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> Oxaab5 I EAEE » (HELNEEEH ESEM Ebyte T ©

R EBRANE 1.4 R ¢

W47 el B (5127 1)
0x0200
Oxaa55
0x01f
Oxaass
Ox7dfe u TS
||J| K= \11! iy
B EERRNIE SR
o SL0M0 Rk
0x7600 B B
0x0000
0x0000

Fig 1.4: EBHEEAREE

FEHEB YR » BERAVE B R I MR — S — 1% - AT UAE S - BAK B RAEEEFE
—ERTIRY N E RS AR A A E B

1.3 i F R AR

FEEHB A ERIER RGN - MR ATRE 8 BENEREER - —2RIOBEAGEREE
o EA LR AR MBI o BT DA A (6 F R R A et — & EE RS - BB Ml it B 1% F R 5
PR KBRS G AV E) T - 0B PR R BAE LS —SRAEE R B3 L -

£ Linux N AR Z EEREEE > FM##2 VirtualBox fl Bochs (EAF BN EHR T & - HIMA
VirtualBox ff demo » 1 Bochs EZ /B o N E4G H— L EFER EA0TEE - HH AR ELER
RABR » HMHZH A2 RSSO RS R I RE (R B
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1.3.1 VirtualBox

VirtualBox &8¢ GPL % FI B IRECEE » EE 7 #uli& http://www.virtualbox.org °
VirtualBox HJ'E 77 #8ul iR ELEH B R £ Linux RAF &R ZEHI LR » LN $H % Red Hat R
(Fedora, RHEL) AR RPM Z 24 » §1%f Debian & (Debian, Ubuntu) &R AR) DEB %
44 > HH Ubuntu Linux ] DU 7 F#IAE Ubuntu BEE A EH EE T 8% © sudo apt-get install

virtualbox °

THEWT VirtualBox 1% » 75 2-/# H sudo adduser ‘whoami‘ vboxusers (F-28ZR 45N F
LA BEZ useradd ) #% H EEINE] VirtualBox FJH F 4 vboxusers % 3 & » ] LLFH GNOME
5% KDE BB A P AR E B T BRI - A LE SRR /ete/group UM » #§ 8 CHY
FFEZRINE] vboxusers BT EITAIH1Z » 14 vboxusers:x:501:solrex * BP4) Linux A] BE s B 8H1%
EHFESRERAP -

HAFIFE A CentOS E&%ER VirtualBox V78 ANfR F B f 32— {8 e -

B —REH) VirtualBox » &5 i H —{F VirtualBox {EA{E 1% PUEL AUSIEEHE (LR
Linux Efﬁ%ﬁ@ﬁﬁ )
[

VirtualBox License

VirtualBox Personal Use and Evaluation License {PUEL) -
version 1.4. October 2. 2007

innotek GmbH, Werkstrasse 24, 71384 Weinstadt, Germany grants you the right te
use the software product as defined in § 1 according to the following provisions. If you
do not agree to all conditions set forth by this license, you may not use the product,
because only innotek as the product’s owner Can give you perrission to uss it

& 1 Subject of license. Product™, as refermed to in this Licenses, shall ba the binary
software package "VirtualBox", which allows for creating multiple virtual computers,
each with different operating systems ( Guest Computers' ), on a physical compuler
with a specific operating system { " Host Computer), to allow for installing and
executing these Guast Computars simultaneously. The Product consists of
exaecutable files in machine code for the Windows 2000/XF and Linux operating
systems as well as other data files as required by the executable files at run-time
and documentation in electronic form

&§ 2 Grant of license. (1}innotek grants you a personal right to install and executs
the Product an a Host Computer for Personal Use or Educational Use or for

Evaluation. ~“Personal Use" requires that you use the product on the same Host ~]
-
R e e R L S st e e T L

R e e i

Fig 1.5: VirtualBox {E Af# H &


http://www.virtualbox.org

st EREE

BilRE *Tﬁ%fﬁ T R 1 B AR AT DA B N 5 Y R R ] - B

VirtualBox LiCeEnses =

LILESE OTiry o TRILEI T CAUSES. T Al rarar, SO0y TR ST TaT Cause Lot e
wvielation of the usage terms or a breach of other essential duties from this contract
after termination. you are required to delete and destroy all remaining copies of the
Froduct. This includes, but Is not limited to, installed coples and backups.

55 Ne warranties. Since you have net paid for the use of the Product, there is ne
warranty for it. to the extent permitted by applicable law. innotek provides the
Froduct ““as s without warranty of any kind, either expressed or implied, including,
but not limited to. the implied warranties of merchantability and fitness for a
particular purpose. The entire risk as to the quality and performance of the Product is
with you. Should It prove defective, you assume the cost of all necessary servicing,
repair, or correction. In addition, innotek shall be allowed to provide updates to the
Froduct in urgent cases. You are then cbliged to install such updates. Such an urgent
case includes, but is not limited to, a claim of rghts to the Product by a thind party

5 6 Miscellaneous. There are no license terms beyond the written ones in this
agreemeant. Amendments of, additions to and the joint revecation of this agreement
shall require the writken form. The same shall apply to the preceding written form
requirement. Standard business conditions of the parties shall not apply. Place of
porformance and legal venue shall be Weinstade, the domicile of innotek. Solely
German law shall apply to this agreemant

- |

| I.A-g.r-ee ||I“12Isagree

5 HH A VlrtualBox FEEAEEAE - °] ZAERIRA 2 ¢

Fig 1.6: [F& VirtualBox fE A fif F ik

VirtualBox Reglstratlon Dlalug

Welcome to the VirtualBox Registration Form!

Please fill out this registration form to let us know that you
use VirtualBox and, optionally, to keep you informed about
VirtualBox news and updates.

Enter your full name using Latin characters and your e-mail
address to the fields below. Please note that innotek will use
this information only to gather product usage statistics and
to send you VirtualBox newsletters, In particular, innotek
will never pass your data to third parties. Detailed
information about how we use your personal data can be
found in the Privacy Policy section of the VirtualBox Manual
or on the Privacy Policy page of the VirtualBox web-site.

Name

E-mail

[[] Please do not use this information to contact me

Fig 1.7: VirtualBox F B L EEHE




BN AREAM R E T VirtualBox E 5L :
3

B

New

Bettings

Eila Machine Help

oS | =m s
st nEse L Welcome to VirtualBox!

Dilate

Innotek VirtualBox

] ger.ailsl-j;,' Sriapshats |-,;} Dgscn:-ban[

1.3.

The left part of this window is intended to 1 |
display a list of all virtual machines on | vl
your computer. The list is ampty now -
because you haven't created any virtual
machines yet.

In arder to create a new virtual machine,
press the New button in the main tool bar
located at the top of the window.

You can press the F1 key to get instant help, or visit

www. virtualbox org for the latest information and news,

8 New 1% 6 e — AR FED :

Fig 1.8: VirtualBox £ 5

Create I";l.ew V*rtu&l Mac.ﬁlne

Welcome to the New Virtual Machine Wizard!

This wizard will guide you through the steps that are

necessary to create a new virtual machine for VirtualBox.

Use the Next button to go the next page of the wizard and

the Back button to return to the previous page.

Fig 1.9: @& —{EE %

6 Pl B
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5 solrex (EABEIRIRA 4T » RUERAL :

e Create New Virtual Machine x|

VM Name and OS Type

Enter a name for the new virtual machine and select the type
of the guest operating system you plan to install onto the
virtual machine.

The name of the virtual machine usually indicates its
software and hardware configuration. It will be used by all
VirtualBox components to identify your virtual machine.

0s Iype
h kn 4
] Other/Unknown v‘ M

[<geck | [ mewts | [ concel |

Fig 1.10: 5B HEE A TAER R A

fes BT

HEPEE R T 32M :

Create New Virtual Machine x|

A TRy o
L

Select the amount of base memory (RAM) in megabytes to be
allocated to the virtual machine.

The recommended base memory size is 64 MB.

Base Memory Size
=) =132 | MB

, Lt
R R T e o I T B S R RO

4 MB 2000 MB

[<meck | [hioxt> | [soreet |

Fig 1.11: B EEELIERAE
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B R A
o

Virtual Hard Disk

1.3.

Creat;e l.';l-ew \Hl’tl.la”I I-Vla:-l;lne

Select a hard disk image to be used as the boot hard disk of
the virtual machine. You can either create a new hard disk
using the New button or select an existing hard disk image
from the drop-down list or by pressing the Existing button (to
invoke the Virtual Disk Manager dialog).

If you need a more complicated hard disk setup, you can also
skip this step and attach hard disks later using the vMm
Settings dialog.

The recommended size of the boot hard disk is 2048 MEB.

Boot Hard Disk (Primary Master)
l!=no hard disk> L ‘

1 New... H Ea’tsting..,|

[<geck | [ mewts | [ concel |

R A RS
LA

7 i “New” B —BRRF IR R

Welcome to the Create New Virtual Disk Wizard!

Fig 1.12: &% & R EARIHERES &

Create New Virtual Disk

This wizard will help you to create a new virtual hard disk
image for your virtual machine.

Use the Next button to go to the next page of the wizard and
the Back button to return to the previous page.

Fig 1.13: 7 — e B RsEaE
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B Next? » 3T HEBERIEGH (G 7] B BYTE S/

Create New Virtual Disk

Virtual Disk Image Type

Select the type of virtual hard disk image you want to create.

A dynamically expanding image initially occupies a very
small amount of space on your physical hard disk. It will grow
dynamically {up to the size specified) as the Guest OS5 claims
disk space.

A fixed-size image does not grow. It is stored in a file of
approximately the same size as the size of the virtual hard
disk.

Image Type

@!Qynam.ically expanding Image!

() Eixed-size image

< Back | Next > Cancel

Fig 1.14: &% & R

‘solrex” * WG A B E L “32M” &

18 PR R SRR R (R 4 T s L A
=

Create New Virtual Disk

Virtual Disk Location and Size

Press the Select button to select the location and name of
the file to store the virtual hard disk image or type a file
name in the entry field.

Image File Name

_mprrmfsmrem‘sotrex,vdi | [l

Select the size of the virtual hard disk image in megabytes.
This size will be reported to the Guest 05 as the size of the
virtual hard disk.

Image Size
‘ i I.E_I_I‘I { R I R R S U S R S N NN B | :|_ 32LI::DF|B|
4.00 MB 2.00TE

‘ < Back | ‘ Next > ‘ l Cancel ‘

Fig 1.15: X B REERF G2 FNEE
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1.3.

RRE %?ﬁkﬁ’])ﬁﬁﬁﬁﬁ}%fnu RG22 Finish MDA RS (A -

Create New Virtual Disk x|

Summary

You are going to create a new virtual hard disk image with
the following parameters:

Type: Dynamically expanding image
Location:  /home/solrex/solrex.vdi
Size: 32.00 MB (33554432 Bytes)

If the above settings are correct. press the Finish button.
Once you press it, a new hard disk image will be created.

< Back | Finish Cancel

Virtual Hard Disk

% fgiﬁ’*ﬁﬂf% L3 ST Y R BERE B solrex.vdi ¢

Fig 1.16: FEHEERFEREE S

Create New \Hrtual Machlne

Select a hard disk image to be used as the boot hard disk of
the virtual machine. You can either create a new hard disk
using the New button or select an existing hard disk image
from the drop-down list or by pressing the Existing button (to
invoke the Virtual Disk Manager dialog).

If you need a more complicated hard disk setup, you can also
skip this step and attach hard disks later using the VM
Settings dialog.

The recommended size of the boot hard disk is 2048 MEB.

Bgot Hard Disk (Primary Master)

lisolrex.vdi (fhome/solrex) & ‘

1 New... H E;'rsting...|

[<meck | [hioxt> | [soreet |

Fig 1.17: {5 F 57 i g e fee A
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R L0 A

Summary

You are going to create a new virtual machine with the

following parameters:

Name: solrex

BLEE Finish MESE BT R B0

Create New Virtual Machine

05 Type: Other/Unknown

Base Memory: 32 MB

Boot Hard Disk:  solrex.vdi (/home/solrex)

If the above is correct press the Finish button. Once you

press it, a new virtual machine will be created.

