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Introduction

= DiskO|| ZAlot= File2 Program= ++/d5t= Object &

StLI= A, File2 +/d5t= Object= Section, Segment 50|
= A} otC},

= 12|11, Section2} Segments2| dH S LIE(L= Metadata
Jet= sdol= AO| File FormatO|2t2 O|OF7| o 4= UL,

= O] AlZHO]| Bi= LHE

v LinuxOj|A& AE2E|= ELF File FormatOf| CHet LHE

" Program®@| Section, Segment 4 Y-S Parsing 50§ Memory0j|
M5 I
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GeekOS

GeekOSO|| A= O|2{3t AR TR} 3142 ALREHL|CH
v Part1: ELF

" Main()
. GeekOSQ| 27|53} 2H9S £aH5IC}
" Spawner()
Program 9|11 M35} oi3hg £aBIC
" Read_Fully()

File Path2t File SizeE 2/0{ S0 YA| 0| 22|0f| X 2{otCt,
Parse_ELF_Executable()
ELF Header0j| Cffot 25 210 22 & 2AStA1At Sh= Programdi| Cff ot
gES S0 SQUCh
Spawn_Program()

ProgramOj| A Segmentd E2-E =510 Memory0|| 425t Program=
AHHSHA = Tt

|
00|
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GeekOS

GeekOSOl|A = 0|2{3t 22 220} 8142 AFEBIL|CH.
v Part 2 : User Process

" struct User_Context
Process2| Contextd]| &tot 71 23|2 A Program2| Memory A|2F AL F7V|E
H| 23510 M0 Q= Segment Descriptor0f| Cist AEE SOl ==

" Load_LDTR()
LDT DescriptorE LDTR Register0| 10 =92l &| siY Process2| Segmentd|
CHot HE0j| ™2 otCt.

" Load User Program()
Program@| Context0| Segment, Stack, Argument, Memory A|2&F FA
Memory 37|01 Ch3t 52 ZABHCY.

" Create_User_Context()
GDTO{|A LDT Descriptor& & 82 &| User_Context 7+ 4| H4-0| 27|35}t
ndS 2ot

" Setup _User_Thread()

Thread0f| Process?2| ContextE & A|7! & Process?| Stack Segment0j|
1Al ProcessOf| 2ot = StateS A& A|7| 1 A2 =2 2E5teS D=L
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File

= File
v Computer A&} 22| 242 /sl Binary @412 2 Encoding=El Data
= Kernel : Binary File Format At
" Application : ELF File Format A&

0100101010110
0100111110101
0000110010101
11010011

0100
0101001101010

1010100101010
0010011110101

File
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File Format

® File Format

< UM O 2 0SE File
H2Z 210 ¢l & Memory0f| Segment, Section? 2=l AHE A A

7ICk

23HC

HzD - [C:#WWINDOWSWnotepad.exe]
&] File Edit Search View Analysis Extras Window 2
2 - pilies 1B g ANSI

»  hex

] notepad.exe |

OFfset{(h) 08 01 02 63 B4 05 06 07 08 09 0A O
90006068 [4D 5A |96 00 83 00 6B 08 B4 B 00 0B
00600010 B8 00 00 00 00 00 0B 0O 40 60 00 0D
00000020 00 00 OO 00 00 00 0 0O 00 60 00 00
0600030 00 00 OO O 00 00 0B 0O 00 60 00 00
80008040 OF 1F BA OE B0 B4 09 CD 21 B8 01 4C
80806056 60 73 20 70 72 6F 67 72 &1 6D 28 63
00600060 74 20 62 65 20 72 75 GE 20 60 6E 20
00000070 6D GF G4 65 2E GD OD OA 24 00 00 0O
0000080 EC 85 5B A1 AB E4 35 F2 A8 E4 85 F2
90000090 6B EB 3A F2 A9 E4 35 F2 6B EB 55 F2
908000AG 6B EB 68 F2 BB E4 35 F2 A8 E4 34 F2
008000BO 6B EB 6B F2 A9 E4 35 F2 6B EB 6A F2
000000C0 6B EB GF F2 A9 E4 35 F2 52 69 63 68
0B00ODG 00 0 00 00 00 00 0B 0O 00 60 00 00
900000E0 [50 45 00 bojuc 01 03 08 87 52 02 48
908000FG 00 06 BO B0 EO 00 OF 01 0B 61 07 0A
88086108 @0 o 08 00 80 30 4 08 9 72 46 8D
00606110 00 90 60 00 00 00 0B 01 60 10 00 0D
90600120 OS5 00 61 00 05 00 01 08 04 60 00 00
90B0G1I0 00 40 61 B0 00 04 0O 08 CE 26 01 00
00pAE148 ©O8 88 B4 B0 60 18 81 68 68 68 18 A8
00806150 08 00 B0 B0 10 0O 0 08 6O 60 00 0D
00606160 04 76 0 00 C8 00 0B 0O 6O BO 00 0D
90600170 00 00 OO 0O 00 00 0B 0O 0O 60 00 00
0B0G1S0 00 00 OO 0O 00 00 0B 0O 50 13 00 00
90B0B190 60 00 B0 0O 0O 00 0O 0O 08 60 00 0O
00BOG1AG 0O 00 B0 B0 00 0B 0B 08 AS 18 00 0D
00600180 50 02 00 00 DO

ac

FF
00
00
EQ
2]
61
ny
00
ng
ne
63
BF
ng
00
00
00
00
00
00
02
(i1}
00
on
00
1c
00
ng

