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!
! SYS_SIZE is the number of clicks (16 bytes) to be loaded.
! 0x3000 is 0x30000 bytes = 196kB, more than enough for current
! versions of linux
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!
©ª¤¥�~ß C/���#define/�ÚB¢�«uí
0x30000b¡�ß 192k�$Ú×i&(b¢þs�4Ñý�ñò3¡Ö
SYSSIZE = 0x3000
!
! bootsect.s (C) 1991 Linus Torvalds
!
! bootsect.s is loaded at 0x7c00 by the bios-startup routines, and moves
! iself out of the way to address 0x90000, and jumps there.
!
! It then loads 'setup' directly after itself (0x90200), and the system
! at 0x10000, using BIOS interrupts. 
!
! NOTE! currently system is at most 8*65536 bytes long. This should be no
! problem, even in the future. I want to keep it simple. This 512 kB
! kernel size should be enough, especially as this doesn't contain the
! buffer cache as in minix
!
! The loader has been made as simple as possible, and continuos
! read errors will result in a unbreakable loop. Reboot by hand. It
! loads pretty fast by getting whole sectors at a time whenever possible.

.globl begtext, begdata, begbss, endtext, enddata, endbss

.text
begtext:
.data
begdata:
.bss
begbss:
.text
// setup.s.������LM6�¬B�^_�ß 4
SETUPLEN = 4 ! nr of setup-sectors
// LM6���^_#p��!'(
BOOTSEG  = 0x07c0 ! original address of boot-sector
// ����S{�v� 0x9000!L
INITSEG  = 0x9000 ! we move boot here - out of the way
//  Setup��ë��B�!'(
SETUPSEG = 0x9020 ! setup starts here
// 4Ñ���B�!'(
SYSSEG   = 0x1000 ! system loaded at 0x10000 (65536).
ENDSEG   = SYSSEG + SYSSIZE ! where to stop loading

! ROOT_DEV: 0x000 - same type of floppy as boot.
! 0x301 - first partition on first drive etc
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// ×�æ��	
%®fÏ=
ROOT_DEV = 0x306

// ×�Ôß����®ÚÛ!Q�ßop�g�Ú.��d?æÐK%®MNÚÐK
// ��º.���M�«u
entry start
start:
// ë����S� 0x7C00:0x0000LvM� 0x9000:0x0000Lí×��BÖ��¯Æ
// Ç¤¥Ú·Û��-./���f_�×/��� 7.4$�ß�í

mov ax,#BOOTSEG
mov ds,ax
mov ax,#INITSEG
mov es,ax
mov cx,#256
sub si,si
sub di,di
rep
movw

// !N{@¤¥¸�ß:   jmpi °v'(Ú!'(íÇBJ!'(�CS, °v'(�IPí
// ×�ß{@� 0x9000JgoLÚ���45!â;¨©

jmpi go,INITSEG
// f�8iR5��µ�¯0��!HXÚùæ×iW��?���O5Ä���!
// �
go: mov ax,cs

mov ds,ax
mov es,ax

! put stack at 0x9ff00.
// f�±²R5�Ú×i'(¢£³¹Ú��°�µ��&¢ 0x200´0x200µ4´±²
// &({·ÛÖ

mov ss,ax
mov sp,#0xFF00 ! arbitrary value >>512

! load the setup-sectors directly after the bootblock.
! Note that 'es' is already set up.
// z�ßë setup��#p�45þ��W¶ÖÚ×��BÖ BIOS� 13=��(int 13)
// int 13��B}åJ
// ����
// �����	
	��– �� �������	� �����������
// ������������ !�

// "�����#$%&'��( )�*��"����+,��$	-.�*'��#�/ ��*$0-1'�

// 2�����3���2����456�789�:�;�<* 1=�

// >?@A
�BC DEF�� 89�G; HI�JKL<*M

// NOP QR&STUP �?)0 VW6���X�YZ 

load_setup:
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mov dx,#0x0000 ! drive 0, head 0
mov cx,#0x0002 ! sector 2, track 0
mov bx,#0x0200 ! address = 512, in INITSEG
mov ax,#0x0200+SETUPLEN ! service 2, nr of sectors
int 0x13 ! read it
jnc ok_load_setup ! ok - continue

// ?6�4»Ú�B BIOS� 13=���� 0=��J
// ah = 0 �®Ò�J

mov dx,#0x0000
mov ax,#0x0000 ! reset the diskette
int 0x13
j load_setup

ok_load_setup:

! Get disk drive parameters, specifically nr of sectors/track
// Â?6§M��Ò�Ú·�ßài�^_�pí
// Â?6§M�Ò� INT 0x13 FB¸�m³´KR�3J
//  ah = 0x08 dl = §M�= �«ßf6���» 7 æ 1&í
// ³´KRJ
// �«��� CF �»ÚQ� ah = ]^�í
//  ah = 0Ú al = 0Ú bl = §M�kl AT/PS2&
//  ch = �&?i=�4 8 »Úcl = à?i�&^_�(» 0-5)Ú�&?i=� 2 »(»
// 6-7)
//  dh = �&?¹�Ú dl = §M��pÚ
//  es:di ¤Ag§?6Ò�Zí

mov dl,#0x00
mov ax,#0x0800 ! AH=8 is get drive parameters
int 0x13
mov ch,#0x00

// seg SEGMEN¤¥ZA3�v-./��BÆÇ�Ä� SEGMEN!�Ú×�ß CS
// {ß� sectorsßÄ� CS!��

seg cs
mov sectors,cx
mov ax,#INITSEG
mov es,ax

! Print some inane message
// ¸!{�#p4Ñ��ÖÚ�#p×i���W���¹º!��©Loading 
// system…..”�¹º!��Þ��B BIOS� 10=��í¸��3J
// =»¼»�J
// ah © 03  bh©¦A�,= ��}�Wß 0&
// ³´µJ

// DX,DL=©Úìµ CH,CL=þs»¼��
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// ¦A�Y¯J

// ES:BP =½Õ���Y¯�P'(
// CX©�Y¯¾G DX©»¼�N;»�Ú ×iµ°Ôñò��Ö&
// BH=þs�¦A,= BL=¿®

mov ah,#0x03 ! read cursor pos
xor bh,bh
int 0x10

mov cx,#24
mov bx,#0x0007 ! page 0, attribute 7 (normal)
mov bp,#msg1
mov ax,#0x1301 ! write string, move cursor
int 0x10

! ok, we've written the message, now
! we want to load the system (at 0x10000)
// f�4Ñ��ë�5Ä��!'(

mov ax,#SYSSEG
mov es,ax ! segment of 0x010000

// =Â4Ñ���45�
call read_it

// IÀ§M�¸ÁÚ×�{·Ûdi§M��]^Ö
call kill_motor

! After that we check which root-device to use. If the device is
! defined (!= 0), nothing is done and the given device is used.
! Otherwise, either /dev/PS0 (2,28) or /dev/at0 (2,8), depending
! on the number of sectors that the BIOS reports currently.
// ��ÚÞK]ß��BÂi��	
fÏ �ÃfÏ&í�«ñò¤gÖfÏ(!=0)
// {Ä<�B�g�fÏí��{Þ�� BIOS ÅÆ�à?i^_�ý
// zg���B/dev/PS0 (2,28) Vß /dev/at0 (2,8)í
// !Ì�©�WifÏ���Ç�J
// � Linux �g§��fÏ=ß 2ÚífÏ= = type*4 + nrÚ¯�
//  nr æ 0-3 %�b¡g§ APBPC È DÉtype ßg§�kl 2�1.2M È 7�1.44M 
// ã&í
// ùæ 7*4 + 0 = 28Ú�Û /dev/PS0 (2,28)¤�ß 1.44M A §M�,¯fÏ=ß 0x021c
// X# /dev/at0 (2,8)¤�ß 1.2M A §M�Ú¯fÏ=ß 0x0208

seg cs
mov ax,root_dev
cmp ax,#0
jne root_defined
seg cs
mov bx,sectors
mov ax,#0x0208 ! /dev/ps0 - 1.2Mb
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cmp bx,#15
je root_defined
mov ax,#0x021c ! /dev/PS0 - 1.44Mb
cmp bx,#18
je root_defined

undef_root:
jmp undef_root

root_defined:
seg cs

// �5fÏ=
mov root_dev,ax

! after that (everyting loaded), we jump to
! the setup-routine loaded directly after
! the bootblock:
// z�#p8ÊÖ·Û¨© setup��Ö

jmpi 0,SETUPSEG

! This routine loads the system at address 0x10000, making sure
! no 64kB boundaries are crossed. We try to load it as fast as
! possible, loading whole tracks whenever we can.
!
! in: es - starting address segment (normally 0x1000)
!
// ×!��ß#p4Ñ��B�ÚàíOß#p�i?ií×!��y�ß4½Þ�
// ��ätI� #D°�ÕÃÖÚ\�°�yzb#D4Ñd?1Øç Ú�Û{
// ¬ÞËÌ�í�☺,�« ·?pÍ;Úæ�ÌÚ{!Ä<Î	Þ�í
sread: .word 1+SETUPLEN ! sectors read of current track
head: .word 0 ! current head
track: .word 0 ! current track

read_it:
mov ax,es
test ax,#0x0fff

die: jne die ! es must be at 64kB boundary
xor bx,bx ! bx is starting address within segment

rp_read:
mov ax,es
cmp ax,#ENDSEG ! have we loaded all yet?
jb ok1_read
ret

ok1_read:
seg cs
mov ax,sectors
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sub ax,sread
mov cx,ax
shl cx,#9
add cx,bx
jnc ok2_read
je ok2_read
xor ax,ax
sub ax,bx
shr ax,#9

ok2_read:
call read_track
mov cx,ax
add ax,sread
seg cs
cmp ax,sectors
jne ok3_read
mov ax,#1
sub ax,head
jne ok4_read
inc track

ok4_read:
mov head,ax
xor ax,ax

ok3_read:
mov sread,ax
shl cx,#9
add bx,cx
jnc rp_read
mov ax,es
add ax,#0x1000
mov es,ax
xor bx,bx
jmp rp_read

read_track:
push ax
push bx
push cx
push dx
mov dx,track
mov cx,sread
inc cx
mov ch,dl
mov dx,head
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mov dh,dl
mov dl,#0
and dx,#0x0100
mov ah,#2
int 0x13
jc bad_rt
pop dx
pop cx
pop bx
pop ax
ret

bad_rt: mov ax,#0
mov dx,#0
int 0x13
pop dx
pop cx
pop bx
pop ax
jmp read_track

/*
 * This procedure turns off the floppy drive motor, so
 * that we enter the kernel in a known state, and
 * don't have to worry about it later.
 */
kill_motor:

push dx
mov dx,#0x3f2
mov al,#0
outb
pop dx
ret

sectors:
.word 0

msg1:
.byte 13,10
.ascii "Loading system ..."
.byte 13,10,13,10

.org 508
root_dev:

.word ROOT_DEV
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// ×i¼Ï�º�ÚùæBIOS �?hzÖ 0xAA55×i¼�C�ÔI�g×i��
// �ßyz�í×i¼Ï�ÐÄ� 511m 512�$L
boot_flag:

.word 0xAA55

.text
endtext:
.data
enddata:
.bss
endbss:

��

����

��

×i���+j�òÑÚ�,���X°Fä�ßH~í�«b����f_c
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� �.3 ������	�
������[\]^
	_``��������
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! setup.s (C) 1991 Linus Torvalds
!
! setup.s is responsible for getting the system data from the BIOS,
! and putting them into the appropriate places in system memory.
! both setup.s and system has been loaded by the bootblock.
!
! This code asks the bios for memory/disk/other parameters, and
! puts them in a "safe" place: 0x90000-0x901FF, ie where the
! boot-block used to be. It is then up to the protected mode
! system to read them from there before the area is overwritten
! for buffer-blocks.
!

! NOTE! These had better be the same as in bootsect.s!
// ` bootsec.s���
INITSEG  = 0x9000 ! we move boot here - out of the way
SYSSEG   = 0x1000 ! system loaded at 0x10000 (65536).
SETUPSEG = 0x9020 ! this is the current segment

.globl begtext, begdata, begbss, endtext, enddata, endbss

.text
begtext:
.data
begdata:
.bss
begbss:
.text

entry start
start:

! ok, the read went well so we get current cursor position and save it for
! posterity.
// z�ë»¼»��5ÛÏî��B

mov ax,#INITSEG! this is done in bootsect already, but...
mov ds,ax
mov ah,#0x03 ! read cursor pos
xor bh,bh
int 0x10 ! save it in known place, con_init fetches
mov [0],dx ! it from 0x90000.

! Get memory size (extended mem, kB)
// Âéê45�&(µ KB&í
// ßFB�� 0x15ÚHI= ah = 0x88
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// ³´Jax = � 0x100000 1M&Lâ;�éê45&((KB)í
// ë��� CF �»Úax = ���í
// ×iµë��45�:;<��B

mov ah,#0x88
int 0x15
mov [2],ax

! Get video-card data:
// Â¦Aìþs¦A��í
// FB BIOS �� 0x10ÚHI= ah = 0x0f
// ³´Jah = �Yì�Úal = ¦A��Úbh = þs¦A,í
//  0x90004(1 �)5Äþs,Ú0x90006 ¦A��Ú0x90007 �Yì�

mov ah,#0x0f
int 0x10
mov [4],bx ! bh = display page
mov [6],ax ! al = video mode, ah = window width

! check for EGA/VGA and some config parameters
// ]ß¦A}� EGA/VGA&QÂÒ�í
// FB BIOS �� 0x10Ú
// HI=Jah = 0x12Úbl = 0x10
// ³´Jbh = ¦A]^
//  (0x00 - íî��ÚI/O ï®=0x3dX)
//  (0x01 - 9î��ÚI/O ï®=0x3bX)
//  bl = Oc�¦A45
// (0x00 - 64k, 0x01 - 128k, 0x02 - 192k, 0x03 = 256k)
// cx = ¦Aì·®Ò�
// ×iµ��½ï�:;<��B

mov ah,#0x12
mov bl,#0x10
int 0x10
mov [8],ax
mov [10],bx
mov [12],cx

! Get hd0 data
// Â��if6�KR 4�f6Ò�Z&í
// � 1 if6Ò�Z�P'(��ß��Ap 0x41 �ApµÝ\� 2 if6
// Ò�Zð<� 1 iZ��ÌÚ��Ap 0x46 �Apµö¤A×� 2 if6
// �Ò�ZP(íZ�¾Gß 16 i�$(0x10)í 3ÌW!��%�4� BIOS ?I
//  Wif6�Ò�ZÚ0x90080 L5Ä� 1 i f6�ZÚ0x90090 L5Ä� 2 if
//  6�Zí

mov ax,#0x0000
mov ds,ax
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lds si,[4*0x41]
mov ax,#INITSEG
mov es,ax
mov di,#0x0080
mov cx,#0x10
rep
movsb

! Get hd1 data

mov ax,#0x0000
mov ds,ax
lds si,[4*0x46]
mov ax,#INITSEG
mov es,ax
mov di,#0x0090
mov cx,#0x10
rep
movsb

! Check that there IS a hd1 :-) 
 // ]ß	
ß�5�� 2 if6Ú�«�5��� 2 iZñòí
// wB BIOS ��FB 0x13 �Â6klHIí
// HI= ah = 0x15É
// ��Jdl = §M�= 0x8X ßf6J0x80 ¤� 1 if6Ú0x81 � 2 if6&
// ��Jah = kl�;00 --d?×i6ÚCF�»É01 --ßg§Úd? change-line +,É
//  02 --ßg§(È¯°·vMfÏ)Ú? change-line +,É 03 --ßf6í

mov ax,#0x01500
mov dl,#0x81
int 0x13
jc no_disk1
cmp ah,#3
je is_disk1

no_disk1:
mov ax,#INITSEG
mov es,ax
mov di,#0x0090
mov cx,#0x10
mov ax,#0x00
rep
stosb

is_disk1:

! now we want to move to protected mode ...



Linux0.11���� Version 1.0

� 28 � � 160 �

cli ! no interrupts allowed !

! first we move the system to it's rightful place
// ó�i system �øvM� 0x00000 »�ÚBó� 0x10000 � 0x8ffff �45��ø
//  (512k)Ú�ø'A454ïvMÖ 0x10000 64k&�»�í×�{·Û}èÛ��45
// "#ÖÚæ	
4Ñ�3�øÄg�_ôíõ3�{·Û³èBÖí×�ß�ËvMÖ 8
// íÚ�ívM 0x10000�$íæ1Ø��í{ó 0x80000�$�4>vMó56ùæ
//  0x80000¬BÖ 20»Ú\ cxR5�ß 16»�ù��I% 8ívMÖí

mov ax,#0x0000
cld ! 'direction'=0, movs moves forward

do_move:
mov es,ax ! destination segment
add ax,#0x1000
cmp ax,#0x9000
jz end_move
mov ds,ax ! source segment
sub di,di
sub si,si
mov cx,#0x8000
rep
movsw
jmp do_move

! then we load the segment descriptors

end_move:
mov ax,#SETUPSEG ! right, forgot this at first. didn't work :-) 

 mov ds,ax
// ×�{ß>©�����f�ÖÚ�Ì?I¢°�Ö×E�í
//  �\2a�BbcdSe�fghi�$\2a'j�6�k�lm � 0�nop

lidt idt_48 ! load idt with 0,0
//  lgdt ¤¥B¢#pnXE�YZ(gdt)R5�Ú¯ÆÇ�¸�0 lidt ¤¥�HXín
// XE�Y Z��àiE�YÝ(8 �$)E�Ö����3��m��! ø&�K
// Rí¯�()!� �&¾Gö�(16 »)P!�)®q( 32 »&P!�·÷3P
// !ß��45P=Õ·Û¼ ¯°�t����Í©�¼Ïí

lgdt gdt_48 ! load gdt with whatever appropriate

! that was painless, now we enable A20
// âL A20 '()

call empty_8042
mov al,#0xD1 ! command write
out #0x64,al
call empty_8042
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mov al,#0xDF ! A20 on
out #0x60,al
call empty_8042

! well, that went ok, I hope. Now we have to reprogram the interrupts :-( 
! we put them right after the intel-reserved hardware interrupts, at
! int 0x20-0x2F. There they won't mess up anything. Sadly IBM really
! messed this up with the original PC, and they haven't been able to
! rectify it afterwards. Thus the bios puts interrupts at 0x08-0x0f,
! which is used for the internal hardware interrupts as well. We just
! have to reprogram the 8259's, and it isn't fun.
// b 8259A���>©:;<ÚÒJ�<®-.�� P122

mov al,#0x11 ! initialization sequence
// :;<��øÃ� ICW1Úf�æøùúhÚ3ÎÚ�B ICW4

out #0x20,al ! send it to 8259A-1 
 .word 0x00eb,0x00eb ! jmp $+2, jmp $+2
// :;<��øÃ� ICW1Úf�æøùúhÚ3ÎÚ�B ICW4

out #0xA0,al ! and to 8259A-2 
 .word 0x00eb,0x00eb

mov al,#0x20 ! start of hardware int's (0x20)
// :;<��øÃ� ICW2
// f���øÃ���=� 0x20â;Ú×{ßWû��b¡� int 0x20�Yù

out #0x21,al
.word 0x00eb,0x00eb
mov al,#0x28 ! start of hardware int's 2 (0x28)

// :;<��øÃ� ICW2
// f���øÃ���=� 0x28â;

out #0xA1,al
.word 0x00eb,0x00eb

// :;<��øÃ� ICW3
// ZA��øÃ� IR2®�<��øÃ

mov al,#0x04 ! 8259-1 is master
out #0x21,al
.word 0x00eb,0x00eb

// :;<��øÃ� ICW3
// ZA��øÃ�<���øÃ� IR2L

mov al,#0x02 ! 8259-2 is slave
out #0xA1,al
.word 0x00eb,0x00eb

// :;<��øÃ� ICW4
// f�æ+·üón�ýÚ+þ�Ú+�M EOIÚ86/88}�

mov al,#0x01 ! 8086 mode for both
out #0x21,al
.word 0x00eb,0x00eb
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// :;<��øÃ� ICW4
out #0xA1,al
.word 0x00eb,0x00eb
mov al,#0xFF ! mask off all interrupts for now

// b�����h� OCW1�¥Ú¹��t��
out #0x21,al
.word 0x00eb,0x00eb
out #0xA1,al

! well, that certainly wasn't fun :-(. Hopefully it works, and we don't
! need no steenking BIOS anyway (except for the initial loading :-).
! The BIOS-routine wants lots of unnecessary data, and it's less
! "interesting" anyway. This is how REAL programmers do it.
!
! Well, now's the time to actually move into protected mode. To make
! things as simple as possible, we do no register set-up or anything,
! we let the gnu-compiled 32-bit programs do that. We just jump to
! absolute address 0x00000, in 32-bit protected mode.
// ×�f�>� 32 »����Í©íPþ#pa�]^�(lmsw - Load Machine Status 
//  Word)Ú�R5� CR0Ú¯¢·» 0 � 1 ë� CPU ÐÇ�����í

mov ax,#0x0001 ! protected mode (PE) bit
lmsw ax ! This is it!
jmpi 0,8 ! jmp offset 0 of segment 8 (cs)

! This routine checks that the keyboard command queue is empty
! No timeout is used - if this hangs there is something wrong with
! the machine, and we probably couldn't proceed anyway.
empty_8042:

.word 0x00eb,0x00eb
in al,#0x64 ! 8042 status port
test al,#2 ! is input buffer full?
jnz empty_8042 ! yes - loop
ret

// nXE�YZâ;LíE�YZº,i 8 �$¾�E�YÝ�²í×���Ö 3 i
// E�YÝí� 1 ÝBÚ�Ü5�í� 2 Ýß	
��!E�YÚ� 3 Ýß	
�
// �!E�Yí��?I¢nXE�YZ GDT&���í
// .wordª¤¥ZA¯�ài��Ý¬B 2i�$í
gdt:

.word 0,0,0,0 ! dummy

.word 0x07FF ! 8Mb - limit=2047 (2048*4096=8Mb)

.word 0x0000 ! base address=0

.word 0x9A00 ! code read/exec

.word 0x00C0 ! granularity=4096, 386
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.word 0x07FF ! 8Mb - limit=2047 (2048*4096=8Mb)

.word 0x0000 ! base address=0

.word 0x9200 ! data read/write

.word 0x00C0 ! granularity=4096, 386

idt_48:
.word 0 ! idt limit=0
.word 0,0 ! idt base=0L

gdt_48:
.word 0x800 ! gdt limit=2048, 256 GDT entries
.word 512+gdt,0x9 ! gdt base = 0X9xxxx

.text
endtext:
.data
enddata:
.bss
endbss:
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.globl _idt,_gdt,_pg_dir,_tmp_floppy_area
_pg_dir:

// Û3��f�B¢ë�?�!R5�(ds,es,fs,gs)�¼�f�æ¤A GDT�'(
// !ÚXW:;<Ö±²!í

startup_32:
movl $0x10,%eax // Hþ¢MOV EAX, 10H, ×��MOVLZA>©32»vM
mov %ax,%ds // Hþ¢MOV DS, AX
mov %ax,%es
mov %ax,%fs
mov %ax,%gs

// ZA_stack_start�ss:espí_stack_start ß C.���æ���M±²�5?±²K
// R'}

lss _stack_start,%esp
// f���ApZÚ:�?���O¤A�i?��Ú×i?���ÇBß¦A�
// ©©Unknown interruptªZA���]f�íI¢×i���Ë��yz}åÒÓ
//  setup_idt���í

call setup_idt
// º�f� GDTÚI¢ GDT�f�}å` Setup���í

call setup_gdt
// º�f�8i!R5�í

movl $0x10,%eax # reload all the segment registers
mov %ax,%ds # after changing gdt. CS was already
mov %ax,%es # reloaded in 'setup_gdt'
mov %ax,%fs
mov %ax,%gs
lss _stack_start,%esp

// <J��) A20ß�?·Ú��9�ã@í'() A20ß x86�=>?�*+Ú
// �gß�I�* 1MÛ!45í

xorl %eax,%eax
1: incl %eax # check that A20 really IS enabled
movl %eax,0x000000 # loop forever if it isn't
cmpl %eax,0x100000
je 1b

/*
 * NOTE! 486 should set bit 16, to check for write-protect in supervisor
 * mode. Then it would be unnecessary with the "verify_area()"-calls.
 * 486 users probably want to set the NE (#5) bit also, so as to use
 * int 16 for math errors.
 */

// ]ß CPU�klÚæ1ØÚÞ�dií�

movl %cr0,%eax # check math chip
andl $0x80000011,%eax # Save PG,PE,ET

/* "orl $0x10020,%eax" here for 486 might be good */
orl $2,%eax # set MP
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movl %eax,%cr0
call check_x87
jmp after_page_tables

/*
 * We depend on ET to be correct. This checks for 287/387.
 */
check_x87:
fninit
fstsw %ax
cmpb $0,%al
je 1f /* no coprocessor: have to set bits */
movl %cr0,%eax
xorl $6,%eax /* reset MP, set EM */
movl %eax,%cr0
ret

.align 2
1: .byte 0xDB,0xE4 /* fsetpm for 287, ignored by 387 */
ret

/*
 *  setup_idt
 *
 *  sets up a idt with 256 entries pointing to
 *  ignore_int, interrupt gates. It then loads
 *  idt. Everything that wants to install itself
 *  in the idt-table may do so themselves. Interrupts
 *  are enabled elsewhere, when we can be relatively
 *  sure everything is ok. This routine will be over-
 *  written by the page tables.
 */

// f� IDTJPþ�_idt�»�ñMÖ 256µ8 ��Apß 8i�$&�$�MNÚ
// ×iÐÇ�.��W�ñòó²Öí��Ú9� 256íë ignore_int��®'(Ä
// �¯�íC�Úf� IDTRR5�Ú�¯¤A°°f�� IDTZíIDTRR5��
// ¸�0 GDTRR5�h:��Ú×���@�í
setup_idt:
lea ignore_int,%edx
movl $0x00080000,%eax
movw %dx,%ax /* selector = 0x0008 = cs */
movw $0x8E00,%dx /* interrupt gate - dpl=0, present */

lea _idt,%edi
mov $256,%ecx

rp_sidt:
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movl %eax,(%edi)
movl %edx,4(%edi)
addl $8,%edi
dec %ecx
jne rp_sidt
lidt idt_descr
ret

/*
 *  setup_gdt
 *
 *  This routines sets up a new gdt and loads it.
 *  Only two entries are currently built, the same
 *  ones that were built in init.s. The routine
 *  is VERY complicated at two whole lines, so this
 *  rather long comment is certainly needed :-).
 *  This routine will beoverwritten by the page tables.
 */
setup_gdt:
lgdt gdt_descr
ret

/*
 * I put the kernel page tables right after the page directory,
 * using 4 of them to span 16 Mb of physical memory. People with
 * more than 16MB will have to expand this.
 */

// �,Å¼Z�5Ä�{ß×t,ZÝZ�'(ÚàiZ'(CN��Aß 4kí
.org 0x1000
pg0:

.org 0x2000
pg1:

.org 0x3000
pg2:

.org 0x4000
pg3:

.org 0x5000
/*
 * tmp_floppy_area is used by the floppy-driver when DMA cannot
 * reach to a buffer-block. It needs to be aligned, so that it isn't
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 * on a 64kB border.
 */

// Bdi×ß�ÇTØí
_tmp_floppy_area:
.fill 1024,1,0

after_page_tables:
// f�±²!Ú»��¨© main��ÇÎÏÚmain���B C/�Õ���i��Ú
// °Ä� init/main.cþ�þë main��®'(Ä�±²�C�Ú��¨©�i ret
// /�{·Ûâ;Ö C/��±CÚä�×�ÚD��cB��\±☺í

pushl $0 # These are the parameters to main :-) 
 pushl $0
pushl $0
pushl $L6 # return address for main, if it decides to.
pushl $_main
jmp setup_paging

L6:
jmp L6 # main should never return here, but

# just in case, we know what happens.

/* This is the default interrupt "handler" :-) */
int_msg:
.asciz "Unknown interrupt\n\r"

.align 2
ignore_int:

// ×ß�i C/����Ú�Û�B�W��EF�g��í
pushl %eax
pushl %ecx
pushl %edx
push %ds
push %es
push %fs
movl $0x10,%eax
mov %ax,%ds
mov %ax,%es
mov %ax,%fs
pushl $int_msg
call _printk
popl %eax
pop %fs
pop %es
pop %ds
popl %edx
popl %ecx
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popl %eax
iret

/*
 * Setup_paging
 *
 * This routine sets up paging by setting the page bit
 * in cr0. The page tables are set up, identity-mapping
 * the first 16MB. The pager assumes that no illegal
 * addresses are produced (ie >4Mb on a 4Mb machine).
 *
 * NOTE! Although all physical memory should be identity
 * mapped by this routine, only the kernel page functions
 * use the >1Mb addresses directly. All "normal" functions
 * use just the lower 1Mb, or the local data space, which
 * will be mapped to some other place - mm keeps track of
 * that.
 *
 * For those with more memory than 16 Mb - tough luck. I've
 * not got it, why should you :-) The source is here. Change
 * it. (Seriously - it shouldn't be too difficult. Mostly
 * change some constants etc. I left it at 16Mb, as my machine
 * even cannot be extended past that (ok, but it was cheap :-) 
 * I've tried to show which constants to change by having
 * some kind of marker at them (search for "16Mb"), but I
 * won't guarantee that's all :-( )
 */

// �º��ÐÇâ;ÖÚf�%,��íPþ� 0x0000'(â;ñM 5µ4k&(�
// MNÚ()ÖÅ¼Zm 4i,ÌE�ÝZíë 4i,ÌE�ÝZ�'(Ä�Å¼
// Z�Ú��´G,ÌE�ÝZí}åß9� 4kíÚàíG� 4i�$í�Ë´G
// Ö 4µ4ki�$Úypë pg0—pg3� 4¦Z¨óí×iW�BCI¡�B�'(
// ß� 0x00000000��0x00ffffffË 16Mí��f� CR0R5�Úâ;Ö%,��í
.align 2
setup_paging:
movl $1024*5,%ecx /* 5 pages - pg_dir+4 page tables */
xorl %eax,%eax
xorl %edi,%edi /* pg_dir is at 0x000 */
cld;rep;stosl
movl $pg0+7,_pg_dir /* set present bit/user r/w */
movl $pg1+7,_pg_dir+4 /*  --------- " " --------- */
movl $pg2+7,_pg_dir+8 /*  --------- " " --------- */
movl $pg3+7,_pg_dir+12 /*  --------- " " --------- */
movl $pg3+4092,%edi
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movl $0xfff007,%eax /*  16Mb - 4096 + 7 (r/w user,p) */
std

1: stosl /* fill pages backwards - more efficient :-) */
subl $0x1000,%eax
jge 1b
xorl %eax,%eax /* pg_dir is at 0x0000 */
movl %eax,%cr3 /* cr3 - page directory start */
movl %cr0,%eax
orl $0x80000000,%eax
movl %eax,%cr0 /* set paging (PG) bit */
ret /* this also flushes prefetch-queue */

.align 2

.word 0
idt_descr:
.word 256*8-1  # idt contains 256 entries
.long _idt

.align 2

.word 0
gdt_descr:
.word 256*8-1  # so does gdt (not that that's any
.long _gdt # magic number, but it works for me :^)

.align 3
// ×�ããßæ��ApZâHÖMNÚQë�iÅ���Ä�¯�íË��GI
// ÐÇß�B C/�yz� trap_init()ó²�Ú°»¢/kernel/traps.c�í

_idt: .fill 256,8,0 # idt is uninitialized

_gdt: .quad 0x0000000000000000 /* NULL descriptor */
// 45ö� 16MÚq'( 00a00000Ú�¨©ñ�*í

.quad 0x00c09a0000000fff /* 16Mb */
// 45ö� 16MÚq'( 00200000Ú�¨©ñ�*í

.quad 0x00c0920000000fff /* 16Mb */

.quad 0x0000000000000000 /* TEMPORARY - don't use */

.fill 252,8,0 /* space for LDT's and TSS's etc */

òø,�:;<C�45MN%$�J
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���

sÌñò¨�ÖÚ� setup.s �ñòë45���@oæ!"#Ú×��,"#{ß�
!"#�qr!>©�íþ%,��fgÖC�ÚÊ#'(�6Ô{Þ�þòø!�ouÚ
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����ø,ýÔ�y³'(í��yz%,"#56�%,"#�Úb��� 32»�4
5'(?Ö�i��¸�DÃJ

� �.7�	�������������������������� !

