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1. Introduction to Linux Kernel

= Linux9| |4 X

User applications

System call interface

Process control
System library (e.g., libc) File system
| Management Process
Kernel : scheduler
Architecture—independent | IPC
{portable) portion of kernel Buffer
cache
Context
Architecture-dependent :
(nonportable) portion of kernel Device drivers Memory Management

Hardware Control
(interrupts handling, etc.)

Hardware
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Introduction to Linux Kernel (11)

s Construction of Linux kernel
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Introduction to Linux Kernel (111)

= Kernel source9| directory /& (An example)

{Ikernelﬂinux r

/drivers . T i |
[

/fs /kernel

|.flinlux I |fnlet .

finit .

1
/proc-armv

fipc '

/kernel .

/lib '

/mm

/mmnommu I

/net .

/scripts I
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Introduction to Linux Kernel (1V)

= Booting procedure

T irg_init_irq
{arch/armnommu/kernel P setup_arch (arch/armnommu
fhead-arm-samsung.$) /| (areh/armnommu/kernel/setup.c) /mach-samsung/irq.c)

. Fapﬂ%q“ltmelhra o setup_timer
= B (include/asm-armnommu/

arch-samsung/time.h}

init_IRQ
(arch/armnommu/kernel/firg.c)

chr_dev_init
| {drivers/char/mem.c)

device_init
* (drivers/block/

SCRnTIRE =
(arch/armnommu/kernel/time.c) ik "{]
\t My
e o
\h blk_dev_init
X (drivers/block/l_rw_blk.c)
..-.-. .......... . \‘\ i )
i prepare_namespace | i net_dev_init
S cpu_ldle S .,| Gl (netfcore/dev.c) e
- (arch/armnommu/kernel/

ARM specific____]
S3C4530A J

_ processc)
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Introduction to Linux Kernel (V)

= Unix system
= Multiple tasks executed by several concurrent processes

= Each process requires system resources — CPU, memory, disk,
network connection, etc.

= Kernel
s Set of executable programs to handle multiple processes
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Introduction to Linux Kernel (VI)

s Functions of kernel

» Process management

« Creates and deletes processes, and performs input/output
connections (signal, pipe, IPC primitives) and inter-process
communications.

= Schedules processes on single (or multiple) CPUs

s Memory management

= Provide virtual memory spaces to all processes (function calls
and malloc/free routines)

= Flle system
= Constructs structures file systems on unstructured hardware
= Supports multiple file systems
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Introduction to Linux Kernel (VII)

= Functions of kernel (Cont’d)

s Device control

« Each device driver for specific device performs required
actions for that device.

= Supports keyboard, hard disk, tape drive, etc.
« Can be separated from the kernel as a module.

« Networking

= Network operations are not limited to one process: OS should
handle the network operation.

= Collects/distributes outgoing/incoming packets.

= Sleeps and wake-ups the process corresponding to the current
packet.

= Network address handling and routing.
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2. Kernel Compile

= Kernel Source Usage
= 1. i@ & kernel2 HIZ01)| HOHO
« 2.CEZ]E XMZS 2A0A] ARMY| LR E header fileE S
= 3. REZHO 0IXIFEE £d01)] HOHA.

= ARM Linux Kernel
= 1386 Linux0ll A ported

= Official site:
= http://www.arm.linux.org.uk

= Getting Linux kernel for EZ-X5
= A, dIsA HEE A8
= S, & XIS #":’JG*U
= M, XScaleQ XIS +=8otlt.
. QI £z HCE S KIS SWICH
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Kernel Compile (I1)

