

Samples

0820
low end)
ST231-400MHz
Single SD decode

4-planes graphics (16-bit OSD)
USB20
CA and DRM support

STi5301: (

0ol

17
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Consumer Electronics Industrial Automation
2004 30
18%
16% 2584
14%
2004
1&5%
1R 15%,
&
B2t 10
a5,
5%
2%
153 =S
no Formal 05 Linux Froprietry in- Win CE Vxiorks no Formal @5 Proprietry in- Linux Win CE WxeWarks
house haouse
Developed 0% Developed 05
Medical Military/Aerospace
25% SR
25%
2P
2004
15%
15%
1
1004
S o,
175 158
no Formal @5 Proprietry in-  win XPE/NTE “aworks Chix=RTx Froprietry in— Wxworks Linux unknown [Iletiely
housze house
Developed O Developed OS5

Ref) VDC, 2006 8
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Yes

GUI

No

NEV]
Palm/ Micr

Symbian
Mobile

gautn
osoft

ind River

Green
Hill

No Real Time Capabilities Yes
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«— | navigation= HE=
WINCEE AlZ2g — 22 map3d At
JF WinCEgH X &

efomTom navigation

0= navigatorAl &= JF& &0

SHESE TomToma A2l CHE =2
navigation2 LinuxJ|Bte 2 &

Ol =
A O

ref) http://www.tomtom.com/
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M It network &= LHEZ LinuxJ|

1) Linksys CHEE & AP

= embedded modem=& eCosJ|
O OI=H& <= & 3 AF=0] eCos

Rl

5t SDK K
Network A

| S
=1} odemEOﬂ/HE

WINnCEE = & AtdlJl 9=
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Binutils

edu@ydcome.com

Binutils are a collection of binary tools.

ld — the GNU linker.
as — the GNU assembler.

ar — A utility for creating, modifying and extracting from
archives.

nm — Lists symbols from object files.

objcopy — Copys and translates object files.

objdump — Displays information from object files.

ranlib — Generates an index to the contents of an archive.
size — Lists the section sizes of an object or archive file.
strings — Lists printable strings from files.

strip — Discards symbols.

readelf — Displays information from any ELF format object file.
gprof — Displays profiling information.

addr2line — Converts addresses into filenames and line
numbers.

c++filt — Filter to demangle encoded C++ symbols.

windres — A compiler for Windows resource files.
23



Doz Compiler / library
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gcc - The GNU Compiler Collection

= Front ends for C, C++, Objective—C,
. and Ada, as well as
libraries for these languages C, C++,

Objective—C, : . and Ada, as
well as libraries for these languages
Library

= c/c++ library : glibc, uClibc, newlibc
= Picture : libpng, libjpeg, ...

24



Dcone Editor
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Open source

= vi:simple vi, vim, gvim
= Emacs
|

Proprietary editor
= visual slick editor
= UltraEditor

Freeware
= editplus

Editord s SXMHlc=s &

[ [0[E BIET=GVIM ;E@
IH2E BEE 4D =#E) HHE ZFW Zs2iH

AERE 9@ B RRE H$SA THPa 2?22

I »
- o - BpaE u

~ ot 7.0

I~ by Bram Hoolenaar et al.

~ g2 420 89 20 SRE EEUn

i FUCH Ars JHATh OHOIE oMY
i Ofofl chet @28 24T :help iceRHlIF> 2

™ ZELfHH q<YE> o

~ =310l CE1E g0 thelp<MIE> E£= <F1> ¢4

~ type :help version7<Enter> for version info

~ [V

a,8-1 o=

wEH e L.

25
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= Text

= ctags, csope
= Ul

= snavigator

= cscope + Ul
= cbrowser
= kscope

-

el prast_stetus|
ek et [Ful
reMpoi_receive
medpes_rm b
netkpes_cx_sumrson (fu)
neipei _send_packst{fu)

aet_gotpacket
ren_Lndt(ful

net_;
ntahl [Fu)
ks [Fu)

—+ ¢ bootansa_commned [Fu}
| © sairms ieg initifu)
[+ & st sbus_snstful
b & satisms sbas_inieieu)
fim © emiéomn_setup_Timer (ul
= cmiios_snf (ful

e © eaioms_aki (Eud

b= & beap_isakifu)

s © nex_dew_upifuy

| © mex_tomagso)

e & met_tnsmifun

e © ped_initiful

[+ & stlash_dstectiful
b+ & steche fu}

| w © stompifur

e & steepyifud

—w & usrs_getendiful

fte T wpgt_prantdiful

b ¢ unar_putsifa)

= = busild kernsl_parss_tag(ful

[t © doboot_romfs_tom(fu)

| ¢ oo bootoentsglful

Ede  Edit  Wiew Projact Lecops Go  fockmarks ool  Window §ettings  Help

} i
Buwevrqy NEKS 108000
[ memc | Tluaccessh | [Fuaccess.c “x
le-tsc ant smap_kmemistruct Tale * fale, struct va_srea_strust * vea) |
wnsigned long pfin; |_|
/% Turn a kernel-virtual address into a physical page frase o/ [Jescopa.ou
S pfn = _pal{uEAlvea->ve_pgoff << PAGE_SHIFT] >» PAGE_SHIFT: {E3Documentation
= [ drivers.
=N . Egacom
* RED-PEN: on scwe architectures there Is more mapped memory Eacpi
* than avaslable in new_wap which pfn_valid checks Esmbs
* for. Perhaps should add a new macra here.
. Edatm
* RED.PEN: wmalloc 15 not supported right now. [Ebase
i ¥ Uptn_vatidipn)) =]
Ipfn_validipfn S bhsetaath
. return -E10: R cdram
. ¥aa-svm_pgott = pin; = Ejchar
. return anap_sen{file, vaal: Edagp =
L} [amiserial.c ~
#ifdef CONELG_CRASH_DUME m| 1! )
o=l || setBoot. || FindEde..
LR
1on of kmalloc
S =
Function  File Une Text
kmalloc 61 € 161 vesd *kmaBocisize 1 soe, gfp_t gip)
kmaliac Bl h S0 static inling void 'kmalac(sie t se, afp_t flags)
kmalkoc 6l gh 250 sdefine kmalloche..) (PRINT_INFOU" kmalloc %pin®.b=kmallocixlb)
Line: 370 Cok 1
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gdb

Ul

DDD (Data Display Debugger)
. gdb8| backend& =

Aote 2N &+

insight

F-gell DDD: /public/source/programmingfddd - 3.2/ddd/cxxtest.C

File Edit View Program Commands Status  Source Data

- B X
ﬂelp|

0:| 1ist—rselfl f

Lookup

SO A

Find::  Break Watch Print Disp# PIot: Hide  Botate Set Ui

‘:’v

self.

self.

