L 1nux

ROM PC BI0S BI0S
1386
13.1
Linux
I
BIOS
Boot Loader
13.1
13.1
BI0S

BI0S BIOS Boot Loader
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13.1.1
Intel 386 CPU
CS FFFF[O] IP 0000[0]
CS:IP BIOS
BIOS
13.1.2 BIOS
BIOS Basic Input Output System
CPU CPU
ROM FFFF:0000
CPU BIOS
BI0S POST Power-0On Self
Test BIOS
BIOS Boot Loader
BI0S BIOS
1 MBR Boot Loader
AA55 BIOS Boot
Loader
BIOS
CPU
Linux Bootsect.S
BIOS
BIOS POST 14
13.1 POST Boot Loader
13.1 POST 14
1 CPU 8
2 32K RAM 9
3 DMA 10 RAM
4 32K RAM 11 BIOS
5 CRT 12
6 8259 13
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7 8253 I

BI0S BI0S

13.1.3 Boot Loader

Boot Loader MBR

13.1.4

Boot Loader

DOS
13.2
13.2.1
CPU
Linux
/usr/sur/arch
spark

Intel 80386
80386
80386

BI10S
Linux
Linux
Linux
Linux
Intel 386
CPU
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80386
80386
80386
13.2.2
PC
Windows
13.3 Linux
Linux
Boot Loader
13.3.1
13.2
inode
0xAA55
MS-DOS
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B10S

Windows

Boot Loader

MS  FAT

13.3

Boot Loader

Boot Loader

EXT2

Linux

inode
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0x000

SEER

BRE ElR D

0003

0=02C/ Dx03E

Mt 2 #

BT 5y

BEERE . 0xAASS

e E 0x1FE
13.2
13.3.2
DOS
Pramiray Partition
(Extended Partition)

MBR
13.4

13.5

EHEE

Rl

R2

TFRIRR

arE3

R4

13.4

13.3.3 Boot Loader

Boot Loader
Boot Loader

active

BI0S Boot Loaer

13.3
MBR

R 65

SFRE
B PRE 0RAASS

13.5
DOS

DOS

Boot Loader

FDISK

MBR

Boot Loader

Boot
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Loader  DOS MS-Boot Loader Boot
Loader IBMBIO.COM  1BMDOS.COM
IBMBIO
Boot Loader
Boot Loader
Boot Loader
DOS DOS
Linux Linux
Windows ?
MS-DOS  Boot Loader

DOS Linux  LOADLIN Linux LILO

Boot Loader LILO
LILO

13.3.4 LILO

LILO Linux Boot Loader Linux
Linux Linux
DOS Windows Linux
MRB Boot Loadr

1 DOS
DOS 13.6

DOS-MBR ':‘::> MS-DOS ':’::> Command.com

13.6 DOS

2 DOS  Linux Linux  LOADIN 13.7

DOS-MBR —=——> MS-DOS —————=> Command.com

':|=I> LOADLIN =—> Linux
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13.7 LOADLIN  DOS
Linux DOS
DOS Autoexec.bat Loadin
3 LILO Linux 13.8
DOS-MBRE——> LILO T—/————>  Linux
|:|::> 0S I:’::>
13.8 LILO Linux
LILO Linux
Linux Windows Windows
Windows
Windows F3
D0S 6.22 Windows LILO
LILO Linux
13.9
':|::> Linux
DOSMBR=——> LILO
'Z%> DOS
':"::> Command.com
MS-DOS
=%> LOADLIN = Linux
13.9 LILO
Linux DOS DOS
Linux autoexec.bat LOADLIN Linux
LILO
LILO
Linux
4 LILO
13.10 LILO MRB Boot Loader