Pþ Intelf�Ö�i!R5� CR3Ú×iR5�5�Ö,ÌÅ¼�P'( {X GDTR
5�ÖnXE�YZ�P'(��&í��Û���45)®'(�� dir ,ÌÅ¼&»!
æ3¼Ú�Å¼Z�Ô�,ÌZ�q'(í�Û page ,ÌZ&»!æ3¼Â�,ÌE�
ÝÚ��ë,ÌE�Ý��q'(0 offset ,4°v&»!H#��Ê#'(í¿Àø�
·Û�ø�i�ýZA�ýJ

� �.8����"#$���%&'�������������������� !

ÞK�ýJJÅ¼ZÝm,ÌZÝ�¸�Ú×Wi¸�h:ón��J

\J|æa�\J|abh\J|aa�\J|lh\J|�h\J|dh\J|�h\J|`h\J| h\J|æh\J|bh\J|ah\J|Sh,Å¼ZÈ,

Z�ZÝ¸�

Ê#,� �¡i S S { � S S OwQ Xw� H

�¡i�aa�l�J �!5g��Bí

H�S�J ß5�¿®»VZAaZÝß�?·íH�aZÝ?·ÉH�SZÝ·Ú�WZÝ

��¯J8»7·5g��BÚ�Sæ���DÃ H�S�ZÝ��[�¯°�»í

Xw��a�ß=Õ¿®»Ú¤AaZÝ�¤g�,ß�·=PÕÈ¨©íë Xw��aÚ

bZÝ�¤g�,·>©=PÕÈ¨©Éë Xw��SÚbZÝ�¤g�,·=È

¨©Ú��Iba¤g�,Õ�í�ßÚXw�»b,�Õ����L#�L¢

BC·÷3WhKÇBÉþL#�L¢	
·÷3WÚXw�»�LMÚB7·

Û=PÕÈ¨©u

OwQ�b�J ßBCw	
¿®»V¤AaZÝ�¤g�,ß�ßBC3,íë OwQ�aÚ

ZÝ�¤g�,ßBC3,Ú·º[�·÷33¨©����*É�«

OwQ�SÚZÝ�¤g�,ß	
3,Ú�Iº	
·÷33¨©����

*í3Zì�Ö!�¿®» Xw�m OwQ�zg�,3��3ÚBC3��



Linux0.11���� Version 1.0

� 45 � � 160 �

m	
3��%�Ë?�bBC3,m	
3,>©ÆÇ�÷öí

OwQ Xw� BC3�*÷ö 	
3�*÷ö

S S  =wÕw¨©

S a  =wÕw¨©

a S =w¨© =wÕw¨©

,3

��

¿®

a a =wÕw¨© =wÕw¨©

º!Z·`ÚBC3,·Ûgæ�¬=w¨©Ègæ=wÕw¨©í

	
3,b¢	
3��7ß·=wÕw¨©Ú\bBC3��7ß�·�

*�í0%!a���Úõ�BC3¨©����I�*BC3�,Ú\

4�	
3¨©���Úe·�*	
3,Úö·�*BC3,í0%!

a��X�ßÚ�4�	
3¨©���Úb[�,O?=wÕw¨©�*

÷ÚB�gæ�¬=w¨©�BC,Ú4�	
3��öba,?Õ

�*÷í

Xw�m OwQJ,Å¼ZÝ����¿®»bºaZÝ¤g,Z�¤g�n$ aâ 8 ,

N���ÇBí�ÛÚb,�*W�B���¿®» Xw�m OwQ�µß�2_`,Å

¼ZÝm,ZÝ����¿®»�µ��í3Zì�Ö�2_`s����¿®»�

µÚ�2_`ß©0ªÆÇí

Å¼ZÝ OwQ,ZÝ OwQ�2 OwQÅ¼ZÝ Xw�,ZÝ Xw��2 Xw�

S S S S S S

S a S S a S

a S S a S S

�2,���¿

®

a a a a a a

��Úþë IXS R5�� H}»f�» aÚ{â;Ö%,"#í

������R5�¸���J

IXN \J|æa \J|æS�\J|ab \J|aa�\J|` \J|  \J|æ \J|b \J|a \J|S

IXS H} SSSSSSSSSSSSSSSS �| |Q �Z ZH H�

IXa ��

IXb ,OP)®'(

��R5�

IXæ ,Å¼ZÊ#,� SSSSSSSSSSSS

�����

����������

����� C������	
������	������	

������	

� head.s���?WLFBÖ�B C/��Õ�����_printk()m_main()ÚXW�B
-./�%®�MN·Û� C /�Õ����BíSõ×i-.�����Þ�X C /�
Õ����N.���i�����í?d?äø×ß��yz�56

�eDCsÞK��i¶UÚ¶U�ÐËß masm ��<� link.exeÚnasm .��
nasmw.exeÚturbo c 2.0�.�� tcc.exeÚ.exe���.com���@uÐË exe2com.exeÚÛ
¼ debug.exeí
×i¶UßþB C /�Õ�i��j�¹�3ß�ÍQ��� d? main ��&Ú�

�B-./�Õ�iFB���íë×Wi��Î2.�²�i.com��Ú�B debug.exe
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b×i.com��>©b-.ÚýßJ×iº©D�Aª�.����Ò±Ö�i1ØQRí
þ¬È�i C/��� e.cí4>ßJ
extern void assigne(int);
void e_main()
{
   assigne(6);
}
void assigne(int c)
{

c = 5;
}
×i C/����d? main��Ú×��j�¹�3ßS¯�yj�Ú·Û�×i�

�ß�·I¨©�íd�Ú�B[��i/²��ý.�×! C��Oß�·I²H�  
�xÕ��`&íùæ×i��d?�®÷í ×i��ßÞ³¹T��iÚÞö�diß1

ØHIÚ�di��9&u�iÛGýJ×!��Úó°ããJÇßB CÕ�Wi��í �
~ß.dllÚ¯yH��,�&
z�ÚÞä�-./��FB×Wi��í¬È�i-.�� start.asmí
[BITS 16]
[global start]
[extern _e_main]
start:

call _e_main
×i��{�v¤¥Ú{ßFB C/��� e_main()��í×�Õ²_e_mainßùæ C

/�.���B����s�M#! ‘_’í
z�>©.�ÖÚ%���/²���.�Úå�ø�í.���Bë×Wi��

ãã.�².obj��í�¥¸�æJ
tcc –mf –oe.obj –c –e.c
ZAÛ�l���>©.�Ú±² e.obj��í
Nasmw –f obj –o start.obj –start.asm
ZAÛÅ¼���¸�.�² start.obj��í
.�²ÖWiÅ¼�� e.objm start.obj&�ÚÞ�ëÐK�<²·¨©�� e.exeí
link start.obj e.obj, e.exe,,,
���W��Õ¹×Wi�����Ú��UÞ�eæ1Øí

�B exe2comë×i e.exe@u² e.comíùæ.exe��º�x��ý¸�Ú�>V%
"Úo².com��{�pÖÚ°{ßa��í
pÖÚz�:ÞKýJJ×iQRß1Ø�íB debug –u ýJJb-.×i e.exe��í

8«�3J

xxxx:0100 E80000 CALL 0003           ;call _e_main

xxxx:0103 B80600 MOV  AX,0006   ;×ß e_main()
xxxx:0106 50 PUSH AX   ; assigne(6)
xxxx:0107 E80200 CALL 010C
xxxx:010A 59 POP  CX
xxxx:010B C3     RET
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xxxx:010C 55 PUSH BP   ;×ß assigne(int c)
xxxx:010D  8BEC MOV BP, SP   ;c = 5
xxxx:010F C746040500 MOV WORD PTR [BP+04], 0005
xxxx:0114 5D POP BP
xxxx:0115 C3     RET
"±�×i·¨©��VßWyz��ísÌ�i��<�W��Õ¹Wi.obj���

����íz�ÞKJJÚ�«×��<�XØ�J

link e.obj start.obj, e.exe,,,
Vßë¯@o² e.comC�ÚB debugb-.í
xxxx:0100 B80600 MOV  AX,0006   ;×ß e_main()
xxxx:0103 50 PUSH AX   ; assigne(6)
xxxx:0104 E80200 CALL 010C
xxxx:0107 59 POP  CX
xxxx:0108 C3     RET

xxxx:0109 55 PUSH BP   ;×ß assigne(int c)
xxxx:010A  8BEC MOV BP, SP   ;c = 5
xxxx:010C C746040500 MOV WORD PTR [BP+04], 0005
xxxx:0111 5D POP BP
xxxx:0112 C3     RET

xxxx:0113 00E8 ADD AL, CH   ;Þ�di×ß1
;ØÚ�*Þí

xxxx:0115 E9FF   ;d?H¡�a��
��¦×í.��Öí�ß�<��YIÚß ZÁ��yzí�<�W�Þ�EF�

���>©OPí��ÚÛ�ß����í

�ø×iâ?·ÛJ�Ú-.0 C /�12.� C /����-.¤¥��×�Z
�&�W�Þ�íþë-.��m C��.�².obj¸����Ú���B�<�ëÅ¼�
��<��Ní×�ÚC /�m-./�{·Û12�BÖí �[ÖÚC �.�����
��s#! ‘_’&
� Linux0.11���\�?�i makefile��Ú×i���B¢di.�ø��í¯�

?��¤J

$(LD) $(LDFLAGS) boot/head.o init/main.o \
$(ARCHIVES) \
$(DRIVERS) \
$(MATH) \
$(LIBS) \
LD �Z gld�<�ÚLDFLAGSß�<Ò�íBoot/head.o{ß×i-.Õ� head.s�

Å¼��Ú̄ �]�OßH¡�4Ñ��Ú¢ß head.s���{�<�Ö4Ñ��sÌí×
�� head.s��B4Ñ���g�� C/���{ß���yj��´ÖíXW C/�Õ
�4Ñ��ö·Û�B�-./��%®�opÖí�_gdt, _idtí
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sÌñò� setup.s m head.s �%���Ö Linux0.11 �������3>©45�6
(Úº¢¢£%^Ú�ÛÞ�×�>©�í78í

�����3ÚLinux0.11 þ>©!ouÚ��ß,ouÚë¶b'(Ô�í·ÛZA
²J_`'(�)®'( òø!ou&�¶b'( òø,ou&í�è��3Ú×t4

½�oum8û]UOßºf�ýyz�Ú¢ÆÇ	
Ií	
ããß>©H¡�®�Ú

æ×tÐÇ¨5v�í

A¹��3J

� �.9()*+,�����������������-./0 !

� �.101)*+,�����������������-./0 !

¯�!E�YZ�P'(º GDTR ��Ú!E�Y�rs�!R5����Ú,Å¼
Z�P'(º CR3��Ú,ZÝ�'(º,Å¼Ý��í
�@u�ø���òø�	ì�·÷3]Uí

����LMß�øf� CR0R5�� PE 0&»æ 1yzÚ%,�LMßf� CR0
� PG 31&»æ 1yz�í
� Linux0.11�ß�B%,�ý"#45�Ú�ßº¢ Intel�8��f_��%,��

"#�g�¬È�!�"#�qrC!�íù�ÚLinux0.11��ñVß�EF Intel��Ð
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��!�"#Ú�ßy³!×i!�"#ßd?y³¹��íb¢On�Óay³!Vßº

,�"#ýó²�íæ1Ø×Ø�56ÞKJJ	
�ß��fg GDT� � head.s�&J
_gdt: .quad 0x0000000000000000 /* NULL descriptor */

.quad 0x00c09a0000000fff /* 16Mb */

.quad 0x00c0920000000fff /* 16Mb */

.quad 0x0000000000000000 /* TEMPORARY - don't use */

.fill 252,8,0 /* space for LDT's and TSS's etc */
æÖñbJ�°�¸�Þë°@o²�>�J

��!J

<0000 0000><1100 0000><1001 1010><0000 0000><0000 0000><0000 0000><0000 1111><1111 1111>

Z�d Z�� Z�` Z�  Z�æ Z�b Z�a Z�S5�!E

�Y

\rnM�æauuub ��SS� ¿®�IShl�� \rnM�bæuuuS��SShSShSS� ij~jLM�a`uuuS��SWhWW�

\áLMh~�� \áLMh~�`

\J|d \J|� \J|` \J|  \J|æ\J|b \J|a \J|S\J|d\J|�\J|` \J|  \J|æ\J|b\J|a\J|S

5�!

E�Y

¿ ®

}�a� {�a� S �¡i�S�ij~jL�aluuua���S�H�a� {Hi�SS� {|�a� |�H����

q'(©0x00000000
!ö�©0x00FFF 4kµ4k © 16M
G=1 c�dG 4k
DT©1 !E�Y

Type©A ·=·Í©

DPL©0 	
3�!E�Y

D©1 32»�°v'(

��!J

<0000 0000><1100 0000><1001 0010><0000 0000><0000 0000><0000 0000><0000 1111><1111 1111>

~�d ~�� ~�` ~�  ~�æ ~�b ~�a ~�S

5�!E

�Y

\rnM�æauuub ��SS� ¿®�IShlb� \rnM�bæuuuS��SShSShSS� ij~jLM�a`uuuS��SWhWW�

\áLMh~�� \áLMh~�`

\J|d \J|� \J|` \J|  \J|æ\J|b \J|a \J|S\J|d\J|�\J|` \J|  \J|æ\J|b\J|a\J|S

5�!

E�Y

¿ ®

}�a� {�a� S �¡i�S�ij~jL�aluuua���S�H�a� {Hi�SS� {|�a� |�H��b�

q'(©0x00000000
!ö�©0x00FFF 4kµ4k © 16M
G=1 c�dG 4k
DT©1 !E�Y

Type©2 ·=·Õ

DPL©0 	
3�!E�Y

D©1 32»�°v'(

��_`'(�)®'(�@u�W�Úb¢�B×��!E�Yý�Úº¢q'(ß

0x0000000Ú�Û@u�)®'(0_`'(�µßHX�í×�{���i_`'(�Ê
#'(�ou�[\��Ö,�"#ýó²í
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�����	

	
:;<��5Ä�/init/main.c ���Ú	
�LMø�n$/��×�i���
Öí×i��·Û�B×JÚã�>�	
JóÖ´¹�Jí×i����ß�	
�8i

HI�ø�:;<ÐÇÚ��FB shó²LMíhead.s�� iret¤¥�� CPU�¨©@�
Ö main()��Lâ;¨©í

0��	
��	��	

��	

0=>�{ß:;>�ÚB¢¨© main���íÐ�"± 1=>�Í© initÚÛ��Ð
Ç{º 1=>�ýó²Öí

void main(void) /* This really IS void, no error here. */
{ /* The startup routine assumes (well, ...) this */
/*
 * Interrupts are still disabled. Do necessary setups, then
 * enable them
 */

ROOT_DEV = ORIG_ROOT_DEV;
drive_info = DRIVE_INFO;

// â;45�:;<

memory_end = (1<<20) + (EXT_MEM_K<<10);
memory_end &= 0xfffff000;
if (memory_end > 16*1024*1024)

memory_end = 16*1024*1024;
if (memory_end > 12*1024*1024) 

buffer_memory_end = 4*1024*1024;
else if (memory_end > 6*1024*1024)

buffer_memory_end = 2*1024*1024;
else

buffer_memory_end = 1*1024*1024;
main_memory_start = buffer_memory_end;

#ifdef RAMDISK
main_memory_start += rd_init(main_memory_start, RAMDISK*1024);

#endif
mem_init(main_memory_start,memory_end);

// ��Ap:;<
trap_init();

// øfÏ:;<
blk_dev_init();

// �YfÏ:;< ×�ããß�Öi<®Úd?yz&
chr_dev_init();
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// ½ï:;<
tty_init();

// LMWN:;<
time_init();

// FG��:;<
sched_init();

// þ�_:;<
buffer_init(buffer_memory_end);

// f6:;<
hd_init();

// g6:;<
floppy_init();

// âL��íùæ��Cs���ÄßIÀ�Ú��â;{·Û��ÖíSti()ß��¥Ú
// °�/include/asm/system.h�g�æJ#define sti() __asm__ ("sti"::)

sti();
// ë	
@�BC��ÚÛ�4Ñ�äÐÇ�¤ö�B	
FBýó²Öí

move_to_user_mode();
// "± 1=>�ÚBý¨©�� init

if (!fork()) { /* we count on this going ok */
init();

}
/*
 *   NOTE!!   For any other task 'pause()' would mean we have to get a
 * signal to awaken, but task0 is the sole exception (see 'schedule()')
 * as task 0 gets activated at every idle moment (when no other tasks
 * can run). For task0 'pause()' just means we go check if some other
 * task can run, and if not we return here.
 */
// 0=>��ÐÇ��8ÊÚ�ß��·�I��Ú�Û{9��í

for(;;) pause();
}

������	��

������	��������	��

������	��
��

����
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�FB move_to_user_mode CsÚmain ���Ä�	
]^3Í©Ú�ßÛ��>�
ß¡a�BC��3Í©�Úù���FB fork Csë���Í©��@oæBC��í
}åß�É��³´ÚÞKdi�BC���W�Ú�«h±���FB	
����\�

�í���\��ßÍ©�	
��3�Úù��h±²@uíþ��³´�W�Ú�e4

���Cs�]^Ú×{()ÖëÍ©��@uæBC��í���L#�øßf²\ñÚ

ù�ÞK·ÛwBf²ý�É��í��ÚB�i³´¤¥ýó²zge4�ÐÇí�«×

iø�B�ZAW×��J
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� 2.134567�83�9

<include/asm/system.h>
#define move_to_user_mode() \
// ëYý� esp�5� eax�
__asm__ ("movl %%esp,%%eax\n\t" \
// �Éf�BC^� ssR5��µÚ0x17b¡�ß LDT���!

"pushl $0x17\n\t" \
// �Éf�BC^� espR5��µ

"pushl %%eax\n\t" \
// �Éf�¼ÏR5��µ

"pushfl\n\t" \
// �Éf�ÖBC¨©� csÚ0x0fb¡�ß LDT���!

"pushl $0x0f\n\t" \
// �Éf���h±W�BC eipÚ¼= 1ß��³´W�¨©�'(Ú�3Ì

"pushl $1f\n\t" \
// ��³´Ú×iW��e4zgÚ��BC^�@o

"iret\n" \
// ��³´W��×�çè¨©

"1:\tmovl $0x17,%%eax\n\t" \
"movw %%ax,%%ds\n\t" \
"movw %%ax,%%es\n\t" \
"movw %%ax,%%fs\n\t" \
"movw %%ax,%%gs" \
:::"ax")

1��	
��	��	

��	

1 =>�B¢¨©�� initÚ×i����í"±�i>�ý¨© shí1 =>�ß+j
º��Úùæ&$%�>����W�ÚõJ�ÐÇOßº 1=>�ýL#�Ú()ÁÂ³
´µÚÃÄ PCB¬?� 1,45ãí
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<init/main.c>
// sh�Ò�
static char * argv_rc[] = { "/bin/sh", NULL };
static char * envp_rc[] = { "HOME=/", NULL };

static char * argv[] = { "-/bin/sh",NULL };
static char * envp[] = { "HOME=/usr/root", NULL };

void init(void)
{

int pid,i;

setup((void *) &drive_info);
(void) open("/dev/tty0",O_RDWR,0);
(void) dup(0);
(void) dup(0);
printf("%d buffers = %d bytes buffer space\n\r",NR_BUFFERS,

NR_BUFFERS*BLOCK_SIZE);
printf("Free mem: %d bytes\n\r",memory_end-main_memory_start);

// "±�iB¢Í© sh�>�
if (!(pid=fork())) {

close(0);
if (open("/etc/rc",O_RDONLY,0))

_exit(1);
// Í©·¨©�� shÚ°ß	
�\��Ú»¢��	
6�

execve("/bin/sh",argv_rc,envp_rc);
_exit(2);

}
if (pid>0)

// �«hzß sh¨©8ÊÚ{A3¨©í�«Úß¯°>����¤Úº¢>�=�
// Xù��çè9�ã@í

while (pid != wait(&i))
/* nothing */;

while (1) {
if ((pid=fork())<0) {

printf("Fork failed in init\r\n");
continue;

}
if (!pid) {

close(0);close(1);close(2);
setsid();
(void) open("/dev/tty0",O_RDWR,0);
(void) dup(0);
(void) dup(0);
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_exit(execve("/bin/sh",argv,envp));
}
while (1)

if (pid == wait(&i))
break;

printf("\n\rchild %d died with code %04x\n\r",pid,i);
sync();

}
_exit(0); /* NOTE! _exit, not exit() */

}
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��������

����

�×��â;{ßb�i>�	
�%"ÖÚ×ß�i&øÚ�«>�	
ÖDÖÚ{

·Û�b Linux0.11�ÐÇa�ÖDÖí>�	
{p~ßÆÇ	
�&hÚ�tÐÇ�¤
¥O�º°ýh�í

�ÆÇ	
Y#Z!ÞK·ÛdiI¢>��#�!�g�ÚÛ¼>���²J>�©

��´��´PCBíÆÇ	
{ß�øb PCB�ÆÇýyzb>��"#í0Ø� Linux0.11
�ß��ZA PCB ×i8��56Linux ë[\m>�þÇ�´�Ú°�B�iÎ�
task_struct�8�ýE�>�íæÖè¢#D>���8��8iô�ÇBÚÞe×tôE
FHIG%æhi$%Ú%�eDí

<include/linux/sched.h>

��	�����

��	�������	�����

��	�����

struct task_struct {
/* these are hardcoded - don't touch */

long state; /* -1 unrunnable, 0 runnable, >0 stopped */
long counter;
long priority;

×i$%��ß�>��FG�W��Bí�-.Õ�����Bø×hiô�µÚº

¢-.�B×hiô�}å{ßwB×hiô�°vpÚù�×hiµ���ß�º��Ú

�Ih±Ùoí×hiô�ÇB�3J

state : B¢¼f>��Í©]^í°·Iß�3hiµJ
#define TASK_RUNNING 0
#define TASK_INTERRUPTIBLE 1
#define TASK_UNINTERRUPTIBLE 2
#define TASK_ZOMBIE 3
#define TASK_STOPPED 4

TASK_RUNNINGZA>�ñòÎÏp¬B CPUíHþ¢©{i^ªÉ
TASK_INTERRUPTIBLEZA>�yL¢}~]^Ú°·I�ã@�iK=í×iã

@�j¢£¾É

  TASK_UNINTERRUPTIBLEöZA>�yL¢}~]^í°·Iß�ã@á�i�
�h±Úù��?�K=O��RNÄ�×i��h

±í�j°�ã@WN¢£jÉ

  TASK_ZOMBIEZA×i>�ñò�¾ÖÚ�ßVd?�	
�k-àí×ß�Û
��Ú�«�i>�8Ê�W�Þ�Al>�³´�tKRí�«×

iW�{�	
�ë>�k-Úl>�{å��×i³´µÖíù

�ß�¡ak-¡aºl>�ým�É

  TASK_STOPPEDZA>�CDí?�W�>�ed?ã@K=Úö�ß�¾Úâ�
F¶���W�íæÖ¼f×û´µÚf�Ö×��]^É
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counter�
��

�>�õJ�WNåíæÖ¬8i>�Hb ù��B CPU��Ö%W×i�ní
{ßæài>�f��i�¾Í©WNÚþ×iWN�Ö{º�FG>�Û¬¯

Ð�>�¬? CPUíWNåß>�Í©��(WN9»í� Linux�àiWNåí
ß 10msí°�:;µ0a>��oþ3�µHãí

priority:>��oþ3í� Linux0.11�oþ3p�¬B CPU�WNp¾í

��������

����������������

��������

long signal;
struct sigaction sigaction[32];
long blocked; /* bitmap of masked signals */

�K=L#��Þ�Ö×�b×hiô>©��í×�þb°K?iqA{·ÛÖíö

?-./��BÖ×hiôÚù�°K���ö�IÙoíÛ����ô{0��IÖÚ

·Û�i�rp³¹Ùo��í���i�n��»�Ú»�ß�i�µÚ�j×i�µ

/Sd?y³¹�Úë�µÛ�>����ZA�Úà�»¼f�i]^í y³!d?�

z��nÚß�Þ�#D.�☺&

signal m blocked Oß 32 »�»�Ú%�Î�©K=!ÐR5�ªm©K=¹�R5
�ªí

signaction[32]ß5�0K=�L#HIKR���ÚÎ�©K=ApZªí

��	 !�"#���

��	 !�"#�����	 !�"#���

��	 !�"#���

unsigned long start_code,end_code,end_data,brk,start_stack;
>�ß���p�Ú��Þ�#p�45�ÔI¡Í©í>��45�?ú°s?�È

ÉMNÚLinux0.11�×iÈÉMNß 64MíæÖ�tp× 64M�45MNÚf�Ö��!
m��!íLinux���!0��!�N;'(ß���ÚQ�°�+,��!0��!%
â×û´µí

start_codeß��! ��!&�N;'(í
start_stackß²�N;'(í
end_codem end_data%�ß��!�¾Gm��!�¾Gí
brkß7���¾Gí

���

������

���

1. ×��N;'(Oß¤�× 64MMN4�°v'(Úº¢ÈÉ'(Oß 32»Úù�×
tN;'(�BÖ¾��í

2. !�¾GOßÛ�$æ9»�í

3. �j start_codeß!��4ïÚstart_stackß!���!íùæ²u¾}AßA3�í

�	�$%&'�(�

�	�$%&'�(��	�$%&'�(�

�	�$%&'�(�

/* various fields */
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int exit_code;
long pid,father,pgrp,session,leader;

æÖI¡"#>�{Þ�I¡v��¼f�i>�ÚXW>�0>�CN·Iß?��

I	�í×iI	·Ißl?I	Úö·Ißw¿¢X�i��I	í�ß�?B�Úº¢

���n�i>�·ÛA,i>�h�X�ixRí�,BC�´µ3Þ�æà�i�*�

BC¨5�i>�ÚXW×i>�·I�"±?>� ×·Û�ß�g�&íæÖ_%�X

�BCöÞ���i¼fí

exit_codeß��³´µÉ
pidßb>��v�¼fÚ�ø×iµ·Ûv��Ô�×i>�É
fatherßl>�� PID=Ú×�{�²Ö©ÚyzªÉ
pgrp��¼fÚ×iµHX�>�»¢X�i�4É
sessionJB¢¼f�X�ý��BC>�Ú?×t>�"±�?>�0H¡�l>��

sessionµßHã�É
leader:ý��>��¡a?�i©¹UªÚleader{ß¼f×i�í

�)*+,���

�)*+,����)*+,���

�)*+,���

unsigned short uid,euid,suid;
unsigned short gid,egid,sgid;

�-!���

�-!����-!���

�-!���

long alarm;
long utime,stime,cutime,cstime,start_time;

�i>�·IÞ�CD�!WN���{�øýÚù�Þ�?�iopý�¼×iW

NÚX�×iWN�9»ßWNåíXW�i>�V�¼Ö�t¯Ð�WNKRB¢ß|Ú

()Ö>��N;WNÚ>�L¢BC^�WNÚ>�L¢	
^�WNÚ?>�L¢BC

^�WNÚ?>�L¢	
^�WNí

alarm>�}~�WN gW�&Ú�«æ 0ZAd}~É
utime,stime,cutime,cstime,start_time%�ZA>�L¢BC^�WNÚ>�L¢	
^�W

NÚ?>�L¢BC^�WNÚ?>�L¢	
^�WNÚ

>��N;WNí

�	./0���

�	./0����	./0���

�	./0���

/* file system info */
int tty; /* -1 if no tty, so it must be signed */
unsigned short umask;
struct m_inode * pwd;
struct m_inode * root;
struct m_inode * executable;
unsigned long close_on_exec;
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struct file * filp[NR_OPEN];

12&'34�

12&'34�12&'34�

12&'34�

/* ldt for this task 0 - zero 1 - cs 2 - ds&ss */
struct desc_struct ldt[3];

b¢	
4Ñý��B�ßnXE�YZÚ\b¢à�i>�ý�{�ßBX$E�Y

ZÖíñò�øÖ Linux¯yd?�B!�"#Úãã�BÖ,�"#í�ßæÖ ¡ Intel
�=~Vß�B�X$E�YZíe�?ÖX$E�YZ{�èBB�Ú�°â;%®>�

MN�W�{wB�Öí

56789�

56789�56789�

56789�

/* tss for this task */
struct tss_struct tss;

};
>��tu�W�ßÞ��5>�tus8iR5�]^�Ú×t]^�BÖ�iÎ�

[\]^!���8�ý�5í×i8�Vßº Intel¨�ý�ÚæÖ�5]^KR Intel�
f�!¨5Ö+,Ú{ß��� ë tss [\]^!&×i8�f�pÖÚþ >©áû
��Ö��¨©���ÆÇ�W�ÚIntel ��M�ëþs�R5�]^�¼� tss �í Ö
×�eDë��Ì��&Linux0.11 ��>©>�tu�W�{ßwBÖ×i}è�ÝÖ�
,���í�ß�Û��ð/�ÚLinux0.11 {��ßwB×ûf�a�ÖÚÙBÖg��
}åíg�}å·éê®¢f�}åpí��Ûæ?f�}å�g{ôÚ¯yf�}å0g

�}å�¨©2G��,í

I¢ tss8��Ö×��ë�3��eDí

:;<=�	�>?