A
0]
Unix2} Linuxe| 42 =
A

‘0000840

ooong4dn
0oo084e0
ooong4£n
gooosgsaon
ooopsasin
ooonaszo
0oonasan
0oonas40
o0oo08sso
0oo0nasen
0oonsas7o
ooopasan
0oonasan
000085a0
0oonaske0
0000850
ooonasdo
0000850
ooonas£n
ooongsnn
ooonaslin
0oon8sz20
00008630
00008640
00008650
00008660
00008670
ooonasan
00008690

o Al
EEOCL-l

10

2ot A2 = OSOICt 2t7| Ct=0, Windows2|
ELF I8 MacOS2e| &

17| 40| File HeaderOj| CH{ot

L
-

dE=

PE ZoH,

$= Mach-O Z8=
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ELF

= ELF

v Executable and Linkable Format
v Code, Data, Relocation A&, Symbol A&, Debugging & 53
Section@ = 250 A2t
* Section?| AEE Et11 9= Section HeaderE 42|50
H|O|= &2| st= A0l &4
v ELF &2 0|2l QIE|I|0|A S 22| HO|H| A &6t AZEQ| 0]
NEof HAES F7| fl5h 2H=0 &

an ELL format file
Elf32_Ehdr
section headers string table (shstrab)
e_shoff.
e_shnur\
e_shstrnd
relative \offset
0 index
Elf32_Shdr (; headers)/
sssssss
N\ ‘7
string table (strtab) 1
e |
,/EIBZ_S m (symbol table) a0 index
hawe _shhcn
/

Daeyeon Son



ELF

= ELF I}
v ELF File FormatO| ZAl|st= Data

File

ELF File

AAA.elf
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ELF

ELF Th2! Ef)
¥ Relocatable File ( *.0)
* C}2 Object It 1} Linking E22M Als T2 J20|L} 28 24 IiYUS
Aot 2~ Ol= Code?l} Datas 7|X I_Tl_ 'E ol
v Executable File
" Code?t Datas Target OSO||AM Al 2 4+~ UEF St= OHY
v Shared Object File ( * .s0)

* LinkerZS O| &5} Executable FileX} C+= Shared Object Fileg2 A& 50
T2 S AdA7|= O

root@sdy-dankook:~/os/source/01.Kernel3? /Temp# file Kernel32.elf
Kernel32.elf: ELF 32-bit LSB executable, Intel 806386, version 1 (SYSV), statically linked

, not stripped
root@sdy-dankook:~/os/source/f1.Kernel32/Temp# file Main.o
Main.o: ELF 32-bit LSB relocatable 1Intel 80386, version 1 (SYSV), not stripped

LinuxAMO| Al ELF O}2! E}QI kol 7t st
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ELF

m ELF O 12

v 0§24 7{2| Relocatable Object File Lf-£0| 2] 2 A{ Executable Object

File] LIS S A4

v Compile 2td 0|= Linking 2td &2 & ot= 0|5 = Executable Filex

ddst7| ?lek A

Source File Compiler Relocatable File Linker Executable File

header

system code

LD main()

GCC Other Codes  .text
AAA.c ——- AAA.O
1 .data
\/ 1
1
1
1

hello()

oy
o
o2
(@]
W
sy
oy
o)

more system code

main() text
.data

1
- !
1
. text
1 1
NASM ! !
M —:—> .data :
1 1
: : symtab
' .bss ' :
' 1 .debug

Segment

text

.data

.bss

Daeyeon Son



ELF

ELF2| Section} Segment

v Section : Linking
" Object File(*.0)2| 2= ZH L
v Segment : Program A3 A|0j|

oM WRF YEE G

—

[<13
)

LQst AYZ chn

— O

" Executable File( x .elf)| & Lot

n 2H2 £ MO| Section= S

= Segment= 07}

Section to Segment mapping:

Segment Sections..
0o
01 .interp
a2 .interp
on_r .rela.dyn .rela.plt
03 .ctors
04 .dynamic
05 .note.ABI-tag
a6 .eh_frame_hdr
a7
08 .ctors
root@sdy-dankook:~#

.note.ABI-
Linit .plt .text .fini
.dtors .jcr

.dtors .jcr

F0 =2 20| Segment

O|At9| Section== 414

root@sdy-dankook:~# readelf -1 test

.dynstr
.eh_frame

tag .note.gnu.build-id .gnu.hash .dynsym
.rodata .eh_frame_hdr

.dynamic .got .got.plt .data .bss

.note.gnu.build-id

.dynamic .got

.gnu.version .
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ELF

ELF T2 72
v ELF I} 2 Relocatable File, Executable FileZ L}+|<=0|

/\'7\1| = FileZ2 —TLM;}& Header Table} Relocation 4 &£ 9]
7 2[0= 2 20|17t 813.

