Linux3Z1E & o047
2 K Tx868Linux/B 7 XAL 4

%% 2 (xlanchen@ustc.edu.cn)

A A E @A
FARRLE R T@HNH
FEAE RS
Fall 2010

B

(xlanchen@ustc.edu.cn) Linux#21E %


mailto:xlanchen@ustc.edu.cn
mailto:xlanchen@ustc.edu.cn

@ L Tx868Linux/a 5 AL 547

Q itk

£ (xlanchen@ustc.edu.cn) Linux#®4E & %241


mailto:xlanchen@ustc.edu.cn

I Fx8689 Linux/a 3 KAS 547

ARG K R

o MAMMA :26.26

o ftp://ftp.kernel.org/pub/linux/kernel/v2.6/linux-2.6.26.tar.gz
o MELE > MARIF—R
o # siSource Insight T#2

e Windows+Source Insight
e Wine+Source Insight
% Fwine : sudo apt-get install wine

#wine T % K Sourcelnsight : wine XXX.exe
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2 T x8647 Linux @ #h 1XAL 9~ #7

T ARlinux G TR AL 48 4%

°
o 7% E] j%/a 2

o T Mlinuxt M Az RAL &4
o A Makefile

T A Tx8689linuxfIboot imagety £ 44
o 7 Makefile ST Fo 4k 4% 44 38 ST
—T—;I}E’QX86 él] 3}1 /nb%_i
o 1% B 3h kAL A4
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Linux-2.6.26

e 1%linux B & T ¢9README

o *TLinux# /% (WHAT IS LINUX? )

o TIRAMMZ L AFMIRA %M (ON WHAT HARDWARE
DOES IT RUN?)

o Linux/&/R# B E P& x4 B % (DOCUMENTATION)

o WiTHE ~ hi¥F -~k

INSTALLING the kernel

BUILD directory for the kernel

CONFIGURING the kernel

COMPILING the kernel

()
A
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Linux A 4% B ARAS F 69 £ 2-FH % |

e Documentation M 4% 7 @ 8948 % L A% o

e arch 51k Z 4 H4a X 69 KAG o

st TN XFORALGEN » A— AR B K4x86
arm ~ alpha% « HEMRA LM TR X T LS ELRGTH
X

o kernel 1k & & 4948 % 89 4% K AG

o mm kAL MAR XA G B ARG

o lib H1k A& % HyAa X 69 & KD

e include M A%k U o
st BAr XAF IR A M A AT B K » 42asm-x86
asm-arm ~ asm-alpha#F °
54k dEasm 0 4= “asm -> asm-x86~ °
FIRE > “finclude “asm/xxxx.h’ 7 ?
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Linux A 4% B F 6 £2-FH % |

init MAZ 4L R o R BEmain.c » &4 start_kernel X ©
kernel M %% BAAG o

mm H 75 EZ KRG o

ipc ¥ AL A 18 AARAG o

net P %38 ARG o

lib 51Kk & %M £ %89 A Az E KA o

drivers & & I8 5 KA o R R EH AL EF B % ° 4ochar >
block ~ net3

fs LA ARG o HENMIFEIHALA LG TE X
4oext2 ~ procsF °

modules ®T # & w3k 69 B2 3k o

Scripts BC & A% S 89 By A ST ©
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% J&EArch#i386 % K4 T B %

o WA Linux/RaL 694 B &
o W&archB %
o WZarch T #x86H %

o arch/x86/boot
e arch/x86/boot/compressed
o arch/x86/kernel

o WELinux®initB %
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I 732 documentation /i386 /boot. txt |

o T —2)p ¥ayr A » K Tx868Linuxty B #h thix B &

o XALA (THE LINUX/I386 BOOT PROTOCOL) &2 %=
TAE

Linux/i38649 & #hthiL (3 F14)
N5 A A

(MEMORY LAYOUT )
FEATHAZ LGN A ET

(THE REAL-MODE KERNEL HEADER )
R A% B G 4T

(THE KERNEL COMMAND LINE)
MEMORY LAYOUT OF THE REAL-MODE CODE
Q 2 #EeE

(SAMPLE BOOT CONFIGURATION)

@ X RLinux &l &30
(LOADING THE REST OF THE KERNEL)