:;<=�	�>?:;<=�	�>?

:;<=�	�>?

_`ab>��cdß�� PCB8�� {ß×i task_struct&ÚXW�i	
��5
�,i>�íæÖ�tp×t>�ÚLinux0.11 ��BÖ�i)®Zý5Ä×t>�í×i
)®Z{ß taskí
<kernel/sched.c>

struct task_struct * task[NR_TASKS] = {&(init_task.task), };
×�ÆÇ	
{·Û�ø task ýÔ�[��i>�Öí·ÛJ��Z�:;�W�{

f�Ö�iµ&(init_task.task)Ú×i{ß¤A:;>��¤�ÚZA:;>�5Ä� task[0]
�íI¢:;>� init_task.taskë�3����í
�ÆÇ	
Y#Z!òj¨�{i�ìÚb¢ Linux0.11ý�°ß�i_`!�8�Ú

y³!�X]^�>�ß�³a�Ä� task��í
æÖñ��E�×i)®Z�¹m�ÚLinuxæg�ÖWi�í<include/kernel/sched.h>
#define FIRST_TASK task[0]
#define LAST_TASK task[NR_TASKS-1]
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���

������

����������	

�������	�������	

�������	

���f_�Ú·Û��[��i$%�s¨{ß:;<íb¢���%"ÚÞ�A¢

£�·�:;<â;�¥í�¯b¢�tN;���Ú�«d?#Dp�bÛ����#D

�3�í

��Þäe��%"��Wh±��JþÞ%" fork ���W�Úhz°�FB�i
,�×����W��Ùo¿À�� mem_map[]��?�µÚ×���8«{ß�í�
Ð%®45,�W�·B45Ú×�{ß bugÖ�6×��j�ÖÞ�¾WNÚÞJÖ�
,m��öd?D�í,�Öéêëì�¨AÚ�ÞcB�*+�n·IýU¢:;<í

¢ßÞbN;>� INIT_TASK&º�%"ÚhzÖ�L#D���í{ßùæ×i���
Þb�Ì�#D"±Ö°�í×��C�ÚÞb:;<�#��Ú�¯ß�:;<�W�b

8iopf��µ ×ßº�Cº&í

ù�Ú�%"8iHI��CsÚÞÞ�þe�3>��:;<í

���:;<·Û%æWûÚ�ûß�%®5�MN�W�ñòOPp�Úâ� int 
mem[3]={1, 2, 3};S�ûß���Í©�f��Úâ� mem[0]=mem[1]=mem[2]=0í>��
:;<{()Ö×Wûíº¢ Linux�Oß�ø4�l>�ý"±�>��Úù�ÛÜ?�
i>�ß�t�t>���þ>�Ú×{ß:;>�í°� task_struct8�ßÄ<B��Õ
²�í�æ¯%®MN�W�Úµ{ñòfgpÖíSõÚ>��Í©�W���B�tÄ

g�R5�Ú:;<�W�ö�e×tR5��µfgpíXW�æ�tZ8�%®45M

Ní

@A�	

@A�	@A�	

@A�	

°Ôñò¨�Ö:;>�ß�t>���þ>�Ú°ß�ø©f.�ªÕ�����í

:;>��Z�ß4Ñ�>�Ú�ß°���FG��FG�í°�Å���ßæÖ:4Ñ

Í©Ú\ßæ¯°�>�¨5�i4��q÷í���3J

<include/kernel/sched.h>
/*
 *  INIT_TASK is used to set up the first task table, touch at
 * your own risk!. Base=0, limit=0x9ffff (=640kB)
 */
#define INIT_TASK \
/* state etc */ { 

0,\ //state=0(TASK_RUNNING)ZA·ÛÍ© {i&
15,\ //counter=15 [\Í©�WNå(150ms)Úâ;�W�0

//priority�µHã
15, \ //priority=15 Í©�oþ÷

/* signals */ 0,\ //signal=0 ZAd?[�K=

{{},},\ //sigaction[32]={{},} K=ApZæM
0, \ //blocked=0 ZA���[�K=

/* ec,brk... */ 0,\ //exit_code=0
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0,\ //start_code=0 ��!N;'(

0,\ //end_code=0 ��!�¾G

0,\ //end_data=0 ��!�¾G

0,\ //brk=0
0, \ //start_stack=0 ZAVd?%®²

/* pid etc.. */ 0,\ //pid=0 0=>�
-1,\ //father=-1  l>�= ZAd?l>�&

0,\ //pgrp=0 l>��=

0,\ //session=0
0, \ //leader=0

/* uid etc */ 0,\ //uid=0 BC¼f= BC id&
0,\ //euid=0 ?·BC id
0,\ //suid=0 �5�BC id
0,\ //gid=0 �¼f= � id&
0,\ //egid=0 ?·� id
0, \ //sgid=0 �5�� id

/* alarm */ 0,\ //alarm=0 Å�gWµ d?fg&

0,\ //utime=0 BC^WN

0,\ //stime=0 	
^WN

0,\ //cutime=0 ?>�BC^WN

0,\ //cstime=0 ?>�	
^Í©WN

0, \ //start_time=0 >�â;Í©W¶
/* math */ 0, \ //used_math=0ß��BÖ:L#�
/* fs info */ -1,\ //tty=-1  >�d?�B tty

0022,\ //umask=0022��«¬¿®¹�»
NULL,\ //pwd=NULL þsÐÇÅ¼ I$÷
NULL,\ //root=NULL Å¼ I$÷
NULL, \ //executable=NULL ¨©�� I$÷8�
0,\ //close_on_exec=0 ¨©WIÀ����»�¼Ï

/* filp */ {NULL,}, \ //filp[]={NULL} >��B���Z8�

/* ldt */ { \ //ldt[3]
{0,0}, \

{0x9f,0xc0fa00}, \
{0x9f,0xc0f200}, \

}, \
/*tss*/ {0,PAGE_SIZE+(long)&init_task,0x10,0,0,0,0,(long)&pg_dir,\

 0,0,0,0,0,0,0,0, \
 0,0,0x17,0x17,0x17,0x17,0x17,0x17, \
 _LDT(0),0x80000000, \

{} \
}, \

}
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EFE�Y�¸�ë��!���G�E�Y

Z�d Z�� Z�` Z�  Z�æ Z�b Z�a Z�S5�!E

�Y

\rnM�æauuub ��SS� ¿®�IShW�� \rnM�bæuuuS��SShSShSS� ij~jLM�a`uuuS��SShlW�

\áLMh~�� \áLMh~�`

\J|d \J|� \J|` \J|  \J|æ\J|b \J|a \J|S\J|d\J|�\J|` \J|  \J|æ\J|b\J|a\J|S

5�!

E�Y

¿ ®

}�a� {�a� S �¡i�S�ij~jL�aluuua���S�H�a� {Hi�aa� {|�a� |�H����

×��Ú:;>�VßÛ 0x00000000æq'(Ú�ß!�ö²ß 0x09Fíb¡�ß 160
µ4k��*MNíXW DPLöo²Ö 3í Þâ;�W�ë!�öþ²ß 0x07FFÚb¡ 16M&
��!¢��!�~Ú{�%"Öí

�����

����������

�����TSS�
��

�

y���W�¨©@v¤¥ÚCALL¤¥%æ!N@vm!4@ví����3ö��Ú
�ß�>©!N@v�W�h±Ö�to<Ú̄ ��Ý{ß�5���45�íù���Ö

�i��8� TSSí°�¸��3J

\J|æa�\J|a� \J|a`�\J|a \J|SYWWQ�|

SSSSSSSSSSSSSSSS ;<�! S

�QHS  

SSSSSSSSSSSSSSSS QQS �

�QHa SIz

SSSSSSSSSSSSSSSS QQa aSz

�QHb a z

SSSSSSSSSSSSSSSS QQb a�z

IXæ aIz

�JH bSz

�Wi�}Q b z

��N b�z

�IN bIz

�{N æSz

[

\

]

^

!

q

/

$

%

�

¸

�

�\N æ z



Linux0.11���� Version 1.0

� 62 � � 160 �

�QH æ�z

�\H æIz

�QJ  Sz

�{J   z

SSSSSSSSSSSSSSSS �Q  �z

SSSSSSSSSSSSSSSS IQ  Iz

SSSSSSSSSSSSSSSS QQ `Sz

SSSSSSSSSSSSSSSS {Q ` z

SSSSSSSSSSSSSSSS WQ `�z

SSSSSSSSSSSSSSSS }Q `Iz

SSSSSSSSSSSSSSSS i{|X �Sz

JwY·»�°v SSSSSSSSSSSSSSS | � z

|QQ�q/¸�º aS  �$�²í× aS  �$�q/¸�ß�·Ùo�Ú���Cõ	


g�V·g�ë�
#KRíq/� aS  �$·%æ;<�!_ôP4�±²¤�_ôP

'(¿ÀR5�_ôPR5��5_ôm¯°�!ãei_ôíÞ%�eD×ei_ôJ

��

����

�� �����	


�����	
�����	


�����	


R5��5_ô»¢ |QQ4°v bSzU `WzLÚB¢�5�BR5�P!R5�P

¤¥¤�m¼ÏR5�íþ |QQb¡�[\y�¨©WÚ�5_ôß]g��É�þs

[\�tu�WÚ×tR5��þsµ{�5�a_ôíþ3ítu´Y[\WÚ��

�5_ôe4�×tR5��µÚ�\Ú�L#�e4²a[\u�s�]^Ú�½�

[\I¡e4¨©í

�!Z·`Ú8�BR5�b¡�i æb »���Ú¤¥¤�m¼ÏR5�8b¡

�i æb»���É8!R5�öb¡�i æb »���Ú!R5���rs?�? a�

»ÚOP����4 a�»Ú� a�»]BÚ�Q¡Gæ Sí

��

����

�� �����	


�����	
�����	


�����	


æÖ?·'yz��ÚX�i[\��X�·÷33�B�X�±²íâ�Úþ�

õ�·÷3 æou�4�·÷3 SWÚ[\�B�±²öXW� æ3ou� S3±²É

þ�4�·÷3 Sou�õ�·÷3 æWÚ[\�B�±²öXW� S3±²ou� æ

3±²í�ÛÚ�i[\·IË?Di±²Úb¡Di·÷3íDi±²Þ�Di±²

¤�í

|QQ�4�±²¤�_ô�?9i±²¤�Ú°KOß  �»�n¤��a�»�rs

?m æb»�°v�Ú%�¤A S3Pa3m b3±²�²�Ú�í5Ä� |QQ�°væ

 Pab¼ bSâ;�»�íþh±A4�@vWÚó.þ�±²¤�c� QQ¼ �QH R5

�Ûou�4�±²Úõ�±²�¤��5�4�±²�íd?¤A æ3±²�¤�Ú

ùæ æ3ß�õ�Ú�Û[��iA4��@vO�·I@v� æ3í

�ßÚþ·÷3º4�Aõ�ouWÚQ�ó4�±²�¤��5� |QQ�4�±

²¤�_ôíy³!ÚL#���Aa_ô>©Õ�Ú-+��f_Ñ�æÙoa_ô

�µí×Z�A4�@vWÚ7ßó4�±²�æß�iM²íù�Ú�¬h±X3

4�@v�§�Ú��h±Aá34��@vÚ0Ø³´�õ��yj��ßH�®�

Aõ�³´í

��

����

�� �������	


�������	
�������	


�������	


�ÈÉ'(MN�)®'(MN�¿Àº }{|m i{|zgÚ0·g[\HI�$%



Linux0.11���� Version 1.0

� 63 � � 160 �

º i{|zgÚ\ i{|æº i{|Xzgí�«�B%,a�Ú0Øº)®'(MN�Ê#

'(MN�¿Àº(Ç,Å¼ZN;Ê#'(���R5� IXæzgí�ÛÚ0·g[

\HI�ÈÉ'(MN�Ê#'(MN�¿Àº i{|Xm IXæzgí¦�Ú³ú[\�

tuÚ'(¿ÀI	ö�tuí

|QQ�'(¿ÀR5�_ôº»¢°v aIzL����!�IXæ�m»¢°v �SzL�
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º¢E�Y�jOß 8i�$Úù�æ°g�Ö 8i�$�8��ÚB×i8��kl
ýZAE�Yklí

<include/linux/head.h>
typedef struct desc_struct {

unsigned long a,b;
} desc_table[256];
desc_tableöß�iklÚb¡�ßE�YZklíùæ IDTm GDTO? 256Ýí
extern desc_table idt,gdt;
idtm gdtb¡ú setup.sm head.s��_idtm_gdtíù�Ú�kls#!Ö externZA9

��ßg�í

init_task

°ß�i� sched.c�g��nXopÚ�Z:;>�í
union task_union {
struct task_struct task;
char stack[PAGE_SIZE];
};
static union task_union init_task = {INIT_TASK,};

current

ß�i¤AþsÐÇ>��¤�Ú�:;<�W�f�æ¤A:;>�í
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<kernel/sched.h>
struct task_struct *current = &(init_task.task);

�	�@AL

�	�@AL�	�@AL

�	�@AL

�:;>��f�Ö TSSm LDTÚ�ß_`ab×t8���Bß�øH¡�xE�
YÔ��Úù�Þ�æ:;>�f�?I� TSSm LDT�xE�YíXWÚùæFB×i
���W�_`a��?�i:;>�Úù��ñM[\ZÛ¼H¡�xE�YíSõÚ×

i��V()ÖbgW��:;<í

<kernel/sched.c>
void sched_init(void)
{

int i;
struct desc_struct * p;

// ��K=�¨©8�ß�æ 16i�$Ú����8��yz
if (sizeof(struct sigaction) != 16)

panic("Struct sigaction MUST be 16 bytes");
//æ:;>�%® TSS
set_tss_desc(gdt+FIRST_TSS_ENTRY,&(init_task.task.tss));
//æ:;>�%® LDT
set_ldt_desc(gdt+FIRST_LDT_ENTRY,&(init_task.task.ldt));
//ñM>�Z¼H¡� TSSm LDT
p = gdt+2+FIRST_TSS_ENTRY;
for(i=1;i<NR_TASKS;i++) {

task[i] = NULL;
p->a=p->b=0;
p++;
p->a=p->b=0;
p++;

}
/* Clear NT, so that we won't have troubles with that later on */

__asm__("pushfl ; andl $0xffffbfff,(%esp) ; popfl");
//f� TRR5�Ú�¯¤A�þs>�� TSSæ:;>�� TSS
ltr(0);
//f� LDTRR5�Ú�¯¤A�þs>�� LDTæ:;>�� LDT
lldt(0);
// �3$%ß:;<gW�Úë�gW�����
outb_p(0x36,0x43); /* binary, mode 3, LSB/MSB, ch 0 */
outb_p(LATCH & 0xff , 0x40); /* LSB */
outb(LATCH >> 8 , 0x40); /* MSB */
set_intr_gate(0x20,&timer_interrupt);
outb(inb_p(0x21)&~0x01,0x21);
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// f� 0x80æ	
FB��®
set_system_gate(0x80,&system_call);

}

���

������

���

1. struct desc_struct�
��

�

×ß�i¬ 8i�$ 64»&�klÚBýZA�iE�Ykl 64»&í°ßg��
/include/linux/head.hþ�í

typedef struct desc_struct {
unsigned long a,b;

}
×�B×iklg�Ö�iop pBý¤A TSSZm LDTZPÚ���b>�Z>©

:;<�W�ÚëH¡� TSSm LDT�b¡�459�ñMí
2. gdt:

gdtßg��/include/linux/head.h�� desc_structkl E�Ykl&Ú¬B 8i�$í
ù�b¢k� gdt+n�ÆÇy³!ßb¡�'(ß gdt+nµ8�$í
×��BÖ gdt+ FIRST_TSS_ENTRYm gdt+ FIRST_LDT_ENTRYb¡45�'(y³

ß gdt+4µ8�$m gdt+5µ8�$í
3. set_tss_desc(n,addr)�

��

� set_ldt_desc(n,addr)�
��

�

×ßWi�g�B¢f� TSSm LDT�Úg��/include/asm/system.h�J
// n - ßaE�Y�¤�Éaddr - ßE�Y��q'(µí[\]^!E�Y�kl
// ß 0x89í
#define set_tss_desc(n,addr) _set_tssldt_desc(((char *) (n)),addr,"0x89")
// n - ßaE�Y�¤�Éaddr - ßE�Y��q'(µíX$ZE�Y�klß 0x82í
#define set_ldt_desc(n,addr) _set_tssldt_desc(((char *) (n)),addr,"0x82")
×��B�_set_tssldt_desc()öß�g�J
// �nXZ�f�[\]^!/X$ZE�Yí
// Ò�Jn - �nXZ�E�YÝ n �b¡�'(Éaddr - ]^!/X$Z��45�q
// '(í
// type - E�Y��¼Ïkl�$í
// %0 - eax('( addr)É%1 - (E�YÝ n �'()É%2 - (E�YÝ n �'(°v 2 L)É
// %3 - (E�YÝ n �'(°v 4 L)É%4 - (E�YÝ n �'(°v 5 L)É
// %5 - (E�YÝ n �'(°v 6 L)É%6 - (E�YÝ n �'(°v 7 L)É
#define _set_tssldt_desc(n,addr,type) \
__asm__ (
// ë TSS ¾G 104�$Ä�E�Y¾Gô(� 0-1 �$)

"movw $104,%1\n\t" \
// ëq'(�4�Ä�E�Y� 2-3 �$
"movw %%ax,%2\n\t" \
// ëq'(��v� ax �
"rorl $16,%%eax\n\t" \
// ëq'(���4�$v�E�Y� 4 �$
"movb %%al,%3\n\t" \
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// ë¼Ïkl�$v�E�Y�� 5 �$
"movb $" type ",%4\n\t" \
// E�Y�� 6 �$� 0
"movb $0x00,%5\n\t" \
// ëq'(�����$v�E�Y� 7 �$í
"movb %%ah,%6\n\t" \
// eax ñò
"rorl $16,%%eax" \
::"a" (addr), "m" (*(n)), "m" (*(n+2)), "m" (*(n+4)), \
 "m" (*(n+5)), "m" (*(n+6)), "m" (*(n+7)) \
)

4. FIRST_TSS_ENTRY �

��

� FIRST_LDT_ENTRY�

��

�

g��/include/linux/sched.h�J
#define FIRST_TSS_ENTRY 4
#define FIRST_LDT_ENTRY (FIRST_TSS_ENTRY+1)

×�»¼�Ö TSSm LDTE�Y� GDT��5�I	íGDT�8���J

� �.1GDT �����

5. ltr(n)�
��

� lldt(n)�
��

�

g��/include/linux/sched.h �ÚB¢#p� n =>�� TSS E�Ym LDT E�Y�
TRm LDRR5��í

#define ltr(n) __asm__("ltr %%ax"::"a" (_TSS(n)))
#define lldt(n) __asm__("lldt %%ax"::"a" (_LDT(n)))
×�_TSS(n)m_LDT(n)ZA>� n� TSSE�Ym LDTE�Y GDT��°v'(í

g��3J

#define _TSS(n) ((((unsigned long) n)<<4)+(FIRST_TSS_ENTRY<<3))
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#define _LDT(n) ((((unsigned long) n)<<4)+(FIRST_LDT_ENTRY<<3))
>�=XH¡� TSS@u �JFIRST_TSS_ENTRYµ8�$´nµ16�$É
>�=XH¡� LDT@u �JFIRST_LDT_ENTRYµ8�$´nµ16�$É
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�����

�sh�diÖ_`aß��cd��i>��5�Ú�ø×��{·ÛdiÆÇ	


ß����>��ÐÇ�Öí

>��FG·Û�ß>�	
��æÑ;�$%ÖÚh:>���?�ÆÇOßÛ°æ

qrÔ�Ûyz�í�BÖ>�FG���()Ö�>�}~��� sleep_onP
interruptible_sleep_onÚWû���\�� do_timerÚÛ¼�t	
FB sys_pauseÚsys_exitÚ
sys_waitpidãí
>��FG}8?�,ÚLinux0.11 �ãã�B�û}8���¾õJWNoþí{ß

��{i�ì�rs�iõJ�WNå�,�>�oþ�FGí

>��FG·ÛG%æ9i�!JK=�L#P>��rsP>��tuí

�����

����������

�����

�×��!�ø��0t}~�>�ß�<��Öd?����K=Ú�«��Ö{ë

a>�f�æ{i]^í�E�>��W�¨�Ö>�?igW�ÚþWN�Ö{Þ�¨�

>�©�÷UÖÝªí×iÐÇöÄ�Ö×i�!ý�í<kernel/sched.h>
/*
 *  'schedule()' is the scheduler function. This is GOOD CODE! There
 * probably won't be any reason to change this, as it should work well
 * in all circumstances (ie gives IO-bound processes good response etc).
 * The one thing you might take a look at is the signal-handler code here.
 *
 *   NOTE!!  Task 0 is the 'idle' task, which gets called when no other
 * tasks can run. It can not be killed, and it cannot sleep. The 'state'
 * information in task[0] is never used.
 */
void schedule(void)
{

int i,next,c;
struct task_struct ** p;

/* check alarm, wake up any interruptible tasks that have got a signal */
// ��à�i>��gW�WNß��ÖÚ�Ö{:×i>�ÎÏÐÇ

for(p = &LAST_TASK ; p > &FIRST_TASK ; --p)
if (*p) {

// jiffiesß	
ñòÐÇÖ�WNÚWN�Ö�¼Î{ßþs�	
�WNñò2øÖ
// gW�WNí

if ((*p)->alarm && (*p)->alarm < jiffies) {
// AK=!ÐR5�h�!ÐK=Ú×}Ì�KR·ÛÒFK=�L#��

(*p)->signal |= (1<<(SIGALRM-1));
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// ë alarmf�æ 0ZAgWñòL#8ÊÖí
(*p)->alarm = 0;

}
// _BLOCKABLEg��<include/kernel/sched.h>�Ú
// #define _BLOCKABLE (~(_S(SIGKILL) | _S(SIGSTOP)))
// ×i�g�ßB¢���K=�ñ-àb SIGKILLm SIGSTOP���Ú×WiK=
// ß�¬�¹��í×�/���iL¢·��}~]^�>�ß�ýÖ�¹�K
// =¹õ�K=í

if (((*p)->signal & ~(_BLOCKABLE & (*p)->blocked)) &&
(*p)->state==TASK_INTERRUPTIBLE)

(*p)->state=TASK_RUNNING;
}

����	

����	����	

����	

8ûFG`åe�{ß��>©>��rsÚLinux0.11 �B�`å�>V#DÚ{�
ø]�8iL¢{i]^�>��õJWNÛÔ��i�&�Ú��{ë×i>�F�ýÎ

Ï>©>��tuí�«hz�?�>��WNåOñò�BóÖÚ{wB>��oþ3º

�f�WNåí��Úº��rí

/* this is the scheduler proper: */

while (1) {
// B¢5�õJWN���&µ

c = -1;
// B¢5ÄBë¬B CPU�>��>�Z��»�

next = 0;
i = NR_TASKS;
p = &task[NR_TASKS];
while (--i) {

// LM>�Z��M»
if (!*--p)

continue;
// �>��{i�ì�rsõJ�WNå�,�>�

if ((*p)->state == TASK_RUNNING && (*p)->counter > c)
c = (*p)->counter, next = i;

}
// �«ài>��WNåOd?�B»Ú��&�õJWNå�µ�g�æ 0
// �«µæ 0{���?>��WNåOñòB»Öí

if (c) break;
// wB>��oþ3º�æ>�%®WNåÚQ�ß�B{i�>��WNå�h±
// ÙoÚ>��ì��?�>��WNåO�h±Ùo ()Ö}~�>�&í �
// æ counter=counter/2+prioriyíEF×�}å}~>��õJWNåu,ÖÚ0Øã�
// °����W�oþ�B CPU��¸{u&Öí

for(p = &LAST_TASK ; p > &FIRST_TASK ; --p)



Linux0.11���� Version 1.0

� 71 � � 160 �

if (*p)
(*p)->counter = ((*p)->counter >> 1) +

(*p)->priority;
}

���
�

���
����
�

���
�

>�tuß>�FG�Ûyz�I*-.ÚLinux0.11ßwB Intel¨5�f�}åyz
×�HI�Ú�ß�ð/� Linuxß�Bg��}åÚg�}å�����·éê®u í
e�B�Öf��dfÚ{þë�3ªÏdf�í

��������	
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Byte m+6 Byte m+5

BIT7 BIT6 BIT5 BIT4BIT3BIT2BIT1BIT0BIT7BIT6BIT5BIT4 BIT3BIT2BIT1 BIT0
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>�tu�Fä{ßf� current ¤AÅ¼>�Ú�5þs>����KR�þs>�
b¡� TSS�ÚXWf� TR R5�¤AÅ¼>�b¡� TSS 8�Úe4Å¼>����
KRí

switch_to(next);
}
×ß�i�g�Úyßº¢ Intel �f�+,Ú��[\tu���p·��Ýí×i

�g�»¢ include/linux/sched.hí

/* switch_to(n)ëtuþs[\�[\ níPþ]�[\ nß�ßþs[\Ú
* �«ß�1Øö����í�«ÞKtu��[\�� !íÍ©&�Bø�)
* :L#��¤Ú�VÞ4»��R5� cr0 �� TS ¼Ïí
*/
// ��J%0 - � TSS �°v'((*&__tmp.a)É %1 - 5Ä� TSS �rsYµ
// (*&__tmp.b)É
// dx - �[\ n �rsYÉecx - �[\¤� task[n]ítask[]ß�iB¢5Ä>����í
// ¯�©W��8�__tmp �Úa �µß 32 »°vµÚb æ� TSS �rsYí�[
// \tuWÚa µd?B LM&í����[\!í¨©ß��Bø:L#�WÚß
// �øë�[\]^!�'(0�5� last_task_used_math op���Bø:L#�
// �[\]^!�'(>©¢£\Ç��í



Linux0.11 ���� Version 1.0

� 74 � � 160 �

#define switch_to(n) {\
struct {long a,b;} __tmp; \
__asm__(
//��ÎÏtu�>�ß�{ßþs�>��«ß{��í_currentß�inXop5
//Ä�ßþs�>�í

"cmpl %%ecx,_current\n\t" \
"je 1f\n\t" \

//ë�[\� TSSE�YÄ�__tmp.b�Ú�!N{@�W��B�
"movw %%dx,%1\n\t" \

//ëþs�>�0�>��uÚ×/yzÖ PCB8���u
"xchgl %%ecx,_current\n\t" \

//wB!N{@yz[\�tuÚùæß�B TSSE�Y�Û�LM°v'(
//�Û__tmp.a×Di�$ß�LM�Ú�B�ß__tmp.bíùæ×Wiopß�è5Ä
//�íÞ�æ�«.���×Ø%®�¤{��*+Ú�ÛÞb Linux0.11�·vª®
//?��«