Note that you can alter these and all other setting of the
created virtual machine at any time using the Settings
dialog accessible through the menu of the main window.

l < Back H Finish ‘ [ Cancel ‘

Fig 1.18: E#HRER

EE] VlrtualBOX FAE o ARFFE A RS R E B solrex :

Eile Machine Help

H 4 a8

New Settings Delete

solrex
al @ Powered OF

Innotak VirtualBox

@ "',' ¥z Details |7 Snapshots | Description|

Start Discard Z  General
MName

05 Type

Base Memary
Video Memary
Boot Qrder
ACFI

10 APIC

|2l Hard Disks
Primary Master

| CD/DVD-ROM
HNot mounted

e | Floppy
Mot maunted

= Audio
Disabled

& Network
Adapter 0

I T S .

solrex

Other/Unknowr

32 MB

BMB

Floppy. CD/DVD-ROM, Hard Disk
Enabled

Disabled

solrex.vdl [Nermal, 32.00 MB]

NAT

[*]

Fig 1.19: [E%] VirtualBox &5
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7 1.4. fFEHERKEESE

1.3.2 Bochs

1.4 i FHEREESG

1.4.1  HI/FRREESEE

B FIFRE - BERADASRE LU B » By AR P43 00 I R B (B ARE B B A © 7E Linux T
HIVE—(ER R AR B - RFZMEH -

$ dd if=/dev/zero of=emptydisk.img bs=512 count=2880

2L DATEE AT B 8% T A AL — 1844 % emptydisk. img AYZS FECRESER - T 346 A 35 (8 =S B e
55 15 SRS B SRR o

dd : SEHANYE B SCHR T R o dd A LA BER 245 ARS8 » £ 48] F if=FILE 21§
ARFEME FILE FEEBAZ + of=FILE ;EZHEAFEE H#m HE| FILE ; bs=BYTES FREIXE
BUfniEg H BYTES fEbyte ; count=BLOCKS X {E# A S+ H3EE BLOCKS i AR

TMEMA /dev/zero AllZE—1H Linux BUFFIR SO » SEBGE AU P DS EHFERY 0 o AR/
FE A S ERLE LI 512 bytett 2880 B4 2 AU FAFIE A A emptydisk.img H © A
2RI R KA R R A

2(fEEH) X 80(f#iE) X 18(HhlE) X 512 bytes(f# AR /N) = 2880 x 512 bytes = 1440 KB
= 1.44MB

A LB A A Lidiar 252 2 — iR 22 BIARME L AR 5 -

1.4.2 FERERSE 5L B R B
TEE %’Eﬁ%&ﬁﬁ%*ﬁ BEVR 122G Settings T28H » (A FEERAVBIE F |

solrex - Settings

_ General General

2] Hard Disks

7 CD/DVD-ROM Basic| Advanced | anripuun| og,hu-r]

I3 Foppy identification

d= Audic 1

! Name solrex OS5 Type | OtherUnknown -

¥ MNetwork —
ﬁ Serial Ports Base Mﬂmnry Sire

i o R 32 | M8
4 Shared Folders 4 MB 2000 ME

[E@ Remote Display
Mideo Memaory Size

select a settings category from the fist on the left side and move the
MoUusSe over a Seltings iteim to get imore inforrnation

| Help | oK | | Cancel

Fig 1.20: FEH#EEEH B AW
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n

iy

T 22131 3 3% Floppy

[Hl ceneral
[Z] Hard Disks
7 CDJ/DVD-ROM

Audio
Netwark

Serial Ports
use
(@ Shared Folders

LeYT

[E@ Remote Display

HE N\ AR A B S

solrex - Settings

Floppy

Mount Floppy. Drive

@ Image File

] =

Floppy image file is not salected on the Floppy paga

A1 Invalid settings detected

| 0K | | Cancel

Fig 1.21: FEHEHRIE

2 Image File A BRI SCAF IR » (fE N\ BIBE RS R 5

£

Actions

=

Virtual Disk Manager

B

Néz.-.- Add ‘ Rl—l'l-'-l.\'l:' R‘;-'ra.ﬂc,.— | Refresh

(2} Hard L‘H:k_-:i CH/DVD Images

=] Floppy Images]

Mame

Size

Location;
Attached to:

Help

‘ Select H Cancel

Fig 1.22: #FEET G
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BEBE Add FRELEN BT AR (R emptydisk.img » G select 12 HH138  HAF Ry IS BYHER
(% Virtual Disk Manager ®
Actions

=1 = &
= = | ©
Releasa | Refresh

Mew  Add | Remove

i} Hard L‘usk_-:i CO/DVD Images

=] Floppy Imagesl

| S

i emptydisk.img

Location: fhome/solrex/Desktop/Documents/WriteOS/chapterland2/emptydisk...
Attached to: -

Help ‘ Select H Cancel

Fig 1.23: B2 EBEESE &

RO

ﬁ@@fﬁ%ﬁﬁ%&%ﬁﬁ?ﬁ » BB OK MERSGUHEE ¢

solrex - Settings

o
[Hl ceneral Floppy
21 Hard Disks
71 CDJ/DVD-ROM Mount Floppy BDrive

! ) Host Floppy Drive l:l
d= Audio

=% @ Image File
F Network

{3 Serial Ports Hemptydl.sk.l.mq (Momessolrex/Desktop/DocUments WriteOS/cH « i =
A7 usa
[ Shared Folders

[ Remote Display

Select a settings category from the fist on the left side and move the
MIOUSE oVer 8 Settings item to get more information

[ox ][ e

Fig 1.24: HEREABFEHELHER
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E?Tﬁﬁ%&%ﬁiiﬁﬁ HELANERERERES -

Innotak \ﬂft'u nll!m(

Eile Machine Help

ol A J *‘a“sﬁiiﬂavshDEb Description|

New Settings Delete | Start | Ganeral
Mama solrex
M solrex 05 Type Other/Unknown
@ Pawered OF

Base Memary 32 MB
Video Memaory B MB

Boot Order Flappy. CO/DVD-ROM, Hard Disk
ACFI Enabled
10 APIC Disabled

|71 Hard Disks

Primary Master  solrex.vdi [Normal, 32.00 MB]

] CD/DVD-ROM
Mot mounted

= Floppy ]
Image emptydisk.img

¥ Audio
Disabled

i MNetwork
Adapter 0 MNAT

L E

Fig 1.25: BEREERXERE

R R > SEEAURAEE Start IRHIBUTE > B RPUTAIREA I MER, )

VirtualBox - Information

i) You have the Auto capture keyboard option turned on. This will
cause the Virtual Machine to automatically capture the keyboard
every time the VM window is activated and make it unavailable to
other applications running on your host machine: when the keyboard is
captured, all keystrokes (including system ones like Alt-Tab) will be
directed to the VM.

You can press the host key at any time to uncapture the keyboard
and mouse (if it is captured) and return them to normal operation. The
currently assigned host key is shown on the status bar at the bottom of
the Virtual Machine window, next to the (¥ icon. This icon, together
with the mouse icon placed nearby, indicate the current keyboard and
mouse capture state.

DEDO not show this message again;

OK

Fig 1.26: HE S EEEER

EEEFEERNE EE - &SRB A ERERAS - FURSEE AT B R BENS 5 B - Bk
Ry BEEVE RO SAE AN U - AT DARGER SR AE A (FIIAY Ctrl SEARRRIAIIE -
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R R BUTR AR ¢ _____
L 4l solrex [Ru .u:"r:jka"'-i-inl-'i"é'f".’.iiii-ir-'-il"r}t = wu

Machine Devices Help

FATAL: No bootable medium found! System halted.

2| Right Ctrl

Fig 1.27: BEHEHEEITHE

FMTUERER 1.27 F » BESEAZ AEHEEERIERIEE S @ “FATAL: No bootable
medium found! System halted.” » #RHF SCEHA R REBIEEE - RAEW - TVERE BB ETERH
%11 EiGHEMEENATE PR BRIV E 6 B E BRSO B T R - OLERE - RERER IR BRI v B r
2 > B DAB AR o A TR BBl O AR P E A T HIRERS » Fr AR~ (5 B LR AR AR sk
SR B RSB RGITHEE - RN A B A8 — [ n] S B HRERENE - BATAEAESE 2 ENAE -
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CHAPTER 2

w/N THESR R

R — 2 FAER R RIS BRI IR, &=, FPIBBENAR —EE B, DL
s HEASIERF SR+ o
FNA— T REEANLE :

e R4 : Cent OS 5.1(RHEL 5.1)

o AT HE : gcc, binutils(as, 1d, objcopy), dd, make, hexdump, vim, virtualbox

2.1 Hello OS world!

@ AREHARTFEM gee, make MHEIH Linux C 38 S #ELLK PC BARE S SR -

@ HEETEMSEIAE © CS:APP (Computer Systems: A Programmer’s Perspective, IR AFRf#
FFEPEARA) 2 3 E : Machine-Level Representation of Programs ©

R Z 4wt EEE 4G A0 S — (B (7] 711 2 7E A% 1 H — 8 45 58 “Hello world!”, FFEE B R4R
(58— S48 I F B AAE R AT E R R LITEIH —AFEFEE - frel, |ATEAE (HCBTFEEX
RY —FH 4 HeE—EREICHS, £ # _EFTED “Hello OS world!” :

org 07c00h s SRR R T INEEI 700
mov ax, cs
mov ds, ax
mov es, ax
call DispStr s PPRBETR AT R AR
jmp $ ; MEFRYEIR
DispStr:

19



20 2.1. Hello OS world!

8 mov ax, BootMessage

9 mov bp, ax ; ES:BP = ik

10 mov cx, 16 ; CX = BREE

11 mov ax, 01301h ; AH = 13, AL = 0ih

12 mov  bx, 000ch  ; EEA0(BH = 0) RJKALF(BL = OCh,H5)
13 mov dl, O

14 int 10h ; 10h SEHET

15 ret

16 BootMessage: db "Hello, 0S world!"

17 times 510-($-$$) db 0 ; I FAVZSH, FEERRI _EHICISERIF 5512 byte
18 dw Oxaabb s RS

Fig 2.1: (B) B—{AZE{FI{LH boot.asm

2.1.1 Intel FE{EE S AT&T(GAS) &1

£ boot.asm F G Intel JAMHIMESRFE 5 R AL, AW A LIFE Linux T H FIEKBAIRHY NASM
g, (EEETRDA AL Linux N EH B E, E7E Linux “F & £ AR A T R A1
( GCC AHE) |, T EAZHRA Linux F & E&#EE, U BIC eSS T #FH GNU T B3 X 43
IR o SERAVES, BLUREAH GNU LHE RS H e A HEHY bootloader WA B, #7 NASM
GASHFZ (i o) -
IO RE AR AR T DLBCET B AT & T JEUKS HY) EE 4 YR AU -

1 .codel6 #0 F 16 B T A

2 .text #CIEEL B R

3 mov %cs, hax

4 mov %hax, hds

5 mov %hax,hes

6 call DispStr #IF Y B 4% R 451 72

7 jmp . #IERIEER

8 DispStr:

9 mov $BootMessage, %ax

10 mov %ax , hbp #ES:BP = HR{idik

11 mov $16,%cx #CX = BREE

12 mov $0x1301, %ax #AH = 13, AL = Oih
13 mov  $0x00c,%bx #H5%H0(BH = 0) HEJRLLF (BL = 0Ch, Fi5v)
14 mov $0, %d1

15 int $0x10 #10h HEET

16 ret

17 BootMessage:.ascii "Hello, 0S world!"

18 .org 510 #HFF]~510" byte Ji&
19 .word Oxaabb #EE RS

Fig 2.2: boot.S(chapter2/1/boot.S)

2.1.2 A linker script #7125

1E7§*1Ftﬁ%,ﬁdﬁﬁfu1fﬁﬁ nasm boot.asm -o boot.bin ﬁ‘ﬁ/v\ﬁ% boot.asm Efﬁﬁﬁﬁﬁ:iﬁ%ﬂﬁ
%, GAS INBE ° it GAS FIABRIE T4 Bl 8 —E £ 0 P B HE AR VR U 2] — @ H i 2E
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MBAE, (EAwREE ARG o THFRE GAS EAUAIEMR linker script 122 FF ALk 2= AT -

11 SECTIONS

12 {

13 . = 0x7c00;

14 .text :

15 1

16 _ftext = .; /* Program will be loaded to 0x7c00. */
17 }=0

18 }

Fig 2.3: boot.S 7 linker script (chapter2/1/solrex x86.1d)

s

linker script : GNU #3383 Id (& —EHEEATEEH linker script #5%] © linker script
FEMT, BRI AR A section B R A, I H %66 HE R A& IR
PLHEZS AR R o B as A E 2R AT A & linker script , A LA @4 1d —verbose BF ° i
TH -T 8IE ] LIFE € H O/ linker script , EAFCEERZPHY linker script ©

JE M linker script FIZhAERLE, FE3E AR, HIEF A O B RRLIBEE ox7co0 KU E ( BOIS %
BREE 2 E B L ERTE) | MHE T boot.asm HHJ org 07c00h —F] = A AR REBEFMNE, RFHEH—1H
fAE S nE AL, (B2 B CBFRIERRR) w7 MR : (B) % 1.5 i 1-2 1F
YA FRAAEI TR R R T B CREETIER -

1 ;%define _BOOT_DEBUG_ ; f# Boot Sector MF—EifIbiTiEREf istbiT+IBRMA
2 ; nasm Boot.asm -o Boot.com A —1.coMfEZES Tzt
3

4 %ifdef _BOOT_DEBUG_

5 org 0100h s PEEGIREE, sk .com REZE, WEEE

6 helse

7 org 07c00h ; Boot JRAE, Bios J¥4T Boot Sector MMN&EZE| 0:7C00 J&EilfFAIGEIT
8 hendif

9

10 mov ax, cs

11 mov ds, ax

12 mov es, ax

13 call DispStr 5 FRRYBE R AT B R

14 jmp $ 3 EFRIEER

15 DispStr:

16 mov ax, BootMessage

17 mov bp, ax ; ES:BP = Bk

18 mov cx, 16 ; CX = BRE

19 mov ax, 01301h ; AH = 13, AL = 01h

20 mov  bx, 000ch ; HI9/50(BH = 0) FEJIEALFE (BL = OCh, Hi5w)

21 mov dl, O

22 int 10h ; 10h FEHIET

23 ret

24 BootMessage: db "Hello, 0S world!"

25 times 510-($-$$) db 0 ; IR TAYZR, A ERAESRT 512 byte

26 dw Oxaabb H AR




22 2.1. Hello OS world!