© 606 0 o090
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I 732 documentation /i386 /boot.txt |l

Q HHWGAITHH

(SPECIAL COMMAND LINE OPTIONS )
Q EZITAM

(RUNNING THE KERNEL )
Q@ =%B FHEE KK

(ADVANCED BOOT LOADER HOOKS )
@ 32-bit BOOT PROTOCOL
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B 1% Linux 72 24 4% B & T &9 Makefile
&K E) 524 B Arall

# The all: target is the default when no target is given on the

# command line.

# This allow a user to issue only 'make' to build a kernel including modules
# Defaults vmlinux but it is usually overridden in the arch makefile

all: vmlinux

F Blvmlinux B 47 »

# vmlinux image - including updated kernel symbols
vmlinux: $(vmlinux-lds) $(vmlinux-init) $(vmlinux-main) vmlinux.o $(kallsyms.o) FORCE
ifdef CONFIG_HEADERS_CHECK

S(0)S(MAKE) -f $(srctree)/Makefile headers_check
endif
ifdef CONFIG_SAMPLES

$(Q)$(MAKE) $(build)=samples
endif

$(call vmlinux-modpost)

$(call if_changed_rule,vmlinux__)

$(Q)rm -f .old_version
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R X T
$(call if changed_rule, vmlinux__)

!

rule_vmlinux__

# Link of vmlinux

# If CONFIG_KALLSYMS is set .version is already updated

# Generate System.map and verify that the content is consistent

# Use + in front of the vmlinux_version rule to silent warning with make -j2
# First command is ':' to allow us to use + in front of the rule

define rule_vmlinux__

$(if $(CONFIG_KALLSYMS),,+$(call cmd,vmlinux_version))

$(call cmd,vmlinux__)
$(Q)echo 'emd_$@ := $(cmd_vmlinux__)"' > $(@D)/.$(@F).cmd

$(Q)$(if $($(quiet)cmd_sysmap), \
echo ' $($(quiet)cmd_sysmap) System.map' &&) \
$(cmd_sysmap) $@ System.map; \
if [ $$? -ne 0 ]; then \
rm -f 3@; \
/bin/false; \

fi;
$(verify_kallsyms)
endef
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# Rule to link vmlinux - also used during CONFIG_KALLSYMS
# May be overridden by arch/$(ARCH)/Makefile

quiet_cmd_vmlinux__ 7= LD $@
cmd_vmlinux__ ?= $(LD) $(LDFLAGS) $(LDFLAGS_vmlinux) -o %@ \
-T $(vmlinux-1lds) $(vmlinux-init) \
--start-group $(vmlinux-main) --end-group \

$(filter-out $(vmlinux-lds) $(vmlinux-init) $(vmlinux-main) vmlinux.o FORCE ,$")

o HEHELN U ARV
o HAIENLF

@ vmlinux-init
e vmlinux-main

vmlinux
~

< $(vmlinux-init)
+--< init/version.o + more

+-
|

| . :

+--< $(vmlinux-main)

| +--< driver/built-in.o mm/built-in.o + more
|
+-

< kallsyms.o (see description in CONFIG_KALLSYMS section)
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o %L “Documentation/kbuild/makefiles.txt”

--- 6.7 Custom kbuild commands

When kbuild is executing with KBUILD_VERBOSE=0 then only a shorthand
of a command is normally displayed.

To enable this behaviour for custom commands kbuild requires

two variables to be set:

quiet_cmd_<command> - what shall be echoed
cmd_<command> - the command to execute
Example:
#
quiet_cmd_image = BUILD $@
cmd_image = $(obj)/tools/build $(BUILDFLAGS) \

$(obj)/vmlinux.bin > $@
targets += bzImage
$(obj)/bzImage: $(obj)/vmlinux.bin $(obj)/tools/build FORCE
$(call if_changed, image)
@echo 'Kernel: $@ is ready'
When updating the $(obj)/bzImage target the line:
BUILD arch/i386/boot/bzImage

will be displayed with "make KBUILD_VERBOSE=0".
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iI

s

[~
7

2

o vmlinux-init
e vmlinux-main
$(head-y) $(init-y)

$(core-y) $(libs-y) $(drivers-y) $(net-y)
$(vmlinux-init) $(vmlinux-main)

vmlinux-init
vmlinux-main
vmlinux-all

o vmlinux-dirs

vmlinux-dirs 1= $(patsubst %/.%, $(filter %/, $(init-y) $(init-m) \
$(core-y) $(core-m) $(drivers-y) $(drivers-m) \
$(net-y) $(net-m) $(libs-y) $(libs-m)))
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@ vmlinux

!