"ljmp %0\n\t" \
"cmpl %%ecx,_last_task_used_math\n\t" \
"jne 1f\n\t" \
"clts\n" \
"1:" \
::"m" (*&__tmp.a),"m" (*&__tmp.b), \
"d" (_TSS(n)),"c" ((long) task[n])); \

}
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���

������

��������	
�

�����	
������	
�

�����	
�

>��}~¤�{ßÆÇ	
�e��>����ÚC�ÛB}~×i¬ßùæ0×i

ÆÇ?I��� sleep_onm interruptible_sleepO? sleep×i¬íæ1Ø�}~�Y#Z!
ñòeÖ�,ÖÚÞ{�xä®Öí��3×Wi���_�J

?�W��i>�Þ�ã@�WN·I�¾Úâ�ã@*6���í�×Ø¾�ã@W

N4·I�?¯°���h±ý¯�×i>�ÐÇÚâ�EÖ�¾*íù�b¢×k�}~

Î�·��}~Úb¡�]^ß TASK_INTERRUPTIBLEÚZA�}~�W�·Û���í
FB���ß intrruptible_sleep_oní
�ß?�W�×iã@�WN�jÚâ�=Â���W�í�×û´µ�}~ß�¬

����Úù�Î�·��}~Úb¡�]^ß TASK_UNINTERRUPTIBLEíFB���
ß sleep_oní
Sõ�i>�7�U¢°��}3��Úù�VÞ�?�i���ÆÇíb¡���ß

wake_upí
b¢>��}~m��ÆÇÚLinux0.11 ���ß�pÎz���Ì? Bugí�×�}

Ì·Û�� Linux0.11ããL¢Y#��×��íí

��

����

�� sleep_on

�«þ�i>� 1�±!á�ûÉn�W�hz×iÉn�²gÖÚ×iW�{Þ�ã
@�!WNÚ¢ß>� 1}~Öí�>� 1}~�W�Ú�«æ?�i>� 2�Ð±!×i
Én�W�Ú>� 2öß�}~�í¢ß>� 1m>� 2�²Ö�i;Zí�ýÖ>� 3P
4 ã�¤ö���;Z�¹$í� Linux0.11 ����d?J���8���;Z8�Ú°
�yzß+j+j�³´�í��í#DÖ°�yz�W�ÚÞb��?Ö���fí

æÖè¢#DÚÞ�B�iâ?EF×i`åw�mí

���Ëµ»�Ö9i[\¤�J*pPtmp mcurrentÚ¯�*p ßã@�ì¹¤�Útmp 
ß©W¤�Écurrent ßþs[\¤�í¤�o<�A¹��3J

� �.1sleep_on �������	�
�����������������


����������������������� !"#�$��%���&�'�()*+

 !�,�+�-.�%���/0 !+123456+789:;< !=>�?<@A+
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BC�:�&�=>�
<BCD+EFG?< !EHIJK����LMN=O7PQ
R+ST�

UV�W< !��X�WYZ [\]^_�`�ab
R+?<cde

>� 3 >� 2 >� 1

Null
(}~]^) (}~]^) (}~]^)

ùæþ>� 1 }~�W��ì�Vd?>�Úù�>� 1 b¡�X$op tmp µæ
NULLí

void sleep_on(struct task_struct **p)
{

struct task_struct *tmp;
// z�>�¹¤�ß?·�

if (!p)
return;

// ùæ:;>�ß���¨©×i���ù��«hzß:;>�{�8a
if (current == &(init_task.task))

panic("task[0] trying to sleep");
// :op tmp¤As�i�ì��¹>�ÚÎÏeþs>�¶�ã@�ì�¹$

tmp = *p;
// :ã@�ì¹¤Aþs>�

*p = current;
// :þs>�>�}~]^ÚÕ¹×��B�ß�·��}~]^

current->state = TASK_UNINTERRUPTIBLE;
// ¨©>�FG��¯Ð·B�>�¬? CPU

schedule();
// þ>��}~]^�e4�W�Ú{�È¶�×�â;¨©ÖíPþ��ã@�ì
// �ß�V?¯°�>�Ú�«V?�¤{:3�i>��]^ß{i]^í×�Ú
// þ�í¨©FG���W�Ú0i>�{·Iâ;¨©Öí

if (tmp)
tmp->state=0;

}
æÖI¡ó��J�m>����8i��ã@�ì�e4ÚÞÞ��e�3¨©��

ÆÇ��� wake_upí

��

����

�� wake_up

×i��ããß:ã@�ì�¹>��]^o²{i]^Ú×��3�í>�FG�W

�Ú×i>�{·I¬? CPUÖí
// *p¤A¹>�

Sleep_on

tmp

Sleep_on

tmp

Sleep_on

tmp

}~>�¹*p

current
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void wake_up(struct task_struct **p)
{

if (p && *p) {
(**p).state=0;

// ×�ë*pfæ NULL�Ú{��Öbã@�ì��>��]·í�ß×t>���
// j�´µO�¨©ó�í

*p=NULL;
}

}

������	


������	
������	


������	


×�{Û��� 3i>�æâý��×9i>�ß��>�}~Ú��æe4�í
%f>� 1¨©�W�Úã@�ìßM� 1&í�±!áûÉn�W�º¢áûYù>

� 1Þ�}~Ú¢ßFBÖ�� sleep_on 2&íº¢>� 2ö�Ð�BÉnÚ�>� 2ö
Þ�}~ 3&í��>� 3öº¢X��Yù>�Ö}~ 4&í
þÉn·Û�B�W�ÚFBÖ wake_up��ýe4ã@�ì�¹>� >� 3&Ú�

�>� 3æ{i^XW��ì¹$¥� 5&í
þ>�FGâ;�W�>� 3â;¨©Ú>� 3hz tmp�µ�MÚQ�¤AÖ>� 2Ú

¢ßë>� 2�]^f�æ TASK_RUNNINGí 6&þ�íh±>�FG�W�Ú>� 2â
;¨©Ú¢ßf�Ö>� 1æ{i^í 7&
æ�í>�FGC�Ú>� 1Í©íº¢�>� 1�b¡� tmpµæ NULLÚZ�ã@

�ì��>�OñòÍ©Öí 8&

IsZA interruptible_sleep_onÚ0�Z TASK_RUNNINGÚ1�Z TASK_INTERRUPTIBLE
��

����

�� � �

� �� �

� �

� �

� �� �

� �

� �

� �� �

� �

	 


	 
	 


	 


� �

� �� �

� �

*p

��

����

�� ��

����

��

�

��

�

� �

� �� �

� �

� �

� �� �

� �

� �

� �� �

� �









 tmp

1
â;�W�ã@�ì¹æM

NULL
2

þ?�i>� 1FBÖ is� >� 1 1 1 NULL
3

þ×iW�æ?�i>� 2FBÖ is� >� 2 2 1
>� 1

4
��>� 3FBÖ is >� 3 3 1

>� 2

5
FBÖÖ wake_upC�Ú>� 3>�{i^ NULL 3 0

>� 2
6

>� 3 â;¨©Úhz tmp �Mí¢ß��>� 2
>�{i^

NULL 2 0
>� 1

��í>�FGC�

7
>� 2â;¨©Úf�>� 1æ{i^ NULL 1 0 NULL

8
>� 1¨©Whzã@�ì�ñòd?>�Ö NULL
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�×i���·ÛJ�ýÚ>����Y�W�>þ�\ FILO&Y�í

��

����

�� interruptible_sleep_on

�«#DÖ�B sleep_onmwake_up:>�}~m���¤Ú#D interruptible_sleep_on
{Hb>V�,ÖíL#!����¢Ú�>���C�Ú>�FGCs�«æ?>�>�

}~�¤Úinterruptible_sleep_on ��I¡ë×t>�ö#�;Z�¹$íQ��>�FG
�W��þ:×t>�Pþ¨©í�ß×i��? bugÚÞ�¨�Þ�Ù>}8í

void interruptible_sleep_on(struct task_struct **p)
{

struct task_struct *tmp;

if (!p)
return;

if (current == &(init_task.task))
panic("task[0] trying to sleep");

tmp=*p;
*p=current;

// !Ì���¢ sleep_on��BåHXí
// Û3$%�f_{ßæÖL#���>�ÚQ�:�ý�>�þÐÇ
repeat: current->state = TASK_INTERRUPTIBLE;

schedule();
// þ>�����W�Úþ]ß�3ß�æMÚÛ¼ß�æþs>�í�«�ß{�
// ����C�æ?��>�}~Öí×{Þ�:0tK��>�ÐÇÚXW��x
// �í}~

if (*p && *p != current) {
(**p).state=0;
goto repeat;

}
// *+{��×�Ú�«f��ì¹æ NULL�¤Ú�L#ó���>�C�{�¥
// �Yþ�>��ìÚù�Þ�ë¯Ùæ*p©tmpíXWÞ�fg�i������
// interruptible_wake_upÚ¢°Hb¡í

*p=NULL;
if (tmp)

tmp->state=0;
}

°Ô¨�Ö�f��i0°Hb¡����� interruptible_wake_upÚ°�yz�3J
void wake_up(struct task_struct **p)
{

if (p && *p) {
(**p).state=0;

}
}
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ããßë*p=NULL���àÖíz�:ÞKJJ��¸®a�ß��ÐÇ�í
Vß%f>� 1¨©�W�Úã@�ìßM� 1&íþ>� 1}~�W� 2&Ú>� 2

ö�Ð�BÉnÚ�>� 2öÞ�}~ 3&íþÉn·Û�BFBÖ interruptible_wake_up
��C�,��Ö>� 2 4&í�¨©>�FGCsÚæ?Ö>� 3}~Ö 5&í<úæ?>
� 4}~ 6&íþ>�FGâ;�W�>� 2â;¨© 7&í>� 2hz¹¤��ß NULL
\ß¤A>� 4Ú¢ßë>� 4�]^f�æ TASK_RUNNINGÚ��9�Që�Sf�æ
TASK_UNINTERRUPTIBLE 8Ú9&íþ��h±>�FG�W�Ú>� 4â;¨© 10&í
>� 4¨©�W�hz×iW�¹¤�¤AÖ�SÚ¢ß{d?9�íEFØÙ����
*p=tmp¢ß¹¤�¤AÖ>� 3 11&í>� 4�b¡�op tmp¤AÖ>� 3Úù�>�
4ë>� 3�]^f�æ 0 12&íþæ�íh±Ö>�FGC�Ú>� 3â;Í© 13&í
0>� 4��Ú>� 3hzÖ¹¤�¤A�Sí¢ßf�¹¤�æ tmpÚº¢>� 3�� tmp
¤AÖ>� 2Úù�¹¤�æ¤AÖ>� 2 14&íC��¨©��0 sleep_on�H�Öí

��

����

�� ���

������

���

���

������

���

	
�

	
�	
�

	
�

�

��

�*p

��

����

�� ��

����

��

�

��

�

���

������

���

���

������

���









 tmp

1
â;�W�ã@�ì¹æM

NULL
2

þ?�i>� 1FBÖ is� >� 1 1 1 NULL
3

þ×iW�æ?�i>� 2FBÖ is� >� 2 2 1
>� 1

4
FBÖÖ wake_up_interruptibleC� >� 2 2 0

>� 1
5

�>� 2¨©CsÚ>� 3FBÖ is >� 3 3 1
>� 2

6
ð<ú>� 4æFBÖ is >� 4 4 1

>� 3
7

>�FGâ;ÖÚ>� 2�¬¨©
8

>� 2hzã@�ì¹¤�ß 4 >� 4 4 0
>� 3

9
>� 4 2 1

>� 1
10

òøFGÚ>� 4â;¨©í
11

º¢�ì¹öß 4 ¤AÖ�S&Ú{d?9� >� 3 4 0
>� 3

12
º¢>� 4�� tmpß 3Ú¨© tmp->state=0 >� 3 3 0

>� 2
13

þ�íh±FG�W�Ú>� 3¨©
14

º¢�ì¹öß 3 ¤AÖ�S&Ú{d?9� >� 2 3 0
>� 2

15
þ�íh±FG�W�Ú>� 2¨©

16
º¢�ì¹öß 2 ¤AÖ�S&Ú{d?9� >� 2 2 0

>� 1
17

º¢>� 2�� tmpß 1Ú¨© tmp->state=0 >� 1 1 0 NULL
18

þ�íh±FG�W�Ú>� 1¨©
>� 1¨©8Ê�Ú�?}~�>�O¨©Ö☺
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b¢���L#ßÆÇ	
��i�º���$Úyßº¢��Ô��ÆÇ	
I¡0

õ$>©��í·Û���ßÆÇ	
�&xí

��%æ4$��mõ$��W&kíõ$��Ãæ©��ªÚ4$��Ãæ©�jªí

�j�Wv¤¥CN ¡��È�jí�Sæ�� �,L# b`�û��È�jí

b �Sæ��\�Ú��ßº�/�õ$���N�íõ$��¼�� ¡0y¨©�¤¥

d?I	í�jÚ��B¢¤A JwYfÏ��íÆÇñó²í

�jß �Sæ���¨©¤¥¹N]���yj�È+å�v���N�í�j0y¨©�

¤¥?Ä<�Î	íâ�Ú¨©-å¤¥WÚ-�ã¢ Sí��Ú¨©¤¥Whz·÷3�

yzíþh±×t´µWÚ¤¥{�I²Hó²íg��¤¥©J�|hKªm©J�|Yªö�k

¢�j\�Ãæ��Ú×ßùæ¨©×t¤¥"±�j��í

�Sæ��f�,û�Xk���jÚQ5ºà�ûk�Û�X���Ap=í�jh±�Ú

L#�{A ¡��0�L#�jÚB���Ap=Ú@H¡���L#��í ó×û

��L#��Ãæ�jL#��·I�2.&
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PÚ0Ø�¾OP¤¥ÚQó¤¥�ÆÇ�e4æ¤¥â;¨©Cs�µí×·�VOP¤
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����

��������

����

� ¡��ÈÑL#�jWÚ�Sæ�� ���Ap=@�H¡�L#��í�ßÚ��

���3Ú�Sæ����By��3���ApZÚ\ß�B��E�YZ J{|í�����

3Ú�Sæ�� ó��Ap=Çæ��E�YZ J{|�E�Y���Ú\��ß��ApZ��

��Ap���í AnXE�YZ }{|��Ú��i	
�Ú��E�YZ J{|�?�ií

��E�YZR5� J{|X ¤A J{|�45��»�íº¢ �Sæ���f� b`�i��Ap=Ú

�Û J{| �&¾Gß bâí��E�YZ J{|�Ç�E�Y�Iß��xP£¤xm[\xí

ö{ß�Ú�����3Ú�Sæ���?�ø��xP£¤xÈ[\xÔI@v�b¡���

È�jL#��í ë×tE�YB©xªýÃ¾ß��A�Úùæ°Kñò�ããß��

��®ÖÚ\ß�4½�8�Ú()Ö÷ö�]�í{~�i?Ö²¹&x��ÚßÌA·

g��BÑ�\�í

��ApZ�MNß����%®�VàiE�Y¬ �i�$Úæ b`�iE�Yª�Ö

MNí¿xqqLwyMrsunÀ

�����

����������

����� ���		�
����

���		�
�������		�
����

���		�
���� �����������������	����

�����������������	���������������������	����

�����������������	����

����

��������

����

��ApZ��®'(ß�� IDTR R5�ýÔ��Ú°�¸�0 GDTR R5��¸
�HXJ

\J| d�\J|a� \J|a`�\J|S

��E�YZR5� J{|X q'( �ö

��� TSS �W�ñòeDÖ[\xE�YÚ��x0£¤xE�Y0[\x�¸�
ß���Ú��{�¢klôíæÖè¢#DÚÞ�ë¯�)�E��mí

��E�Y¬B 4i�$Ú¸��3J

M+7 M+6 M+5 M+4 M+3 M+2 M+1 M+0
����

Offset(31...16) Attributes Selector Offset(15...0)

Byte m+5 Byte m+4

BIT7BIT6BIT5BIT4BIT3BIT2BIT1BIT0BIT7BIT6BIT5BIT4BIT3 BIT2 BIT1 BIT0
����

��

P DPL DT0 TYPE 000 Dword Count

TYPE� 4�	
�����������	
���������������� 
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{HiZAE�Y·÷3Ë b»ÚB¢·÷]ßÚÛ�gI��*í

H»Ãæ5�»íH�aZAE�Yb'(@uß?·�ÚÈÑ�aE�Y�E��!5

�ÚB�45�ÉH�SZAE�Yb'(@u·ÚBa!�5�í�BaE�Y>©45

�*W��N�jí

QMNM�LqãB¢� }{|�rsH¡�!E�YÚù�b¢×� nMNM�Lqã ÛÜß��!�

rs?í

��x0£¤x����¢Úþ�B��x�W��ë¼Ï» JWf�æ SýIÀ��í

ù���xB¢L# J�|X���í

\�B£¤x²��×Ø�Úù�£¤xB¢L#�jí

����	
��

����	
������	
��

����	
��

b¢��ApZ�:;<�	
��W�{ñòâ;Öí°ë��ApZ��à�i

E�YOfgæ¤A�i����\�� ignore_intí<boot/head.s>
call setup_idt

setup_idtößB-.Õ�ÚÍ©¢y��3í<boot/head.s>
� setup_idt�b8iR5��fg´µ�3�J

� �.1������	(
����The Linux Process Manager�)

/*
 *  setup_idt
 *
 *  sets up a idt with 256 entries pointing to
 *  ignore_int, interrupt gates. It then loads
 *  idt. Everything that wants to install itself
 *  in the idt-table may do so themselves. Interrupts
 *  are enabled elsewhere, when we can be relatively
 *  sure everything is ok. This routine will be over-
 *  written by the page tables.
 */
setup_idt:

// ë���\���°v'(Ä� edxR5��
lea ignore_int,%edx

// º¢��!�rs?ß 0x0008Úë¯�5� eax���$$%
movl $0x00080000,%eax

// edx�5Ä�\��� 32»°v'(Úù� dx�5Ä�ß°v'(�4 16»
movw %dx,%ax /* selector = 0x0008 = cs */

// edx���$$%5Ä�ß°v'(�� 16»Ú×�ßë¿®KRÄ� dx�
movw $0x8E00,%dx /* interrupt gate - dpl=0, present */
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// ë��ApZ�P'(Ä� edi�
lea _idt,%edi

// fg9�í�æ 256Úùæ? 256iE�Y
mov $256,%ecx

rp_sidt:
// ë eaxÄ�E�Y�4 32»Ú×W� eax�4�$5Ä�ß°v'(�4 16»
// ��$�5Ä�ß!rs? 0x0008

movl %eax,(%edi)
// ë edxÄ�E�Y�� 32»Úedx����$5Ä°v'(�� 16»Ú4�$
// �5Ä�ßE�Y�¿®

movl %edx,4(%edi)
// ë ediv�3�i�f��E�Y»L

addl $8,%edi
dec %ecx
jne rp_sidt

// #p IDTRR5��¯¤A��ApZ
lidt idt_descr
ret

������

������������

������ ignore_int

°öß�i-.Õ���Ú�ß�¯yz�W�FBÖ c/���� printkíB¢�¹
º!����KRí<boot/head.s>

/* This is the default interrupt "handler" :-) */
// ��¨AKRÚþFBd?�	
�º�fg����W�{�¦A×iKR
int_msg:

.asciz "Unknown interrupt\n\r"
.align 2
// æÖm�±²�¸�ù��FB printkCsA²�f�ÖötR5�Ú·ÛCW�Ó
// a
ignore_int:

pushl %eax
pushl %ecx
pushl %edx
push %ds
push %es
push %fs
movl $0x10,%eax
mov %ax,%ds
mov %ax,%es
mov %ax,%fs

// ë¨AKRf�²�Ú�æÒ�¦§��� printk
pushl $int_msg
call _printk



Linux0.11 ���� Version 1.0

� 84 � � 160 �

popl %eax
pop %fs
pop %es
pop %ds
popl %edx
popl %ecx
popl %eax
iret

��������

����������������

��������

���!���ApZ�fgÖ��µ�¯¤A���\��Ú�ß×i���\�

�d?y³BL�í°ããB¢¨A¡B��FBÖd?º�fg���Apíù�Ú�	


>©��i�í�:;<�W�Þ�º�fg��ApZí

b¢s 32i 0x00Á0x19&��Apß Intel���ÚkxB¢L# CPU��jíõ
J���·ÛºÆÇ	
�©fgÚ�ß×ûfgVß?�g�*Â�í

������

������������

������

æÖ}è��f_ÚLinux¨5ÖW��� �g�&ýó²xE�Y�fgí��ß
_set_gate B¢ó²bxE�Y�fgí���g�ß�øA_set_gate ¦§�X�Ò�ýó
²�í

��	
�

��	
���	
�

��	
�

°�fg}å0��!bE�Y�fg}åß���Ú��ø×�ßë-./���

� c�ÖÚ{Þ�EF�t�Öí<include/asm/system.h>
Ò�Jgate_addrÁ��E�Y�'(ÉtypeÁE�Y�klô�µÉdplÁE�·÷µÉ

Ã0Áº dplm type�²�kl¼Ï�ÉÃ1ÁE�Y�4 4�$ÉÃ2ÁE�Y�� 4�$É
Ã3Áedx �\���°v'(É%4Áeax ��$�Ç?!rsYí

#define _set_gate(gate_addr,type,dpl,addr) \
__asm__ (
ë�\��°v'(�4 4�$Ä�Ö eax�4�$�Ú×W� eax���$�5Ä�

ß!rs?

"movw %%dx,%%ax\n\t" \
ëkl¼Ï�Ä� edx�4�$�Úedx���!5Ä�ß�\���� 4�$�°v

'(

"movw %0,%%dx\n\t" \
f���Ap

"movl %%eax,%1\n\t" \
"movl %%edx,%2" \
: \
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ëkl¼Ï�Ä�º.���©%®��iR5��

: "i" ((short) (0x8000+(dpl<<13)+(type<<8))), \
©oªZA45'(#!°vp

"o" (*((char *) (gate_addr))), \
"o" (*(4+(char *) (gate_addr))), \

ë�\��� 32»�®'(Ä� edx�
"d" ((char *) (addr)),

ë 0x00080000Ä� eax�Ú��$ß 0008í×iµß!rs?ÚZArsÖ CSkl
�!í0008��>�¸�ß 0000 0000 0000 1000ísÌñò¨øÖ!R5��¸�Js 13
»ßB¢� GDT�rsnX!E�Yí� GDT�� 1=E�Y{ßB¢E� CS!�í

"a" (0x00080000))

��	
�

��	
���	
�

��	
�

set_intr_gate() ��xf���&Pste_trap_gate() £¤xf���&Pset_system_gate()
 	
xf���&B¢ó²b��ApZ�Xkl�xE�Y�f�í

set_trap_gate()f��·÷3ß 0Ú\ set_system_gate()f��·÷3ß 3í
<include/asm/system.h>

// f���x��:
// Ò�Jn - ��=Éaddr - ����°v'(í
// &idt[n]b¡��=���E�YZ��°vµÉ��E�Y�klß 14Ú·÷3ß 0í
#define set_intr_gate(n,addr) \

_set_gate(&idt[n],14,0,addr)

// f�£¤x��:
// Ò�Jn - ��=Éaddr - ����°v'(í
// &idt[n]b¡��=���E�YZ��°vµÉ��E�Y�klß 15Ú·÷3ß 0í
#define set_trap_gate(n,addr) \

_set_gate(&idt[n],15,0,addr)

// f�	
FBx��í
// Ò�Jn - ��=Éaddr - ����°v'(í
// &idt[n]b¡��=���E�YZ��°vµÉ��E�Y�klß 15Ú·÷3ß 3í
#define set_system_gate(n,addr) \

_set_gate(&idt[n],15,3,addr)

�������	
�

�������	
��������	
�

�������	
�

	
�B�� CPU�jL#��ß��� trap_init�fg�í<kernel/traps.c>
void trap_init(void)
{

int i;
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set_trap_gate(0,&divide_error);
set_trap_gate(1,&debug);
set_trap_gate(2,&nmi);
set_system_gate(3,&int3); /* int3-5 can be called from all */
set_system_gate(4,&overflow);
set_system_gate(5,&bounds);
set_trap_gate(6,&invalid_op);
set_trap_gate(7,&device_not_available);
set_trap_gate(8,&double_fault);
set_trap_gate(9,&coprocessor_segment_overrun);
set_trap_gate(10,&invalid_TSS);
set_trap_gate(11,&segment_not_present);
set_trap_gate(12,&stack_segment);
set_trap_gate(13,&general_protection);
set_trap_gate(14,&page_fault);
set_trap_gate(15,&reserved);
set_trap_gate(16,&coprocessor_error);
for (i=17;i<48;i++)

set_trap_gate(i,&reserved);
set_trap_gate(45,&irq13);

// b 8259A�L#
outb_p(inb_p(0x21)&0xfb,0x21);
outb(inb_p(0xA1)&0xdf,0xA1);
set_trap_gate(39,&parallel_interrupt);

}
�:;<�W�Ú¯�s 17i��Ë��Ç�`3ZJ
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� �.2Intel�����������Linux0.11������

	
��

	
��	
��

	
��

z�â;��	
��yÄ�$%í�j��\��L#ø�·Û%æ�39i�!J

1. �����

����������

�����º-.Õ���ßó²b²�fgí

2. �����

����������

�����&$%ßB C/�Õ�Úó²bH¡�j�L#í
3. �	���

�	����	���

�	���º-.Õ�ÚB¢e4±²ÚÛ¼bK=�L# �	
FB�&

b¢�X�j�\���L#�!��·Iß�&�Úù�/��Ì�$%I;�ß�

�m�9�!í

�y���L#�jW�ë EFLAGPCSm EIP%�f�²�í�ß�����3·I
?¯°´µJ�«�j�?���Ú����ë��� error_code&f²É�«�h
±²ou�þf²�ß SSm ESPíyß×iYùV·Ûë�j%æ������jP
�����jm	
FBí

���������

������������������

���������

�>��!��ßfg²�¸�Úb¡ 3û�j?9û��ýfg²�¸�í×9i�
�ßJno_error_codePerror_code m system_callí���!��ßë²e4�Yý�]^Ú
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b¢	
FB���Ú°V?¯°�ÆÇí

������

������������

������

������j�>����!s²��´µ�3J

� �.3����� !�"��	

º¢d?���Úù�{�²�f�Ö�i 0íb¡��j�\��æJ
<kernel/asm.s>

_divide_error:
pushl $_do_divide_error

no_error_code:
// �FBsñòë���!�¨©�����®'(f²ÖÚ×�ßë×i�®'(
// Ä� eax�ÚXWë eaxYý�µ�5�²�

xchgl %eax,(%esp)
pushl %ebx
pushl %ecx
pushl %edx
pushl %edi
pushl %esi
pushl %ebp
push %ds
push %es
push %fs
pushl $0 # "error code"

// ÁÂ³´'(� EIP�µÚÄ� edx�ÚÎÏÇæ���!���Ò�
lea 44(%esp),%edx
pushl %edx
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// fg8i!R5�¨©	
��!
movl $0x10,%edx
mov %dx,%ds
mov %dx,%es
mov %dx,%fs

// FB���!�L#��
call *%eax

// VY8iR5��µ
addl $8,%esp
pop %fs
pop %es
pop %ds
popl %ebp
popl %esi
popl %edi
popl %edx
popl %ecx
popl %ebx
popl %eax

// ³´�²� EIP¤g�'(
iret

_debug:
pushl $_do_int3 # _do_debug
jmp no_error_code

_nmi:
pushl $_do_nmi
jmp no_error_code

_int3:
pushl $_do_int3
jmp no_error_code

_overflow:
pushl $_do_overflow
jmp no_error_code

_bounds:
pushl $_do_bounds
jmp no_error_code

_invalid_op:
pushl $_do_invalid_op
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jmp no_error_code

_coprocessor_segment_overrun:
pushl $_do_coprocessor_segment_overrun
jmp no_error_code

_reserved:
pushl $_do_reserved
jmp no_error_code

������

������������

������

�����j�>����!s²��´µ�3J

� �.4���� !��"�	

ë���Ä�²�¹$ßB¢ÇæÒ�Úyz�}å0 no_error_code �}åh:ón
��íb¡��j�\��æJ

_double_fault:
pushl $_do_double_fault

error_code:
xchgl %eax,4(%esp) # error code <-> %eax
xchgl %ebx,(%esp) # &function <-> %ebx
pushl %ecx
pushl %edx
pushl %edi
pushl %esi
pushl %ebp
push %ds
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push %es
push %fs
pushl %eax # error code
lea 44(%esp),%eax # offset
pushl %eax
movl $0x10,%eax
mov %ax,%ds
mov %ax,%es
mov %ax,%fs
call *%ebx
addl $8,%esp
pop %fs
pop %es
pop %ds
popl %ebp
popl %esi
popl %edi
popl %edx
popl %ecx
popl %ebx
popl %eax
iret

_invalid_TSS:
pushl $_do_invalid_TSS
jmp error_code

_segment_not_present:
pushl $_do_segment_not_present
jmp error_code

_stack_segment:
pushl $_do_stack_segment
jmp error_code

_general_protection:
pushl $_do_general_protection
jmp error_code

����

��������

����

àiÆÇ	
O¨5�,û	
3���Çæ	
0õ��<®Úõ�b×t���F

B{Î�	
FBí°K()Jõ5��0Å¼�=ÕÚ8û I/OfÏ��BÚ����L
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MS�i��Úß|m
_	
Én�B´µããíº¢	
FBßb	
3����BÚ