MBR
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[ > Linux
LILO | |
' >
| |
13.10 LILO
LILO
Map Installer LILO LILO
LILO LILO
/sbin/lilo Map installer Boot loader
Boot Loader —map file
/sbin/lilo
Boot Loader BIOS LILO Linux
Linux  Boot Loader
Map installer map /boot/map
LILO /etc/lilo.conf LILO
/boot
LILO Linux Linux LILO
LILO ““LILO””
ctrl Shift LILO Tab
““LILO boot””
““Linux”” <<D0S”~ ““Linux”~ Linux
““D0S”” Windows Linux ““Linux””
LILO
LILO boot: Linux 1
LILO boot: Linux ether=eth0 0x280 10 0x280
10
LILO Debug LILO
/etc/lilo.conf
lilo.conf
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Script lilo.conf
DOS config.sys
# /etc/lilo.conf
# LILO configuration file
# gernerated by "liloconfig®
#
# Start LILO global section /*LILO */
append = “ether=eth0 0x280 10" /*
*/
boot = /dev/hda2 /*LILO 1 */
delay = 50 /* */
vga = normal /* VGA*/
# ramdisk = 0 /* */
# End LILO global section /* */
# Linux bootable partition config begins /* Linux */
root = /dev/hda2 /*Linux 1 */
image = /vmlinuz /* vmlinuz */
lable = linux /* linux*/
image = /zimage-2.4.18 /* Linux
LILO Map */
label = Newkernel
read-only /* */
#Linux bootable partition config ends /*Linux */
#DOS bootable partition config begens /* DOS */
other = /dev/hdal /* Boot Loader 1 */
label = dos /* dos*/
table = /dev/hda /* 1 */
# Dos bootab le partion config ends /*Dos */
13.3.5 LILO
LILO LILO ?
LILO Boot Loader
1
Linux 1.44MB ““Linux 7
Linux Boot Loader arch/i386/boot/hootsect.S
Linux
Linux
1 BI0S
1 Boot Loader BIOS Boot Loader
0x07c00 Boot Loader Boot Loader
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. 0x07c00 0x90000
. Ox03ff “ i
. BIOS
) BIOS ““Loading””
) BIOS setup()
0x90200
° BI0OS
0x10000 0x100000 <
7z ““make zImage~”” “ 7z

““make bzlmage”~”

2
Linux BIOS
0x00007c00 Boot Loader Boot Loader 0x90000 0x9B000
0x9B000 0x9A200 2 0x9B000
L 2
I 2
LI
0x9D200
0x9D600
0x9D600
0x9D800
RAM
16MB 16MB BI0S 16MB
24
0x90200
0x10000 make bzlmage 0x100000
map 0x9D000
image  Linux 0x90200  Setup.S
:chain loader 0x90200
0x90400 chain loader 0x00600
0x07c00
2 L
0
13.11 LILO
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0x0000 1982
0x007BE 64
0x007FE 29K
0x07C00 MBA 512
0x7E00 32.5K
0x10000 448K
0x90000 512
0x90200 Linux  Setup.s 39.5K ( 2K )
0x9A000 512
0x9A200 3.5K
0x9B000 2 8K 2.5K
0x9D000 Map 512
0x9D200 1K
0x9D600 512
0x9D800 512
0x9DA00 1K
0x9DCO00 7.5K
0xA0000 driver swapper 1K
13.11 LILO
Boot Loader
LILO Setup.S
16
13.4.1 Setup.S
Setup.S
, BI0S
PS/2
386 CPU
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LILO)

gdt
gdt

.word
.word
.word
.word
.word
.word
4 .word
.word
.word
.word

32

0 0O
0 0O
OXFFFF
0x0000
0x9A00
0x00CF
OXFFFF
0x0000
0x9200
0x00CF

8259

32
lidt  Igdt
4
0 ! NULL
0 !
1 46b  0x100000*0x1000 = 4Gb

Ibase address=0
1

! =4096

I 4Gb 0x100000*0x1000 = 4Gb

! base address=0
!

! =4096

Jmpi 0x100000 KERNEL_CS

13.4.2 Head.S

Head.S

B10S

B10S

start_kernel ()
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B10S

2.10
Setup.S
Head.S 32
Linux
BI0S

32
Boot Loader

idt
BI0S
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Boot Loader

Head.S
empty_zero_page
Head.S CPU Intel CPU
4MB Linux
Intel
AMDK6 Intel
Start_kernel()
80387 80487
Head.S Setup_paging 4MB
start_kernel() 0xC0000000
4KB ——swap_page_dir
—pg0 0x1000  0x2000
4MB
Head.S swap_page_dir pg0
empty_bad_page empty_bad_page_table empty_zero_page
empty_zero_page
empty_zero_page 2KB
0 32 bytes
2 unsigned shortEXT_MEM_K extended memory size in Kb (BIOS 15
0x20 unsigned lhortCL_MAGIC (=0xA33F)

0x22 unsigned shortCL_OFFSET
0x90000 + contents of CL_OFFSET

( CL_MAGIC = OxA33F )
0x40 20 bytes APM_BIOS_INFO
0x80 16 bytes hd0-disk-parameter 1 BIOS 40
0x90 16 bytes hdl-disk-parameter 1 BIOS 46
0xa0 16 bytes 16
( sys_desc_table_struct )
0xb0 - Ox1df
0x1e0 unsigned long ALT_MEM_K
0x1f1 char setup.s

0x1f2 unsigned shortMOUNT_ROOT_RDONLY (if !=0)

0x1f4 unsigned short

0x1f6 unsigned shortswap_dev (unused AFAIK)