# The actual objects are generated when descending,
# make sure no implicit rule kicks in
$(sort $(vmlinux-init) $(vmlinux-main)) $(vmlinux-1lds): $(vmlinux-dirs)

!

# Handle descending into subdirectories listed in $(vmlinux-dirs)

# Preset locale variables to speed up the build process. Limit locale
# tweaks to this spot to avoid wrong language settings when running
# make menuconfig etc.

# Error messages still appears in the original language

PHONY += $(vmlinux-dirs)

$(vmlinux-dirs): prepare scripts
$(Q)$(MAKE) $(build)=3@

!

vmlinux-dirs 1= $(patsubst %/,%,$(filter %/, $(init-y) $(init-m) \
$(core-y) $(core-m) $(drivers-y) $(drivers-m) \
$(net-y) $(net-m) $(libs-y) $(libs-m)))

o FifLlcore-y A fil, MERKRAXINAKR T KA S RIKFDZ
AT 4 B & HE SR A
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x86 89 )& #h

o HRIEBvmlinux-init#X 2l head-y, init-y

o % Tarch/x86/Makefile#9 5] A
#Makefile ¥ PAincludey 7 X 6,8 T X861k & M4 X3 4
# Makefile

# Read arch specific Makefile to set KBUILD_DEFCONFIG as needed.

# KBUILD_DEFCONFIG may point out an alternative default configuration
# used for 'make defconfig'

include $(srctree)/arch/$(SRCARCH)/Makefile

export KBUILD_DEFCONFIG

o & X ~Makefile
161 head-y := arch/x86/kernel/head_:(BITS) .o
162 head-y arch/x86/kernel/head? (BITS) .o
163 head-y arch/x86/kernel/init_task.o

o £ FEBITSHI2H 64 > KATRH R321209H L

o ff #Makefile
init-y 1= init/
o TAE EFlvmlinux@ &4 TAZE

o i386/kernel/head_32.5% +

e init/main.c + init/version.o +
o CORE_FILES + DRIVERS +
o NETWORKS + LIBS
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ART S > TRETHA%HH4 AR

# Beautify output
B
#

# Normally, we echo the whole command before executing it. By making
# that echo $($(quiet)$(cmd)), we now have the possibility to set
# $(quiet) to choose other forms of output instead, e.g.

#

# quiet_cmd_cc_o_c = Compiling $(RELDIR)/$@

# cmd_cc_o_c = $(CC) $(c_flags) -c -0 $@ $<

#

# If $(quiet) is empty, the whole command will be printed.

# If it is set to "quiet_", only the short version will be printed.
# If it is set to "silent_", nothing wil be printed at all, since
# the variable $(silent_cmd_cc_o_c) doesn't exist.

#

# A simple variant is to prefix commands with $(Q) - that's useful
# for commands that shall be hidden in non-verbose mode.

#

# $(Q)n $@ :<

#

# If KBUILD_VERBOSE equals 0 then the above command will be hidden.
# If KBUILD_VERBOSE equals 1 then the above command is displayed.

ifeq ($(KBUILD_VERBOSE),1)
quiet =
Q=

else
quiet=quiet_

endif
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e # make install
o fEx86% Makefile F A install LM
o % make bzlmage/zImage% » M &K 5| 2t & 89 B Az R )G # 47

o bzlmage/zImage ™ # arch /x86 %) Makefile F 3% 2| 48 &2 2L |
o HAEEGZXXX/bzXXXALAR & # T boot T #9zlmage/bzlmage

o AR &AARK3]i386/boot/Makefile
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% /& boot bzlmage |

