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e Linux
$Mil.
Notes:
» Consumer Electronics will have
2000 2005 CAGR high penetration but typically has
Telecom/Datacom 13.2 126.7 57.3% higher cancellation of projects. Top
: : i sub-markets: set-top boxes, home
Consumer 89 121.1 68.5% networking gateways, Internet
E| : access appliances, PDAs, digital TV
ectronics sets, smart phones, & MP3s.
. » Automotive includes in-car
0
Industrla_l 1.4 14.2 60.1% computing, navigation systems, &
Automation audio/visual/multimedia as key
. . growth sub-segments.
0 : .
Retail Automation 1.0 8.7 995.5% * Information Automation are storage
- - & sharing of data such as Server
0
Office Automation 0.9 6.6 49.7% Appliances (file servers, email
Military/Aerospace 0.9 9.4 58.505 | servers and firewalls). ,
* Industrial Automation is the classic
Automotive 0.7 7.4 62.1% embedded area that is still hardware
: focused & has real-time concerns
Information 0.6 6.6 60.7% but in recent years is moving toward
Automation innovation.
» Telecom/Datacom is the highest
Medical 04 4.0 56.5% penetration today and will continue
to see growth for comms
Data from VDC, Linux’s Future in the Embedded Systems Market, May 2001 infrastructure equipment.
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LINuUX
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STB PVR

TV
LBP

PDA

LinuXx
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MoNTAVITa

(D) Linux

(2)
GNU binutils
Linux < http://www.kernel.org

3)
(4)
)

K (6)
(7)ROM/Flash
(8)
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Linux

PC
= BIOS LILO PPC-BUG PMON

» PPCBOOT (PowerPC http://ppcboot.sourceforge.net)
= RMON (MIPS http://www.carmel.com/pmon)

= Bootldr (AtrongARM http://www.handhelds.org/)

= GNU GRUB (1A-32)

(1) CPU
(2)
3
4)
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ON

s CPU
ROM Flash

= CPU

[
[ | DRAM
| /

[
[ | BOOTP TFTP
m ROM Flash CF
m HDD
® Download

[ | zlmage

LILO
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P

ROM-based Firmware '"iﬁ;é'g'é'lﬁ'éé;rm_
.......... ,1

System RAM ~

Optional - ™~

#_-____..----—-- \

RAM used by ROM-based Firmware and Image Loader

Image Loader
= zlmage RAM

Boot Loader
s RAM

= vmlinux
=  vmlinux

vmlinux
n Init
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m Linux

MDHTA\"I S5TA

A
Middleware, Applications & User Programs H Libraries I Lei)/gl

v v

System call Kernel
Process Memory Handler ) Level
Management| | Management Device Networking
Access
File Systems ‘
Architecture M Blogk Chara_cter Networking
Dependent emory Device Device Stacks and
2 Management Drivers Drivers Interface
s (TLB, paging, Drivers
Initialization swapping,
Code Mapping)
First Level Trap and Interrupt Handler
r S S N ” N ” N
cPU ROM/RAM Disks Serial Network H/W
Bus MEM USB Interface Level
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e C
{
e arch/
e Include/asm-(
Documentations alpha
arch arm
drivers i386
Ver2.X -
] block
C include =
_ 400’000 200 Kernel — char
init
- 28,000 usb
- VFS 14,000 lpe
- 55,000 kernel — sound
- 4000 3,000 io -
_ 4’000 — asm-arm
- 22,000 - asm-i386
- ?? )
scripts mips
MontaVista Software Japan, Inc. 14 Linux Conference Sep/18/2C
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patch

Linux
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mﬂmv_ls'm

L Inux
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= make config
= make menuconfig

= make xconfig X-Win

make xconfig make menuconfig make xconfig
_ nan
I | FEREE g S Ll R ?::I"
Hadre sl B HI - MG LM DR
ETLr Ll 1 :q!:'hr“;‘;:.w FN R -
PRy vl Py Dl I LS s g N Frdd byl Hem.
A ﬁri:l_”l.l'lﬂl'ﬂ.ll ::-*.-' B el Lol
Ve b ekl Hmrdoak dere popree i e | Loy
AT BEAT ] s The b= drrue [P e T
0 T et b i e Thare [ o L
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Code maturity level options

L oadable modul e support

Palatform support

General setup

Memory Technology Devices (MTD)
Plug and Play configuration

Block devices

Multi-device support (RAID and LVM)
Networking options
ATA/IDE/MFM/RLL support

SCSI support

Network device support

Amateur Radio support

IrDA (infrared) support

ISDN subsystem

Old CD-ROM drivers (not SCSI, not IDE)
Consoledrivers

Input core support

Character devices

Multimedia devices

File systems

Sound

USB support

Kernel hacking

(1)
(2)
(3)

make menuconfig

make dep

make vmlinux
make vmlinux
make zImage
make zImage.initrd

MontaVista Software Japan, Inc.
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mydriver.c
(Ddrivers/char/mydriver.c