Fig 2.4: {B) ft% 1-2 (chapter2/1/boot.asm)
0 A0 SR A 58 P A 42 A R o L k2SR B A 2 e P S [R] B A 4T 12, e BE AR 1 118
o BEMA R T2 RE R R T =, R A AR linker script —IK make f&—{EIFRRFERE
a3 BUEATTE FE AR _E RN AR s A B A =

2.1.3 ] Makefile §gi2Ei:
TTERYEE Makefile #52, #2328 B #14m:E boot.S FEARIFMCHEROIMASFE 2L ¢

1 CC=gcc

2 LD=1d

3 LDFILE=solrex_x86.1d  #f{if] LIH#2HLHY linker script~solrex_x86.1d

4 OBJCOPY=objcopy

5

6 all: boot.img

7

8 # Step 1: gcc MY as #% boot.S HHsEAlHIEMEZR boot.o

9 boot.o: boot.S

10 $(CC) -c boot.S

11

12 # Step 2: 1d MM linker script solrex_x86.1d ¥ boot.o EFZMFIHITHEE boot.elf
13 boot.elf: boot.o

14 $(LD) boot.o -o boot.elf -e c¢ -T$(LDFILE)

15

16 # Step 3: objcopy IR boot.elf H{ZH MY section(.pdr,.comment,.note),

17 # strip HTEREE, #H% ERESR boot.bin ©
18 boot.bin : boot.elf
19 @$(0BJCOPY) -R .pdr -R .comment -R.note -S -0 binary boot.elf boot.bin

20
21 # Step 4: AERLAIEENHGEFHE o

22 boot.img: boot.bin

23 @dd if=boot.bin of=boot.img bs=512 count=1 #H boot.bin RS GEZEE —HE%
24 # 1£ bin EFRHSEEREERM EEH, SRR BN #E

25 @dd if=/dev/zero of=boot.img skip=1 seek=1 bs=512 count=2879

26

27 clean:

28 @rm -rf boot.o boot.elf boot.bin boot.img

Fig 2.5: boot.S ) Makefile(chapter2/1/Makefile)

T LT A R RAF B Makefile , BL[E 2.2 Fi7R boog.S FE 2.3 FiR solrex x86.1d HUFE [F]—1[ H &k
T, SRBLE B &% T (6 T M an 2 4

$ make

gcc —c boot.S

1d boot.o -o boot.elf -Tsolrex_x86.1d

1+0 records in

140 records out

512 bytes (512 B) copied, 3.1289e-05 seconds, 16.4 MB/s
2879+0 records in

2879+0 records out
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1474048 bytes (1.5 MB) copied, 0.0141508 seconds, 104 MB/s
$ 1s

boot.asm boot.elf boot.o Makefile solrex_x86.1d
boot.bin boot.img boot.S solrex.img

ATLAE R, BT A THAT %172 make HUAT AAREE ~ JHEAN B A4 AP E B HOBKER Fr SR 16 2R, B
MR G — 2 REME T 8 - FHEME RS, WA ECEEMERTA kil (BT
HFEEERG) CHEEIRY HD-COPY #1 Floopy Writer #5&2F 1 FHE| -

TEERFERNERNZE 2.5 18 Step 4, HEHE—PRRRBIEZA SE 1.4 KEE - TfH
boot.S #EEAEHHY boot.bin HE FUEE 1.4 H ArdsAVEKER 5 i/E BN R, 5140 boot.S HfE—1T :

.word Oxaabb #EE RS

B UL 2 RS B [ B 12 1Y 0xaabs Wi {Ebyte , T boot.bin FJK/NE 512 byte , 1E I & Bk AT K
/I o HRJE Step 4 HIZHEERLZIE boot.bin BAZEI—{8ZS HEER A B EHRE R, (EHKVE & REBELR A B R BE R
Bl HE A — SR AUE BB i, i BT M Bk I A BT EACHS o

Ry T BRREEIN T SR A IEREME U R LB A

$ hexdump -x -n 512 boot.img

## boot.img HI 512 fEbyte FTEIH 2K, 7] LLF& £l boot.img dump FINZEF (HY —FMEAB+HH
TINIX.IMG dump HIAR TR © B HEA A2 EditPlus 83 UltraEdit , BMERFEBH
JEHIRE, P LU A hexedit, ghex?2, khexedit <5 T B3 — i I ZEITEH -

T £ 13 F #5247 T B hexedit $T B boot.img HY & I EUE, fEE F FMIn] LLE R, £ 2% TR
ENE RIEH B R ALIE, FH—FI R R ZERHAS, G Y EEEARR ASCIL HRAR, FILE
2|, MR EL UltraEdit 091758l 4EE 7 iR B AE AN o

L sulrem;ﬁ.lucufhost:--}'Dl!sldznp.fDm:umEntsﬂifr_ltaT);fchapterland} =Gk
File Edit Yiew Terminal Tabs Help

peoaDooe EI CBBED8 BE CD EB B2 OB EB FEBB 1E 7C B9 C5 .......cov0ns J e
peeegele B9 10 @8 B8 01 13 BB 6C 80 B2 €0 CD 10 C3 4B 65 .....civcvnnen He
peoeoe2® 6C 6C 6F 2C 20 4F 53 20 77 6F 72 6C 64 21 @0 8@ 1lo, 05 world!..
bobEGA36 60 DO 60 GO 0P DO OO DD 0O 60 0O B ©0 80 A8 B0 ....... 0.0 0heaeen
peEeEe4e 60 0D 60 @6 OO OO 66 DO 00 GO OO DO 60 B0 @0 BB  .........uiueaen
pbopopgp56 o0 0O 60 DO 0D OO OD DO OO G0 DO 00 OG0 @0 BB @O .........0.00e.an
pepeeene 6O OO 60 PO 6O B0 0D PO GO ©0 0O B0 B0 B8 B8 BB  .......cieiiieaen
beeoEe7e ©0 DO 60 0O 0O OO 60 DG 0O OO 0O 00 60 00 B0 BO  ........ceieeen
beboRoEG ©0 DD 6D PO 0D 0D OD DD 00 60 DO G0 OO0 88 B0 BB ......i.eueueaen
beeOEe99 ©O 0O 60 PG 0O OO 66 DO DO OO0 OO B0 60 00 B0 B0  ........eeinenen
DepOOOAS ©O 0O 00 0O 0O OD 0O DO 0O OO PO DO B0 08 B0 BB  ........ceeeewen
peGEOeBe 66 0P 60 PO 6D OO 60 DO G0 ©0 0O 08 60 B8 B0 BB .. ......eeeueaan
peeeceCe ©6 0D 60 0O 0O OO 6O DO OO 60 BOD 0D 60 00 @0 B0 ........ .00 eees
peoepeDe ©0 DO 60 GO 0D DD OD DO 0O €0 DO OO OG0 B0 BB @8 .........0c0e.00
DOPOCOES 0O OO 60 90 PO OP 60 00 0O OO BO 00 60 00 B0 B0  .....ci.ceseenen
DopoooFG OO OO 6O DO ©OD OD 0D DD ©OD G0 DO 0D OG0 GO B0 BB ......iieieueaen
0epE0lee 60 DO 60 GO 0D OO 6D DO 0O OO 0O B ©0 80 A8 B0 ....... . .ieheaen
peeee11e ©6 0O 60 PO 0O GO 60 DO 00D GO 6O DO 60 0O @D BO ..........0heeen
pbepoplzé 60 0O 60 DO OO BOD OD DO OO B0 DO 00 60 @8 BB BB ...........00e0an
00PEE138 ©0 0O B0 B9 0O OO 60 PO DO OO B0 0O 60 08 B0 B0  .....ciievnnaaen
bePoe140 ©0 DD OO0 0O 0O OO GO DG 0O OO 0O 00 B0 00 B0 BB  ........chieenen
fepeAl5e OO0 6D 60 PO 0D 0D OD DD 00 60 DO G OO0 88 B0 BB .......cieueueaen
bePEO0160 ©0 00 60 PG 0O OO 60 DO PO OO BD B0 60 00 B0 B0  ........cuebenen
--- boot.img -~ BX8/BRIBABER - - v s r e e s s e T s e s r e

Fig 2.6: f# f hexedit 7B boot.img
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file:///home/solrex/boot.img - KHexédi‘t

Eile Edit \iew Documents Bookmarks TJTools Settings Help

FRPEEA $ILTDdee« 0B 2

00000000 |8c c8 Be dB Be cO e8 62 @6 eb fe b8 1e 7c 89 <5 |.0.0.00..000.1-0
BE00:66816 | b9 10 88 bE 81 13 bb 6c 88 b2 068 cd 16 c3 48 65 |[..0..0..0.0.0He
0000:8020 | 6c Bc 6f 2c 20 4f 53 20 77 6f 72 6¢c 64 21 00 80 |1lo, OS5 world!..
00800630 |GB B0 e 02 G0 DO PO BOD OB 0O 0D DD BD BB 0@ BA | ..........

peo0:ee40 |G B0 BB 6B 00 OO BO 00 66 08 OO OO BB B8 68 BA | .......... g
00600050 |00 66 60 6/ B0 GO PO BB 06 OO BA PO 68 B8 BB BO | . ... ............
008006609 |GB 00 e o GO OO 90 BOD 9B 00 OO OO 6D 9B B@ PO | ..........

BEA0 ;6676 |08 BO 868 68 DO PO B0 PO 86 90 PO BO 80 @8 80 BO | .......... b
00008080 | 00 DO 85 60 0O OO DO PO 06 00 DO DO 6D B8 B8 BB | . .............0.
G@DB:@D?G'GS 060 60 €0 66 00 DO B0 66 PO 60 00 90 00 00 PO |..........

pEne . 66a0 |08 PO 86 88 0O B0 B0 BB 66 A0 PO BO 86 A8 BO BO | .......... -
B060:66bo |08 60 60 00 0O 00 PO G0 66 00 B0 0O 00 09 08 BB | . ... ............

-
9086:08¢0 | 8 DO 86 ©6 B0 A DO BO 08 6O BA OO 80 06 88 BA | .......... i -
[Hex [=| | || Fipd | Backwards (€]

Signed B bit: | 116 Signed 32 bit: | 661731188 Hexadecimal: | 8C
unsigned 8 bit: | 140| Unsigned 32 bit: | 3633236108 Octal: | 214
Signed 16 bit: |  -14196 32 bit float: |-1.255936E+15 Binary: | 10001100
Unsigned 16 bit: | 51340 64 bit float: [ 1.211121€-294 Text: [
¥/ Show little endian decoding || Show unsigned as hexadecimal Stream length: F_u;d B Bit [=]
Encoding: Default OVR Size: 1474560 | Offset: 0000:0000-7 '_Hei RW|

Fig 2.7: f#/ kde B 5 T B khexedit T boot.img

2.1.4 HEEEINEEHIT boot.img

Mﬁiﬁﬁiﬁk boot.img Z 1%, (R 1.4.2 F*ﬂﬂiﬁ@ﬁ%ﬁfﬁf?ﬂ’]ﬁff F R SRS A boot img:

C Virtual Disk Manager
Actions

S| D )

New Add | Remove FReleass | Refresh

¥\ Floppy Images]

Elj_ame Size I

1. L\ emptydisk.img

i} Hard L‘Jlsk_-:i CH/OVD Images

Location: fhomejsolrex/Desktop/Documents/WriteO5/chapterland2/boot.img
Attached to: -

Help ‘ Select H Cancel

Fig 2.8: JEFREENHEE A 8818 boot.img
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Machine Devices Help

Emghf Ctrl

Fig 2.9: E#HEENZRITEI HAL €Y “Hello OS world!”

B B R EAS BT PORAOFTEN i T AL A “Hello OS world!” F4%, 38 5t BA FAM LA_E A2 5 70 4
AEIB A IERERY o

2.2 FAT HZERHE

BMEL PN BUAR, EELSE (X BRI ERAREF SRR EEVE - HTEH
AR 512 byte BIA/NRE], FMEEREENGITEI—EFEFF EERMNIEEHELNRET, AR 512
byte FIFRHINE ? REANZRERMEFN AR EOME, HEFREERLEHE, ETasEmEz"
1RES 12 Bk E =T - IENX —(ERIEELE T  BFEUEE T LB B FRE ?