0x1f8 unsigned shortRAMDISK_FLAGS

Ox1fa unsigned shortVGA-Mode

Ox1fc unsigned shortORIG_ROOT_DEV (high=Major  low=minor)
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Ox1ff char AUX_DEVICE_INFO
0x200 short jump to start of setup code aka "reserved" field.
0x202 4 bytes SETUP-header ="HdrsS"
0x0241. ..
0x206 unsigned shortheader
0x208 8 bytes setup.S boot loaders
0x210 char LOADER_TYPE = 0
boot loader
OXTV: T=0 LILO
1 Loadlin
2 bootsect-loader
3 SYSLINUX
4 ETHERBOOT
V =
0x211 char loadflags :
bit0 = 1: (bzlImage)
bit7 = 1: boot loader
0x212 unsigned short(setup.S)
0x214 unsigned long KERNEL_START  loader
0x218 unsigned long INITRD_START image
0x21c unsigned long INITRD_SIZE image
0x220 4 bytes (setup.S)
0x224 unsigned shortsetup.S
0x226 - Ox7ff setup.S
0x800 string 2K max
0x800 4KB
Linux
0x0000
NULL
Head.S
Head.S
ENTRY(gdt_table)
.quad 0x0000000000000000 /* NULL descriptor */
.quad 0x0000000000000000 /* not used */
.quad 0x00ct9a000000FFff /* 0x10 kernel 4GB code at 0x00000000
.quad 0x00cf92000000fFFff /* 0x18 kernel 4GB data at 0x00000000
.quad 0x00cffa000000fFFff /* 0x23 user 4GB code at 0x00000000
.quad 0x00cff2000000fFFff /* 0x2b user 4GB data at 0x00000000
.quad 0x0000000000000000 /* not used */
.quad 0x0000000000000000 /* not used */

/*

— 490 -

*/
*/
*/
*/



Linux

* The APM segments have byte granularity and their bases
* and limits are set at run time.

*/

.quad 0x0040920000000000
.quad 0x00409a0000000000
.quad 0x00009a0000000000
.quad 0x0040920000000000
_Fill NR_CPUS*4,8,0

Igdt lidt

11dt

Head.S

/* 0x40 APM set up for bad BIOS's */
/* 0x48 APM CS code */

/* 0x50 APM CS 16 code (16 bit) */
/* 0x58 APM DS data */

/* space for TSS"s and LDT"s */

2.3

/init/main.C start_kernel

13.5 main.c

head.s main.c start_kernel
start_kernel main.c
start_kernel 386
9
4MB 386
386 386
start_kernel Linux
start_kernel Linux
start_kernel start_kernel
start_kernel
C start_kernel
Linux Linux

start_kernel

start_kernel /*

{

setup_arch ;

}

/init/main.c main.c

init/main.c */
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386 486 586 Pentium 4MB
386 RAM RAM
setup_arch intel 1/0
paging_init ; /* arch/i1386/mm/init.c */

paging_init

trap_init I* arch/i1386/kernel/traps.c */
set_trap _gate
set_system_gate

Linux trap_init BIOS
V86 Linux BIOS
Linux Linux
BIOS

trap_init LDT  TSS Gdt

init_task init_task TSS

LDT TSS  LDT
init_IRQ /*  arch/i1386/kernel/irq.c */
intel 80386 8259
16 15
; Linux
?
irg.h

struct irgaction {
void  *handler int void * struct pt_regs * ;
unsigned long flags;
unsigned long mask;
const char *name;
void *dev_id;
struct irgaction *next;}

static void math_error_irq int cpl void *dev_id struct pt_regs *regs

{
outb 0 OxFO ;
if ignore_irgl3 || 'hard_math
return;
math_error
}
static struct irgaction irgl3 = { math_error_irq O O "math error” NULL NULL };

init_irq
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2
8259 170
0x20 15 386
setup_x86_irq
386
sched_init /* /kernel/sched.c */
init_bh
kernel/softirg.c timer tqueue immediate
time_init /* arch/i386/kernel/time.c */
Linux UNIX
CIH 26
CMOS
get_cmos_time Linux
CMOS CPU 1
Linux 0
8259 8253
parse_options /* main.c */
debug init
console_init /* linux/drivers/char/tty_io.c */
TTY
TTY
kmalloc_init /*  linux/mm/kmalloc.c */
kmalloc kernel_malloc
kmalloc kmalloc
Linux
Linux
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VFS ext2
fat
Linux
VFS proc
Linux
Windows  FAT
UNIX  SYSH
VFS name_cach inode
inode_init /* Linux/fs/inode.c */
VFS
name_cache_init /* linux/fs/dcache.c */
VFS LRU1 LRU2
Buffer_init /*  linux/fs/buffer.c */
buffer free list
mem_init /*  arch/i386/mm/init.c */
/etc
““Login ~~ dmesg | more
Loading bootsect.S
uncompress

main.c  start_kernel
Linux version 2.2.6 root@lance gcc version 2.7.2.3 Linux
gcc
Detected 199908264 Hz processor init_time
Console:colour VGA+ 80x25 1 virtaul console max 63 console_init
VGA 63
Memory: 63396k/65536k available 848k kernel code 408k reserved 856k data
init_mem 65536KB 63396KB
848KB 404KB 856KB
VFS:Diskquotas version dquot_6.4.0 initialized dguote_init
quota
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PCI: PCI BIOS revision 2.10 entry at 0xfd8dl |
PCI: Using configuration type 1 |
PCI: Probing PCI hardware pci_init