2t 5ol AEE Relocatable File 7t 3o HEE Executable File
7121 9le ) ZHA1 1 UAZ = =
e ELF 3 e —|: ELF 35 i
l::ggzac.ﬂ =R R T2 5lH EO0I1S
R et - HI':L 0:|'|'[:_:|' 1
MIA4
: S A M1E 3|5 2
! Aﬁ'lllA_ 2 “« 1 oo |
: : MBIE 3Ef n
: ' | MOZEl e
] I !
! A4 n " L MAME2  re—
R i 1 I
1 I
AE5H 2 | !

. 1 HO%En  t—
Ai!‘A_:I (ﬂcj n IF..-.-.-.-....-...-J.

b M T E0] S ek —> M5 Elojg
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ELF

m ELF Header Al2{ %
v ELF Header= £ 14719| Field= +4
" LinuxOf| A= readelf YHO0{E E5t0§ ELF Header L& & = US

-~ -~

root@sdy-dankook: ~/lru_example

root@sdy-dankook:~/1ru_example# readelf -h lru_simulator_ver2

ELF Header:
Magic:
Class:
hER-H
Version:
05 /ABI:
ABI Version:

Type:

Machine:

Version:

Entry point address:

Start of program headers:
start of section headers:
Flags:

Size of this header:

Size of program headers:
Number of program headers:
size of section headers:
Number of section headers:

7f 45 4c 46 02 01 01

00 00 0O 00 00 0O 00
ELF64
2's complement, little endian
1 (current)
UNIX - System V
6]
EXEC (Executable file)
Advanced Micro Devices X86-64
0x1
0x400970
64 (bytes into file)
27152 (bytes into file)
0x0
64 (bytes)
56 (bytes)
9
64 (bytes)
37

Section header string table index: 34

root@sdy-dankook:~/1ru_example# I
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ELF

m ELF Header Al=24 %

¥ Linux KernelOf|A&l= (kernel dir)/include/uapi/linux/elf.h0j|
Atz 271 71250 /US

¥ 32bite} 64bit 2 F St A= ALESIH, Rt 210|H 2
Data Type2| Length”} Ct=2Ct= A

elf32_hdr{

elfe4_hdr {
= ijnt[EI NIDENT];

_ijwnt[EI_HIDEHT];

ELf32_Half
ELf32_Half
ELf32_Word
ELF32_ Fddr e_
ELf32_oOff ph

ELf32_Off e_she
E1f3L_Nurd
ELf32_Half
ELf32_Half

Elf64 l.lurd
E1f54_Hd1f
ELf64_Half e phwntwlLH;

ELf32_Half
ELf32_Half

ELf64_Half e_phnum;
ELf64_Half e_shentsize;

ELf32_Half e_shnum;
ELf32_Half “_shstrndx;
} ELf32_Ehdr;

ELf64_Half e_shnum;
ELf64_Half e_shstrndx;
} ELf64 Ehdr;

32bite| ELF Header 64bite| ELF Header
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ELF

s ELF Header Al2¢ %

v HeaderQ| L2t OotstE 2t Program?| 7|2 AE 4

#define EIf32_Addr

#define EIf32_Off
#define EIf32_Half

#define EIf32_Word
#define EIf32_Sword
#define EIf32_Xword
#define EIf32_Sxword

typedef struct {

unsigned char

Elf32_Half
Elf32_Half
Elf32_Word
EIf32_Addr
Elf32_Off

EIf32_Off

Elf32_Word
Elf32_Half
Elf32_Half
Elf32_Half
Elf32_Half
Elf32_Half
Elf32_Half

} EIf32_Ehdr;

unsigned long
unsigned long
unsigned shortint
unsigned int

int

unsigned long

long

e_ident[16];

e_type;
e_machine;
e_version;
e_entry;
e_phoff;
e_shoff;
e_flags:
e_ehsize;

e_phentsize;

e _phnum;

e_shentsize;

e _shnum;
e_shstrndx,

/[ ELF AlEZ}
[ RLEHME WA F
/1 oAl EFY
}ffSZ_'l:l.-'HIE I[l.O H-lJl
// QER| ZOIE of=2fA
/1 THY Lof| EA5h= T2 O3 &5 B[22 212
/1 THY Lol 25H= MM | Ej0]22] 212
/T E2MM 2=l Zei
/I ELF §|E{2] 37|
/I Z20H §|H AE:] Bt 719 37
H =14 6|H AE=|9| 7+