= Step 1. Get required sources

= Getting Linux Kernel Sources

» ftp://ftp.kernel.org/pub/linux/kernel/v2.4/linux-2.4.19.tar.gz
ARMEO 2 patch I}t Linux kernel

o ftp://ftp.kr.kernel.org/pub/linux/kernel/v2.4/linux-2.4.19.tar.qz
Mirror site

« EZ-X5 CD
= Getting ARM patch

n ftp://ftp.arm.uk.linux.org/pub/linux/arm/kernel/v2.4/patch-2.4.19-

rmk7.gz
rmk: Russel King

= Getting Xscale PXA255 patch

n ftp://ftp.arm.uk.linux.org/pub/linux/arm/people/nico/diff-2.4.19-
rmKk7-pxal.gz

= Getting EZ-X5 patch
= Diff-2.4.19-rmk7-pxal-ez-x5.gz in EZ-X5 CD in sw/kernel
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ftp://ftp.kernel.org/pub/linux/kernel/v2.4/linux-2.4.19.tar.gz
ftp://ftp/kr.kernel.org/pub/linux/kernel/v2.4/linux-2.4.19.tar.gz
ftp://ftp.arm.uk.linux.org/pub/linux/arm/kernel/v2.4/patch-2.4.19-rmk7.gz
ftp://ftp.arm.uk.linux.org/pub/linux/arm/kernel/v2.4/patch-2.4.19-rmk7.gz
ftp://ftp.arm.uk.linux.org/pub/linux/arm/people/nico/diff-2.4.19-rmk7-pxa1.gz
ftp://ftp.arm.uk.linux.org/pub/linux/arm/people/nico/diff-2.4.19-rmk7-pxa1.gz

Kernel Compile (I11)

= Step 2. Uncompress kernel and patches

= Use directory /project/ez-x5/test/kernel
= Copy all sources into /project/ex-z5/test/kernel

= Uncompress kernel source
= # tar zvf linux-2.4.19.tar.gz
= Perform ARM patch
« # cd linux-2.4.19
= # gzip —cd ../patch-2.4.19-rmk7.9z | patch —p1
= Perform Xscale patch
« # gzip —cd ../diff-2.4.19-rmk7-pxal.gz | match —pl
= Perform EZ-x5 board patch
« # gzip —cd ../diff-2.4.19-rmk7-pxal-ez-x5.9z | patch —p1

= Version control and link
= H#cd ..
= # mv linux-2.4.19 linux-2.4.19-rmk7-pxal-ez-x5

= # In =S linux-2.4.19-rmk7-pxal-ez-x5 linux
Embedded Systems, KAIST
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Kernel Compile (1V)

= OR
s # tar xvzf linux-2.4.19-x5-v05.tar.gz
= # mv linux-2.4.19 linux-2.4.19-x5-v05
= # In =S linux-2.4.19-x5-v05 linux

= Step 3. Set compile environment
= Set default configuration for EZ-X5
« # make ez-x5_config

= Set configuration parameters

= # make old_config
Change some compile parameters using defaults found in .config

= Set main configuration parameters

= # make menuconfig
Details? Later.
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Kernel Compile (V)

= Step 4. Compile kernel
= Make file dependency in makefile
= # make dep
= Clear old object files in the directories
= # make clean
= Compile kernel to produce zImage
= # make zlmage
Have a cup of coffee....
zlmage is produced in ./arch/arm/boot/zImage
= Check the produced kernel
= # cd arch/arm/boot
« #lIs—la

w ZzImage ...,
# Check if correctly compiled. Size?
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Kernel Compile (VI)

= Step 5. Generate modules
= Modules

= Designated as ‘M’ in kernel compile option
= Will be included in /lib/modules in EZ-X5

= Compile modules
= # make modules

= Install modules in RamDisk

= # INSTALL_MOD_ PATH="your_ramdisk_directory”/make
modules_install
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3. Kernel Compile Options

= 1. Code maturity level options

= [*] Prompt for development and/or incomplete code/drivers
= [*] built-in, [ ] excluded, <M> module, < > module-capable

= 2. Loadable module support
= [*] Enable loadable module support

= 3. System type
= (PXA250/210-based) ARM system type
= (X) PXA250/210-based

= 3.1 Intel PSA250/210 Implementations
= [*] FALINUX EZ-X5

Embedded Systems, KAIST
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Kernel Compile Options (11)

