351 A=A 2

o BlEA& AILE A 28 E
o start_kernel() &=
o inittab WY
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® ROM-BIOS A!&H
» | 91 2 = 2| ROM-BIOS7}| A!8H

» POST(power—on self test)

%7|5}511 20| 7} EL

kR

p AXE=2
10| =04

=3

o HzZajof FE T2 M|
» MBR(Master Boot Record)ollA] £ E T2 (EEZH)S

H 222 HA
= L_-Ij;i%

» FEZHZE HOAS A
» HEZ
LILO, GRUB, ppcboot, uboot
» GRUB

/boot/grub



» FE x| 0 MEE X| &l

» grub= A X|e of MBRO| AIAlS
et 2EHE 7| 5ol FEe o grub
o| AlSl=| =& &

» FE T2 78 39l ulE|M H|O]
= % o & e =2 M

» O & HH] : OxAAS5

AlX| 2 0] @¥2i0| MBRO| 2t=x| &

= —
olst= af

» 37| : 512byte

Ox000

Boot code
Ox1BE

Partition 1

Partition 2

Partition 3

Partition 4
Ox1FE

magic number(OxAA55)

Ox1FF

[18 3—-2] MBRS| 71



HEZ[
= MBR(Z

B 1)

= Stagelcd (512byte)=> stagel.5 = stage?

» StHOAM HE HFE

MEHd 51

— HHo

— | L -

stage20] il &

[root@?ocaThost
BH 186
—FW-r——r--— 1
—PW-F——t-= 1
—FW=-t—=t-= 1
—FW-r-—tr-- 1
“Fp-—————= 1
—PW-F——t-= 1
—FW=-p—=t-= 1
IR 2 1
—FW-r——r--— 1
—PW-F——t-= 1
—FW=-t—=t-= 1
—FW-r-—tr-- 1
—FW-r——r--— 1
—PW-F——t-= 1
—FW-p—=t-= 1
T

[root@dlocalhos

[18 3-3] /boot/grub C|A EZ|

lggfﬂ gy 1[4

grub]# 15 =1

oot root
oot root
root root
oot root
oot root
oot root
root root
oot root
oot root
oot root
root root
oot root
oot root
oot root
root root
grubl# B

o ]

82
7840
7536
GEEO

G621
8445
512

11
7040
9403

11050
512
106364
8528
9320

—

2006
20086
2006
2006
16:10
20086
2006
2006
2006
20086
2003
2006
2006
20086
2006

[N N N [N T N 2, NN T U S

stagel
stage?

B T

device,.map
e2fs_stage1_65
fat_stags1_5
ffs_stagel_5
grub. conf
ifs_stagel_5
mbr . bin
menu, 1st -»
minix_stagel_5
reiserfs_stage1_5
splash. =pm. gz

vstafs_stage1_5S
wFe_stagel_5

Cfgrub. conf




® 74 o[o[X] 2H & ¥
» GRUB2 =2 sl 74 o[o[X|& 2Y
» 2f= o|0|X| sl A|
» g2 Ro{H0| HoiS
» HE0| FE Al 2l I E (Redhat 2.4.20-8)
= arch/i386/boot/bootsect.S
= arch/i386/boot/setup.S (start() )
= arch/i386/boot/compressed/head.S (startup_32() )
= arch/i386/boot/compressed/misc.c (decompress_kernel() )
= arch/i386/kernel/head.S (startup_32() )
= init/main.c (start_kernel() )
v 0| B8 Al 2tH FE (Fedora 2.6.29.4)
= arch/x86/boot/header.S (bootsect_start)
arch/x86/boot/compressed/head_32.S (startup_32)
arch/x86/boot/compressed/misc.c (decompress_kernel() )

arch/x86/kernel/head_32.S (startup_32)
init/main.c (start_kernel() )



» arch/x86/boot/header.S (_start EE= bootsect_start)
= HY o|o|X|7F &M _start FEl BE= bootsect_start FEI (E2LE B E
Al E_-l) o|-|
= 7|EI—IO| O|.|:O_||o.| M