o Make bzlmage ‘-

o frarch/X86/Makefile

215 zImage bzImage: vmlinux

216 Q)5 (MAKE build boot KBUILD_IMAGE
217 Q)mkdir -p S(objtree)/arch/s(UTS_MACHINE)/boot
218 Q)ln -fsn ../../x86/boot/bzImage %(objtree)/arch/&(UTS_MACHINE)/boot/bzImage

o zREEY s bREAKAMK

e F|boot H % T & Makefile

o WA boot B FEF7boot T #9 Makefile
o WA compressed B & % 1% B & T 89 Makefile
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% & boot bzlmage Il

o Z£LinuxM A RARAS T Z B sk T & M —Svmlinux
o arch/x86/kernel/head_32.S- - - +init/main.c+- - -

e compressed T #9vmlinux#
o compressed/head_32.S + E%/E 8T Z B & T #vmlinux - - -

@ boot T #bzlmage#
o boot Fheader.S% (BFsetup.bin) +compressed /vmlinux
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X868 B #h (/N4 )

o boot/header.S3
o compressed/head 32.5%
o kernel/head 32.5%

@ init/main.c
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1386425 8 /& 3

@ BIOS (Basic I/O System)
@ Bootloader

RERFH

&R

# £boot loader

Bl4e : grub~lilo~ ... ...

© Linux kernel

Bootloaderss /i 7 ak P AZAXAL 69 o 3%, > SR G Bhi% ] A 0 L1547
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e fuw, » RESET3I My
CPUM W5 » % 24 0425 35 41 3] 3£ /N4 T 45 69 Hu bt E B ds 4

EAT L RXAMIGL  EEZHET B AR KR > )
4w BIOS K # reset @) & 4L A 1

o MIALFH L 5 CS:IP = OxfFfFfFfO, in ROM
o ROM«0BIOS
o BIOSE#H AR

o POST (L& gi)

o M ibAE 1% &

o WE—NBEALXREH
RABEE » B A T AL 8 & /5 4 /CD_ROM E

o et R ENE—NARIAE (bootloaders %) # N
| RAM(0x7c00) 4

o k3% | 0x7c004k AT
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Bootloader (5] § % #42/%)

e BIOS Al Bootloaderde &1k & 40 M A% 8k 4% K 3. 2| RAM
# J&IBM PCH# 2 %
nREBFH

BIOS# M % — 4B R A A (bootsect) #IRAM (0x7c00) P

&R
BEHFE—NRR - £35] %12 &MBR, Master Boot Record
o MBRA LA L5 R A+ — 3 SRF
o N FHREFARKBOSHESRYFE—MNEE (boot
loader) &9 1 2| RAM F
o XA A FALT UM B

|
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Linux#JBootLoader

o MAIMA 1 LILOF=Grub
@ LILO (Linux Loader)
o TUMRKAEOSHRYGFE—NMBR (BFHBR)
o LT UARKMBRYT 893 §42 /5
o FEL LILOHRBRIRT—AmR » HLES RAN
a9
o MBRH:E # B X3 4
o IR

o H—I 5 HAMBIOSE # F|RAM F 0x7c0089 4% &
i

.

o H—HHLEBITHI A TLAENERIRAMT
o WMHLILOKXGRUBL E*— AN O EBIFALN I &

B P A (RARESET) &R ARAIE A RIS
B BARME R AT R 00 B AR IEIT (S EHHR)
fi B AR RARIE A SR MR B AT

e
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LILO#OSkE #h T 42

o 7 “Loading:-+”

o header R & % # 2] RAM £90x90000

o BEAL MM HAA ZAE B
o AT /A% : 0x10000 (BF64KLL) » R A 15K 4
o T RAM : 0x100000 (BPIM4L) » A4 & % 3

o k4% 5]0x902004k & 4T
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1386 A #% 1 )z %

o B F A
o WERF : Linux2.6.26 T L ¥

o A B 7 : Mheader® start T4 & 17
BIOS

|

0x7c00: LILO, GrubZboot loader

!