æÖI¡�V×ûHII¡yj�BÚÞ�?�ýOna�ý�V°�yzí

�?�	
FBOÛÜ�ø int 0x80 ýó²Ú[�¯Ð�}åOå�B×t	
�
�í×i�i{p~ß�iÅÄ�ÆÇ�&xÚ�?���I�ø×^x>�ÆÇí×��

�ÆÇ�ÐÇ{�9ÖÚ0{Fp×^xí

b¢�X	
FB�Ë�yzßºH¡�HI=�g�Ú×iHI=��	
FBCs

Ä� eaxR5��í?�	
FBÞ�Ò�Ú×tÒ�Þ��BR5�ý¦§í×ßùæ	

FBßæÖI¡:BC���FB	
���Úù��"±�j�W��g�h±÷ö�

o<í×�{�h±²ouí

²ouß¤ëYý¨©BC²� esp m ss ou�¨©	
²ÚæÖ�5Yý esp m ss
��KRÚÞ�ëYý�µ�5�	
²�í

0¯°��j��Ú�	
FB�W���5R5��µí�¨©	
FB�HI��

CsÚA²�f��µ�3�J

� �.5#$%&'"���	

æÖI¡¢£}è��B²��×tµÚLinux�ø�g�Ö8iR5�µ�²��°
v'(íÕ¹Úb±²��Bßh±�³´�!í\�FBHI��C��ë eax��³´
µf�²�í<kernel/system_call.s>

//g�8iR5��±²��°vp
EAX = 0x00
EBX = 0x04
ECX = 0x08
EDX = 0x0C
FS = 0x10
ES = 0x14
DS = 0x18
EIP = 0x1C
CS = 0x20
EFLAGS = 0x24
OLDESP = 0x28
OLDSS = 0x2C
SõÚ���³´�!�bK=>©L#í×{Þ�b PCB >©L#ÚæÖ}è��
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* tast_struct8����topÚö�ø�g�Ö×top�°vpJ
state= 0 # these are offsets into the task-struct.
counter = 4
priority = 8
signal = 12
sigaction = 16 # MUST be 16 (=len of sigaction)
blocked = (33*16)

# offsets within sigaction
sa_handler = 0
sa_mask = 4
sa_flags = 8
sa_restorer = 12
�³´�!Ú>©��ß�Þ�¨©>�FGbK=>©L#Û¼e4zgí

SIG_CHLD = 17

//	
FB�7� 72i
nr_system_calls = 72

/*
 * Ok, I get parallel printer interrupts while using the floppy for some
 * strange reason. Urgel. Now I just ignore them.
 */
.globl _system_call,_sys_fork,_timer_interrupt,_sys_execve
.globl _hd_interrupt,_floppy_interrupt,_parallel_interrupt
.globl _device_not_available, _coprocessor_error

.align 2
//þ>©	
FB���W�{�³´Á1ÚEAXR5�B¢�5×i³´µ
bad_sys_call:

movl $-1,%eax
iret

.align 2
//	
��¨©óÖC�ÚÞ�¨©FG��ÚþFG��¨©ó�ÚÞ�´�
//ret_from_sys_callLçè¨©Ú×�ß�øb²ÆÇý�É callÆÇyz×iHI�
reschedule:

pushl $ret_from_sys_call
jmp _schedule

.align 2
//	
FB�W���ß¨©Â�i��{ßº×!��yz�Ú°ßÆÇ	
�Jx
//�í°�¨©ø�ßþ>©��]ßÛ�VI¡yz�FB�	
��É���5	
//
��KRÉ�øHI=���¤�Z�ëH¡�	
��Ô�ý¨©É<ú{ßI
//¢>�FG�ÆÇÖí
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_system_call:
//�«HI=2øÖ 71{���Úùæ�Ë{ 72i	
FB��í

cmpl $nr_system_calls-1,%eax
ja bad_sys_call

//â;��zg�ÆÇÚ��Cs�	
±²�ñò�5Ö EIPP CSPEFLAGSPYý
//� ESPPYý� SSR5��µíÐKßºf�f�±²�í

push %ds
push %es
push %fs
pushl %edx
pushl %ecx # push %ebx,%ecx,%edx as parameters
pushl %ebx # to the system call

//: DS,ES¤A4Ñ��!(nXE�YZ���!E�Y)
movl $0x10,%edx # set up ds,es to kernel space
mov %dx,%ds
mov %dx,%es

//FS¤AX$��!(X$E�YZ���!E�Y)
movl $0x17,%edx # fs points to local data space
mov %dx,%fs

//3Ìß�øHI=�	
��Z�Ô�H¡�	
��íFB'( = _sys_call_table + 
//%eax µ4íZ��à�ÝO¬B 4i�$ùæß��¤�í×�_sys_call_tableb¡
//�ß C ���� sys_call_table  � include/linux/sys.h �&Ú°ß�i() 72 i	
//
FB C L#�//��'(��Zí

call _sys_call_table(,%eax,4)
// ¨©ó���!�³´µ�Ä� eaxR5��Úº¢�Ì�ÆÇ�Ùo eaxR5�
// ù�Þ�ë¯�5í

pushl %eax
// â;bß�¨©>�FG>©��í
// Y�ß�«þs>��]^�ß{i^Ú�¨©>�FGÉ
// �«þs>��VõJWNåÚ�¨©>�FGí

movl _current,%eax
cmpl $0,state(%eax) # state
jne reschedule
cmpl $0,counter(%eax) # counter
je reschedule

ret_from_sys_call:
// �¨©Ö>�FG0�ÚO��×�¨©³´�!
// ×���»¼�ÖbK=�L#ÚË�´µë�K=L#��eD

movl _current,%eax # task[0] cannot have signals
cmpl _task,%eax
je 3f
cmpw $0x0f,CS(%esp) # was old code segment supervisor ?
jne 3f
cmpw $0x17,OLDSS(%esp) # was stack segment = 0x17 ?
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jne 3f
movl signal(%eax),%ebx
movl blocked(%eax),%ecx
notl %ecx
andl %ebx,%ecx
bsfl %ecx,%ecx
je 3f
btrl %ecx,%ebx
movl %ebx,signal(%eax)
incl %ecx
pushl %ecx
call _do_signal
popl %eax

// e4R5�
3: popl %eax

popl %ebx
popl %ecx
popl %edx
pop %fs
pop %es
pop %ds
iret

����·ÛJ�Ú	
FB�H¡�HIß�øßÔ�i��¤����Ô��í×

iZ�:;<ß� include/linux/sys.h ���J
extern int sys_setup();
extern int sys_exit();
extern int sys_fork();
extern int sys_read();
extern int sys_write();
extern int sys_open();
extern int sys_close();
extern int sys_waitpid();
extern int sys_creat();
extern int sys_link();
extern int sys_unlink();
extern int sys_execve();
extern int sys_chdir();
extern int sys_time();
extern int sys_mknod();
extern int sys_chmod();
extern int sys_chown();
extern int sys_break();
extern int sys_stat();
extern int sys_lseek();
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extern int sys_getpid();
extern int sys_mount();
extern int sys_umount();
extern int sys_setuid();
extern int sys_getuid();
extern int sys_stime();
extern int sys_ptrace();
extern int sys_alarm();
extern int sys_fstat();
extern int sys_pause();
extern int sys_utime();
extern int sys_stty();
extern int sys_gtty();
extern int sys_access();
extern int sys_nice();
extern int sys_ftime();
extern int sys_sync();
extern int sys_kill();
extern int sys_rename();
extern int sys_mkdir();
extern int sys_rmdir();
extern int sys_dup();
extern int sys_pipe();
extern int sys_times();
extern int sys_prof();
extern int sys_brk();
extern int sys_setgid();
extern int sys_getgid();
extern int sys_signal();
extern int sys_geteuid();
extern int sys_getegid();
extern int sys_acct();
extern int sys_phys();
extern int sys_lock();
extern int sys_ioctl();
extern int sys_fcntl();
extern int sys_mpx();
extern int sys_setpgid();
extern int sys_ulimit();
extern int sys_uname();
extern int sys_umask();
extern int sys_chroot();
extern int sys_ustat();
extern int sys_dup2();
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extern int sys_getppid();
extern int sys_getpgrp();
extern int sys_setsid();
extern int sys_sigaction();
extern int sys_sgetmask();
extern int sys_ssetmask();
extern int sys_setreuid();
extern int sys_setregid();

fn_ptr sys_call_table[] = { sys_setup, sys_exit, sys_fork, sys_read,
sys_write, sys_open, sys_close, sys_waitpid, sys_creat, sys_link,
sys_unlink, sys_execve, sys_chdir, sys_time, sys_mknod, sys_chmod,
sys_chown, sys_break, sys_stat, sys_lseek, sys_getpid, sys_mount,
sys_umount, sys_setuid, sys_getuid, sys_stime, sys_ptrace, sys_alarm,
sys_fstat, sys_pause, sys_utime, sys_stty, sys_gtty, sys_access,
sys_nice, sys_ftime, sys_sync, sys_kill, sys_rename, sys_mkdir,
sys_rmdir, sys_dup, sys_pipe, sys_times, sys_prof, sys_brk, sys_setgid,
sys_getgid, sys_signal, sys_geteuid, sys_getegid, sys_acct, sys_phys,
sys_lock, sys_ioctl, sys_fcntl, sys_mpx, sys_setpgid, sys_ulimit,
sys_uname, sys_umask, sys_chroot, sys_ustat, sys_dup2, sys_getppid,
sys_getpgrp, sys_setsid, sys_sigaction, sys_sgetmask, sys_ssetmask,
sys_setreuid,sys_setregid };
×t���yzm$�Ö�iÆÇ	
��8i$%í

��������

����������������

��������

	
FBß�ø�X�HI=ý¤A°H¡�¨©���Úù��ä�B	
FB�Þ

f� eaxæ 2Ú��¨© int 0x80{·ÛÖí�«?Ò�Ú�ÞëÒ�E��Ä� ebxPecx
m edxR5��{·ÛÖ Ås�,+, 3iÒ�&í
� Linux 3ÚæÖ��� C /��yz	
FBo�}èÚf�Ö�i�g�

_syscall?(int, 	
��)í��B��B�W��FBsë×i�g�#����sï{·
ÛÖíÛb fork()��FBæâÚþ��Bs#!

static inline _syscall0(int,fork)
��Ú����{·Û�B fork()×i��Öíß�ßW��☺í

×ß��yz�56

�/include/unistd.h���ÞK·ÛJ�×����J
#ifdef __LIBRARY__

#define __NR_setup 0 /* used only by init, to get system going */
#define __NR_exit 1
#define __NR_fork2
#define __NR_read 3
#define __NR_write 4
#define __NR_open 5
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#define __NR_close 6
#define __NR_waitpid 7
#define __NR_creat 8
#define __NR_link 9
#define __NR_unlink 10
#define __NR_execve 11
#define __NR_chdir 12
#define __NR_time13
#define __NR_mknod 14
#define __NR_chmod 15
#define __NR_chown 16
#define __NR_break 17
#define __NR_stat 18
#define __NR_lseek 19
#define __NR_getpid 20
#define __NR_mount 21
#define __NR_umount 22
#define __NR_setuid 23
#define __NR_getuid 24
#define __NR_stime 25
#define __NR_ptrace 26
#define __NR_alarm 27
#define __NR_fstat28
#define __NR_pause 29
#define __NR_utime 30
#define __NR_stty 31
#define __NR_gtty 32
#define __NR_access 33
#define __NR_nice34
#define __NR_ftime 35
#define __NR_sync 36
#define __NR_kill 37
#define __NR_rename 38
#define __NR_mkdir 39
#define __NR_rmdir 40
#define __NR_dup 41
#define __NR_pipe42
#define __NR_times 43
#define __NR_prof44
#define __NR_brk 45
#define __NR_setgid 46
#define __NR_getgid 47
#define __NR_signal 48
#define __NR_geteuid 49
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#define __NR_getegid 50
#define __NR_acct51
#define __NR_phys 52
#define __NR_lock53
#define __NR_ioctl54
#define __NR_fcntl 55
#define __NR_mpx56
#define __NR_setpgid 57
#define __NR_ulimit 58
#define __NR_uname 59
#define __NR_umask 60
#define __NR_chroot 61
#define __NR_ustat 62
#define __NR_dup2 63
#define __NR_getppid 64
#define __NR_getpgrp 65
#define __NR_setsid 66
#define __NR_sigaction67
#define __NR_sgetmask68
#define __NR_ssetmask69
#define __NR_setreuid 70
#define __NR_setregid 71

#define _syscall0(type,name) \
type name(void) \
{ \
long __res; \
__asm__ volatile ("int $0x80" \

: "=a" (__res) \
: "0" (__NR_##name)); \

if (__res >= 0) \
return (type) __res; \

errno = -__res; \
return -1; \
}

#define _syscall1(type,name,atype,a) \
type name(atype a) \
{ \
long __res; \
__asm__ volatile ("int $0x80" \

: "=a" (__res) \
: "0" (__NR_##name),"b" ((long)(a))); \

if (__res >= 0) \
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return (type) __res; \
errno = -__res; \
return -1; \
}

#define _syscall2(type,name,atype,a,btype,b) \
type name(atype a,btype b) \
{ \
long __res; \
__asm__ volatile ("int $0x80" \

: "=a" (__res) \
: "0" (__NR_##name),"b" ((long)(a)),"c" ((long)(b))); \

if (__res >= 0) \
return (type) __res; \

errno = -__res; \
return -1; \
}

#define _syscall3(type,name,atype,a,btype,b,ctype,c) \
type name(atype a,btype b,ctype c) \
{ \
long __res; \
__asm__ volatile ("int $0x80" \

: "=a" (__res) \
: "0" (__NR_##name),"b" ((long)(a)),"c" ((long)(b)),"d" ((long)(c))); \

if (__res>=0) \
return (type) __res; \

errno=-__res; \
return -1; \
}

#endif /* __LIBRARY__ */
VßÛb fork()���FBæâÚþ�FBs#! static inline _syscall0(int,fork)C�í

�.�sÚ.���b×i�g�>©êâÚ��J

static inline int fork(void)
{
long __res;
__asm__ volatile (“int $0x80”

: “=a” (__res)
: “0” (__NR_fork));

if (__res>=0)
return (int) __res;

errno = -__res;
return –1;
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}
^_^YýVß�B-./�>© 0x80��Ú�ßÈc�¢£p\ñí�×�__NR_fork

b¡�ß 2Ú{ß� fork()b¡�HI=ß 2íë¯µÄ�Ö EAXR5��ÚÕ¹�	
F
B�W��g�BR5�>©Ò�¦§Úùæ�	
FB�W��h±±²@uí

�×�·ÛJ�Ú� Linux0.11ð/�¨5�����,{ß 3iíH¡��g�%�
ß_syscall0(type,name)P_syscall1(type,name,atype,a)P_syscall2(type,name,atype,a,btype,b)P
_syscall3(type,name,atype,a,btype,b,ctype,c)í
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���

������

������

������

���

�������

��������������

�������

�egW��:;<CsÚÞä���3�LinuxLM�W�ñòë ICW2f�æ0x20Ú
ù�×iW� IR0b¡���Ap�ß 0x20Ú{ß�gW����Ap�ß 0x20í
gW��:;<ÐÇß� sched_init()(/kernel/sched.c)�ó²�í���3J
// f� 8253�����¯L¢ 3=ÐÇ��Úþ�B LSB��BMSBÚ.Õ�iæ 0
// 8253���R5��'(ß 0x43
outb_p(0x36,0x43); /* binary, mode 3, LSB/MSB, ch 0 */
// f�gW����NÉæ 10ms 100HZ&
outb_p(LATCH & 0xff , 0x40); /* LSB */
outb(LATCH >> 8 , 0x40); /* MSB */
// f�gW���� ¡�� ��Ap&
set_intr_gate(0x20,&timer_interrupt);
// oâbgW��¹�ÚOCW1�M0»ñò :gW�â;ÐÇ&
outb(inb_p(0x21)&~0x01,0x21);

� !

� !� !

� !

1. �������

��������������

�������

gW�? 3i²5�ÚÐK8?¯�í²5� 0B¢m�	
Wû'(æ 0x40É
²5� 1 B¢Ê¹®�A DMA h���K=Ú55��Ë�BÚ'(æ 0x41É
²5� 2 B¢Ì9�h�9ÍÚ'(æ 0x42íù�×�ßA 0x40 ²5� 0&f
gµí

2. ����	
��

����	
������	
��

����	
��

�3=ÐÇ��3þ²5��µ�WûÎ��§M3�U0�W��h��i
K="±��Úù��äfggW����WNNÉÚ�Þfg²5��µígW

��WûÎ�Ï¸ß 1193180Hzíb¢ 10ms�Ê¹b¡�Ï¸ß 100HzÚù�ë
²5��µfæ 1193180/100{·ÛÖíLinux0.11ß×Ø��J
�/include/kernel/sched.h��J
#define HZ 100
�/kernel/sched.c��J
#define LATCH (1193180/HZ)
��ë LATCH���²5��í

�	��
�

�	��
��	��
�

�	��
�

gW���L#��ß timer_interruptÚ°»¢/kernel/sytem_call.s�J
.align 2
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_timer_interrupt:
push %ds # save ds,es and put kernel data space
push %es # into them. %fs is used by _system_call
push %fs
pushl %edx # we save %eax,%ecx,%edx as gcc doesn't
pushl %ecx # save those across function calls. %ebx
pushl %ebx # is saved as we use that in ret_sys_call
pushl %eax
// : DSÚES¤A	
���!
movl $0x10,%eax
mov %ax,%ds
mov %ax,%es
// : FS¤ABC���!
movl $0x17,%eax
mov %ax,%fs
// u#Ð7��µ
incl _jiffies
// º¢ Linux�>©	
:;<�W�ë	
f�æ+ EOI}�ÚæÖI¡4»
//  ISR»ÚÞ�¥Mf�í
movb $0x20,%al # EOI to interrupt controller #1
outb %al,$0x20
// �	
²���þs�����!R5��µÚCSR5��µß���h±�
// W�ºf�f�²�í�×iµ�%A�BC�÷öµ CPL&Çæ��
//  do_timer()�Ò�
movl CS(%esp),%eax
andl $3,%eax # %eax is CPL (0 or 3, 0=supervisor)
pushl %eax
call _do_timer # 'do_timer(long CPL)' does everything from
addl $4,%esp # task switching to accounting ...
jmp ret_from_sys_call

"#

"#"#

"# EOI�� !
�� !�� !

�� !

þ��h±�Þ�4» ISR »Ú�«ß¥M4»�¤{ÛÜf��¥� OCW2 '(
æ 0x20&íb¢Wû��·Û�B 00 1 00 000(�>�)Ú>©4»í

$�

$�$�

$� do_timer:

�� do_timer ß¨©gW���Ñ;$%Ú×i��ßyz%WHI�qrí�×i
���·ÛJ�ýÚLinux0.11ß+�¬��Úb¢ñò¬? CPU�>�Ú-+h±���
��WNåB�Cs���:� CPU�í°»¢/kernel/sched.h �J

void do_timer(long cpl)
{
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// L#XÌ9�HI�ÆÇ
extern int beepcount;
extern void sysbeepstop(void);

if (beepcount)
if (!--beepcount)

sysbeepstop();
// ����÷öµý��Åsß�BC^Vß	
^

if (cpl)
current->utime++;

else
current->stime++;

// L#BC�gW�
if (next_timer) {

next_timer->jiffies--;
while (next_timer && next_timer->jiffies <= 0) {

void (*fn)(void);

fn = next_timer->fn;
next_timer->fn = NULL;
next_timer = next_timer->next;
(fn)();

}
}

// �ÆÇXg§?I
if (current_DOR & 0xf0)

do_floppy_timer();
// �«hzBC�WNåd?B�Ú{:°çèÍ©í��Ú{�>©
// >�FGÖ

if ((--current->counter)>0) return;
current->counter=0;

// b¢	
3���ß��>©	
FG�Ú×{ßY/
if (!cpl) return;

// >�FGâ;Ö
schedule();

}



Linux0.11 ���� Version 1.0

� 105 � � 160 �

���

������

����	
�

�	
��	
�

�	
�

K=·Û�ßºÆÇ	
¨5�g��ÚßBý�>�CN¬È�ÑB�í×û�Ña

�ß�/�Ú{ß��i>��¨©�W��di1ØW����K=í×{X��+j�

H~Öí���L#�Þ�?��ApZÚ?��=í�ø��=·Û���ApZ�Ô�

H¡��\����®íb¢K=öß���Ú�X�K=b¡�X�K=klÚ\�b¡

�X�K=?H¡�L#��í���?¹�»ÚK=�ö?í�eD���BK=CsÚ

þJJ� Linux0.11�K=ß��g��í

����

��������

����

K=ßB¢�>�N>©�ÑB�Úù�°¡aÄ�>��Çæ>���i¿®Ú{p

~ß>��ÒÓí�</include/kernel/sched.h>
struct task_struct {

��

����

��

// °ß�i 32»�»�Úà�»b¡ú�ûK=klí{p~ß��!ÐR5���í
// °�� n»b¡K= n

long signal;
// K=�¨©��Úp~ß��ApZÚ�X�K=b¡×��X�¨©8�íÛ�
// {Ã°ßK=ApZ�

struct sigaction sigaction[32];
// K=�¹�»�Ú{~��¹�R5�

long blocked; /* bitmap of masked signals */
��

����

��

};
���ApZ�5Ä�ß��ApE�YÚ×�5Ä�ß0K=L#?I�KRí°�

g�Ä�/include/kernel/signal.h�J
// g�Ö�i�kl��K=/
// °¯yß�i 32»�»�Úí�Û���ð/�Ú»�u,Úg��}�öo<Öí
typedef unsigned int sigset_t; /* 32 bits */
��

����

��

struct sigaction {
// K=L#��¤� ��¤�&ÚHþ¢���\��

void (*sa_handler)(int);
// þ�iK=L#ÐÇWÚ·IÞ�¹���K=í×tÞ�¹��K=KR5Ä�
// ×�íy³!°�jããë�x¹�ÖÚùæ×iK=�S�ýWÚ>�b×iK
// =ßâÄ�í�ßþ×iK=L#��Í©�W�Ú�«X�iK=�íýÖXØ
// Ô56�øf�×iµÚý�gß¹�Vß>©�ýí

sigset_t sa_mask;
int sa_flags;
void (*sa_restorer)(void);
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};

%&'(

%&'(%&'(

%&'(

� Linux0.11�f�Ö 22ûK=Ú¯g�»¢/include/kernel/signal.h�J
#define SIGHUP  1
#define SIGINT  2
#define SIGQUIT  3
#define SIGILL  4
#define SIGTRAP  5
#define SIGABRT  6
#define SIGIOT  6
#define SIGUNUSED  7
#define SIGFPE  8
#define SIGKILL  9
#define SIGUSR1 10
#define SIGSEGV 11
#define SIGUSR2 12
#define SIGPIPE 13
#define SIGALRM 14
#define SIGTERM 15
#define SIGSTKFLT 16
#define SIGCHLD 17
#define SIGCONT 18
#define SIGSTOP 19
#define SIGTSTP 20
#define SIGTTIN 21
#define SIGTTOU 22

����

��������

����

0����ÚæÖI¡ ¡��Þ����ApZ�f����\����®'(íK

=��BCsÞ�f�0K=b¡�L#��íæÖ×iÆÇ Linux	
�¨5ÖWi	

FBíë×Wi	
FBCsÚÞVßþÕÕ:;<*+í

%&����

%&����%&����

%&����

K=ßº>�ým��Ú�?�>�Oß�ø4�l>�ý"±�í�Y;�>�{ß

:;>�Ö INIT_TASKÚ� INIT_TASK�?×Ø�!��J</include/kernel/sched.h>
/* signals */ 0,{{},},0, \
ZA signal=0 sigaction={{},} blocked=0í��â;�W�d?K=ýÚö�¹�[

�K=íb¢à�iK=L#�����Oß 0í	
g�ÖWi��J<include/signal.h>
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#define SIG_DFL ((void (*)(int))0) /* default signal handling */
#define SIG_IGN ((void (*)(int))1) /* ignore signal */
×{���«f���æ 0Ú×iK={¨©���ÆÇí�«��æ 1Ú{�LM×

iK=�ÆÇí

b¢Û�FB fork�W�Ú�çÖl>�K=ApZm¹�»í�ßf�?>�� signal
æ 0ZAVd?<��[�K=í×���i>�d?f��x�K=�\���W�Ú�
«ýÖK=	
��B���ÆÇí

��)�

��)���)�

��)� sys_signal

f�K=�\�����Úþ�\��¨©C��ëK=���e4æ��µ 0í
<kernel/signal.c>

// Ò�JsignumßK=klÉhandlerß���� ¯y{ßë��¤�@uæ�l&
int sys_signal(int signum, long handler, long restorer)
{

struct sigaction tmp;
// ��ß�æ?·�klQ��Iß SIGKILL

if (signum<1 || signum>32 || signum==SIGKILL)
return -1;

// f���
tmp.sa_handler = (void (*)(int)) handler;

// �K=�\��L#���í¹�[�K= ()�x&
tmp.sa_mask = 0;

// f�K=L#}�¼ÏæK=ãã�B�íÚ�¹�K=/S
tmp.sa_flags = SA_ONESHOT | SA_NOMASK;
tmp.sa_restorer = (void (*)(void)) restorer;

// f�³´µæYK=L#�����
handler = (long) current->sigaction[signum-1].sa_handler;

// ë��K=L#8��5�þs×i>��K=ApZ�í�×·`>�×If�
// �x�K=�\��í

current->sigaction[signum-1] = tmp;
return handler;

}

��)�

��)���)�

��)� sys_sigaction

sys_sigaction 0 sys_signal �~Ú�ß sys_sigaction æf�¨5Ö�,��ºGÚùæ
°ß�øK=�¨©8�ýf��í<kernel/signal.c>

// Ò�JsignumßK=klÉactionß��K=¨©8�ÉoldactionJ�«�M{Bý
// �5Yý�K=¨©8�í
int sys_sigaction(int signum, const struct sigaction * action,

struct sigaction * oldaction)
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{
struct sigaction tmp;

// Vßþ��ß�æ?·�klQ��Iß SIGKILL
if (signum<1 || signum>32 || signum==SIGKILL)

return -1;
// �5YK=¨©8�

tmp = current->sigaction[signum-1];
// ë��¨©8��×�>��K=ApZ�í×�d?Ä<4�Ú\ß�BÖ�i
// ��ßùæÚ×i��K=¨©8��gß»¢BC_�Ú��BBC^�rs?í
// �ÛëHI�ÆÇÄ����Öí

get_new((char *) action,
(char *) (signum-1+current->sigaction));

// �« oldaction�M{ëY¨©8��5>�í�B���YùX!
if (oldaction)

save_old((char *) &tmp,(char *) oldaction);
// ��ß�¬K=�S��ýÚ���g��f�¹�»

if (current->sigaction[signum-1].sa_flags & SA_NOMASK)
current->sigaction[signum-1].sa_mask = 0;

else
current->sigaction[signum-1].sa_mask |= (1<<(signum-1));

return 0;
}

������

������������

������

1. ��

����

�� get_new�

��

�

B¢�BC_Â�K=¨©8�ÚBC�!rs?�	
FB�W��5�Ö fs
R5��í��9���,���Öí

static inline void get_new(char * from,char * to)
{

int i;

for (i=0 ; i< sizeof(struct sigaction) ; i++)
// ×i�g�»¢ include/asm/segment.h�

*(to++) = get_fs_byte(from++);
}

2. ��

����

�� save_old:
×i���¨©s�]U�Õ��'(MNß�3¡Ú��{��±!�,MNí

×tÐÇ�?�� verify_area, »¢<kernel/fork.c>,ý�í
static inline void save_old(char * from,char * to)
{

int i;

verify_area(to, sizeof(struct sigaction));
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for (i=0 ; i< sizeof(struct sigaction) ; i++) {
put_fs_byte(*from,to);
from++;
to++;

}
}

��)�

��)���)�

��)� sys_ssetmask

sWi	
FBßBýf�K=�¨©8��Ú�ßK=� ¡a��V¨�øWi

©R5�ªJ©K=!ÐR5�ªsignalm©K=¹�R5�ªblockedíb¢ signal�f�¿
¢K=�¦§�Ì��íb¢ blocked �f�{ß�B×i	
FBýyz�í
<kernel/signal.c>

int sys_ssetmask(int newmask)
{

int old=current->blocked;
// -ÖK= SIGKILL,�?K=BCO·Û¹�àíù����O�ëb SIGKILL�
// ¹��àí

current->blocked = newmask & ~(1<<(SIGKILL-1));
// ëYý�¹�»�³´ÚX�ß�B eaxR5�

return old;
}

��)�

��)���)�

��)� sys_sgetmask

¨5Öb blockf��ÆÇXWÚV�?�Â�í×i	
FB{ßB¢³´þs>�
�©K=¹�R5�ªblockí<kernel/signal.c>

int sys_sgetmask()
{

return current->blocked;
}

����

��������

����

0���k¢ÚK=�¦§¡aß����9��´ � Linux0.11 �ß×��&í�
Þ�f�H¡>��©K=!ÐR5�ªsignal{·ÛÖíæÖz�OnÚ�¦§�W�Þ
�]ß�3h�K=�>��÷öÚ×Xß	
^VBC^�Xí×��÷ö¤�ß×ØS

Tí� Linux0.11 �Ú·ÛJ�¨©Öh�K=ÆÇ�O��� kernel/exit.c �íÕ¹J�
� send_sig�ß	
FBÝ

// Ò�JsigßK=klÉp¤A<�K=�>�ÉprivJ÷ö
static inline int send_sig(long sig,struct task_struct * p,int priv)
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{
// ��K=ß�?·ÚÛ¼�<�K=�>�W�5�

if (!p || sig<1 || sig>32)
return -EINVAL;

// �«?÷h�K=ÈÑ�<�K=�>�0þs>�X3ÈÑþs>�ß23BC
// {f� signalí�g� suer()»¢ include/kernel/kernel.h�í
// #define suser() (current->euid == 0)
//

if (priv || (current->euid==p->euid) || suser())
p->signal |= (1<<(sig-1));

else
return -EPERM;

return 0;
}

����

��������

����

�?��	
FB³´�W�Ô��L#K=H¡��íK=�¨©·ÛG%æWi�

!JªL#�!m¨©�!í

*+,��

*+,��*+,��

*+,��

K=¨©�ªL#�!»¢	
FB�³´�!ÚþWÞd?��ßùæ¯�»¼��

t0K=?I�dfí�×��!ë��K=¹�R5�ý��ß�Þ�H¡K=!ÐÚ

æ¨©�!ÎÏÒ�í<kernel/system_call.s>
ret_from_sys_call:
// ëþs>��¤�Ä� eax

movl _current,%eax # task[0] cannot have signals
// �«hzþs>�ß:;>�{�¨©K=L#Úùæ:;>�ß��<�K=�

cmpl _task,%eax
je 3f

// º¢K=�\��Þ��BYý>����!m��!Úù����
cmpw $0x0f,CS(%esp) # was old code segment supervisor ?
jne 3f
cmpw $0x17,OLDSS(%esp) # was stack segment = 0x17 ?
jne 3f

// ÁÂþs>��K=!ÐR5�Ä� ebx
movl signal(%eax),%ebx

// ÁÂþs>��K=¹�R5�Ä� ecx
movl blocked(%eax),%ecx

// ÁÂd?�¹��K=ÚÄ� ecx
notl %ecx
andl %ebx,%ecx
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// � ecx�� 0»A� 31»ÙEÚ6Ô��iæ 1�»�°vµ 0Á31&ÚÄ� ecx
bsfl %ecx,%ecx

// �«d?Ô���d?Þ�L#K=
je 3f

// ë ebx�°vpæ ecx�»ñ 0Úebx�5Ä�ßþs>�K=!ÐR5�Úù�×
// �/ß4»H¡�K=»

btrl %ecx,%ebx
// �5K=!ÐR5�

movl %ebx,signal(%eax)
// º¢K=klß� 1â;_��Úù��ë°vp � ecx�&# 1

incl %ecx
// ëK=klÇæÒ�¦§��� do_signal

pushl %ecx
call _do_signal
popl %eax
��

����

��

iret

%&�-.