= arch/x86/boot/compressed/head_32.52| startup_32 FE &

T

» arch/x86/boot/compressed/head_32.S (startup_32 ; &= 4
sH &)
= startup_32 T
A M
BSS(Block Started by Symbol)& x=7|s}
S

14784 arch/x86/boot/compressed/misc.c L 2| 3893 decompress_kernel() &
£ s&sto dFE 7 sl



» arch/x86/kernel/head_32.S (startup_32)

= startup_32 T3

v &tFo0| off M= HEo MLl AlEIH

vV otEY o S5&el =T[5t
» MOME g2 4™
» H|O|X| HO|& =7|2 & Ho|& 2lofo|=(enable)
» BSS (Block Started by Symbol) MM Z7|s}
» |IDT (Interrupt Descriptor Table) AH
» £ E miglo|gef HE HME 2ielel SAt
» CPU 78 dA 2 FPU AL
» GDT (Global Descriptor Table)2t LDT (Local Descriptor Table) 24
» 447 HE ol M el Al&F g2l start_kernel()2 =&

pstart_kernel() &=
= init/main.c
= AZXMol 254 HEe| HER| ZQAE
= 2lSA AHYL Hel RE ZT|SHE

= |
= init ZEMAE MAMSE= init_post() &

T
—

i rr
lol' 0
-
o
ok
>
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ozel 29

¥

WAl Z=7|5t

¥

Init EfA=

o| AHHEY x7|3

¥

PROC 7HA| 2%

¥

VES 7HAl 24

¥

HIH 7HAl shA|l HO|S &d

= =2o

¥

pagetable 7HAl SHAl HIOIE AH

= = o

—

pagetable 7HA| SiA] E|O|E A

= =<
¥
sigqueue =3 FHA| MM
Y
proc LY A[AH HH
i
AAH HI H3
t
init( ) =&

[O& 3—4] start_kernel()



@ init ZTEAM|A(AHE)e] MM
» init/main.cti 2| init_post() &%
= start_kernel( ) &0llAM of& Xez|=X| 2 LIHX| 225 =7|=tst
CtE FE ot A|ARIZ 02 E
= X7 2E£S €10 FE oA AHM init Zk (/sbin/init) 2 A AL
= /sbin/init
vV E|Zo| At At efHe| =2
= Otok pit2 X 25tH 92 28l Al 1Y (panic)

m dup AlﬁE—ll :T"E_

vstdin(EE )l uted C{AFEEE B[O A= Chx ot C{ATEEO| AL,
e ClA3EE 1, 28 & £z ZF ool XHU =2 =F
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» /sbin/init0] /etc/inittab LA E 0]

= init ZEMA7F =3l

» 2 2 (run level)o|
Olx|2to 2 getty(m

|
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el Ze sk 7
ingetty) & &
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01 asmlinkage void __init start_kernel(void)

02
03
04
05
06
07
08

09
10
11
12
13
14
15
16
17
18
19

char * command_line

extern char saved_command_line[];
lock_kernel();

printk(linux_banner);
setup_arch(&command_line);

printk("Kernel command line: %s \n",
saved_command_line);

parse_options(command_line);
trap_init();
init_IRQ();
sched_init();
softirg_init();
time_init();
console_init();
init_modules();
kmem_cache_init();
sti();
calibrate_delay();