0x90200: Header: _start(E10x2004w#4t)

Je 3 NRARAD B AR Z AT 0 oA — T e #i386 M A% 69 M A A B B
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RAEAE © 1386 BEXNTHARHZH AR

OXFO000 ROIFEISS
OXC0000 VIDEO-BIOS
VRAM
OXAQ000
1-MB
RAM

0x00000
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1386 M AZ I\ = 42 X F-45 B 7 315 47

24 & FZHREX?
o THRAXZAT HEFHMICPUMIL E Y
0 i3BALE T TEHX
o THEXNT
ik &4 204
NAEE :0"1IMB
FBHE AN — B - BABRS
Bk = &5 B35 Po9E*16 (RAEH4ML)
o BRFAZE 1 cs/ds/es/fs/gs
o BFHBKE ¢ 16bit
o FLk : 16421m#%=64KB
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Hm #1386 M 4% 69 A 15 By

o zlmage/Imagety M A% hm £ & PTAL F 89 22 S 69 1 5 7 /oy
(1M=0x100000)
e % Wboot.txt

OR0000 i L '

II Reserved for BIOS I Do not use. Reserved for BIOS EBDA.
092000

| Stack/heap/cmdline | For use by the kernel real-mode code.
098000 + F

II Rernel setup I The kernel real-mode code.
090200
I || Kernel boot sector The kernel legacy boot sector.
220000

|| Protected-mode kernel The bulk of the kernel image.
010000 +

I] Boot loader <- Boot sector entry point 0000:7cC00
001000 -

Reserved for MBR/BIOS
000800

000600

BIOS use only

000000
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RER > AHNEG] S

e X #HLILO (LInuxLOader)
o %"/I\f]’?lg_

o -
o X HLINUX
o header.S% —0x90000 » ¥ ¥ _start/£ 0x902004:
o A%
e 0x10000
@ 0x100000

o k3% 3| start
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BE#H—W o G

o % > fr 33t Blheader.SHY startby BT 4E » N A& E i@ 69 XAD A
Vb
0x90000 : header.S A512F % A &

0x90200 : header.S # _start A L&
o KA :

e 0x10000 : # /% 9vmlinux

o BER :
e 0x100000 : # fi#/% & vmlinux

o FHRXTHAMKEN

o BLIESI2F ¥ 895G o start X JG 89— AL B
o MARAOxXIF1FF4s » BAhfhit 4
JLdocumentation/i386/boot.txt
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Header.SZ start : 0x90200

@ __start :

k4% B start_of_setup
# & setup#signature
T RBSSH

P4 Bl main AT

o L s Main Al kLA X &I A AR T G PATE L
783
o NAKLM ~4& ~ M ~

e go_to_protected_mode
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X TR RN

o fsetup.binf » I FEAE X R EX
o AP XT » it B 48321% » 5745 0 H A4GB
o RAMBFHBEMAEBMERLET » 5GDTAESIEA

o GDT#& wgdtrds w4z B Aw k&
o XA AFFR GG I8 A ATIRAE  sgdt/lgdt
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15

index

Tl | RPL

Segment selector

Global Descriptor
Table

descriptor
descriptor
descriptor

descriptor 17—
descriptor
descriptor

£5 4 o]
AR
T
i, BNy
B[] )

descriptor

GDTR

Interrupt Descriptor
Table
descriptor
descriptor
descriptor
descriptor
descriptor
descriptor
descriptor
descriptor
descriptor
descriptor
descriptor
descriptor
descriptor

£ (xlanchen@ustc.edu.cn)
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e #8 X,

Data Segment Descriptor
63 62 61 60 59 5B 57 56 55 54 53 52 51 50 49 45 47 46 45 44 43 42 41 4D 39 33 3T 36 35 M B R
A ) 0
BASEI24-31) G‘B‘ oy UUEJ-"HH 1‘ po|=| TrE ‘ BASE (16-23)
1 _ L 1
BASEID-15) LIMIT {0-15)

NNWELDHRENBL2NNGRITEBMEBIENTW 98 7 6 543 210

(Code Seqment Descriptor
61 62 61 60 5% 5B 57 56 55 54 53 52 S0 S0 49 43 47 46 45 44 43 47 4) 4D 39 38 37 ¥ B M B 1
A T 1}
BASH2431) ‘c ‘ I)‘ o|v| el 1‘ 2| e ‘ BASE (16-23}
1 . l 1
BASE(0-15) LIMIT {0-15)