(2)driver s/char/Config.in
tristate’ Support MyDriver’ CONFIG_MYDRIVER

(3)drivers/char/M akefile
ifeq ($(CONFIG_MYDRIVER),y)
L OBJS+=mydriver.o
else
ifeq (SCONFIG_SAMPLE),m)
M_OBJS += mydriver.o
endif
endif
(4) xconfig, menuconfig mydriver.o

Charcter devices-> Support MyDriver

.config
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s ethernet serial timer USB IEEE1394 PCMCIA
Flash Mem PCI

m BIOS
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$ cd /opt/hardhat/devkit/ppc/8xx/kernel/linux-*/drivers

$ Is -1

total 96

-rwW-r--r-- 1 root root 2282 Aug 9 1999 Makefile
drwxr-xr-x 6 root root 4096 Jul 27 08:08 acorn/
drwxr-xr-x 2 root root 4096 Jul 27 08:08 apl000/
drwxr-xr-x 3 root root 4096 Jul 27 08:08 block/
drwxr-xr-x 2 root root 4096 Jul 27 08:08 cdrom/
drwxr-xr-x 6 root root 4096 Jul 27 08:08 char/
drwxr-xr-x 2 root root 4096 Jul 27 08:08 dio/
drwxr-xr-x 2 root root 4096 Jul 27 08:08 fc4a/
drwxr-xr-x 11 root root 4096 Jul 27 08:08 isdn/
drwxr-xr-x 2 root root 4096 Jul 27 08:08 macintosh/
drwxr-xr-x 2 root root 4096 Jul 27 08:08 misc/
drwxr-xr-x 5 root root 4096 Jul 27 08:08 net/
drwxr-xr-x 2 root root 4096 Jul 27 08:08 nubus/
drwxr-xr-x 2 root root 4096 Jul 27 08:08 pci/
drwxr-xr-x 2 root root 4096 Jul 27 08:08 pnp/
drwxr-xr-x 4 root root 4096 Jul 27 08:08 sbus/
drwxr-xr-x 3 root root 8192 Jul 27 08:09 scsi/
drwxr-xr-x 3 root root 4096 Jul 27 08:09 sqgi/
drwxr-xr-x 3 root root 4096 Jul 27 08:09 sound/
drwxr-xr-x 2 root root 4096 Jul 27 08:09 tc/
drwxr-xr-x 3 root root 4096 Jul 27 08:09 usb/
drwxr-xr-x 2 root root 4096 Jul 27 08:09 video/
drwxr-xr-x 2 root root 4096 Jul 27 08:09 zorro/
$ find . -type ¥ -print | wc -I

1451
$
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#include <linux/fs.h>

static struct file_operations device fops =

NULL,
device_read,
device write,
NULL,
device_poll,
device _ioctl,
NULL,
device_open,
NULL,
device_release,
NULL,

NULL,

NULL,

NULL,

NULL,

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

llseek */
read */
write */
readdir */
poll */
ioctl */
mmap */
open */
flush */
release */
fsync */
fasync */

check_media_change */

revalidate */
lock */

{

N
| Deice Driver

SRS,

4
S A ::::tﬁ

IR(¢

M

A7

7

%

N e e T e Y
L N

N

AN SIS S S,

{

Half/Task
7 (resume)
VLIS LLLLLIS LSS T d

“‘v'

Sy
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iInsmod/rmmod

insmod

* % X %

*/
static int __init my_init_module(void)

/*

*/

res = register_chrdev(MYDRIVER_MAJOR, MYDRIVER_NAME, &my fops);

if (res) {
printk("init_mydriver: register_chrdev() failed, rc==%d¥n', res);
return -EI0O;

return O;

Y et R it T TS

*
*

*/
static void __exit my cleanup_module(void)
/* */

unregister_chrdev(MYDRIVER_MAJOR, MYDRIVER_NAME);
return;

module_init(my_init_module); /* */
module_exit(my_cleanup_module); /* */
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Open()/close()