AR BIERA 5 BRI AR N2 B A6, RIS — (B KRR 18 i B 1 1% B 26 12 7 A7 R 7 A
AR, FIRRE TR B TEE &), TR BIRHMEE R EET ZE T2 A% vl 4T S H 250158
HAR AR AR AT o AT A 5 B0 B B Mt ol LB IRE R E B - 1. B T ERERIEER
SR, IEFEFREETAS s 2. FAMEMH ZEHI¥E B 5 SR HIEEEE 3515, Bl RRHE -

I JEE 5 3 P (SR BA IR 7 B ARE R R 4% T LLERME — TR A LA F IR S, IR (g
ZEHINEE, T BT S b i A BREG o 7E(F ) R AR R R A R b 2 1, T AT DU
T B 5 — R B2 2 (AR 220 B Bk, & T A A LA S, M4 S s I A ACRS in b
SR ATIE R TR, L B S A R s I RS 45 A R R AR 2, B R SBUE
[ 512 byte R/NAIBRH]

2.2.1 FATI2 BERAL

FAT (File Allocation Table) &2 RETHMEAE 20 4D 70 AR 80 FEAAMTEAL, 2 MEHT MS-DOS
TER R HIIER RGN - EMWEER/NT 500K A ERVEEE I ENEEER RS, HEKR
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= HERNERRRET, E DA — IR EHIN5E LSRRGS o 7E B AT 26 =1 FAT HER
SRR FAT12, FAT16 # FAT32 - @& BE A REANE SR EMNEFFmER —&K, FEET
KN, BNEE | FAT FAIECERIE AT (5 Abit B - FAT12 AUECE%IELG 12 bit , FAT16 14 16 bit , FAT32 14 32
bit °

T FAT12 & & B HEAN 5 Eit, EERMERE N FATI2 ERAR, BETHEL FAT HEAR
HANERRYES, FTLAE] http: //www.microsoft.com/whdc/system/platform/firmvare/fatgen.mspx
MR FAT HERRSUE 77 30E o

FAT12 EEAFMHEEERR K, ISHES DR EGETEE - 1¢8E LEy, — oS
B R BEAE, HERAESR s ISR B EAGE, SRS 0 R0 B, BAEIE - B, n{is@e Ery
H SR ANE R B Y2 T PRRIFR AN IR, Bt R R A R AR -

A AR AR P — B2 OB PP BDBRRE A 312, 306 boot.img BCBEH A mount, —o
loop boot.img mountdir/ HE(FIFAE H #k b, RAEE & “HIR A R0 B3 “HE R AT
AR BB AR © JE 2 R AR (AT AR AR P RE AR I B2 RS =ML IR Y, T FAFIAY boot.img & —{EAEE R
SRBVERER B8 o AREAN{R] A RECEERER A B s Bl A FAT12 A& =CAVBICRE Fr ol B AT UGS @ 8RR v — 877
g, 2

FRHE R SRR 7 O IR, & BORER R EARE R — LR TR R ASE R, B A =L
WMIEWMHE RRITERAREEBAREER A LANEE - HERMAEERARAM A MHEAIA boot.img
, WARBIERAVES, AT ARVEEIREF B EHHIRRR o frDAE, $off1H 2 B A gL - o fE
AANEREESGRIERE, KA, IZE ZREN | MRFAAFEERET U T AR LR IR B2, g,
JF AR 58 2R S BE FL] BEL )W |

2.2.2 E#EEEEE BPB

FAT iR ARNERF R, APERHERAEEEA, % o fHETHER - £EEEAR
jei & —{E 1 BPB(BIOS Parameter Block) HYVE R, — ERMILEMEERGHEE T, BBk
WEASEN T O - THEBERFTIRAR, EE-EEEMER BPB BRI

*® 2.1 EHMIER BPB ERGGBMHEEAR

2T {it% NN i P Solrex.img
bytes Dbytes R TIE
BS_jmpBoot 0 3 Bhige <, ATFBLARL THRERESR jmp LABEL_START
nop
BS_OEMName 3 8 iR 75 44 "WB. YANG"
BPB_BytesPerSec 11 2 ERA (vyte ) , MEAS512 512
BPB_secPerClus 13 1 BRI, FER2 AU, FAT12 A1 1
BPB_RsvdSecCnt 14 2 REBREIR, FAT12/16 JEA1 1
BPB_NumFATs 16 1 FAT #HEEE, —Mm2 2
BPB_RootEntCnt 17 2 WRHESREH &, FAT12 &224 224
BPB_TotSec16 19 2 WL AEE, 1.44M EREEH B2880 2880
BPB_Media 21 1 HHERERY | 1.44M BXEEF A Foh 0x£0



http://www.microsoft.com/whdc/system/platform/firmware/fatgen.mspx
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BPB_FATSz16 22 2 FAT fGFRMEEL, 9 9
BPB_SecPerTrk 24 2 kB mE, 18 18
BPB_NumHeads 26 2 fsEE, 2
BPB_HiddSec 28 4 SR, BRER A0
BPB_TotSec32 32 4 IR BPB_TotSec16 4 0, T RCHRASHE R EL

N TH RO R EE(E S FAT12/FAT16 B FAT32 ANH]
BS_DrvNum 36 1 T 0x13 RUBREN AR 28, 0 AEREER 0
BS_Reservedl 37 1 Windows NT 1%)5@, 0 0
BS_BootSig 38 1 PEFR T EARED (29n), FERAINIE 3 EEATAH  0x29
BS_VolID 39 4 BIZFF9%, 00000000h 0
BS_VolLab 43 11 B, 11 byte , WHEFASK20n I "Solrex 0.01"
BS_FilSysType 54 8 BRASMES, "FATI2 " "FAT12 "

VVE | AR EIERSR S

FEEIAHE N HE 62 448 FEEIACHE ~ BUR MIE T FR mov %cs,%ax. ..
A BN i | AR T 510 2 A BIREIEAER, 0xAASS 0xaa55

I, KB, i&1H BPB BEEAARZ SRR, EEREM ? HER ELEEREE, HAEMBEEE
ANBHIAZ, AT EARER A LIES -

21 /* Floppy header of FAT12 x/

22 jmp LABEL_START /* Start to boot. */

23 nop /* nop required */

24 BS_OEMName: .ascii "WB. YANG" /* OEM String, 8 bytes required */

25 BPB_BytsPerSec: .2byte 512 /* Bytes per sector */

26 BPB_SecPerCluster: .byte 1 /* Sector per cluster */

27 BPB_ResvdSecCnt: .2byte 1 /* Reserved sector count */

28 BPB_NumFATs: .byte 2 /* Number of FATs */

20 BPB_RootEntCnt: .2byte 224 /* Root entries count */

30 BPB_TotSec16: .2byte 2880 /* Total sector number */

31 BPB_Media: .byte  0xfO /* Media descriptor */

32 BPB_FATSz16: .2byte 9 /* FAT size(sectors) */

33 BPB_SecPerTrk: .2byte 18 /* Sector per track */

34 BPB_NumHeads: .2byte 2 /* Number of magnetic heads */

35 BPB_HiddSec: .4byte O /* Number of hidden sectors */

36 BPB_TotSec32: .4byte O /* If TotSecl6 equal O, this works */
37 BS_DrvNum: .byte 0 /* Driver number of interrupt 13 */
38 BS_Reservedl: .byte 0 /* Reserved */

39 BS_BootSig: .byte 0x29 /* Boot signal */

40 BS_VolID: .4byte 0 /* Volume ID */

41 BS_VolLab: .ascii "Solrex 0.01" /* Volume label, 11 bytes required */
42 BS_FileSysType: .ascii "FAT12 " /* File system type, 8 bytes required */

13
44 /* Initial registers. */
45 LABEL_START:
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Fig 2.10: & B R EERYAH & 58 5 2005 (B H chapter2/2/boot.S)

7 FHMAEGESERET, AR S FH A FRAER T A EEN B R4S, HAN A A HE
£ 21 FHREIINABHEEE - £E 2.10 FFRAERMEE 2.2 EITME =172/, RAEH
make , BLEETS ] — 3R B 8 # A& AL, RIS Bt T 7 A8 AR ) B2 BE W] A6 A mount -o loop
boot.img mountdir/ A TELEE Linux RATEENE, 1] BB R B S B0 A SR FE SR -

2.2.3 FAT12 BH&EHE

TE - — /N, BAMHIVEH T R DUE /RS B 6 RS B R ) B R A B T AR SE TRER
MR L EHEERERT - T&RE P ERBMIEEE, BRI IRAARENIE S| E R 2008 H i #53)
FLIRES OEATIR ? B LB FAT12 R ARG THEENER 7T, TFERM THE—L FAT ER4EHE
F1E BRAETER R, ©

FAT IR A B FHEESH IR R/ANEAME TH#R ], FIERIEAS 76 R, AR BN 5%
A Z&byte © BIEERIE(ER 1 byte K/, RAMVES BT —AS/INMEREETT— 5K - H3E 2.1 10
BPB_secPerClus 1 BPB_BytsPerSec 1H3€ 1] A5 2| & 5% it 5 & fbyte &, 7] RBEMB BN BHRE S
1*512=512 fEbyte, G BB & —E %

BRI/ NEALHEE T, FBJEE FAT 2 404 4y BC AN B LE A7 R =S R RO R 2 FAT ROTRRESS
MR 7 REH FAT 2R EBN, FAT £ B TEEHIE %, BB Sk BiiE B @, mE—
2 m AR - R E 8T T — @R, BEEEREARE LM BB 2] FAT RH# - FAT R
R REAE SRS L 2ksEanE 2.11 Fik o

2879
e
- Wi e
fp] SR
[X :
' T
T
L 18
g
i FATZ2
1 FAT1
0 YT

Fig 2.11: FAT R RS EE

FAT 20 TEA B 5L (B R A o i B ] S R E R B next $8A, SR — T, B m s R ERin &kt

s (CFEF) &

struct node {
char * data;
struct node *next;

e
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FEHER T, next FEIEIR A MR T —EFIASETR o IE FAT REFRAHERHIVE ? HIE, FAT &%
next FEIFRFEH, HAE—EHMR FAT & 5 HIK, FAT RIASR PR EE R/ NIE SR HE” (data B),
i BB A SRR A B CEER FAT 3278 - B T B EEAE B C8 FAT 3298, B ERIE A GG M
A—EEZRE, FTLL FAT RIEF{fibyte (U2 DEIRE T FAT REAREEE L AT, FAT12 HY FAT &
HA 12 fEbit , KEVEEEHE 212 — (AR -

—EEREEEGRE AR, RERMREEEERNE @R, B U2 FAT REENZREEE
H) FAT RIH, ZFIEN A A — R E R T — R o RZFRBENEART oxtfs , AIFRRZIE
FiE—EE, MHE T B §E R next F85E% NULL 5 WIRZRIENER oxf£7 AIRRE & —EEE
1% o sEmie IERAENAERE

2.2.4 FATI12 ¥ B8 &EHE

EEGEI R RBAFIFE T, (ER AR R AEAE 2, RV 15 B R% 08 R E R 58— RVE 7 8
BLE] H ek IR EASGRIRHR T, B TR ERE R, TS @R AR B ek -

GAEE 2.11 FroR, $T FAT12/16, R H 8k FREERLE P EIE R TT, BIRAERR —(# FAT £21% ° i}
H kAR Bt 2 E 2 Y, 7] LURIE BPB_RootEntCnt #5453 H

RootDirSectors = ((BPB_RootEntCnt * 32) + (BPB_BytesPerSec - 1)) / BPB_BytsPerSec

R H SkHOHE RS EAN S T 7% FAT KSR A WL &

FirstRootDirSecNum = BPB_RsvdSecCnt + (BPB_NumFATs * BPB_FATSz16)

FAT 1R B S HE o2 —EH 32-bytes RIARVERMRA SR, HE—AKEARE—MER, S
32-bytes H RHAIFEZANE 2.2 Fi7s

* 2.2: MMEBMOKEENK

e % (bytes) REZ(bytes) il %] (Loader . bin)
DIR_Name 0 0xb TEZ% % 8 byte , 1EJE% 3byte "LOADERL J[ JBIN"
DIR Attr 0xb 1 i-ES e 0x20

RE AL 0xc 10 PREE L 0

DIR_WrtTime 0x16 2 BRI ARG Ox7aba
DIR_WrtDate 0x18 2 BxE—IKEANHH 0x3188

DIR FstClus Oxla 2 I H 8RR R BHIG FE AR % 0x0002
DIR_FileSize Oxlc 4 -E N 0x000000f

FE TR, WABGE T RAAEE XA E LS I EE SR, AR B S R AEDCE A
ES:blag SN CINE

1. TR e ) e R 65 PR o
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2. MR B SkIE, SR LA ER B kI
3. $2iZ B sRIEE B IR R SRR

4. DMERAFIIA TR A IRIE S B RS EAR, I IRUGE R (R A2 -

2.3 EEEEEME | BEER

AT FAT12 R RSHOMBIATHZ 4, F TR LSRR 512 byte FORRM, MR RGF BRI
HITT -

2.3.1 —{EEBEER loader

R, AR —E&/ T, EEBR TR, RRENTCEER, SRR loader MIH
Pl BT, BLRER BB T AT o

FriE—{AIEZE loader.S, AAWNE 2.12 Fi7R o

11 .codel6

12 .text

13 mov $0xb800, %ax
14 mov hax,hgs

15  mov $0xf , %ah

16 mov $°L7,%al

17  mov %hax, hgs: ((80%0+39) *2)
18 jmp

Fig 2.12: —{H5 B loader (chapter2/2/loader.S)
T (R P 7 SR T {3 P SHE A 2R solrex x86_dos.1d, WNE 2.13 iR, jERREE U IR ELA RS &

£ 0x0100 * EHR AT HAVEEE R T DOS RAME, A LLH AR SE DOS T Al FRE —E HIHE
2=,

11 SECTIONS

12 {

13 . = 0x0100;
14 .text :

15

16 _ftext = .;
17 }=0

18

Fig 2.13: — {5 & #AY loader(chapter2/2/solrex x86_dos.1d)
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2.3.2 FEBUGKEE ) ER BIOS 13h 35 BT

HMIFE T AT ERGE B S — AR, 2

31

R AN B E N AE IR R IR R AR ? BAMAESE

2.1 BiF RS EARE B CRUBAGER, 2B & EB SN R IR EEM &, 5t REEE
TR I BT Oxaabb HINFIE B BIph & UINE T1E - (AR ILFIRE CR—EKERA LB IUE RAIFRHE,
HiF 2 2R BIOS RAIRBLAVRIAEAEDCIRE T - B, FMEZM 2 BIOS 13h SEHHT -

£ 2.3 iR, §i& BIOS 13 53R ETAO S 836 -

efliE CREm) 5% ~ BREEsR A E

HIfE LR = & -
DRt EE =B AR 2.1 -

e AT AT LUE 2, AR R BR B % P R R S B
HEE 1.2 fipr AR RO BT AR, BT e]

