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MASM Borland Turbo ASM NASM Intel
GNU as

 as86 MINIX MINIX PC/IX
PC/IX Intel 8086 CPU UN*X Andrew S. Tanenbaum

PC/IX MINIX
 Bruce Evans MINIX 32 Linux Linus Torvalds

Linux Linus Bruce Evans UNIX MINIX
MINIX Linus Intel 80386

Linus Bruce
Linux Bruce Evans

FTP ftp.funet.fi www.oldlinux.org
Linux as86/ld86 RPM dev86-0.16.3-8.i386.rpm Linux

as86 ld86 16 bootsect.s setup.s



3.1.1 as86

0
1

0

3.1.2 as86
boot.s as86

as86 ld86
bootsect.s

20

                                                       



1 17
5 " " 27

3 as86

4
0

4
6

Linux

5 11 3 3



C

14

BIOS
0x7c00 CS 0

CS:IP=0x0000:0x7c00 CS 0x7c0 CS:IP = 
0x07C0:0x0005 DS ES 0x7c0

20 MOV ah 0x7c0 0x07 msg1

21--25
msg1



bootsec.s setup.s

4--11
32--37

3.1.3 as86
boot.s boot

1 as86 boot.s boot.o 2 ld86
MINIX boot -0 8086 16

-a GNU as ld -s
-o

boot 512
32 32 MINIX

32

boot 32
Linux RedHat 9 as86 MINIX

man as86
Linux dd

3 dd boot 32
Bochs Bochs PC
Bochs 3-1



3.1.4 as86 ld86
 as86 ld86



3.2 GNU as

C gas C
80X86 CPU Linux

GNU as as as
as

10% Linux 32
as

C GNU gcc as gcc
as as gcc

as C

 GNU as BSD 4.2 as
as

Linux 0.11

3.2.1 as
as as

as as



as as

as

as as

as
Ctrl-D as

 as

3.2.2 as

3.2.2.1
 as

as gcc CPP



as C

3.2.2.2

3-1

3-1

\b Backspace 0x08 

\f FormFeed 0x0C

\n Newline 0x0A

\r Carriage-Return 0x0D

\NNN 3

\xNN... 16

\\

\" '"' 



3.2.3

3.2.3.1
 AT&T

3-2

AT&T Intel 

cbtw cbw %al %ax

cwtl cwde %ax %eax

cwtd cwd %ax %dx:%ax

cltd cdq %eax %edx:%eax

3.2.3.2



3-3

cs, ds, ss, es, fs, gs 
:

data16, addr16 
/ 32 /

16 / as 16

lock
80X86

wait
80386/80387

rep, repe, repne %ecx

3.2.3.3

3.2.3.4



3.2.4

ld

                                                       



3.2.4.1

3-2

3.2.4.2
text data

as subsection
0--8192

text



3.2.4.3 bss
 bss bss

bss

3.2.5
Symbol

Label

3.2.5.1

3.2.5.2

3.2.6 as

3.2.6.1 .align abs-expr1, abs-expr2, abs-expr3 



3.2.6.2 .ascii "string"... 

3.2.6.3 .asciz "string"... 

3.2.6.4 .byte expressions 

3.2.6.5 .comm symbol, length 

3.2.6.6 .data subsection 

3.2.6.7 .desc symbol, abs-expr 

3.2.6.8 .fill repeat, size, value 

3.2.6.9 .global symbol .globl symbol

3.2.6.10 .int expressions 

3.2.6.11 .lcomm symbol, length 

3.2.6.12 .long expressions 



3.2.6.13 .octa bignums 

3.2.6.14 .org new_lc, fill 

3.2.6.15 .quad bignums 

3.2.6.16 .short expressions .word expressions

3.2.6.17 .space size, fill 

3.2.6.18 .string "string" 

3.2.6.19 .text subsection 

3.2.6.20 .word expressions 

3.2.7 16

3.2.8 AS



3.3  C
 GNU gcc ISO C89 C ISO C99

gcc

3.3.1 C
gcc C

3-3

gcc C C CPP C

C

Linux make



3.3.2
C C

1 asm

C
C

” gcc
gcc /

22

10

__res 10
'\'

1 get_seg_byte(seg,addr) 3
__res

eax “ ” "asm"
"__asm__" 4 "__asm__" 4 7 4 AT&T

gcc

8 eax __res
"=a" "a" "="

9 seg eax "0"
(*(addr))



"%0"
%0 %1 …%9 %0

("0" (seg)) %1 %2 6 %2 (*(addr))

4—7 fs eax
fs fs:(*(addr)) al

eax __res
seg addr

 1-3 "\n\t" gcc
C gcc

C
C (

) "\n\t"
4 5 count-1 ecx

"c" fill_value eax dest edi gcc
gcc

fill_value eax gcc eax
movl

gcc gcc
gcc 3-4

a eax m

b ebx o

c ecx I 0-31

d edx J 0-63

S esi K 0-255

D edi L 0-65535

q
eax ebx ecx edx

M 0-3

r N 1 0-255

g
eax ebx ecx edx

O 0-31



A eax edx (64 ) =

+ &
earlyclobber

gcc

” ” 1 ”
” x 5 "%0" "%1" gcc

"%1" x "%0"
0 gcc r

eax

GCC asm

gcc
gcc gcc

mm/memory.c

include/string.h strncmp() "\n\t"
gcc



3.3.3
 ”{...}” 

”({...})” GNU C loop switch

”3 + z”
void

init/main.c CMOS

include/asm/io.h I/O port  _v inb()



3.3.4
 GNU C CPU
CPU 2

asm gcc
gcc

gcc asm  volatile

Linux
GNU C

 ax res
gcc

gcc

asm

3.3.5
gcc

/

gcc

” ”
” ”

fs/inode.c



malloca() goto
gcc

gcc

ISO C99 gcc
ISO C99

C99
 inline  static gcc C99

gcc

ISO C99  static  static 

.h

Linux 0.1x



strcpy()

3.4  C

C

3.4.1  C
Linux

C
C C

Intel 80x86 CPU



3.4.1.1
CPU

Stack frame 3-4 ebp
frame pointer esp stack pointer esp

ebp

A B B A A B A
A B

ebp

 B CPU

C '&'
B

esp push pop

CALL RET CALL
CALL

RET
CALL



eax

Intel CPU 
eax edx ecx

B A B A
ebx esi edi B

A
ebp esp

3.4.1.2
C

C
3-5

ebp
gdb 2

a b -4 -8



C



3--5
5 esp 4 c

6--15 swap 6--8 1 &a
ecx 9--12 2 &b

1 13--15 c
2 16--17 leave

swap() esp ebp ret
19--21 main() main() a b

22--23 24-28 main() swap()
leal b a swap()

1 call 29--30
eax

C C

3.4.1.3 main()
gcc 1.40 gcc

C main() crt0.s
crt0.s stub crt C run-time

Linux 0.11 crt0.s
_environ

gcc gcc
'-v'



stub crt0.o ld
gld exch.o exch crt0.o

crt0.o
ELF gcc 2.x crt0

crt1.o crti.o crtbegin.o crtend.o crtn.o crt1.o crti.o crtbegin.o
crtbeginS.o crtend.o crtendS.o crtn.o gcc specfile

ctr1.o crti.o crtn.o C C crtbegin.o crtend.o
C++ gcc crt1.o crt0.o main()

 crtbegin.o crtend.o C++ constructor
destructor crtbeginS.o crtendS.o crti.o

crtn.o

 boot/head.s 136--140 init/main.c main() 139
140 main() head.s 218

ret main() init/main.c

3.4.2 C
C C

swap()
C

1 3-6 CALL



CALL CPU CALL EIP
CPU

Linux CALL
CALL

C C
3-6 3

EIP
1 2 3 p3 p2

Linux 0.1x
217 68

5 17

C copy_process()
5 copy_process() 5 eax nr

ebp edi esi gs

none 94
74

83--88 ebx ecx edx fs es ds 5 CPU
eip cs eflags esp ss

CPU C
5

C CALL JMP

JMP RET
Linux

62 do_int3()



3.4.3 C
C C Linux 

C

1 0x80
4

int 0x80 %eax
4 %ebx %ecx %edx fd buf count mywrite()

sys_write()
2 res



0
res

Linux RedHat 9
'_' C

mywrite()
myadd() a b 3 res mywrite()

myadd() 0

3.5 Linux 0.11
Linux 0.11 as86

ld86 16
GNU as gas C gcc

gld

Linux 0.11



Image Linux 0.11 a.out as86
ld86 MINIX
MINIX a.out

John R. Levine Linkers & Loaders

3.5.1
Linux 0.11 GNU gcc gas

UNIX a.out Assembly & linker editor output
a.out

Text section Data section
3-7

 a.out 7
exec header exec

ld

text segment

data segment

text relocations



data relocations
symbol table

string table

Linux 0.11 Intel CPU
64MB

3.5.1.1
32 exec

a.out include/a.out.h

a.out a.out Linux 0.11
OMAGIC Old Magic a.out

0x107 0407 ZMAGIC a.out
demang-paging load on demand

0x10b 0413
32 ZMAGIC 1024

32 0 1024
OMAGIC .o 32

a_text a_data a_bss
bss Linux

bss
bss bss

 a_entry a_syms a_trsize a_drsize

0
3.5.1.2
 Linux 0.11 a.out

8



4
r_address 2

r_length 0 3 1 2 4 8
r_pcrel PC
r_extern r_symbolnum 0

r_symbolnum
1 r_symbolnum

3.5.1.3

GNU gcc
12 null

n_type
1

n_type a.out.h

text data bbs
abs
undef 0



bss
bss

Common block

3.5.2 Linux 0.11
Linux 0.11 objdump

hello.o

hello.o 0407 OMAGIC
0x28 3 0x10

0 hello 0413 ZMAGIC
1024 0x3000 0x1000 141



strip hello
hello 0 hello 20591

17412

a.out 3-8 Linux 0.11
64MB ZMAGIC a.out

Linux 0.11 Demand-paging
fs/execve()

bss bss 1
0 heap

3.5.3



a.out a.out

3-9 text data bss

bss
bss

Linux 0.11 ZMAGIC a.out
0 bss

Linux 0.11
ZMAGIC

Load
on demand

Linux 0.11 Makefile make
make tools/ build.c



build ROM BIOS
build

bootsect setup system Image

3.5.4
ld ld86

etext _etext
edata _edata end _end

_etext etext 1 _edata edata
1 _end end bss 1

brk _end sys_brk()
malloc() / brk sbrk()

Linux 0.1X



Linux RedHat 9 Linux
0x08048000 0x41b

 Linux 0.1x fs/buffer.c _end
Image

3.5.5 System.map
GNU gld ld

link map

System.map
_etext _edata _end

System.map

1 2
sections 3

2 3-5

110--185

A Absolute 

B BSS section BSS

C Common 



D Data 

G Global 

I Inderect 

N Debugging  

R Read only 

S Small  

T Text 

U Undefined 0

- Stabs a.out stab

? Unknwon 

klogd
klogd klogd

3.6 Make Makefile
 Makefile makefile make Make

Makefile
Makefile GNU make

make Makefile make Makefile
make Makefile make

make Makefile Makefile

make

make C
C

Makefile



make

make

’$<’ foo.c $@ foo.o 
make

make
make

make

target
'clean' delete

make

Makefile Makefile

 Makefile make
make

3.7
as86 GNU as

Linux C
Linux 0.11 a.out



Intel 80X86 

Linux 0.11



4 80X86

Linux Intel 80X86 PC 80X86 CPU
Intel IA-32 Intel

3 80X86 CPU
Intel

80X86 CPU 80X86 CPU Linux
1. 80X86 2. 3. 4.

5. 6. 7.
Linux 0.11

Linux 

Linux

4.1 80X86 
80X86 EFLAGS

EFLAGS

4.1.1
EFLAGS IOPL I/O

-8086 4-1 EFLAGS
CF PF AF ZF SF DF OF

EFLAGS



TF 8 Trap Flag

POPF POPFD IRET TF

IOPL 13-12 I/O I/O Privilege Level I/O
IOPL CPL IOPL I/O CPL

0 POPF IRET IOPL IF

NT 14 Nested Task
CALL IRET

NT POPF/POPFD

RF 16 Resume Flag
RF

IRETD
EFLAGS RF

VM 17 -8086 Virtual-8086 Mode -8086

4.1.2
4 GDTR LDTR IDTR TR

4-2



 GDTR LDTR IDTR TR GDTR IDTR
LDTR TR TSS Task State Segment TSS

1. GDTR
 GDTR GDT 32 16 GDT

0 GDT LGDT SGDT
GDTR 0

0xFFFF GDTR
2. IDTR

GDTR IDTR IDT 32 16
LIDT SIDT IDTR

0 0xFFFF
3. LDTR
 LDTR LDT 32 16
LLDT SLDT LDTR LDT GDT

LLDT LDT LDTR LDT
LDTR LDT

LDTR
0 0xFFFF

4. TR
 TR TSS 16 32 16

GDT TSS LTR STR TR
LTR TSS

TSS
TR

4.1.3
CR0 CR1 CR2 CR3

4-3 CR0 CR1 CR2
CR3 PDBR

Page-Directory Base address Register



1. CR0
 CR0 4 ET TS EM MP 80X86

11 CR0 ET
80387 80287 TS MP

EM WAIT DNA Device Not Available

ET CR0 4 Extension Type 1 80387
32 ET=0 80287 EM=1

ET
80387 ET 1 80287 ET 0

TS CR0 3 Task Switched

TS CR0 EM 0
DNA Device Not Available TS CR0 MP

EM WAIT/FWAIT
EM TS 4-1

TS

CLTS TS

EM CR0 2 EMulation

MP CR0 1 Monitor Coprocessor Math Present WAIT/FWAIT
TS MP=1 TS=1 WAIT

MP=0 TS WAIT



CR0

EM MP TS WAIT/FWAIT 

0 0 0 

0 0 1 DNA

0 1 0 

0 1 1 DNA  DNA

1 0 0 DNA

1 0 1 DNA

1 1 0 DNA

1 1 1 DNA  DNA

2. CR0
PE CR0 0 Protection Enable

PE PG
PG CR0 31 Paging

PE
PE PG

WP Intel 80486 CPU CR0 16 Write Proctect
0

UNIX Copy on Write
NE Intel 80486 CPU CR0 5 Numeric Error

X87 PC
X87 NE CPU IGNNE

X87 NE CPU IGNNE
X87 FERR

WAIT/FWAIT CPU FERR
80387 ERROR NE

IGNNE FERR PC
PE Protected Enable 0 PG Paging 31

PE PE=1
PE=0 8086 PG

PG=1 PG=-0

PE=0 PG=0 PG=0 PE=1
PG=1 PE=0

PG=1 PE=1

PE PG
PG

PG=1 CPU TLB - Translation Lookaside 



Buffers
PE

PE
PE=0 PG=0

3. CR2 CR3 
 CR2 CR3 CR3 CR3 PDBR

20 12
CR3 12 0
MOV CR3

TLB Translation Lookaside Buffer TLB

CR0 PG PG=0 CR3
CR3 CR3

 CR2 CR2
CR2

4.1.4

0 4-2

LLDT Load LDT Register 
LDTR LDT

LDTR

SLDT Store LDT Regiter 
LDTR LDTR LDT

LGDT Load GDT Register 
GDTR GDT

GDTR

SGDT Store GDT Register 
GDTR GDTR IDT

LTR Load Task Register 
TR TSS

STR Store Task Register 
TR TR TSS

LIDT Load IDT Register 
IDTR IDT

IDTR

SIDT Store IDT Register 
IDTR IDTR IDT



MOV CRn Move Control Registers CR0 CR1 CR2 CR3

LMSW Load Machine State Word 
CR0 15--0

80286

SMSW Store Machine State Word 80286

CLTS Clear TS flag 
CR0 TS

LSL Load Segment Limit 

HLT Halt Processor 

4.2

4.2.1

80X86 1 2 1 4

1 0 80X86 CPU
32 2^32 4G

4G 2
80X86 80X86 CPU Little Endium

80X86 CPU Opcode Oprand
80X86

 80X86 Segment

16 14 2^14 16384
32 0 4G 4G

16 32 48
32

 80X86 6 CS DS ES SS FS GS CS
SS CS

EIP
CS:[EIP] CS EIP

SS ESP SS:[ESP]
4 DS

80X86

 =  +  x  + 



4.2.2

 80X86 4-4

1.

4-5
TSS

LDT

GDT
1



16K 4GB
64TB 246 4GB 232

2.

RAM ROM



4KB

 80X86

4.2.3
 80X86

1.
80X86

80X86

Global address space Linux
Local address space

2.
4 Privilege Levels

0 3 0 3



CS
Current Privilege Level CPL

CPL

CPL

4.3

4.3.1
80X86 4GB

0 0xFFFFFFFF
I/O

80386

1. Base address
0

2. limit
3. Attributes

0 limit base base + limit

80386
4-6 Linux 0.1x



Segment Descriptor

Descriptor table

16
32 4-7

32 4GB 0 0xFFFFFFFF

1. GDT LDT

2.
3.



4.3.2
4-8 8192 8
GDT Global descriptor table LDT Local

descriptor table

GDT LDT
214 213 GDT

LDT GDT LDT

LDT LDT GDT GDT
LDT

GDT LDT
LDT

4-9 GDT LDT 6
A B LDT

A A LDTA CodeA DataA B B
LDTB CodeB DataB CodeOS DataOS GDT

LDT LDTA LDTB GDT



A LDTA CodeA DataA GDT
CodeOS DataOS B LDTB CodeB DataB GDT

LDT
A B A B

B A LDT

GDT LDT
LDT LDT

 GDT GDT
GDTR GDT 8 GDT

0 1
8 GDT 8 1 8N-1

GDT 1
DS ES FS GS

 LDT LDT GDT LDT LDT
LDT GDT LDT GDT

LDT LDT LDT
LDTR

GDTR SGDT 48
3  MOD 4 = 2

4
SIDT

IDTR LDTR SLTR
STR  MOD 4 = 0



4.3.3
16 4-10

3
RPL Requested Privilege Level
TI Table Index

Index

RPL TI
GDT LDT TI=0 GDT TI=1 LDT

GDT LDT

4-11(a) 0x08 GDT RPL=0 1 1 TI 0
GDT 4-11(b) 0x10 GDT RPL=0 2 2 TI

0 GDT 4-11(c) 0x0f LDT RPL=3 1 1
TI 1 LDT 4-11(d) 0x17 LDT RPL=3 2
2 TI 1 LDT 4-11 4 (a) (b) (c) (d) Linux 0.1x

4-11(e) 0xffff
LDT RPL=3 8191 0b1111111111111 8191 TI 1 LDT

GDT 1 GDT 0 TI 0
4-11(f) CS SS

CS SS



6 4-12

CS DS SS
ES FS GS

6

6

1. MOV POP LDS LES LSS LGS LFS
2. CALL JMP RET IRET INTn INTO INT3

CS
 MOV

4.3.4
GDT LDT

8
4-13



LIMIT Segment limit field
Limit 20

G Limit G=0 Limit
1 1MB G=1 Limit 4KB 4GB

4KB
E Limit

0 Limit Limit
Limit

B Limit 0xFFFFFFFF 0xFFFF
Limit

80X86

BASE Base address field
4GB 0 3
32 16

16
TYPE Type field

Gate
S TYPE

4-14
S Descriptor type flag

S S=0 S=1
DPL Descriptor privilege level

 DPL 0 3 0 3 DPL

P Segment present
P P=1 P=0 P



0

4-15 P=0 P 0
Avaliable

 D/B / /
Default operation size/default stack pointer size and/or upper bound

32 1 16
0

D
32 32 8

0 16 16 8 0x66
0x67

SS B Big
PUSH POP CALL 32

ESP 0 16 SP
B

B
0xFFFFFFFF 4GB 0xFFFF

64KB
G Granularity

Limit 0
4KB

G
12 G=1 0 0 4095

Available and reserved bits
2 20 21 0





4.3.5
S

2 11
3 8 9 10 A Accessed

W Write-enable E Expansion-direction 4-3
W

TYPE

11 10 9 8

  E W A   

0 0 0 0 0 

1 0 0 0 1 

2 0 0 1 0 /

3 0 0 1 1 /

4 0 1 0 0 

5 0 1 0 1 

6 0 1 1 0 /

7 0 1 1 1 /

  C R A   

8 1 0 0 0 

9 1 0 0 1 

10 1 0 1 0 /

11 1 0 1 1 /

12 1 1 0 0 

13 1 1 0 1 

14 1 1 1 0 /

15 1 1 1 1 /

/ SS

3 A Accessed R Read-enable C
Conforming R /

ROM / CS
DS ES FS GS



GDT LDT ROM ROM
ROM

ROM

4.3.6
S 0

LDT
TSS

LDT TSS

TSS 4-4

TYPE

11 10 9 8

0 0 0 0 0 Reserved 

1 0 0 0 1 16-Bit TSS (Available) 16  TSS

2 0 0 1 0 LDT LDT 

3 0 0 1 1 16-Bit TSS (Busy) 16  TSS

4 0 1 0 0 16-Bit Call Gate 16

5 0 1 0 1 Task Gate 

6 0 1 1 0 16-Bit Interrupt Gate 16

7 0 1 1 1 16-Bit Trap Gate 16

8 1 0 0 0 Reserved 

9 1 0 0 1 32-Bit TSS (Available) 32 TSS

10 1 0 1 0 Reserved 

11 1 0 1 1 32-Bit TSS (Busy) 32 TSS

12 1 1 0 0 32-Bit Call gate 32

13 1 1 0 1 Reserved 

14 1 1 1 0 32-Bit Interrupt Gate 32

15 1 1 1 1 32-Bit Trap Gate 32



TSS

4.4
80X86

/
 - 

CR0 PG PG=1
PG=0

4-16

 80X86 4K 212 4KB 4K
232 4GB 220 1M = 1048576

4K
4K 12 12

20 20



present
80X86 4GB RAM

Demand-paged
4KB

/

TLB Translation Lookaside Buffer TLB
TLB

4.4.1
page table

220

20 12
4K

12 0 20 12

32 20 12

4.4.1.1
220 1M 4 4MB

80X86 20
10

page directory 1 4K 210 1K 4
10 31--22

210

page table 1 1K 4 4
20 10 21--12

20 20 12



4-17 CR3 10
10

20 12 12 32

4.4.1.2
4MB

4MB

present

2

4.4.2
4-18 31--12 20

12



P -- 0 Present P=1 P=0
P=0

4-18(b)

R/W -- 1 / Read/Write 1 0
0 1 2 R/W

R/W
U/S -- 2 / User/Supervisor 1

0 0 1 2
U/S

A -- 5 Accessed
1 1

D -- 6 Dirty
D D

AVL -- 

4.4.3
P

P=1
P = 0

P=1
A D A

D=0 D 0
D=1

4.5



2
CPL Current Privilege Level CPL

CR0 PE 0

0

CR0 PG 31

/ R/W / U/S
/

RPL CPL
R/W U/S

4.5.1
80X86 4 2

4.5.1.1 Limit

G E B
/ E

G 20 Limit
Limit 0 0xFFFFF 1MB G 4KB Limit

4K Limit 0xFFF 0xFFFFFFFF 4GB
G 12 Limit Limit 0

0 0xFFF
Limit

1

B +1 0xFFFF FFFF B
+1 0xFFFF 0

GDTR IDTR LDTR
16



8 N 8N-1
0 GDT

4.5.1.2 TYPE

S TYPE

 S TYPE 4
TYPE

TYPE

1.

CS

SS
2.

4.5.1.3
4 0 3 4-19

2
0 3

CPL Current Privilege Level CPL



CS SS 0 1 CPL
CPL conforming

CPL
DPL CPL

CPL DPL
DPL Descriptor Privilege Level DPL

DPL DPL CPL
RPL DPL

Data Segment DPL
DPL 1 CPL 0 1

Nonconforming code segment DPL
DPL 0 CPL

0
Call Gate DPL

DPL
DPL 2 CPL 0

TSS DPL TSS

RPL Request Privilege Level RPL
0 1 RPL CPL

CPL RPL
RPL CPL RPL CPL RPL

RPL CPL
RPL

4.5.2
DS ES FS GS

SS MOV POP LDS LES LFS LGS LSS
4-20

CPL RPL DPL DPL CPL
RPL



CPL CPL 0
CPL 1 1 3 CPL 3

3
ROM

1.
2.
3. CS CS

1 2 CPL
DPL 3 CS DPL CPL

SS
CPL CPL RPL DPL RPL DPL
CPL

4.5.3

CS
CS

EIP
JMP RET INT IRET

JMP CALL RET JMP CALL

TSS TSS
TSS TSS

4.5.3.1
 JMP CALL RET

JMP CALL RET

4 4-21



CPL CPL
CPL

DPL
RPL

C
CPL RPL DPL C C=0

CPL DPL
RPL RPL CPL

CS
CPL RPL CPL

C=1 CPL DPL CPL < 
DPL RPL

DPL
CPL DPL CPL

CPL DPL CPL

4.5.3.2

4
Call Gate TYPE=12
Trap Gate TYPE=15
Interrupt Gate TYPE=14
Task Gate TYPE=5



4-22 GDT LDT
IDT

DPL
P Param Count

Linux

4.5.3.3
CALL JMP

CPU 4-23

CPU



CPU 4
4-24

CPL
RPL

DPL
DPL

C

CALL JMP 4-5 DPL

CPL DPL RPL CPL
RPL DPL



CALL
CPL<= DPL RPL<= DPL

DPL<=CPL 

JMP
CPL<= DPL RPL<= DPL

DPL<=CPL DPL=CPL 

CPU CPL
DPL CALL JMP CALL

DPL CPL
JMP DPL CPL CALL

JMP DPL CPL

CPL
DPL
CPL

I/O

4.5.3.4
CPU

4 3
2 1 0 3 0

3 3 SS ESP

0 1 2 TSS TSS
CPU CPU

TSS

TSS

SS ESP CS EIP

EFLAGS

CPU
4-25

1. DPL CPL TSS TSS



TSS
2. TSS
3. SS ESP SS ESP

SS ESP
4.