Linux NET4.0 for Linux 2.2
Based upon Swansea University Computer Society NET3.039
NET4: UNIX domain sockets 1.0 for Linux NET4.0.

NET4: Linux TCP/IP 1.0 for NET4.0

IP Protocols: ICMP UDP TCP socket_init Linux
4.0 sockets 1.0 1.0 TCP/IP TCP/IP
ICMP UDP TCP
Detected PS/2 Mouse Port
Sound initialization started
Sound initialization complete

Floppy drive s : fdO is 1.44M
Floppy drive s : fd0 is 1.44M

FDC 0 is a National Semiconductor PC87306 device_setup
ps/2

init
start_kernel

13.6 it
Linux Linux
13.6.1 init
Linux init kernel thread init
NULL O init  — Linux 1
kernel _thread init NULL O main.c —
—init init init inin
o dbflush kswapd
o ttyl concole
o init Linux ““/etc/init>’ ““/bin/init””
““/sbin/init””
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init init
etc/init init
1
2
3 ““getty””
4 ““/etc/rc””
““getty”” ““login””
““exec”” ““login’” ““login’”
““exec”” shell
shell
profile
init
““getty”’
““getty”” ““exec””
““login”” ““login”” ““getty””
““login>” shell
““getty’”
init “ 77
init
init
init Linux
Smoorenburg System V
init
System V BSD
5.12
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X Windows
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init
““fork””
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BOOT

A 4

—————> INIT N letc/inittab
fork
v v v
| GETTY | | GETTY | fetcire
letc/local.rc
Shell Script
v exec
LOGIN < /etc/passwd
v exec
—EELL < [etc/profile
A
Shell Script
$HOME/ profile
$HOME/.login
13.12 init
13.6.2 Shell
Shell — —Shell Script
““$HOME/profile®” <</etc/inittab”
Linux
/etc/inittab ““Login:~”
¥ 3 $ E R
Shell bash ksh zsh
/etc Is
/etc rc.d
/etc/inittab  rc.d init
/etc/inittab init
7
0 inittab
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1
2 3
3 Linux
4
5 X Windwos
6
7
X*7 X 1 2 6
6

inittab
id:3:initdefault:
#System initialization.
si::sysinit:/etc/rc.d/rc.sysinit
/etc/rc.d/rd.sysinit
10:0:wait:/etc/rc.d/rc.
11:1:wait:/etc/rc.d/rc.
12:2:wait:/etc/rc.d/rc.
13:3:wait:/etc/rc.d/rc.
14:4:wait:/etc/rc.d/rc.
15:5:wait:/etc/rc.d/rc.
16:6:wait:/etc/rc.d/rc.
#Things to run in every runlevel
ud: :once:/shin/update

o o~ W N - O
o OB~ W N P O

#Run gettys in standard runlevels

1:12345:respgwn:/sbin/mingetty ttyl
2:2345:respgwn:/sbin/mingetty tty2
3:2345:respgwn:/sbhin/mingetty tty3
4:2345:respgwn:/sbin/mingetty tty4
5:2345:respgwn:/sbin/mingetty tty5
6:2345:respgwn:/shin/mingetty tty6

#Run xdm in runlevel 5
x:5:respawn:/usr/bin/X11/xdm -nodaemon
inittab
inittab
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ttyl
tty2
tty3
ttyd
ttyS
tty6

Linux

N DN N DN P

X Window

rc.
rc.
rc.
rc.
rc.
rc.
rc.

W W w w wnmN

NFS

inittab

o Ol WO DN - O

~ A A B b0

oo o o1 O B

““init
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id:runleveld:action:process

id inittab

runlevels 3 action 4 runlevel
0 1 2... 6 s S

action init

e initdefault 1
runlevel 3 3 5

/etc/rc.d/rc.5 X Window

e sysinit inittab

action boot  bootwait action sysinit

e wait

e respawn process

getty

inittab

/etc/rd.c/rc.sysinit

1
quato
proc
2
PNP
3
rc.sysinit inittab init inittab
/etc/rc.d rc 3 rc rc.3
rc.3 cron sendmial
init getty Linux
Linux
Linux
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