HER=0Q >> 1
T 5% Q= { s
SRR =Gl @1
BH R — BHRWEF =R+1
F 2.3: BIOS 13h BEHEAISEE
HETSE | AH | ThEE Ny 2 8 SUAEIES
0 | REBEELL DL = BREHZS5E A :
00, 01 A#KEEH, 80h, 81h, --- AHEAE | AH = FEZRA%
1| AEWARERE) AR R AR AH=REEbyte
2 | FEENIE AL = fiIEEL AER
(CL)67(CH)o~r = HEHIGE AH = 0
(CL)o~s = HEIRSR AL = FEEUAORE R
DH/DL = SE5R/ BRE) 7R 5% AERAL
ES:BX = EiR&E it AH = $EERTE
3 | BiEE GHS BRI :
AH = 0
AL = BARHEEEL
13 AH = $57RAE
4 | tobmid R AL = fEEX R
(CL)67(CH)o~r = HEHIGE AH = 0
(CL)o~s = HEIRSR AL = TRERAOHE =L
DH/DL = i SH5% / BaEh a5 5% JeHE : AH = SEERAE
5 | LB E AL = fif[BE B
(CL)67(CH)o~r = HEHGE AH = 0
(CL)QNE, = E%E‘jfa %ﬂ& :
DH/DL = T5E5R/BRE)#R5% AH = $EARE
ES:BX = A ERIEE
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LB T B, BT DU — R AR BGERRE A W ER A FEET
/*
Routine: ReadSector
Action: Read %cl Sectors from %ax sector(floppy) to %es:%bx(memory)
Assume sector number is ’x’, then:
x/ (BPB_SecPerTrk) =y,
x%(BPB_SecPerTrk) = z.
The remainder ’z’ PLUS 1 is the start sector number;
The quotient ’y’ divide by BPB_NumHeads(RIGHT SHIFT 1 bit)is cylinder
number ;
AND ’y’ by 1 can got magnetic header.
*/

220 ReadSector:

221

222

223

224

225

226

62

63

push %ebp

mov hesp, hebp
sub $2,%esp /* Reserve space for saving %cl */
mov %cl,-2(%ebp)
push %bx /* Save bx *x/
mov (BPB_SecPerTrk), %bl /* %bl: the divider */
div %bl /* ’y’ in %al, ’z’ in %ah */
inc %ah /* z++, got start sector */
mov %ah, %cl /* %cl <- start sector number */
mov %al,%dh /* %dh <= ’y’ */
shr $1,%al /* ’y’/BPB_NumHeads */
mov %al,%ch /* %ch <- Cylinder number(y>>1) */
and $1,%dh /* %dh <- Magnetic header(y&1) x*/
pop %bx /* Restore %bx */
/* Now, we got cylinder number in Jch, start sector number in %cl, magnetic
header in %dh. */
mov (BS_DrvNum), %dl
GoOnReading:
mov $2,%ah
mov -2(%ebp) , %al /* Read %al sectors */
int $0x13
jc GoOnReading /* If CF set 1, mean read error, reread. */
add $2,%esp
pop %ebp
ret

Fig 2.14: BB Fr i [ 10 B 8 (6 H chapter2/2/boot.S)

2.3.3 ##Z loader.bin
EIH RN FREEG T, TERMREEEE A & loader.bin FIHS :

/* Reset floppy */
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116

1

o

7
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Chapter 2.

xor
xor
int

B/ THESE RS
%ah, %ah
%d1,%d1 /* %d1=0: floppy driver 0 */
$0x13 /* BIOS int 13h, ah=0: Reset driver 0 */

/* Find LOADER.BIN in root directory of driver 0 */
$SecNoOfRootDir, (wSectorNo)

movw

/* Read root dir sector to memory */
LABEL_SEARCH_IN_ROOT_DIR_BEGIN:

cmpw
jz
decw
mov

mov

mov
mov
call

mov
cld

mov

$0, (wRootDirSizeForLoop)
LABEL_NO_LOADERBIN
(wRootDirSizeForLoop)
$BaseOfLoader, %ax
hax,hes
$0ffset0fLoader, %bx
(wSectorNo) , %ax
$1,%cl

ReadSector
$LoaderFileName,%si
$0ffset0fLoader, %di

$0x10, %dx

/* If searching in root dir */
/* can find LOADER.BIN ? */

/* ‘hes <- BaseOfLoader*/
/* %bx <- OffsetOfLoader */
/* %ax <- sector number in root */

/* Yds:%si -> LOADER BIN %/
/* BaseOfLoader<<4+100%/

/* Search for "LOADER BIN", FAT12 save file name in 12 bytes, 8 bytes for
file name, 3 bytes for suffix, last 1 bytes for ’\20’. If file name is
less than 8 bytes, filled with ’\20’. So "LOADER.BIN" is saved as:
"LOADER BIN" (4f4c 4441 5245 2020 4942 204e).

*/

LABEL_SEARCH_FOR_LOADERBIN:

cmp
jz

dec
mov

$0, %dx

/* Read control */

LABEL_GOTO_NEXT_SECTOR_IN_ROOT_DIR

%dx
$11,%cx

LABEL_CMP_FILENAME:

cmp
jz
dec
lodsb
cmp
jz
jmp
LABEL_GO_ON:
inc

Jjmp

$0, %cx
LABEL_FILENAME_FQUND /*

%hex

/%
%es: (%hdi) ,%al
LABEL_GO_ON
LABEL_DIFFERENT /*
%di
LABEL_CMP_FILENAME /*

LABEL_DIFFERENT:

and
add

mov
Jjmp

$0xffe0,%di /*
$0x20,%di
$LoaderFileName, %si /*

LABEL_SEARCH_FOR_LOADERBIN

LABEL_GOTO_NEXT_SECTOR_IN_ROOT_DIR:

addw

$1, (wSectorNo)

If 11 chars are all identical? */

%hds: (%hsi) -> %halx/

Different */

Go on loop */

Go to head of this entry */

Next entry */

33
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Jjmp

LABEL_SEARCH_IN_ROOT_DIR_BEGIN

/* Not found LOADER.BIN in root dir. *
LABEL_NO_LOADERBIN:

mov
call

Jjmp

$2,%dh
DispStr

/* Found. */
LABEL_FILENAME_FQOUND:

/

/* Display string(index 2) */

/* Infinite loop */

mov $RootDirSectors, %ax

and $0xffe0,%di /*
add $0x1a,%di /*
mov %es: (%hdi) ,%ecx

push hex /*
add %hax,hex

add $DeltaSecNo, %cx /*
mov $BaseOfLoader, %ax

mov %ax,%es /*
mov $0ffset0fLoader, %bx /*
mov %hex, hax /*

2.3. LB MG EAER

Start of current entry, 32 bytes per entry */

First sector of this file */

Save index of this sector in FAT */

LOADER

Yhes <-
Ybox <-
%ax <-

.BIN’s start sector saved in %cl */

BaseOfLoader */
0ffsetOfLoader */
Sector number */

Fig 2.15: ##&K loader.bin FIUHE B (£ H chapter2/2/boot.S)

BB D e pl R B M B IS 208 AY, o FEAR B SkAO P A 1L 2, 1 B (E IR IS GRS, IR
R AR EZ B loader. bin HIRH, BEEHE K 1L o HFN 218, 5HHH loader.bin HIEIARIRE - HAH
BB TR E R LE 2.16 TSR BAVER °

-2 */

.set BaseOfStack, 0x7c00 /* Stack base address, inner */
.set Base(OfLoader, 0x9000 /* Section loading address of LOADER.BIN */
.set OffsetOfLoader, 0x0100 /* Loading offset of LOADER.BIN */
.set RootDirSectors, 14 /* Root directory sector count */
.set SecNoOfRootDir, 19 /* 1st sector of root directory */
.set SecNoOfFAT1, 1 /* 1st sector of FAT1 */
.set DeltaSecNo, 17 /* BPB_(RsvdSecCnt+NumFATs*FATSz)
/*

Variable table
*/
wRootDirSizeForLoop: .2byte RootDirSectors
wSectorNo: .2byte O /* Sector number to read */
b0dd: .byte 0 /* odd or even? */
/*

String table
*/
LoaderFileName: .asciz "LOADER BIN" /* File name */
.set MessageLength,9
BootMessage: .ascii "Booting**" /* index 0 */
Messagel: .ascii "Loaded in" /* index 1 x/
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Message2: .ascii "No LOADER" /* index 2 */

Fig 2.16: #& loader.bin fi FI (% & % # (81 H chapter2/2/boot.S)

BT ES A — ST TE, AR T —EHHEMMEELE - 5 T HERERE, $ETHT
PR RERGER 9 byte , NORIHZRMETE, BREUHEE T8 6 H 8 4B, @8y e 2T
ENE)FAFER, ARTTE o STENF AR AYENEL DispStr FLIE 2.17 , FPIYE RO B A2t dh BASET
FEERFER o

/*
Routine: DispStr
Action: Display a string, string index stored in %dh
*/
DispStr:
mov $MessageLength, Y%ax
mul %dh
add $BootMessage, hax
mov hax , %bp /* String address */
mov %ds , hax
mov %hax,hes
mov $MessageLength,jcx /* String length */
mov $0x1301, %ax /* ah = 0x13, al = 0x01(W) */
mov $0x07, %bx /* PageNum O(bh = 0), bw(bl= 0x07)*/
mov $0,%d1 /* Start row and column */
int $0x10 /* BIOS INT 10h, display string */
ret

Fig 2.17: FTENF4F 8 B8 DispStr (£ B chapter2/2/boot.S)

2.3.4 JN#k loader AECiEHES

TEF 2| loader.bin Z 1%, M EB TR AT - BIERMELE T loader.bin RIELAME R 5%, T
R (A m 5% T DU 4R 58« —, IR AR - —, @REHE FAT FrUMkE, emikzl
loader.bin f&ZEFT i F B ERSE

B, FAIE loader.bin ZEAELIERS Y BaseOfLoader:OffsetOfLoader i, [H/&TEE 2.15 A
RE SR EEEHIEEMLE o RAERE loader.bin 2 1%, Zi BEEBHRMELERERIET, ALl
BRI DUHES -

B ELELE T A AN —EfE R, B RE FAT RHEHRETHIHIEREZ — B EE, Bl
18 T —{E % GetFATEntry KEFIMUEHE1E, HERVH S E5%, & HH BN FAT JEAE,
FE 2.18 °

/*
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Routine:

GetFATEntry

2.3.

Action: Find %ax sector’s index in FAT, save result in %ax

*/

GetFATEntry:
push
push
push
mov
sub
mov
12e])
mov
mul
mov
div

movb

5 LABEL_EVEN:

Xor
mov
div
push
mov
add
mov
call
pop
add
mov
cmpb
jz
shr

%hes

%bx

%hax
$Base0fLoader, jax
$0x0100, %ax

%hax,hes /*
%hax

$3, %bx

Jbx /*
$2, %bx

Jbx /*
%dl, (b0dd) /%
%dx, hdx /*
(BPB_BytsPerSec) , %bx
%bx /*
%dx

$0, %bx
$SecNoOfFAT1,%ax /*
$2,%cl /%
ReadSector /*
%dx

%dx, hbx

%es: (%bx) ,%hax /*
$0, (b0dd) /*
LABEL_EVEN_2 /*
$4,%ax

LABEL_EVEN_2:

and

$0x0fff,%ax

LABEL_GET_FAT_ENTRY_OK:

Left 4K bytes for FAT x/

%dx:%ax = %ax*3 */

%dx:%hax/2 */
store remainder %dx in label b0dd.

*/

Now %ax is the offset of FATEntry in FAT x/

%dx :%ax/BPB_BytsPerSec */

%ax <- FATEntry’s sector */
Read 2 sectors in 1 time, because FATEntry */

may be in 2 sectors. */

read FAT entry by word(2 bytes) */
remainder %dx(see above) == 0 7%/
NOTE: %ah: high address byte, %al: low byte */

R B G I S | AR R

pop J%bx

pop %hes

ret
.org 510 /* Skip to address 0x510. */
.2byte Oxaabb /* Write boot flag to 1st sector(512 bytes) end */

Fig 2.18: 3k FAT AV E GetFATEntry (£ H chapter2/2/boot.S)

B — R S 5% BT 2 AR AR RO R, (Rl FAT12 A RIAZ 12 A7, Bl 1.5 fEbyte , MHAM

EEEMT (2byte ) AGEHEEREAN, EFESIWFIEA AR 12 MCe0E K 12 (7, S AR

THACHIETERZ UM 12 (7 - BT HARE*3/2 MR A BRIAN RS R, SREEE RS Z ¥ Hbyte , 1
RAFTERREL 1, AUEUS 12 AR RIAE 3 MREREUN 0, AVEUR 12 ffE AR08 (E - BEEENF £, TH
A HEER FAT12 REHAZR (MIT205] fbyte FIFACRRHIER )

0000200: 00 00 00 00 40 00 FF OF
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0000200: 0000 0000 0040 OFFF

AR L ST 3 BHER) FAT12 RIH © 3%3/2 = 4.1, IR FAGEEUR 4 BEAIALHE, FAFE] 0040
TR 3 BT &, AErE, AIEREGS 12 (L1ER FAT12 RIEAZ, 1% 0040 57/ 4 AL E AT EL 0xOfff,
HAI1FE] 0x0004, BN AEHERY FAT12 278, SIATARSE 3 WREIRIEZ 4

1%, HATHUAT LU loader. bin BEME R MEBIBET X T, RE 2.19

/* Load LOADER.BIN’s sector’s to memory. */
LABEL_GOON_LOADING_FILE:

push hax

push %bx

mov $0x0e, %ah

mov $.7,%al /* Char to print */

mov $0x0f , %bl /* Front color: white */

int $0x10 /* BIOS int 10h, ah=0xe: Print char */
pop hbx

pop hax

mov $1,%cl

call ReadSector

pop %hax /* Got index of this sector in FAT */
call GetFATEntry

cmp $0x0fff,%ax

jz LABEL_FILE_LOADED

push hax /* Save index of this sector in FAT */
mov $RootDirSectors, %dx

add %dx, hax

add $DeltaSecNo, %ax

add (BPB_BytsPerSec) , %bx

jmp LABEL_GOON_LOADING_FILE

LABEL_FILE_LOADED:
mov $1,%dh
call DispStr /* Display string(index 1) */

Fig 2.19: JN# loader.bin HIUHS (£ H chapter2/2/boot.S)

FEME 2.19 FHAIE 2| —fEE DeltaSectorNo , BEZEHER T 4% FAT FHIRITEEM HREEE - BT
R H 8k E B IARE EESRE 19, T FAT RAVETM(EIH 0,1 2 B MR TR IR &, HEEHE RS
2 THBHIARY, 26 2 THHEE R H Bk mRA0E —(ERLE, P RGBSR SR A S R Rl

FEEESE = FR9% + IR B ek 06 F R + AR B SR EFE I MEIR R - 2

PRSE + MR H BRI (5 R 4 17

B2 DeltaSectorNo HI{E 17 FUE 2K ©
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2.3.5 [ loader #8375 HE
MM E LS loader B HINEL A T 2R RS, SRR BT —(E Bk, 31T loader °

168
169/ *kkokskokokskokskokskokskokskokok ook ook sk ok skok ko ok sk sk ok sk ok sk ok sk ok sk ok sk sk ok sk ok sk ok sk ok sk sk sk sk ok sk sk ok sk ok ok
170 Jump to LOADER.BIN’s start address in memory.