31 0
5. CS EIP CS

EIP

4.5.3.5
RET near return far return

CALL CPU
CPU

CALL CPU

DPL
CPL CPU CS RPL RPL

CPL CPU
1. CS RPL
2. CS EIP

RPL
3. RET CS EIP

ESP ESP
SS ESP

4. SS ESP SS ESP
SS ESP

5. RET ESP

6. DS ES FS GS DPL CPL
CPU NULL



4.5.4
R/W / U/S

0 1 2 3
/ / /

/ / 4-6
0 1 2

/
/ /

U/S R/W 

0 0 / /

0 1 / /

1 0 / / /

1 1 / / / /

80X86

3
3

/ /
/

4-7
U/S R/W U/S R/W

AND

U/S U/S U/S R/W R/W R/W

0 0 0 0 0 0 

0 1 0 0 1 0 

1 0 0 1 0 0 

1 1 1 1 1 1 

4.5.4.1

TLB Translation Lookaside Buffer
 80X86



CR3

P 0 1

4.5.5
CPU CPU

R/W

4.6
Interrupt Exception

interrupt handler exception handler
/

INT n
0

80X86

4.6.1

vector IDT Interrupt
Descriptor Table

0 255 0 31 80X86

32 255 I/O
4-8 80X86 NMI

NMI



0 #DE  DIV IDIV

1 #DB / INT 1

2 -- NMI

3 #BP  INT 3

4 #OF  INTO

5 #BR  BOUND

6 #UD 
UD2 Pro

7 #NM WAIT/FWAIT

8 #DF 0 NMI INTR

9 -- 
386 CPU

10 #TS TSS TSS

11 #NP 

12 #SS SS

13 #GP 

14 #PF 

15 -- Intel

16 #MF x87 FPU  x87 FPU WAIT/FWAIT

17 #AC 0

18 #MC 
CPU

19 #XF SIMD
SSE SSE2 PIII

20-31 -- Intel    

32-255 -- INT n

4.6.2
4.6.2.1

INTR NMI INTR
8259A NMI

2 INTR
0 255 EFLAGS IF

INT n INT 0x80
Linux 0x80 0 255 INT

NMI NMI
NMI 2 INT NMI

NMI



EFLAGS IF INT
4.6.2.2

80X86 
faults traps aborts

INTO INT 3 BOUND
INT 3

 INT n INT n 80X86

INT EIP

4.6.3
Fault

Trap Abort
Fault Fault

Fault
Fault Fault

Trap Trap
Trap
Abort

Abort

4.6.4
Abort

Fault Page-fault

Trap
Trap

JMP Trap JMP JMP

Abort



4.6.5
EFLAGS IF Interrupt enable Flag INTR

IF=0 INTR IF=1 INTR

 IF NMI EFLAGS
IF IF=0

 IF STI CLI CPL<=IOPL
IF

PUSHF EFLAGS POPF
EFLAGS

POPF IRET EFLAGS IF
IF

IF

4.6.6
4-9

/

1 RESET 

2 TSS T

3

4

5 NMI

6

7

8 >15

9
TSS

4.6.7
IDT Interrupt Descriptor Table

GDT LDT IDT 8 GDT 1
IDT *8 256

IDT 256 IDT 256
IDT 0

 IDT IDTR IDT



IDT 32 16 4-26 IDT 8
IDT

LIDT SIDT IDTR LIDT
IDTR CPL 0 IDT

SIDT IDTR

IDT

4.6.8 IDT
 IDT

Interrupt gate
Trap gate
Task gate

4-27

EFLAGS IF IDT GDT LDT
TSS /



4.6.9
CALL

IDT
CALL

CALL
4-28

GDT LDT



0
TSS

tss.ss0 tss.esp0
4-29
EFLAGS CS EIP

EFLAGS CS EIP



IRET IRET RET IRET
EFLAGS CPL 0 EFLAGS IOPL

CPL<=IOPL IF
IRET

1.

CPL

RPL RPL
INT n INT 3 INTO

DPL CPL DPL 3

DPL

3

0
CPL

2.



EFLAGS
EFLAGS TF TF IRET

EFLAGS TF
EFLAGS IF

IF IRET
EFLAGS IF IF

3.
IDT

IDT GDT TSS
Linux

4.6.10
IDT

TSS 0 0
0

LDT

 IDT GDT TSS 4-30
TSS



4.6.11

4-31 3 TI RPL 3
0 EXT External event

1 IDT Descriptor location
IDT GDT LDT

2 GDT/LDT TI 1 IDT=0 TI=1
LDT TI=0 GDT

IDT GDT LDT
16 0

Page-fault 4-32 3
U/S W/R P

0 P P=0 P=1

1 W/R W/R=0 W/R=1

2 U/S CPU U/S=0 CPU U/S=1
CPU

CR2

IRET



INT n

4.7
Task

 80X86

 80X86

EFLAGS
Task state segment

4.7.1
TSS Task-state segment

4-33
TSS

TSS

TSS
TSS TR Task Register

CR3



EFLAGS EIP CR3 LDTR

I/O I/O TSS
0 1 2 TSS

TSS

4.7.2

CALL
JMP Linux

TSS
CALL JMP TSS

TSS IDT
TSS

TSS
EIP

TSS
TSS 80X86 

LDT LDT
CR3

80X86

4.7.3

TSS
TSS

TR

EFLAGS NT

4.7.3.1
TSS Task state segment

4-34 32  CPU TSS TSS



1.
EAX ECX EDX EBX ESP EBP ESI EDI

ES CS SS DS FS GS
EFLAGS EFLAGS

EIP EIP
TSS

Back link field IRET
2.

LDT LDT
CR3 CR3

PDBR Page directory base register
0 1 2 SS0 SS1 SS2



ESP0 ESP1 ESP2
SS ESP

Debug Trap T 0x64 0

I/O TSS I/O 16
TSS 104

TSS
TSS TSS

4.7.3.2 TSS
TSS 4-35 TSS TSS

GDT

TYPE B
0b1001 0b1011

B

DPL G
G=0 103 0x67 TSS 104
TSS I/O TSS TSS

TSS
TSS TSS

CPL TSS DPL TSS DPL
3 TSS

DPL 3
TSS TSS

TSS
TI LDT TSS

4.7.3.3
TR Task Register 16 TSS

GDT TSS TR
TSS



LTR STR TSS LTR
0 LTR TR 0 TSS

TR
4.7.3.4

Task gate descriptor
GDT LDT IDT
TSS GDT TSS TSS RPL

DPL TSS
CPL RPL DPL

TSS DPL
TSS 4-36 LDT GDT IDT

4.7.4
4

1. GDT TSS JMP CALL
2. GDT LDT JMP CALL
3. IDT
4. EFLAGS NT IRET

 JMP CALL IRET
TSS NT IRET

JMP CALL TSS
4-37

IDT
IDT

NT



NT
TSS TSS

1. JMP CALL TSS
IRET TSS

2. JMP CALL
CPL RPL TSS DPL

TSS DPL INT n
IRET INT n DPL

3. TSS P=1 TSS 0x67

4. JMP IRET TSS
B CALL B

5. IRET EFLAGS NT
CALL JMP NT

6. TSS TSS
TSS



EFLAGS EIP
7. CALL EFLAGS

NT JMP IRET EFLAGS
8. CALL JMP TSS

B IRET B
9. TSS TR CR0

TS
10. TSS LDTR PDBR CR3 EFLAGS

EIP

11.

EIP
CS CPL

TSS
TSS

CR0 TS
TS TS

4.7.5
 TSS Backlink EFLAGS NT NT

TSS 4-38

CALL TSS TSS
EFLAGS NT NT TSS

TSS IRET NT
NT

JMP NT 0
JMP

4-10 B TSS NT TS



CR0 NT
NT IRET TSS

TSS 0

 JMP  CALL  IRET

B

B

NT TSS TSS

NT

TSS

CR0 TS

4.7.6
TSS

 TSS LDT LDT
LDT

LDT

GDT
TSS CR3

4.7.6.1

PDBR CR3

TSS
TSS TSS

GDT
GDT

4.7.6.2

GDT GDT GDT



LDT LDT TSS LDT LDT
LDT LDT

GDT
LDT

LDT

LDT

4.8
80X86 8086

0xFFFFFFF0 EPROM
IDT

4.8.1

bootsect.s setup.s head.s

IDT
GDT

TSS
LDT

GDTR
IDTR

CR1--CR3
CR0 PE

0
4.8.1.1

GDT
GDT 1



GDT
LGDT GDT GDTR

LDT LDT
GDT LDT

Linux
LDT

4.8.1.2
IDT

TSS
IDT

IDT LIDT IDT IDTR
4.8.1.3

CR0 PG 0
PG PG

CR3 PDBR
PG PE

PG PE
PG JMP MOV CR0 JMP

80X86 Pentium
BTB Branch Target Buffer

PG JMP

4.8.1.4
/ TSS

TSS 0 1 2 TSS TSS
LDT

TSS GDT
LTR TSS TR

TSS B=1 TSS
0 1 2 TSS

TSS
LTR LDT TSS

TSS

4.8.2

-8086



4.8.2.1

CR0 PE MOV CR0
CR0 PG

0
1. CLI NMI

2. LGDT GDT GDTR
3. CR0 PE PG MOV CR0 
4. MOV CR0 JMP CALL

5. LLDT LDT LDTR
6. LTR

TR TSS
7. 4 JMP CALL

CS

8. LIDT IDT IDTR
9. STI NMI

MOV CR0 JMP CALL
MOV CR0 JMP CALL

JMP CALL
4.8.2.2

MOV CR0 CR0 PE 0

1. CLI NMI

2.

GDT IDT
CR0 PG

CR3 0x00 TLB
3. 64KB 0xFFFF

CS
4. SS DS ES FS GS

Limit = 64KB  
G=0

E=0
W=1
P=1

5. LIDT 1MB
6. CR0 PE
7. CS



8. SS DS ES FS GS
9. STI NMI

4.9

3
RAM

boot.s head.s

4.9.1
2 as86 boot.s

GNU as
head.s 3

A B 0 1

4-39

4-40



4-41



4-42

4-43



4-43

4.9.2 boot.s
16 head

ROM BIOS 8 Linux
Linux 8259A

0x20





4.9.3 head.s
head.s IDT GDT

Linux 0.11
boot.s IDT GDT











5 Linux

Linux Linux 

Linux/ Makefile

80X86

4
5-1 Internet

Linux
X shell

 Linux

Linux 0.11 Linux
Linux 0.11

5.1 Linux

Linux 0.11

(int x80) CPU User Mode Kernel Model

CPU



5-2

5.2 Linux

 Linux 5

CPU
CPU

Linux

5-3
Linux 0.11 Linux 0.95

0.96



3

NFS ramdisk

Linux 0.11
5-4



5.3 Linux

Linux 0.11 Linux 0.11
CPU

Linux 0.11

5.3.1
Linux 0.11

5-5



Linux
ROM BIOS 640K--1MB

RAM

CPU
Intel 80386 CPU

Segmentation System Paging System
Linux

5.3.2
 Linux 0.11 3
a. b. CPU c. 

Virtual Address

GDT
LDT 13 GDT LDT 1

Intel 80X86 CPU 16384 4G
16384 * 4G = 64T

Logical Address Intel

Linear Address

Intel 80386 4G



Physical Address CPU

Virtual Memory

3

Linux 0.11 64MB
0x0000000 0x4000000

5.3.3
4GB 232

CPU 4-4

 CPU

CPU
80386

CPU CR2

Swapper
Linux 0.11 mm/memory.c

 Intel CPU Segment
CPU

32
ds



64KB si
5-7 (a)

Segment Descriptor Table

Segment Selector

16 5-7 (b)
CPU

8
4GB

3 GDT Global Descriptor 
Table IDT Interrupt
Descriptor Table IDT 8086

80X86 CPU GDT IDT
LDT Local Descriptor Table

LDT GDT LDT
CPU

GDT IDT LDT CPU GDTR IDTR LDTR
32 -1

CPU 16 80X86 CPU
3 13 8192

0--8191 2 TI 0 GDT
LDT



Linux 0.11 CPU
GDT LDT GDT LDT

5-8

LDT GDT
LDT

24 TSS GDT
TSS

idt Linux 0.11

5-10 5-11 TSS Task 
State Segment CPU CPU

CPU TSS CPU
TSS 4-37 Linux 0.11

TSS Linux 0.11 GDT
4 syscall include/linux/sched.h 150

Linus

5.3.4

,



CPU 4096 1

80X86
CR0 31

80386
4

1024 1
D Dirty

5-9 CR3
CR3 PDBR 32

1 1024 1024 * 4KB = 4MB
1024 1024 1024 * 4MB = 4GB 

Linux 0.1x

Intel 80386 CPU 4G
CPU PDT

PT
Linux 0.11

64MB ( )*64MB

Linux 0.11 GDT 256 2



2 (256-4)/2 =126 
 ((256-4)/2)* 64MB 8G 0.11 NR_TASKS = 64

64M  ( )*64MB
64MB*64 =4G 5-10 4

16MB
1 0

0
0 640KB

Linux 0.11 I Instruction D Data
I&D

1 64MB 640KB
2 3 128MB 192MB

64MB 4G CPU
0 1 64MB

4GB 0.11

5-11
4GB

2 3

Code Section Data Section CPU



CPU
4GB

5.3.5 CPU
  Intel 80X86 CPU 4 0 3 Linux 0.11

CPU 0 3

5-13
CPU CPU 0 3

1 2

0

3



5.3.6
CPU Linux 0.11

0 1

Linux 0.11 head.s
16MB 0

0xFFFFFF 16MB GDT IDT TSS
1 0

0--16MB 4
4

5-14



Linux 0.11 16MB 4096
4KB

GDT IDT
setup.s GDT

IDT 0x90200
0 0x90200

1 head.s GDTR
IDTR GDT IDT

0

1

Linux 0.11 16MB
4MB 2MB Linux 0.11 4MB

4MB--16MB
CPU

4MB--16MB
16MB init/main.c

16MB 0--16MB
16MB

init/main.c
32MB 8

32MB



0
0 640KB

0 640KB

TSS0 0 sched.h
113 TSS0 sched.c 104 5-23

0 5-15

0
head.s

0b111 user_stack[]
0

1
0 1 0

fork() 1 init 1
0 1

1 64MB--128MB 64MB--64MB+640KB
0--640KB 1 640KB

1
1 PCB 1

TSS 5-16



1 0--640KB 0
user_stack[] kernel/sched.c 67--72 1

1 1 0
user_stack[] 1 1 1 user_stack[]

1

2 init 1
Linux 0.11 64 2

2 nr nr
nr*64MB 2 = nr*64MB = 2 * 64MB = 128MB

64MB 2 128MB--192MB 64MB/4MB = 16

5-17 2
2 execve() shell 1

2 128MB--128MB+640KB 2
1 2 init() execve()

shell 1
shell 5-17 2 shell
2 1 shell

execve()
2 64MB 2

Load on demand



Linux 0.99 4G
Linux 2.x

5.3.7
C malloc()

C malloc()
0 1 CPU 4G 64MB

64MB

brk
malloc() brk()

malloc() brk

CPU

C malloc()

free() C



malloc() free() lib/malloc.c

5.4 Linux

Linux
setup.s

5.4.1

Interrupt IRQ - Interrupt 
Request ISR - Interrupt 
Service Routine

PIC - Programmable Interrupt Controller
IRQ

PIC PIC

PIC
PIC INT

PIC PIC
32

int
PC/AT 256

5.4.2 80X86
80X86 8259A 8259A

8 8259A 64 PC/AT
8259A 15 5-18

INT IR2 8259A 8259A IRQ2
8259A 0x20 0xA0 IRQ9 PC/XT IRQ2

PC/AT IRQ2 IRQ2 PIC IRQ9
BIOS IRQ9 int 71 IRQ2 int 0x0A

IRQ2 PC/XT 8 PC/AT PC



8259A CPU IN OUT
8259A

IRQ0 – IRQ15
CPU

INT CPU CPU D7-D0
CPU

5.4.3
CPU

CPU 32
80X86 256

80X86 4 4
1024 80X86 ROM BIOS

0x0000:0x0000
BIOS N

0x0000:N*4
0x0000:N*4

BIOS 8259A 16 BIOS
0x10—0x1f

DOS
0x20—0x2f Linux

BIOS setup.s 8259A



head.s BIOS

Intel CPU 32 IDT Interrupt Descriptor Table
IDT Intel 8086 -- 80186 CPU

Linux 80X86

5.4.4 Linux
Linux ( ) 0-255

int0--int31(0x00--0x1f) Intel
, Intel CPU

(Fault) (traps) int32--int255 (0x20--0xff)
CPU 5–1

 CPU

Maskable  CPU INTR eflags IF

Nonmaskable  CPU NMI 

Fault CPU

Trap CPU

Abort

Linux int32--int47 0x20--0x2f 8259A
IRQ0--IRQ15 5–2 system call int128 0x80

IRQ0 0x20 32  8253 100HZ

IRQ1 0x21 33

IRQ2 0x22 34

IRQ3 0x23 35 2

IRQ4 0x24 36 1

IRQ5 0x25 37 2

IRQ6 0x26 38

IRQ7 0x27 39 1

IRQ8 0x28 40

IRQ9 0x29 41

IRQ10 0x2a 42

IRQ11 0x2b 43

IRQ12 0x2c 44  PS/2

IRQ13 0x2d 45



IRQ14 0x2e 46

IRQ15 0x2f 47

head.s
Interrupt Descriptor Table - IDT 256 boot/head.s 78

boot/head.s 150
Unknown interrupt 256

A gerneal protection fault ( 13) IDT 256
CPU

13 CPU
1(0xff) IDT 256

init/main.c
int0 --int 31 traps.c

kernl/traps.c 181 int128
kernel/sched.c 385

IDT Linux
EFLAGS IF IF

iret IF
IF 11 include/asm/system.h

5.4.5
Linux 0.11 cli sti

cli CPU cli
sti CPU

cli
sti CPU

/ cli CPU sti
cli sti cli

5.5 Linux

5.5.1
syscalls Linux 5-4

int 0x80 eax

C 5-19



0
errno perror()

Linux
include/unistd.h 60 write 4 __NR_write

include/linux/sys.h sys_call_table[]
write() 4
sys_call_table[]

'sys_' read() sys_read()

5.5.2
int 0x80

eax ebx ecx edx Linux 0.11
int 0x80

kernel/system_call.s system_call
include/unistd.h 133—183

_syscalln() n 0 3 3
read()

  int read(int fd, char *buf, int n); 

_syscall3() read() C
C

include/unistd.h 2+2*n 1
2

C



__NR_read 3 Linux 0x80 eax __res
0 errno

-1
kernel/system_call.s system_call eax

sys_call_table[]

 call _sys_call_table(,%eax, 4)           // kernel/system_call.s 94

_sys_call_table + %eax * 4 sys_call_table[]
4 4

5.5.3 Linux
Linux Linux

ebx ecx edx

Linus
Intel CPU System Call gate

5.6

5.6.1
PC/AT

RT Real Time CMOS RAM



RT/CMOS RAM PC/AT Motorola
MC146818

Linux 0.11 init/main.c time_init()
kernel/mktime.c kernel_mktime() 1970 1 1 0

UNIX
startup_time time()

startup_time stime()
jiffies

10
include/linux/sched.h 142

HZ = 100 CURRENT_TIME startup_time
jiffies/100 i

5.6.2
Linux 0.11 PC Intel 8253 8254 0

3 LATCH 10 0
OUT 8254 1.193180MHz

LATCH=1193180/100 11931 OUT 0
10 IRQ0

1 1
timer_interrupt

timer_interrupt jiffies
jiffies 1 C do_timer()

CPL CS
CPL
 do_timer() CPL=0

stime 1
1 floppy.c

0
1 CPU

0 do_timer()
0 CPU

0 do_timer() schedule()
do_timer() Linux

nonpreemptive 1 preemptive
Linux

                                                       



Dynamic Timer
Linux 0.11 64 sched.c 264--336

5.7 Linux

process Linux
CPU

(time slice)
CPU

15 =150
Linux 0.11 64

fork child process
parent process process ID pid

CPU

Linux kernel mode user mode

Linux task

5.7.1
Linux

task_struct include/linux/sched.h
PCB Process Control Block PD Processor Descriptor



long state CPU
state TASK_RUNNING state

TASK_INTERRUPTIBLE TASK_UNINTERRUPTIBLE
TASK_INTERRUPTIBLE TASK_UNINTERRUPTIBLE

TASK_STOPPED
SIGSTOP SIGTTIN

SIGTTOU ptrace
TASK_ZOMBIE

long counter 
counter

counter counter
priority

long priority counter Linux 0.11 15 15
priority counter sched.c fork.c

priority
long signal 32

= +1 Linux 32

struct sigaction sigaction[32] 



long blocked signal

int exit 
unsigned long start_code CPU Linux 0.1x

64MB
unsigned long end_code
unsigned long end_data  + 
unsigned long brk 
bss 10-6 brk

malloc() brk

unsigned long start_stack 10-6

long pid 
long father 
long pgrp 
long session 
long leader 4
unsigned short uid id
unsigned short euid 
unsigned short suid ID set-user-ID

suid uid suid euid
unsigned short gid id
unsigned short egid 
unsigned short sgid ID set-group-ID

sgid gid sgid egid 5
sys.c

long alarm alarm() alarm()
kernel/sched.c 338

alarm
SIGALRM signal()

sigaction()
long utime 
long stime 
long cutime 
long cstime 
long start_time 
unsigned short used_math 
int tty tty -1
unsigned short umask 
struct m_inode * pwd i

chdir
struct m_inode * root i

chroot



struct m_inode * executable i
i

executable->i_count 1
exec()

exec() i exit()
i 1 memory.c

share_page() executable
2

1 execve() executable 0
0 1 1 execve()

executable 0 0
executable 0

fork() 1 executable 0 execve() executable
i 0

unsigned long close_on_exec 
execve() include/fcntl.h

fork() execve()

close_on_exec execve()

struct file * filp[NR_OPEN] 32

struct desc_struct ldt[3] 
0 1 2

struct tss_struct tss TSS Task State Segment
tss_struct CPU CPU

CPU
switch

Linux

5.7.2
5-20

state
Linux



TASK_RUNNING
CPU

running CPU 5-20 0

TASK_RUNNING
0

TASK_INTERRUPTIBLE

TASK_UNINTERRUPTIBLE

wake_up()

TASK_STOPPED
SIGSTOP SIGTSTP SIGTTIN SIGTTOU

SIGCONT Linux 
0.11

TASK_ZOMBIE
wait()

wait()

sleep_on() interruptible_sleep_on()



CPU
TASK_UNINTERRUPTIBLE TASK_INTERRUPTIBLE

5.7.3
boot/

init/main.c

0 0 fork() 1 1
shell 0 0 pause()

0 move_to_user_mode include/asm/system.h main.c
0 3 0
sched_init() 0

0 include/linux/sched.h 0
TSS LDT tr

ldtr
0 0

0 0 640KB
0 16MB 0

main.c 0 0
0 main.c move_to_user_mode 0
3

0 move_to_user_mode
CPU CPU 3

IRET

0 3 iret CPU
0 3 5-21

031



move_to_user_mode 0
0

iret
iret CPU CS:EIP CPU

3 0 CPU
SS:ESP DS ES FS GS

CPU iret
3 0

PAGE_SIZE + (long)&init_task
0 0

1 1

5.7.4
 Linux fork() 0 0

64 fork()

TASK_UNINTERRUPTIBLE

15 150
TSS 0 tss.eax = 0

tss.esp0 tss.ss0
tss.ldt GDT

tss.i387

Copy On Write
1 GDT

TSS LDT tss ldt

exec() exec()

CPU Fault
CPU

5.7.5

CPU
Linux TASK_RUNNING CPU



Linux 0.11

 schedule() TASK_RUNNING
counter

TASK_RUNNING
priority counter

                         prioritycountercounter
2

counter schedule()
TASK_RUNNING

switch_to()
0 Linux 0.11 0 pause()

schedule() schedule() 0
0

schedule() include/asm/system.h
switch_to() CPU

switch_to()
current TSS

CPU CPU
TR TSS tss

tss CPU
5-22



5.7.6

exit() do_exit()

i init
SIGHUP

TASK_ZOMBIE
SIGCHLD do_exit()

wait() waitpid()