20
21
22
23
24
25
26
27
28
29
30
31
32
33

34

35
36
37

mem_init();

kmem_cache_sizes_init();

pgtable_cache_init();

if (num_mappedpages == 0)
num_mappedpages = num_physpages

fork_init(num_mappedpages);

proc_caches_init();

vfs_caches_init(num_physpages);

buffer_init(hum_physpages);

page_cache_init(num_physpages);

signals_init();

proc_root_init();

check_bugs();

chi_early_init(); /I* before LAPIC and SMP init

printk("POSIX conformance testing by UNIFIX
\n");

smp_init();

rest_init();



asmlinkage void __init start_kernel(void)
{
char * command_line;
extern struct kernel_param __start___param([], __stop___param]];
smp_setup_processor_id();
/*
* Need to run as early as possible, to initialize the
*lockdep hash:
*/
lockdep_init();
debug_objects_early_init();
cgroup_init_early();
local_irg_disable();
early_boot_irgs_off();
early_init_irg_lock_class();
/*
* Interrupts are still disabled. Do necessary setups, then
* enable them
*/
lock_kernel();
tick_init();
boot_cpu_init();
page_address_init();
printk(KERN_NOTICE);
printk(linux_banner);
setup_arch(&command_line);
mm_init_owner(&init_mm, &init_task);
setup_command_line(command_line);
setup_per_cpu_areas();
setup_nr_cpu_ids();
smp_prepare_boot_cpu(); /* arch-specific boot-cpu hooks */

@A FE (Fedora 2.6.29.4)

/*

* Set up the scheduler prior starting any interrupts (such as the
* timer interrupt). Full topology setup happens at smp_init()
*time - but meanwhile we still have a functioning scheduler.
*/

sched_init();

[*

* Disable preemption - early bootup scheduling is extremely
* fragile until we cpu_idle() for the first time.

*/

preempt_disable();

build_all_zonelists();

page_alloc_init();

printk(KERN_NOTICE "Kernel command line: %s\n",
boot_command_line);

parse_early_param();
parse_args("Booting kernel", static_command_line, __start___param,
_ stop___param - __start___param,
&unknown_bootoption);
if (lirgs_disabled()) {
printk(KERN_WARNING "start_kernel(): bug: interrupts were "
"enabled *very* early, fixing it\n");
local_irg_disable();
}
sort_main_extable();
trap_init();
rcu_init();



/* init some links before init_ISA_irgs() */

early_irqg_init();

init_IRQ();

pidhash_init();

init_timers();

hrtimers_init();

softirg_init();

timekeeping_init();

time_init();

sched_clock_init();

profile_init();

if (lirqs_disabled())
printk(KERN_CRIT "start_kernel(): bug: interrupts were "

"enabled early\n");
early_boot_irgs_on();
local_irg_enable();

/*
* HACK ALERT! This is early. We're enabling the console before
*we've done PCI setups etc, and console_init() must be aware of

* this. But we do want output early, in case something goes wrong.

*/
console_init();
if (panic_later)
panic(panic_later, panic_param);

lockdep_info();

oA AE (Fedora 2.6.29.4)

14

* Need to run this when irgs are enabled, because it wants
* to self-test [hard/soft]-irqs on/off lock inversion bugs
*too:

*/

locking_selftest();

#ifdef CONFIG_BLK_DEV_INITRD

if (initrd_start && linitrd_below_start_ok &&
page_to_pfn(virt_to_page((void *)initrd_start)) < min_low_pfn) {
printk(KERN_CRIT "initrd overwritten (0x%08Ix < 0x%08Ix) - "
"disabling it.\n",
page_to_pfn(virt_to_page((void *)initrd_start)),
min_low_pfn);
initrd_start = 0;

vmalloc_init();
vfs_caches_init_early();
cpuset_init_early();
page_cgroup_init();
mem_init();
enable_debug_pagealloc();
cpu_hotplug_init();
kmem_cache_init();
debug_objects_mem_init();
idr_init_cache();
setup_per_cpu_pageset();
numa_policy_init();
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if (late_time_init) /* rootfs populating might need page-writeback */

late_time_init(); page_writeback_init();
#ifdef CONFIG_PROC_FS

proc_root_init();
#endif

cgroup_init();

calibrate_delay();
pidmap_init();
pgtable_cache_init();
prio_tree_init();
anon_vma_init();

#ifdef CONFIG_X86
if (efi_enabled)

efi_enter_virtual_mode();

cpuset_init();
taskstats_init_early();
delayacct_init();