1: Tist ey || walue = 85 q
e [T aCe = = 0x804df80
(List *) Ox804df80] = 0x804df90

value

b —
nex self =

1ist—rnext
Tist—rnext—rnext
Tist=rnext—rnext—rnext

@ (void) lizk:

delete list—rnext;
delete list;

4 st -4 DDD Tip of the Day #5

void Tis

= new List{a_global + start+);
= ?ew List{a_global + start+);
= list;

-
-

Display this

P dolets 19srltList ) Dxa04dfan

il

Tist If you made a mistake, try Edit—Undo. This will undo the most e
recent debugger command and redisplay the previous program state. |

[lake

L < o
Run
Interrupt
Until | Firish
Xfo |

£

void ref

g date Close | Frey Tipl Iext Tip |
dele
date= ¥

EQSE% graph display *(1ist—rnext—>next—>self) dependent on 4
]

A list= (List *) 0x804df80

—h"\l.lr'\

27
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Host@t targetOf] CHet OloHE &
> Host 1 JHE StH = AtE0l= computer
>Target : & E2)eds 20l & X

Target Board

Host Computer
[— CPU Memory
° » D Serial . :l>
— M
— et High speed ( :
(ethernet, USB, ...

28



Dconz RemMote debugging
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cl=AS

Ol Z et remote debugging

Host

editor

—

Cross

Compiler

NFS
daemon

DDD-gdb

. _NFS Port

Network

542

—— target ——

App.

' A'p p'

NFS
client

gdbserver

29



* DDD(Data Display Debugger)

*3| A & : target serial consoleZf

*
O
M
B

al

target] NFSOHl U=

A

HYU(F)
root@cros | U:|
roct@ros
$ make
ppc_Bxx-g
cp svap /
root@ros
$ ddd —d
[1] 8312 1 #include <stdio.h

2
root@ros 3 \ém'd swap(int », int v )
$ 4 .
[11+ Don g nt g
root@ros o4 g E: i
$ ddd —d|| g w=t
[1] 5354 103

1"
root@cros) 12 int main(void)
$ odo —d g3 % v e
[2] 5702 o intw=1,y=173;
(1] Don| 43 printf{"original value: x = %d, v = &d\n", %, ¥J

17
roc®Eros fruif] swap(, yJ ;
ki 19
|]—| 20 printf({"after swap: « = %d, v = %d\n", », ¥)
g i 21
irstall: 22 return 0 ;

Cf 233
;. MEEEeeeeeYeeeee——————————————————————————
(gdh) graph display v |
(qdb) graph display t
g (qdb) graph display /% dependent on 3
clean: EEAEEunlent required (expression to compute)
- Cgdi) §

il

| 2004,

@

10 %6

HEols &

*2l 2 2 cross-compiler 2t
DebuggerE +=0ot= host &

30



Doz H/W debugger
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10 5H=2 0 CIHA =1ofx]
= .
I_I /W j4| ) j | b bal et JTAG Soft Reset
| OI8 D2
. i [T Cin [ Test Mods |
OSC|||OSCODe Jaoeour ' ' i @ EXTEST
3 |rE_oUT  SAHPLE/PRELOKD

Logic analyzer

ol @ EZ2[F=2 43

B [ooi_ouT

Tloeor 2 Lo Lo e [0 58 % 100 TS |-
8 |pos_our 006 :
— SN E % 90
~|poa_our 18 | g e

DOG_oUT | T A3 ET

JTAG / BOM o 5o
= Test nail connection — :

= Data read/write i ——
= Write Flash memory

27

<JTAG tool> ref) www.falinux.com
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Dcone Video output
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LCD module

TV

24 &X

= Convertor
: TV output —=> VGA port

= US TV =4I card

32



Deoree HMOIIH= pa

= Categories of Free and

(TSl

( [/ Puhlmdmn } 1

(| XPrees6Siyle )

Copylefied

[ GPL'ed ] o N
\ 1 i L ik J
L Open Soure_

K_ Free Download

Ref) www.gnu.org

33



action 2

Al &H0| BHO|CF,
}
"Well lz»ca-g'l;tm1 1s half done

A0l 29 010 Bt=2 & ArAI2] XA O|L.
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Dconz Section 2 — =Xt
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S/W in new DTV

WInCE vs. Linux
= Technical side
= Marketing side
Video Codec
= MPEG1/2/4 and H.264
= DivX / XviD
= WMV9, asf and VC—1
User interface il & 2=
Embedded Ul
=  Microwindows / Nano—X
= GTK
= QT/Embedded and Qtopia
= MiniGUI

Ho 24
C/C++ library

= glibc
= uClibc

35



Dcone SOftware component in DTV
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[Subtitlej [ Game j [ E-mail j [Hom:p(;zntrolj System Tools l Browser |
)

( AP for Apps
Ul Widget Event & application  Remote =~ o i Data Media Control Manager
Menager  Menager 3 & Rewm yy  we  Obeet oo
_ Upgrade & &  Channel Arie  Carousel SR
Graphic System PM Manager -
Subsystem e o 8 -
With Alpha E} recoeing Q i » Standardizing
Blending = soneculer “E; % g CODEC
i LLC/SNAP
- [ NetWork Stack o §
2D,3D Library § — D e
Data .
Frame Buffer - StdIRVF  FS & /O Subsystem DeMux / Standardizing Section filter
Driver

Graphic
Accelerator

@eee®

Multiple Tuner (Analog/Digital/Etc.)
Including cable modem, demodulator and FEC

Boot loader (Basic)

Video!
Display

Flash | HDD| Others CPU

Ref) CE Linux Forum DTVPWG
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Dcone WINCE 5.0 architecture
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Windows CE Architecture

Custom applications Application Layer
Intieargre‘;cceléent User Interface
Windows CE Applications International
Applications and Operating System Layer
Services Development
Core DLL Object Store
Graphic - -
Multimedia Windowing Dewvice Cg?rrﬂiggécgﬁgn
Technologies and Event Manager Networkin
System (GWES) J
Kernel
OEM Adaptation Layer (OaL) ]
: Drivers
Boot Configuration
Loader Files

Hardware Layer

37
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WInCE vs. Linux — mMs Al
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Windows CE [ Windows XP | All Windows | Embedded
¥ Data Results NET Embedded | Embedded | Linux
Total Time to Market, months 8.2 8.0 8.1 143
Software Engineers/Project, # 8.3 1.3 19 14.2
Development Man Months (mm) 68. 1 584 64.0 203.1
Cost/mm of developer's time $7 500 §7 500 $7 500 §7 500
Total Cost of Development 9510450 | $438000 | $479.925 | $1,522.950
Comparative Savings (relative to Linux) | 66.5% 11.2% 68.5% 0%