171 */

172 jmp $BaseOfLoader, $0ffset0fLoader

173/ %kskskokoskokoskokskokskokskokskokok ook skok sk okskok skokok sk sk ok sk ok sk ok sk ok sk ok sk sk ok sk ok sk ok sk ok sk sk sk sk ok sk ok sk ok ok /

174

Fig 2.20: Bk 2] loader #4T (£fi H chapter2/2/boot.S)

2.3.6 ARERI M
IR T RESIRICHS, AL Z R R SRR A f] BT R, MR 8RR T -

11 CC=gcc

12 LD=1d

13 OBJCOPY=objcopy

14

15 CFLAGS=-c

6 TRIM_FLAGS=-R .pdr -R .comment -R.note -S -0 binary

[

17
8 LDFILE_BOOT=solrex_x86_boot.1ld

9 LDFILE_DOS=solrex_x86_dos.1d

o LDFLAGS_BOOT=-T$ (LDFILE_BOOT)

1 LDFLAGS_D0S=-T$ (LDFILE_DOS)

22

23 all: boot.img LOADER.BIN

24  Qecho ’ ’

-

[

N

N

25 Qecho ’# Compiling work finished, now you can use "sudo make copy" to’
26  Qecho ’# copy LOADER.BIN into boot.img’
27  Qecho ’###########HHHHHHHHH R 2

28
29 boot.bin: boot.S

o $(CC) $(CFLAGS) boot.S

31 $(LD) boot.o -o boot.elf $(LDFLAGS_BOOT)
32 $(0BJCOPY) $(TRIM_FLAGS) boot.elf $@

w

34 LOADER.BIN: loader.S

35  $(CC) $(CFLAGS) loader.S

36 $(LD) loader.o -o loader.elf $(LDFLAGS_DOS)
7 $(0BJCOPY) $(TRIM_FLAGS) loader.elf $@

38

w

39 boot.img: boot.bin
40 @dd if=boot.bin of=boot.img bs=512 count=1
41  @dd if=/dev/zero of=boot.img skip=1 seek=1 bs=512 count=2879

42
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Fig 2.21: i Makefile 4% (£fi H chapter2/2/Makefile)
TR AR e B AP AT LU IE — 1 make i 2 4REE 4 AL boot.img A1 LOADER.BIN :

$ make

gcc —-c boot.S

1d boot.o -o boot.elf -Tsolrex_x86_boot.ld

objcopy -R .pdr -R .comment -R.note -S -0 binary boot.elf boot.bin
1+0 records in

1+0 records out

512 bytes (512 B) copied, 3.5761e-05 s, 14.3 MB/s

2879+0 records in

2879+0 records out

1474048 bytes (1.5 MB) copied, 0.0132009 s, 112 MB/s

gcc —-c loader.S

1d loader.o -o loader.elf -Tsolrex_x86_dos.ld

objcopy -R .pdr -R .comment -R.note -S -0 binary loader.elf LOADER.BIN

# Compiling work finished, now you can use "sudo make copy" to
# copy LOADER.BIN into boot.img

T30 B AR RS B 5 | EAE 2, B AR B4 5 | AR SR AN 8548« AR an e
1% LOADER.BIN J{ A boot.img HWe ? Fff A 7 Z## boot.img fif§ LOADER.BIN #% H i A\ 4 Hh &k
fOE %, Atk FeAFI7E Makefile FHfs N E0 432 H A2 copy

42

43 # You must have the authority to do mount, or you must use "su root" or
44 # "sudo" command to do "make copy"

45 copy: boot.img LOADER.BIN

46  @mkdir -p /tmp/floppy;\

47  mount -o loop boot.img /tmp/floppy/ -o fat=12;\

48 cp LOADER.BIN /tmp/floppy/;\

49  umount /tmp/floppy/;\

50 rm -rf /tmp/floppy/;

51

Fig 2.22: ¥ H LOADER.BIN A boot.img(ffi H chapter2/2/Makefile)

T EM R SR FER £ Linux R4 FFEE root ERR, FTATATE B HE copy EARRINE all HIfK
FEBA A o FEBIT make copy i & Z HIFMILIESLIESS root HEIR

$ su
Password:
# make copy
mkdir -p /tmp/floppy;\
mount -o loop boot.img /tmp/floppy/ -o fat=12;\
cp LOADER.BIN /tmp/floppy/;\
umount /tmp/floppy/;\
rm -rf /tmp/floppy/;
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ANRMEE L B boot.img T ANHF loader.bin 22 N'E, B AVEER 7 /4 8) & BUR A% LOADER :

i

Machine Devices Help

oot i ngss=

o LOADER_

E;Rughr Ctrl

Fig 2.23: {884\ LOADER.BIN HJ#HE 548

% A loader.bin Z 1% F H boot.img /& B, T A"E 2 HE 5% Z &) 0 75 FE & P RIFTEN T — 1/
MLl , JEFt AR R ) TAEER & IERERY ©
" solrex [Running] - innotek VirtualBox L_JLQ

#| Right Ctrl

Fig 2.24: # AT LOADER.BIN 12 /& H)

= S

TN
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HEARER

B HAIE 2, @l — R RS, RFIHE T —EMERR, BMAERRE T RIERE
LR B EITHITIEE o BRI B AR, 72wl R RS F R A R B SRR - BT
boot.bin A1 LOADER.BIN HJA/NgREERCE AR (AR, ATRITH S/ AR L EHRLERRZE R/, (H2&EM
AERBERNT ©) °

$ 1s -1 boot.bin LOADER.BIN
-rwxr-xr-x 1 solrex solrex 512 2008-04-26 16:34 boot.bin
-rwxr-xr-x 1 solrex solrex 15 2008-04-26 16:34 LOADER.BIN

boot.bin z& 512 ff byte (HAERBEHRFETLMALE, BFETES RA 480 1 byte ) , M LOADER.BIN
HiEgr, B 15 i byte K/IN o RIAETA1E MAE SCHEEELISRE e (8 H 2 KRS HIE o Qi iRsEE A LA
EFE S KB, Sle BHRMEREEF P AN EHESU IS EE TR ETH, B - BB
f7gs (cs, ds: 16-bit) BLEBAMMBAINE (16-bit) AE AL —EEFERY 20-bit WELALHE, BT DAFAT R RY
FRF R L 1 220 = 210 % 210 = 1024 * 1024 bytes = 1MB FJFHEZSH o

EE, IMB AT, BAMBIEZ RSN —EE 1KB HA AT, 1MB SH=HEH T o HEEFEEZRE
) —EhE, SLERMHRAE Y 1.44MBHY) ( DABHEIREY ) BOBERREACEH, AR H 3 FE % 1MB
, TAFIHIEZE R BHE R TR T o AREEAR IR IEME3E RN R B ME R 2 1208 2 T FImhid Ptk iE 2
PR —BERISTHET o

it AR 224 B R 1R Y Intel 8086,/8088 CPU HYE B AT H Bk HIZK, #E A Intel 80286 2 1% 5231 CPU
BRI IREER - EREHFITRAEE LR, BRNSEEETTE -

3.1 EBEEBEMARELRL

@ WMAREHTREREFMA R BT EAEREE X Htel T, AHAXETEEF
1£ : Intel® 64 and IA-32 Architectures Software Developer’s Manual, Volume 3A: System
Programming Guide, 38 2 ZEH%E 3 .

41


http://download.intel.com/design/processor/manuals/253668.pdf

42 3.1. HEBAARERE

3.1.1 —BE®

Intel A FLE 1978 EF AR T —#K 16 L FHE CPU: 8086 , S mAEZE 5 MHz~10 MHz , £ T 29,000
fE s, BRAESKBEGIE—HFA CPU 4123 E 4K Intel PC B THIGHIAL AR E BN E M2
— o BERE IR AEE 8088, INIRARAY 8086 (34N T —1M 8 LLARHISNITARAR) A REHE LAY IBM A

(PC, AR SERAIZL, EAMMIAEET A 8086 (EA R ERE Intel o

HAaZEFR (16 A0) BIFRS, R EEFHEALFRSE, 8086 (E(EREHH 64KB(216) FIALtE
731, SEBEARAEE R — MK, & IMB(220) B T — B A F st b 249 7, ALl 8086 £/ T 20
bit FIRZHELR

7E 8086 M AOREE, 188 TEEHE BMEHE, KAEERHR Intel CPU R —FEE o 7£ Intel
DI, 80286 5I A T “MRiEM S4E A=, #% CPU KIS ut & EHEAF 16(224) MB , {H72 80286
iR Z—#K 16 fiL CPU , EBtIRHI T ERREIZEA - (B2 “EEEA B EFE, BLE 80286 BHIAT -

BETRMNERBERT, 1985 FHAMAY 1386 H L PC CPU #A T 32 (R, HILT 5 2R B R
B 5 R, SHEEE I AR 5E, (B2 205 R A B BT 2R 107 SKAD IR HEE) £ 1386 [1 F SE Z R R B
R o THBMARTHE T EERE M REHE I ERRRE -

3.1.2 EEER

HEHER (real mode) , BRFEWM G AR EEH MUK (real address mode) B FH 3 & B
(compatibility mode) #& Intel 8086 CPU LA J& DL H % B i 48 f2 8 5K x86 A CPU HRH A —H&
PR - HEERRRENE © 20 LR BEap ORISR Aok 2= (Bf 1 MB WS AEEE ) s BBF W E
B35/ BIOS HET AN 3 B A8 A SRR IE R (R B s SR - 80286 Z1&FTH x86 CPU
TENNEE B B2 EH AR ETEN 5 80186 LU Z Al CPU HE —fEIREE, HE FEEER -

3.1.3 fRER

R (protected mode) , A FRF A% 047 B0 2 PR 5& A B S L 1R AL =0 (protected virtual address
mode) , tHE—7FE x86 A CPU BI TIEER o (REBHEXS RAAEGEHEELZEE - 2 5l - %2
M ZAEB BRI R LR, B TR IEE R E B AT B DI Be i, than « #EfR - HER
B FFET A ~ HEHE 8086 fE= o

3.1.4 HEBRAMREEXNFHE R

A fe 2, EER T RIA IR 20 bit B, At LEEE T Y F ks 06 20 B SRR 16
frFRARER IR AL 20 bit Arik=s MRV © B8 BT 157 28 B 78 M T2 7 AU IEAE A A A7l e 31 0 Al
B, B0 B A A ik 25 S AR P S R 1Y, SR AT 3 64K (216), SRR B LU P LE A 16 fr3R7R o Brdt

( 20-bit ) HIERAK 4 FLOZEAE O, ERBEMEEL AT DUE A 16 A B ik ARER, TR B2 4 fir
R BGRIGAIE « BR T ET R4, D BoRA — 84 IR, BUaiS 2P ISR ~ BORHBUMsEHE A BT
FPREERE, AL HEETE -

EEH R B TR B AL LR, HL A &G S Y —(E Label , BUE@EAE ( 16-bit ) £/ 4 (it
FIBEAE (20-bit ) , BN ERZETT ( Label ) HIBRME ( 16-bit ) RGE|IHYHA4E ( 20-bit ) |, 40
3.1a FiR ©

BRI, B Rt & Bt DB B e 28 B : FRSCRBEE O, WORHER DS, HEHEAR B SS AR
ES BfFeas - ERIEMBEIRECE LRI FETIR R, AFE—EREESE, CPU & BB H % EERAY
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Logical Address Logical Address

- ) - } ; 5 ¥ 0 31 Y 0
Seq. Select Offset (Effective Add
| Seg.Address | | Offset Address | ceilLa el | Offset (Effective Address) |
lshi& Left 4-bit Descriptor Tahle
[ Seg. Address |0000
19 ¥ 0
Seg. Base Add : Segmert | Base Address
| ©g. Dase 7Oess | — Desgcrlptor
19 . 0 31 0
| Linear Address | | Linear Address |
(a) EEBEA SR (b) PRAEEA AR