5.8 Linux

Linux

 Linux 0.11



0

CPU CPU
0 3
TSS 0 tss.ss0 tss.esp0

5.8.1
(bootsect.s setup.s)

bootsect ROM BIOS 0x7c00
bootsect 0x9000:0 SS 0x9000

esp 0xff00 0x9000:0xff00 boot/bootsect.s 61 62 setup.s
bootsect

(head.s)
head.s 0x10
esp user_stack head.s 31 1 4K

user_stack sched.c 67--72 1024
5-23

system.map



(main.c)
init/main.c move_to_user_mode() 0

move_to_user_mode() main.c 0
fork() main.c init() 1 1 main() “ ”

0 0 0

5.8.2

CPU
4096 – 3K

64MB

0 1 64MB
64MB

5-24
CPU Linux Copy 

on Write
push

0 1

TSS ss0 esp0 ss0 esp0

task_struct
fork() tss (tss.esp0 tss.ss0)

kernel/fork.c 93

p tss
task_struct tss task_struct tss.ss0

0x10 tss.esp0 task_struct 5-25
tss.esp0 Intel CPU

esp esp



tss.ss0 0x10
head.s

16MB Linux 0.11 head.s 110

CPU TSS
tss.ss0 tss.esp0 esp0 CPU

0 1
0 idle 1 init 0

1 640KB 0
0 1 64MB

0--640KB
move_to_user_mode() 0 1

0 sched.c user_stack[]
1 0 0 1

1 1 user_stack[] 1
2 1

1 0
1 0

0
0

move_to_user_mode() iret 5-21

0 0
IRET 0 3 0

esp user_stack ss
0x17 LDT 0 0x0f

CS EIP IRET
0

                                                       



5.8.3
Linux 0.11

CPU 3 0 CPU
CPU TSS

0 48 TSS ss0 esp0
CPU ss esp

eflags cs eip

eflags
iret eflags

5-26

CPU
CPU eflags

cs eip

5.9 Linux 0.11

Linux
Linux UNIX

etc/ 
dev/ 
bin/ sh mkfs fdisk
usr/ 
usr/bin 
var/ 



Windows2000 C
Windows2000 NTFS FAT32

Linux 0.11 MINIX 1.0 Linux
ext2 ext3

1 Linux 0.11 2 bootimage
rootimage bootimage Image

rootimage
DOS

Linux 509 510
ROOT_DEV 0

5.10 Linux

Linux

Linux

tar linux-0.11.tar.gz linux/
5-27

14 102

5.10.1 linux
 linux 14



Makefile make make

make
 linux Makefile Makefile linux

make
linux make

5.10.2 boot
 boot 3 3

32
bootsect.s setup.s as86 as86

head.s GNU as AT&T

 bootsect.s 0
0 1 PC ROM BIOS BIOS 0x7C00
 setup.s system
 head.s system

5.10.3 fs
 Linux 0.11 1.0 MINIX Linux MINIX

MINIX MINIX Linux
MINIX Linux MINIX MINIX

Linux Linux
Linux MINIX

Linux
sleep()

 fs/ 17 C
5-28 .c



buffer.c
file_table.c ioctl.c

kernel/chr_drv/tty.c io exec.c
do_execve() exec() fcntl.c i/o
read_write.c / stat.c

open.c
char_dev.c rw_char() pipe.c

file_dev.c i namei.c
block_dev.c inode.c

i truncate.c
bitmap.c i super.c

buffer.c ll_rw_block
fs kernel/blk_drv/ll_rw_block.c

ll_rw_block()



5.10.4 include
32 .h 13 asm 4 linux

10 sys 5

<a.out.h>        a.out a.out
<const.h>        i i_mode
<ctype.h>        
<errno.h>        (Linus minix )
<fcntl.h>        
<signal.h>       
<stdarg.h>       - va_list

va_start, va_arg va_end vsprintf vprintf vfprintf
<stddef.h>       NULL, offsetof(TYPE, MEMBER)
<string.h>       
<termios.h>      
<time.h>         tm
<unistd.h>      Linux
__LIBRARY__ _syscall0()
<utime.h>        utime()

include/asm
CPU 4

<asm/io.h>       io io
<asm/memory.h>   memcpy()
<asm/segment.h>  
<asm/system.h>   /
Linux include/linux
<linux/config.h> HD_TYPE
<linux/fdreg.h>  
<linux/fs.h>     file,buffer_head,m_inode
<linux/hdreg.h>  
<linux/head.h>   head
<linux/kernel.h> 
<linux/mm.h>     
<linux/sched.h>  task_struct 0
                 
<linux/sys.h>    72 C , 'sys_'
<linux/tty.h>    tty tty_io

include/sys 
<sys/stat.h>     stat{}
<sys/times.h>    tms times()
<sys/types.h>    
<sys/utsname.h>  
<sys/wait.h>     wait() waitpid()



5.10.5 init
main.c

shell

task 0
fork()

init()
shell

5.10.6 kernel
 linux/kernel 12 Makefile 3

kernel/ fork exit
get_hd_block tty_write

5-29

 asm.s traps.c
traps.c C

 exit.c

 fork.c sys_fork() C find_empty_process()
copy_process()
 mktime.c mktime() 1970 1 1 0

init/main.c
 panic.c panic()
 printk.c printk()
 sched.c (sleep_on wakeup schedule )

 signal.c 4



do_signal()
 sys.c
 system_call.s Linux int 0x80

C Linux
 vsprintf.c

kernel/blk_drv

blk_drv 4 c 1 blk.h
C 5-30

 blk.h 3 C hd.c
/ do_hd__request() floppy.c

/ do_fd_request() ll_rw_blk.c /
ll_rw_block()

fs/buffer.c
kernel/chr_drv

4 C 2
rs-232 5-31

 tty_io.c tty tty_read() tty_write()
C do_tty_interrupt()



console.c con_write() tty
con_init()

 rs_io.s
0x3fa 0x2fa 4

do_tty_interrupt()
 serial.c UART

tty rs_write()
 tty_ioctl.c tty io tty_ioctl() termio(s) io

sys_ioctl() fs/ioctl.c
 keyboard.S keyboard_interrupt

kernel/math
C math_emulate.c math_emulate() int7

C CPU

SIGFPE

5.10.7 lib
C

C lib/
init/main.c 0 1

libc lib/ 12 C
tytso malloc.c

_exit() close(fd) dup()
open() write() execve() malloc()

wait() setsid() include/string.h

5.10.8 mm
2

 Linux 386 4G 64
64MB

fork

 page.s int 14

 memory.c mem_init() page.s
do_no_page() do_wp_page()



5.10.9 tools
build.c Linux
image

5.11

Linux 5
int 0x80 12

0 1
lib/

C libc
5-4

libc API

ID

UNIX POSIX API Linux API
POSIX API

API
POSIX

API

include/unistd.h

Linux LSB Linux Standard Base
Linux 2

C /
I/O fopen fclose open

close

3

5.12 linux/Makefile

linux Makefile

5.12.1
Makefile make

Makefile make Makefile



 make
make Makefile

Makefile
make make

Makefile (last-modification time)
Makefile Makefile

'#' '='
Makefile make tools/ build

image boot/
bootsect.s setup.s 8086

GNU gcc/gas system build
image build tools/build.c

/ 5-32

5.12.2
5-1 linux/Makefile









5.13

Linux Linux 0.11



Linux 0.11 Linux makefile

Linux 0.11



6 boot

boot/ 6-1
bootsect.s setup.s 16

Intel Intel 8086 as86 ld86 head.s
GNU GNU as gas

AT&T
 Linus Intel x86 Linus GNU

i386 CPU
16 1994 GNU as 16 .code16

GNU Using as - The GNU Assembler 80386 16
2.4.X bootsect.s setup.s as

6-1 linux/boot/

8086 Intel 80X86
PC 80386 32

6.1

Linux PC 80x86
CPU 0xFFFF0 ROM-BIOS

PC BIOS 0
512 0x7C00

 Linux 8086 boot/bootsect.s BIOS
0x7C00 31KB 0x90000 576KB

2KB boot/setup.s 0x90200 system
0x10000 64KB 6-1



system 0x80000 512KB bootsect system
0x10000 0x90000 576KB bootsect setup

setup system system
6-2 Linux

"Loading..." boot/setup.s

VGA
0x10000 0x0000 0x0000

32 : IDT GDT LDT
init/main.c main() boot/head.s

 bootsect 0x0000 setup



setup ROM BIOS
BIOS

0x400 (1KB) BIOS
Linux Linux

Linux 0.11 MINIX 1.0

bootsect.s 43
509 510 0x1fc--0x1fd

6.2 bootsect.s

6.2.1
 bootsect.s 0 0

1 PC ROM BIOS ROM BIOS bootsect
0x7C00 bootsect 0x90000

2 4 setup setup.s
bootsect 0x90200 BIOS 0x13

Loading system...” setup
system 0x10000

1.44M A root_dev(
508 ) setup 0x90200 setup

setup system 6-3

Linux 0.11 1.44MB 1.44MB 2880
1 setup 4 0.11 system

240 2630

6.2.2
6-1 linux/boot/bootsect.s 



















6.2.3
bootsect.s Alessandro Rubini

Linux (http://oldlinux.org/Linux.old/docs/)
386
80x86

Linux 0.11 bootsect

6.2.3.1 Linux 0.11
3 1-

2- 3- 4- 5- 6- 7- 1 1--4
=

*256 + 6–1

6–1

0x300 /dev/hd0 1
0x301 /dev/hd1 1 1
0x304 /dev/hd4 1 4
0x305 /dev/hd5 2
0x306 /dev/hd6 2 1
0x309 /dev/hd9 2 4

Linux 0.95

6.2.3.2

Shoelace LILO Grub bootsect.s
bootsect Image

Image

1 MBR - Master Boot 
Record BIOS 0x7c00 0x600

MBR 1 0x7c00

Image

Image 4
bootsect.s Image

Image

bochs



6.3 setup.s

6.3.1
 setup.s ROM BIOS

0x90000 bootsect
6 2 console.c tty_io.c

( )

0x90000 2 0x00- 0x00-

0x90002 2 1MB KB

0x90004 2 

0x90006 1 

0x90007 1 

0x90008 2 ??  

0x9000A 1 (0x00-64k,0x01-128k,0x02-192k,0x03=256k) 

0x9000B 1  0x00- ,I/O=0x3dX 0x01- ,I/O=0x3bX 

0x9000C 2 

...    

0x90080 16 1

0x90090 16 2

0x901FC 2 bootsec.s

setup system 0x10000-0x8ffff system
512KB 0x00000 (idtr)

(gdtr) A20 8259A
0x20 - 0x2f CPU CR0 32

system head.s
head.s 32 IDT

GDT GDT head.s

Linux 6-4
4



Global descriptor table – GDT Local descriptor table – LDT
GDTR LDTR GDT LDT

lgdt sgdt GDTR lldt sldt LDTR
lgdt 6 GDTR

4 LDTR lldt 2
GDT GDT

setup.s GDT 207--216
0x00C09A00000007FF 8MB =(0x7FF + 1) * 4KB 1 0

0 0x9A
0 32 4KB

0x00C09200000007FF 8MB 0 0x92
0 32

4KB

6-5



Index 8192 213 8
Table Indicator - TI

0 GDT 1 LDT Requestor's 
Privalege Level - RPL

GDT ( 0) 0 0
GDT (null) CS

SS

GDT
lgdt CPU GDT gdtr

32

6.3.2
 6-2 linux/boot/setup.s 















6.3.3
BIOS

BIOS A20
Intel 32

6.3.3.1
setup.s system 0x0000 0x90000

6-6



NULL
0x0000 setup.s

'jmp 0,8 ' 193 head.s '8'
gdt '0'

6.3.3.2 BIOS 0x10
ROM BIOS

/

ah =0x12

bl =0x10

bh
0x00 – I/O 0x3DX

0x01 – I/O 0x3BX

X 0 – f

bl
00 = 64K, 01 = 128K, 02 = 192K, 03 = 256K 

ch

0      1 2

1      0 2

2      1 1

3      0 1

4-7    ( 0)

cl

0      1

1      2

2      3

3      4

4-7    

EGA/VGA :

0x00            MDA/HGC

0x01-0x03       MDA/HGC

0x04            CGA 40x25

0x05            CGA 80x25

0x06            EGA+ 40x25

0x07-0x09       EGA+ 80x25

0x0A            EGA+ 80x25

0x0B            EGA+ 80x25



6.3.3.3 INT 0x41
int 0x41 4 * 0x41 =0x0000:0x0104

100% BIOS
F000h:E401h int 0x46

0x00 cyl 

0x02 head

0x03 ( PC XT 0)

0x05 wpcom 4

0x07 ECC XT 0

0x08 ctl

0        

1        (0) ( IRQ)

2        

3        8 1

4        (0)

5        +1 1

6        ECC

7        

0x09 XT 0

0x0A XT 0

0x0B XT 0

0x0C lzone ( )

0x0E sect 

0x0F

6.3.3.4 A20
 1981 8 IBM IBM PC CPU Intel 8088

20 (A0 – A19) RAM KB 1MB 20
0xffff:0xffff 0x10ffef 0x100000(1MB)

0x0ffef IBM 1985 AT Intel 80286 CPU 24
16MB 8088 1MB

8088
IBM 0x100000

8042 P2 P21
A20 20

A20

A20 setup.s 138-144
A20



A20
A20

A20 (Fast Gate A20) I/O 0x92 A20
0x92

0xee A20 A20

6.3.3.5 8259A
2 PC/AT

8259A 8259A Linux

1. 8259A
PC/AT 8259A PIC

15 2-20 INT IR2 8259A
0x20 0xA0 8259A 6-7

IRR Interrupt Request Register
8 D7—D0 IR7—IR0 IMR Interrup Mask 

Register 8 8
1 IMR IRR IRR

PR Priority Resolver
IRR ISR In-Service

Register ISR CPU
8259A ICW Initialization Command 

Words OCW Operation Command 
Words 8259A A0 PC/AT

A0 0 0x20 0xA0 A0=1 0x21 0xA1



8259A IR0—IR7
IRR

IMR
8259A CPU INT CPU

8259A INTA 8259A
ISR ISR

IRR
CPU 8259A 2 INTA 8259A

8259A 8 CPU
CPU 8259A AEOI Automatic End of Interrupt
2 INTA ISR

8259A 8259A
EOI ISR 2 8259A

EOI 8259A

2.
8259A 4

8259A 8259A
8259A 8259A 4 ICW1—ICW4

8259A 3 OCW1—OCW3
8259A 8259A

6-8 ICW1 ICW2
8259A ICW3 ICW1

ICW4 ICW1

(1) ICW1 5 D4 =1 A0=0 ICW1 PC/AT



8259A 0x20 0xA0 ICW1
6–5

D7 A7 

D6 A6 

D5 A5 

A7—A5 MCS80/85

ICW2 A15—A8 8086/88

D4 1 1

D3 LTIM 1 - 0 – 

D2 ADI MCS80/85 CALL 8086/88

D1 SNGL 1 – 8259A  0 – 

D0 IC4 1 – ICW4  0 – 

Linux 0.11 ICW1 0x11 8259A
ICW4

(2) ICW2 5 ICW1 A0=1 ICW2
PC/AT 8259A 0x21

0xA1 ICW2 6–6

MCS80/85 D7—D0 A15—A8 ICW1 A7-A5
8086/88 T7—T3 5 8259A

3 8 8259A 2 INTA CPU

 Linux 0.11 ICW2 0x20 0 —7
0x20—0x27 ICW2 0x28 8 —15
0x28—0x2f

(3) ICW3 8259A 8 Slave Register ICW3
6–7

S7—S0 1 IR



IR
ID2—ID0

CAS2—CAS0 ID2—ID0

 Linux 0.11 8259A ICW3 0x04 S2=1 0 IR2
ICW3 0x02 2 IR2

0 8—15 3—7

(4) ICW4 ICW1 0 IC4 ICW4 A0=1 ICW4
6–8

D7 0 0

D6 0 0

D5 0 0

D4 SFNM 1 –  0 – 

D3 BUF 1 –  0 – 

D2 M/S 1 –  0 – 

D1 AEOI 1 –  0 – 

D0 PM 1 – 8086/88  0 – MCS80/85

 Linux 0.11 8259A ICW4 0x01 8259A
8086

3.
8259A 8259A

OCW1—OCW3 8259A
8259A

(1) OCW1 8259A IMR / A0 1
OCW1 6–9

D7—D0 8 7 —0 M7—M0 M=1
M=0

Linux 0.11

0x21 8259A ~0x40 6
kernel/blk_drv/floppy.c 461

(2) OCW2 EOI D4D3 = 00 A0=0



OCW2 OCW2 6–10

D7 R 

D6 SL 

D5 EOI 

D4 0 0

D3 0 0

D2 L2 

D1 L1 

D0 L0 

L2—L0 3 IRQ0--IRQ7

IRQ8—IRQ15

D7—D5 6–11 * L2--L0
ISR

R(D7) SL(D6) EOI(D5) 

0 0 1 EOI

0 1 1 * EOI

1 0 1 EOI

1 0 0 AEOI

0 0 0 AEOI

1 1 1 * EOI

1 1 0 *

0 1 0 

 Linux 0.11 8259A EOI
OCW2 0x20 EOI

(3) OCW3 IRR ISR D4D3=01 A0=0
OCW3 / Linux 0.11 OCW3 6–12

D7 0 0

D6 ESMM

D5 SMM D6—D5 11 –  10 – 

D4 0 0

D3 1 1

D2 P 1 – POLL  0 – 

D1 RR RD



D0 RIS D1—D0 11 – ISR  10 – IRR

4. 8259A
8259A 8259A

8259A
(1)

8259A
0 7 0 CPU

ISR
EOI ICW4 AEOI ISR

CPU 2 INTA ISR

IMR 8
8259A IR0 IR7

Linux 0.11 8259A
(2) EOI

ISR
ICW4 AEOI CPU 2 INTA

AEOI
EOI EOI

EOI
EOI EOI EOI

EOI EOI
EOI ISR EOI OCW2 3

011 3 Linux EOI
EOI ISR

ISR OCW2 3
001 Linux 0.11 EOI

(3)
ICW4 D4=1

 a. 
CPU

 b. 
EOI ISR

0 0 EOI 0
EOI
(4)
 8259A 8
64 3 3



8259A
ICW3 2 EOI

(5)
OCW2 8259A

7
(6)

IMR 8259A
OCW1 IMR IMR D7--D0 IR7 -- IR0

EOI 8259A
8259A

OCW3 D6 D5 OCW1

(7)
 8259A 3 IMR IRR ISR CPU IMR

OCW1 IRR ISR OCW3 IRR ISR

6.4 head.s

6.4.1
 head.s system system

(head) system setup
6 Linux 0.11 system

120KB 240
heads.s

AT&T GNU gas gld7

0
idt 256

ignore_int 8 6-9

                                                       



P DPL head.s
0x0008 ignore_int head.s

head.s 0
0 P=1 DPL=00

5 4 0x8E00
gdt GDT

setup.s GDT 8MB 16MB
setup.s 16MB

GDT GDT gdt
GDT 0x902XX

0 1MB A20
1MB CPU IP MOD 1Mb

0
PC 80287 80387 CR0

0
16MB 4

6-10 P R/W
U/S / A D 20

20

0x07 P=1 U/S=1 R/W=1
CPU

U/S R/W PL



PL CPU CPL < 3
0 CPU Supervisor

CPL = 3 CPU User  User
U/S=1 W/R = 1
U/S=0 0 1

0x7

head.s /init/main.c main()

6.4.2
6-3 linux/boot/head.s 

















6.4.3
6.4.3.1
 head.s

idt gdt 1KB system
6-11

6.4.3.2 Intel 32
Intel 386 32

8086 CPU 80x86 CPU

gdtr idtr lgdt lidt
 CPU 0x9000

64KB



8

eip
32

GDT IDT
LDT CPU GDT IDT GDTR

IDTR 0 8191 GDT
LDT LDTR LDTR

GDT LDT GDT
LDT GDT

LDT Linux 0.11 64
GDT 64 LDT

IDT GDT Linux GDT 256
8 GDT 0-1 6-7

2-3 4-5
6-12 Linux GDT

GDT LDT0 TSS0
TSS LDT

DS
DS:ESI



6.4.3.3 align 
3 align .align

CPU

.align val1, val2, val3 

1 val1 2
0 3 val3

val3 2 val2
3 val3

ELF Intel 80X86 CPU 1 val1 '.align 
8' 8 8

a.out 1 val1 0 2
2^Val1 head.s '.align 3' 8

8 GNU as gas
gas



6.5

bootsect.s setup.s system setup.s
0x90000 0x90200 setup system

head.s
 setup ROM BIOS 0x90000

system 0x00000 system
head.s 0x00000 32

CR0
system head.s CPU 32

 Head.s 256 A20

system init/main.c
init/main.c



7 (init)

init/ main.c boot/ head.s
main.c

Linux
C C

Brian W. Kernighan Dennis M. Ritchie C
C GNU gcc

gcc inline
C '//'

*.h

7.1 main.c

7.1.1
 main.c setup.s

RAMDISK 7-1

ROM BIOS
1K 1024 mm

4K
mm

tty
task 0

0

0 CPU 0
3 main.c 0 fork()



init() init 7-2

 main.c

0 0
fork() 1 init init()

shell 0 0
idle 0 pause()

 init() 4
rc shell

setup()

init() tty0 stdin stdout
stderr

init() 2
shell /bin/sh etc/rc rc

DOS AUTOEXEC.BAT 0
/etc/rc stdin etc/rc

/bin/sh /etc/rc
/bin/sh 2

 init() shell
/bin/sh 2 init 2

shell /bin/sh shell



shell shell /bin/sh argv[]
shell 0 1 '-' /bin/sh

shell /bin/sh
Linux exit logout

shell shell

1 init() init

fork()
init 0 0

1 0 main.c 0
0 fork() gcc

23

_syscall0() unistd.h Linux int 0x80
include/unistd.h 133

int fork()



gcc fork() fork()
syscall0 0 1 1 1
_syscall1()

INT

init 1 0 init
1MB 640KB

init
0 0 640KB

1 640KB 1
1

0 1
1 / 0 1

0 1 init
0 1 0

0 fork() pause() 0 1

init 2 execve() 2
8 Copy on Write

Linux shell
lib/ string.c

7.1.2
7-1 linux/init/main.c 

                                                       















7.1.3
7.1.3.1 CMOS
 PC CMOS 64 128 RTC Real Time 
Chip 64 CMOS IBM PC-XT

BCD 14

 CMOS 0x70
0x71 0x70 0x71 OUT

0x70 IN 0x71
0x70

0x71
 main.c 70 0x80 CMOS

128 0x80
Linus CMOS CMOS

0x80
1.0 ( 1.0

drivers/block/hd.c 42 ) 7–1 CMOS

0x00  ( ) 0x11 

0x01 0x12

0x02  ( ) 0x13

0x03 0x14

0x04  ( ) 0x15  ( )

0x05 0x16  ( )

0x06  ( ) 0x17  ( )

0x07  ( ) 0x18  ( )

0x08  ( ) 0x19-0x2d

0x09  ( ) 0x2e  ( )



0x0a RTC  A  0x2f  ( )

0x0b RTC  B  0x30 1Mb  ( )

0x0c RTC  C  0x31 1Mb  ( )

0x0d RTC  D  0x32

0x0e POST 0x33

0x0f 0x34-0x3f

0x10

7.1.3.2 fork()
fork (

exec()
fork fork()

PID fork() 0
fork() 0

7-3

 init fork() 179 194
execve() sh

186 202
exit()

wait()

7.1.3.3 (session)
2 process

pid(Porcess ID)
fork() shell

    [plinux root]# cat main.c | grep for | more 

cat grep more
gid Group 

ID gid pid
gid setpgid()



Ctrl-C

Session
shell Session leader

Controlling Terminal Controlling 
process logout

setsid()
7-4

Foreground process group
Background process group

/dev/tty
/dev/tty

7.2

183 200 init()
shell /bin/sh

init.c
/etc/

agetty getty getty login:
getty login login

shell shell 7-5



init, getty, login, shell

 init /etc/rc /etc/inittab
fork()

agetty9 getty init wait()
wait() pid

agetty

init agetty
Linux

init

 getty tty
/etc/issue

getty plinux login: 
login

 login passwd
getpass() ”password:”

pw_passwd
login 1

init wait() pid
agetty

login Current Work Directory
/

ID HOME= shell SHELL=
USER= LOGNAME= PATH= /etc/motd

message-of-the-day login
ID shell bash csh

/etc/passwd shell /bin/sh
/ login

                                                       

fork()

exec()

exec()

1



Linux man 8 login
 shell

shell
shell shell

login shell argv[0] ’-’ shell
shell shell shell

/etc/profile .profile shell ENV
shell .profile shell

.profile shell
ENV ENV

.profile

 ENV=$HOME/.anyfilename; export ENV 

shell shell
shell $1 $2

shell
shell Linux sh

7.3

0.11 MINIX
/etc/rc /bin/sh /dev/* /etc/ /dev/ /bin/ /home/ /home/root/ 

Linux
main.c

10
32

Intel 80x86

Linux

sched.c
schedule() system_call.s _timer_interrupt

10 do_timer()

sleep_on() schedule() CPU
schedule()

do_timer()
CPU

schedule()