/M4 3o ER| B JHof 27|
HMHHQWEﬂQWT
/1 44 0|5 2AE0| HEE 44 si|Ee| AL

[

ogl
=

o

‘ Header size : 52 byte‘

& 7ts
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ELF

ELF Header Af&2 %

v Linux Kernel2| A< init_module()0| Z7|0{| ELF Image&
Kernel SpaceZ Y@ F= d&tE &3

v (kernel dir)/include/linux/module.h

INIT_MODULE(2) Linux Programmer's Manual INIT_MODULE(2)

NAME
init_module - initialize a loadable module entry

SYNOPSIS
#include <linux/module.h>

int init_module(const char *pame, struct module *image);
DESCRIPTION
init_module() 1loads the relocated module image into kernel space and runs the module's

init function.

The module image begins with a module structure and is followed by code and data as
appropriate. The module structure is defined as follows:
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m ELF Section Header A2 %
v ELF Header2} = otA| 32bit, 64bite| 2t0|d=2 Data Type2|
Length?} Ct=CH= A
v ELF Section Header 9 A| File=S 7+ 3}= Section0]| C{ot
|2 YRE 42

v (kernel dir)/uapi/linux/elf.h

elf32_shdr { elf64_shdr {
E1f32_Word sh_name; ELf64_Word sh_name;
E1f32 Word sh_type; 64 Word sh_type;
ELf32_Word sh_flags; 6 ord sh_flags;
ELf32_Addr sh_addr; 6 r sh_addr;
ELf32_0Off sh_offset; 64_0 sh_offset;
ELf32_Word s ze; 64_Xword sh_size;
E1f32_Word S ink; ELf64 Word sh_link;
ELf32_Word L ELf64_Word sh_info; I
EL1f32_Word sh_addralign; ELf6 d sh_addralign; /*
E1f32 Word sh_entsize; 6 d sh_entsize;
} E1lf32_Shdr; } ELf64_Shdr;
32bite| ELF Section Header 64bite| ELF Section Header
|
I “
ELF I y
File oooooooooooooooooooooooo
Binary :
ELF Header ELF Section Header

I Daeyeon Son




ELF

= ELF I}

2lo] A3 B4Y

=

Executable FileS 210{ S0{A{
Temporary Memory0j| {2

'

ELF32 (ELF64) File Header =9l

'

Section Header Table &4

'

Y
=20t

Application Loadingoi|
Memory Size HAt

'

Stetz]l Memory AddressE 7|&
Section?| Starting Address H:I74

'

Temporary Memory?2| Section=
Application MemoryZ £ A}

'

A SH
T o

Application MemoryOflA| Z{HHx| 4=

'

Task ‘4-get 0]=0f
Temporary Memory {4

AAt=l Memory SizeE 7|8t 2
5t

ApplicationO| At2 &
Dynamic Memory =&

'

st

Application

Daeyeon Son



ELF

File

File

Binary | | Binary

(@) Memory Release

Binary | | Binary

File

File

Disk

A
1 "
ON
P File
] Temporary Memory
' Area

File
ELF Header
Section

),
Application C PU

T

s

Section

oooooo

‘ Section ‘

ELF Header Parsing

===%1 Task
Code Segment
Data Segment
_a
Stack Segment
Dynamic Memory
Area
Memory
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User Process

m User Process

v File Format &4 1}°4 0|= 2t Segment?| AEE E510
MemoryOf| 227} b2 %|H Process2A{2| &gt A| 2

File Format2| Parsing 2}d S S5t
Program®| Memory &2j

4th Gen
Intel® Core™ i7

| Memory CP |

Memory0| A&l ProgramO|
Scheduling Z240] [t2tA Process2 &t
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User Process

Segment Type
¥ Segment= Memory2| 2| 0] 0Lt 92| & 4= AUS.
v Text Segment (Code Segment)
* Program?| InstructionO| Z&HZ|0] Q20 Codelt A ZE|0 QU7| W20,
%171 HE2| Segmento| atie .
v Data Segment
= 27|38} =l Global 42} Static H7F 22+ =,
Static H4 — static 7| ES AFE5t MAHE HE
v BSS(Block Started Symbol) Segment
» 7|3t 5| A| %2 Global H4=2} Static H4-TF A& =,
v Heap Segment
= 2Y gt MemoryZt A= FHO0|H, LEFH 2 Z malloc() &+-&
A3t MemoryE & €
v Stack Segment
" Local 42} 21E& YES0| HE=E=
A YStal ALEot=H| Stack FHO0| AR