%&�-.%&�-.

%&�-.

�K=�¨©�!����ÐÇæK=L#��fgH¡�Í©��í

void do_signal(long signr,long eax, long ebx, long ecx, long edx,
long fs, long es, long ds,
long eip, long cs, long eflags,
unsigned long * esp, long ss)

{
unsigned long sa_handler;
long old_eip=eip;

// �K=ApZ�ÁÂK=¨©8�
struct sigaction * sa = current->sigaction + signr - 1;
int longs;
unsigned long * tmp_esp;

// �K=¨©8��ÁÂK=L#�����
sa_handler = (unsigned long) sa->sa_handler;

// �«��ß 1ÚZALMK=�L#
if (sa_handler==1)

return;
// �«��ß 0ÚZAâ;¨©����

if (!sa_handler) {
if (signr==SIGCHLD)

return;
else

do_exit(1<<(signr-1));
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}
// �«¨©8��¼Ï�? SA_ONESHOTZA×iK=L#��ã¨©�í

if (sa->sa_flags & SA_ONESHOT)
sa->sa_handler = NULL;

// &eipb¡�ß²�	
FBë�³´¨©�'(Úë×iµfæK=L#����
// �{I¡�	
FB³´�¨©K=L#��

*(&eip) = sa_handler;
// fgK=L#��ë��B�²�¾G

longs = (sa->sa_flags & SA_NOMASK)?7:8;
*(&esp) -= longs;

// ÁÂ3¡�MN
verify_area(esp,longs*4);
tmp_esp=esp;

// æK=�\��fg²�4>
put_fs_long((long) sa->sa_restorer,tmp_esp++);
put_fs_long(signr,tmp_esp++);
if (!(sa->sa_flags & SA_NOMASK))

put_fs_long(current->blocked,tmp_esp++);
put_fs_long(eax,tmp_esp++);
put_fs_long(ecx,tmp_esp++);
put_fs_long(edx,tmp_esp++);
put_fs_long(eflags,tmp_esp++);
put_fs_long(old_eip,tmp_esp++);

// �« sa_mask�fgÖb�S¹�Ú×�/{�ë×i¹�f��K=¹�R5��
current->blocked |= sa->sa_mask;

}
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����

��������

��������	

����	����	

����	

sÌeÖ0Ø,0>�?I�ÆÇÚ�ß>��XØ"±�56�9��Ú�>�{ß

�ø4�Ú>�"±�íù�{ë�>�Î?>�ÚÚ>�Îl>�í×iÆÇßº	
F

B fork ó²�í�«¬�Ú?>�0l>�ËÌX�ø45MNÚ{ß�?>�0l>�
ËXÍ©�i��íæÖI¡_%�×i��ßºl>�Í©Vßº?>�Í©Úfork�³
´�W��æl>�m?>�fg�X�³´µí�ø×i³´µ{·Û_%�ýÖí

����

��������

���� fork

���	
�e�Ö�i	
FB>��!m���!ÚU¢	
FB¨©�!ßº	


FB�HI=�g�íb¢ fork ý�Ú°b¡�HI=ß 2í�	
FBZ
sys_call_table[](»¢ include/linux/sys.h�)Ú·ÛJ�°b¡�ß�� sys_forkí°þÁÂ�
iMý�>� id=Ú��4�l>�í
<kernel/system_call.s>

// PþFB C �� find_empty_process()ÚÂ��i>�= pidíë³´ù����Ås
// [\��ñÛ,Ä<��í��FB C�� copy_process()4�>�í×�� C��O
// ßg��/kernel/fork.c�
.align 2
_sys_fork:
// Ô��i·BMNÚëMN���=³´í��ß�ø eaxý¦§³´µ�í

call _find_empty_process
testl %eax,%eax
js 1f

// ëR5� gsPesiPediPebpm eax�µ¦A�f�²�BÇ copy_process()���
// Ò�í��FB copy_process()>©>���×

push %gs
pushl %esi
pushl %edi
pushl %ebp
pushl %eax
call _copy_process

// ×y³!ß�i�É;²�ø�Úùæ�Þ�e4×tR5��Ûã�BÖ#å
addl $20,%esp

1: ret

$�

$�$�

$� int find_empty_process(void)

// last_pidß�inXopB¢�5��%®�>�=
long last_pid=0;
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������

������������

������

// þÔ��iÅsd?�B� PIDÚ��[\Z�Ô��iÅsd?�B�MN
// ëaMNb¡���=³´Ú�«d?Ô�MN{³´-EAGAIN(-11)
int find_empty_process(void)
{

int i;
// last_pidß� 0â;_��í§uÚÁ�!ö�º�� 1â;_�í
// ßÔd?�B� PID�}åßJþ"±�i last_pidÚ��Ü�[\ZÚëÅs
// 5��à�i[\� PID0×i last_pidH¢£í�«hzHãÚBa PIDñò
// %®øÖÚ{º�"±�i last_pidÚ�íÜ�[\Zí

repeat:
if ((++last_pid)<0) last_pid=1;
for(i=0 ; i<NR_TASKS ; i++)

if (task[i] && task[i]->pid == last_pid) goto repeat;
// �[\Z�Ô�·BMNÚëaMNb¡���=³´

for(i=1 ; i<NR_TASKS ; i++)
if (!task[i])

return i;
return -EAGAIN;

}

$�

$�$�

$� int copy_process(… ..)

×i��·Û�ß fork �Ñ;Ú4�l>��ÆÇ{ßº°ó²�íEF¨©���
·Ûë¯%D² 5i$%J>�jop�fgPTSS�f�P%®45P��fg¼¯°í

��������	

��������	��������	

��������	

/*
 *  Ok, this is the main fork-routine. It copies the system process
 * information (task[nr]) and sets up the necessary registers. It
 * also copies the data segment in it's entirety.
 */
int copy_process(int nr,long ebp,long edi,long esi,long gs,long none,

long ebx,long ecx,long edx,
long fs,long es,long ds,
long eip,long cs,long eflags,long esp,long ss)

{
struct task_struct *p;
int i;
struct file *f;



Linux0.11 ���� Version 1.0

� 115 � � 160 �

// æ��>�%®�,45MN
p = (struct task_struct *) get_free_page();
// �«%®�Ý{³´���
if (!p)

return -EAGAIN;
// ë�>�MN�P'(5�[\Z
task[nr] = p;
// º¢þs�>�{ßl>�Ú�Û×�ßbl>��ó��×
*p = *current;/* NOTE! this doesn't copy the supervisor stack */
// �>��]^ß�·���ã@]^
p->state = TASK_UNINTERRUPTIBLE;
// f�?>�� ID
p->pid = last_pid;
// f�?>��l>� ID
p->father = current->pid;
// :?>�0l>��oþ3HX
p->counter = p->priority;
p->signal = 0;
p->alarm = 0;
p->leader = 0; /* process leadership doesn't inherit */
p->utime = p->stime = 0;
p->cutime = p->cstime = 0;
// f�>��â;WNæþs�Ð7�
p->start_time = jiffies;

TSS��


��
��


��


// f��>�� TSS4>
p->tss.back_link = 0;
// f�	
²�'(Ú	
²0 PCB»¢X�,�Ú²�ß,���J

	
²

]�B

PCB8�

p->tss.esp0 = PAGE_SIZE + (long) p;
p->tss.ss0 = 0x10;
// f�?>�Í©W� IPÚ°0l>�FB	
FBW� IPHX
p->tss.eip = eip;
p->tss.eflags = eflags;
// f�b?>�¨© fork����³´µÚ	
FB³´µß� eaxR5��
p->tss.eax = 0;
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p->tss.ecx = ecx;
p->tss.edx = edx;
p->tss.ebx = ebx;
p->tss.esp = esp;
p->tss.ebp = ebp;
p->tss.esi = esi;
p->tss.edi = edi;
// !R5��?4�$?·
p->tss.es = es & 0xffff;
p->tss.cs = cs & 0xffff;
p->tss.ss = ss & 0xffff;
p->tss.ds = ds & 0xffff;
p->tss.fs = fs & 0xffff;
p->tss.gs = gs & 0xffff;
// f��>�� LDT'(
p->tss.ldt = _LDT(nr);
p->tss.trace_bitmap = 0x80000000;

// �«þs[\�BÖ:L#�Ú{�5¯!3�
if (last_task_used_math == current)

__asm__("clts ; fnsave %0"::"m" (p->tss.i387));

���

������

���

// æ?>�f���!
if (copy_mem(nr,p)) {

task[nr] = NULL;
free_page((long) p);
return -EAGAIN;

}
×�FBÖ�i�� copy_memí

������

������������

������ copy_mem

// f��[\���m��!q(Pö¾Q4�,Z
// nr æ�[\=Ép ß�[\��8��¤�
int copy_mem(int nr,struct task_struct * p)
{

unsigned long old_data_base,new_data_base,data_limit;
unsigned long old_code_base,new_code_base,code_limit;

// ÂX$E�YZ���!E�YÝ�!ö¾
code_limit=get_limit(0x0f);

// ÂX$E�YZ���!E�YÝ�!ö¾
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data_limit=get_limit(0x17);
// ÂY��!�q'(
old_code_base = get_base(current->ldt[1]);
// ÂY��!�q'(
old_data_base = get_base(current->ldt[2]);
// Linux0.11�+,��!X��!%â×û´µ
if (old_data_base != old_code_base)

panic("We don't support separate I&D");
if (data_limit < code_limit)

panic("Bad data_limit");
new_data_base = new_code_base = nr * 0x4000000;
// f���!�N;'(Ú×ß�iÈÉ'(Ú�¨©Ö copy_page_tablesC�
// °�¿À��Ê#MN0l>�HX
p->start_code = new_code_base;
set_base(p->ldt[1],new_code_base);
set_base(p->ldt[2],new_data_base);
if (copy_page_tables(old_data_base,new_data_base,data_limit)) {

free_page_tables(new_data_base,data_limit);
return -ENOMEM;

}
return 0;

}
���

������

���

get_limit():
g��/kernel/sched.h�ÚB¢Â�
#define get_limit(segment) ({ \
unsigned long __limit; \
__asm__("lsll %1,%0\n\tincl %0":"=r" (__limit):"r" (segment)); \
__limit;})
×�B�Ö�i¤¥ LSLLÚ°B¢�E�Y�Â�!ö¾í¯¸�æJ

    LSLL    OPRD1,OPRD2
¯�ÚÆÇ� OPRD1·Ûß 16»È 32»�BR5�ÚÆÇ� OPRD2ß 16

»�BR5�È5�9�Úö·Ûß 32»�BR5�È5�9�íÆÇ� OPRD1
m OPRD2 �ÞßÛÜ��ía¤¥óÆÇ� OPRD2 ¼ærs?(þæ 32 »WÚ
ã�B4 16 »)Ú�« OPRD2�¤A�E�YÛ3�3v�Ú0Øò¼Ï ZF�
� 1ÚQóE�Y4��ö�!c� OPRD1É��ÚZFñ 0ÚOPRD1�,�oí
c�� OPRD1�º OPRD2�¤A�E�Y���ö�!Û�$»æ9»í

�«E�Y���ö�!Û 4K �$æ9»(G=1)Ú0Øc�� OPRD1 W�&v
12»ÚM��4»n$G² 1í
Õ¹Ú�«¤¥�B 16»ÆÇ�Ú0Ø�?!�ö�4 16»�c��OPRD1í

a¤¥�ç  ZF¼Ïí
�×�ùæßBC^rsX$E�YÚ�Û��!ß 0x0fÚ��!�rs?

ß 0x17í
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���	

���	���	

���	

// �«l>��?��ßoâ�Ú�ëb¡���oâí�u 1
for (i=0; i<NR_OPEN;i++)

if (f=p->filp[i])
f->f_count++;

// þs>� l>�&� pwd, root m executable �Bí�7u 1
if (current->pwd)

current->pwd->i_count++;
if (current->root)

current->root->i_count++;
if (current->executable)

current->executable->i_count++;

��

����

��

// �45� TSSE�YZm LDTE�YZ�¬È�>��E�Yí
// �>��E�Yb¡� TSSm LDTß�>��Â��í
// Ås� LDT0l>�� LDTßHX� 4�øý�à&
set_tss_desc(gdt+(nr<<1)+FIRST_TSS_ENTRY,&(p->tss));
set_ldt_desc(gdt+(nr<<1)+FIRST_LDT_ENTRY,&(p->ldt));
p->state = TASK_RUNNING; /* do this last, just in case */
return last_pid;

}

��������	
�

��������	
���������	
�

��������	
�

ÞKdiÚ�FB fork()��C�Ú×i���Al>�³´?>��>�= PIDÚ\
A?>�³´ 0í?d?äø�i��XØ·I?Wi³´µ56\�×Wi³´µV�H
X! Þ��í[��W�ÚáâÖ�Ù&
â�×i��¡a��¹º!��W©J(a���]]U)
static inline _syscall0(int,fork)
int main ()
{

if (fork()==0)
printf(“I’m child!\n”);

else
printf(“I’m father!\n”);

return 0;
}
�zÚ�«�B�i>�ý�B×i���W�³´µã«�{ß�ií�ßÚfork()

��ßB¢"±>��Úù�y³!ß?Wi>� l?>�&ýËÌFB fork()���!í



Linux0.11 ���� Version 1.0

� 119 � � 160 �

\b¢×Wi>�ý�{ß³´WiÖíæÖ#D×i*+ÚÞKýº�JJ×iø��Æ

Ç	
��yzí

PþÚë×���g�êâ��J

static inline int fork(void)
{
long __res;
__asm__ volatile (“int $0x80”

: “=a” (__res)
: “0” (__NR_fork));

if (__res>=0)
return (int) __res;

errno = -__res;
return –1;
}
º�·` fork()��yz¨©�³´µ{ß���³´�� eaxR5��µí�¨©	


FB�W��ëþs� EIP m CS f�±²�í��� copy_process()���W�ñò�
øÖÚ×i?f�f��²��EIPmCS��øÒ� long eipm long cs¦§� copy_process()
��í��Ò� eip m cs 5�Ö?>�íù�Ú�"±�?>�0l>��45�ËÌ×
!����íu�¤�Úþ?>�â;¨©�W�Úö��FB�� fork()C��'}â;
¨©�íù�Úb¢X�i��Ú�«H¡>�b¡� eaxR5��µ�XÚ{����
�³´µ�XíË��´µÞ��4Ñ�ÔIJ�í

pÚÞKz�â;>�	
�4Ñ�ÚJJ³´�W� eax�ß1Ø--í
´ä�3�/kernel/systemcall.s��_system_call��J
.align 2
_system_call:

��

����

��

call _sys_call_table(,%eax,4)
pushl %eax
��

����

��

3: popl %eax
��

����

��

iret
�¨© call syscall_table(, %eax, 4)CsÚeax�5Ä�ß	
FB�HI=íb¢ fork()

��ý�Úþ°¨©ó sys_fork()��C�Úeax�5Ä�ß�«¬�?>��>�= PID&í
æ1Ø56�åÚÞK�æ*�3 sys_fork()���yzJ

.align 2
_sys_fork:

��

����

��

push %gs
pushl %esi
pushl %edi
pushl %ebp
pushl %eax
call _copy_process
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addl $20,%esp
1: ret
×��BÖ copy_process()��Ú\ copy_process()�������¤ß return last_pid;

 ³´?>�=&í×i���³´µ{ß5Ä� eax R5��Úù� eax �5Ä�{ß?
>�=í?d?cB�Þ�çèú[6ç1Ø{����³´µ{ßÄ� eax�Ú0Ø,R
5�5Ú³´µXØ{�Ä� ebxÚedxÚecxÈ eáá x�5Ý!CWHK°Ú���ú×
i«*|3JÚ��UÞ��øV�Þ�ö÷�☺í

� sys_fork()���è�C�Ûd?¨©;²ÆÇÚeßùæ� system_call()���d?
�Bø gsPesiPedim ebpR5� eax��Bsñò�øf²ÆÇ�5Ö&Ú�ßùæ� eax
��5ú³´µÚ�«;²ÖÚ³´µ{�¥�í

þ¨©ó sys_fork()��C�Ú��´µý�gß�¨©FG��í�«d?¨©F
G��Ú0Ø{�Ä<�	
���³´í×iW� eax��{ß?��=í�«¨©ÖF
G��Ú0Øl>�·I���¬? CPU �÷wí�ßÚ�>�tu�W�ß�ø¨©�
g� switch_to(n)ýyz�íb¢×i�g�ÞñòeøÖÚ°ß�ø!N@výyz>�
tu�í�!N@v�W�ÚIntel �f�!{yzÖë8iR5��þsµ�5�Bë�
tu���>�� TSS�í×�{()Ö�5l>�b¡�×i eaxR5�µ�l>� TSS
�í

�×�·ÛJ�ý�äf�?>��³´µÚ��ë?>�� TSS 8�� eax fæ 0
{·ÛÖíLinux0.11�z{ß×Ø��í� copy_process()�?��J

p->tss.eax = 0;
�×�{ßæ?>�f�³´µí

æÖ#D×iø�Ú·ÛÒÓ3�J

� ��.1fork �����	
��
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��

����

�� ������	
��

������	
��������	
��

������	
��

�����

����������

�����tcc.exe V2.0&, nasmw.exe, link.exe(masmV5.0��<�),exe2com.exe, w32dasm(×
ß�i§��Windows3�b-.g�)

�����

����������

�����V��B tcc.��.�����Ú���³´µ5Ä� eaxR5��í
���	�

���	����	�

���	�

1. ¬È�i C/��� func.cÚ��J
void copy(int  dx, int ax)
{

int id = 1;
return id;

}
2. ¬È�i-./��� main.asmÚ��J

[BITS 16]
[global start]
[extern _copy]
start:

push dx
push ax
call _copy

3. ëWi��.�².obj¸�Ú��J
tcc –mf –ofunc.obj –c –func.c
nasmw –f obj –o main.obj –main.asm

4. ë���<² main.exe:
link main.obj func.obj, main.exe,,,

5. ë main.exe@uæ main.com:
exe2com main.exe

6. �BW32DASMýb main.comb-.Ú��8«æJ
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� ��.2 ��������


���


���
���


���

� 0001.0105â;� 0001.0112Oß�� copy()�b-.8«ÚsiR5�Hþ¢X$o
p aÚþë 1¦� siR5�í��ë si�µ5� axQ;²³´í
º�·`Ú�� copy()ß�ø eaxé5�³´Í©8«�í
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����

��������

��������	

����	����	

����	

>�«¬²H�Ú�0l>�ËÌX�i��íæÖI¡ß?>�¨©¯°���{Þ

�ë�¨©���F�45�í×iÐÇßº	
FB execve ó²�í°·Û�·¨©
����KRæ¯¬ÈH¡�Í©��íXWÚ°�L#*L#��í

��������

����������������

��������

2

Linux 4Ñ0.11 ðã+,a.out(Assembley out)¨©��¸�í3ÌnÌ���3a.out 
¸�í

�¹��<a.out.h>�±�Ö9i��8�Û¼�t���í×t��8�E�Ö	
!
·¨©�a���� �>���&í

�i¨©��Ë·?|i$% |$&�²íEF��Ú×t$%ßJ

�����

����������

�����(exec header)�
��

�a$%�Ç?�tÒ�Ú4Ñ�B×tÒ�ë¨©��#p

�45�Q¨©Ú\;<��(ld)�B×tÒ�ë�t�>�Å¼���2²�i·¨©�
�í×ßv�Û���²$%í

�����

����������

�����(text segment)�
��

�Ç?��¨©��#p�45��¤¥��mHI��í·

ÛÛ�=��>©#pí

�����

����������

�����(data segment)�
��

�×$%Ç?ñò:;<ø���Ú7ß�#p�·=Õ�

45�í

�������

��������������

�������(text relocations)�
��

�×$%Ç?5;<���B��¼��í��2�

>�Å¼��WB¢g»��!��¤�È'(í

�������

��������������

�������(data relocations)�
��

�0��ºg»$%�ÇBk�Ú�ßßB¢��!

�¤��ºg»í

�����

����������

�����(simbol table)�
��

�×$%X�Ç?5;<���B��¼��ÚB¢��>�

Å¼��CNb���opm�� Y=&>©�ê�Bí

������

������������

������(string table)�
��

�a$%Ç?0Y=�Hb¡��Y¯í

�����

����������

�����

ài�>�¨©��7Û�i¨©��8� exec structure&â;ía��8����
�3J¿jK�NksMwruqkLuyÀ

struct exec {
  unsigned long a_magic; /* Use macros N_MAGIC, etc for access */
  unsigned a_text; /* length of text, in bytes */
  unsigned a_data; /* length of data, in bytes */
  unsigned a_bss; /* length of uninitialized data area for file, in bytes */
  unsigned a_syms; /* length of symbol table data in file, in bytes */
  unsigned a_entry; /* start address */

2
���Linux0.11 �����	
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  unsigned a_trsize; /* length of relocation info for text, in bytes */
  unsigned a_drsize; /* length of relocation info for data, in bytes */
};

8i�!�HI�3J

a_midmag: a�!Ç?�N_GETFLAG()PN_GETMID mN_GETMAGIC()�*�?$%Ú
ßº;<���Í©W#p�>�'(MNí�N_GETMID()B¢³´a�¼f
Y(machine-id)Ú¤A��>���ë�1Øa�!Í©íN_GETMAGIC()�¤
�ë�Ú°v�'zgÖ�>�¨©��0¯°#p���CN�_�í�!�

ÛÜ(ÇÛ3µC�J

OMAGICZA��m��!ð³�¨©¹�ÌQ�ß�è5Ä�í4Ñë��
m��!O#p�·=Õ45�í

NMAGIC XOMAGIC ��Ú��m��!ð³�¨©¹�ÌQ�ß�è5Ä
�í�\4Ñë��#p�Ö�=45�ÚQó��!#p���!�3�,·=

Õ45��â;í

ZMAGIC 4Ñ�Û�W��>�¨©���#psÈ�,Ìí¨©¹$P��
!m��!O�;<��L#²,i,Ì&(�øí4Ñ#p���,ÌW�=

�Ú\��!�,Ìß·Õ�í

a_text a�!Ç?��!�¾GµÚ�$�í
a_data a�!Ç?��!�¾GµÚ�$�í
a_bss Ç?ìbss !í�¾GÚ4ÑB¯f����!�:;�break brk&í4Ñ�#p

��WÚ×!·Õ45¦z�L¢��!�ÌÚQ�:;Wænòí

a_syms Ç?Y=Z$%��$¾Gµí
a_entry Ç?4Ñë¨©��#p�45�Û�Ú��¨©N;÷�45'(í
a_trsize a�!Ç?��ºg»Z�&(Úß�$�í
a_drsize a�!Ç?��ºg»Z�&(Úß�$�í
�a.out.h ¹���g�Öhi�Ú×t��Bexec 8�ý�¶��®ÈÑg»¨©���
8i$% $&�»�°vµí×t�?J

N_BADMAG(exec) �«a_magic �!�I�f�Ú�³´+òµí
N_TXTOFF(exec) ��!�N;»��$°vµí
N_DATOFF(exec) ��!�N;»��$°vµí
N_DRELOFF(exec) ��ºg»Z�N;»��$°vµí
N_TRELOFF(exec) ��ºg»Z�N;»��$°vµí
N_SYMOFF(exec) Y=Z�N;»��$°vµí
N_STROFF(exec) �Y¯Z�N;»��$°vµí

���	


���	
���	


���	


ºg»�¼Ë?¼Î¸�Ú°�Bºg»KR(relocation_info)8�ýE�J
/* This structure describes a single relocation to be performed.
   The text-relocation section of the file is a vector of these structures,
   all of which apply to the text section.
   Likewise, the data-relocation section applies to the data section.  */

struct relocation_info
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{
  /* Address (within segment) to be relocated.  */
  int r_address;
  /* The meaning of r_symbolnum depends on r_extern.  */
  unsigned int r_symbolnum:24;
  /* Nonzero means value is a pc-relative offset
     and it should be relocated for changes in its own address
     as well as for changes in the symbol or section specified.  */
  unsigned int r_pcrel:1;
  /* Length (as exponent of 2) of the field to be relocated.
     Thus, a value of 2 indicates 1<<2 bytes.  */
  unsigned int r_length:2;
  /* 1 => relocate with value of symbol.
          r_symbolnum is the index of the symbol

  in file's the symbol table.
     0 => relocate with the address of a segment.
          r_symbolnum is N_TEXT, N_DATA, N_BSS or N_ABS

  (the N_EXT bit may be set also, but signifies nothing).  */
  unsigned int r_extern:1;
  /* Four bits that aren't used, but when writing an object file
     it is desirable to clear them.  */
  unsigned int r_pad:4;

};
a8��8�!�Ç��3J

r_address a�!Ç?Þ�;<��L# .`&�¤���$°vµí��ºg»�
°vµß���!â;L_��Ú��ºg»�°vµß���!â;L_`�í;<��

�ëñò5��a°vL�µ0�Bºg»�¼_`���µH#í

r_symbolnum a�!Ç?Y=Z��iY=8���=µ �ß�$°vµ&í;<
���`�Y=�¶b'(Û�Ú{ëa'(#�y�>©ºg»�¤�!í �«r_extern 
¢·»ß0Ú0Ø´µ{�XÚ`3Ìí&

r_pcrel �«f�Öa»Ú;<��{�æy����i¤�Úa¤��Bpc HI6(
}�Úß¿¢a��¤¥$%íþÍ©���B×i�ºg»�¤�WÚa¤��'(��

�'#�a¤�!í

r_length a�!Ç?¤�¾G�2 �í}µJ0 ZA1 �$¾Ú1 ZA2 �$¾Ú2 Z
A4 �$¾í

r_extern �«��»ÚZAaºg»Þ��iõ$�BÉ�W;<��ÛÜ�B�iY
='(ý��H¡¤�íþa»ß0 WÚ�ºg»ß©X$ª�É;<����¤�Ûb¿
8i!#p'(��o<Ú\�ßb¿�iY=µ�o< -+XWf�Ör_baserelÚ`3
Ì&í�×û´µ3Úr_symbolnum�!�4>ß�in_type µ `3Ì&É×k�!Æî
;<���ºg»�¤�¤A0i!í

r_baserel �«f�Öa»Ú�r_symbolnum �!¤g�Y=ë�ºg»²nX°vZ
(GlobalOffset Table)���i°vµí�Í©W¶ÚnX°vZa°vL�f�æY=�'
(í

r_jmptable �«��»Ú�r_symbolnum �!¤g�Y=ë�ºg»²ø�;<Z
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(ProcedureLinkage Table)���i°vµí
r_relative �«��»Ú����ºg»0aÅ¼��ë²æ¯�²$%�¿A���

Í©W�#p�'(HIí×kºg»ã�ËÌÅ¼����zí

r_copy �«��»Úaºg»�¼¤gÖ�iY=ÚaY=�4>ë�4��r_address
¤g�'}ía4�ÆÇß�øËÌÅ¼�ø��i2.���Ý��Í©W¶;<��ó

²�íY=ë�Ã¿Àæ'( ÈÑ��ï'eß�Y¯¿À�µ&íº¢;<��b'(

�F�Ú�iY=��ÃÛÜBýZA¯'(ÚÄ�ñ�5º�i¶b'(µíY=ßºY

=Z�Äg¾G��¼Û¼�Y¯Z��·o¾G�Ã�²í

��

����

��

Y=Zßnlist 8���i��Ú�3�AJ
#ifndef N_NLIST_DECLARED
struct nlist {
  union {
    char *n_name;
    struct nlist *n_next;
    long n_strx;
  } n_un;
  unsigned char n_type;
  char n_other;
  short n_desc;
  unsigned long n_value;
};
#endif

¯�8�!�Ç�æJ

n_un.n_strx Ç?/Y=��Ã��Y¯Z���$°vµíþ���Bnlist()���*
�iY=ZWÚa�!�«uæn_un.n_name �!Ú×ß45��Y¯�¤�í

n_type B¢;<��zg����Y=�µí�B»¹�(bitmasks)·Ûën_type �!
%ð²9i?�!Úb¢N_EXT kl»�»�Y=Ú;<��ë°KJÇß©õ$�ªY
=ÚQ�¬¯°�>�Å¼��b°K��BíN_TYPE ¹��B¢;<��cÒÓ�
¢·»J

N_UNDF �i]g��Y=í;<��ÛÜ�¯°�>�Å¼���g»�iË?HX�
Ã�õ$Y=ÚÛzgaY=�¶b��µí·ü´µ3Ú�«n_type �!ß+òµÚQ
�d?�>���g�Ö×iY=Ú�;<���BSS !�ëaY=D"æ�i'(Ú�
�¾Gã¢n_value��$í�«Y=�,¢�i�>�Å¼���Od?g�Q�×t�
>�Å¼��b¯¾Gµ���Ú�;<��ërs�?�>�Å¼����&�¾Gí

N_ABS �i¶bY=í;<�������i¶bY=í
N_TEXT �i��Y=íaY=�µß��'(Ú;<���2Q�>�Å¼��W��
�¯µí

N_DATA �i��Y=É0N_TEXT k�Ú�ßB¢��'(íb¡��m��Y=�µ
�ß���°vµ\ß'(ÉæÖÔ����°vÚ{?Û�zgHI$%â;#p�'(

Q��°Ú��#!a$%�°ví

N_BSS �iBSS Y=É0��È��Y=k�Ú���>�Å¼���d?b¡�°ví
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N_FN �i���Y=í�2Q�>�Å¼��WÚ;<���ëaY=¶���>���
��Y=CsíY=��Ã{ß�º;<������Ú\¯µß�>����Pi��!