#endif check_bugs();
thread_info_cache_init();
cred_init(); acpi_early_init(); /* before LAPIC and SMP init */

fork_init(num_physpages);
proc_caches_init();
buffer_init();

key_init();

security_init();

ftrace_init();

/* Do the rest non-__init'ed, we're now alive */
rest_init();
vfs_caches_init(hum_physpages); }

radix_tree_init();

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
signals_init(); I
|
|
|
|
|
|
|
|
|
|
|
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® init/main.c

=

» BEA FHYHL Hel 2E X7|5} _'?'_E_% 2|5 giol 5 sk
)
I'REI = II’E == —L7I2|'°|'

» A|AE] HA o MEE' OPE A=

® IEUYE

» 530&l: asmlinkage void __init start_kernel(void)
__init : Include/linux/init.h &=

» 5533: lock_kernel(); 2|27 SMP td& ol A 4
HA 2Hock)S M A

=2 = O

0ot

5= 22E 9

H

(o]]]

include/linux/smplock.h

» 5583 printk(linux_banner); linux_banner &5
init/version.c

/var/log/dmesgoll 7| =
#cat /proc/version
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» 559% : setup_arch( );

- R E FUERlelS o152 ot of7| X o EXQl X7

fo

A ABIOl 02 MHEES 47!
M| #ojofRe BA U MY

Ho|d A A”R =72t

HE 22| 5

= arch/"CPUO|&"/kernel/setup.c = arch/x86/kernel/setup.c

= =2 O
= AAE F AZEQO QAEHBEES fIgtelES2E 43
= 2| FA0Me 0| 2] XME|l= At A/ EHE CIATEE ALE
= 0x00 ~ 0x19

= 0x80 : A|AHI =

= arch/x86/kernel/traps.c 9534
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alll

rm
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» 571%

= IEMA AHEEE

= kernel/sched.c

. sched_init( )

3|-
=

2 et

= init EA 37} AFE5H= CPU H
= pid S A| H Ol =(hash table)S =7|5}
= A|ABIo| EfO|HE 7|3}

» 5948 : init_IRQ( )

= arch/x86/kernel/i8259.c

= EHEHE S22 43

= init_ISA_irgs() &+& = &5t
ISA IRQ=2 ®lst 7[&= ¢

"bottom-half" A& =7|3}
lazy TLB(translation lookaside buffer) A4 AM
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» 5083 : softirg_init( )
= kernel/softirg.c
= tasklet, softirg= =7|5}

v ElSA0M= 03 7He| CPUMIA] bottom—halfE T e = JAESH
softirgl} tasklet& AE

» 600 : time_init( ) &=
= arch/i386/kernel/time.c
= CMOSO{| Al A[ABIS| XY AlZEE 210 =
= IRQO ElO|H El CIHHE =2 E M
= HE 2| 37X AZtE 5 9
v PIT ElO|H 0| &
v'RTC(Real Time Clock) 0| &
v TSC(Time Stamp Counter) O|-&

» 6143 : console_init( )

= drivers/char/tty_io.c
= 2L 7|5

19



» ?7?7? & . module_init( ) e
= kernel/module.c
= HY 22 A
=AY A= HOo[Ze A7|(F) =7|=t
» 644 : kmem_cache_init( ) €
= mm/slab.c
= S =X} (slab allocator) & =7| s}
HO[X| = 2 M 22l & &

Cld}
S =
Ol-_,al

i

O

FAHA

MElE Y
277 A

3l 1 osti( ) &

AL
T
= QIHEHE Jts &E|

» 6513 :

QENE

MEESo| F7|of A o =2e
|

Al

o

2 AN

calibrate_delay( )
loops_per_jiffy" X| 4
= BogoMIPS

kS H A
=
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» 6418 : mem_init( ) &=
= arch/x86/mm/init.c
= empty_zero_pages E7|3}
H 22| F 2 sl (free_pages_init() )
of 2k= RAM H[O|X| =& FI2E
AA"Ee| ME2E| 37|, HEY ZE 7], o2k o222 271,
HY dlolel 37|, initel 37|, High H22|el 37|52 MEE &=