= 4. General setup

= (0) Compressed ROM boot loader base address
= (0) Compressed ROM boot loader BSS address

[ %]

*
[ X
*

] Support CPU clock change (EXPERIMENTAL)
[*] Networking support

] System V IPC

[*] ysctl support

« <*> N FPE math emulation

s <*> Kernel support for a.out binaries

s <*> Kernel support for ELF binaries

= [*] Kernel-mode alignment trap handler

= 5. Parallel port support
= < > Parallel port support

Embedded Systems, KAIST
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Kernel Compile Options (111)

= 6. Memory Technology Devices
= <*> Memory Technology Devices (MTD) support
= <*> Direct char device access to MTD drives
= <*> Caching block device access to MTD devices

= 6.1 RAM/ROM/Flash chip drivers
= <*> Detect flash chips by Common Flash Interface (CFI) probe
= <*> Support for Intel/Sharp flash chips
= <*> Support for AMD/Fujitsu flash chips
= 6.2 Mapping drivers for chip access
= < > CFI Flash device in physical memory map
= 6.3 Self-contained MTD device drivers
= < > Uncached system RAM
= 6.4 NAND Flash Device Drivers
= <*> NAND Device support
= [*] Verify NAND page writes
= <*> NAND Flash device on EZ-X5 board

Embedded Systems, KAIST 18



Kernel Compile Options (1V)

= /. Plug and Play configuration
= < > Plug and Play support

= 8. Block devices
= <*> Loopback device support
= <*> Network block device support
s <*> RAM disk support
= (8192) Default RAM disk size
= [*] Initial RAM disk (initrd) support

= 9. Multi-device support (RAID and LVM)
= [ ] Multiple devices driver support (RAID and LVM)

Embedded Systems, KAIST
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Kernel Compile Options (V)

= 10. Networking options

<*> Packet socket
<*> Unix domain sockets
<*> TCP/IP networking

10.1 QoS and/or fair queueing
= < > QoS and/or fair queueing
10.2 Network testing
= < > Packet generator (USE WITH CAUTION)

= 11. Network device support

[*] Network device support

Ethernet (10 or 100 Mbit)
= [*] EZ-X5 CS8900A support

Embedded Systems, KAIST

20



Kernel Compile Options (VI)

= 12. Armature Radio support
= [ ] Armature Radio support

= 13. IrDA (infrared) support
= [ ] IrDA support

= 14. ATA/ATAPE/MFM/RLL support
s <> ATA/ATAPI/MFM/RLL support

= 15. SCSI support
= < > SCSI support

= 16. 120 device support
= <> |20 support

= 17. ISDN subsystem
= < > ISDN support

= 18. Input core support
= < > |nput core support

Embedded Systems, KAIST
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Kernel Compile Options (VII)

= 19. Character devices
= [*] Virtual terminal
[*] Support for console on virtual terminal
s [*] Sta?dard/generlc (8250/16550 and compatible UARTS) serial
suppor
= [*] Support for console on serial port
= 19.1 Serial drivers
» < > 8250/16550 amd compatible serial support (EXPERIMENTAL)
= 19.2 12C support
= <> |2C support
= 19.3 L3 serial bus support
= <> L3 support
= 19.4 Mice
= < > Mouse support
= 19.5 Joysticks
= --—- Input core support is needed for gameport
= 19.6 Watchdog cards
=« [ ] Watchdog timer support

Embedded Systems, KAIST 22



Kernel Compile Options (VIII)

= 20. Multimedia devices
= < > Video for Linux

= 21. File systems

s <*> Yaffs file-system on NAND
[*] /dev/pts file system for Unix98 PTYs
[*] Second extended fs format

21.1. Network file systems
= <*> NFS file system support
= [*] Provide NFSv3 client support

21.2 Partition types
= [*] Advanced partition selection

Embedded Systems, KAIST
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Kernel Compile Options (1X)