8 (kernel)

 linux/kernel/ 10 C 2 kernel
Makefile 8-1

13
12

8-1 linux/kernel/

8.1

8-1 2-17



8.1.1
asm.s traps.c asm.s

traps.c asm.s c
system_call.s mm/page.s PC 8259A
5-21

CPU 12 EFLAGS CS
EIP 8-2(a)

CPU
80386

CPU

CPU
EFLAGS 8-2(c) (d)

 asm.s Intel int0--int16 int17-int31 Intel
IRQ int32-int47 16

Linux int128(0x80)
kernel/system_call.s

CPU int 8 int10 - int 14



8-2 (b)
asm.s

8-3

8.1.2
 Linux int 0x80 eax

ebx ecx edx
system_call.s fork.c signal.c sys.c exit.c

 system_call.s asm.s
fork.c signal.c traps.c

C fork.c C find_empty_process() copy_process() signal.c
do_signal() 4

sys_xxx()
 sys.c exit.c sys_xxx() sys_xxx()

sys_execve() C
signal.c 4

'do_' C
'sys_'

do_signal()
sys_pause() sys_execve() C

8.1.3
schedule.c mktime.c panic.c printk.c vsprintf.c



 schedule.c schedule() sleep_on() wakeup()

mktime.c mktime() init/main.c
panic.c panic() printk.c vsprintf.c

printk() vsprintf()

8.2 Makefile

8.2.1
linux/kernel/ make

5 Makefile 5-1

8.2.2
8-1 linux/kernel/Makefile 





8.3 asm.s

8.3.1
 asm.s CPU FPU

kernel/traps.c
traps.c C

8-4
4 8-4(a)

esp ( esp0 ) C do_divide_error()
C esp1 , eax

eax esp2
do_divide_error() eip esp0

esp3 8 esp2
CPU 8-4(b)

esp0 C do_double_fault() C
esp1 eax ebx esp0



esp1 eax ebx
8-4(a)

do_divide_error() esp0 esp0
C do_divide_error() traps.c

 void do_divide_error(long esp, long error_code)

C

8.3.2
8-2 linux/kernel/asm.s 

esp0
esp1

esp3

esp2

esp0

esp1

esp3

esp2









8.3.3
8.3.3.1 Intel

Intel 8–1



8.4 traps.c

8.4.1
 traps.c asm.s C

die()
trap_init() init/main.c

asm.s
C

8.4.2
8-3 linux/kernel/traps.c 











8.5 system_call.s

8.5.1
Linux 0.11 int 0x80 eax

libc fork
fork() libc fork() int 0x80

include/linux/sys.h int 0x80

(system_call) int 0x80 80
sys_execve sys_fork



(int 16) (int7) (int32) (int46) (int38)

(system_call coprocessor_error device_not_available)
C 3 ebx

ecx edx C
C linux

include/linux/sys.h
IRQ 8259A

EOI C

(int 0x80) “ ”
C “Bottom half”

eax
Linux ds,es fs
sys_call_table C C

C
counter==0 schedule()

jmp _schedule "jmp _schedule" ret_from_sys_call
schedule() ret_from_sys_call

ret_from_sys_call
0

1

do_signal()

“ ” system_call
8-5



int 0x80 Linux
Linux 0.11 ebx ecx edx 3

eax

ds es fs
Linux fs

CPU get_fs_byte() put_fs_byte()
include/asm/segment.h

Linus

Y

Y

Y

N

Y



8.5.2
8-4 linux/kernel/system_call.s  















8.5.3
8.5.3.1 GNU 32
 GNU AT&T 32

 AT&T: immed32(basepointer, indexpointer, indexscale) 
 Intel: [basepointer + indexpointer*indexscal + immed32] 

immed32 + basepointer + indexpointer * indexscale 
immed32 basepointer

 o C
  AT&T: _booga      Intel: [_booga] 

C (booga)
 o
  AT&T: (%eax)      Intel: [eax] 
 o
  AT&T: _variable(%eax)    Intel: [eax + _variable] 
 o 4
  AT&T: _array(,%eax,4)    Intel: [eax*4 + _array] 
 o

C *(p+1) p  char * 
  AT&T: AT&T 1(%eax) eax p   Intel: [eax+1] 



 o 8 eax ebx

  AT&T: _array(%ebx,%eax,8)   Intel: [ebx + eax*8 + _array] 

8.5.3.2
Linux

ioctl()

Linux 0.11

sys_sethostname()
kernel/sys.c thisname

sys_uname() thisname 218-220

include/unistd.h 131
251

include/linux/sys.h sys_call_table



system_call.s 61 nr_system_calls 1
lib/ libc sethostname()

8.5.3.3
Linus as86 GNU as asm.s

Linux crt0.o

4 - sys_write() 1 - sys_exit()
C  sys_write(int fd, char *buf, int len) fs/read_write.c 83 3

3 ebx ecx edx

8.6 mktime.c

8.6.1
kernel_mktime() 1970 1 1 0

C mktime()



tm UNIX

8.6.2
8-5 linux/kernel/mktime.c



8.6.3
8.6.3.1

y 4 100 400 y

8.7 sched.c

8.7.1
 sched.c (sleep_on()
wakeup() schedule() ) getpid()

do_timer() Linus



schedule()
 schedule()

alarm
alarm (alarm<jiffies), SIGALRM alarm

jiffies 10ms/ sched.h
TASK_INTERRUPTIBLE

TASK_RUNNING

counter
switch_to()

priority
counter

sleep_on() wake_up()
schedule() sleep_on()

tmp

*p tmp current *p
i i_wait buffer_wait tmp

current 8-6

*p



*p
NULL
tmp

CPU sleep_on() tmp

tmp
8-7 sleep_on()

sleep_on() schedule()

wake_up()

sleep_on()

interruptible_sleep_on() sleep_on()

0.12

include/linux/sched.h

8.7.2
8-6 linux/kernel/sched.c 











“ ”















8.7.3
8.7.3.1

6 floppy.c
4

1.2M

I/O

0x3f2 ( )



0x3f4

0x3f5 /

FDC

FDC

0x3f7

0x3f7 ( )

8 /
FDC / DMA

 FDC 8 FDC FDD
CPU FDC FDC

FDC
 FDC

0x3f5 DIO
0 CPU  FDC FDC

7
15

CPU FDC
0--8

FDC CPU FDC
CPU FDC FDC DMA

1 DMA DMA FDC
DMA FDC FDC

CPU
CPU FDC FDC

0--7 FDC

8.7.3.2 /
1. Intel 8253 8254
 Intel 8253 8254 / PIT - Programmable Interval Timer

3
16

8254 8253 8254 8253
8253 8254

8253 8253 8254
8-8



3 8 Data Bus Buffer / Read/Write 
Logic A1 A0

/ 3 Control Word Register
A0,A1 RD WR CS CPU 8253

CPU 8254
Read-Back Command 3

CLK
8253 2.6MHz 8254 10MHz GATE

OUT

8-8(b) Status Register
NULL Null Count Flag

CE 16 OL Output Latch OLm
OLl 8

CE
CPU CE CE

OL 8-8(b) CR Count 
Register 8 CPU

CE
CR CE GATE

CLK 1 0 OUT

2. 8253 8254
8253 8253

8–3



7 SC1 

6 SC0  

SC1 SC0 0-2 SC - Select Counter

00 - 0  01 - 1  02 - 2  11 - 8254

5 RW1 

4 RW0 

RW1 RW0 RW - Read Write

00 - 01 - LSB

10 - MSB     11 - 

3 M2 

2 M1 

1 M0 

M2-M0 M - Method

000 - 0  001 - 1  010 - 2

011 - 3  100 - 4  101 - 5

0 BCD  0 - 16  1 - 4 BCD

CPU A1 A0 11 PC 0x43

A1 A0 00 01 10 PC 0x40 0x41 0x42 3

BCD

8254 3
1 GATE

2
D5 D4 00

CE
OL CPU OL OL

CPU OL
CE 3 8254

NULL 2
CPU OL CE

3.
 8253/8254 3 6
(1) 0 - Interrupt on terminal count

OUT 0 OUT
0

GATE

(2) 1 - Hardware Retriggerable One-shot
OUT CPU

GATE OUT 0
OUT GATE

GATE
(3) 2 - Rate Generator



N OUT
1 OUT CLK

N N
GATE GATE

(4) 3 - Square Wave Mode
2 OUT N

CLK N 1 1 N

(5) 4 - Software Triggered Strobe
OUT OUT

“ ” GATE
1 OUT

(6) 5 - Hardware Triggered Strobe
OUT GATE OUT

CLK
GATE CLK

PC/AT 8254 3 /
DRAM 3

1.193180MHz PC/AT 8254 8-9 A1 A0
A1 A0 A9--A2 0b0010000 8254 PC/AT

8254 IO 0x40--0x43 0x40--0x42 0--2 0x43



0 GATE BIOS
3 0 65536 0--65535 OUT0

18.2HZ 1.193180MHz/65536 OUT0 8259
0 54.9ms 1000ms/18.2

1 GATE 2
18 PC/XT DMA 2

PC/AT RAM 15 1.19318/18 = 
66.288KHz

2 GATE TIME2GATE 8255A B D0
8-9 SPK DATA 8255A B 0x61 D1

8255A

 Linux 0.11 8254 0 3
LATCH 1193180/100 0 10

IRQ0 8254 0x36 0b00110110
(LATCH & 0xff) (LATCH 

>> 8) Linux 0.11

8.8 signal.c

8.8.1
 signal.c UNIX

ctrl-C SIGINT SIGnal INTerrupt

SIGALRM
kill()

UNIX UNIX

POSIX
32

32 Linux 22 20 POSIX.1
2 Linux SIGUNUSED SIGSTKFLT

22
include/signal.h

1. SIGKILL SIGSTOP

0
2.



SIGTERM
SIGTERM kill

3.

sys_ssetmask() sys_sgetmask()
sys_signal() signal()

sys_sigaction()( sigaction())
do_signal() send_sig() tell_father()

exit.c sig signal
 signal() sigaction() handler , signal()

signal() sigaction()
sigaction[]

sigaction[]

include/signal.h 55 signal()

signal() signr
void (*handler)(int)

 signal()

signal()

 signal() signr handler
SIG_IGN SIG_DFL

SIG_IGN
SIG_DFL

 signal()
SIG_DFL

include/signal.h 45 SIG_DFL SIG_IGN



signal() 0 1
signal()

SIGKILL SIGSTOP
94—98

SIG_DFL SIG_IGN
fork()

signal()

 signal()

 sigaction() sigaction
signal()

include/signal.h 66

sig sigaction
act NULL act oldact

sigaction

sa_handler SIG_DFL
SIG_IGN sa_handler sa_mask



signal()
signal()
 sigaction sa_flags
include/signal.h 36-39
 sigaction sys_signal() restorer

Libc eax

 do_signal() (int 0x80)

8-10

do_signal()
longs 106 8-11

do_signal() 104
CPU 8-11

SS ESP CS EIP
do_signal() system_call.s 118

8-12 do_signal()



do_signal() SIG_IGN SIG_DFL
sa_handler 104 do_signal()

eip old_eip eip
sa_handler eip sa_handler

esp longs 7 8

7 8
 old_eip eip
eflags edx ecx

eax
blocked signr



sa_restorer
signal() signr handler

SIGINT Ctrl-C
SIGINT

handler() SIGINT
SIGINT Ctrl-C SIG_DFL

sa_restorer Linux Libc 2.2.2
misc/



signr
Libc sa_restorer()

 sa_restorer()

do_signel() system_call.s eip
iret CPU cs:eip eflags ss:esp

eip
ret CPU sa_restorer

sa_restorer
signr eax ecx edx eflags

CPU sa_restorer ret eip
old_eip



8.8.2
8-7 linux/kernel/signal.c 







8.8.3
8.8.3.1

18 SIGCHILD

Linux 
0.11 8–4

1 SIGHUP 

(Hangup)

Xterm modem

SIGHUP

(Abort)

2 SIGINT (Interrupt) ^C  (Abort) 

3 SIGQUIT (Quit) ^\ (Dump)



dump core

4 SIGILL (Illegal Instruction) 
(Dump)

dump core

5 SIGTRAP (Breakpoint/Trace Trap) 

6 SIGABRT (Abort)
(Dump)

dump core

7 SIGIOT (IO Trap) SIGABRT 
(Dump)

dump core

8 SIGUNUSED (Unused)

9 SIGFPE (Floating Point Exception) 
(Dump)

dump core

10 SIGKILL 
(Kill)

9
(Abort)

11 SIGUSR1 (User defined Signal 1)  (Abort) 

12 SIGSEGV 
(Segmentation Violation) (Dump)

dump core

13 SIGUSR2 (User defined Signal 2) IPC  (Abort) 

14 SIGPIPE 
(Pipe)

(Abort)

15 SIGALRM 
(Alarm) alarm

(Abort)

16 SIGTERM 

(Terminate) kill

SIGKILL (Abort)

17 SIGSTKFLT (Stack fault on coprocessor)  (Abort) 

18 SIGCHLD (Child)
(Ignore)

19 SIGCONT 
(Continue) SIGSTOP (Continue) 

20 SIGSTOP (Stop)  (Stop) 

21 SIGTSTP (Terminal Stop)  (Stop) 

22 SIGTTIN 

(TTY Input on Background) 

SIGCONT (Stop) 

23 SIGTTOU 

(TTY Output on Background) 

SIGCONT (Stop) 



8.9 exit.c

8.9.1

send_sig() tell_father()

release()

kill_session()
sys_kill() pid

do_exit() exit
father 1

1 init ) 1
SIGCHLD

SIGCHLD
waitpid() pid

pid

8.9.2
8-8 linux/kernel/exit.c 













8.10 fork.c

8.10.1
 fork() Linux 0 0 sys_fork()

kernel/system_call.s 208 sys_fork()
C find_empty_process() copy_process()

verify_area() copy_mem()
 copy_process()

TSS
0 tss.eax = 0 tss.esp0

tss.ss0 tss.ldt
GDT

tss.i387

1 GDT TSS LDT
tss ldt
8-13 verify_area()

write_verify() 4096 write_verify()



fork.c fork()
fork() PCB

copy_process() TSS
nr * 64MB CPU

Linux 0.11
Linux 0.11

fork()

8.10.2
8-9 linux/kernel/fork.c 











8.10.3
8.10.3.1 TSS

8-14 TSS Task State Segment TSS
task_struct 4



 CPU (task state segment - TSS)
80386 TSS

 TSS 1 CPU
EAX ECX EDX EBX ESP EBP ESI EDI ES, CS, SS, DS, FS, GS

EFLAGS EIP TSS
2 CPU LDT

PDBR 0-2 CPU (debug)
T- I/O TSS TSS

TSS TR LTR STR

 I/O 1 1 I/O 41 I/O +5



1 1 I/O IN INS OUT OUTS CPU
IOPL I/O CPU

TSS I/O
I/O

I/O TSS TSS I/O
CPL>IOPL I/O Linux 0.11 I/O

0x8000 TSS 104 Linux 0.11 I/O
Linux 0.11 SS0:ESP0 SS1:ESP1 SS2:ESP2

1 2 Linux
SS:ESP

8.11 sys.c

8.11.1
 sys.c -ENOSYS Linux

include/linux/sys.h
ID pid ID pgrp pgid ID uid ID gid

ID ruid ID euid ID session ID

ID uid ID gid ID passwd ID
ID ruid ID rgid i ID

ID
3 ID ID 8–5

ID ID

 uid - ID  gid - ID

 euid - ID  egid - ID

suid - ID

ID set-user-ID suid

uid suid euid

sgid - ID ID

set-group-ID sgid

gid sgid egid

uid gid ID ID ID ruid
ID rgid set_uid() set_gid() ID ID

ID suid ID sgid set-user-ID set-group-ID
euid ID egid ID

set-user-ID
ID ID

ID suid set-group-ID



set-user-ID
ID euid ID 0

Linux passwd set-user-Id
/etc/passwd

passwd set-user-ID
ID pid ID pgrp pgid

ID session 3 ID ID ID

8.11.2
8-10 linux/kernel/sys.c













8.12 vsprintf.c

8.12.1
vsprintf() C

vsprintf() C

8.12.2
8-11 linux/kernel/vsprintf.c 













8.12.3
8.12.3.1 vsprintf()

 int vsprintf(char *buf, const char *fmt, va_list args) 

 vsprintf() printf()
fmt

 printf stdout cprintf fprintf
printf 'v' ( vfprintf) va_arg va_list args printf 's'

null buf buf

1.
 printf

2.

  %[flags][width][.prec][|h|l|L][type] 
(%)

  [flags]  
  [width]  
  [.prec]  (precision)
  [h|l|L]  
  [type]  ( )

 flags
27-33
 #  (o)

(x X) '0x' '0X' e,E,f,F,g G
g G

 0  d,i,o,u,x,X,e,E,f,g G
0 - 0 0



 -  -- n

 ' '  
 +  + -

 width
flags

'*'
width

 precision d,I,o,u,x X
e,E,f F g G

s S

d,i,o,u,x
X
 hh  
 h  
 l  
 ll  
 L  e,E,f,F,g G

 type
 d,I  (precision)

1
 o,u,x,X (o) (u) (x
X) x abcdef X ABCDEF

1
 e,E  [-]d.ddde+dd

6 0 E E
2 0 00

 f,F  [-]ddd.ddd
6 0

1
 g,G  f e G F E

6 0 1
-4 e

 c  
 s  null

null
 p  



 n  

 %  % %%

8.12.4
1.2

8.13 printk.c

8.13.1
 printk() C printf()

fs
fs tty_write() fs

printk()
ds printk() fs

 printk() vsprintf() fs
tty_write()

8.13.2
8-12 linux/kernel/printk.c 



8.14 panic.c

8.14.1
 panic()

panic()
UNIX

 panic Douglas Adams Hitch hikers Guide to the Galaxy
Don't Panic!” linux

8.14.2
8-13 linux/kernel/panic.c 



8.15

 linux/kernel 12





9 (block driver) 

block device (character device)

Linux 0.11
7 7 0 6

9–1

0

1 /  ram,

2  fd,

3  hd,

4  ttyx

5  tty

6  lp

 Linux 0.11

9-1

9-1 linux/kernel/blk_drv

:
 1. hd.c
 2. floppy.c



 3. ramdisk.c
ll_rw_blk.c blk.h

ll_rw_blk.c

9.1

1024 512

ll_rw_block()

9.1.1
ll_rw_block()

blk_dev[]
blk.h

do_hd_request() do_floppy_request()
NULL

init/main.c
Linus Linux 0.11 7 9–2

1 2 3
NULL

0 NULL

1 / ram, do_rd_request() 

2 fd, do_fd_request() 



3 hd, do_hd_request() 

4  ttyx NULL

5  tty NULL

6  lp NULL

ll_rw_block()
do_XX_request()

'XX' 'rd' 'fd' 'hd'
32

next 9-1

Elevator Algorithm 9-1 4
1



ll_rw_block()
current_request

ll_rw_block()

2/3 1/3

9.1.2

/

Linux 0.1x  -- 

I/O Linux 0.1x I/O
Linux 2.6.x I/O

9.1.3
IO

9-2
/

C

C /

hd_out()
DRQ DRQ



C write_intr()

C

/

C read_intr()

0

do_rd_request()
/

ll_rw_block()
IO fs/buffer.c bread()

267 ll_rw_block() wait_on_buffer()
IO end_request()

9.2 Makefile

9.2.1
makefile

9.2.2
9-1 linux/kernel/blk_drv/Makefile 





9.3 blk.h

9.3.1

request

"extern inline" GNU CC 10

inline extern

 inline extern macro

inline extern

9.3.2
9-2 linux/kernel/blk_drv/blk.h 

                                                       









9.4 hd.c

9.4.1
 hd.c

5
sys_setup() hd_init()

hd_out()
do_hd_request()
C read_intr() write_intr() bad_rw_intr() recal_intr()

do_hd_request() read_intr() write_intr()
controler_ready() drive_busy() win_result() hd_out()

reset_controler()
 sys_setup() boot/setup.s



 hd_init()

 hd_out() C
do_hd

read_intr() 0x1f0 0x1f7
WIN_DIAGNOSE

WIN_SPECIFY
CPU system_call.s 221
 do_hd_request()

INIT_REQUEST

reset recalibrate
WIN_SPECIFY

WIN_RESTORE
C recal_intr() recal_intr()

C write_intr()
DRQ

bad_rw_intr()

C read_intr()

 write_intr() C
CPU

win_result()
bad_rw_intr()

port_write() end_request()

do_hd_request()
 read_intr() C

write_intr() win_result()
write_intr()

port_read()



end_request()

do_hd_request()

9-3 9-4



4 hd_out() do_hd_request() read_intr()
write_intr() 4

hd_out() / hd_out()
do_hd_request() do_hd_request()

add_request() ll_rw_block()
fs/buffer.c bread() IO

9.4.2
9-3 linux/kernel/blk_drv/hd.c 























9.4.3
9.4.3.1 AT
 AT 9–3 include/linux/hdreg.h

0x1f0 HD_DATA         -- 

0x1f1 HD_ERROR,HD_PRECOMP (HD_ERROR)  (HD_PRECOMP)

0x1f2 HD_NSECTOR       -- 

0x1f3 HD_SECTOR       -- 

0x1f4 HD_LCYL       -- 

0x1f5 HD_HCYL       -- 



0x1f6 HD_CURRENT /  -- / (101dhhhh, d= ,h= )

0x1f7 HD_STATUS,HD_COMMAND  (HD_STATUS)  (HD_COMMAND) 

0x3f6 HD_CMD     ---  (HD_CMD) 

0x3f7 1.2M     --- 

HD_DATA 0x1f0
16 PIO CPU

1 'rep outsw' 'rep insw' / cx=256
/ HD_ERROR 0x1f1

8 (HD_STATUS 0x1f7) 0=1
9–4

0x05 4

0x01

0x02 0

0x03

0x04 ECC

0x05

0x10 ID

0x40 ECC

0x80

0x05 4
HD_NSECTOR 0x1f2

1



1 0 0 256
HD_SECTOR 0x1f3

1 1
HD_LCYL HD_HCYL 0x1f4 0x1f5

8 2
/ (HD_CURRENT 0x1f6) 

101dhhhh
101 ECC 512 d 0 1 hhhh

9–5

0 HS0 0

1 HS1 1

2 HS2 2

3 HS3 3

4 DRV 0 - 0  1 - 1

5 Reserved 1

6 Reserved 0

7 Reserved 1

/ HD_STATUS/HD_COMMAND 0x1f7) 
8

9–6

0 ERR_STAT 0x01 

1 INDEX_STAT 0x02 

2 ECC_STAT 0x04 
ECC

3 DRQ_STAT 0x08 

4 SEEK_STAT 0x10 

5 WRERR_STAT 0x20 

6 READY_STAT 0x40 



7 BUSY_STAT 0x80 
RESET SRST 400

30

400

512 5

CPU 8 9–7

4 D3 D2 D1 D0 

WIN_RESTORE ( ) 0x1  R  R  R  R 0x10 

WIN_READ 0x2  0  0  L  T 0x20 

WIN_WRITE 0x3  0  0  L  T 0x30 

WIN_VERIFY 0x4  0  0  0  T 0x40 

WIN_FORMAT 0x5  0  0  0  0 0x50 

WIN_INIT 0x6  0  0  0  0 0x60 

WIN_SEEK 0x7  R  R  R  R 0x70 

WIN_DIAGNOSE 0x9  0  0  0  0 0x90 

WIN_SPECIFY 0x9  0  0  0  1 0x91 

4
 R R=0 35us R=1 0.5ms R=0
 L L=0 / 512 L=1 / 512 4 ECC

L=0
 T T=0 T=1 T=0

(1) 0x1X -- WIN_RESTORE Recalibrate
/ 0

BUSY_STAT 0
BUSY_STAT
(2) 0x20 -- WIN_READ 0x21 -- 

1 256 9–9
0 256 BUSY_STAT

ID



ID
ID ID

ID Data
Address Mark

DRQ_STAT DRQ_STAT

DRQ_STAT
BUSY_STAT DRQ_STAT
BUSY_STAT BUSY_STAT

(3) 0x30 -- WIN_WRITE 0x31 -- 
1 256 9–9

0 256 DRQ_STAT

DRQ BUSY_STAT
DRQ_STAT

BUSY_STAT DRQ_STAT

ID
ID ECC

BUSY_STAT

DRQ_STAT BUSY_STAT
DRQ BUSY BUSY_STAT

DRQ_STAT

(4) 0x40 -- WIN_VERIFY 0x41 -- 
DRQ_STAT

BUSY_STAT
BUSY_STAT

(5) 0x50 -- WIN_FORMAT
DRQ_STAT

DRQ_STAT BUSY_STAT



(6) 0x60 -- WIN_INIT
(7) 0x7X -- WIN_SEEK

BUSY
SEEK_STAT DSC - 

BUSY_STAT

(8) 0x90 -- WIN_DIAGNOSE
0 400ns

BUSY_STAT
2 1 0

1 5 1 0
0x80 0 1

/ (0x1f6) 4 1 1
1 0

1 0 BUSY_STAT

(9) 0x91 -- WIN_SPECIFY

BUSY_STAT
/ -1 4

HD_CMD 0x3f6
0x08

9–8

0x08

0        

1        (0) ( IRQ)