St

» 64431 : kmem_cache_sizes_init( ) &%
= mm/slab.c

- LUl HAISS XT3t
» 6538 : pgtable_cache_init( ) &=

= arch/x86/mm/init.c
= H|O| X[ H|O| & WA E =7|=}
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» 662 : fork_init() &=
= kernel/fork.c
Z o A =e =& 022 27|o w2t 245
= init EfA 32| Xt e g E BE2 =75
» 6633 : proc_caches_init( ) &=
= kernel/fork.c

= signal_act, files_cache, fs_cache, vm_area_struct, mm_structol| CH et slab
A= MM

» 6678 : vfs_caches_init( ) &=
= fs/dcache.c
= bh_cache, names_cache, filp_cache, dquotdl CH st slab 7HAIE M A
= dentry_cache?} dentry_hashtableS M4
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» 664 : buffer_init( ) &=
= fs/buffer.c
= HIH 7HA| sHA| BH|O| &2 &Y sty =7
buffer_head *=|7t =7|3}
SHAl XM 2lz} LRU 2| AEE Al

= A Hd

J

o

» 6693 : signals_init( ) &=
= kernel/signal.c

= AlaY M2 23 = siggueue &8 FHAIE MM

» 673~ : proc_root_init( ) =
= fs/proc/root.c
= /proc LAAIAH MH

= /proc/net, /proc/fs, /proc/driver

oln
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» 680 : check_bugs() &=

=1
= linux/include/asm-i386/bugs.h
« HEY AAE X3, FPU A3, Halt M3 & AlAEISl 2MHAEE A2

» 6823 : acpi_early_init() &=
= C|HIO|AS0| of 2k=l |/O =

EEANEE FJUEE LY
= {0 =E2}2lo]| acpi=off7} MA = A0l = skip

» 8568 : smp_init() e
= init/main.c
= C}2 SMP T ZAMAMEES A|EHA]

» 687 : rest_init( ) &=
= init TEAMASE MA
- 7gel 2t2 s A

St

= CH 7| (idle) AtEfl 2 EO{ZHCPU_idle() &%=, idle process, pid 0)
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® /etc/inittab Th
» Al2Eof Aefofl wat ek 2 2 (run level)oll M

— =
init ZTEMAJ} Faslof et UAdES 7|56l =2

=

El

[# 3-1] 2 BF

gl J=
0 A2 S5
1 d=2 7M 2E
2 NFSE M 2|st CtE AFSA 2E
ok EITE AIES5HA| o™ & Y 311 S
3 Z(Full) C}=s At2AL 2 E
4 AEE X &S (unused)
5 XAE2
6 AlAE M EE
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01
02

03
04
05

06

07
08
09

10
11
12

13
14
15
16

#inittab This file describes how the
INIT process should set up

# the system in a certain run-level.

# Author: Miquel van Smoorenburg,
<miquels@drinkel.nl.mugnet.org>

# Modified for RHS Linux by Marc Ewing
and Donnie Barnes

# Default runlevel. The runlevels used by
RHS are:

# 0 - halt (Do NOT set initdefault to this)
# 1-Single user mode

# 2 - Multiuser, without NFS (The same as
3, if you do not have networking)

# 3 - Full multiuser mode

# 4 -unused

# 5-X11

# 6-reboot (Do NOT set initdefault to this)

26

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

id:5:initdefault:

# System initialization.

si::sysinit:/etc/rc.d/rc.sysinit

[0:0:wait:/etc/rc.d/rc O
[1:1:wait:/etc/rc.d/rc 1
[2:2:wait:/etc/rc.d/rc 2
13:3:wait:/etc/rc.d/rc 3
14:4:wait:/etc/rc.d/rc 4
[5:5:wait:/etc/rc.d/rc 5
16:6:wait:/etc/rc.d/rc 6

# Trap CTRL-ALT-DELETE
ca::ctrlaltdel:/sbin/shutdown -t3 -r now

# When our UPS tells us power has failed,
assume we have a few minutes
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35 # of power left. Schedule a shutdown for 2
minutes from now.