Ref) Total Cost of Development, 2003

Comparative Total Cost of Development (with the same developer cost)

38
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DCOM License cost comparison — MS Al
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Component Included in Average runtime Included in

embedded license cost on Windows CE .NET? (3)

Linux? (1) Embedded Linux (2) Core Pro
Runtime Cost Volume Basis 10,000 units 10,000 units
Real-Time Kernel No $9.00 Yes Yes
Web Browser No $8.12 No Yes
VWMVY Decoder No $0.10 Yes Yes
WMAS Decoder No $0.10 Yes Yes
MP3 Decoder MNo $0.75 Yes Yes
MPEG-4 Decoder No $0.25 Yes Yes
VWMWY Encoder MNo $0.20 Yes (5) Yes (5)
WIMAS Encoder No $0.20 Yes (5) Yes (5)
Media Player No $2.00 No Yes
Digital Rights Management MNo $10.00 Yes (6) Yes
Residential Gateway App Stack No $3.00 Yes Yes
Terminal/Thin Client No $14.00 No Yes
Desktop Synchronization MNoO $10.00 MNo Yes
Encryption Technology MNo $20.00 Yes Yes
Total Cost for all components (7) $77.72 $2.60 $9.00
Notes:

39

Ref) Total Cost of Development, 2003
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o

0
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| S—
AA
&l
(o

@)
il

-

¢}

|

1B<
T

o
—

d

= => WIinCE A}
A L2 codecBt Xl

L

AL

[==]

H.264 8t Xl

CPU 2Al

o}t

=
M

| AHOIL AT Linux SOKXI|
o]

rowser £ & g|

=)

h
MSJF mpeg1/2/4, H.264, AC3, DivX, DTS, Dolb

== Al

—

= UK
—

Codec

Zl Qo
, PowerPC, ARC...

I

H= =2
BA TS S TT

= CPU M2l 5=t
L mmu

=

Linux 2 C}
CPUE %2

WinCE=
A& CHE| =
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WInCE vs. Linux — =g
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Component

Linux

WinCE

Kernel

& AAMUAM NS/ 2E & OI-‘EoE
O-Ii

*AM 2 LinuxE S8 UD

Tool 23 / core license=s &3

H/W decoderdt chip SDKOI =

Web browser FireFox(Mozillar), KHTML, ... BrowserJl E0 U= pro licenses DY
Opera, Oregan, Access, Espia, Espial, InfraWare, of $15014
GeoTel => &t& browser® & $5 ~ 1 2 ZE| Y S ZZEl A . é*E*Oﬂ MAE = =0
HEE S 2UE| H8 A2 - MAGE (3D SHg | O2A 2EE SO S40] H= 30l =0
HA H=S 2EEDFEH R E *EY T EgEDtE=Z gO-Ié | £33
CODEC H/W decoder 0|2 WMV, ASF, WI\/IAOI 2|0l CODEC2
open codec : 009, Xvid %51% MS]I’ III =2 -g25
S EE| e —JF AS
3'd party software 0|2 = e
ol) H.264, DTS
Media player mplayer, vic, ... PDAOI A= windows media playerE

ArESHXIGH 1 22 HISWH A=
customized playerg AtE

Digital right management

TCP/IP stack

3rd party 02 : NDA, SecureMedia, ...

Excellent

MS DRMOI 2/ 0l = 3d party Ol 26l 0F &

Not sure?

Security

Everyday has patched

Everyday tried to crack

L2 / L3 routing protocol

Excellent

No

Total royalty

$0 - 7

$2.x ~ 15 ~ over 20

41




Dcowz Linux IP—Set top box &= Aldi

edu@ydcome.com

Linux + Mozilar browser AFE a0 1008HCH O] &F &
AH &

ol D B = => A FMA0| US
. F=Q EX
- A J\C E\ Al 5B AlED 2=
« http://www . kreatel.com
= ﬁ]l% s /=2 HE N

¢« |IP-STB 1710/1720
— MPEG-2 / H.264 / Windows Media 9 X|& Al E8tA
— CPU I,
« ATI Xillion 220 ot

- H.264 Cl204
» Texas InstrumentsAt2l DM642 DSP

— =Y H Al : Linux
— DVI=T Tuner L& UP-8TB 1720)
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Dcome  Why Linux?
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Not proprietary

Robust & reliable

Excellent network support
Very fast development speed

Why are you considering using Linux in
an embedded Application?

Abundant software Programmer |t's not from Source code is
familiarity Microsoft available
] 0
Many CPU support ¥ 3% (and free)
20%
Good people Lots of drivers & ’
For developing hacker tools
Very fun 9% No runtime
Open source not black box mfglt'es
according to GPL* and LGPL Excellent ro
networking
* GPL : General Public License support Robust & reliable

«x LGPL : Lesser GPL 16% 18%

Ref ) linuxDevice.com
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"Decomz Why not usi

“If you are not using or planning to use Linux or open source, why not?”

55%

We don't have the skills or familiarity

Lack of support 53%

Lack of applications

Product immaturity

Fear that the open source community
will splinter or disappear

Security

Unexpected license costs
(e.g., SCO lawsuit)

Other

Don't know

Fear of getting sued over 7%
copyrights and patents

None| 2%

Base: 55 North American firms that do not use or plan to use open source software
(multiple responses accepted)

Source: March 16, 2004, Trends “Open Source Moves Into The Mainstream”

Source: Forrester Research, Inc.
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Dcone Video compression standard
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H.261 H.263 H.263+ H263++
mu.T

Standards

Joint - 262/MP
MU-T/MPEG i £G2 H.264
Standards

MPEG-1 MPEG4
MPEG

Standards

I ] (| [] L | 1 I
T ¥ T T ¥ ] 1 ]

1984 1986 19688 1330 1952 1994 1996 1998 2000 200 2004

*MPEG-4 SP
XN SUHE S2LD| U 2IHY ol AIS
*MPEG-4 ASP
MPEG-42| simple profileOll FII2 v kAR =&Y

(quarter pel resolution motion estimation)t ¥ < & &
(global motion estimation)0] 28 &0 U= profile
1.50lA 2.00HEE S 2= =3
*MPEG-4 Part 10(H.264)
MPEG20Il HIoHA =2 2= £2 st2, =2 Ul B8 &= JHKIHH, eIg9l 20|
Lt Ols3S4AE22 FLEUL
ot

Profile0| LS Ct&FotCh

4 A
0x 0
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"Deonz Codec

B PSNR example
o News, CIF, 30 Hz

news.cif (300 frame)