'(í;<m#pW�Þ����Y=Ú�b¢F���+j?Bí

N_STAB ¹��B¢rsY=F���(â�gdb)cÒÓ�»É¯µ�stab()���í
n_other a�!EFn_type zg�!Ú¨5?IY=ºg»ÆÇ�Y=sÈ®KRíÅ

sÚn_other�!��44 »Ç?WiµC�JAUX_FUNC mAUX_OBJECT ?Ig�Ò
`<link.h>&íAUX_FUNCëY=0·FB���HIÚAUX_OBJECT ëY=0��HIÚ
\�"°Kß»¢��!Vß��!ía�!��B¢;<��ldÚB¢M^·¨©���
«¬í

n_desc ���F����BÉ;<���b¯>©L#í�X�F¶��ëa�!B
Ç�X�B�í

n_value Ç?Y=�µíb¢��P��mBSS Y=Ú×ß�i'(Éb¢¯°Y= â
�F���Y=&Úµ·Ûß[¹�í�Y¯Zßº¾Gæu_int32_t �]�null 8��Y
=�Y¯�²í¾G�Z�iZ��$&(Ú�Û�32 »�a�!¯�(µ ÈÑß�1 i
�Y¯�°v&7ß4í

����

��������

���� execve

>��¨©ß��	
FB execveýyz�í��íFB execveß�¨©:;<��
init()�W�FB� »¢/init/main.c&í���íJ�FB×i���W�Ú0FB fork �
Xíùæb¢ forkFB�W�Ú×i���yzñò���¹$�B�yzÖb¯�g�J
static inline _syscall0(int,fork)í�ßÚÞK²�IJ�b�� execve�9� int execve(const 
char * filename, char ** argv, char ** envp); »¢/include/unistd.h&Úd?J�Ð�g�í×
»¼�Ö C �,��.�Úëòj�B����g�m9�%�Ä�.c m.h ���í�B
�W�ããë(Ça��9��¹��()����{·Û�BH¡���Öíù�Úb¢

�� execveÚ·Û�/lib/exec.c �J�°�g�J_syscall3(int,execve,const char *,file,char 
**,argv,char **,envp)�

��

�

�� execve�BÖ 3iÒ�Ú�¨©	
FB�W�%�ë× 3iÒ�Jfilename5Ä
� ebxR5�Pargv5� ecxR5�Penvp5� ebxR5��í�FBH¡��\��Cs
ë× 3iR5��µÇæÒ�f�	
±²�íb¡ execve�4Ñ��ß sys_execve(»¢
systemcall.s)J

.align 2
_sys_execve:
// ë¨©	
FB�W��5Ä IPµ�'(ÇæÒ�¦§��� do_execve

lea EIP(%esp),%eax
pushl %eax

// FB�� do_execveí×iW��	
²�â;� 20i�$�5Ä�ß
// 	
FBW� IP�5Ä'(PFB_sys_execveW� IPµP���'(PÒ�
// Z'(P��Z'(

call _do_execve
addl $4,%esp
ret
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��

����

�� do_execve

>��¨©{ß��×i��ýyz�í

/*
 * 'do_execve()' executes a new program.
 */
// Ò�Jeip¤AFB	
��W5�	
²� eip�'(ÉtmpJFB do_execveW
// 5�²�� eip ×iµd?BL&filename:���Éargv:Ò�Z¤�
// envpJ��opZ¤�
int do_execve(unsigned long * eip,long tmp,char * filename,

char ** argv, char ** envp)
{

struct m_inode * inode;
struct buffer_head * bh;
struct exec ex;

// ×ß�i©W�,¿ÀZÚMAX_ARG_PAGES�g�æ 32í×iZ��B�W�
// Bý5Ä45,'(íÒ�m��op{ß5Ä�×t,�íC�Û�ß©W�Ú
// ßùæÚZ�5Ä�ß45,�¶b'(��Þ��ßÈÉ'(íù�þó²ÈÉ
// '(�¶b'(�¿ÀC�Ú×iZ{��ÃÄàí32,b¡ 32µ4k©128k&(
// �45MNÚ·Û�ß3¡53[�yj�Ò�Öí

unsigned long page[MAX_ARG_PAGES];
int i,argc,envc;
int e_uid, e_gid;
int retval;
int sh_bang = 0;

//  p�5Ä�ßÛ,Z page'(æq'(�°v'(Ú:;�W�f�æ,Z���
// Ý�Hb°v'(�3�i�$��J
pageZJ

0Ý ññ ññ MAX_ARG_PAGES-1Ý

 ^p¤A×�
unsigned long p=PAGE_SIZE*MAX_ARG_PAGES-4;

// ��FB execve	
���ß�æ	
3�BCÚ�«ß{Daí{ß�×iFB
// ×i	
����·Ûß	
^��

if ((0xffff & eip[1]) != 0x000f)
panic("execve called from supervisor mode");

// :;<©W,¿ÀZ
for (i=0 ; i<MAX_ARG_PAGES ; i++)/* clear page-table */

page[i]=0;
if (!(inode=namei(filename))) /* get executables inode */

return -ENOENT;
// _`�Ò��i�m��op�i�

argc = count(argv);
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envc = count(envp);

restart_interp:
if (!S_ISREG(inode->i_mode)) { /* must be regular file */

retval = -EACCES;
goto exec_error2;

}
i = inode->i_mode;
e_uid = (i & S_ISUID) ? inode->i_uid : current->euid;
e_gid = (i & S_ISGID) ? inode->i_gid : current->egid;
if (current->euid == inode->i_uid)

i >>= 6;
else if (current->egid == inode->i_gid)

i >>= 3;
if (!(i & 1) &&
    !((inode->i_mode & 0111) && suser())) {

retval = -ENOEXEC;
goto exec_error2;

}
// Á������ø��Ä�þ�_�

if (!(bh = bread(inode->i_dev,inode->i_zone[0]))) {
retval = -EACCES;
goto exec_error2;

}
// �°ÔÁ����ø�Â���¹$KR

ex = *((struct exec *) bh->b_data); /* read exec-header */
// b*L#�����¼L#

if ((bh->b_data[0] == '#') && (bh->b_data[1] == '!') && (!sh_bang)) {
/*
 * This section does the #! interpretation.
 * Sorta complicated, but hopefully it will work.  -TYT
 */

char buf[1023], *cp, *interp, *i_name, *i_arg;
unsigned long old_fs;

strncpy(buf, bh->b_data+2, 1022);
brelse(bh);
iput(inode);
buf[1022] = '\0';
if (cp = strchr(buf, '\n')) {

*cp = '\0';
for (cp = buf; (*cp == ' ') || (*cp == '\t'); cp++);

}
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if (!cp || *cp == '\0') {
retval = -ENOEXEC; /* No interpreter name found */
goto exec_error1;

}
interp = i_name = cp;
i_arg = 0;
for ( ; *cp && (*cp != ' ') && (*cp != '\t'); cp++) {

if (*cp == '/')
i_name = cp+1;

}
if (*cp) {

*cp++ = '\0';
i_arg = cp;

}
/*
 * OK, we've parsed out the interpreter name and
 * (optional) argument.
 */
if (sh_bang++ == 0) {

p = copy_strings(envc, envp, page, p, 0);
p = copy_strings(--argc, argv+1, page, p, 0);

}
/*
 * Splice in (1) the interpreter's name for argv[0]
 *           (2) (optional) argument to interpreter
 *           (3) filename of shell script
 *
 * This is done in reverse order, because of how the
 * user environment and arguments are stored.
 */
p = copy_strings(1, &filename, page, p, 1);
argc++;
if (i_arg) {

p = copy_strings(1, &i_arg, page, p, 2);
argc++;

}
p = copy_strings(1, &i_name, page, p, 2);
argc++;
if (!p) {

retval = -ENOMEM;
goto exec_error1;

}
/*
 * OK, now restart the process with the interpreter's inode.
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 */
old_fs = get_fs();
set_fs(get_ds());
if (!(inode=namei(interp))) { /* get executables inode */

set_fs(old_fs);
retval = -ENOENT;
goto exec_error1;

}
set_fs(old_fs);
goto restart_interp;

}
// ÃÄþ�_

brelse(bh);
// 3Ìb¨©¹KR>©L#í
// b¢3ì´µÚë�¨©��J�«¨©���ßÞÐ,·¨©��(ZMAGIC)PÈ
// Ñ��ºg»$%¾G a_trsize �ã¢ 0PÈÑ��ºg»KR¾G�ã¢ 0PÈÑ
// ��!+��!+±!¾G2ø 50MBPÈÑ i $÷Z��a¨©��¾G(¢��!
//  +��!+Y=Z¾G+¨©¹$%¾G�7mí

if (N_MAGIC(ex) != ZMAGIC || ex.a_trsize || ex.a_drsize ||
ex.a_text+ex.a_data+ex.a_bss>0x3000000 ||
inode->i_size < ex.a_text+ex.a_data+ex.a_syms+N_TXTOFF(ex)) {
retval = -ENOEXEC;
goto exec_error2;

}
if (N_TXTOFF(ex) != BLOCK_SIZE) {

printk("%s: N_TXTOFF != BLOCK_SIZE. See a.out.h.", filename);
retval = -ENOEXEC;
goto exec_error2;

}
// 4�Ò�m��op�©W,Z�

if (!sh_bang) {
p = copy_strings(envc,envp,page,p,0);
p = copy_strings(argc,argv,page,p,0);

// �« pæ 0Ú{ZAÒ�ZñòÛÖ
if (!p) {

retval = -ENOMEM;
goto exec_error2;

}
}

/* OK, This is the point of no return */
if (current->executable)

iput(current->executable);
current->executable = inode;
for (i=0 ; i<32 ; i++)
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current->sigaction[i].sa_handler = NULL;
for (i=0 ; i<NR_OPEN ; i++)

if ((current->close_on_exec>>i)&1)
sys_close(i);

current->close_on_exec = 0;
// Bëº�f� LDTÚÞ�ÃÄYý�¬?� LDTí°° fork�ý�?>�ß0
// l>�ËÌX�i45MN�

free_page_tables(get_base(current->ldt[1]),get_limit(0x0f));
free_page_tables(get_base(current->ldt[2]),get_limit(0x17));
if (last_task_used_math == current)

last_task_used_math = NULL;
current->used_math = 0;

// ������!¾GmÒ��´µº�f� LDT
p += change_ldt(ex.a_text,page)-MAX_ARG_PAGES*PAGE_SIZE;

// æÒ�¬ÈÒ�Z
p = (unsigned long) create_tables((char *)p,argc,envc);

// ���KRº�f�>���KR¯���!8�©¢��������!¾G
// a_textÚ��!8�©�����!¾G´����!¾GÉ±8�©�����!
// ¾G´����!¾G´���]:;<��!¾G

current->brk = ex.a_bss +
(current->end_data = ex.a_data +
(current->end_code = ex.a_text));

// f�>�·�B�±²'(
current->start_stack = p & 0xfffff000;
current->euid = e_uid;
current->egid = e_gid;

// � bss�ñM��,&(�MN
i = ex.a_text+ex.a_data;
while (i&0xfff)

put_fs_byte(0,(char *) (i++));
// f�a	
FB³´�� EIPµæ����®'(

eip[0] = ex.a_entry; /* eip, magic happens :-) */
// f�a	
FB³´��BCMN�²'(

eip[3] = p; /* stack pointer */
return 0;

exec_error2:
iput(inode);

exec_error1:
// ÃÄ©W,¿ÀZb¡�,Ì

for (i=0 ; i<MAX_ARG_PAGES ; i++)
free_page(page[i]);

return(retval);
}
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��

����

�� copy_strings

×i���ÇBßë��opZmÒ�opZ��As4��©W,Z�Ú°�yz¢

£�òí�Ò�ZmÒ�5Ä�MN�X·Û%æ 3�´µJ
0JÒ� argv*�BCMNPÒ�Z argv**�BCMNÉ
1JÒ� argv*�	
MNPÒ�Z argv**�BCMNÉ
2JÒ� argv*�	
MNPÒ�Z argv**�	
MNÉ
b¢�X�MN�Þ��÷ööß�X�Ú×�ß�ø�B fs R5�ýyz÷ö�o

u�íb¢��Ò�×ß���í

/*
 * 'copy_string()' copies argument/envelope strings from user
 * memory to free pages in kernel mem. These are in a format ready
 * to be put directly into the top of new user memory.
 *
 * Modified by TYT, 11/24/91 to add the from_kmem argument, which specifies
 * whether the string and the string array are from user or kernel segments:
 * 
 * from_kmem     argv *        argv **
 *    0          user space    user space
 *    1          kernel space  user space
 *    2          kernel space  kernel space
 * 
 * We do this by playing games with the fs segment register.  Since it
 * it is expensive to load a segment register, we try to avoid calling
 * set_fs() unless we absolutely have to.
 */
static unsigned long copy_strings(int argc,char ** argv,unsigned long *page,

unsigned long p, int from_kmem)
{

char *tmp, *pag;
int len, offset = 0;
unsigned long old_fs, new_fs;

// ��ß�?5Ä�MN
if (!p)

return 0; /* bullet-proofing */
// º¢�FB system_call(»¢/kernel/system_call.s)�W�ñò� dsR5��5ÄÖ?
// 	
÷ö��BnXE�YZrs?Ú� fsR5��5ÄÖBC3�X$E�YZ
// rs?í���CsÞ���×tµí

new_fs = get_ds();
old_fs = get_fs();
if (from_kmem==2)

set_fs(new_fs);
// ëÒ���AsëÒ�4��,Z��$
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while (argc-- > 0) {
if (from_kmem == 1)

set_fs(new_fs);
// Û fsæ!'(�Ò�Z�Á�Ò�Úº¢ß�Yóù��BÖ�Y¤�

if (!(tmp = (char *)get_fs_long(((unsigned long *)argv)+argc)))
panic("argc is wrong");

if (from_kmem == 1)
set_fs(old_fs);

len=0; /* remember zero-padding */
// 
_Ò��¾GÚ×�¨©ó� lenßÒ��¾G´1Útmp¤AÒ��$�3�i
// �$í

do {
len++;

} while (get_fs_byte(tmp++));
if (p-len < 0) { /* this shouldn't happen - 128kB */

set_fs(old_fs);
return 0;

}
// �,�$As4�Ò�

while (len) {
// ×�/¨©C� p¤ABëâ;4��'(Útmp¤AÒ���$ÚlenæÒ�¾G

--p; --tmp; --len;
// ���W p�45á�,��°v'(

if (--offset < 0) {
offset = p % PAGE_SIZE;
if (from_kmem==2)

set_fs(old_fs);
// �«ÎÏ�B�,Vd?%®5Ú{%®�,45MN

if (!(pag = (char *) page[p/PAGE_SIZE]) &&
    !(pag = (char *) page[p/PAGE_SIZE] =
      (unsigned long *) get_free_page())) 

return 0;
if (from_kmem==2)

set_fs(new_fs);

}
*(pag + offset) = get_fs_byte(tmp);

}
}
if (from_kmem==2)

set_fs(old_fs);
// ³´4�óÒ�C��©W,Z�°vµ

return p;
}



Linux0.11 ���	 Version 1.0

 135 � � 160 �

%f���Ò�Zæ dirPpan.cÉ��ZæJ/usr/rootí0Ø¨©ó�Ú,Z��´µ�
�J

� ��.1 �����	
��

��

����

�� create_tables

s�i��ããßëÒ�Ä��¤g�45MN�ÚæÖI¡b×tÒ�>©ß|{Þ

�æÐK¬È�iZí�ø×iZý��×tÒ�Ú×iÐÇ{ß?�� create_tablesýy
z�í

/*
 * create_tables() parses the env- and arg-strings in new user
 * memory and creates the pointer tables from them, and puts their
 * addresses on the "stack", returning the new stack pointer value.
 */
static unsigned long * create_tables(char * p,int argc,int envc)
{

unsigned long *argv,*envp;
unsigned long * sp;

// ëþs�°vµÇæ²�Ú�Éf²ÆÇ¬È��í
sp = (unsigned long *) (0xfffffffc & (unsigned long) p);

// æ¤A8iÒ��¤�%®MNÚ�%®�W��,¢WNÒ�,%�iB¢Çæ
// NÉ

sp -= envc+1;
envp = sp;
sp -= argc+1;
argv = sp;
put_fs_long((unsigned long)envp,--sp);
put_fs_long((unsigned long)argv,--sp);
put_fs_long((unsigned long)argc,--sp);

// ëÒ��P'(5�°°%®�MN�
while (argc-->0) {

put_fs_long((unsigned long) p,argv++);
while (get_fs_byte(p++)) /* nothing */ ;

}
put_fs_long(0,argv);
while (envc-->0) {

put_fs_long((unsigned long) p,envp++);
while (get_fs_byte(p++)) /* nothing */ ;

}
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put_fs_long(0,envp);
return sp;

}
b¢°Ô�Ò�¬ÈóZC��%$��J

� ��.2 ���	
��

��

����

�� change_ldt

���������!¾G a_textmÒ�Z¬È��X$E�YZí
static unsigned long change_ldt(unsigned long text_size,unsigned long * page)
{

unsigned long code_limit,data_limit,code_base,data_base;
int i;

// �����!¾GÐ���!¬B�¾GÚ×ßÛ 4kæ���í
code_limit = text_size+PAGE_SIZE -1;
code_limit &= 0xFFFFF000;

// sÌñò�øÖÚb¢à�i>�ý�°?�iÈÉ� 64M�MNÚù���
// !�¾Gß 64M

data_limit = 0x4000000;
// f���!�q'({ßþs>� ?>�&�q'(Ú

code_base = get_base(current->ldt[1]);
data_base = code_base;

// º�f�X$E�YZ
set_base(current->ldt[1],code_base);
set_limit(current->ldt[1],code_limit);
set_base(current->ldt[2],data_base);
set_limit(current->ldt[2],data_limit);

/* make sure fs points to the NEW data segment */
__asm__("pushl $0x17\n\tpop %%fs"::);

// ëÒ�Ä�×iÈÉMN��$Ú¯y{ßëÈÉMN¿À�ÖÒ�Z,
data_base += data_limit;
for (i=MAX_ARG_PAGES-1 ; i>=0 ; i--) {

data_base -= PAGE_SIZE;
if (page[i])

put_page(page[i],data_base);
}
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// ëÈÉMN��$µÇæ³´µ
return data_limit;

}
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����

��������

�����

��

����	

���	���	

���	

½¾�i>�Þ�Wi�!Ú×ßùæ>��8Ê�W�Þ�A°�l>�³´�tK

RíæÖI¡:l>���×tKRÚ?>�����W��þÃÄ�CB�ÉnÚ���

dl>�ýó²õJ�ÐÇí×tÐÇ%�º	
FB sys_exitm sys_waitpidó²í
>�-Ö�xyj��õÚV·Iß�¯°>� ©�¾í×iÆÇº	
FB sys_kill

ó²Ú�ß°�Ë�yzVßwBÖ sys_exit�a�í

����

��������

���� sys_exit

°Þ��i³´�l>��µ�Ò�Úl>�ãã<�Ò��4��i�$íË��Æ

Çº�� do_exitó²í
<kernel/exit.c>

int sys_exit(int error_code)
{
// ÁÂÒ��4��i�$

return do_exit((error_code&0xff)<<8);
}

do_exit

�� do_exit¯yß�i�·I³´���Ú°�FB>�FG��ÚQ��×Cs�
ë�S�]^f�æ TASK_ZOMBIEÚo²×i]^�>�{°�����FBÖí×i
������HI{ßÃÄ>��¬B�Én()Ö45�Ú���ããí

<kernel/exit.c>
int do_exit(long code)
{

int i;
// ÃÄ>��¬B�45MNÚ×�d?() PCB¬B� 1,MNÚ× 1,MNº
// l>�ùúÃÄí

free_page_tables(get_base(current->ldt[1]),get_limit(0x0f));
free_page_tables(get_base(current->ldt[2]),get_limit(0x17));

// þ�i>�x�ÖÚ°�?>�{²ÖôUÚæÖI¡çè"#°KÚ{:°K�
// ��õ 1=>�²æ°K�l>�íSõÚ�«hz×t?>��?]^ß
// TASK_ZOMBIE�Ú{��×i?>�ñòÃÄÖ�S¬B�ÉnÚÞ�ºl>�ý
// ó²õJ�ÆÇíº¢°�l>�ñòx�ÖÚù�{A°��l>���1=>�
// h�K= SIGCHILDý�Cíº 1=>�ó²õJ�ÐÇí

for (i=0 ; i<NR_TASKS ; i++)
if (task[i] && task[i]->father == current->pid) {

task[i]->father = 1;
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if (task[i]->state == TASK_ZOMBIE)
/* assumption task[1] is always init */
(void) send_sig(SIGCHLD, task[1], 1);

}
// ÃÄ>��¬?�0��?I�KR

for (i=0 ; i<NR_OPEN ; i++)
if (current->filp[i])

sys_close(i);
iput(current->pwd);
current->pwd=NULL;
iput(current->root);
current->root=NULL;
iput(current->executable);
current->executable=NULL;

// �«¬BÖ½ïÚ×�ö�ÃÄ
if (current->leader && current->tty >= 0)

tty_table[current->tty].pgrp = 0;
if (last_task_used_math == current)

last_task_used_math = NULL;
// �«>�ß�¤�¹>�Ú×�{�ÃÄÛR�¯°Û°æP��¤

if (current->leader)
kill_session();

// ×�>�]^æ TASK_ZOMBIEÚZAÉnñòÃÄÚã@l>�ó²õJ�[\
current->state = TASK_ZOMBIE;

// �5>���l>��³´µ
current->exit_code = code;

// �dl>��ó²¯°�ÐÇ
tell_father(current->father);

// º�â;>�FGÚÛ�l>�¬? CPU
schedule();

// #�!ß�·I¨©�×��Ú-+? bug
return (-1); /* just to suppress warnings */

}

����

��������

����

kill_session

B¢R�Ûþs>�æb¤¹$�>�í

<kernel/exit.c>
static void kill_session(void)
{

struct task_struct **p = NR_TASKS + task;
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// Ô��?Ûþs>�æb¤¹�>�ÚA°Kh�R�K= SIGHUPí
// L#×iK=��\��º	
�\��¨5

while (--p > &FIRST_TASK) {
if (*p && (*p)->session == current->session)

(*p)->signal |= 1<<(SIGHUP-1);
}

}

tell_father

×i���ÐÇããßAl>�h��iK=Úp��°ýL#�¾>��õJÆÇí

<kernel/exit.c>
static void tell_father(int pid)
{

int i;

if (pid)
// � task�Ô�l>�Ú��ë!ÐK=Ä�°�K=!ÐR5��í

for (i=0;i<NR_TASKS;i++) {
if (!task[i])

continue;
if (task[i]->pid != pid)

continue;
task[i]->signal |= (1<<(SIGCHLD-1));
return;

}
/* if we don't find any fathers, we just release ourselves */
/* This is not really OK. Must change it to make father 1 */

printk("BAD BAD - no father found\n\r");
release(current);

}

����

��������

���� sys_waitpid

<kernel/exit.c>
int sys_waitpid(pid_t pid,unsigned long * stat_addr, int options)
{

int flag, code;
struct task_struct ** p;

verify_area(stat_addr,4);
repeat:
// �« flagæ 1{ZA<��ÖK=ÚÞ�L#
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flag=0;
// � task�6ÔÞ�L#>�

for(p = &LAST_TASK ; p > &FIRST_TASK ; --p) {
// LMb�S�L#

if (!*p || *p == current)
continue;

// �«�ß�x�?>�{LMÚÕ¹×i��ãã�L#�S�?>�
if ((*p)->father != current->pid)

continue;
// Û3ß� pid�´µý�gL#1Ø��?>�í°d?¦A����« pid=-1 
// ���L#íy³!>V%"�ýÚ�« pid=-1í{��>�Z�rs�l>�b¡
// ��??>�í

// �« pid>0ZAy�ã@L#>�=æ pid�?>�Ú�ß×i=�?>��LM
if (pid>0) {

if ((*p)->pid != pid)
continue;

// �« pid=0ZA�L#0l>�L¢X�i>���?>�
} else if (!pid) {

if ((*p)->pgrp != current->pgrp)
continue;

// �« pid<-1ZA�L#¿¢á�·g>���?>�Ú×i?>���=ß pid�¶
// bµí

} else if (pid != -1) {
if ((*p)->pgrp != -pid)

continue;
}

// ��rs�ý�×i?>��]^Ú�·Iß TASK_STOPPEDÈ TASK_ZOMBIE
// ×Wi]^í

switch ((*p)->state) {
case TASK_STOPPED:

// b¢ TASK_STOPPED]^�?>�Ú�« optionsßWUNTRACED{LMà
if (!(options & WUNTRACED))

continue;
// �«d?LM TASK_STOPPED]^�?>�Ú{ë 0x7fÄ�Bë³´�FB��
// �op stat_addrí

put_fs_long(0x7f,stat_addr);
// ³´EF�ÐL#ø�?>�Úl>��wB�×iµ�í

return (*p)->pid;
case TASK_ZOMBIE:

// _`?>��¬B�8kWNµÚBC��·IÞ�°
current->cutime += (*p)->utime;
current->cstime += (*p)->stime;

// �5EF�ÐL#ø�?>�=
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flag = (*p)->pid;
// �5?>��³´µ

code = (*p)->exit_code;
// ÃÄ?>�� PCBZ¬B�× 1,MNÚ×i����BÖ>�FGíößæÖ
// �¯°�>�÷UÐÇ�a�Ú%�¯°�>�<��K=Ö5,Sys_waitpidæ�B
// Ö×iÙ CPUÖíº¢d?Ùoþs>��]^Úù��{°V�´ý�í

release(*p);
// �5��>��³´µÚ�FB�>�

put_fs_long(code,stat_addr);
return flag;

default:
// f� flagæ 1ÚZAÔ�ø�Ð�>�Ú�ßd?L#í

flag=1;
continue;

}
}

// �« flagæ 0ZAþs>�Vd?[�?>�Ú×ß�yj�í
if (flag) {

// �« optionæWNOHONGZAd?hz?>���{³´Ú�j×û³´·I4²
// 89�íÛ���RNí

if (options & WNOHANG)
return 0;

// f�þs>�æ·��}~]^Ú×�¯°�K=ö·Ië¯��
current->state=TASK_INTERRUPTIBLE;
schedule();

// þ{�C�Úhz��°�K=ããß SIGCHLD{��¹â;¨©
if (!(current->signal &= ~(1<<(SIGCHLD-1))))

goto repeat;
// �«hzV?¯°�K=Ú{³´���

else
return -EINTR;