/ /
/

/ nnnnnnnnnnnnnnnnnnnn
*
* open()
*/
static int mydriver_open(struct inode *inode, struct Ffile *file)
int rc;
/*
*/
/* */
rc = request_irq(IRQXX, mydriver_interrupt, SA SHIRQ, MYDRIVE_NAME, NULL);
if (rc) {
return -EBUSY;
}
MOD_INC_USE_COUNT;
return O;
}
/ nnnnnnnnnnnnnnnnnnnnnnnn
*
* close()
*/
static int mydriver_release(struct inode *inode, struct file *file)
/*
*/
MOD_DEC_USE_COUNT;
return O;
MontaVista Softtware Japan, Inc. 24
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read()

<read()>

copy_to_user

/

*
*

*/

nnnnnnnnnnn

read()

static ssize_t mydriver_read(struct file *file, char *buf, size t count, loff_t *offset)

unsigned char data[10];

/*
interruptible_sleep_on(&mydriver_zz);

/* */
if (singnal pendlng(current))
return -EINTR

/* wake_up_interruptible()

/* data buf
if (copy_to user(buf, &data, sizeof(data)))
return -EFAULT;
return mydriver_final_count;

} else {

return -1;
s

nnnnnnnnn

*/

*/
*/
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write()

<write()>

copy_from__user

IR KA KA AR IR KA AR IR A A A AR I A A A AR I A I A A A A A A A I A A A A A A R I A A AR IR I A

*

* write()

*/

static ssize_t mydriver_write(struct file *file, const char *buf, size_ t count,

char data[10];

/= buf data

if (copy_from user(&data, buf, sizeof(data)))
return -EFAULT;

/* data */
XXX_Device_Write();

return sizeof(data);

loff_t *offset)

*/

MontaVista Software Japan, Inc. 2606
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/ nnnnnnnnnnnnnnnnnnnnn
*
*/
void mydriver_interrupt(int irqgq, void *dev_id, struct pt_regs *fp)
{ /* */
/* */
tasklet_init(&mydriver_tasklet, mydriver_task, (unsigned long)dev_id);
tasklet_schedule(&mydriver_tasklet);
return;
by

/**********************************************************************
*

*/
void mydriver_task(unsigned long data)

/* */
/* */

wake_up_interruptible(&mydriver_zz);
return;
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s printk
= 0O0pS
m /proc
= kgdb
ICE J-TAG
s Linux
= MMU
|
» Emblix
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/
printk
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= KERN_EMERG, KERN_ALERT, KERN_CRIT, KERN_ERR,
KERN_WARNING, KERN_NOTICE, KERN__INFO, KERN_DEBUG

# echo 8 = /proc/sys/kernel/printk

#defineMYDEBUG(n, args...) ¥
do { if (my_debug > (n)) printk(KERN_DEBUG args); } while (0)

int __init my_init(void)
{ MYDEBUG(Z, "loading my module¥n"); return 0;}

void __exit my_exit(void)
{ MYDEBUG(2, " cleanup my module¥n");}

staticint __init my_setup(char *str)
{ my_debug = simple_strtol(str, NULL, 0); return 1;}
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LinuX

= Minix ext2 FAT NTFS hpfs 1SO9660 nfs cramfs
raiserFS JFS JFFS ext3 raw

ext2/ext3

RAM Disk
ROM FS
cramfs
JFFS/ZJFFS2
Raiserfs
XFS
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. NFS
- Flash
s RAM initrd

/bin /dev /etc /home /lib /mnt /proc /sbin /usr /var
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Java
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m GUI
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XFree86 X-Window

s X-Window XFree86

[ Mbyte
[ Tiny—X
m X-Window
m X 1Mbyte
s DirectFB
B GTK+ X-Window
m GtkFB Mbyte
s Qt/Embedded
m X-Window FrameBuffer

B Qt/X Qt/Win
m 800K 3Mbyte
s Microwindows

B Win32 X-Win API
B 200K

FrameBuffer
Widget

1.7Mbyte
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m Browser

MONTAVISTA
Web
. / TV
- WebPad
= ViewML Mozilla NonoZilla
C Netscape Opera SpyBlass NetFront

HTML/Java/Java script
SSL WAP plug-in FEP
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Java
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Linux Java