—e— MPEG-2
—=— MPEG4 SP

H.263+
i H, 264

100.0 300.0 500.0 700.0 900.0 1100.0
output bitstream [kbyte]

* PSNR : Peak Signal to Noise Ratio
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Divx3.11

Decomz DivX [ Xvi

oS UHO|0H
HxE%MMuﬂ;u
RF=TERN

XEmRS O

ST L

He
~=0l
eI
b E=IaY
jgol,o__
UKL =
_ <oy
olgr=73
Dy, 0

—te
10J 73 g —

0o )
xa.vm.__._mM
RO<IH .
DlUH O 1o T3
~OoIUIRS
o|,_._._outl=__=_.}x
=

* — 1 — )

O Aol

=

m [
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Deone ASF and VC-1
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ASF

= ASF= ‘Advanced Streaming Format’'el <F
OIAZ2AZED =2 AEZ2|Q0| Jisst

=S . —

Lf #A0IC} DO|92LTEE O SHI, T

(_

F

el

Q uOD

= 024 12
|'UO

| IT ==
1 =

VC—-1(formerly VC-9)

HUHESRA, HOIE(Vivo)2t &1 AVISl 214l
o2 = &= U= ASFete MEZ=2 ZE[0IC
s NE UL

= 0|2 AZEAS] HE|OICIH EE=E2=2 N, £ A
2 8 &0] Ji=ot2, VBR(Variable Bit Rates)=

Xl 2| o|-

= Sd8|8= ?olM BILILS

SMPTE H&

O}
=

i

=olcd ) Alet=
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Deone WMVO
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Windows Media Audio 9
= Windows Media Audio 82} 20% &&= S &
= MEZ2 JIH HIE 8&E(VBR) 202 X D
= 0= k4!

= e 0= 50t 2L B2 %= AE

Windows Windows | | Windows
Media Media Media
Server DRM SDK

Windows OS
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Dcove Embedded Ul JHE & &
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Library&2H & & Kl&

JlZ library J|BFC £ applicationBt &
H — QT, GTK+, MicroWindows, ThunerWin,...
Ul generation tool - Flash, Planetweb, ...

Web browser - Opera, Oregan, ANT,
OpenWave, InfraWare, GeoTel,...

Java Virtual Machine - J2MEe
Platform = WiIPI, Brew
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Dconz Nano—X / Microwindows
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License: Mozilla Public License. Allows
proprietary applications.

Very lightweight) portable graphics library,
running on Linux kernel framebuffer, X /
Windows, SVGAIlIb and a few other

systems.

? APls (C language)

= Win32 graphics device API: allows easy porting
of Windows or WindowsCE programs.

= Nano—X API: small X server with Xlib—like API

AP| documentation, FAQs and tutorial on
the project page.

Limitation: lack of skin support.
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Dcomz GTK
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License: LGPL
The exact same toolkit as on the desktop

Size: a bit bigger than the others (approx 4-5 MB
on glibc / arm

C native API. Bindings for many other languages
(e.g. gtkmm for C++)

Usually run with an X server (TinyX / kdrive in
embedded systems). Also supports DirectFB (no
X server).

Based on Cairo for vector graphics since version
2.8.0.Issue for systems with no floating point unit,
as a few parts of Cairo rely on floating point
computation. Things are improving, this issue is
not completely solved yet (Apr. 2007 status).
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DCOM Graphical environment and apps: GPE

GPE = GPE Palmtop Environment, based
on the GTK+ toolkit

Jses the framebuffer X server from
nttp://freedesktop.org/. Doesn't look
neavy. Easy to display applications on a
remote (PC) screen.

Comprehensive set of tools for PDAs: PIM,
e—mail, web browser, multimedia,
configuration tools, LinPhone...

On screen handwriting recognition

Existing GTK applications can be run with
few or no changes
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-~

T i Calendar: New event

cvre| A | Recurence |

Appointment

Summary: | x5 5

Try to not make it too borin

End: | 06[13/03 il 930 |+
Des criptia
Give talk on

C]

@Q&Et&| x Cancel

E Save |
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Dcone Qtopia core
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Formerly Qt Embedded
License: GPL

= Need to get a commercial license to create proprietary
software.

Language: C++. Same APl as Qt Desktop. Easy to
port applications.

Framebuffer based (instead of X server), with its
own windowing system.

Customizable look and feel

Completely modular to reduce size and memory
footprint.Size: from 1.1 to 3 MB (x86).

Integrates with several Java VM. Same look and
feel as native applications.

Tools to test and develop on the desktop.
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Deons Qt/X11 vs. Qt/Embedd
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QuX11 QUEmbedded
Appicason |

Xserver Embedded Linux

Linux




Dcome Qtopia
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http://www.trolltech.com/products/qtopia/
License: GPL (same as Qt Embedded)

Full set of Qtopia Core applications for
PDAs (PDA Edition) or phones (Phone
Edition)

Featured applications:PIM, productivity,
email, games, media player... Phone
Interface in the Phone Edition.

Synchronization with Qtopia Desktop or
MS Outlook.

Community, developer resources (tutorials),
forum and device list available on
http://qtopia.net/
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Deone MiniGUI
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In December 1998, Mr. Wel Yongming began to
develop MiniGUI, and applied it in a computerized
numerical control (CNC) system as GPL license

Later, only commercial license for new version
Compatibility with Win32 API

Support various font type : TTF, BDF,QPF, TYPET
and in—core type

Small footprint
High performance
Support multiple character set: unicode, euc—kr, 1ISO8859-1

Support for cross—platform, including Linux/uClinux
and RTOS — UbiFOS, VxWorks , eCos, uC/0OS-Il, ...
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Deoss MiniGUI

i
Q
o‘Q\\
eI
N\
O\‘} N

Optional
' Components

Linux/uClinux, VxWorks, Thread X, OSE, Nucleus, eCos, uC/OS-lI, pSOS,; ...

x86, ARM, MIPS, PowerPC, M68K...
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Deone Embedded GUI HI I = (1)
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MiniGUI MicroWindows GTK+ Qt/Embedded
API Win32 Style X, Win32 subset Private QT(C++)
AP
Comple- Ves Inc?omplete with Ves Ves
Win32 Support
Tenesee
Typical Size of 1.2M (Not included
. the dependencies
function base 700K 700K such as Pange, Cairo, 1.5M
ATK...)
Too many dependent |
Portability Excellent Normal ibraries to be ported t Normal
ogether
License GPL/Commercial MPL LGPL QPL/GP%a/Fommem
Multi= Onl der X | Onl der X
nly support under nly support under
Process Yes Window Window Yes
Support
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Deone EMbedded GUI HI 1 - (2)
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MiniGUI MicroWindows GTK+ Qt/Embedded

RObl_Jsm_?SS/ Good Very Poor Good Good

Reliablility

Multi— With unique multi= Low efficiency with the
character—set support, . . . )
language . Fair Fair introduction of
a better option for UNICODE

support embedded systems
anfigurab Good (Strong

lity anq conf|gurab|llty mth lots Fair Poor Poor
Customiza of compilation

blility configuration options)

Efficiency High High Normal Normal

SyStem Low Normal High Very high
Footprint

Any multi—tasks
0S operating system like ' . _
Vxworks, UbiFOS, OSE, Linux DOS. Linux. QNX Linux
support ThreadX, Linux/uClinux are
being supported.