Fig 3.1: HEEAHERERN F U R

IR AN WA B 2 BRE I B AAE - (R4 CPU UL T M{EBEfF4: FS #1 GS , A
HHREA—H )

R A R, EEEAN SRR ER, st AW E 16 @ aht (Bizit - miit) HE
B—1{ 20 bit YERAAE, T ERER S U7 U R — B T -

Intel {J CPU TE/RFERL T2 o] DUREITBA 0 HREBIRY, B TIEER, RALSHESH
PR, B DU T BB R B U o BUR I O R AR B o

TERER T, B8 HE T B Ak 9R & B iR A ik %R, (B EH@B A H el (Bt
s fctl) AT, AN (BOERT @ mBAit) #R - BENREAItHERT 32 Y, B IR
MU EEEX T ARZ - BN EEMBEEEA TR EAREARE, B B 2 —
LBT ANiE 3.1b fs o Btk (Segment Base Address) #AFAUTE B ffiififF (Segment Descriptor) H,
GDT (Global Descriptor Table, £ BBOEE T £ ) ERGFENEBREBTHIEER, BiEETF (Segment
Selector) <& —1{+8 M IAHBHERTRIRT ©

WE 3.1b fis, R EREE TR, AFES D (BOBET - mBAkt) ,CPU g
7€ GDT % IR BOER T H B B B B h il 77, 108 B ulb A7 vp 4 1 B Rk, A% BBtk hn H w2 &, Biis 2
TEHEITE AL o

3.2 EREERALIKEE

éase T RERXMBEERXARE, TERMARER — P EARERNE - £ L -FERMADEEH
BT R AN E S | B, FrilE M A R B RS EIENER T, TEAEBIITE loader.S
FIEFT o E—FH loader.S (EEE B AN _ LT FRTENT —M@ L, THEHEMIEY loader.S ZifE A RE
P ARAT BN —LE3T 3R 7Y

B, FAFIAEE — T B A A\ CREE R

1. BAFE—E GDT - B THREEXWIFIETXEE T GDT 1y, ZfiFH R —E GDT BERI&iH#E
Wi HEA R R -
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2. JfIFT B R ARERE B - BT REEAMETERET AR, A RER AT,
PR E— L T -

3. HMH E B R R T & TR BB demo, IR B M BZEN T REH K -

N EF AR P TE AR S —(E (R E R loader e

3.2.1 GDT &H4&iHE

ZE GDT, H5E/B T ## GDT WE KGR - GDT EIE LA —(AFMHBRm AR R (7T DU
fR A — MR B AT B ) | B E R BRGE HEE — (E By B R =, (R % IR ERA A o 25 B B 5 — (i B e
75, Br AR GDT BB AE BRI 200 T BB BCRindi A A BB 18

B i 25 B P A A SR B AR AR BB Ok, B P I HIAIRREE R © 18 3.2 BUR T — (B2 A B Bt
PR -

&l 242322212019 161514 1312 11 a7 ad
D| |A| Seq. D
Base 31:24 G|lyL|v| Lmit [Pl P |8 Type Base 23:16 4
B L| 1916 L
31 1615 0
Base Address 15:00 Segment Limit 15:00 0
L — 64-bit code segment (IA-32e mode only)

AVL — Available for use by system software
BASE — Segment base address
D/B  — Default operation size (0 = 16-bit segment; 1 = 32-bit segment)

DPL — Descriptor privilege level

G — Granulanty

LIMIT — Segment Limit

P — Segment present

S — Descriptor type (0 = system; 1 = code or data)

TYPE — Segment type
Fig 3.2: BU#lifF

FE EEHELZ AR, e BB B MM | EEMEAKE, MR & B L, 5t
(8 3.2 FIFEL A Base BRI o AT LUIB B, BEHLAE Bt AT s o0 B 2 = BOf7AE, 70 hl 2 © Base 31:24,
Base 23:16, Base Address 15:0, 38 =—EXPHEA, FFIEEE T —18 32 G aB R -

BT EBELL, iFERS — (ARG AR T I E A B, AR IRBER 3.2 LA Limit Y
Bh57, # Seg. Limit 19:16 1 Segment Limit 15:0 FFEARFLATHAFE] T —1E 20 bit BIEL MR, S8 FRBL
R ERTENRET -
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THEZEHEEIE D/B Flag , D/B {3 Default Operation Size , 0 {43 16 fZAJEL, 1 {38 32
BB o K TR CPU , ATEMRERER 32 R T - F N ABLELL/ FEH Flag We, MEARHLE
REEH BT (%%‘Eﬁ%?ﬁﬁ%ié:ﬂ&‘?/wﬁkmugg ?) , BATHEAESR 3.3.2 IR ARKFHANA -

EHRVALERL, BE R — R R AT RIS Y D, R B B AR, nﬁ%?ﬁﬁ"ﬁ?f? :

56 /* MACROS */
57

58 /* Segment Descriptor data structure.

59 Usage: Descriptor Base, Limit, Attr

60 Base: 4byte

61 Limit: 4byte (low 20 bits available)

62 Attr: 2byte (lower 4 bits of higher byte are always 0) */
63 .macro Descriptor Base, Limit, Attr

64 .2byte \Limit & OxFFFF

65 .2byte \Base & OxFFFF

66 .byte  (\Base >> 16) & OxFF

67 .2byte ((\Limit >> 8) & 0xF00) | (\Attr & OxFOFF)
68 .byte  (\Base >> 24) & OxFF

69 .endm

Fig 3.3: H B4 s B AT 8972 &€ 25 (#7 B chapter3/1/pm.h)
& 3.3 TR, B B B A BB AT A fE 4 72 RE 78 o T R FF BE48 7% Descriptor —{E S8 : Base (B
FHib) | Limit (BEAIR[BRE]) , Attr (BB ) , Descriptor B & B B =& BB BRI Bl il 75 &
FTI’JHE EERMEREF T EEMEAEEE :

21
22 /* Global Descriptor Table */

23 LABEL_GDT: Descriptor O, 0, 0
24 LABEL_DESC_CODE32: Descriptor O, (SegCode32Len - 1), (DA_C + DA_32)
25 LABEL_DESC_VIDEQO: Descriptor 0xB8000, Oxffff, DA_DRW

26

Fig 3.4: HB)AE BB AT #9275 (7 B chapter3 /1 /loader.S)

B 3.4 F, B A A Descriptor 4R T =B B AHSF, TEEL T —18 GDT < £ B ENEA, F—(H Bk
FRESH (2845 0) 5% LABEL_DESC_CODE32 AyE Il A 0 2 K & T M2 L6 € T A RN
B, EATEETIREN -

B NI RE & E A BER, B B b A B AR AT R B R M AE T, BB % EEEFIE ? DAC,
DA 32, DA DRW #B2 1R PG ? 2iE a0, A T 8 F 8 —(F—F & Bl 1) Flag , FAMTHSE

£ —E B, ARORHE N 5 E B ISR E A& 7 Descriptor B2 8Y, BLEEM Bl AT H AT
Fﬁ?ﬁ“ flag B I (5218 CsEE H fopen FIZREIIE 7 ) - BEBEMHNEEN T (RLEME, ARHEFE
RIHT)

11 /* Comments below accords to "Chapter 3.4.5: Segment Descriptors" of "Intel
12 64 and IA-32 Arch. SW Developer’s Manual: Volume 3A: System Programming
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Guide". */

/* GDT Descriptor Attributes

.set

DA_ : Descriptor Attribute
D : Data Segment
: Code Segment
: System Segment
: Read-only
RW : Read/Write
A : Access */

3.2. BAREEIKEm

DA_32, 0x4000 /* 32-bit segment */

/* Descriptor privilege level */

.set
.set
.set

.set

/* GDT Code- and

.set
.set
.set
.set
.set
.set

.set

DA_DPLO, 0x0
DA_DPL1, O0x2
DA_DPL2, Ox4
DA_DPL3, 0x6

DA_DR,  0x90
DA_DRW, 0x92
DA_DRWA, 0x93
DA_C, 0x98
DA_CR, 0x9A
DA_CCO, 0x9C
DA_CCOR, Ox9E

0 /%
0 /*
0 /*
0 /%

/*
/*
/*
/*
/*
/*
/*

DPL
DPL
DPL
DPL

*/
*/
*/
*/

w N = O

Data-Segment Types */

Read-Only */
Read/Write */
Read/Write, accessed */

Execute-Only */
Execute/Read */
Execute-Only, conforming */

Execute/Read-Only, conforming */

/* GDT System-Segment and Gate-Descriptor Types */

.set
.set
.set
.set
.set
.set

DA_LDT,
DA_TaskGate,
DA_386TSS,
DA_386CGate,
DA_386IGate,
DA_386TGate,

0x82
0x85
0x89
0x8C
0x8E
0x8F

/* Selector Attributes */

/*
/*
/*
/*
/*
/*

LDT */

Task Gate */

32-bit TSS(Available) */
32-bit Call Gate */
32-bit Interrupt Gate */
32-bit Trap Gate */

.set SA_RPLO, O
.set SA_RPL1, 1
.set SA_RPL2, 2
.set SA_RPL3, 3
.set SA_TIG, O
.set SA_TIL, 4
Fig 3.5: THIC# & 1B B M (H H chapter3/1/pm.h)
3.2.2 {REEFXTH demo

R EEE R AR 2R 3.2.3 HiRTREVE ? HAEE A GDT EMRYBHHMAT, HILEM
TSI E B -

EEHEE,
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4
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LABEL_SEG_CODE32:

.code32
mov $(SelectorVideo), %ax
mov hax, hgs /* Video segment selector(dest) */

movl $((80 * 10 + 0) * 2), %edi
movb $0xC, %ah /* 0000: Black Back 1100: Red Front */
movb $°P’, Jal

mov %hax, %hgs: (fhedi)

/* Stop here, infinite loop. */
jmp

/* Get the length of 32-bit segment code. */
.set SegCode32Len, . - LABEL_SEG_CODE32

Fig 3.6: % —{E7ECRFE RN 84T demo (1 H chapter3/1/loader.S)

HEE(E BRI E AR B, s B R BBUR, 5% T RIT B —(EAT B ry P> RN 8l 6 A
BIOS FEIAATENFHF LT XAEFTAR) -

3.2.3 N#E GDT

GDT Fr&ZrIE B RAMHFE T, GDT FRALERE 3.4 FROEAMBEB 7 - A8, HfIEZE GDT
FHEABRDIER, REEA GDT T ° i GDT SAJZEEE M 1gat AR EHAY, (- 1gdt 164
T EA GDT REIEAF IRIITEIRIES R, FTURFIRFTEALE GDT RIALEAM GDT FIFR

/* NOTE! Wenbo-20080512: Actually here we put the normal .data section into
the .code section. For application SW, it is not allowed. However, we are
writing an 0S. That is OK. Because there is no 0S to complain about
that behavior. :) */

/* Global Descriptor Table */

LABEL_GDT: Descriptor O, 0, 0
LABEL_DESC_CODE32: Descriptor O, (SegCode32Len - 1), (DA_C + DA_32)
LABEL_DESC_VIDEQO: Descriptor 0xB8000, Oxffff, DA_DRW

.set GdtLen, (. - LABEL_GDT) /* GDT Length */

GdtPtr: .2byte (GdtLen - 1) /% GDT Limit */
.4byte 0 /* GDT Base */

/* GDT Selector */
.set SelectorCode32, (LABEL_DESC_CODE32 - LABEL_GDT)
.set SelectorVideo, (LABEL_DESC_VIDEO - LABEL_GDT)

/* Program starts here. */

LABEL_BEGIN:
mov hes, hax /* Move code segment address(CS) to data segment */
mov %hax, hds /* register(DS), ES and SS. Because we have */
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mov %ax, %hes /* embedded .data section into .code section in */
mov %ax, %ss /* the start(mentioned in the NOTE above). */
mov $0x100, %sp

/* Initialize 32-bits code segment descriptor. */

xor heax, heax
mov %cs, hax
shl $4, Yeax

addl $ (LABEL_SEG_CODE32), Y%eax
movw %ax, (LABEL_DESC_CODE32 + 2)
shr $16, %eax

movb %al, (LABEL_DESC_CODE32 + 4)
movb %ah, (LABEL_DESC_CODE32 + 7)

/* Prepared for loading GDTR */

xor heax, jheax

mov %ds, ‘hax

shl $4, Yeax

add $(LABEL_GDT), %eax /* eax <- gdt basex/

movl %eax, (GdtPtr + 2)

/* Load GDTR(Global Descriptor Table Register) */
lgdtw  GdtPtr

Fig 3.7: JN# GDT (& H chapter3/1/loader.S)

3.7 ¥ GatPtr FTHE, BlR GDT RIS IRANEIL P B » B HRATE B GDT &1, i
HEBHASAHE T GDT EhbR5| (R MG 4 GDT Ehk% LABEL GDT fRAIMALE) - EEFR
ERRE, BARHMERARETE

.set SelectorCode32, (LABEL_DESC_CODE32 - LABEL_GDT)

HER-EREFEFARTELD 3 AMEART EIHRHEE MRS, BHEEFAR 3 [
s TS TR RPL /Y, 2118 3.12 FiR, BB AMASFESE 3.3.1 fifn4E 3.3.2 HiHs AN - HEEHE
Ryt ERE BB A A HEARIRS 2 BB TR 2 A B AT B KN 8 1/ byte , F B AF B9 Aot AR IR AY
5 AR A=A R E 0 T o