36 # This does, of course, assume you have
powerd installed and your

37 # UPS connected and working correctly.

38 pf::powerfail:/sbin/shutdown -f -h +2 "Power
Failure; System Shutting Down"

39

40 # If power was restored before the shutdown
kicked in, cancel it.

41 pr:12345:powerokwait:/sbin/shutdown -c
"Power Restored; Shutdown Cancelled”

27

42
43
44
45
46
47
48
49

# Run gettys in standard runlevels

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

# Run xdm in runlevel 5
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# inittab is only used by upstart for the default runlevel.

#

# ADDING OTHER CONFIGURATION HERE WILL HAVE NO EFFECT ON YOUR SYSTEM.
#

# System initialization is started by /etc/event.d/rcS

#

# Individual runlevels are started by /etc/event.d/rc[0-6]

#

# Ctrl-Alt-Delete is handled by /etc/event.d/control-alt-delete

#

# Terminal gettys (tty[1-6]) are handled by /etc/event.d/tty[1-6] and

# letc/event.d/serial

#

# For information on how to write upstart event handlers, or how

# upstart works, see init(8), initctl(8), and events(5).

#

# Default runlevel. The runlevels used are:

# 0 - halt (Do NOT set initdefault to this)

# 1-Single user mode

# 2 - Multiuser, without NFS (The same as 3, if you do not have networking)
# 3 - Full multiuser mode

# 4 -unused

# 5-X11

# 6 -reboot (Do NOT set initdefault to this)

#
id:

5:initdefault:

28



identitier: run-levels: action: proce

@ identifier : Zt HEZ|E F2517| ¢/t A
(170 2XF == 170 o|Ate]l 2X}A)

@ run-levels : ZH A EZ[J} = EOX|= & 2 55

@ action : process ZE=of 7| ==l

@ process : A3 A|F| DX} 5=

S

Al X

o ra
>

e

ZEMAE S M2l
ZTZAMA 2 olXf
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0|I

>

J



: ==
action?| &
= initdefault : C|ZE & g|H S X|H
Vinit ZEAMATF ASE of JFE M A R0 AAAM = S gl 5
CIZE & gl 2 X|™Sich= 9| o

sysinit : AAH HE Alof| Al z|o] & 2f¢l =
v boot EE& bootwait A EZ|S0| = =7| &Mof| Al

wait : T2MAE AASHZ nit T2 AM|ATF ASHSE T Z M AT}
=257\ 7HX| 7| cteg|2l=

once : TZMAE AlGHSH
Vool T2 M AT =HEE

|
2 o

ctrlaltdel @ init ZEM|AT}F SIGINT Al DY & glto =
vV AIAERD S Aol M CTRLHALTHDEL 7| & 2 Al =

—_ =

powerwait : Mo =M A= 4dF A
Vinit2 ZEMAZF SEE X 7| clE



" powe

" powe

rokwait : M2 0]| 3

rfail : powerwait Ely

Z|chef x| =ct= &

= respawn : A3l

v of

et
o2

Mo

=
. getty

= kbrequest : 7|2 = s =]

= Off :

7|

= boot :

ZZ2MATEEAN A
v aker ol EZ|f AZhE T2 MATE A Al FSolH d AlQdE8 2

Mol 20x =2t 7|

O O -

= bootwait : boot2} CI= A

i

Jo
s

I SH
=)

&

SERNETE

ot

| CHE ZdE2 init7} ZE2MAL E2E

EMATE [ =H chA| A5t EF X H
| &

of M2

Z0| of® A ER|E FA

AAE 58 et Z2MAT A B 2 EE= FA

12 T2 MATZSES WiytX| Z|ciglcl= ®
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