61




Decone 9liDcC
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http://www.gnu.org/software/libc/
License: LGPL
C library from the GNU project

Designed for performance, standards
compliance and portability

Found on all GNU / Linux host systems

Quite big for small embedded systems:
about 1.7 MB on Familiar Linux iIPAQS
(libc: 1.2 MB, libm: 500 KB)
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Decone UCIIDC
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http://www.uclibc.org/ for CodePoet
Consulting

License: LGPL

Lightweight C library for small embedded
systems, with most features though.

The whole Debian Woody was ported to
It...You can assume It satisfied most
needs!

Size (arm): 4 times smaller than
glibcluClibc: approx. 400 KB (libuClibc:
300 KB, libm: 55KB)glibc: approx 1700 KB
(libc: 1.2 MB, libm: 500 KB)
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Dcone 9libc vs. uClibc
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C program Compiled with shared libraries Compiled statically
glibc uClibc glibc uClibc
Plain “hello world” 46K 4.4 K 475K 25 K
Busybox 245 K 231 K 843 K 311 K
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Dcone Simulation on qvfb

H1 '-h.a Elending
I : qvibE &

The virtual framebuffer allows Thuderwin programs
to be developed on your desktop machine, without switching
between consoles and X11.

' wtb
File Setting Help

wvfbE &

The virtual framebuffer allows Thuderwin
programs to be developed on your M$ desktop machine.
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X

=

1. /etc/syslog.conf & &
kern.* /dev/console

? . xconsole &/ g

3. $tail —f /var/log/messages

%TDCOM TID X—windows 0| Al printk

D) EYE EBAW) HUE(T) NG =ST(H

root@tosh =
% xconsole &
[1] 3456

root@osh -
50

127108 tosh kernel:
127:08 tosh kernely
127:11 tosh kernely
127:11 tosh kernel:
127:11 tosh kernel:
127:11 tosh kernel:
127:11 tosh kernel:
127111 tosh kernel:
127:11 tosh kernely

hub.c: new USB device 00:1d.0-2, assigned address 3

ush,ct USB device 3 (vend/prod 0x67b/0x2303) is not claimed by any active driver,
usb,c! registered new driver serial

ushserial,c; USB Serial support registered for Generic

ushserial.c: USB Serial Driver core vi.d

ushserial.c; USB Serial support registered for PL-2303

ushserial,c: PL-2303 converter detected

ushserial,ci PL-2303 converter now attached to ttyUSBO (or usb/tts/0 for devfs)
pl2303,c: Prolific PL2303 USB to serial adaptor driver v0,9

D @ep ot
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Seciion 3

"There's more than one way to do it"

- Larry Wall
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Dconz Section 3 — =Xl
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How to port library or applications
autoconf / automake

UClinux

= What is it?

= uClinux devices

= Linux vs. uClinux

= Limitations of uClinux

Trend of embedded Linux
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Dconz HOW to port library or apps
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Manually port
= Modify makefile
= Change header and C/C++ files

Use automake / autoconfig tools

t depends on the portability of code

Programmer must understand OS and
H/W
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‘Doz @utoconf/a

Developer User

configure

Makefile.in

Makefile
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Dcone What is uClinux

edu@ydcome.com

Name
Pronounced "vouseelinux”, the name uClinux comes
from combining the greek letter 'mu" and the english

capital "C". "Mu" stands for 'micro”, and the "C" s
for "controller”.

Linux for processors that have no memory
management

targets classic embedded 32bit
microcontrollers

modifications to standard Linux kernel
source
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Dcome UCIINUX devices

-

sigma Designs EMEoxx, 862x, 8634
DVD, DivX player and [P-5TB

Multimedia

s

S

Apple1Pod (net shipped with uClinuz)

Tiny Single
Computers

C Data =olutions
CF computer

Industrial
2

!

IntelliCom remote contrel system

edu@ydcome.com

Board Network devices

onapGear LITE2 VPIE outer

r

g

&
[
- S
P 3

S |

picotuz EJ45 size staDot NetCam
Cotnputer

Aplio/PR.O TP Phone
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Dcome UCIINUX history
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First release in 1998 (Linux 2.0),for 4 13

the Motorola 68000 f*ﬁ:m‘f“x
processor.Demonstrated on Palm g
Pilot . " for Palm Flatfarm!
1999: Motorola ColdFire support AR oo
2001: Linux 2.4 support. ARM7

support

2004: Linux 2.6 support for ARM
2007: You're reading this document
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Dcone Reasons for using uClinux
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CheaperMMU-less arm cores are smaller.

SufficientA large number of embedded
systems applications can do without an MMU.

—asterFaster context switches: no cache
flushes.

_ightweightFull Linux 2.6 kernel under 300K,
binaries much smaller with uClibc.

XIP (Execute In Place)Don't have to load
executables in RAM. May run slower though.
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Dcome  UCIlINUX VvS. Linux
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< Linux nofMU mode
140 ——Linux MMU mode
=—p=—[lontavista Linux

100 #/M A [J.C

awitoh bime[us]

:? 0 il ¥
- o
L < Context switch time>
Linux-2.6.11.6 uClinux-2.6.11.6 Linux-2.4.20-mvista
lat_fifo(us) 200.28 37.89 134.01
bw_pipe(MB/s) (x12.58) 20.95 22.47 13.89

(*) was the result of Linux-2.6.7.

< |PC performance>

ref) Hyok S. Choi (%] & &), Merging of Linux/uClinux 2.6 & the Benchmark, CEforum 2005 26



Dcone Limitations of uClinux
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no virtual memory

NO memory protection

typically between kernel, processes or
hardware devices!

no real fork(), only vfork() and clone()
cannot dynamically grow stacks
no conventional sbrk()

memory fragmentation more of a
problem

7



Dcone Flat format & limited mmap fct
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Standard formats (such as ELF) rely on VM
to create the address space of a process.

flat format: condensed executable format
storing only executable code and data,
plus the relocations needed to load the
executable into any location in memory.

uClinux specific toolchains are needed to
create executables in this format.

mmap function

Only read—only mappings can be shared (no
copy—on—write)without allocating memory.
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Dcone NO dynamic stack (1)

edu@ydcome.com

M CPUT Physical
With VM, can grow the At memory
stack of a running process MMV
whenever needed.