2        

3        8 1

4        (0)

5        +1 1

6        ECC

7        

9.4.3.2 AT
9–9



6 1 7
0x1f1 -- 0x1f7

0x1f1

0x1f2

0x1f3

0x1f4

0x1f5

0x1f6 /

0x1f7

CPU (HD_CMD)0x3f6

1. CPU 7 BUSY_STAT 0
hd.c 161

controller_ready()
2. CPU 6 READY_STAT 1

1 hd.c 202 drive_busy()
3. hd.c 180 hd_out()

4. CPU IRQ14 -- int46
/ hd.c

237--293 5 5
5. CPU 0 0

(HD_ERROR) hd.c 202 win_result()

9.4.3.3
int 0x41 4 * 0x41 =0x0000:0x0104

9–10 100% BIOS
F000h:E401h int 0x46

0x00

0x02

0x03 ( PC XT 0)

0x05 4

0x07 ECC XT 0

0x08 0        

1        (0) ( IRQ)



2        

3        8 1

4        (0)

5        +1 1

6        ECC

7        

0x09 XT 0

0x0A XT 0

0x0B XT 0

0x0C ( )

0x0E

0x0F

9.4.3.4
3

 1- ,2- ,3- ,4-ttyx,5-tty,6- ,7-
1 1--4

= *256 + 
dev_no = (major<<8) + minor  

9–11

0x300 /dev/hd0 1

0x301 /dev/hd1 1 1

0x302 /dev/hd2 1 2

0x303 /dev/hd3 1 3

0x304 /dev/hd4 1 4

0x305 /dev/hd5 2

0x306 /dev/hd6 2 1

0x307 /dev/hd7 2 2

0x308 /dev/hd8 2 3

0x309 /dev/hd9 2 4

0x300 0x305
linux 0.95

9.4.3.5
PC ROM BIOS

1 0x7c00
MBR Master Boot Record 9-12



0x000 MBR 446

0x1BE 1 16 1 16

0x1CE 2 16 2 16

0x1DE 3 16 3 16

0x1EE 4 16 4 16

0x1FE 2 0x55, 0xAA

446 MBR 4
0 0 1 0x1BE--0x1FD

1--4
16 9–13

0x00 boot_ind 
4

0x00- 0x80-

0x01 head 0--255

0x02 sector ( 0-5) 1--63 2 ( 6-7)

0x03 cyl 8 0--1023

0x04 sys_ind 0x0b-DOS; 0x80-Old Minix; 0x83-Linux …   

0x05 end_head 0--255

0x06 end_sector ( 0-5) 1--63 2 ( 6-7)

0x07 end_cyl 8 0--1023

0x08-0x0b start_sect 0

0x0c-0x0f nr_sects 

head sector cyl
0--255 sector 6 1--63

sector 2 cyl 10 0--1023 end_head
end_sector end_cyl H

S C CHS
 H = head; 
 S = sector & 0x3f; 
 C = (sector & 0xc0) << 2) + cyl; 

start_sect 4 0
CHS 0 0 1 0, 0, 1

0
MAX_HD MAX_SECT CHS

phy_sector
 phy_sector = (C * MAX_HEAD + H) * MAX_SECT + S - 1 



1 0 0 1
boot 0x7c00 0x6000 0x7c00

1
0x7c00

1

9.4.3.6
track_secs dev_heads sector

tracks cyl sec head
sector

sector / track_secs = tracks  sec
tracks / dev_heads  = cyl  head

1 sec 1
cyl sec head

 sector = (cyl * dev_heads + head) * track_secs + sec -1  

9.5 ll_rw_blk.c

9.5.1
/

ll_rw_block()

request_fn() do_hd_request() do_fd_request()
do_rd_request() ll_rw_block()

request_fn()

request_fn()
request_fn() C read_intr()

write_intr() request_fn()

request_fn() request_fn()
9-5



do_rd_request()

9.5.2
9-4 linux/kernel/blk_drv/ll_rw_blk.c 











9.6 ramdisk.c

9.6.1
Ram Disk Theodore Ts'o

linux/Makefile RAMDISK

init/main.c 123 16MB
4MB RAMDISK KB

RAMDISK=512 9-6

3 rd_init() init/main.c
do_rd_request()

rd_load()



256
Bootimage Rootiamge

DOS Linux
14

rd_load() 257

ROOT_DEV 0x0101 rd_load()
9-7

Linux 0.11 linux/Makefile RAMDISK
RAMDISK 256

1KB 2 257
RAMDISK

shell
256

1.44MB 256
9-8



9.6.2
9-5 linux/kernel/blk_drv/ramdisk.c 









9.7 floppy.c

9.7.1

do_fd_request()

0.5

3

Linus 100

kernel/sched.c 201-262

do_fd_request()

include/linux/fdreg.h

9.7.2
9-6 linux/kernel/blk_drv/floppy.c 





























9.7.3
9.7.3.1

Linux 2  = TYPE*4 + DRIVE DRIVE 0-3
A B C D TYPE 2 1.2M 7 1.44M floppy.c 85

floppy_type[] 9–14

0

1 360KB PC 

2 1.2MB AT

3 360kB 720kB



4 3.5" 720kB

5 360kB 1.2MB

6 720kB 1.2MB

7 1.44MB

7 1.44MB 0 A 7*4 + 0 = 28 (2,28) 1.44M 
A , 0x021c /dev/fd0 /dev/PS0 2 1.22MB

2*4 + 0 = 8 (2,8) 1.2M A 0x0208 /dev/at0

9.7.3.2
FDC 4

1.2M 9–15

I/O

0x3f2 DOR ( )

0x3f4  FDC (STATUS) 

0x3f5 /  FDC (DATA) 

DIR
0x3f7

(DCR)( )

DOR 8
/ FDC / DMA 9–16

7 MOT_EN3 D 1- 0-

6 MOT_EN2 C 1- 0-

5 MOT_EN1 B 1- 0-

4 MOT_EN0 A 1- 0-

3 DMA_INT DMA 0- DMA

2 RESET FDC 0- FDC

1 DRV_SEL1 

0 DRV_SEL0 
00-11 A-D

 FDC 8 FDC FDD
CPU FDC FDC

FDC 9–17

7 RQM FDC

6 DIO 1- FDC CPU 0- CPU FDC



5 NDM DMA 1- DMA 0- DMA

4 CB FDC

3 DDB D

2 DCB C

1 DBB B

0 DAB A

 FDC
0x3f5 DIO

0 CPU  FDC FDC
7

DIR 7 D7

(DCR) 2 D1D0
00 500kbps 01 300kbps 10 250kbps
 Linux 0.11 DMA

DMA 386 PC
IR6 0x26 DMA 2 DMA

9.7.3.3
15

CPU FDC
0--8

FDC CPU FDC
CPU FDC FDC DMA

1 DMA DMA FDC
DMA FDC FDC

CPU
CPU FDC FDC

0--7 FDC

Linux 0.11 6

1. FD_RECALIBRATE
0

0x07 0—3
9–18

D7 D6 D5 D4 D3 D2 D1 D0 

0 0 0 0 0 0 1 1 1 0x07



1 0 0 0 0 0 0 US1 US2

0

2. FD_SEEK
1 0-1

2 2
9–19

D7 D6 D5 D4 D3 D2 D1 D0 

0 0 0 0 0 1 1 1 1 0x0F

1 0 0 0 0 0 HD US1 US2

2 C 

3. FD_READ
DMA

4 R 1 DMA
9–20

C R R
1 R EOT

1 R 1

D7 D6 D5 D4 D3 D2 D1 D0 

0 MT MF SK 0 0 1 1 0 0xE6 MT=MF=SK=1

1 0 0 0 0 0 0 US1 US2

2 C 

3 H 

4 R 

5 N 

6 EOT 

7 GPL 3

8 DTL N=0

1 ST0 0

2 ST1 1

3 ST2 2

4 C 

5 H 



6 R 

7 N 

MT MF SK
 MT MT=1
 MF MF=1 MFM FM
 SK SK=1

3 ST0 ST1 ST2 9–21 9–22 9–23

7

6
ST0_INTR

00 – 01 – 

10 – 11 – 

5 ST0_SE Seek End

4 ST0_ECE Equip. Check Error

3 ST0_NR Not Ready

2 ST0_HA Head Address

1

0
ST0_DS 

Drive Select

00 – 11 0—3

7 ST1_EOC EOT End of Cylinder

6 0

5 ST1_CRC CRC

4 ST1_OR DMA Over Run

3 0

2 ST1_ND No Data - unreadable

1 ST1_WP Write Protect

0 ST1_MAM ID AM Missing Address Mask

7 0

6 ST2_CM SK=0 Control Mark = deleted

5 ST2_CRC CRC

4 ST2_WC ID C Wrong Cylinder

3 ST2_SEH Scan Equal Hit

2 ST2_SNS Scan Not Satisfied

1 ST2_BC ID C=0xFF Bad Cylinder

0 ST2_MAM DATA AM Missing Address Mask

4. FD_WRITE



DMA
1

DMA 9–24

D7 D6 D5 D4 D3 D2 D1 D0 

0 MT MF 0 0 0 1 0 1 0xC5 MT=MF=1

1 0 0 0 0 0 0 US1 US2

2 C 

3 H 

4 R 

5 N 

6 EOT 

7 GPL 3

8 DTL N=0

1 ST0 0

2 ST1 1

3 ST2 2

4 C 

5 H 

6 R 

7 N 

5. FD_SENSEI
1 2 ST0 PCN

CPU
DMA

9–25

D7 D6 D5 D4 D3 D2 D1 D0 

0 0 0 0 0 1 0 0 0 0x08

   

1 ST0 0

2 C 

6. FD_SPECIFY

SRT / HLT/HUT DMA
9–26 500KB/S Linux 0.11



1 floppy.c 95 spec1 2 spec2
315 spec2 6 HLT=3 ND=0

6 DMA

D7 D6 D5 D4 D3 D2 D1 D0 

0 0 0 0 0 0 0 1 1 0x03

1 SRT 1ms  HUT 16ms

2              HLT 2ms ND DMA

9.7.3.4
PC NEC PD765 Intel 8287A Intel 82078

MSR
output_byte(byte)

9-9
RQM 1 DIO 0 CPU FDC

10000
Linux 0.1x 0.9x

PC 16MHz -- 40MHz
Linux

FDC CPU result()
reply_buffer[]



DOR 2 FDC 0 1
SPECIFY floppy.c

reset_floppy() C reset_interrupt() DOR 2
SPECIFY

transfer()
DCR

250Kpbs
DOR

FD_RECALIBRATE (FD_SEEK)
/

MSR

DOR DOR
9-10



/

DMA
9-11



3
300ms 5 500ms floppy.c

500ms
DCR

FD_SEEK

15ms HLT
500Kbps HLT=8

16ms
DMA DMA

TC
EOT

DMA



 Linux 0.11
11

500ms

ID DMA DMA
C H R

9 2 512 1 7
DMA 36 9  x 4 7,1,1,2
7,1,2,2 7,1,3,2 ... 7,1,9,2

SEEK

9.7.3.5 DMA
 DMA Direct Memory Access) “ ” DMA

Intel 8237
DMA CPU

CPU DMA
1 DMA

DMA DMA
DMA

PC
DMA 2 Linux 0.11

Intel 8237 16 8 64KB
1MB DMA 1MB 16
9–27 DMA

64KB

DMA 64KB

0x0 0x00000 - 0x0FFFF 

0x1 0x10000 - 0x1FFFF 

0x2 0x20000 - 0x2FFFF 

0x3 0x30000 - 0x3FFFF 

0x4 0x40000 - 0x4FFFF 

0x5 0x50000 - 0x5FFFF 

0x6 0x60000 - 0x6FFFF 

0x7 0x70000 - 0x7FFFF 

0x8 0x80000 - 0x8FFFF 

0x9 0x90000 - 0x9FFFF 

                                                       



0xA 0xA0000 - 0xAFFFF 

0xB 0xB0000 - 0xBFFFF 

0xC 0xC0000 - 0xCFFFF 

0xD 0xD0000 - 0xDFFFF 

0xE 0xE0000 - 0xEFFFF 

0xF 0xF0000 - 0xFFFFF 

2
DMA DMA 2 DMA

3
DMA EOP

CPU

PC/AT DMA 8 4 16
DMA 2

DMA 8
16

9–28

DMA

0 0x87 0x00 0x01 

1 0x83 0x02 0x03 

2 0x81 0x04 0x05

3 0x82 0x06 0x07 

4 0x8F 0xC0 0xC2 

5 0x8B 0xC4 0xC6 

6 0x89 0xC8 0xCA 

7 0x8A 0xCC 0xCE 

DMA 4 DMA
9–29 Linux 0.11

3 0x0A, 0x0B, 0x0C

0-3 4-7

0x08 0xD0 

0x09 0xD2 

0x0A 0xD4 

0x0B 0xD6 

0x0C 0xD8 



DMA DMA
Linux 0.11 ROM BIOS

9–30 DMA

7 DMA DACK 0-DACK 1-DACK

6 DMA DREQ 0-DREQ 1-DREQ

5 0- 1- X- 3=1

4 DMA 0- 1-

3 DMA 0- 5 1- 3 X- 0=1

2 DMA 0- 1-

1 0 0- 0 1- 0 X- 0=0

0 0- 1-

DREQ DREQ
1 DMA 0 DMA DREQ

DMA PC DMA
2 DREQ Linux

9–31

7 -3 

2 0 - 1 - 0

1

0
00-11 0-3

0x0A 16 0xD4
DMA DREQ DMA DMA

9–32

7 -3 

2 1 - 0 - 

1

0
00-11 0-3

DMA Linux 0.11 0x46
0x4A 9–33



7

6
 00- 01- 10- 11-

5 0- 1-

4 0- 1-

3

2
 00-DMA 01-DMA 10-DMA 11-

1

0
00-11 0-3

16

0x0C / DMA
0 1

0x0C 0
DMA DMA

1.
2. 0x0A DMA

2
3. 0x0C
4. 0x0B
5. 0x04 DMA

6. 0x81 DMA
7. 0x05 DMA -1

DMA 1024
DMA 1023 0x3FF

8. 0x0A DMA
9.





10 (char driver) 

linux 0.11
M.J.Bach UNIX

10 3

10-1 linux/kernel/chr_drv

10.1

RS-232 rs_io.s serial.c
keyboard.S console.c

tty_io.c tty_ioctl.c

10.1.1

Raw data

canonical
TAB 8

backspace (line discipline)
(raw)

10-1



10.1.2 Linux
tty tty Teletype

Teletype Teletype Linux 0.1x
/dev/

1. /dev/ttySn

/dev/ttyS0 /dev/ttyS1 4,64 4,65
DOS COM1 COM2



echo test > /dev/ttyS1 ”test”
ttyS1

2. /dev/ptyp /dev/ttyp
Pseudo Terminals Pseudo - TTY PTY

shell X Window

Master PTY Slave PTY
ptyp1 ttyp1 ptyp1 ttyp1

/dev/ptyp3 /dev/ttyp3 ttyp3 /
ptyp3 ptyp3

ttyp3

telnet telnet
ptyp2 getty ttyp2 telnet

ptyp2 ttyp2 getty getty ttyp2 ptyp2 telnet
”login:” telnet

Linux 16 ttyp ttyp0—ttypf Linux
ptm - pty master /dev/ptm3 /dev/pts/3

pty Linux /dev/pts devpts
/dev/pts/3

3. /dev/tty
/dev/tty Controlling Terminal 5

0 /dev/tty ”ps –ax”
shell /dev/tty 5,0

”tty” /dev/tty

/dev/tty TIOCNOTTY
Terminal IO Control NO TTY ioctl()

4. /dev/ttyn, /dev/console
Linux Console VT200 Linux

TERM=Linux tty0 tty1 tty2
tty1 Alt+[F1—F6] tty2 tty3 tty1 – 

tty6 tty0 Linux
tty0

root /dev/tty0 /dev/console Linux 0.12
/dev/console 1 tty1



5.
Linux

ISDN /dev/ttyIn

10.1.3
tty_struct

ID IO include/linux/tty.h

 Linux tty_table[]
tty_struct Linux 0.11

 termios io pgrp
pgrp

stopped *write()

3 tty_queue

1K read_q
raw write_q

ICANON secondary read_q
(cooked) backspace

tty_read()
secondary

C copy_to_cooked()
copy_to_cooked()



read_q read_q
secondary L_ECHO write_q

termios

tty_struct termios include/termios.h

c_iflag Linux 0.11 POSIX.1 11 termios.h

NL CR
Linux 0.11 tty_io.c

copy_to_cooked() termios.h 83 -- 96 
 c_oflag
tty_io.c tty_write() termios.h 99 -- 129
 c_cflag

termios.h 132 -- 166
 c_lflag Echo

copy_to_cooked() tty_read() ICANON
ISIG INTR QUIT

SUSP termios.h 169 -- 183
4 unsigned long

32 termios.h
 c_cc[] ^C

NCCS c_cc[] include/linux/tty.h
V VINTR VMIN

termios.h 64 -- 80
ioctl (tcsetattr()) termios

read read
termios VTIME VMIN VMIN



VTIME
stty termios Linux 0.1x

stty

Linux ’stty -a’

10-2



10.1.4
10.1.4.1

c_lflag ICANON
NL

EOL EOL2 EOF EOF

ERASE KILL EOF EOL REPRINT WERASE
EOL2

 ERASE Backspace copy_to_cooked()
NL

 KILL
 EOF copy_to_cooked() EOL EOL2

EOF
 REPRINT WERASE REPRINT
WERASE Linux 0.11
10.1.4.2

ICANON
MIN

TIME c_cc[]

 MIN TIME 1/10

1. MIN>0 TIME>0
TIME
MIN MIN

secondary

2. MIN>0 TIME=0
MIN

3. MIN=0 TIME>0
TIME

0
4. MIN=0 TIME=0

0

MIN MIN
tty_io.c

tty_read()

10.1.5
Linux 0.11

keyboard.s console.c



tty_io.c
keyboard.s tty_io.c

rs_io.s tty_io.c
 keyboard.s console.c Linux

ROM
PC

keyboard.s console.c DEC VT100

10-3

10.1.5.1
Linux 0.11 keyboard.S console.c keyboard.S

read_q copy_to_cooked() read_q
secondary console.c

IRQ1,
INT 33

tty read_q C do_tty_interrupt()
copy_to_cooked() tty secondary

tty write_q con_write() echo
do_tty_interrupt() copy_to_cooked() tty_io.c

10-4



tty write_q
write_q write_q

write_q tty_struct write_q
con_write() console.c

keyboard.S
read_q console.c write_q

10-5



10.1.5.2
serial.c rs_io.s serial.c

rs_io.s
4

a. modem b.
c. d. 

read_q copy_to_cooked()
secondary

write_q

/
read_q

1
1 1 tty read_q

C do_tty_interrupt() copy_to_cooked()
tty secondary tty write_q

1 rs_write() echo

tty_struct
rs_write()

write_q

write_q
rs_write() serial.c rs_io.s

10-6



rs_io.s
console.c keyboard.S

10.1.6

i i

tty_io.c
tty_read() tty_write() copy_to_cooked() tty_ioctl.c

tty_ioctl()
termios include/termios.h

Linux 0.11
termios 'c_line' 0

10.2 Makefile

10.2.1
Make

10.2.2
10-1 linux/kernel/chr_drv/Makefile 





10.3 keyboard.S

10.3.1
make break

( )
Alt Shift Ctrl Caps

mode
read_q C do_tty_interrupt() tty_io.c

342 copy_to_cooked()
read_q secondary

write_q

AT
0xf0 2 AT

PC/XT PC/XT



gas '.S'
as GNU C CPP C
"#include" "#if"

10.3.2
10-2 linux/kernel/chr_drv/keyboard.S 



























10.3.3
10.3.3.1 PC/AT
 PC

Intel 8042
10-7 8042

8042 P2
0 P20 CPU 1 P21 A20

1 1 A20 0 A20
A20



IO 0x60-0x6f IBM CP/AT 0x60 0x64
0x61 0x62 0x63 XT 10-1

4

/

0x60

8

0 = 1 IRQ1

0 = 1

0x60
/

10 1=0

0x61 /

0x61 8255A B / 8255A PC

7=1 =0

6=0

5-0 (PPI)

0x64

8

7=1

6=1 ( IRQ1)

5=1 ( )

4=1 [?? =0 ]

3=1 ( 0x64)

   =0 ( 0x60)

2   0 = 1 = 



1=1 (0x60/64 8042 )

0=1 ( 0x60 )

0x64
0x60

12

10.3.3.2
0x60 1 20ms

10-2
0xfa (ACK)

0xed

/ 1 0

7-3 0

2 = caps-lock

1 = num-lock

0 = scroll-lock

0xee 0xee

0xef

0xf0

/

0x00 - 

0x01 - 1( PCs PS/2 30 )

0x02 - 2( AT PS/2 )

0x03 - 3

0xf1

0xf2 ( 2 ) AT 0xfa

0xf3

7 0

6-5 C= 6-5 =(1+C)*250ms

4-0 B= 4-3 A= 2-0

=1/((8+A)*2^B*0.00417)

0x2c

0xf4

0xf5

0xf6

0xf7-0xfd

0xfe

0xff 

(BAT)

1. 0xfa

2.

3. BAT

4. 0xaa 0xfd



10.3.3.3
( 0x64) 1 0x60

10-3

0x20 0x60

0x21-0x3f 5 RAM

0x60-0x7f

0x5d

7 0

6 IBM PC ( PC )

5 PC

4

3 (override)

2 1

1 0

0

0xaa 0x55 0xfc

0xab

0x00

0x01 ( )

0x02

0x03

0x04

0xac 804x 16 RAM

0xad 4=1

0xae 4=0

0xc0 804x P1 0x60

0xd0 804x P2 0x60

0xd1
804x P2 IBM PC 2 A20

0( )

0xe0
T0 T1

1 0

0xed

LED 1 0

7-3 0

2 = caps-lock

1 = num-lock

0 = scroll-lock

0xf0-0xff 

P20-23

(6 ) 0 4

0xfe(P20 )

10.3.3.4
 PC PC XT



AT
(make) (break) XT

10-4

7 6-0 7
7=0 7=1 ESC

1 1 ESC 1+0x80=129

PC PC/XT 83 1
A 30 30 0x1e 0x80

0x9e AT 84/101/102 PC/XT

0xe0 PC/XT
ctrl 29 0x1d ctrl

0xe0 0x1d alt
PrtScn Pause/Break PrtScn

2 42 0x2a 55 0x37 0xe0 0x2a 0xe0 0x37
0xaa 0xe0 0x2a 0xe0 0x37 0xe0 0xaa

0x80 0xe0 0xb7 0xe0 0xaa prtscn shift
ctrl 0xe0 0x37 0xe0 0xb7 alt

PrtScn 0x54
Pause/Break ctrl 70

0x46 0xe1 0x1d 0x45 0xe1 0x9d 0xc5

0xe0 0xe1 2
AT PC/XT

0xf0 2 8049
AT AT PC/XT

 AT (83 0xe0 )
1 shift caps ctrl

alt 2
1 2 0xe0 0xe1 ctrl

0x1d( PC/XT) 0xe0 0x1d PC/XT



0xe1 0xe0

10.4 console.c

10.4.1

con_write()
con_write()

vt102
telnet Linux TERM=vt102

TERM=console Linux vt102
con_write()

tty_struct
write_q

con_init()
con_write()

include/linux/tty.h
tty_queue tty_struct

10-14

10.4.2
10-3 linux/kernel/chr_drv/console.c 







































10.4.3
10.4.3.1

MDA CGA EGA VGA



CGA MC6845 10-5
CGA/EGA/VGA (0x3d0-0x3df) MDA 0x3b0 - 0x3bf

0--17 0x3d4
(r0-r17) 0x3d5

10-6

/

0x3d4  CRT(6845) 0x3d5 (r0-r17)

0x3d5
CRT(6845) r14-r17

10-6

0x3d8 /

7-6

5=1

4=1 640*200

3=1

2=1

1=1 =0

0=1 80*25 =0 40*25

0x3d9 /

CGA

7-6

5=1 (cyan) (magenta) (white)

   =0 (red) (green) (blue)

4=1

3=1 40*25 320*200 640*200

2=1 40*25 320*200 640*200

1=1 40*25 320*200 640*200

0=1 40*25 320*200 640*200

0x3da

CGA

7-4

3=1

2=1 =0

1=1

0=1 =0

0x3db

0x3dc /

/  40*25  80*25

r0

r1

r2

0x38

0x28

0x2d

0x71

0x50

0x5a

0x38

0x28

0x2d



r3 0x0a 0x0a 0x0a 

r4

r5

r6

r7

0x1f

0x06

0x19

0x1c

0x1f

0x06

0x19

0x1c

0x7f

0x06

0x64

0x70

r8 / 0x02 0x02 0x02 

r9 0x07 0x07 0x01 

r10

r11 

0x06

0x07

0x06

0x07

0x06

0x07

r12

r13

( )

( )

0x00

0x00

0x00

0x00

0x00

0x00

r14

r15

( )

( )

/

/

r16

r17

( )

( )

10.4.3.2
( scroll up) (

scroll down)

origin

(video_mem_start) video_mem_end

(video_mem_end)

(video_mem_start)

origin
(video_mem_end)

(video_mem_start) 10-8
(a) (b)



10.4.3.3
( ) ( )

ANSI
Linux console.c keyboard.s

console.c
ROM ASCII

1.
ANSI American National Standards Institute ISO International 

Organization for Strndardization 8 7 ANSI
ISO ANSI X3.4-1977 ISO 646-1977

ASCII ANSI X3.41-1974 ISO 2022.2 7 8
ANSI X3.32 ANSI X3.64-1979 ASCII

Linux 0.1x DEC Compaq HP VT100
VT102 7

8
2.
 ASCII 7 8 7 128 10-7

7 4 3 4 1 'A' 8
0101 65 0x41

1 2 Control characters



Graphic characters

DEL 0x7F 0x20
ANSI

ANSI CR Carriage Return FF Form Feed CAN
Cancel 7 8 10-7 8

7

 0 1 2 3 4 5 6 7 8 9 A B C D E F 

0 NUL DLE SP 0 @ P ` p        

1 SOH DC1 ! 1 A Q a q         

2 STX DC2 " 2 B R b r         

3 ETX DC3 # 3 C S c s         

4 EOT DC4 $ 4 D T d t IND        

5 ENQ NAK % 5 E U e u NEL        

6 ACK SYN & 6 F V f v SSA        

7 BEL ETB ' 7 G W g w ESA        

8 BS CAN ( 8 H X h x HTS        

9 HT EM ) 9 I Y i y HTJ        

A LF SUB * : J Z j z VTS        

B VT ESC + ; K [ k { PLD CSI       

C FF FS , < L \ l | PLU ST       

D CR GS - = M ] m } RI OSC       

E SO RS . > N ^ n ~ SS2 PM       

F SI US / ? O _ o 
DE

L
SS3 APC      

C0  GL  C1  GR

7  8

7 8 256 7 8
4 4 0-- 7 7
8 0 8-- 15 8 1

8 8 C0 C1
GL Graphic Left GR Graphic Right

 C0 C1 GL / GR

DEC DEC ASCII DEC
DEC NCR National Replacement Character

DEC
3.