High Memory
Address

Stack Segment

l

I

Heap Segment

BSS Segment

Data Segment

Text Segment

Low Memory
Address
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User Process

CPU

v Central Processing Unit
v Software PO AlSHO| O| 20X |= ATZE o B2 52 7
o

LI = =]
7 Computer 2I9| 2 22| H2|(CPU)= 2F0IM 2= 44 &1, 7|Hotl,
Program?| HH O & s{{Ad5t0] Hitstl, 2|f = Eot= 9

AEC| Fk[2F 20| CPUR LHFH 22 22[ot= F20| T2 ZAlotA| g4=7t?
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User Process

® Process & CPU Regqister

v Process?| Data= Context2t= 71'E2| A€l gt 2 LIE}
O|2{st ContextS 1/ dot= &= CPU~L| RegisterO|LCt.
7 UHH O 2 CPUE 47}%| Z89| Registers Z 51511

" Data Register
AX, BX, CX, DX
" Segment Register (Segment Selector)

LH A
=2 T

ULt

U=

CS (COde Segment) igure 2-6. Use of Memory Segmentation
S (Data Segment) MODULE | HODULE
CODE DATA
S (Stack Segment) ! | & oo |
S (Extra Segment) - J 88 _<STACK) —
STACK || DS ¢DATA> j STRUCTURE
FS’ GS | [ EBs conTa> |
- : [ ps coaTa> |
Index Reg|Ster T ||J| GS CDATA> |—|_’ T
- BP, SP, SI, DI 2 3
" Special Register
P 9 Zk1 : http://intel80386.com/386htm/s02_03.htm
IP, FLAGS

v Segment Register®| & CPU2| Virtual Memory 2%

Segmentation, Paging@ 2 L{H Al & C}.

44410
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User Process

B Segmentation
v Segment = & &£/43 X|Ll Section=2| &g
v Segmentation = Program= T-/gdot= 2r2t2| Segment 37|0]| [Ct2tA]
Virtual Memory @9 & 2510 AtEst= 7|9
v Z2t2t9| Segment A 7|7t Ct=7| T Z0] siE 27| B2 H|O U=
Memory =S¢t 2I0tM &

»  Code Segment

Data Segment
CS

H

DS

SS

ES
Stack Segment

i

Segment

CPU Register

Memory

Virtual Memory Area
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User Process

B Segmentation
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User Process

B Segmentation

v 2t2t0| SegmentDiCt 2 &4 2l Virtual Memory &H2 &|sliA &
ReglsterOﬂ :EE._I E%é Memory AddressE 7|do 2 Cj;

v :LE'_I_l_, 32b|t O|é,*9_| OSOHH Segment ReglsterOﬂ:
Segmentd]| 2tk LDTL| Descriptor Number?7t S0{7}AH| £
Segment Selectorel= HZ 22 HA| =ICY,

HIWE | HOWE 37| 4GB
> {0) . (0x1000)
| F4
(0x20000) 0x20fff
. > 4K A
HIWE | HOHE T7| =

55(0x20) - (3) (0x6000) - Ox20000

| TS

G5(0x18) (0x10000)

FS(0x18) E—C{;}ﬂﬁ Hl{__mlu:;[]%jl I Ox15fff
_ES(0x10) | (0x1000) 0x10000
| DS(0x10) ! T2 Ast | MOwE 37

0) (0x1000)
BT O I ——— TS - Oxafff
P (0x0000) - 16K & O[]
- ol ot ~ 0x1000
(8HIO|E 7)) - 4K ZE
0
GDT oj=efA HY
(LDT) (MY F2)
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User Process

= Paging
v Paging2 SegmentationO| 7} 4|
Process2| Segment’f AtE75

o
0
Q
11
b

Big
(Segmentation)

Small
(Paging)
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User Process

= Paging
Y Virtual MemoryS =2|& 2|0|2t= 2tA| Qi0] 25 &2 3 7(9
Blocke = LI=0] AtEZ5t= 7|H
v Ol LEH O € det 37(2| BlockE Pagezfil £ECt.
v Bk O =2 Q0| A0|= Page| 37| 4KB
v Ol 7lie| Page= Group = FO{M A& O[0] Ti2tA
Frame, Table, Directory 2| 252 L& Al EIC}.