Whenever an application
tries to write beyond the top
of its stack, the MMU raises
an exception. This causes
some new memory to be
allocated and mapped in at
the top of the stack.

RTOS

taskSpawn ( name, priority, options, stacksize, main, argl, ...arg10);

MU

extra
stack
original
stack

original
stack

stack

extra
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Dcone NO dynamic stack (2)
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uClinux

Stack size must be allocated at compile
time: 4 KB by default.

No exception raised when a process writes
beyond the top of its stack!The
consequences of this could surface much
later.

If strange crashes happen, try to increase
the stack size of programs:

= Either recompile:run export FLTFLAGS=-s
<stacksize> before recompiling.

= Or run flthdr —s <stacksize> <executable>
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comz Misusing vi

i DDD: umecuytuy/vfuvfrerr.c

23 int call_vfork )
24
25 pid_t pid;

@7  pid = vfork ():
28 if (pid < 00

29 fprintf {stderr, "wfork error. errno = %d 0", errnol;
30 else if {0 = pidi J/ child process

31

az printf {"I'm child. My PID is %d ‘n", getpid (33;
33 return 1; // return stack frame to 0S

3 i

35 91?9 /4 parent process

36

a7 printf ("I'm parent. My PID is %d “n", getpid OJ;
k] sleep (33;

39 3

40

41 return 0;

42

43

44 int main (void)

45 §

46 printf ("Before wfork. \n"J;

47

48 call_vfork (1;

49

50 printf ("after call wfork in fuction, my PID s %d “n", getpid (1);
5l

52  return 0 ;

53 1

GNU DDD 3.3.1 (i386-redhat—linux—gnul, hy Dorothea L{gdhl run
Befare vfork.

I'm child. My PID is 14802

after call wfork in fuction, my PID is 14802

I'm parent. My PID is 14801

Program received signal SIGSEGYW, Segmentation fault.
0x42130a16 in _ DTOR_EMD__ () from /1ib/t1s/1ibc.so.6
(gdb) break wfork_err.c:27?

Breakpoint 1 at 0x8048481: file wfork_err.c, Tine 27. <
(gdh)

Parent Process

14523

vfork()
sleep(3)

return Al&

SP

Stack frame
of Main

Return address

Child Process

Vfork
call

printf(*

SP

\N@urn addrejz
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Dcone HOW to port MiniGUI
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Chose the specitic MiniGUI port
depends on OS like Linux, uClinux
and VxWorks, UbiIFOS

Build by the cross—compiler

Change sources relations with output
and input device

Run example programs
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Dcone Myths about uClinux
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But all brocessors will have MMUs
sSoon’

Many vendors still developing new silicon
Price/complexity lower

But it 1s not real Linux right?
Get linux2.6.20 and compile for nonMMU,
how can you get more Linux than that!
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comz IO JIE page— Embe

Embedded Linux OS sourcing trends

8 L
@ Past 2 years

Wl T - FIESEESEE TS S SESE SR ERes
W Mext 2 years

12% 1| T B |55

R T S SR R g g
P AL LR
¥ A
O

Ref) LinuxDevices.com, April 2007 year
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wection 4

'Given enough eyeballs, all bugs are shallow”

- In ‘cathedral bazaar’
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Deonz Section 4 — =Xt
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Standard Digital TV

Set top box

= 2|4 /Cable

= |P STB

= Hybrid STB

= Convergence ST1B

Middle ware : ACAP, MHP
Embedded browser
DLNA

OSGi / Havi

Optimization
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DCO‘.ME D—fafﬂ DTV _n_n_i
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Parameter US (ATSC) Eutope, Asia (DVB) Japan (ISDB) | OpenCable
video compression MPEG-2
audio compression Dﬂﬂ}}"@l Digital | MPEG-2, [}{rlb}'@ Digital, DTSY | MPEGAACLC Dﬂlh}-'@ Digital
multiplexing MPEG-2 transport stream
terrestrial modulation &VSB COFDM BST-OFDM- -
channel handwidth 6 MHz 6,7,0r 8 MHz 6,7,0r8 MHz 6 MHz
cable modulation 16:VSB? QAM QAM QAM
channel bandwidth 6 MHz 6,7 or8 MHz 6,7, or 8 MHz 6 MHz
satellite modulation QPSK, 8PSK OPSK PSK -
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o
edu@ydcome.com
CCIR-601 CCIR-601 CIF QCIF
525/60(NTSC) 625/50(PAL/SECAM
)
Luminance Resolution | 720x480 720x576 352x288 176x144
Color Subsampling 4:2:2 4:2:2 4:2:0 4:2:0
Fields/sec 60 50 30 30
CIXIE TV
-+ = Ot TV
SOTV HDTV
= A == 5254 704%480i or 576i" 1920%1080i or p?
o &t : oF 3304 7004 O] &t
s & 2MHE FM AHIHIL 5.1 EEIAHE
SHHH|(Ot2+M 2) 4:3 4:3%E=16:9 16: 9
- C sAU=sesS, VBIZE | 4, SsWZA, CIHU E5 MAEHE S
TS N OFBtEE B Jbis

1) interlace

2) progressive
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Dcome 1€rms
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OpenCable : digital cable standard for
America, Republic of Korea

ATSC (Advanced Television Systems
Committee) : digital broadcast standard for
America, Republic of Korea, Canada,
Taiwan and Argentina

DVB (Digital Video Broadcast) : digital
television broadcast standard for Europe
and many countries

ISDB (Integrated Services Digital

Broadcasting) : digital television broadcast
standard is used in Japan
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Al &tf @ ATSC , ACAP
Cable : OpenCable, OCAP + Internet
9| A : DVB-S, MHP

&1 DVB HEE EH2R
= DVB-T (Terrestrial)
= DVB-C (Cable)

= DVB-S (Satellite)

= DVB-S2 (Satellite 2)
= DVB-H (Handheld)
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Deonvz & / Cable STB

?1d STB
» ©

edu@ydcome.com

®

Cable STB

© HiE%A Foi
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Dcone IP—STB category
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Pure IP-STB

Hybrid IP-STB

= K&t + |IP-STB

= Cable + IP-ST8B

= Pl + IP-STB
Multimedia player

= DivX player

= DMA / DMP
convergence ST1B

= Multimedia player + IP-STB
= DVD + |IP-STB

92



Deove XS middleware
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P (Multimedia Home Platform)
o DVB (Dlgltal Video Broadcasting) 4tote] CIXIE IOl & &t

o= 11 D:I

DU A BauA e
OCAP (OpenCable Application Platform)