ANSI

ANSI
ANSI

C0 C1 C0
C1 8 Linux 

VT100 C0
Escape Sequences Control Sequences

Device Control Strings ANSI
ANSI ANSI

4.
Escape Seguences

C0 ESC 0x1b ASCII ANSI

 ESC ANSI Escape Sequence Introducer ESC

Intermediate Characters ESC 0x20 -- 0x2f ASCII 2

Final Character ESC 0x30 -- 0x7e ASCII 3 -- 7

ANSI 0x40 -- 0x7e ASCII
4 -- 7 0x30 -- 0x3f ASCII

3 G0 ASCII

7 7 8

7 ANSI 2
7 C1 7

C1 CSI IND 7



2 8
C1 2 C1 0x40 64

ESC 2 0x40 2 0x40 -- 0x5f
8

5.
Control Sequences CSI 0x9b 1 ASCII

ANSI

Control Sequence Introducer C1 CSI 0x9b CSI
7  'ESC [' 2  '[' 

CSI
Parameter Characters CSI 0x30 -- 0x3f ASCII 3

 '< = > ?' 0x3c -- 0x3f

Pn 0 -- 9 Ps
 ';' 0x3b

Intermediate Characters CSI 0x20 -- 0x2f ASCII 2

Final Character CSI 0x40 -- 0x7e ASCII 4 -- 7

ANSI 0x40 -- 0x6f ASCII
4 -- 6 0x70 -- 0x7e ASCII

7 5 9

10-9 ESC [ 0;4;7m 



6.

ASCII

C0 C1
C0 C1

Linux 0.1x console.c

10.5 serial.c

10.5.1
rs_init()

rs_write()

 rs_write() /dev/tty64
sys_write() fs/read_write.c

rw_char() fs/char_dev.c
rw_tty()

rs_write()
 rs_write() UART



rs_io.s

10.5.2
10-4 linux/kernel/chr_drv/serial.c 





10.5.3
10.5.3.1 UART

10-10
0

5--8 1 1 1.5 2

1 MARK 0 SPACE

MARK 1

1. UART
PC 2 RS-232C /

UART Universal Asyncronous Receiver/Transmitter PC
25 9 DB-25 DB-9 MODEM

RS-232C MODEM RS-232C MODEM
UART

PC NS8250 NS16450 UART PC
16650A NS8250/16450 NS8250/16450 16650A
16650A FIFO UART 16

CPU Linux 0.11
NS8250/16450 FIFO
 PC UART 10-11 3

D7 -- D0 A0 -- A2 CPU DISTR DOSTR
MR INTRPT / OUT2

OUT2 1 UART



UART RS-232 /
MODEM SOUT SIN

DSR MODEM UART
DTR MODEM

RTS MODEM CTS MODEM
DCD MODEM

RI MODEM
UART UART XTAL1 XTAL2

XTAL1 PC
XTAL1 1.8432MHz UART 16 BAUDOUT

RCLK PC
8259A UART

UART UART 10-12



 NS8250 CPU 10 A2--A0
8 NS8250 7

LSB MSB 7 DLAB Divisor Latch Access Bit
10-8

/

0x3f8 (0x2f8) DLAB=0 THR

DLAB=0 RBR

/ DLAB=1 / LSB

0x3f9 (0x2f9) / DLAB=1 / MSB

/ DLAB=0

/ IER

7-4 0

3=1 modem

2=1

1=1

0=1

0x3fa (0x2fa) 

IIR 4

7-3 0

2-1

 = 11  

 = 10  2

 = 01  3

 = 00  MODEM 4 MODEM



0=0 =1

0x3fb (0x2fb) 

LCR

7=1 (DLAB)

  = 0 

6=1

5=1

4=1 =0

3=1 =0

2=1 5

1.5 6 7 8 2

   = 0 1

1-0

 = 00  5

 = 01  6

 = 10  7

 = 11  8

0x3fc (0x2fc) 

modem MCR

7-5 0

4=1

3=1 2 INTRPT

2=1 1 PC

1=1 RTS

0=1 DTR

0x3fd (0x2fd) 

LSR

7=0

6=1

5=1

4=1

3=1

2=1

1=1

0=1

0x3fe (0x2fe) 

MODEM MSR

7=1 (CD)

6=1 (RI)

5=1 (DSR)

4=1 CTS

3=1

2=1

1=1 (DSR)

0=1 (CTS)

2. UART
PC RESET NS8250 MR UART



UART UART
PC 1 port 

= 0x3f8 UART INTRPT IRQ4
IDT

a)
LSB MSB 16

LCR 8
DLAB=1 port+3 0x3fb 0x80 port 0x3f8 port+1 0x3f9

LSB MSB 2400bps

48
162400

1843200
162400

8432.1
16

UART MHz

2400pbs LSB 0x30 MSB 0
DLAB

b)
LCR

8 1 LCR
0x03 LCR 2 11 8
c) MODEM

UART MODEM UART
UART

PC ROM BIOS Linux
UART

MCR 4 UART UART
SIN SOUT
UART

MODEM
UART INTRPT CPU

IER UART 8259A
MODEM MCR 3 OUT2 PC

INTRPT 8259A 10-11
MODEM MCR 3 OUT2 UART

/ MCR 3=0 MODEM
UART INTRPT
IIR 8259A LSR

IIR UART
 MCR 1 0 MODEM UART DTR

RTS
UART DTR RTS MODEM

0x0b 01011
d)



IER 4
10-8 1

IIR 2-- 1
UART IER 0 0=0

Linux 0.11 3 0x0d MODEM

tty_write() rs_write()

UART UART

3. UART
 Linux /

tty_io.c
UART RBR
UART THR

UART 4

IIR
jmp_table[] 10-13

rs_io.s



IIR 0 0 = 0
2 1

UART 0 = 
0 IIR 0 0

UART IIR
0 = 1

10.6 rs_io.s

10.6.1
rs232

read_q
write_q

4 a. modem b.
c. d.

read_q copy_to_cooked()
secondary

write_q

include/linux/tty.h
tty_queue tty_struct

10-14

10.6.2
10-5 linux/kernel/chr_drv/rs_io.s 









10.7 tty_io.c

10.7.1
tty 3 read_q write_q

secondary tty_struct include/linux/tty.h
tail

(head)
10-14



/ tty_read() tty_write()
copy_to_cooked()

 tty_read() tty_write() /dev/tty
sys_read() fs/read_write.c
rw_char() fs/char_dev.c

rw_tty() tty_read()
 copy_to_cooked() do_tty_interrupt() termios

/ INLCR OUCLC read_q
secondary

tty_read() L_ECHO
write_q rs_write()
serial.c 53 rs_write()

copy_to_cooked()

1. 10
2. read_q
3. CR NL termios ICRNL INLCR

INOCR ICRNL

4. IUCLC
5. ICANON

a. ^U secondary

b. ^H secondary
c. ^S stopped=1
d. ^Q

6. ISIG
7. NL ^D secondary data 1
8. write_q

9. secondary 1
10.

include/linux/tty.h tty



ASCII

10.7.2
10-6 linux/kernel/chr_drv/tty_io.c 





















10.7.3
10.7.3.1 VTIME VMIN

MIN
TIME

MIN MIN
MIN MIN

TIME
termios.h

10.8 tty_ioctl.c

10.8.1
tty_ioctl()

termios tty_ioctl() fs/ioctl.c sys_ioctl()

10.8.2
10-7 linux/kernel/chr_drv/tty_ioctl.c 













10.8.3
10.8.3.1

 = 1.8432MHz /(16 X ) 10-9

MSB,LSB MSB,LSB

50 0x09,0x00  2304 1200 0x00,0x60    96 

75 0x06,0x00  1536 1800 0x00,0x40    64 

110 0x04,0x17  1047 2400 0x00,0x30    48 

134.5 0x03,0x59   857 4800 0x00,0x18    24 

150 0x03,0x00   768 9600 0x00,0x1c    12 

200 0x02,0x40   576 19200 0x00,0x06     6 

300 0x01,0x80   384 38400 0x00,0x03     3 

600 0x00,0xc0   192   





11 (math)

11-1

11-1 linux/kernel/math

11.1 Makefile

11.1.1
 math

11.1.2
11-1 linux/kernel/math/Makefile 





11.2 math-emulation.c

11.2.1

C math_emulate()

11.2.2
11-2 linux/kernel/math/math_emulate.c 





12 (fs)

linux Linux 0.11
Linus Andrew S.Tanenbaum MINIX

1.0 MINIX MINIX
M.J.Bach UNIX

12-1 linux/fs

12.1

2 Linux 2-28 fs

buffer.c
i



MINIX

12.1.1 MINIX
MINIX 2.0 2.0 1.5

linux MINIX 1.0 1.0

 MINIX UNIX 6 360K
12-1

1KB 360
MINIX 1.0

1KB 360KB 360

ROM BIOS

MINIX
1

12-2 4 FAT32 NTFS MINIX
EXT2

kernel/blk_drv/hd.c

12-3
s_ninodes i s_nzones s_imap_blocks

s_zmap_blocks i s_firstdatazone



s_log_zone_size 2
MINIX 1.0 0 1KB s_max_size

s_magic
MINIX 1.0 0x137f

Linux 0.11 super_block[]
8 Linux 0.11 8 super.c mount_root()

read_super() put_super()

1 0
1

0
0 1

8 s_zmap[8]
1024 8192 8

65536 MINIX 1.0 64MB
 i i i 1K

8192 i i
i 0 i 1 0 i

0 i 0 1
i 8191 i

i i
i id(uid) id gid

32 12-4



 i_mode 15-12 11-9
8-0 12-5 include/sys/stat.h

20—50 include/fcntl.h



i
i i_zone[] i_zone[] i

i_zone[0] i_zone[6] 7
7K i

i_zone[7] MINIX 512
512 i_zone[8]

512*512 12-6
/dev/

0 i i
zone[0]

i i 0 i i
0 i 0 i 0

PC 512 MINIX
2 1024

0
2 1 2 4 8

linux

12.1.2
12.1.2.1
 UNIX 6 shell "ls -l"

12-7



'-'
'-'

'd' UNIX

's'

'p'
'c' tty

'b' UNIX
/dev

linux i i_mode 4
S_ISBLK S_ISDIR include/sys/stat.h

'rwx'
'755'

/ / linux 0.11
i i_mode 9 mode

include/fcntl.h
' ' ' '

' '
12.1.2.2
 Linux 0.11 MINIX 1.0 UNIX

include/linux/fs.h
root/

root/ i 1 i

-rwxr-xr-x    1 ftpadm   ftp           479 10  26 17:28 README 



14 2 i
1024/16=64 i i

i
i

i i
12-8 /usr/bin/vi i

i 1 i 1 usr
/usr i i /usr

bin /usr/bin i /usr/bin
vi /usr/bin/vi i

i i

12-9
i



i i
i i

i
i i_nlinks i

2 i 0
i

i
i

'.' '..' '.'
i '..' i

../kernel/Makefile
'..' i

i
2 '..'

mydir
12-10



i 56 mydir i 123
mydir '.' i 123 '..' i 56

i
 2+

12.1.2.3
Linux 0.11 bochs Linux 0.11

'.' '..' hexdump '.' '..'

'hexdump .' 1 i
i 14 i 0

'.' '..' i 1

etc/ etc/ hexdump etc/



etc/ i
'.' i etc/ i 4 '..' i etc/ i 1

12.1.3

I/O CPU
buffer cache

linux
2-5

 Linux buffer.c
bread() breada()

bread_page() 4

12.1.4
5

bitmap.c i i
free_inode() new_inode() free_block() new_block()



truncate.c 0 truncate() i
0

inode.c i iget() i iput() i
bmap()

namei.c namei() iget() iput() bmap()
i

super.c get_super() put_super() free_super()
/ sys_mount()

12-11

12.1.5
5 12-12 block_dev.c file_dev.c

char_dev.c pipe.c read_write.c 4
read_write.c read() write()

 block_dev.c block_read() block_write()

 file_dev.c file_read() file_write() i

 pipe.c read_pipe() write_pipe()
pipe()

open
pipe() read() write() close() pipe



i i

read() write() char_dev.c rw_char()
tty (ttyx)

file file_table[] i inode_table[]
include/linux/fs.h file

i i f_mode
i i_mode f_flags open()

flag include/fcntl.h

 file f_count i
f_inode i i
linux 0.11 64 64

filp[NR_OPEN]
NR_OPEN = 20 20

filp[0] 0

i inode_table[NR_INODE] i NR_INODE = 32
32 i

i 12-13 0
1



12.1.6
12-14 5

 open.c
root

 exec.c shell
do_execve() (int 0x80) __NR_execve() C exec()

 fcntl.c fcntl() dup() dup2() dup2()
dup() /

 ioctl.c / ioctl() tty_ioctl() I/O
 stat.c stat() fstat() stat() fstat()

( )



12.1.7 360KB
12-1 Linux 0.11 360KB

MINIX 1.0 hello.c
bochs

2 mkfs MINIX
120 i 360

8 1024 268966912
mount MINIX /mnt

hello.c MINIX
bochs 2 diskb.img

Linux 0.11 hexdump
bochs UltraEdit

/dev/fd1 hexdump



12-1 MINIX 1.0 1
0 0x0000 - 0x03ff 1KB

mkfs

1 0x0400 - 0x07ff 1KB MINIX 12-3
12–1 18

ing 0 MINIX

s_ninodes i  0x0078 = 120

s_nzones  0x0168 = 360

s_imap_blocks i  0x0001

s_zmap_blocks  0x0001

s_firstdatazone 0x0008

s_log_zone_size Log2 / 0x0000

s_max_size  0x10081c00 = 268966912

s_magic 0x137f

2 0x0800 - 0x0bff 1KB i 120 i
1 i 1KB 120/8 = 15

0 i 1
mkfs 1

2 1 0x07 0b0000111 i 3
1 0 2 3



1 i 2 i i 2 i
1 i 2 i hello.c

i
3 0x0c00 - 0x0fff 1KB 360KB

360 360/8 = 45
1  + 1  + 1i  + 1  + 4i

 = 8 360 - 8 = 352 44
0 353 45 0xfe 1

0
nr

block  nr + 8 -1 block = nr + s_firstdatazone - 1 block
nr nr = block - s_firstdatazone +1

i 1 3 1 0 2
3 2 1
1 1 i 2 2 2

i i
i i i 4--7

4--7 0x1000 - 0x1fff 4KB 4 i 120
i i 32 12-4 120 x 32 = 3840 4

32 1 i 32
2 i 12–2 12–3

 i

i_mode  0x41ed drwxr-xr-x

i_uid id 0x0000

i_size  0x00000030 48

i_mtime  0x421cc200 Feb 23 17:48

i_gid id 0x00

i_nlinks 0x02

i_zone[9]  zone[0] = 0x0008 0

 i

i_mode  0x8180 -rw-------

i_uid id 0x0000

i_size  0x0000004a 74

i_mtime  0x421cc200 Feb 23 17:48

i_gid id 0x00

i_nlinks 0x01

i_zone[9]  zone[0] = 0x0009 0

1 i 1 8 1



30 16 0x10 3 0x30
2

 2 i 1 2 9
74 hello.c

8 0x2000 - 0x23ff 1KB 1 i 48 3
12–4

1 0x0001 0x2e .

2 0x0001 0x2e,0x2e ..

3 0x0002 0x68,0x65,0x6c,0x6c,0x6f,0x2e,0x63 hello.c

9 0x2400 - 0x27ff 1KB hello.c 74

12.2 Makefile

12.2.1
 makefile make

12.2.2
12-1 linux/fs/Makefile 







12.3 buffer.c

fs/ 2
4
1 buffer.c

12.3.1
 buffer.c ( )

12-15

end end ld
system ld end

data_start + datasize + bss_size bss 1
etext edata 1

1
1024

hash
12-16

1024 buffer_head
include/linux/fs.h 68

buffer_head 12-17 free_list

b_prev_free



b_lock
blk_drv/ll_rw_block.c

b_count buffer

0 b_count = 0 b_count = 0
free

hash b_count 1 b_count++
b_count 1

b_count-- b_lock
b_lock b_count 0

b_dirt
b_uptodate

0 b_dirt = 1
b_uptodate = 0 b_uptodate = 1

b_dirt b_uptodate 1



dev
block bread() bread_page() breada()

getblk()
brelse()

12-18

buffer.c
307 buffer_head hash Hash

hash ( ^ ) Mod 307
12-17 b_prev b_next hash hash

Unix 3 hash
12-19



hash
free_list

LRU Least Recently Used
getblk()

getblk()
get_hash_table() hash

getblk()

hash hash hash

getblk()
1

hash

LRU
getblk() 12-20

free_list
hash

free_list



hash
free_list

b_dirt b_lock 0
b_dirt b_lock

b_dirt
b_lock 0 getblk()

getblk()
bread()

ll_rw_block()



NULL 12-21 bread() breada()
bread_page() bread()

brelse()

=0

bread() ll_rw_block()
bread()

ll_rw_block()
12-22

Synchronization
sync_inodes i inode_table i



 1. 
 2. 
 sync_inodes()

sync_inodes() i
sync_indes()

inode

12.3.2
12-2 linux/fs/buffer.c 























12.4 bitmap.c

2
5 super.c bitmap.c truncate.c inode.c namei.c
 super.c bitmap.c

i truncate.c 0 truncate() inode.c
i namei.c

i

super.c /
inode.c

12.4.1
i

i free_inode() new_inode() free_block()
new_block()

free_block() dev block block
dev

block
block

1 ( )



new_block() dev block
dev 0

0 1 0 1

free_inode() i i new_inode()
dev i i i i

i i

12.4.2
 12-3 linux/fs/bitmap.c 











12.5 truncate.c

12.5.1
i

0 i
12-23

12.5.2
12-4 linux/fs/truncate.c 





12.6 inode.c

12.6.1
i iget() iput() bmap() iget()

iput() bmap() namei.c i namei()
 iget() dev nr i i_count 1

12-24 dev i i
i nr i i i

i
i

i i 1 i

i i



i
i i i 1

i
i i

i i
i i i i

i i
 iput() iget() i 1

i i i i
0 i i i i_count

1 i 1 i
i_count=0 iget()

i iput() i
i_count

iput()
i i_count 1

namei() dir_namei() open_namei()
iget() new_inode() get_empty_inode()

i
pwd root executalbe

i i i
iput()

i pwd i root
executable iput()



_bmap() inode i
block create

create=0 bmap() create=1 create_block()
i

i _bmap() i
i_zone[] i_zone[]

12-6 i_zone[0] i_zone[6]
i_zone[7] i_zone[8]

7K i 7
7K+512K i_zone[7]

i_zone[8] linux



12.6.2
 12-5 linux/fs/inode.c 



















12.6.3

12.7 super.c

12.7.1



get_super() put_super() read_super() 2 /
sys_umount() sys_mount() mount_root()

buffer.c
12-3

 get_super()
mount

NULL
 put_super() i

super_block[] umount()

 read_super()
i

 sys_umount() sys_mount()

mount_root()
12-25

file_table[]
i

 mount_root() main.c 0 1
init() setup() setup()

/kernel/blk_drv/hd.c 71

12.7.2
 12-6 linux/fs/super.c 



















12.8 namei.c

12.8.1
Linux 0.11 700

i namei()

 Linux 0.11 MINIX 1.0 UNIX
include/linux/fs.h

root/ root/
i 1

14 2 i
i i

i i

i
/usr/bin/vi i i 1

i 1 usr /usr i
i /usr bin
/usr/bin i /usr/bin vi

/usr/bin/vi i i i

'.' '..' '.'



i '..' i
../kernel/Makefile

'..' i

12.8.2
 12-7 linux/fs/namei.c 















































12.9 file_table.c

12.9.1

12.9.2
 12-8 linux/fs/file_table.c 

12.10 block_dev.c

3 5 block_dev.c char_dev.c pipe.c file_dev.c
read_write.c 4 read_write.c read_write.c

sys_write() sys_read() 5
” 12-26 sys_write()

sys_read()
/



12.10.1
 block_dev.c block_read() block_write()

, read() write()

block_write()
pos bread()

breada()
chars

offset 0 12-27

block_read() block_write()



12.10.2
 12-9 linux/fs/block_dev.c 





12.11 file_dev.c

12.11.1
file_read() file_write() read() write()

block_dev.c
i i

file

/dev/fd0

12.11.2
 12-10 linux/fs/file_dev.c 







12.12 pipe.c

12.12.1
read_pipe() write_pipe()

sys_pipe() read() write()
read_write.c

i 4KB
i i_size i_zone[0]

i_zone[1]

12-28

 read_pipe()

 write_pipe()



sys_pipe()

i

PIPE_HEAD() PIPE_TAIL()
include/linux/fs.h 57--64

12.12.2
12-11 linux/fs/pipe.c 







12.13 char_dev.c

12.13.1
 char_dev.c rw_ttyx() rw_tty() rw_memory() rw_char()

 rw_ttyx() 4 tty

 rw_tty() 5 rw_ttyx()

 rw_memory() 1 linux 0.11
0 1 2 0.96 1 2

 rw_char()
open() read()

12.13.2
 12-12 linux/fs/char_dev.c 







12.14 read_write.c

12.14.1
read() write() lseek() read() write()

4 4 lseek()

 read() i
pipe.c char_dev.c rw_char()

block_dev.c
file_dev.c file_read() write() read()

 lseek()

12.14.2
 12-13 linux/fs/read_write.c 







12.14.3

Linux System Calls libc.a

bsd

Linux



Linux

open file

file escriptor MS-DOS file 
handle

read write read write

 int read(int fd, char *buf, int n); 
 int write(int fd, char *buf, int n); 

0 -1

_syscall3() unistd.h 172

__NR_read 3 Linux 0x80 eax
__res 0

errno -1
Linux read_write.c



read_write.c 55 sys_read() sys_read()

 int sys_read(unsigned int fd, char *buf, int count) 

0

buf buf

i

read_pipe() fs/pipe.c
rw_char() fs/char_dev.c

block_read() fs/block_dev.c
fs/buffer.c bread()

ll_rw_block()
file_read() fs/file_read.c

ll_rw_block() file_read()

read()
0 errno

-1 read() 12-29



12.15 open.c

4
5 open.c exec.c stat.c fcntl.c ioctl.c

 open.c exec.c execve() stat.c
fcntl.c ioctl.c

12.15.1

root

12.15.2
 12-14 linux/fs/open.c 













12.16 exec.c

12.16.1
shell

do_execve() int 0x80 __NR_execve() C exec()
5 exec

fork() exec()

execve()



 -- 
(NULl) i

 -- i
Shell #! Shell

Shell

 -- i

execve()

execve() fork()

Load on demand
ID

ID
close on exec linux/fs/fcntl.c

close_on_exec
close_on_exec execve()

fcntl() execve

 ls -l /home/john/ 

shell /bin/ls /bin/ls ls
-l /home/john/ C main()

 int main(int argc, char *argv[]) 

argc argument count
argv -- argument vector argv
argv[0] argc 1 argc=3

argv[0] argv[1] argv[2] 'ls' '-l' '/home/john/' argv[3] = NULL 12-30



 main() enviroment variable
NULL

main()

 int main(int argc, char *argv[], char *envp[]) 