= Blackdown
m http://www.blackdown.org/java-linux.html

» Kaffe project
m http://www.kaffe.org

Linux Java

= Visual Age Micro Edition OTI/IBM)
m http://www.embedded.oti.com

= Jeode Insignia Solutions Inc.
m http://www.insignia.com

= Intent TAO Group
m http://www.tao-group.com
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MONTAVISTA
BlueTooth Wireless Interface Yes Yes AXIS Communications http://axis.com
Browser Embedded HTTP Yes Yes/No [ViewML http.//www.viesml.com
client Netscape/Mozilla http.//www.netscape.com
Opera http://www.opera.com
Espial http://espial.com
NetFront http://www.access.co.jp
XDSL Digital Subscriber Line |Yes No SiliconAutomationSystems [http://www.sasi.com
client S/W
FireWire IEEE1394 Serial Yes Yes/No [Multiple sources; -—-
Interface InToto http://www.intoto.com
GUI Embedded Graphical |Yes Yes/No [Microwindows http://www.microwindows.org
Interface QT/Embedded http://www.trolitech.com
Mojo Designs Eyelet http.//www.mojodesigns.com
Xfree http://www.xfree86.0org
HTTP Wab Server Yes Yes/No [Apache standard http://www.apache.org
GoAhead http://www.goahead.com
Magma http://www1.magma.ca
IrDA Infra Red Yes Yes Linux IrDA Project http://www.cs.uit.no/linux-irda
Java Embedded and Yes Yes/No (IBM/OTI J9 http://www.embedded.oti.com
Personal Java Insignia Jeode http://www.insignia.com
interpreters and JITs TAQO intent http://www.tao-group.com
MPEG Video Yes Yes/No [Open source encoders
Encoder/Decoder and decoders exists, with
premium binary products
from vendors like
PocketVideo
MontaVista Softtware Japan, Inc. 33 Linux Conference Sep/18/2C
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2

Power Management |Disk, Display, CPU and|Partial Partly New power management
Motherboard quiesce option exist in the 2.3
and sleep kernel, mostly to address
notebook PC
Real Audio Streaming Audio Yes No Real Networks http.//www/realnetworks.com
standard
SSL Security Yes Yes OpenSSL http://www.openssl.org/
Telephony Protocols Yes Yes/No  [Trillium http://www.trillium.com
ATM family, SS7, etc Harris and Jeffries http://hjinc.com
Spider Software http.//www.spider.com
Open 10 http://www.nortelnetworks.com
TWAIN Scanner interface Yes Yes Various open source
S/W drivers
USB Peripheral Interface |Yes Yes/No [Linux Project http://www.kernel.org
Intoto http://www.intoto.com
Phenix Technologies http://www.phoenix.com
VPN Virtual Private Yes Yes/No

Network

MontaVista Softtware Japan, Inc.
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-~ I R R

ICE J-TAG

NFS

Flash

Option
(ICE, J-TAG, BDM etc)

RS-232C Boot ROM(Firmware)

Host System ‘

e

~ ~ NFS mount

Network(Ethernet)
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M_r.:mmvlm

Gnu

m gcc/g++

: . W
DDD Data Display Debugger
u gdb

MontaVista Software Japan, Inc. 41 Linux Conference Sep/18/2C



MONTAVISTA
([
» Code Crusader .
= Kdevelop B Toolkit
= Code Warrior
= SNiFF+
» Source Navigator UL E -
s Kylix .'
|
% i e 0 IR T
= | Lk, ¥l Y R
1 |__ bod oo | Clawss Irefione
([
— cscope/cbrowser
— cprof
— cflow
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gcc
= GNU gdb ddd
. gdbserver

ICE J-TAT/BDM

= MMU
u
= Emblix
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RTOS

GPL
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RTOS Linux

M_umn‘_f_ls'm

. VXWorks pSOSystem
M ITRON

= API

n 1/0
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RTOS
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m RTOS /
n PC
n UNIX/LINnuXx

= POSIX.1c pthread
s RTOS
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LinuxXx

RTOS LinuX
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RTOS

RTOS Embedded Linux
Machine Machine
[ RTOS Kernel ] Linux Operating System
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RTOS

Embedded Linux

Machine

Linux Operating System

Physical Address Space
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RTOS

RTOS IPC

Linux IPC

SVR4
POSIX1.c
POSIX1.c

/FIFO SVR4

POSIX /
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a 7 RTOS
«= MMU

“protection domains”
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Mﬂlm

» Offers greater security and
robustness

MMU /
. /

Process Y
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H/W 1/0
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n H/W

LinuX 1/0

s H/W
= mmap()

n H/W
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= 500Kbyte PPC
= 700K 1 2Mbye
= RAM:4Mbyte

glibc : 800K 1Mbyte
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: Compressed | Compressed |Boot Image
M R k| K I
emory | Ramdis erne Ramdisk Kernel Size
X86 2.3M 389K 678K 151K 257K X
PPC 2.1M 451K 743K 167K 237K 503K
= RAM
|
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m Bushbox shell

Minimum | Filesystem Kernel | Compressed Compressed
Memory Size Size Filesystem Kernel
X86 2.8M 2.1M 909K 749K 411K
PPC 2.8M 2.4M 1020K 839K 489K
m NFS
s Telnetd
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XI1P(eXecution In Place)
FlashROM ROM