}
// d?Ô�?>�³´���

return -ECHILD;
}

����

��������

���� sys_kill

	
FB sys_kill/Ä!ë`ÇßK=�¦§í°·Û�Ò��´µA8k>�h�
[�K=í�«b¢- SIGCHLDÛõ�[�K=Ú���ÆÇOß��Úù�·ÛN�x
ö>��ÇBí

<kernel/exit.c>
/*
 * XXX need to check permissions needed to send signals to process
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 * groups, etc. etc.  kill() permissions semantics are tricky!
 */
// �« pid µ>0Ú�K=�h�� pidí
// �« pid=0Ú0ØK={��h��þs>��>�����?>�í
// �« pid=-1Ú�K= sig {�h��-��i>�õ��?>�í
// �« pid < -1Ú�K= sig ëh��>��-pid ��?>�í
// �«K= sig æ 0Ú��h�K=Ú�¢�>©��]ßí�«²H�³´ 0í

int sys_kill(int pid,int sig)
{

struct task_struct **p = NR_TASKS + task;
int err, retval = 0;

if (!pid) while (--p > &FIRST_TASK) {
if (*p && (*p)->pgrp == current->pid) 

if (err=send_sig(sig,*p,1))
retval = err;

} else if (pid>0) while (--p > &FIRST_TASK) {
if (*p && (*p)->pid == pid) 

if (err=send_sig(sig,*p,0))
retval = err;

} else if (pid == -1) while (--p > &FIRST_TASK)
if (err = send_sig(sig,*p,0))

retval = err;
else while (--p > &FIRST_TASK)

if (*p && (*p)->pgrp == -pid)
if (err = send_sig(sig,*p,0))

retval = err;
return retval;

}
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Linuxb45�"#ßq¢������,�"#�íI¢,�"#ñò��$%e
DÖÚ·Û�045����:;<ß���W�ó²�í���W�ó²Ö�y��

������@uí

æÖI¡?·�"#45��8i,ÚLinuxf�Ö�i��Î�45,¿ÀZíZ�
�à�Ý�ZÖÚ45�-	
MNCõ�à,45í���à�Ý�µZAH¡�,��

Bí�íþæ 0�W�ÚZAH¡�,ßMý�í
º¢�BÖÈÉ'(Úù� Linux¨5Ö�ÈÉ'(�y³'(�o<�ÆÇí�«¬

>��W�Ú?>�Þ�0l>�ËÌX�i45MNí×iÆÇ{ßwBoua�Úë�

X�ÈÉ'(¿À�X�ø45_ô�í

Linux�BÖÕ4��}åý�B45Ú¨�Ö45�wB¸íù�Ú45��jL#
�45"#�ö¬?�º��'»í>��¨©{ß��°ýyz�í

����

��������

����

� Linux0.11�ãã�B 16M45Ú�Û�«452ø 16M�¤{EF 16M_`íº
¢ÅsÔ��i45(¢ 16M �_`a�j÷Ú�ÛÛ��%"�{þÇ45O�2ø

16Mý%"Öí
Linux0.11b× 16M�45G%�3ZJ

4Ñ�� �2þ5 ÈÉ6 �45

X�æÖ$÷h×øÚÞ{�ÓaÈÉ6ÖÚbyöd?1ØB☺í

4Ñ��¬B 1M �'(MNÚ�2þ5¬B³�� 3M �'(MNÚJ3� 12M '
(MN{��45Öíù�MN%®Z�3J

N;'(

0X000000 0X100000 0X400000
%®´µ 4Ñ�� �2þ5 �45

b¢45�:;<� main()��(/init/main.c)�{â;ÖÚâ;Wf�45��'(í
memory_end = (1<<20) + (EXT_MEM_K<<10);
EXT_MEM_K�g�æ(*(unsigned short *)0x90002)íBÂ 0x90002L�Wi�$��

�(Õ¹J� VC�� shortklß 4i�$)í� setup.s�ñòë� BIOS����KR5
Ä�� 0x90000â;�45�ÖÚ̄ � 0x90002�5Ä�ß	
� 1Mâ;�éê45��
µÚÛ Kæ9»íù�×iW����45&(ßy³�&(Ú��U{�ó°o(Öí

memory_end &= 0xfffff000;
LM¯��3 4k�$�45�×�è¢_`,�

if (memory_end > 16*1024*1024)
memory_end = 16*1024*1024;

if (memory_end > 12*1024*1024) 
buffer_memory_end = 4*1024*1024;

else if (memory_end > 6*1024*1024)
buffer_memory_end = 2*1024*1024;

else
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buffer_memory_end = 1*1024*1024;
main_memory_start = buffer_memory_end;

#ifdef RAMDISK
main_memory_start += rd_init(main_memory_start, RAMDISK*1024);

#endif
×iW�{��Ö�2þ5m�45�N;'(ÚXWë45ö�� 16MÛ4í

mem_init(main_memory_start,memory_end);
×i���yzÄ�Ö/mm/memory.c �Ú×ß45:;<���í°�ÇBßë

main_memory_startm meory_endCN�45%,ÚÄ�45¿ÀZ mem_map[]�í���
3J

/*
 *  linux/mm/memory.c
 *
 *  (C) 1991  Linus Torvalds
 */
void mem_init(long start_mem, long end_mem)
{

int i;

HIGH_MEMORY = end_mem;
// ��g�#define PAGING_MEMORY (15*1024*1024)m
// #define PAGING_PAGES (PAGING_MEMORY>>12)·ÛJ�ý PAGING_PAGES
// ß 15M45�,�íUSEDß 100ÚBý¼fa,ñò�¬Bí×!���Ç
// Bßëþë�?,¼fæ¬Bí

for (i=0 ; i<PAGING_PAGES ; i++)
mem_map[i] = USED;

// MAP_NR(addr)g�æ (((addr)-LOW_MEM)>>12)Bý_` addr�N;,=ÚB
// �×�ßæÖ���5�N;,=í

i = MAP_NR(start_mem);
end_mem -= start_mem;
end_mem >>= 12; // _`�5�,�
while (end_mem-->0)

mem_map[i++]=0; // ë�5×!�,Ì¿ÀZñò
}

�����

����������

�����

º¢	
MN 1M&ß�¬�B�Úù�45,¿ÀZããb¡ú-	
MNÛõ
�45,í45,¿ÀZ����{%®Ö045,��pH¡�MNÚù�Z045,C

Nß�i)®�ouí �ßJ,Ê#'(©	
MN&(´Iµ,&(í¯�ÚIßZ�H
¡���=í



Linux0.11 ���	 Version 1.0

 146 � � 160 �

	
����

	
����	
����

	
����

º¢�i45,ß�·Û�Bónº45,¿ÀZ mem_map[]ý�gÚù�b,�Æ
Ç¯y{ßb45,¿ÀZ�ÆÇí

��

����

�� get_free_page

/*
 * Get physical address of first (actually last :-) free page, and mark it
 * used. If no free pages left, return 0.
 */
// ×i������,45â;AsÜ�ÚÄ�Ô��,Åsd?�Bø�45
// ëa45,�P'(³´
// Ò�J%1(ax=0); %2(LOW_MEM +	
MN�P'(; %3(cx=45,�); 
// %4(di=&mem_map[PAGING_PAGES-1])
// ³´µ: �«d?Mý�45,{³´ 0,��³´H¡,�P'(
unsigned long get_free_page(void)
{
register unsigned long __res asm("ax");
// ����Ýâ;AsÜ��� mem_map,ßÔÅsd?�B�Ý(µæ 0)
// º¢×i�����Mý,�'(�}åß� mem_map���Ô�]¼f�Ý
// ¼=Ú��_`�ýÈÉ'(í×iÈÉ'(�gß�Bb¡�ßÅ¼Z��s
// 4iÅ¼Ý�Úæº¢× 4iÅ¼Ý¼¯b¡�,Zß°������Ùo� ùæ
// »¢4ÑMN&Úù�×iÈÉ'(ß°�045Ê#'(��b¡�í{ß�Ú
// ·Ûëº get_free_page��³´�'(þ�45�v�Ê#'(ý�Bí
__asm__("std ; repne ; scasb\n\t"
// �«d?Ô��¤{³´,×iW� eaxæ 0

"jne 1f\n\t"
// Ô��¤{fæ 1ZA¬BÖ,º¢Cs edi�µ�M� 1Ö,ù�×��#´�
"movb $1,1(%%edi)\n\t"
// º¢à,¬B 4µ1024�$�45ù�b¡a,�45æaÝ=&v 12»�µ
// �#!BCMN�P'(
"sall $12,%%ecx\n\t"
"addl %2,%%ecx\n\t"
// ñMa45,
"movl %%ecx,%%edx\n\t"
"movl $1024,%%ecx\n\t"
"leal 4092(%%edx),%%edi\n\t"
"rep ; stosl\n\t"
"movl %%edx,%%eax\n"
"1:"
:"=a" (__res)
:"0" (0),"i" (LOW_MEM),"c" (PAGING_PAGES),
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"D" (mem_map+PAGING_PAGES-1)
:"di","cx","dx");

return __res;
}

��

����

�� free_page

/*
 * Free a page of memory at physical address 'addr'. Used by
 * 'free_page_tables()'
 */
// B¢ÃÄñò+®ø�45,Ú�«¶�ÃÄÅs�]%®�45,��
// Daí°�yz��9Ú{ß�45,¿ÀZ�ëH¡,��Bµ� 1
void free_page(unsigned long addr)
{

// 1M�3�	
MN�IÆÇ
if (addr < LOW_MEM) return;
// 2øÖ45�ùúÚ�N��
if (addr >= HIGH_MEMORY)

panic("trying to free nonexistent page");
// ��a45'(b¡�45,
addr -= LOW_MEM;
addr >>= 12;
// �Ý�ía,��B�
if (mem_map[addr]--) return;
mem_map[addr]=0;
panic("trying to free free page");

}

����
��

����
������
��

����
��

bÅ¼Z�ÆÇ0b>��ÆÇ�~Ú()Ö±²��Å¼Ý �×ñ?�Å¼Ý&Ú

ÃÄÅ¼ÝíbÅ¼Z�×tÆÇãã�>��«¬m�¾��BÖí°K�yz¢£û�Ú

Þ�33%"ÚXW×�Ì»¼�Ö�,0����3,�"#��yz�×$Ú�«b�

�ü!4*C��Jí

��

����

�� copy_page_tables

y�Linus�×i��s�ÕÃ���Ú°�zßÞÅs�`���æ¹Ú��i��í
Linus �ÕÃ�ÕiJ©but the memory management can be a bitch. See 'mm/mm.c': 
'copy_page_tables()'ªº¢Þ�ýþ!¬Þë bitch ��²©�?ªíÅsb¢°��t�
åÞVßä��íDpÚ�? fork×i��FBÖ°íÞþëÞ�#D�$%Õ�ýí
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Linux0.11��,¬ 64i>�Ú�ài>��ÈÉMNß 64Míù�Ú8i>��M
NNÉß 0x4000000 �$ 64M&í×�Ð�>�MN�P'({·Û�B nrµ0x4000000
ý��í nrßa>��>�Z�b¡�»�=&Þ�æ×Ø�ß�2#�Ú ·Û_`�
3 64µ64M©4GíIntel¬�B�ÈÉMN&(í
×i���yzFä¯y��9�Ú0{ßþëN;'(b¡�Å¼ÝmÅ¼'(�Å

¼ÝÔ�Ú��Ð�½vM�Å¼Ý�pí�����ëN;Å¼Ýb¡�,4��Å¼Å

¼Ýb¡�,Lí

int copy_page_tables(unsigned long from,unsigned long to,long size)
{

unsigned long * from_page_table; // ¤AN;,ZÝ�¤�
unsigned long * to_page_table; // ¤AÅ¼,ZÝ�¤�
unsigned long this_page;
unsigned long * from_dir, * to_dir; // ¤AN;Å¼ZÝmÅ¼Å¼ZÝ�¤�
unsigned long nr;

// >�MN�'(ÛÜßÛ 4Mæ��
if ((from&0x3fffff) || (to&0x3fffff))

panic("copy_page_tables called with wrong alignment");
// �)®'(���H¡�Å¼ZÝ�'(í
// º¢Å¼ZÝ���=»¢)®'(�s 10»Ú�Û��=ß addr>>22í
// æº¢�Ýß 4i�$�Ûb¡�Ê#'(¡aß(addr>>22)µ4©(addr>>20)
// 0! 0xffcßæÖ�V×i'(ß 4���
from_dir = (unsigned long *) ((from>>20) & 0xffc); /* _pg_dir = 0 */
to_dir = (unsigned long *) ((to>>20) & 0xffc);
// _`�vM�45�b¡¬B�Å¼Ý�pÚ#! 0x3fffffßæÖ>»
size = ((unsigned) (size+0x3fffff)) >> 22;
// â;9��4�Úº¢���W�ñòë!�öf�æ 16MÚù�×�
// size©16í�:;<�W�Ú	
ããg�Ö 4iÅ¼ÝÚ�«4�Ö 16Ý�
// {��Ö�6¯yb¢d?:;<ø�Å¼Ýß��4��í
for( ; size-->0 ; from_dir++,to_dir++) {
// yj´µ38i>�?¯s?�Å¼ÝÚù��«h±A�iñò5��
// Å¼Ý4��W�{���

if (1 & *to_dir)
panic("copy_page_tables: already exist");

// b¢d?:;<ø�Å¼Ý�¨©4�ÆÇ
if (!(1 & *from_dir))

continue;
// �Å¼Ý�� 20»�5Ä�ßÅ¼Ýb¡�,Z�P'(

from_page_table = (unsigned long *) (0xfffff000 & *from_dir);
// Á��iÅsd?�Bø�,�P'(Ú×i,'({ßÅ¼Å¼Ý�¤A�
// ,Z�P'(í4��ÆÇ{ß�°â;�í,Z�&(ß 4kyp�,&(

if (!(to_page_table = (unsigned long *) get_free_page()))
return -1; /* Out of memory, see freeing */
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// f�Å¼Å¼Ý�¯¤A�%®�,ZÚXWf�°�¿®æBC^Ú·=P
// ÕP¨©Ú¼fæñò¬Bí

*to_dir = ((unsigned long) to_page_table) | 7;
// ��ß��4�4Ñ�MNÚb¢4ÑMNãã4� 160, 640k&

nr = (from==0)?0xA0:1024;
// �N;,â;AÅ¼,>©4�Ú�j�Ë�4� 1024i,�Å¼_
// �«N;,d?�B{�4�Ú�«N;,L�BCMN�ÚV��H¡�
// 45,¿ÀZ�ëH¡,��Bí�# 1íº¢h±Ö,�ËÌÚù�×iW�
// �¬¨©ÕÆÇí

for ( ; nr-- > 0 ; from_page_table++,to_page_table++) {
// Â�n,Ý�µ

this_page = *from_page_table;
// f�×i,Õ��Ú�«Aa,�MN¨©ÕÆÇ{��h�j

if (!(1 & this_page))
continue;

this_page &= ~2;
*to_page_table = this_page;

// �«hz�4��,��	
MN(1M)�ÚV�u#a,��Bí�í
// �«�ÃÄ�¤Ú×{�Ö��B fork�W�·BMN�%A

if (this_page > LOW_MEM) {
*from_page_table = this_page;
this_page -= LOW_MEM;
this_page >>= 12;
mem_map[this_page]++;

}
}

}
invalidate();
return 0;

}

��

����

�� free_page_tables

?4���{?ÃÄÖÚÃÄ�yzHb¢4�ý��9,Öí

/*
 * This function frees a continuos block of page tables, as needed
 * by 'exit()'. As does copy_page_tables(), this handles only 4Mb blocks.
 */
int free_page_tables(unsigned long from,unsigned long size)
{

unsigned long *pg_table;
unsigned long * dir, nr;

// Vß��ß�ßÛ 4M��
if (from & 0x3fffff)
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panic("free_page_tables called with wrong alignment");
// º¢4ÑMNb¡�'(ß 0x0000Úù��«hz fromæ 0{ß�ÃÄ4ÑMN
// ¦�×ß�·Û�í

if (!from)
panic("Trying to free up swapper memory space");

// ��!�öb¡�Å¼Ý�Ú¡aß 4iímÅ¼Ý�P'(
size = (size + 0x3fffff) >> 22;
dir = (unsigned long *) ((from>>20) & 0xffc); /* _pg_dir = 0 */
for ( ; size-->0 ; dir++) {

// �«hzaÅ¼Ýd?�BÚ{�ø�
if (!(1 & *dir))

continue;
// �Å¼Ý���H¡�,Z'(

pg_table = (unsigned long *) (0xfffff000 & *dir);
// ëaÅ¼Ýb¡� 1024i,ÃÄ

for (nr=0 ; nr<1024 ; nr++) {
// ��a,ß���BøÚ�«�Bø{�ÃÄa, ¯y{ß�Ýa,b¡��B
// í�&

if (1 & *pg_table)
free_page(0xfffff000 & *pg_table);

// ëa,ñMZ�ñòÃÄ
*pg_table = 0;
pg_table++;

}
// ÃÄaÅ¼Ý��5�Â��0�,í

free_page(0xfffff000 & *dir);
// ëaÅ¼ÝñMZ�aÅ¼Ýd?�B

*dir = 0;
}
invalidate();
return 0;

}

���������
����

���������
�������������
����

���������
����

º¢� Linux��B�'(OßÈÉ'(ÚæÖI¡���iÈÉ'(I¡0Ê#'(
�²H¡�¿ÀÚLinux�BÖWi��íPut_pagem get_empty_page

��

����

�� put_page

×i��ßB¢ë�iÊ#�45,Ä�¤g�ÈÉ'(�Ú̄ yÎz��¡aßë�

iÊ#�45,0�iÈÉ'(¬È¿ÀI	í×i¿À�¬ÈW��9�ÚùæºÈÉ'

(�y³'(�ouß�øÅ¼Zm,Zyz�Úù�ãã�øf�Å¼ZmÅ¼Ý{·Û
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yzÖÚÞ>©�,�4�í

/*
 * This function puts a page in memory at the wanted address.
 * It returns the physical address of the page gotten, 0 if
 * out of memory (either when trying to access page-table or
 * page.)
 */
// pageßY,�Ê#'(Úaddressß½5Äa,�ÈÉ'(
// ��ë pageµ³´
unsigned long put_page(unsigned long page,unsigned long address)
{

unsigned long tmp, *page_table;

/* NOTE !!! This uses the fact that _pg_dir=0 */
// �«hz×i45,'(»¢4ÑMNÈÑñò2øÖ�&¬45MN{��
// �¨A

if (page < LOW_MEM || page >= HIGH_MEMORY)
printk("Trying to put page %p at %p\n",page,address);

// �«hz×iÊ#,�45,¿ÀZ�d?¼�Úe×iÊ#,Vd?�%®Èú
// ñò�ÃÄàÖÚ{���¨AKRíùæd?%®�45,ß��Þßà�í

if (mem_map[(page-LOW_MEM)>>12] != 1)
printk("mem_map disagrees with %p at %p\n",page,address);

// Â�ßÔÈÉ45W���B�Å¼Ý'(
page_table = (unsigned long *) ((address>>20) & 0xffc);

// ���3×iÅ¼Ýß�ñò�BøÖÚBß�ñò¤AÖ�i?·�,ZP'(
if ((*page_table)&1)

// �«hz×iÅ¼Ýñò?Ö�x�,ZÚ: page_table¤AÅ¼Ýb¡�,Z�
// P'(

page_table = (unsigned long *) (0xfffff000 & *page_table);
else {

// �«hz×iÅ¼ÝVd?�BÚ{]×iÅ¼Ý%®,45MNÚ�B×i 4k
// �45MNÇæ×iÅ¼Ýb¡�,Zí��: page_table¤A×i,Z�P'(

if (!(tmp=get_free_page()))
return 0;

*page_table = tmp|7;
page_table = (unsigned long *) tmp;

}
// ×iW� page_tableñò¤AÖÈÉ'(b¡�,ZP'(Ú��:ÈÉ'(b¡�
// ,Ý¤AH¡,�Ê#'(

page_table[(address>>12) & 0x3ff] = page | 7;
/* no need for invalidate */
// ³´,�Ê#'(

return page;
}
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��

����

�� get_empty_page

B¢ÁÂÛÈÉ'( addressæP��,45í
void get_empty_page(unsigned long address)
{

unsigned long tmp;

if (!(tmp=get_free_page()) || !put_page(tmp,address)) {
free_page(tmp); /* 0 is ok - ignored */
oom();

}
}

� !�

� !�� !�

� !�

�45"#��jL#ß�º��$%Ú°ßyzÕW4�yz�qrí�>�«¬�

W��ëËÌ�MNf�æÕ��Ú×���zÕÆÇ�W�{��h�jí×iW�ÆÇ

	
Ô�æ¯%®MNíSõÚ���¨©�W�Úº¢��B�ÈÉ45Vd?fgpÚ

ù�ö��h�jí×iW�ÚÆÇ	
Þ�>©���#píù�Ú��jL#�W�Þ

�%Wû´µí

��������� 

��������� ��������� 

��������� 

�>��!Þ����h�j�NùÚ>\�gL#�!ºÂ�i��ýó²í×$%

�4>0��	
������Ú·ÛÒÓ0��í

<mm/page.s>
_page_fault:
// ë���Ä� eax�

xchgl %eax,(%esp)
pushl %ecx
pushl %edx
push %ds
push %es
push %fs
movl $0x10,%edx
mov %dx,%ds
mov %dx,%es
mov %dx,%fs

// ë�N���ÈÉ'(Ä� edx�
movl %cr2,%edx

// ÇæÒ�f²
pushl %edx
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pushl %eax
// �«���ß 1ÚZAßº¢�,�h��j
// �«�ß 1ÚZAßº¢Õ���h��j

testl $1,%eax
jne 1f
call _do_no_page
jmp 2f

1: call _do_wp_page
// VY��op
2: addl $8,%esp

pop %fs
pop %es
pop %ds
popl %edx
popl %ecx
popl %eax
iret

!"� 

!"� !"� 

!"� 

��

����

�� do_no_page

�jß�Þ�#p���45�W�Ô�h×iÆÇ�í

void do_no_page(unsigned long error_code,unsigned long address)
{

int nr[4];
unsigned long tmp;
unsigned long page;
int block,i;

// ÁÂÈÉ'(��,Ì�P'(
address &= 0xfffff000;

// _`ÈÉ'(�>�MN��°v'(
tmp = address - current->start_code;

// �«°v'(2øÖ�����!ÚZA��ñòn$#pÖ�ßÞ�»õ�MN
// �« executableæ NullZA°°FBÖ forkÚVd?FB execveí
// b¢Û! 2û´µ�Þ�#p��Ú�Þ��45�ÁÂ�,MN

if (!current->executable || tmp >= current->end_data) {
get_empty_page(address);
return;

}
// æÖ$÷MNÚ>���6Ô�i�BÖX�i·¨©���>�í�«Ô�Öþ
// s>�0Ô��>�ËÌX�ø45MN

if (share_page(tmp))
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return;
// �«d?Ô�·ÛËÌ�Ú{æ×i>�%®�,Ê#45

if (!(page = get_free_page()))
oom();

// _`Þ�#p�&(
/* remember that 1 block is used for header */

block = 1 + tmp/BLOCK_SIZE;
for (i=0 ; i<4 ; block++,i++)

nr[i] = bmap(current->executable,block);
bread_page(page,current->executable->i_dev,nr);

// �«�%®�,MNC�Ú·B�452øÖ��&(íÞ�ë,J�45ñò
i = tmp + 4096 - current->end_data;
tmp = page + 4096;
while (i-- > 0) {

tmp--;
*(char *)tmp = 0;

}
// ¬ÈÈÉ'(�Ê#'(�¿À

if (put_page(page,address))
return;

free_page(page);
oom();

}

����

��������

����

�?�i>�ñò#pÖ·¨©���45�Ú̄ °�>�Ô·ÛËÌí×û}åß�

?B�Ú�«�i·¨©��ºWi>�ý¨©Úùæ¨©�W�ããß=ÆÇÚd?Û�

�æ×i��º�%®45í

��

����

�� share_page
<mm/memory.c>

/*
 * share_page() tries to find a process that could share a page with
 * the current one. Address is the address of the wanted page relative
 * to the current data space.
 *
 * We first check if it is at all feasible by checking executable->i_count.
 * It should be >1 if there are other tasks sharing this inode.
 */
static int share_page(unsigned long address)
{

struct task_struct ** p;
// �« executableæMÚZ�d?>��B×i��Úù�åËÌ

if (!current->executable)
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return 0;
// �«×i����Bí�(¢ 2ZA�?�i>��B×i��ÚåËÌ

if (current->executable->i_count < 2)
return 0;

// �>���ë0þs>��BX�i���>�Ô�
for (p = &LAST_TASK ; p > &FIRST_TASK ; --p) {

if (!*p)
continue;

if (current == *p)
continue;

if ((*p)->executable != current->executable)
continue;

// 0×i>�ËÌ�,45
if (try_to_share(address,*p))

return 1;
}
return 0;

}
��

����

�� try_to_share
<mm/memory.c>

/*
 * try_to_share() checks the page at address "address" in the task "p",
 * to see if it exists, and if it is clean. If so, share it with the current
 * task.
 *
 * NOTE! This assumes we have checked that p != current, and that they
 * share the same executable.
 */
static int try_to_share(unsigned long address, struct task_struct * p)
{

unsigned long from;
unsigned long to;
unsigned long from_page;
unsigned long to_page;
unsigned long phys_addr;

// ÁÂ45Hb°v'(�Å¼Ý'(
from_page = to_page = ((address>>20) & 0xffc);

// ÈÉ'(b¡�Å¼Ý©°v'(�Å¼Ý'(´N;'(�Å¼Ý'(
from_page += ((p->start_code>>20) & 0xffc);
to_page += ((current->start_code>>20) & 0xffc);

/* is there a page-directory at from? */
// Â,Å¼Ý4>í�«aÅ¼Ý·(P=0)Ú�³´í��ÂaÅ¼Ýb¡,Z'(

from = *(unsigned long *) from_page;
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if (!(from & 1))
return 0;

from &= 0xfffff000;
// _`'(b¡�,ZÝ¤�µÚQÂ�a,ZÝ4>

from_page = from + ((address>>10) & 0xffc);
phys_addr = *(unsigned long *) from_page;

/* is the page clean and present? */
// 0x41 b¡,ZÝ�� Dirty m Present ¼Ïí�«,Ì���È·�³´

if ((phys_addr & 0x41) != 0x01)
return 0�

��

�

// Â,Ì�'(í�«a,Ì'(�5�È(¢454ï(1M)ö³´��
phys_addr &= 0xfffff000;
if (phys_addr >= HIGH_MEMORY || phys_addr < LOW_MEM)

return 0;
// Â,Å¼Ý4>í�«aÅ¼Ý·(P=0)Ú�ÂMý,ÌÚQ�� to_page �¤
// �Å¼Ý

to = *(unsigned long *) to_page;
if (!(to & 1))

if (to = get_free_page())
*(unsigned long *) to_page = to | 7;

else
oom();

// Â,Z'(í�«b¡�,Ìñò5�Ú���Ú8a
to &= 0xfffff000;
to_page = to + ((address>>10) & 0xffc);
if (1 & *(unsigned long *) to_page)

panic("try_to_share: to_page already exists");
/* share them: write-protect */
// b p >��,Ì�Õ��¼Ï(� R/W=0 �=)íQ�þs>���b¡,ZÝ¤A
// °

*(unsigned long *) from_page &= ~2;
*(unsigned long *) to_page = *(unsigned long *) from_page;
invalidate();

// _`�ÆÇ,Ì�,Ì=ÚQëb¡,Ì¿À��Ý���B§u 1
phys_addr -= LOW_MEM;
phys_addr >>= 12;
mem_map[phys_addr]++;
return 1;

}

��

����

�� do_wp_page

×i��B¢¨©ÕW4�×iÆÇÚþ?,i>�ËÌ�!45MN�W�Ú�ë×
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iMNf�æÕ��í�«[��i>�¶�A×iMN¨©ÕÆÇ�W�O��h�jí

º¢×iYù���j�FB×i��í×i���æËÌ�45,º�%®�,MNÚ

ëËÌ,���4���,�ÚXWf�,ZÝ¤A�,'(í

void un_wp_page(unsigned long * table_entry)
{

unsigned long old_page,new_page;

old_page = 0xfffff000 & *table_entry;
if (old_page >= LOW_MEM && mem_map[MAP_NR(old_page)]==1) {

*table_entry |= 2;
invalidate();
return;

}
if (!(new_page=get_free_page()))

oom();
if (old_page >= LOW_MEM)

mem_map[MAP_NR(old_page)]--;
*table_entry = new_page | 7;
invalidate();
copy_page(old_page,new_page);

}

/*
 * This routine handles present pages, when users try to write
 * to a shared page. It is done by copying the page to a new address
 * and decrementing the shared-page counter for the old page.
 *
 * If it's in code space we exit with a segment error.
 */
void do_wp_page(unsigned long error_code,unsigned long address)
{
#if 0
/* we cannot do this yet: the estdio library writes to code space */
/* stupid, stupid. I really want the libc.a from GNU */

if (CODE_SPACE(address))
do_exit(SIGSEGV);

#endif
un_wp_page((unsigned long *)

(((address>>10) & 0xffc) + (0xfffff000 &
*((unsigned long *) ((address>>20) &0xffc)))));

}
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