 VAR_NAME=somevalue 

VAR_NAME
shell set

 execve()
MAX_ARG_PAGES 128kB

128kB
(128kB-4 ) p 12-31

p copy_string()
copy_string()



copy_string() 333 p
12-32 p'

64MB (128KB - p) p' create_tables()
p'

sp

 create_tables() p argc
envc

sp 12-33



do_execve() 344 345 eip
esp

CPU 12-34
64MB

start_code CPU



12.16.2
 12-15 linux/fs/exec.c 

























12.16.3
12.16.3.1 a.out
 Linux 0.11 a.out(Assembley & link editor output)

ELF Executable and Link Format
a.out

<a.out.h>

(exec header) 

(ld)
(text segment) 

(data segment) 

(text relocations) 

(data relocations) 

(simbol table) 

(string table) 

exec structure

 a_midmag - N_GETFLAG() N_GETMID N_GETMAGIC()
N_GETMID() (machine-id)

N_GETMAGIC()

OMAGIC - 



NMAGIC - OMAGIC

ZMAGIC - 

 a_text - 
 a_data - 
 a_bss - bss break brk

 a_syms - 
 a_entry - 
 a_trsize - 
 a_drsize - 

a.out.h exec

N_BADMAG(exec) a_magic
N_TXTOFF(exec) 
N_DATOFF(exec) 
N_DRELOFF(exec) 
N_TRELOFF(exec) 
N_SYMOFF(exec) 
N_STROFF(exec) 

(relocation_info)

 r_address - 

 r_symbolnum - 
r_extern 0

 r_pcrel - pc

 r_length - 2 0 1 1 2 2 4
 r_extern - 



0
r_baserel r_symbolnum

n_type
 r_baserel - r_symbolnum (Global Offset 
Table)
 r_jmptable - r_symbolnum (Procedure 
Linkage Table)
 r_relative - 

 r_copy - r_address

nlist

 n_un.n_strx - nlist()
n_un.n_name

 n_type - (bitmasks) n_type
N_EXT

N_TYPE
N_UNDF - 

n_type
BSS n_value

N_ABS - 
N_TEXT - 

N_DATA - N_TEXT

N_BSS - BSS
N_FN - 



N_STAB - ( gdb) stab()
 n_other - n_type n_other

4 AUX_FUNC AUX_OBJECT <link.h> AUX_FUNC
AUX_OBJECT

ld
 n_desc - 

 n_value - BSS

u_int32_t null
32 1 4

12.17 stat.c

12.17.1
stat() fstat()

stat() fstat() ( )

12.17.2
 12-16 linux/fs/stat.c 





12.18 fcntl.c

12.18.1

fcntl.c fcntl() dup() dup2()
dup2() dup() fcntl()

/
include/fcntl.h

dup() dup2()
dup() dup2() 3

12-35

dupfd() dup() dup2()
close_on_exec exec() dup()

AT&T III fcntl()
cmd 4

cmd = F_DUPFD fcntl() 3

dup(fd) fcntl(fd,F_DUPFD,0) dup2(fd,newfd)
close(newfd); fcntl(fd,F_DUPFD,newfd);

cmd = F_GETFD F_SETFD close_on_exec
3

cmd = F_GETFL F_SETFL RDONLY
O_WRONLY O_RDWR O_APPEND O_NONBLOCK include/fcntl.h

3 O_APPEND
O_NONBLOCK



cmd = F_GETLK F_SETLK F_SETLKW Linux 0.11

12.18.2
 12-17 linux/fs/fcntl.c 





12.19 ioctl.c

12.19.1
 ioctl.c / ioctl() ioctl() ioctl

IO tty
tty_ioctl() I/O POSIX.1 termios

tty include/termios.h tcflow()
libc.a ioctl()

12.19.2
 12-18 linux/fs/ioctl.c 







13 (mm)

Intel 80x86 Linux

4K
Linux 0.11 13-1

13-1

page.s int 14
memory.c

13.1

Intel 80X86 CPU

—CPU 32
Linux

13.1.1
Intel 80x86 13-1

13-4
4 4

1024
1024 80386 1024 X 1024 X 

4096 = 4G Linux 0.11
16MB 4 4 4

head.s 109--125
16MB 16MB



32

13-2

31-22 10 21-12
12

13-2



13-3
0 4

CPU CR3 Linux

13-1 4G

13-4



(PAGE FRAME ADDRESS) 4K
12 0 12

PRESENT – P P=1
P=0

CPU P=0

Accessed – A Dirty – D

D Dirty
CPU

/ Read/Write – R/W / User/Supervisor – U/S
CPU

13.1.2 Linux
Linux Linux 0.11

Linux 0.11 16M 16MB
80x86 Linux end

4M ROM BIOS
RAM

13-5

Linux head.s head.s
0 4 4

0 0



fork()

 page.s int 14
memory.c do_no_page() do_wp_page() do_no_page()

do_wp_page() copy on 
write

13.1.3 Linux

5-12

nr*64MB nr
64MB 128K

bss bss

13.1.4
PG=1 CPU

int 14
P 0

CPU
error code 32 3

U/S W/R P
0 P P=0 P=1

1 W/R W/R=0 W/R=1

2 U/S CPU U/S=0 CPU
U/S=1 CPU

CR2 CPU CR2

page.s



memory.c do_no_page() do_wp_page()

13.1.5 copy on write

A fock B
B A

fork() B A
A memory.c copy_page_tables()

A B
(page_fault int14) CPU do_wp_page()

 do_wp_page() un_wp_page() ,
A B

( )
CPU

 ->  ->  -> 

verify_area()
write_verify()

Linux 0.11 <1MB fork()
0 idle 1 init

1 1

fork() execve()

13.1.6 Load on demand
execve() CPU 4G

64MB

CPU

CPU

CPU

Load on demand
demand-paging

execve()
I/O



ZMAGIC

13.2 Makefile

13.2.1
mm make

13.2.2
13-1 linux/mm/Makefile 



13.3 memory.c

13.3.1

1MB mem_map[]
0

1
1MB

PAGING_PAGES mem_map[] 100 mem_map[]
1MB

mem_map[]
13-5 16MB 512KB mem_map[]

(16MB - 1MB)/4KB = 3840 3840 (16MB-4.5MB)/4KB = 
2944 mem_map[] 2944 896 1MB

mem_map[] 896 100
2944 0 13-7



 get_free_page() free_page()

get_free_page()
mem_map[] 0 0

0 1

free_page() <1M
1M

: (addr - 1M)/4K mem_map[]
0 0 1 “ ”

free_page_tables() copy_page_tables() 4M

free_page_tables()
4M =0
“ ”

size
size

copy_page_tables()

4Mb
from_dir, to_dir



mem_map[]
1

put_page()
1M

P=1

do_wp_page() mm/page.s
Copy 

on Write
do_no_page()

+1

get_empty_page() get_free_page()
put_page()

13.3.2
 13-2 linux/mm/memory.c 































13.4 page.s

13.4.1
14

do_no_page(error_code, address)
do_wp_page(error_code, address) (error_code) CPU

CR2 CR2



13.4.2
 13-3 linux/mm/page.s 

13.4.3
13.4.3.1



14
 o CPU Present 0
 o 

CPU
(1)

CPU 32
3

2(U/S) - 0 1
1(W/R) - 0 1
0(P)   - 0 1

(2) CR2( 2) CPU CR2

CR2





14 (include)

header file
macros #include

filename
 # include <filename>

filename  >  " ' \  /* 
filename

 # include "filename"
filename

 " ' \  /*  > 

/usr/include/
libc.a

linker

C 15
I/O Plauger

The Standard C Library

blk.h Linux 0.11 include/ Linux 
0.11 /usr/include/ tools/build.c

0.95 /usr/include/linux

14.1 include/

include/ 11.1
Linus C

C
Linux

Linus C
Linux 14-1



asm/ linux/ sys/ C
/usr/include

 asm/ Intel 
CPU IO io.h system.h linux/ Linux

sched.h mm.h
tty.h sys/ 0.98

sys/ linux/
 Linux 0.11 32 (*.h) asm/ 4 linux/ 10
sys/ 5 include/ 13

14-1 linux/include/

14.2 a.out.h

14.2.1
Linux a.out.h fs/exec.c

C Linux
/usr/include/

a.out Assembley out Linux 0.11 .o

 a.out.h



1—108
109—185
186—217

0.96 Linux GNU a.out.h Linux 0.9x
Linux 0.1x a.out

0.9x 0.1x
 Linux 0.11 a.out.h GNU exec a_magic
GNU a_info 3 Flags Machine 
Type Magic Number N_MACHTYPE N_FLAGS

14-1

Linux 0.9x
4

 0x0b, 0x01, 0x64, 0x00 

Linux 0.1x a.out
4

 0x0b, 0x01, 0x00, 0x00 

GNU a.out Linux 0.1x
Linux 0.9x a.out 3

0.1x 0.1x
Linux 0.1x

GNU a.out.h a.out.h

14.2.2
 14-1 linux/include/a.out.h 













14.2.3
14.2.3.1 a.out
 Linux 0.11 a.out(Assembley out)

ELF Executable and Link Format
a.out

a.out.h
Linux 0.11
a.out 7

a) exec header exec
(ld)

b) text segment



c) data segment
d) text relocations

e) data relocations

f) simbol table

g) string table
exec structure

a_magic  
11-1 Linux 0.11

N_MAGIC()

OMAGIC 
OMAGIC 0407

NMAGIC OMAGIC

ZMAGIC

ZMAGIC 0413 0x10b
a_text  
a_data  
a_bss  bss break brk

a_syms  
a_entry  
a_trsize 
a_drsize 

a.out.h exec

 N_BADMAG(exec) a_magic



 N_TXTOFF(exec) 
 N_DATOFF(exec) 
 N_DRELOFF(exec) 
 N_TRELOFF(exec) 
 N_SYMOFF(exec) 
 N_STROFF(exec) 

(relocation_info)

r_address

r_symbolnum  
r_extern

0
r_pcrel   pc

r_length  2 0 1 1 2 2 4

r_extern  
0

r_symbolnum
n_type

r_pad   Linux 4 0

nlist



n_un.n_strx nlist()
n_un.n_name

n_type  146--154 bitmasks
8 n_type 14-2 N_EXT

N_TYPE
N_UNDF 

n_type
BSS

n_value

N_ABS 
N_TEXT

N_DATA N_TEXT

N_BSS BSS
N_FN 

N_STAB ( gdb) stab()
n_other  n_type
n_other 4 AUX_FUNC AUX_OBJECT
<link.h> AUX_FUNC AUX_OBJECT

ld
n_desc  

n_value  BSS

unsigned long null
32 1 4



14.3 const.h

14.3.1
i i_mode

14.3.2
14-2 linux/include/const.h 

14.4 ctype.h

14.4.1
C

c isdigit(c) isspace(c)
lib/ctype.c ASCII

_ctype[] 



__abc _SP

14.4.2
14-3 linux/include/ctype.h 



14.5 errno.h

14.5.1
C errno C C

X3J11 errno errno.h”

/

null pid -1
-1 C

errno C
Linux C

lib/open.c unistd.h -1
errno

Linux Linus
POSIX SCO

Linux 2003 12
10 Linux Linus Alan Cox H.J.Lu Mitchell Blank 
Jr 2.4.x errno.h 0.96c

Linus H.J.Lu Libc 2.x
SCO UNIX V6 V7

14.5.2
 14-4 linux/include/errno.h 





14.6 fcntl.h

14.6.1
fcntl()

fcntl() linux/fs/fcntl.c 47
cmd

14.6.2
 14-5 linux/include/fcntl.h 





14.7 signal.h

14.7.1

signal() sigaction()
Linux POSIX.1 20 Linux

kernel/signal.c

14.7.2
 14-6 linux/include/signal.h 





14.8 stdarg.h

14.8.1
 C

stdarg.h stdarg.h C BSD varargs.h

 stdarg.h - (va_list)
(va_start, va_arg va_end) vsprintf vprintf vfprintf

kernel/vsprintf.c

14.8.2
14-7 linux/include/stdarg.h 



14.9 stddef.h

14.9.1
 stddef.h C X3J11 std (def)

stdlib.h stdlib.h

C C
C C C

4 float.h limits.h stdarg.h stddef.h stddef.h



float.h
limits.h 
stdarg.h 

stddef.h
NULL 4

stddef.h NULL undef 14
C

Linux 0.11

14.9.2
 14-8 linux/include/stddef.h 

14.10 string.h

14.10.1

NULL SIZE_T
C C



string.h Linus
'extern' 'inline'

lib/
lib/string.c string.c 'extern' 'inline' string.h

string.c string.h

14.10.2
14-9 linux/include/string.h 



















14.11 termios.h

14.11.1
I/O termios

id
Linux POSIX

termio termios UNIX termio
AT&T V termios POSIX termio

termios
sgtty



14.11.2
14-10 linux/include/termios.h 











14.11.3
14.11.3.1 TIME MIN 

MIN
TIMEDE
 MIN TIME 1/10

 MIN > 0 TIME > 0
TIME 1

MIN TIME



MIN MIN
TIME

( ) (MIN > 0 TIME > 
0) 1 MIN TIME

 MIN > 0 TIME = 0
TIME 0 MIN

MIN ( MIN )
IO

 MIN = 0 TIME > 0
MIN=0 TIME

( )
TIME*0.10 0

 MIN = 0 TIME = 0

MIN
TIME

MIN TIME
MIN MIN TIME

14.12 time.h

14.12.1
 time.h MINIX

GMT UTC
Ussher(1581-1656 ) 4004 10 12 9
UNIX GMT 1970 1 1 ( )

C UNIX
UNIX UNIX C

1 4
Linux 0.11 init/main.c kernel/mktime.c tm
CMOS

1970 1 1 0 startup_time

C



14.12.2
14-11 linux/include/time.h 



14.13 unistd.h

14.13.1

__LIBRARY__ _syscall0()

14.13.2
14-12 linux/include/unistd.h 











14.14 utime.h

14.14.1
utimbuf{} utime()



14.14.2
14-13 linux/include/utime.h 



14.15 include/asm/

14-2 linux/include/asm/

14.16 io.h

14.16.1
IO outb() inb() outb_p() inb_p()

jmp

14.16.2
14-14 linux/include/asm/io.h 



14.17 memory.h

14.17.1
memcpy() string.h memcpy()

C

14.17.2
14-15 linux/include/asm/memory.h 



14.18 segment.h

14.18.1
Intel CPU Linux

ds es
GDT ( 0x10) ds es fs

LDT 0x17 fs system_call.s
89--93

get_fs_byte() put_fs_byte()

14.18.2
14-16 linux/include/asm/segment.h 





14.19 system.h

14.19.1
/ move_to_user_mode()

0 0
3 iret

CPU 0 14-3

CPU CPU 3

IRET
0

0 iret
11.2 esp esp1 0 iret 0

0 3 ss:esp iret esp
esp0 iret CPU

NT sched_init() NT iret CPU
0

031



0 0
640K SS ESP

IDT _set_gate()
set_intr_gate() set_trap_gate() set_system_gate()

IDT Interrupt Gate Trap Gate 14-4

P DPL EFLAGS
IF IF

IRET IF
IF

_set_gate(gate_addr,type,dpl,addr) gate_addr
type 14-4 6 4

type=14 0x0E type=15 0x0F dpl
DPL addr 32

0x0008 eax
 system.h GDT

14.19.2
14-17 linux/include/asm/system.h







14.20 include/linux/

14-3 linux/include/linux/

14.21 config.h

14.21.1
HD_TYPE

14.21.2
14-18 linux/include/linux/config.h 





14.22 fdreg.h

14.22.1
I/O

(FDC)

4 1.2M 14–1

I/O

0x3f2

0x3f4

0x3f5 /

( )

FDC

FDC

0x3f7

0x3f7 ( )

8 /
FDC / DMA

 FDC 8 FDC FDD
CPU FDC FDC

FDC
 FDC

0x3f5 DIO
0 CPU  FDC FDC

7



15
CPU FDC

0--8 FDC CPU
FDC CPU FDC FDC

DMA 1 DMA DMA FDC
DMA FDC

FDC CPU CPU FDC
FDC 0--7

FDC

14.22.2
14-19 linux/include/linux/fdreg.h 





14.23 fs.h

14.23.1
 fs.h
MINIX 1.0 i

14.23.2
14-20 linux/include/linux/fs.h 













14.24 hdreg.h

14.24.1

14.24.2
14-21 linux/include/linux/hdreg.h 



14.24.3
14.24.3.1

1--4
4 16



14–2 0 0 1
0x1BE--0x1FD

0x00 boot_ind 
4

0x00- 0x80-

0x01 head 

0x02 sector ( 0-5) 2 ( 6-7)

0x03 cyl 8

0x04 sys_ind 0x0b-DOS; 0x80-Old Minix; 0x83-Linux …   

0x05 end_head 

0x06 end_sector ( 0-5) 2 ( 6-7)

0x07 end_cyl 8

0x08--0x0b start_sect 

0x0c--0x0f nr_sects 

14.25 head.h

14.25.1
 head Intel CPU

14.25.2
14-22 linux/include/linux/head.h 



14.26 kernel.h

14.26.1

14.26.2
14-23 linux/include/linux/kernel.h 



14.27 mm.h

14.27.1
 mm.h

14.27.2
14-24 linux/include/linux/mm.h 

14.28 sched.h

14.28.1
task_struct 0

switch_to()
switch_to(n) 171 'struct {long a,b;} __tmp'

8 TSS
TSS

__tmp 4 __tmp

%ecx current current
ecx



__tmp ljmp TSS __tmp CPU
TSS

__tmp 5 2-22
ljmp TSS CPU

ljmp ecx

clts CR0 TS CPU
Linux TS

14.28.2
14-25 linux/include/linux/sched.h 













14.29 sys.h

14.29.1
 sys.h



14.29.2
14-26 linux/include/linux/sys.h 



14.30 tty.h

14.30.1

14.30.2
14-27 linux/include/linux/tty.h 







14.31 include/sys/

14-4 linux/include/sys/

14.32 stat.h

14.32.1
stat()

14.32.2
14-28 linux/include/sys/stat.h 





14.33 times.h

14.33.1
tms times() time_t

sys/types.h times()

14.33.2
14-29 linux/include/sys/times.h 

14.34 types.h

14.34.1
 types.h size_t

off_t pid_t

14.34.2
14-30 linux/include/sys/types.h 



14.35 utsname.h

14.35.1
 utsname.h utsname uname()
utsname POSIX

null utsname
9 utsname Unix Timesharing System name



14.35.2
14-31 linux/include/sys/utsname.h 

14.36 wait.h

14.36.1
wait() waitpid()

14.36.2
14-32 linux/include/sys/wait.h 







15 (lib)

 c library Linux
c

_exit() close() dup() open()
write() execve() malloc() wait()

setsid() include/string.h
Tytso malloc.c

15-1 /linux/lib/

Makefile .o lib.a
libc.a libufc.a

init/main.c init()

ar archive – 3 a.o b.o c.o
libmine.a

 ar -rc libmine.a a.o b.o c.o d.o 
dup.o

 ar -rs dup.o 



15.1 Makefile

15.1.1
Makefile

15.1.2
15-1 linux/lib/Makefile 





15.2 _exit.c

15.2.1

15.2.2
15-2 linux/lib/_exit.c 



15.2.3
include/unistd.h

15.3 close.c

15.3.1
 close.c close()

15.3.2
15-3 linux/lib/close.c 

15.4 ctype.c

15.4.1
ctype.h

15.4.2
15-4 linux/lib/ctype.c 



15.5 dup.c

15.5.1
dup()

lseek()
(close-on-exec)

15.5.2
15-5 linux/lib/dup.c 



15.6 errno.c

15.6.1
errno include/errno.h

15.6.2
15-6 linux/lib/errno.c 

15.7 execve.c

15.7.1

15.7.2
15-7 linux/lib/execve.c 



15.8 malloc.c

15.8.1
malloc() malloc()

0.98 kmalloc() free_s() kfree_s()

GCC libc.a
get_free_page()

libc.a

brk() kernel/sys.c 168
malloc() calloc()

brk()

malloc() (bucket)
( ) ( ) 32 32

16
15-1 4096



malloc() ( )
15-2

free_bucket_desc

free_bucket_desc NULL
153

 malloc()
1.



2.
freeptr NULL

a. NULL malloc()
init_bucket_desc()

b. 0
page

freeptr
c.

NULL
d.

3. freeptr freeptr
1

 free_s()
( )

freeptr 1

15.8.2
15-8 linux/lib/malloc.c 















15.9 open.c

15.9.1
 open()

exec

flag 0_RDONLY O_WRONLY O_RDWR
( fs/open.c 138 )

15.9.2
15-9 linux/lib/open.c 



15.10 setsid.c

15.10.1
setsid()

id
id PID( )

15.10.2
15-10 linux/lib/setsid.c 



15.11 string.c

15.11.1
string.h 'extern' 'inline'

string.h string.c include/string.h

15.11.2
15-11 linux/lib/string.c 

15.12 wait.c

15.12.1
waitpid() wait()

 wait()

 waitpid() pid

pid= -1 options=0 waitpid() wait() pid options
kernel/exit.c,142



15.12.2
15-12 linux/lib/wait.c 

15.13 write.c

15.13.1
write() count

buf

15.13.2
15-13 linux/lib/write.c 







16 (tools)

 Linux tools build.c
linux/ Makefile

Image boot/ bootsect.s setup.s 8086
GNU gcc/gas

system build Image
/ 16-1

16.1 build.c

16.1.1
linux/Makefile 42 build

  tools/build boot/bootsect boot/setup tools/system $(ROOT_DEV) > Image 

build 4 bootsect setup system
bootsect setup as86 ld86 MINIX

system GNU a.out
build bootsect setup MINIX

system a.out
Image

stat



bootsect minix
512 0xAA55 508,509

512 stdout Make Image
setup 4 0 4

stdout
system GCC GCC linux

a.out 0 stdout
128KB Image

1 bootsect 512
2 4 2 - 5 setup 4
6 system build.c 35

16.1.2
16-1 linux/tools/build.c 









16.1.3
16.1.3.1
 Minix a.out minix 2.0 01400



MINIX a_magic[]

a_flags

 MINIX exec Linux 0.11 a.out Linux a.out
linux/include/a.out.h
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Linux 0.1x 0.11 0.12 PC
Linux 0.1x PC

Linux 0.1x
RedHat 9 gcc 3.x

Windows

Bochs 2.2.x PC
UltraEdit 
WinImage DOS

Linux RedHat 9 Fedora 4
Bochs Linux

Linux 0.1x PC PC 3
VMware VMware Workstation Connectix Virtual PC

Bochs 'box' 3 Intel x86

3 Bochs x86
CPU

Virtual PC Bochs
VMware Workstation x86 VMware 

Workstation I/O x86
VMware

VMware 3 3
http://www.osnews.com/story.php?news_id=1054

VMware Workstation Virtual PC

Bochs Bochs
Bochs

Bochs Linux 0.11 Bochs
http://sourceforge.net/projects/bochs/ Bochs

17.1 Bochs

 Bochs Intel x86 386 486 Pentium
CPU Bochs PC

Bochs PC
Bochs



 Bochs Kevin Lawton 1994 C++ Intel x86 PPC
Alpha Sun MIPS Bochs x86

Bochs
Bochs

Bochs

 Bochs http://bochs.sourceforge.net Bochs
Windows C

'C:\Program Files\Bochs-2.2.1\'
RedHat 9 Linux Bochs RPM

root Bochs Bochs X11
Linux X Window Bochs Bochs

Bochs Linux dlx Bochs
Bochs Linux Bochs SLS Linux

sls-0.99pl.tar.bz2 Linux 0.1x
SLS Linux

www.oldlinux.org http://oldlinux.org/Linux.old/bochs/sls-1.0.zip
bochsrc.bxrc 12 Bochs SLS Linux

Bochs Bochs Bochs

17.1.1 Bochs
Bochs

bochs
bios 'BIOS-bochs-latest'
vga bios 'VGABIOS-lgpl-latest'

CDROM

Bochs .bxrc Sample.bxrc
Bochs

17.1.2  *.bxrc 
 Bochs

Bochs
2.1 Bochs '.bxrc'

Bochs 'bochsrc-0.11.bxrc' Bochs

                                                       



'bochsrc-sample.txt'

1. megs 
32MB 128MB

2. floppya floppyb
 floppya floppyb floppya

Bochs
Linux Windows status

ejected inserted

3. ata0 ata1 ata2 ata3 
4 4 ATA IO

ata0

4. ata0-master ata0-slave
 ata0-master 1 ATA 0 1 ATA CDROM

ata0-slave 1 2 ATA
17–1

ata0-master: type=disk, path=hd.img, mode=flat, cylinders=306, heads=4, spt=17, translation=none 

ata1-master: type=disk, path=2G.cow, mode=vmware3, cylinders=5242, heads=16, spt=50, translation=echs 

ata1-slave:  type=disk, path=3G.img, mode=sparse, cylinders=6541, heads=16, spt=63, translation=auto 

ata2-master: type=disk, path=7G.img, mode=undoable, cylinders=14563, heads=16, spt=63, translation=lba 

ata2-slave:  type=cdrom, path=iso.sample, status=inserted 

ata0-master: type=disk, path="hdc-large.img", mode=flat, cylinders=487, heads=16, spt=63 

ata0-slave:  type=disk, path="..\hdc-0.11.img", mode=flat, cylinders=121, heads=16, spt=63 



type  [disk | cdrom]  

path  

mode  disk
[flat | concat | external | dll | sparse | 

 vmware3 | undoable | growing | volatile ] 

cylinders  disk

heads  disk

spt disk

status  cdrom [inserted | ejected] 

biosdetect  bios  [none | auto], ata0 disk  [cmos] 

translation  
bios (int13), disk

[none | lba | large | rechs | auto]  

model ATA

ATA type disk cdrom
path CDROM iso CDROM

Linux Bochs windows

disk path cylinders heads spt cdrom
path

int13 bios DOS
none 528MB 1032192
large 4.2GB 8257536
rechs 15 7.9GB 15482880

lba lba- 8.4GB 16450560
auto

 mode
flat
concat
external C++
dll DLL
sparse
vmware3 vmware3
undoable
growing
volatile

 mode=flat, biosdetect=auto, translation=auto, model=”Generic 1234” 