NMAWBEL BN BRNNWBRBUTBLEEMERET0 98 76 543210

System Segment Descriptor
GRG0 HET NI RN NSRS HD RN 0N T HER
LIMIT os
BASE(24-31) G| |0 geam |1 P || TrPE BASE [16-23)
_ Il 0
BASE(D-15) LUWIT {0-15)

NAWEDHELANZLRNNWRBT B0 98 76 543 2140
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o —ME BgdthidtZ e » EHELEREF

cs~ds~es>fsgs

csill Fil L —F Kyt S

AP IEETHEBEEHRE

B
e

2R R

4o f£ arch /x86 /boot /header.S

56 start2:

anchen@ustc.edu.cn)

1imp

movw
movw
movw
movw
X0 rw
sti

cld

movw

$BOOTSEG, $start2

s}
%
3

0 @ )

T x >
o9
1)

® o° of o° of
9
3

o° o° o° o° o
®
[}

Ll
(1)

$bugger_off_msg, %si

Linux#&4E & %241
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go_to_protected_mode |

@ arch/x86/boot/main.cF > main &%k & 1 Ml go_to_protected_mode % %k
@ arch/x86/boot/pm.cF

void go_to_protected_mode(void)

/* Hook before leaving real mode, also disables interrupts */
realmode_switch_hook();

/* Move the kernel/setup to their final resting places */
move_kernel_around();

/* Enable the A20 gate */

if (enable_a20()) {
puts("A20 gate not responding, unable to boot...\n");
die();

}

/* Reset coprocessor (IGNNE#) */
reset_coprocessor():

/* Mask all interrupts in the PIC */
mask_all_interrupts();

/* Actual transition to protected mode... */

setup_idt();

setup_gdt();

protected_mode_jump (boot_params.hdr.code32_start,
(u32)&oot_params + (ds() << 4));
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go_to_protected_mode ||

@ X ¥ Zcode32 start T LI
# Kernel attributes; used by setup. This is part 1 of the
# header, from the old boot sector.

.section " .hea
.globl hdr
hdr:
setup_sects: .byte
root_flags: .word
syssize: .long
ram_size: .word
vid_mode: .word
root_dev: .word
boot_flag: .word
# offset 512,
.globl _start
start

code32_start:

#ifndef __BIG_KERNEL__
.long
#else
.long
#endif

der", "a

SETUPSECTS
ROOT_RDONLY
SYSSIZE
RAMDISK
SVGA_MODE
ROOT_DEV
0xAA55

entry point

0x1000

0x100000

xlanchen@ustc.ed

# here loaders can put a different
# start address for 32-bit code.

# 0x1000 = default for zImage

# 0x100000 = default for big kernel
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go_to_protected_mode Il

@ main®F ks — A4 A A T copy_boot_params

static void copy_boot_params(void)

struct old_cmdline {
ulé cl_magic;
ulé cl_offset;
i
const struct old_cmdline * const oldemd =
(const struct old_cmdline *)OLD_CL_ADDRESS;

BUILD_BUG_ON(sizeof boot_params != 4096);
memcpy (&oot_params.hdr, &hdr, sizeof hdr)

if (!boot_params.hdr.cmd_line_ptr &&
oldemd->cl_magic == OLD_CL_MAGIC) {
/* 0ld-style command line protocol. */
ul6é cmdline_seg;

/* Figure out if the command line falls in the region
of memory that an old kernel would have copied up
to 0x90000... */
if (oldecmd->c1_offset < boot_params.hdr.setup_move_size)
cmdline_seg = ds();
else
cmdline_seg = 0x9000;

boot_params.hdr.cmd_line_ptr =
(cmdline_seg << 4) + oldcmd->cl_offset;

lanchen@ustc.ed
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arch /boot/compressed

o B4 B f#)EF) A8 vmlinux.bin
o zlmage¥ » #£0x10004:
e % -T100000 > 10000 > 1000 (% Wmove_kernel_arround)
o bzlmage¥ > £ 0x100000%

e compressed/head_32.5#)startup_32

o MIBILEF H & o — Nl B 3
o WH1LBSSE
o f#JE %8 decompress_kernel
o ARBHERIMER AEL S AR 43 H3E0x100000
(1IMB) #