= 22. Console drivers
= [ ] VGA test support

= 22.1 Frame-buffer support
= [*] Support for frame buffer devices (EXPERIMENTAL)
» <*> XA LCD support

<*> 16 bpp packed pixels support

« <*> VGA characters/attributes support

= [*] Select compiled-in fonts

= [*] VGA 8x8 font

= [*] VGA 8x16 font
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Kernel Compile Options (X)

= 23. Sound
= < > Sound support

= 24. Multimedia Capabilities Port drivers
= [ ] Multimedia drivers

= 25. Bluetooth support
= < > Bluetooth subsystem support

= 26. Kernel hacking
= [*] Verbose user fault messages.

m Save current configuration!!!

Embedded Systems, KAIST
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4. Module

= Module
s Def.

. KernelOll ZJH = QU= 2t2t0] AE &

HO

= Features
= Provide expandability on the Linux kernel
. A S0 Y F5E 2 A0
AMAHY S& Sl AZ0 JisE F)HE = AL
= 0 type (class)] 2 BEE XA
Device driver & X8,

= Construction

« 2}t module (2AXTH MM file R linkElX] %) object codeE

TIEHN AL
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Module (11)

= Module Commands:
= Insmod: ZF module AISH=OI kernellf] SEOZ link A|ZIC}.
= # insmod module_name.o

= Rmmod: A8=9l module& unlink A|ZILC}.
= # rmmod module_name

= Lsmod: &IBH=0l moduleE S HHBIH.
= # Ismod
= Modulel.o module2.0 .....
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5. Device

= Device
- 212t [12 taskll ZS0H= MIJIXI typeQZ 7 4 UL}
= =X} device
= Block device
= Network interface

= Linuxe Z} device type module EEHHE HIE & AT Z2 X
89| kernel versionS AH20LH, JHZ0 Wt A2 XL MES

hardware& A8 E = JUATE OIUL

= 2 module2 OIU9] device driverE [HAICZ Ot= (| XIC}.

Embedded Systems, KAIST
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Device (1)

= 1. Character device
= FileXd &2 JIS0OIL
= 2} character devicee open, read, write S9| system call & /™
=L
= 0l console, parallel port.
= Stream abstraction @& HH JIs.
= File system node: /dev/ttyl, /dev/Ipl, etc
= =Xl device: data& =AM E IS &+ S0l 8Tt

= 2HI file: data®] Xl pointerE ¥HZE 0= JI=0ILL

Embedded Systems, KAIST
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Device (I11)

= 2. Block Device
= Disk & file system& J}& £ UE device
= Can be accessed by block units (1 KB typical)
= LinuxOlA]= block deviceE character device{& access J}s0tL}.
« SHHO 0™ 3719 byte Y2 ST = AULL

« WHEA HQIOIE H2l8YH . kernel/driver software interface(fl A Al
0l.

= File system nodeE S0{A M 2.
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Device (I11)

= 3. Network Interface

« T E network transaction O0tU 9| interfaceE S0 M M2l =L}
= Hardware interface@} software interfaceJ} ISt}
= Ol Loopback interface

= Bl I 9] network interface= data packetE F1lHt= MAUS XA|

=1

Zl=0l, packet2 kernel®] network subsystemOfl 2J0HAM = XIH,
OIAHO0l i ™ taskQ} HEO| A=K EX| 2ot

= TelnetQ} ftp= stream0fl 7|88t HAEE A (connection oriented
TCP/IP)

= UDPQ} #2 deviceE Al
= DeviceE data packet@t T2, 2H2H9] stream(fl LHOHAM = AT X| &
=Lt
= StreamOfl 7|88} deviceIl OFLIS 2 file system nodelf] ZHE0|
mapping EIIs: eth0 S9| 0| XIA.
= Read, write lH&l kernel call 84== packet M&5 1} A& =}
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