= HOISTV U**OH/HJ etk MEIAS ?let HEdAH OIS
H& JIE0l e 2=

* OCAP 1,02 DVB-MHPI.018 JIeo = S0 =01 M0/
VEAGA 2PEE ASEE B25H0 BHS0fA
20 HOIE B GIA T

ACAP (Advanced Common Application Platform)

© SOI0M NS HOIS TV 2 e = ii’eﬂ%_ﬂa{ém
DASE* 2t JAVA J|l== J|BtC 2 OCAP Jl==2 FJlotd &
HAIZI CIOIHE S H

* DASE(D|g|taI TV Apphcatlons Software Environment standard): ATSC middleware

o 2LH A BSUHAM THE

=~
(L
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DVE-HTML Applications Hybrid Applications DWB-J Applications

B NN DR

‘DIIJH\ DVE-HTML DVE-J
Optian

{EF. .EE'I:-

Flatform Rasources

FCMA Senad,
CE5, OV HTML
Fferdsalany

(]

MHF 11 Basir &rrhitarture
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Deonz Cable ST

]
Cable STB

&

IP STB

Bvs. IP S

Native Broadcast
RF &% SO
Headend

Telco
Headend

Store & Forward
Unicast
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‘Dcowz VOD service

AU S _ Co

= — i=2ilco L3 SW POP

Unicast

Internet
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Dcovz EBS VOD service
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e MEsA

Ut PC AT}

( OIAEIA|A(EBS) “
=

- %2056 T

A

o

g: JIE WOIMEIKT 10C)

<= e £3

2Ez|Y MH

EE.
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MDF

N L2 SW co

.. 1 Broadcast TV
ticasting )t Headend
{lgmp snooping)-..~, P POP
Program
Providers

Internet
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"Deonz 1P STB arc

%7} 28

= Browser

8 sai=y

HTTP HTTR 11
HML HTML 401
css. | C35 level 2
ML XML 10
DOM DOM level 2
S P
N 5530
Pug-n AR Plug-In API

= Streaming and protocol

u2my 0 MP4
2oy | MPEG-2 TS

n2o O H264, MPEG-4 ASP
napy | MPEG-2

AERD H2EE

u2nd 0 MP 3, MFEG4 AAC
z2my 1 MPEG-2, AC-3

RT3P, SDP

RTP, UDP/TCP

0l 59|

99



Dcove Why needs embedded browser?
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Contents driven user interface
= Update contents : VOD titles

= 2 HE HUlA YN, =4, ISES

Open standard
= Easy to develop data service
= Not proprietary
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Dcone Ul based on browser for TV

" Movie Categories - ACTION

Mission Impossible 111

) Exit VOD

%) Details

%, Categories ", Mo

Top 10 Movies

The Da Vingi Code (PG)

MR ¥ Play Trajler (0]

$5.98  Purchase Movie

4 Exit vap % Details % Categaries

37 w0:27 F
pisc Launc

]
h of Space Sh

uttle Discovery 575 116

edu@ydcome.com
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|’ — Oregan solution

HEEAH MEDIA BEROWSER - CLIENT ARCHITECTURE

IPTV & VOD WEB BASED IIIEITM. FEHSDHM. FHB'I'DS.
SERVICES CONTENT SERVICES BROADCAST

t CONTENT & SEAVICES FROM HOME NETWORK & INTERNET :t CONTENT & SERVICES FROM HOME NETWORK & INTERNET

USER INTERFACE SKIN
OREGAN TV BROWSER DLNA PLAYER

XHTML, JAVASCRIPT, DOM, CSS & UPnP AV UPnP AV * ATSP CONTROL CLIENT
MACROMEDIA FLASH RENDERING RENDERER | CONTROL POINT

* IGMP / MULTICAST CLIENT
JAVASCRIPT EXTENSIONS

« BROADEAND AND LOCAL MEDIA | FOR LINEAR IPTV CHANNELS

BROWSING
& PLUG-IN API « TRICK-MODE SUPPORT Pre-integrated with leading telco
CUSTOMER EXTENSIONS & HEAD-END « DTCP-IP AND MICROSOFT LNk | 9rade video servers, encoders

MIL-ULE1."' RE INTERFACE FH-ﬂTEﬂﬁDH anid DRMs.

OREGAN ABSTRACTION LAYER (DAL)

EMBEDDED OPERATING SYSTEM & NETWORK STACK
HARDWARE DRIVERS & MEDIA CODECS




Digital Livin
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Dconz DLNA — Phone

edu@ydcome.com
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"Dcowz DLNA interop

OLNA Interoperability Guidelines
Building Blocks

MP3, JPEG,
Media Formats LPCM, MPEG2,
MPEG4 AAC LC,

AVC/H.264

( UPnPAV 1.0 j
p —

Device Discovery,

Control @i UPNP Device
Media Management .
Architecture 1.0
- =
P
HTTP (mandatory)
Media transport and

. RTP (Optional) | )
Network Stack [ IPv4 Protocol Suite j % d | na
Wired: 802.3i, 802.3u CERTIFIED

Network Connectivity | \Wireless: 802.11a/b/g
Bluetooth




Deos DLNA X2 IS

Xbox 360

PSP

Nokia N93

Nokia N80

Nokia N95
{Coming Soon)
—_y _.‘

iPod Nano

One For All PC
Remote Europecnly)

Philips SL400i
Wireless Multimedia
Adapter

Philips SL300i
Wireless Multimedia
Adapter




"Deomz Vision of DL

Broadband Mobile Multimedia
Entertainment, Entertainment,
E-Business, Personal Pictures and Video,
Services Services

Broadcast

Services,
Entertainment



Dcomz OSGI
edu@ydcome.com

Open Services Gateway initiative

Alllance and its members have specified a
—based service platform that can be

remotely managed.

Flatform

Alliance

i *
Syalem Servicas
J Q56 Framawaork -~
| {
- Hars <> OSGi

Java Buntime Environment

4 5. Windows, Lings, Wablarks, OWX
Operating System

Hardware

Servar [
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= Home Audio Video Interoperability
(HAVi) is a connection to control
Audio and Video hardware using

SireWire(ieee1394)
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Dcone Optimization

edu@ydcome.com

ncreasing speead

Reducing size: disk footprint and
RAM

Reducing power consumption

Global perspective: cost and
combined optimization effects=
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Dcone Disable console output

edu@ydcome.com

The output of kernel bootup messages to
the console takes time! Even worse:
scrolling up in framebuffer consoles!