5. boot 
 boot CDROM

'c' 'a'



6. ips
 ips Instructions Per Second Bochs IPS

IPS VGA
17–2

 IPS

650Mhz Athlon K-7 with Linux 2.4.x  2 to 2.5 million 

400Mhz Pentium II with Linux 2.0.x  1 to 1.8 million 

166Mhz 64bit Sparc with Solaris 2.x  0.75 million 

200Mhz Pentium with Linux 2.x  0.5 million 

7. log
log Bochs Bochs

log

17.2 Bochs Linux 0.1x

Linux
Linux

Linux bootimage root fs

bootimage rootimage

Bochs Linux 0.1x
Linux 0.1x

    http://oldlinux.org/Linux.old/bochs/linux-0.11-devel-050518.zip 



6
unzip winzip rar 150MB

17.2.1
linux-0.11-devel-050518.zip linux-0.11-devel-050518

20

2 Bochs 4 Bochs 5 Image
README

bochs-2.2.1.i586.rpm Linux Bochs
Bochs-2.2.pre4.exe windows Bochs Linux 0.11

Bochs Bochs
http://sourceforge.net/projects/bochs/ 
bochsour.txt Bochs Bochs

Bochs
bochsrc-fda.bxrc Bochs Bochs A /dev/fd0
Linux 0.11 A

A
rootimage-0.11 bootimage-0.11

Linux 0.11
bochsrc-fdb.bxrc Bochs
(rootimage-0.11) B /dev/fd1



bootimage-0.11-fd
Linux 0.11

bochsrc-hd.bxrc A C
hdc-0.11-new.img bootimage-0.11-hd

Linux 0.11
bochsrc-hdboot.bxrc hdc-0.11-new.img Linux 0.11

/usr/src/linux/Image
bootimage-0.11 Image

Linux 0.11
bootimage-0.11-fd Image bootimage-0.11

512 509 510 B
/dev/fd1 0x021D bootimage-0.11

bootimage-0.11-hd 509 510
C 1 /dev/hd1 0x0301

bootimage-0.12-fd Linux 0.12 bootimage-0.11
bootimage-0.12-hd Linux 0.12 bootimage-0.11-hd
debug.bat windows Bochs Bochs

Linux Bochs
Linux gdb Bochs

Bochs
diska.img  diskb.img DOS Linux 
0.11 mcopy

bochsrc-fda.bxrc bochsrc-hd.bxrc bochsrc-hdboot.bxrc Linux 0.11
B diskb.img

gcclib-1.4.0.taz Linux 0.11 GNU gcc 1.40
/ gcc

hdc-0.11-new.img 1 MINIX
1.0 2 MINIX 1.0

mount
rootimage-0.11 bochsrc-fda.bxrc bochsrc-fdb.bxrc
Linux 0.11
SYSTEM.MAP Linux 0.11

17.2.2 Bochs
bochs-2.2.1.i586.rpm RedHat Linux Bochs Bochs-2.2.pre4.exe

windows Bochs Bochs

    http://sourceforge.net/projects/bochs/ 

Linux rpm X window 1
Bochs



Windows Bochs-2.2.pre4.exe Bochs
debug.bat

Windows Bochs

17.2.3 Linux 0.1x
Bochs Linux 0.1x Bochs *.bxrc

PC
notepad.exe Linux 0.11

PC ROM BIOS VGA ROM 3 PC
16MB Linux 0.11 16MB

floppya PC A 1.44MB
bootimage-0.11 floppyb B

ata0-master PC
ata0-slave 2

boot: A C A
(a)

1. bochsrc-fda.bxrc Linux 0.11
Linux 0.11 Linux 0.11
bootimage-0.11 rootimage-0.11 bochsrc-fda.bxrc

Linux 0.11 Bochs
17-1 bochsrc-fda.bxrc Linux 0.11 A

bootimage-0.11 A
bootiamge-0.11

A A bootimage-0.11
rootimage-0.11 OK

17-2



2. bochsrc-fdb.bxrc Linux 0.11



A bootimage-0.11-fd B
rootiamge-0.11 bootimage-0.11-fd 512

B bootimage-0.11-fd 509 510
B 0x021D 0x1D,0x02 B

bochsrc-fdb.bxrc Linux 0.11 17-2

3. bochsrc-hd.bxrc Linux 0.11
A Linux 0.11 bootimage-0.11-hd

hdc-0.11-new.img 1 bootimage-0.11-hd 509
510 C 1 0x0301 0x01,0x03

C 1 bochsrc-hd.bxrc Linux 0.11
17-2

4. bochsrc-hdboot.bxrc Linux 0.11
bochsrc-hdboot.bxrc Linux 0.11 Linux LiLo Grub

Linux 0.11 MINIX shoelace

/usr/src/linux/Image
bochsrc-hdboot.bxrc Linux 0.11

17-3 4 '*'
Bochs PC

1 Linux 0.11
1 Bochs Linux 0.11 17-4

Bochs /usr/src/linux/Image
shoelace /etc/config





17.3

 Bochs
Bochs

Bochs CDROM
Image

Image Image
Image

Image
Image MINIX DOS

Image
Linux

Linux loop
iso

17.3.1 WinImage
Image DOS

mtools mtools UNIX MSDOS
MSDOS copy dir cd format del md rd

m mtools
1.44MB Image

diskb.img Linux 0.11 bochs.bxrc floppya

 floppyb: 1_44="diskb.img", status=inserted 

2 1.44MB Image diskb.img
Linux 0.11 Linux 0.11
Linux 0.11 DOS mtools hello.c 2 Image
Image Bochs mformat b:

Bochs WinImage diskb.img WinImage hello.c



WinImage DOS
MINIX

17.3.2 Linux
Linux RedHat 9 loop

Image mount Image
rootimage-0.11

mount -t minix MINIX -o loop loop
DOS Image mount minix

msdos
Image Image

mount Image Image

Image Image
Image Image

fdisk
Image hdc-0.11.img 1

 http://oldlinux.org/Linux.old/bochs/linux-0.11-devel-040329.zip 

loop losetup
loop loop loop

hdc-0.11.img loop1 fdisk



fdisk Image 1
Start Image

losetup -d hdc-0.11.img loop1
hdc-0.11.img 1 losetup -o

1 1 * 512 1
loop1 mount

17.4

80386 Linux 0.00
3 A B

Bochs

 http://oldlinux.org/Linux.old/bochs/linux-0.00-050613.zip 
 http://oldlinux.org/Linux.old/bochs/linux-0.00-041217.zip 

1 2
head 0x10000

1 2
linux-0.00-050613.zip linux-0.00

1. linux-0.00.tar.gz     - 
2. linux-0.00-rh9.tar.gz - 
3. Image                 - 
4. bochsrc-0.00.bxrc     - Bochs
5. rawrite.exe           - Windows Image
6. README                - 



1 linux-0.00.tar.gz Linux 0.1x
Image 2 RedHat 9 Linux

3 Image 1.44MB 4
bochsrc-0.00.bxrc Bochs Bochs PC Bochs

PC Bochs
bochsrc-0.00.bxrc Image 5 DOS Windows

RAWRITE.EXE
Image 1.44MB

linux-0.00-tar.gz
boot.s head.s Makefile as86/ld86

boot 32 MINIX as/ld head
1024 a.out Image dd

Image
make Image make

'make clean' make

Image A 'make 
disk' Bochs Linux 0.11

bootimage-0.11-hd Linux 0.11



Bochs RESET
4-43 Linux 0.11

17.5 Bochs

 Bochs Bochs
Bochs 14.2 Linux 0.11 Windows

Bochs

17.5.1 Bochs
Bochs C:\Program Files\Bochs-2.1.1\ Linux 0.11

Bochs bochsrc-hd.bxrc Image
run.bat

bochsdbg Bochs Bochs



Bochs CPU ROM BIOS 0x000fffff0
'<bochs:1>' '<bochs:1>'

'help' 'help'
help 'vbreak'”

Bochs html
internal-debugger.html help

1.



2. seg off addr '0x' '0'

3.

4. CPU



"dump_cpu"  "set_cpu" 

s Selector
dl Descriptor Low-dword 4
dh Descriptor High-dword 4
valid 
inhibit_int CPU

STI MOV SS
"set_cpu" Error: ...”

done” "set_cpu"



OK

4.

Bochs windows
record filename filename %s
%d %x 1 2 3
playback filename filename

print-stack [num words] num 16 num 16
0

load-symbols [global] filename [offset] filename
global offset 0

filename
%x %s 1 2

Bochs Linux 0x7c00
0x7c00

CPU boot.s 1 Bochs Boot From floppy...”
's' 'n'

Bochs





Linux 0.11 32 0 32
head.s 0x0000 'c'

'help'

17.5.2
system.map Image (bootimage)

system.map windows system.map 2.10.3
system.map Bochs

Linux 0.11 32 0 system.map
CPU

buffer_init() system.map



0xd1ec 'c' CPU

17.6

Disk Image File

0 /

1.2MB 1.44MB

Cylinder Head

256 -- 1024
512 2-11



4

 =  X  X 

PC
ROM BIOS

BIOS
Bochs

Translation
Linux 0.11 Image MINIX

1.5 64MB 64MB Linux 0.11
Image 4 Linux 0.11

Image 64 x 4 = 256MB 4
60MB Image

spt - 
Sectors Per Track 1.44MB 80 2 18

512 2880 80 x 2 x 18 x 512 = 1474560

Image

17.6.1 Bochs Image
 Bochs Image Disk Image Creation Tool bximage.exe

Image Image Image
hd fd Image mode

flat Image
Image Image

Bochs
256MB Image



Image Image
Image

Image

17.6.2 Linux dd Image
Image 0

Image dd Image
520 16 63 Image

520 * 16 * 63 = 524160

17.6.3 WinImage DOS Image
 WinImage DOS Image DOS Image

CDROM iso WinImage
Image DOS Image

a) WinImage “Options->Settings” Image Compression
“None”

b) Image File->New 1.44MB

c) Image->Boot Sector properties MS-DOS
d)

All files (*.*)” Image



WinImage Image Bochs
Image 1.44MB 1474560 Image

UltraEdit

UltraEdit Image 511 512 55,AA
512 MSDOS5.0

“EB 3C 90 4D ...”
img “...F6 F6 F6”

0x168000 “F6 F6 F6...”
Image

17.7

oldlinux.org
Image

Linus INSTALL-0.11 rootimage-0.11
bootimage-0.11

 http://oldlinux.org/Linux.old/images/bootimage-0.11-20040305 
 http://oldlinux.org/Linux.old/images/rootimage-0.11-20040305 

bootimage-0.11 rootimage-0.11
Linux-0.11 rootimage-0.11
bootimage-0.11

Image Linux

17.7.1
 Linux

etc/ 
dev/ 
bin/ sh mkfs fdisk
usr/ 
usr/bin 
var/ 

Windows2000 C
Windows2000 NTFS FAT32

Linux 0.11 MINIX 1.0
Linux 509 510

ROOT_DEV 0

Linux 0.11 17–3



Linux 0.11
17–4 6 floppy.c

0x300 /dev/hd0 1

0x301 /dev/hd1 1 1

0x302 /dev/hd2 1 2

0x303 /dev/hd3 1 3

0x304 /dev/hd4 1 4

0x305 /dev/hd5 2

0x306 /dev/hd6 2 1

0x307 /dev/hd7 2 2

0x308 /dev/hd8 2 3

0x309 /dev/hd9 2 4

0x0208 /dev/at0 1.2MB A

0x0209 /dev/at1 1.2MB B

0x021c /dev/fd0 1.44MB A

0x021d /dev/fd1 1.44MB B

17.7.2
Image

Image Bochs SLS Linux
Image SLS Linux

SLS-Linux 256MB Image hdc.img
MINIX Image 1 MINIX

1. SLS-Linux Linux-0.11 hdc.img
2. SLS-Linux SLS Linux Bochs bochsrc.bxrc ata0-master

Image
 ata0-slave:type=disk, path=..\Linux-0.11\hdc.img, cylinders=520, heads=16, spt=63 

3. bochsrc.bxrc SLS Linux Login 'root'
Bochs

4. fdisk hdc.img 1 1 3
SLS Linux MINIX2.0 81

Linux/MINIX fdisk t 80 Old MINIX



hdc.img SLS Linux 2 Linux 0.11
/dev/hd5 Linux 0.95

SLS Linux 2 /dev/hdb

5. 65015
SLS Linux

6. SLS Linux mkfs 1 MINIX
64000 1KB



hdc.img 1
Linux 0.11

17.7.3 Linux-0.11 Bochs
Bochs Linux 0.11 bochsrc.bxrc

SLS Linux Bochs bochsrc.bxrc Linux-0.11
floppya ata0-master boot 3

Bochs 17-7



A: A rootimage-0.11
Bochs 'CONFIG' Bochs

17-8

1 rootimage-0.11
'Continuing simulation' Bochs

Linux 0.11 17-9



17.7.4 hdc.img
Linux 0.11 Image

256MB Image hdc.img
Bochs

 “ata0 master: Generic 1234 ATA-2 Hard-Disk (255 Mbytes)” 

Linux 0.11 bochsrc.bxrc
Bochs

hdc.img 1 MINIX
64MB

[/usr/root]# mkfs /dev/hd1 64000

/mnt

[/usr/root]# cd / 
[/]# mount /dev/hd1 /mnt 
[/]# 



[/]# cd /mnt
[/mnt]# for i in bin dev etc usr tmp
> do
> cp +recursive +verbose /$i $i
> done

'logout' 'exit' Linux 0.11

[/mnt]# cd /
[/]# umount /dev/hd1
[/]# logout

child 4 died with code 0000 
[/usr/root]#  

17.7.5 Image
Image Linux 0.11

bootimage-0.11 509 510 0x1fc 0x1fd

1. bootimage-0.11 bochsrc.bxrc bootimage-0.11-hd bochsrc-hd.bxrc
2. bochsrc-hd.bxrc 'floppya:' 'bootimage-0.11-hd'
3. UltraEdit winhex bootimage-0.11-hd

509 510 0x1fc 0x1fd 00 00 01 03
Image 1

1



000001f0h: 00 00 00 00 00 00 00 00 00 00 00 00 01 03 55 AA ; ..............U? 

bochsrc-hd.bxrc Bochs Linux 0.11
17-10

17.8 Linux 0.11 0.11

gcc 1.40 Linux 0.11
Bochs bochs

 http://oldlinux.org/Linux.old/bochs/linux-0.11-devel-040817.zip 
 http://oldlinux.org/Linux.old/bochs/linux-0.11-devel-040923.zip 

README
bochs bochs-hd.bxrc Image

Linux 0.11 /usr/src/linux 'make' Linux 0.11
Image Image bootimage-0.11-hd
bootimage-0.11-hd Bochs

bootimage-0.11-hd



[/usr/src/linux]# make 
[/usr/src/linux]# dd bs=8192 if=Image of=/dev/fd0 
[/usr/src/linux]#  

mtools Image 2 diskb.img
WinImage diskb.img 'Image'

Image rootimage-0.11
Makefile # 'ROOT_DEV='

gcc '-mstring-ins'
Linus gcc 1.40 gcc

Makefile
gar /usr/local/bin/ ar / gar

17.9 Redhat 9 Linux 0.11

Linux Minix 1.5.10 Minix-i386
Minix 1.5.10 A.S. Tanenbaum Minix 1 Prentice Hall

Minix 80386 80386 32
32 Linus Bruce Evans MINIX-386

GNU gcc gld emacs bash Minix-386 Linus
Linux 0.01 0.03 0.11 Linux

Linus Linux http://oldlinux.org

Minix 1.5.10
Linux 0.11 RedHat 9

bootimage PC Bochs
diff

linux linux-mdf

diff -r linux linux-mdf > dif.out 



dif.out RedHat 9 Linux 0.11

http://oldlinux.org/Linux.old/kernel/linux-0.11-040327-rh9.tar.gz 
http://oldlinux.org/Linux.old/kernel/linux-0.11-040327-rh9.diff.gz 

Booting from Floppy...  
Loading system ...  

Insert root floppy and press ENTER 

Loding system...”
PC vmware bochs

linux 0.11 oldlinux.org

http://oldlinux.org/Linux.old/images/rootimage-0.11-for-orig 

17.9.1 makefile
Linux 0.11 makefile

a. gas =>as, gld=>ld gas gld as ld
b. as( gas) -c -c Linux Makefile

34
c. gcc -fcombine-regs -mstring-insns Makefile

94 gcc -fcombine-regs -mstring-insns Linus
gcc gcc

d. gcc -m386 RedHat 9
80486 CPU 80386

17.9.2
 as86 c ! boot/bootsect.s C

17.9.3 align
boot align align

.align 3 
(2 3 2^3=8)

.align 8 



17.9.4
as

CPU __asm__("ax") fs/bitmap.c 20 26
fs/namei.c 65

include/string.h 84
:"si","di","ax","cx"); 

: ); 
gcc

gcc
include/string.h memcpy() 342

17.9.5 c
Linux 0.11 C '_'

gcc c
c boot/head.s 15

.globl _idt,_gdt,_pg_dir,_tmp_floppy_area 

.globl idt,gdt,pg_dir,tmp_floppy_area 
31

lss _stack_start,%esp 

lss stack_start,%esp 

17.9.6
, ROM BIOS int 0x10

check_data32()13 printk() , tty_write(),
check_data32() ,

4M
0 0 4M

linus 

3

                                                       



17.10 +

Linux 0.11
kernel/blk_drv/ramdisk.c

 http://oldlinux.org/Linux.old/bochs/linux-0.11-devel-040923.zip 
 http://oldlinux.org/Linux.old/images/rootimage-0.11-for-orig 

 linux-0.11-devel Bochs Linux 0.11 rootimage-0.11 1.44MB
Linux 0.11 'for-orig' Linux 0.11

Makefile



17.10.1
Linux 0.11 “ ” Image

Linux

Linux 0.11

RAMDISK

mount 1.44MB

17.10.1.1
 Linux 0.11 Makefile RAMDISK

RAMDISK 0 ROOT_DEV

Linux 0.11 linux/Makefile RAMDISK
RAMDISK 256

1KB 2 257
RAMDISK

shell
256

17-11



17.10.1.2
Linux 0.1x 120KB Linux

Linus 256KB 1.44MB
256

17-12

RAMDISK
Linus ramdisk.c 256

Linux 0.11 Image Image 120KB
256

1440 - 256 = 1184 KB
ramdisk.c 75 block 130

17.10.2
ramdisk.c

1024KB 1184KB
1.44MB Image RAMDISK Image

1024KB 256

17.10.2.1
RAMDISK Image RAMDISK 2048KB

Bochs linux-0.11-devel /usr/src/linux/Makefile

Image

17.10.2.2
1024KB Image rootram.img



Image Bochs bochsrc-hd.bxrc Bochs
(1) 1024KB Image
rootram.img Linux

(2) Bochs linux-0.11-devel Bochs A
rootimage-0.11-orign B rootram.img
(3) rootram.img 1024KB A B
/mnt /mnt1 /mnt1

(4) cp /mnt rootimage-0.11-orign /mnt1 /mnt1
1024KB

/mnt/ 1024KB /bin /usr/bin
df

/mnt/etc/fstab /mnt/etc/rc
fd1 /mnt1/ 1024KB



(5) umount /dev/fd0 /dev/fd1 dd /dev/fd1
Linux-0.11-devel rootram-0.11 Image

Linux-0.11-devel Image /usr/src/linux/Image
1024KB rootram-0.11

17.10.2.3
Bochs A 1.44MB

bootroot-0.11

bs=1024 1KB seek=256 256
Bochs

bootroot-0.11 

17.10.3
Bochs bootroot-0.11.bxrc

Bochs 17-13



 http://oldlinux.org/Linux.old/bochs/bootroot-0.11-040928.zip 

17.11 shoelace

Image Linux 0.11
shoelace Image shoelace Linux LILO Grub

MINIX 1992 1 Linux shoelace
grub Lilo boot-HOWTO shoelace.tar.z Linux.old/bin-src/

17.11.1 shoelace
shoelace



/etc/config config boot: 
bootimage Image

/usr/src/linux/Image 

17.11.2
1 shoelace

1 shoelace

"-w 1" 1 .

17.11.3
fdisk Image MINIX MINIX-1.5

) hd image
Linux 0.11 fdisk MINIX fdisk

Linux-0.11-devel-XXXX.zip 2004 9
23 hd image MINIX

hd

127MB Image MINIX

Linux 0.11 fdisk



Linux hd image hdc.img

dd if=/dev/zero of=hdc.img bs=512 count=248280 

count (=410 * 16 * 38) Image mount Linux 
0.11 cp -a / Image /mnt/

0x55,0xAA 511 512
UltraEdit hdc.img Image

 http://oldlinux.org/Linux.old/bochs/linux-0.11-devel-040923.zip 

17-14



17.12 GDB Bochs

Linux RedHat 9 Bochs gdb Linux 
0.11 Linux X window Bochs

RPM Bochs gdb gdbstub
Bochs

 gdbstub Bochs 1234 gdb gdb
gdb Linux 0.11 C Linux 0.11

-g

17.12.1 gdbstub Bochs
 Bochs Bochs gdbstub Bochs

Bochs bochs-2.2.tar.gz

    http://sourceforge.net/projects/bochs/ 

tar bochs-2.2
--enable-gdb-stub configure make make install



./configure Makefile
X window

17.12.2 Linux 0.11
Bochs gdb Linux 0.11

RedHat 9 0.11
0.11 Makefile -g

-s

find Makefile

system
SYSSIZE = 0x3000 boot/bootsect.s 6

Makefile Image system
Image system gdb

TAB

boot/bootsect.s tools/build.c SYSSIZE 0x8000



17.12.3
Linux RedHat 9 Bochs Linux 0.11

17.12.3.1 Linux Linux 0.11
Linux 0.11 linux-rh9-gdb/

Makefile linux-rh9-gdb/ bochs

    http://oldlinux.org/Linux.old/bochs/linux-0.11-gdb-rh9-050619.tar.gz 

tar zxvf linux-gdb-rh9-050619.tar.gz

1 bochsrc-fd1-gdb.bxrc Bochs rootimage-0.11-for-orig
2 bochs Linux 0.11

bochs 1234
gdb

2 linux/ Linux 0.11 Makefile
3 rootimage-0.11-for-orig 4

bochs
1. X window
2. linux-gdb-rh9/ ./run

gdb Wait for gdb connection on localhost:1234
Bochs

3. linux-gdb-rh9/linux/
gdb tools/system”

4. gdb break main target remote localhost:1234 gdb
Bochs

5. gdb cont gdb init/main.c main()
gdb list

help break print/set /
next/step quit gdb gdb gdb
gdb



gdb gdb
memory.c: No such file or directory mm/ memory.c Makefile

ld mm/ mm.o linux/
ld linux/

17.12.3.2 Linux 0.11 0.11
RedHat 9 Linux Linux 0.11

Image 0.11 Redhat 9
linux-0.11-devel Image

mcopy Bochs 2



WinImage mount
1. Bochs Linux-0.11-devel /usr/src/ linux-gdb
2. 0.11 cp -a linux linux-gdb/ linux-gdb/linux/

Makefile
3. /usr/src/ tar linux-gdb/ linux-gdb.tgz
4. 2 b ) mcopy linux-gdb.tgz b: b

mdel b: ” b
5. windows WinImage b

FTP Redhat 9 Redhat 9
Linux mount b

6. Linux 0.11 linux-gdb/
linux-gdb/ bochs bochsrc-fd1-gdb.bxrc

linux-0.11-devel bochsrc-fdb.bxrc gdbstub
oldlinux.org rootimage-0.11 linux-gdb/

Redhat 9 Bochs Linux 0.11

Bochs b LINUX-GD.TGZ Redhat 9 Linux



linux-gdb/ Bochs bochsrc-fd1-gdb.bxrc
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run oldlinux.org
Redhat 9

    http://oldlinux.org/Linux.old/bochs/linux-0.11-gdb-050619.tar.gz 
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 7B
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0 - 1 - ROM 2 - ROM

254 ROM 127

127 ROM 94

SCS

G0 G1 Shift In - 

SI 14 G0 Shift Out - SO 15 G1
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ESC [ Pn A Cursor Up (CUU) -- CUU

Pn Pn Pn ASCII

0 1
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1 0 1 Pn Pn
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