o k4% ]0x100000%

@ linux-2.6.26\arch\x86\ configs\i386_defconfig ¥ & X
CONFIG_PHYSICAL_START=0x100000
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o FREY% 5 » vmlinuxfE0x1000004k
o MEvmlinux.Ids » vmlinux#y X hh A% 45 3=
#10xc0000000+0x1000004:
o T iEAHIEATHR?
0 MMAFEHRRN » REHANKRPEX » ZEA SR ~ Be4t4F
o A »

o KA KFkit o RAf KA A8 Mokt 89 34 5B & Bk
o TMERFT L
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Kernel/Head_32.S

e Startup_32

MBINEFE R
BRERAEFRFAEL 2R
# 3 S A0 A AR A
Setup_idt

WA EE

GDT ~IDT
i386_start_kernel
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4o 47T 3% Astart_kernel?

P?? hafT NO~8M 9 % 8] T 4 A 3GVA L 8 Hou bt & ] 3BT 89 P27

void __init i386_start_kernel(void)

{
H

start_kernel();

xlanchen®@ustc.edu.cn) Linux#®4E & %241


mailto:xlanchen@ustc.edu.cn

I Fx8689 Linux/a 3 KAS 547

X TR AE &AW A E LA |

arch /x86/kernel /head_32.SF & 3L T swap_pg_dir

/*
* BSS section
*/
.section ".bss.page_aligned","wa"
.align PAGE_SIZE_asm
#ifdef CONFIG_X86_PAE
swapper_pg_pmd:
.fill 1024*KPMDS,4,0
#else
ENTRY (swapper_pg_dir)
LFill 1024,4,0
#endif
swapper_pg_fixmap:
.fill 1024,4,0
ENTRY (empty_zero_page)
.fill 4096,1,0

arch/x86/kernel /vmlinux_32.Ids.S T4

.bss : AT(ADDR{.bss) - LOAD_OFFSET) {
__init_end = .;
__bss_start = .; /* BSS */
*(.bss.page_aligned)
*(.bss)
= ALIGN(4);

7* This is where the kernel creates the early boot page tables */
. = ALIGN(PAGE_SIZE);
pgo = . ;
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M & 09 2 L EATHEAL 1|

o MAL fiE

Enable paging
/

movl $pa(swapper_pg_dir),%eax

movl %eax,%cr3 /* set the page table pointer.. */

movl %cr0,%eax

orl $X86_CRO_PG,%eax

movl %eax,%cro /* ..and set paging (PG) bit */

ljmp $__BOOT_CS,$1f /* Clear prefetch and normalize %eip */

AT E FARAZA » BAZSITR B KA T ARG ()

This is how much memory *in addition to the memory covered up to
and including _end* we need mapped initially.
We need:
- one bit for each possible page, but only in low memory, which means
2732/4096/8 = 128K worst case (4G/4G split.)
- enough space to map all low memory, which means
(2732/4096) / 1024 pages (worst case, non PAE)
(2°32/4096) / 512 + 4 pages (worst case for PAE)
- a few pages for allocator use before the kernel pagetable has
been set up

Modulo rounding, each megabyte assigned here requires a kilobyte of
memory, which is currently unreclaimed.

This should be a multiple of a page.

LOW_PAGES = 1<<(32-PAGE_SHIFT_asm)

lanchen@ustc.ed
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AT R B ZFfR &6 LB I

/*
* To preserve the DMA pool in PAGEALLOC kernels, we'll allocate
* pagetables from above the 16MB DMA limit, so we'll have to set
* up pagetables 16MB more (worst-case):

*/

#ifdef CONFIG_DEBUG_PAGEALLOC
LOW_PAGES = LOW_PAGES + 0x1000000

#endif

#if PTRS_PER_PMD > 1

PAGE_TABLE_SIZE = (LOW_PAGES / PTRS_PER_PMD) + PTRS_PER_PGD
#else

PAGE_TABLE_SIZE = (LOW_PAGES / PTRS_PER_PGD)

#endif

BOOTBITMAP_SIZE = LOW_PAGES / 8

ALLOCATOR_SLOP = 4

INIT_MAP_BEYOND_END = BOOTBITMAP_SIZE + (PAGE_TABLE_SIZE + ALLOCATOR_SLOP)*PAGE_SIZE_asm

* Initialize page tables. This creates a PDE and a set of page

* tables, which are located immediately beyond _end. The variable

* init_pg_tables_end is set up to point to the first "safe" location.