Console output not needed in production
systems.

Console output can be disabled with the
quiet argument in the Linux kernel
command line (bootloader settings)

Example:
root=/dev/ramO rw init=/startup.sh quiet

Benchmarks: can reduce boot time by 30
or even 50%!
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Dcone Flle system for embedded

edu@ydcome.com

Implemented as file system drivers that plug into
the Linux VFS architecture

Lots of these! For desktop users, the following
may be familiar:

Ol)ext3, ReiserFS, NTFS, FAT, minix, ...

Embedded Systems typically use specialized file
systems

= romfs

ext?

cramfs

JFES?2

squashfs

YAFFS?2
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Decone romfs

edu@ydcome.com

Descri ption Minimum filesystem, very small kernel module. The “rom” in
romfs doesn’t refer to the hardware “ROM".

When to Use » Trying to make as compact a kernel as possible
= Initial RAM disks

Capacity and All files owned by root

Limitations Read-only
No compression

HOW to USE $ genromfs -f ./romfs-rfs/rfs -d $SRFS
Create filesystem with mkromfs utility. Creating device nodes
particularly interesting — create a file starting with @ with
device node information. Example: @console,5,1

Home page <kernel>/Documentation/filesystems

More Info http://romfs.sourceforge.net/
http:/lldn.timesys.com/docs/tiny flash
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Dcome Cramfs

edu@ydcome.com

Descri ption Compressed ROM Filesystem. Read only filesystem widely
used in the embedded space. Data stored in compressed
format (zlib).

When to Use * Low-memory systems
 Ensures RFS integrity

» Metadata not important (doesn’t store full information)

Capacity and 256 MB, 2'° files
Limitations Does not store all permissions, all files owned by root.

No timestamps stored (inode overhead is just 12 bytes!)

HOW tO USE 5 mkcramfs -m dev.cramfs.txt <rfs dir> rootfs.cramfs
Full details at: http://lldn.timesys.com/docs/cramfs

Home Page http://sourceforge.net/projects/cramfs
More Info http:/lldn.timesys.com/tag/cramfs
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Dconz SQuUashfs
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Descri ption Read only filesystem that includes several improvements over
cramfs, notably in compression and metadata storage.
Adjustable block sizes allow a user to create filesystems that
compress better.

When to Use » Low-memory systems
= Need control over the endianness

Capacity and 2%2 GB, 2% files, Page size from 212 to 218

Limitations A files owned by root
Read-only

HOW to USe $ mksquashfs SRFS ./squashfs-rfs/rfs -nopad -all-root
The resulting file can then be written directly to a flash
partition. Use rootfstype=squashfs on the command line,
mounting the /dev/mtdblock device as the root device.

Home Page http://squashfs.sourceforge.net

More Info http://www.artemio.net/projects/linuxdoc/squashfs
http:/lldn.timesys.com/docs/tiny flash
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Deome JTfS2
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Descri ption Read/Write filesystem designed specifically for MTD/Flash
based devices. Handles wear leveling and compresses data
during creation and subsequent writes

When to Use Flash-based storage hardware

Capacity and 232 GB, 2% files, Page size from 212 to 218

Limitations Complete POSIX meta data
Mounts slowly (improved lately); at capacity, writes can be slow

How to Use & mkfs.jffs2 —o ../<bsp name>-flash.jffs2 —e 00040000
Full details at: http:/lldn.timesys.com/docs/jffs2
rootfstype=jffs2 on the command line, mounting the
/dev/mtdblock device as the root device.

Home Page http://sourceware.org/jffs2

More Info http://sourceware.org/jffs2/jffs2-html/jffs2-html.html
http://lldn.timesys.com/tag/jffs2
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Deome YAFFS2
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Descti ption Yet Another Flash FileSystem. Works, in principle, much like
JFFS2, but designed specifically for NAND flash devices, which
are a bit different than MTD flash devices.

When to Use NAND flash devices

Capacity and 232 GB, 232 files

Limitations Complete POSIX metadata
No compression

How to Use Filesystems created using user space tool, much like JFFS2.
The resulting file can then be written directly to a flash
partition.

Home Pagg http://www.aleph1.co.uk/taxonomy/term/31

More Info http:/www.alephi.co.uk/node/40

http:/lldn.timesys.com/docs/tiny flash
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Dconz INItramts
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Integral part of 2.6 Linux kernel boot

= A filesystem that sits on top of the kernel’s inode cache

= Looks for initramfs before using “traditional booting method”
= (Can use as “real” filesystem

How to create

Part of the kernel build process

As a compressed cpio archive

$ cd <rfs—directory>

$ find . | cpio —o —H newc | gzip > ../initramfs_data.cpio.gz

Point to a directory Make CONFIG_INITRAMFS_SOURCE a
directory name Use specification file Make
CONFIG_INITRAMFS_SOURCE a file name that specifies
whatfilesWdevices to create with what ownership permissions

More Information
= http://www.timesys.com/timesource/initramfs.htm
= http://lldn.timesys.com/tag/initramfs
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Decone Network File system
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NFS

SMB : Server Message Block
= M$ —> Linux

= Linux —> M$ PC

CIFS : Common Internet File System




Dcone File category

edu@ydcome.com

Read—only file system
= romfs

= cramfs

= squashfs

Writable file system
= |ffs?
= yaffs?

file system based on RAM
= initramfs

Network file system : nfs, smb,
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Dcone Use taster file systems
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Run faster by using the most appropriate
filesystems!

Compressed readonly filesystem (block
device):
use SquashFS (http://squashfs.sourceforge.net)

instead of CramFS (much slower, getting
obsolete).

NAND flash storage: if you do not need
compression,

use yaffs?
(http://www.aleph1.co.uk/yaffsoverview)

instead of jffs2 (much slower, consumes much
more RAM).
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Dconz Flash disk
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DOM (Disk On Module)
= |DE/SATA interface

CF Flash card
= PCMCIA interface

USB stick
SD carad

mini SD card
Disk On Chip
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Dconz 1 O1Jt= page
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Brooks' law

'Adding manpower to a late software project
makes it later."

Group Intercommunication Formula:
n(in—1)/2
example: 50 developers
50(560 — 1) / 2 = 1225 channels of communication

Ref) , The Mythical Man—Month
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&1&98, AHOIE

DCO‘MIE
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Keith Jack, Video Demystified 4t edition, LLH

lain E.G. Richardson, H.264 and MPEG—-4 Video
compression, WILEY

A HICI = SW insight

, The Mythical Man—Month

gnu.org
Jerry Krasner, Total Cost of Development
Julie Giera, The Costs And Risks of Open source
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