Figure 5—13. Descriptor per Page Tahle
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User Process

= GDT

¥ Booting 0|2 Computer2| Memory= 0 Software”} H0O}3tS
AM2EH 2| ZBHR|A| =L},

v OS&= At2le] Memory AHE &




User Process

\\\G)

DT

Global Descriptor Table
GDTR Registerg =510 &2 -«
OS Zi%|0f| 2t Code Segment Descriptor,
Data Segment DescriptorS H<=l Assembly s
Code= LIEILYTH 11 A FHO| GDT7} =Lt i
GDT= ¢ 2{-20j| Null Descriptor?} d
A UE[12, 1 0[=0] Memory F 0| Cet e
DescriptorE Qlo|2 2tAM0| 7t5 5Lt ib 0w

db

iml'_Tl_E OS _2_7' &!‘% Al OE=|7-| ElE GDT—Ql IA__Ble‘:DATADE.‘.’CRIPTOR:
L{E0]| 2t O|=0f| OSO|A AsEl= '
4| Program 2! ProcessOf| 2tot Segment2]
Memory 2t G0] #|3t 8+ 4= QICH,

LGDT instruction £5}0{ GDT L|& 27| 7t

GDTEND :
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User Process

= LDT
v GDTZ EO|2 OS HA|2| Memory 0| A5HA|H, 0|2 7|Ete=z
Process| Memory AtS o2 ZZ3}OF s1=C], LDT7} J2{et
A33HLY,

)

OII

[e1 2 =2
=2

.

B ] i [ v = |

I :
i A -

L Hkm . i - A

_!: ( 11 iwed o

_.._J 8 Sa L

L WB : i

L O

o1 3 i 12u | e —
OS= GDTE 7|8te= Process= LDTZ £35}0
LDT Descriptor/t &QE| =5 4|1 2t Segment7t S0{Z Memory 272+S A& sict.
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GDT

LDT LDT

o)l JE—— LDT

Process C Process D
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User Process

= DT

v Local Descriptor Table

v LDTR Registerg €6t &2

v LDT= Virtual MemoryOj| A Application2| Segment AtE EE =2
gola ] AFE

v Context Switchingt= 2tHE| | Q20 2t2t0| Segmentd| CH St
AE EEE AHE

v LDTQ| 2|2|& LtEIL= Segment DescriptorE GDT LHE0{| A&t
olle IndexE LDTR Register0f| '20|=H, CPU= LDTZ 2 0{=0
Process2| Segment0f| Cliet 40| E2 7t
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User Process

GDT
| ! !
LDT ‘ LDT ‘ DT oo

Descriptor Table

Process A Process B Process C
4 A A
. ' -
B oo e e S 1

Context Switching
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User Process

s GDT & LDT

v GDTR RegisterOf| Base Address2} Limit2 ®1216t0{ GDTO|

22 3 A|ZIC (25 0SE= 1742 GDTERH AR)

Global Local
Descriptor Descriptor
Table (GDT) Table (LDT)
T v Y
| TI=0 TI=1
Segment
Selector

56

48

40

32

24

First Descriptor in

GDT is Not Used

GDTR Register

Limit

Base Address

LDTR Register

| Limit

Base Address

Seg. Sel.

56

48

40

32

24

16

!
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User Process

s GDT & LDT

v GDTY|= OS &z{|2| Code Segment, BSS Segment 52| & 2 LDT
IndexOf| 2ot 7} ILetz|0] QICt. (Process= 2528 1711S| LDT &%)

®

Segment Selectordj|
MERE| LDTO|
Segment Descriptor=
Z2+7| CtE Segment?|
Virtual Memory0 54
(Page 219| 12! 2t1)

Global Local
Descriptor Descriptor
CS(Code Segment), Table (GDT) Table (LDT)
DS(Data Segment), W, |
SS(Stack Segment), - ¢ ¢
ES, FS, GS I TI=0 Tl =1
Segment Segment Segment
CpPU Segment RegISter Selector Descriptor 56 Descriptor 56
@ LDT Descriptor Segment
A8 Descriptor 48
Segment Selector?| Segment segment
T blt% 0, 1%O‘I|A‘| Descriptor 40 Descriptor 40
StLIS MEHSH & TSS Descriptor | ,, Task Gate 32
Descriptor Table01 7|§,|—:L . Segment
LDT Descriptor 24 Descriptor o4
@ LDT Descriptor 16 | Call Gate 6
Segment Segment
Descriptor Descriptor
GDTO|M 8 8
LDT Descriptore] First Descriptor in Segment
Index A1EH GDT is Not Used 0 Descriptor 0
\ »
GDTR Register \ LDTR Register
Limit | Limit
| Base Address Base Address s @

Seg. Sel. |

MEHEZ| DescriptorE
LDTR Register0dj| ¢l0{ S0|12
LDTC| Index0f 2 A=
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User Process

s GDT & LDT
v 2= Segment Selectore= TI(Table Indicator) bitE =35t0{ GDT, LDT &

E._IC_I{_"E_E A—IEH oI- s OI|:|-

Ring 3
User Mode
Applications

3210
Index TIrPL

15

Table Indicator
0=GDT
1=LDT

Requested Privilege Level (RPL)