* Mappings are created both at virtual address @ (identity mapping)

* and PAGE_OFFSET for up to _end+sizeof(page tables)+INIT_MAP_BEYOND_END.
*
*

Note that the stack is not yet set up!

*/

#define PTE_ATTR 0x007 /* PRESENT+RW+USER */

#define PDE_ATTR 0x067 /* PRESENT+RW+USER+DIRTY+ACCESSED */
#define PGD_ATTR 0x001 /* PRESENT (no other attributes) */
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XTI E ZA=RA&NT LRI IV

page_pde_offset = (__PAGE_OFFSET >> 20);

10:

11:

#endif

movl $pa(pg0), %edi
movl $pa(swapper_pg_dir), %edx
movl $PTE_ATTR, %eax

leal PDE_ATTR(%edi),%ecx /* Create PDE entry */
movl %ecx, (%edx) /* Store identity PDE entry */
movl %ecx,page_pde_offset(%edx) /* Store kernel PDE entry */

addl $4,%edx
movl $1024, %ecx

stosl

addl $0x1000,%eax

loop 11b

/*

* End condition: we must map up to and including INIT_MAP_BEYOND_END
* bytes beyond the end of our own page tables; the +0x007 is
* the attribute bits

*

leal (INIT_MAP_BEYOND_END+PTE_ATTR) (%edi),%ebp

cmpl %ebp,%eax

jb 10b

movl %edi,pa(init_pg_tables_end)

/* Do early initialization of the fixmap area */
movl $pa(swapper_pg_fixmap)+PDE_ATTR,%eax
movl %eax,pa(swapper_pg_dir+0xffc)

jmp 3f

lanchen@ustc.ed


mailto:xlanchen@ustc.edu.cn

I Fx868Linux

% T kernel /head 32.589 W # 3 #x,

/* Set up the stack pointer */
1ss stack_start,%esp

.data

ENTRY (stack_start)
.long init_thread_union+THREAD_SIZE
.long __BOOT_DS

Initial thread structure.

way process stacks are handled. This is done by having a special
"init_task" linker map entry..
*/
union thread_union init_thread_union
__attribute__((__section__(".data.init_task"))) =
{ INIT_THREAD_INFO(init_task) };

*
*
* We need to make sure that this is THREAD_SIZE aligned due to the
*
*

anchen@ustc.edu.cn) Linux#&1E & 6041
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=H % % (Control Registers)

CRO
CR1
CR2
CR3
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e CRO, MSW register (Machine Status Word, 32-bit version)
o A& ARIERL » A THEMBAE K FR S

313029 30 1294181716 15 654 3210
plc|n Al w nE[T|E|M|P
alp|w Ml [P E|T|s|m|p|E| CRO

@ Instruction: Imsw
@ To turn on the PE-bit (enables protected-mode)

o LINUX  setup.S (w@mak) :
movw $1, %ax
Imsw %ax
jmp flush_instr // why?
flush_instr:
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o in Linux-2.6.26/arch/x86/boot/pmjump.S

movl %cro, %edx

orb $X86_CRO_PE, %dl
movl %edx, %cro

jmp 1f

# Transition to 32-bit mode
.byte 0x66, Oxea
.long  in_pmER

anchen@ustc.edu.cn)

# Protected mode

# Short jump to serialize on 386/486

# 1jmpl opcode
# offset
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CR1 ~ CR2~ CR3

o CR1: %%
o CR2 : E#: W F % 690 4% » 1042 T bk

31 ]

Page-Fault Linear Address CR2

o CR3: 2F M B KA £ 69 H ik A= & M7 12(PCD &
PWT)

31 12 11 5

3
p
o CR3
T (PDBR)

4
p
Page-Directory Base g
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Q itk
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o BBOHRF HATHAFEENANEGERXTEAFEEHN
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o AT x868linux-2.6.2689 /2 3 5t

o H i TMakefile®y 57 » T Afbzimagety AL 45 4
o #BgrubA B FH 5| FHF > 2RI B LA o

o R FmMHyIIRE
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The end.
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