. ( )
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‘ H/W Delay ! ‘ Off-time !‘ Vectoring !‘ Dispatch !‘ ISR / Driver

Cerelon 300MHz

Interrupt Latency

UDP
blocking time(us) |start file name [start file line |end file name end file line

7871|irg.c 445|softirg.c 71
174]ide-disk.c 431{l rw blk.c 384
171]ide-disk.c 431|ide.c 1625
31|console.c 1862|console.c 1980

19(pc keyb.c 485|pc keyb.c 487

13|exit.c 394 |exit.c 428

9!ll rw blk.c 75911l rw blk.c 853

8[timer.c 665 |timer.c 672

7[timer.c 290]|timer.c 323

6|timer.c 290(timer.c 314
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RTLINUX
m oS LinuXx

|
LinuXx LinuXx

m OS Linux

RTAI
s RTLINnuXx

Linux on ITRON
- OS ITRON

OS

OS
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schedul()

. rungueue

= runqueue
CPU

task_struct task_struct task_struct task_struct
runqueue head [ RUNNING [€9”] RUNNING [ RUNNING [€P] RUNNING [ RUNNING

task_struct

current
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MontaVista
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task_struct task_struct task_struct task_struct
list_head rq[MAX_PRI+1] [0] P RunNING [ RUNNING [ RUNNING [*] RUNNING

[1]
[2]

< [3] task_struct task_struct task_stru@

[4] P RunNING [ RUNNING [ RUNNING
task_struct task_struct >

(190) 4P| runninG [ RUNNING

/ [MAX_PRI+1]
high prio

current
Bit3130 29 ....... 2 10
rq_bit |y 0
63 32
%5 64
172 s rq[0] TASK_OTHER
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rungueue

high_prio
rq_ bit

MontaVista

TASK _OTHER
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NN,
M Sec
PowerPC 8xx |PowerPC 74xx |x86 Pentium3 |StrongARM MIPS
SCHED OTHER 50 136.57 7.14 12.86 18.6 7.14
SCHED OTHER 100] 213.81 12.63 35.89 39.46 304
SCHED OTHER 300} 412.71 11.22 58.65 89.13 63.96
SCHED RR 50 56.32 3.39 6.14 6.29 6.45
SCHED RR 100 56.28 4.02 6.32 6.29 6.96
SCHED RR 300 56.31 5.93 6.32 6.31 7.08
SCHED FIFO 50 56.36 3.17 4.43 6.28 6.23
SCHED FIFO 100 56.27 411 6.32 6.29 6.99
SCHED FIFO 300 56.29 6.05 6.32 6.31 7.06
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CPUO

CPU 1

SMP Linux

CPU 2

\

(&)

S
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SMP Linux
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spin_lock()  spin_unlock()

CPUO AJ M Y L

™~

\ schedule()
CPU 1 5 I 1 r/

spin_lock() spin_unlock()
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Linux 2.4 SMP

spin_unlock

spin_lock(lock) {
ctx_sw_off();
_raw_spin_lock(lock):

}

spin_unlock(lock) {
_raw_spin_ulock(lock);

ctx_sw_on();

}

ctx_sw_off

atomic_inc(cur->preempt_count);

}

{

ctX_sw_on

If (atomic_dec_and_test(cur->preempt_count)

{

& & cur->need_resched)
preempt_schedule();

MontaVista Software Japan, Inc.

09

Linux Conference Sep/18/2C



wake _up()

‘ schedule()

Yt

L.

wake _up()

spin unlock() schedule()
spin Iock()
' | |l '
I I
A L

: //
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wake _up()

schedule()

»

|
-

wake _up()

spinlock(H spin_unlock()  schedule() ‘
T (4
P -
)/
/

B
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|

|

|

m cramfs
x RAM

initrd

OFF

JFFS/JFFS2
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Reiserfs Ext3 file system JFS XFS JFFS/JFFS2

JFFS/JFFS2 FlashROM

RAM/ROM

m Compressed ROM file system Simple RAM-base
file system ROM file system

= RAM
= ROM
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GNU Public License

s Free Software Foundation

m GPL

Emblix
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GPL
= GPL

GPL (2)
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GPL (3)

MoNTAVITa

GPL

GPL

GPL
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Linux

LinuX
ICE J-TAG
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100%0 Pure LInux

m 100 Pure Linux or

n LinuxXx
|
] or
|

Time-to-Market

RTOS

API
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150-0011 3-16-3

03-5469-8840

03-5469-8841
Web http://www.montavista.co.jp
e-mail : info@montavista.co.jp
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