Index Field - Descriptor Table0f| CHst Index

Tl Field - Table IndicatorE HA|
RPL Field - Requestor Privilege Level2 HA| (0, 3)

v Index bit0]| = A MEHZ|{ Q= GDT L= LDTQ| IndexES @l =5tC}.
Y TIbitE 022 dddl =28 GDTO| Ciet 20| 7t=oHA| Tt
Tl bitES 12 **1* H =9 M@ LDTR Registerdf| Loading=|¥{ =

LDTO|| Cliet & 2*3 h 7SSt
" = LDTO| d25t2 Al A2 LLDT instruction=S AFE5HY
GDT42| LDT7t &t IndexS 218 =5 =0{0F otCt.
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User Process

s =7t42| - Process A= 2|ot GDT, LDT ettt

v Process A= 2|t 27|32} 1H-E-E Software?l Linux Kernel | A
main()= €50 Protected Modei HO 77| 0| GDTE W ot= Ade=
Al ZHBHCE

void main(void) {

.g.é)._to_protected_mode();

} static void setup_gdt(void) {
(kernel dir)/arch/x86/boot/main.c

—> asm volatile(“lgdtl %0” : : “m” (gdt));
}

void go_to protected _mode(void)

{

(kernel dir)/arch/x86/boot/pm.c

| setup_idt();
setup_gdt();
protected mode jump(...);

}

(kernel dir)/arch/x86/boot/pm.c
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User Process

n Z7tA42| - Process A3i= 2|t GDT, LDT &&
v @)

= O
Lot 2= Process?| A2 AOl init ProcessE A/ et0f| /LA 7|24 QI
LDT Descriptor& GDTQH0f| A5t fork(), exec()S =%t Process CopyS
CHH|BHCH

noinline __init_refok rest_init(
GLOBAL(in_pm32)

pid;

rcu_scheduler_starting();

lernel _thread(kernel_init, , CLONE_FS | CLONE_SIGHAND);
numa_detault_policy();

, CLONE_FS | CLONE_FILES);
find_task_by pid_ns(pid, &init_pid_ns);

xorl
xorl
xorl
xorl

wde

jmpl
ENDPROC(in_pm32)

cpu wtdrtup cntr;gLFUHF HNLINE}

(kernel dir)/arch/x86/boot/pmjump.S
(kernel dir)/init/main.c
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User Process

m Z7t4e| - Process &3llS ¢/ot GDT,LDT &4
v A=, 0|2 A M/HEl init Process= CHE 2= Process?| d/d 7|9t b= 436t
" Linux Of| A= pstree PO 2 A 25 %|= Process?| Tree 7 It} Tt

root@sdy-dankook:~# pstree
init—NetworkManager——dnsmasq
L2*[ {NetworkManager}]
I-accounts-daemon——{accounts-daemon}
Facpid
at-spi-bus-laun—2*[{at-spi-bus-laun}]
l-atd
avahi-daemon—avahi-daemon
I-bamfdaemon——2*[ {bamfdaemon}]
FHbluetoothd
l—colord—2*[{colord}]
I-console-kit-dae—64*[{console-kit-dae}]
l—cron
Fcupsd
l—2*[dbus-daemon]
I—dbus -launch
dconf-service—2*[{dconf-service}]
Firefox—36*[{firefox}]

v fork()& &9ot¢ init Process”t 7tA| 11 QE GDT LHE2| LDT, TSS Descriptordj|
EHOFCopy§ alist7| AlAfstl 282E9| Process= A4ABHC| LDT, TSS Descriptor
1A A =Y.

* Descriptor& Copy StCt= -2 Process?| Segmentd| Cl{et =& A Q1 22| S
ABHBICHS O|0|QF 2T},
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= Context Switching

¥ Process?| Segment =2 MEH 7155t o= Segment Register’}
ProcessS HHH= Context Switching2t

W

Context
Switching

CPU
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User Process

= Context Switching

v Task Register (TR)
" TSS (Task State Segment)?} /= 2| S HEA|st= GDT We| TSS
DescriptorE 7t2|7|= Selector (= Register)
* Task State Segment : Process =25 2/Ej0]| &tct YEE &1 Q=
Segment
v LTR (Load TR), STR (Save TR) Instruction® =50 &= & 44
v Task State

Code
" General-Purpose registers el
. Task-State —l—, Data
" Segment registers Segment Segment
. (TSS) Stack
" EFLAGS register > (Cgﬁgg}%q}w
. eve
" CR3 register -
* Task register | Prig.Lover0
* |/O map base address, I/O map o e
] I Task Register
Stack pointers = s?;?ﬁim
= Link to previously executed task CR3 (Pt el
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User Process

® Task Register & TSS
v TSSO| Al2=x

31 15 0
1/0 Map Base Address Reserved T|100
Reserved LDT Segment Selector 96
Reserved GSs 92
Reserved FS 88
Reserved Ds 84
Reserved 3s 80
Reserved cs 76
Reserved ES 72
EDI 68
ESI 64
EBP 60
ESP 56
EBX 52
EDX 48
ECX 44
EAX 40
EFLAGS 36
EIP 32
CR3 (PDBR) 28
Reserved | 552 24
ESP2 20
Reserved | ss1 16
ESP1 12
Reserved | $S0
ESPO
Reserved | Previous Task Link 0
Cl Reserved bits. Set 1o 0.

Figure 7-2. 32-Bit Task-State Segment (TSS)
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User Process

® Task Register & TSS
v Linux Kernel| A LIEIL = At=2H+ =X

x86_hw_tss {
back_link, _ blh;

io_bitmap[I0_BITMAP_LONGS + 1];

stack[64];

cacheline_aligned;

io_bitmap_ba

(kernel dir)/arch/x86/include/asm/processor.h } __ attribute_ ((pack

x86_hw_tss {
u32 eservedil;
u64
u64
u64
u64
u64
u32
u32
ulé
ulé

__attribute__ ((pack
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® Task Register & TSS
v Context SwitchingO| 2HAi51A| €O C21}

CPU

Task(A) State Segment

Process A
Register
State

GDT

(Global Descriptor Table)

£2= 1+-80| LOf .

Task(B) State Segment

Segment Descriptor
LDT Descriptor ® Process B
=, TSS Descriptor fpe=mw== > Register
|
' LDT De‘criptor State
le=a TSS Des‘ssiptor

-------r----

3
~
f ~~ [}
----------------------------- r------.—‘--.-.-.----------------
1 Nwy
.......... - @
Process A . @
~ 1
C i
Normal Normal
Registers TR > Registers TR
A 2ld | segment Context Segment || g v mmfl =
Registers . : Registers
J Switching J
Other Other
Registers Registers
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User Process

® Task Register & TSS
v Lot Task gated| 2|6lj A Context SwitchingO| EH4i5t7| &= otC}.
" Interrupt, TrapO| EH4l5I S W 2t 2 2 Context Switching=

AR A|Z| 20, EA Task=0| TSSO

LDT

(Local Descriptor Table)

Task Gate Descriptor

IDT

""""" /hm\

Process A

yanY e,

Normal

Registers

Segment

Registers

Other
Registers

PCETEETEE =N PR

Sk A
228 4 9

UES ALE ottt}

GDT

(Global Descriptor Table)

Segment Descriptor

LDT Descriptor

- =

TSS Descriptor

Segment Descriptor

Segment Descriptor

Task State Segment

Process
Register
State

Memory
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User Process

= Context Switching
¥ GeekOSO|| M= Project 25 £5}10{ Context SwitchingS A& & £
QEE 7|2 AAZ BT,
" Switch_To User_ Context()
(project 2 dir)/src/geekos/user.c
Switch_To Address_Space()
(project 2 dir)/src/geekos/userseg.c
Spawn_Init_Process()
(project 2 dir)/src/geekos/main.c
Spawn()
(project 2 dir)/src/geekos/user.c
Start_User_Thread()
(project 2 dir)/src/geekos/kthread.c

Setup_User_Thread()
(project 2 dir)/src/geekos/kthread.c
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User Process

n Z7H42| - GDT & LDT & Context Switching

Segment Descriptor

Segment Descriptor

» Segment Descriptor

> Normal 1 Linear Address Space Linear Address
Process Registers C P U : M emo ry
+ : Linear — Directory | Table Offset | —
Add
GDTR Segment - ‘:'ess |
Register Registers : Page Directory Page Table Page
| LDTR TSS Segment CR3 : | .| Physical
Reg:fter Register Register | . Page Directory Page Table B Address
' Entry Entry
i
§ > L
= pm wm e ----------------------I-I
GDT
LDT Descriptor oS Operating System
» Segment Descriptor — > Memory | Code, Data, Stack
Information Segment
TSS Descriptor
> TSS Descriptor Task-State > Task
> Segment (TSS)
> (NULL) Code Segment
Process
LDT » Registers Data Segment
Task Gate Descriptor State o Stack Segment

Daeyeon Son



2" Homework

= Project 1= 0|25t ELF File AA}5}7|
v ELF Parsing 2tA|& ai'er Project 12 A/},

v MME| Project= ELF FileS Parsing 5t= £20| A|2| =l AEfZ
LHEFECE.

& _/.\_ﬁOﬂE Toooare 0|129| 847t {31 20| Q=r

v sawa ‘J}Zﬂ'— L-/,ELE} f Al 0| A| E- malli B = £ st}
= HF L& : 2“det Source (Project |2 B 21), Screenshot

etected, 1670 pages in freelist, 1048576 bytes

ouse |BEMMMDY  lcers JeceL  Hpeo-d]
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