TEE 3.7 FHRRIREHS, FEEB T M4 © F— 14 E 3.6 FT/R demo FIBEHERIA GDT F ¥ ERY
BHEMATH 5 55, #% GDT RUZEHEAE] catPer TTERIERIAERE +, I I0# catper Frfgi B RIAEFE 2
GDTR EFer+ (fFH 1gdt 82)

3.2.4 EAREERK

TENPRERTCET, M7 A P R, (R A R A T BT R E AR HI A B E & A — ), N
RATE BT T RS AR AR o 5 c1i MEARTES W LUITERRFTA BT fag ©

HTEERNXTER 20 RAHEAR 0 A0, AL, ..., A19, BT DAE B 228 A (RE R, FFE4TH
A20 P hEAR o $TFE A20 L HbARE 2/ = A%, B EEERA IBM RIS, BHEER A © “Fast
A20 Gate”, BB RS 156 0 92h , K A H IR IS 1 051 A20 ALak4R, Br DLF A R B 2%
0b00000010 A5G 0 92h BA AT o
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T Y E TARSE AR, B UE N CRER T o AR, #F or0 B A0 0 PE (V&
% 1 BIAI{% CPU PIHAZIfRER A T IEST

/* Clear Interrupt Flags */
cli

/* Open A20 line. */

inb $0x92, %al

orb $0b00000010, %al
outb %al, $0x92

/* Enable protect mode, PE bit of CRO. */

movl %er0, heax
orl $1, Yeax
movl %eax, %crO

Fig 3.8: # AfR#EE = (Hi H chapter3/1/loader.S)

3.2.5 FFRIHREEBEEIES

HEARCAGEN T RER N, (Bl THMA CS BRI MR EREHEAT 16 LERER, Zik
2 H AR demo F2F AMANZ AL ER BAIZEE o Ay demo 12772 32 (AR, T R AT RETHY
& 16 ALHITES o 1€ 16 MAVREUAE B BhEE R 32 MLAUAEAABEL, N2 — M near B far BREETE < BEARIR
B THY, FrLEERFIFHE AR R BkEETE < - FEERIE BT 20T, Framfs<al2 16 11, HEE
12 1%, SR 32 ARSI H A -

7 Intel FFMH o, 835 IR & BHEHE S % far jump(ptr16:32) , 76 NASM T, M B HTa SRR
Mixed-Size Jump , B MIHHE A NASM BIFUE, B RIE S ARG T RIS S - NASM 2% TERK

ERHHATESEM -

jmp dword 0x1234:0x56789ABC

NASM HIFM 3t GAS IR A RREEEMRIESHIE M, Bt byte (WIERBEERT T EHTES ¢

/* Mixed-Size Jump. */
.2byte Oxea66

.4byte 0x00000000
.2byte SelectorCode32

BREA M REIBAER GAS EAXFHR AT RUEIES (ME 3.9) , B NASM HIFMHF AR
HHEEE © -

/* Mixed-Size Jump. */
1jmpl $SelectorCode32, $0 /* Thanks to earthengine@gmail, I got */
/* this mixed-size jump insn of gas. */

LABEL_SEG_CODE32:
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Fig 3.9: iR &7 REbETE< (Hi H chapter3/1/loader.S)
HATERIR & FRAVBEETE S, CPU BL & H BUEREE T SelectorCode32 £ GDT HHEHE,
HTBm% & 0, Fr L CPU #§BkEEZIE 3.6 1 demo FEFFHIBHEH o £ T J7 (EBI3E, 2 (H loader.S MRS
PRI7EMRE 3.10 7 :

/* chapter3/1/loader.S
Author: Wenbo Yang <solrex@gmail.com> <http://solrex.cn>

This file is part of the source code of book "Write Your Own 0S with Free

and Open Source Software". Homepage @ <http://share.solrex.cn/Write0S/>.

This file is licensed under the GNU General Public License; either

version 3 of the License, or (at your option) any later version. */
#include "pm.h"

.codel6
.text
jmp LABEL_BEGIN /* jump over the .data section. */

/* NOTE! Wenbo-20080512: Actually here we put the normal .data section into
the .code section. For application SW, it is not allowed. However, we are
writing an 0S. That is OK. Because there is no 0S to complain about
that behavior. :) */

/* Global Descriptor Table */

LABEL_GDT: Descriptor O, 0, 0
LABEL_DESC_CODE32: Descriptor O, (SegCode32Len - 1), (DA_C + DA_32)
LABEL_DESC_VIDEQO: Descriptor 0xB8000, Oxffff, DA_DRW

.set GdtLen, (. - LABEL_GDT) /* GDT Length */

GdtPtr: .2byte (GdtLen - 1) /* GDT Limit */
.4byte O /* GDT Base */

/* GDT Selector */
.set SelectorCode32, (LABEL_DESC_CODE32 - LABEL_GDT)
.set SelectorVideo, (LABEL_DESC_VIDEO - LABEL_GDT)

/* Program starts here. */
LABEL_BEGIN:

mov hes, hax /* Move code segment address(CS) to data segment */
mov %ax, hds /* register(DS), ES and SS. Because we have */
mov %ax, hes /* embedded .data section into .code section in */
mov %ax, %hss /* the start(mentioned in the NOTE above). */
mov $0x100, %sp

/* Initialize 32-bits code segment descriptor. */
xor f%eax, heax

mov %cs, hax

shl $4, Yeax
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addl $ (LABEL_SEG_CODE32), %eax

movw %ax, (LABEL_DESC_CODE32 + 2)

shr $16, %eax

movb %al, (LABEL_DESC_CODE32 + 4)

movb %ah, (LABEL_DESC_CODE32 + 7)

/* Prepared for loading GDTR */

xor f%eax, heax

mov %ds, hax

shl $4, Yeax

add $(LABEL_GDT), %eax /* eax <- gdt basex/
movl %eax, (GdtPtr + 2)

/* Load GDTR(Global Descriptor Table Register) */
lgdtw  GdtPtr

/* Clear Interrupt Flags */

cli

/* Open A20 line. */

inb $0x92, %al

orb $0b00000010, %al

outb %al, $0x92

/* Enable protect mode, PE bit of CRO. */

movl %cr0, Yeax

orl $1, Yeax

movl heax, %herO

/* Mixed-Size Jump. */

1jmpl $SelectorCode32, $0 /* Thanks to earthengine@gmail, I got

/* this mixed-size jump insn of gas.

LABEL_SEG_CODE32:
.code32

mov

mov
movl
movb
movb

mov

/* S
Jmp

$(SelectorVideo), %ax
hax, hgs /* Video segment selector(dest) */

$((80 * 10 + 0) * 2), %edi
$0xC, %ah /* 0000: Black Back 1100: Red Front */
$°P’, Yal

%hax, hgs: (hedi)

top here, infinite loop. */

/* Get the length of 32-bit segment code. */

.set

SegCode32Len, . - LABEL_SEG_CODE32

*/
*/

51

Fig 3.10: chapter3/1/loader.S
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3.2.6 ARSI

fEMELSE 2.3.6 Hi s &R T5 %, BT LU RS 42 1% LOADER.BIN # R BIS &I+
H BB B4R S B VirtualBox FM15 211 3.11 ©

AUEE, BRNARFRITH T —EALEHN P, B2 R MBMEERERN TETAME demo AT
MEVFE, EH R MRS L MR - REEEXEARERN, G2, BETHMER
RS, BR—AD o [EHBFINLEGFRHIZ] 20 bit WIEZ=SHF, BT ERRBEHE

" solrex [Running] - Innotek VirtualBox

Machine Dewvices Help

#] Right ctri

Fig 3.11: —IREARERR

3.3 BoUfEfA

WREATARBE T8 3.1b , Bt e B E A RIEE] GDT |, M2 1% A Descriptor Table(DT) ° i&
R 28T x86 ZEMERT CPU K&, DT A8 a WA : B _LEIN M| GDT M N EENAAE LDT °
I8 M AR IRAT FRAERL T x86 CPU BN FRERVELRE - BER B, GDT 1EAZ R ER, REEE —[,
M LDT {E& RE# AR, st AR EM, Bt UBIELRRAEEETHHELE CHFHSMNE

i o

3.3.1 LDT &H&H

HE L, LDT M GDT WZEHIAEH /)N, LDT Bt e iy BRI EE A E 3.2 Frng — 8 - AR
B2, LDT 784 11de 2RINE, i3t HAEA LDT i IHA BrfisE 110 TL AL B AR 1, a0 3.12
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Segment Selector Structure
15 3 2 0

Descriptor Index TI| RPL

RPL, Requested

Privilege Lewvel,
13 bits, select one of the TI=0, GOT 00, highest,
maximum 8192 descriptors. TI=1,L0T 11, lowest,

Fig 3.12: BuBER T ERIAME

PR o i@k, 7EER TI flag = 1 FOBCRIETHE, (F% A SA 1140 LDT T/R2 GDT £ B S E
REC TR

ERERER IR : ODT £ SRR E I, B 1gdt 184 M2 MR — (2
otk ¢ 7 LDT 8 GDT Sy (EEHGRA 300, B 11at S8 02 R GDT Hi—(AERIET -
& REATENE CDT 2 3 SALE £ SRR, TIE GDT % BAHER 8 R B B4t 6 LDT
% GDT HIE(EF, t77 (EIEE RGES(E LDT 2 R -

3.3.2 BB

HAIES AR 3.2 B, WA &N AR BT YA (6 Flag A0 GER0 B, 38—/ NETHL 2R EFI
BB B, 1% FRIE 3.2 TN Flag 1E72 MG RIEFF :

e G: G(Granularity, &) : 415 G flag B# 0, BRRUR/NLL byte 2847, BEREH E £ 1 byte~1
MB ; Q1R G flag B 1, BIFIK/NLL 4 KB A, BRRE#EE 4 KB ~ 4 GB ©

e D/B : D/B(Default operation size/Default stack pionter size and/or upper Bound, EX&8 1 1E K
/N, BRREIRT Bt A RS B ~ BRI A HEHE B Y - 7% flag B Ry 0 ARENEE/ &R
Btk 16 OF0 5 B 1 (URREEBR 32 (LAY -

o L : L(Long, &%), L flag 7&& IA-32e(Extended Memory 64 Technology) =\ T FHHUIEE ° #% flag
BR 1 RRZBRIEER 64 (LAERAEE 3 BA 0 ARAERAR A TETRIEABE - £ 1A-32
ZREET, AL RE AL, 3 AR ER 0 -

o AVL : [REMAIESE RGO -

o P : P(segment-Present, Btffi ] ?) flag Al TS B R GAERLIERET, TR EEHEFEM -
AR P flag BB 0, SLZEE B AERLERE T, BRI E R f] UG R EEB A

AR P flag WER 1, HAZBRAELBET - R P flag & 0 BB, EE K& EE —E
segment-not-present (#NP) ZH o

e DPL : DPL(Descriptor Privilege Level )85 & 3 By ROREFR, BUE & B8 0~3(2-bit) , 0 KFEE &
EIRERR o BETHERRADIE A, MG 7E T st am o

e S : S(descriptor type) flag FEEEHZERE RABL « B 0 (URZBERAE  BEh 1 URZER
FEFUHS BLEE BB
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o Type : Type 82 Bofifiafi 147 1 B A2 Fe 1 — R 388, 170 BB B8 283 T 12 5URS / BB BUm it 75 A R 47
B/ Pt & AR, T E R HWRERERE Type BERAFRERHEE
3.1 B R A2 =URS / R BL R I AT A BT B Type FIBERIME(0-15, 4-bit) UK HENBHE F, £
3.2 iR R B/ FIEATHY Type AIRERVE LA HBHIB SR - EMREEEFENAEZ
B BARY, T BB IE R R A 3 i A Lk — & 5| FE R TRERAY AR, B LUE R B % B RS
INEEAT R -

F 3.1: 12UHE/ BRI B iAT Y Type B1ESEE

Type Field Descriptor Type | Description
Decimal | 11 | 10 | 9 | 8

E | W] A

0 0 0 0 (0 Data Read-Only

1 0 0 0 1 Data Read-Only, Accessed

2 0|0 | 1|0 Data Read/Write

3 0|0 | 1|1 Data Read/Write, Accessed

4 0 1 0 0 Data Read-Only, Expand-down

5 0 1 0 1 Data Read-Only, Expand-down, Accessed

6 0| 1 1|0 Data Read/Write, Expand-down

7 0 1 1 1 Data Read/Write, Expand-down, Accessed
C|R|A

8 1 0 010 Code Execute-Only

9 1 0 0 |1 Code Execute-Only, Accessed

10 1170 110 Code Execute/Read

11 1 0 1 |1 Code Execute/Read, Accessed

12 1 1 010 Code Execute-Only, Conforming

13 1 1 0 1 Code Execute-Only, Conforming, Accessed

14 1 1 1|0 Code Execute/Read-Only, Conforming

15 1 1 1 1 Code Execute/Read-Only, Conforming, Accessed

* 3.2: RGE/FIHLATHY Type BIESZ

Type Field Description
Decimal | 11 | 10 32-Bit Mode
0 Reserved
16-bit TSS(Available)
LDT

16-bit TSS(Busy)
16-bit Call Gate
Task Gate

_ O = O = O|®

O O R = O Of©

O O O O O O
= = O O O O

Tt s W N
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6 0 1 | 1] 0| 16-bit Interrupt Gate
7 0 1 | 1] 1] 16-bit Trap Gate

8 1 0 | 0|0 | Reserved

9 1 0 | 0| 1| 32-bit TSS(Available)
10 1 0 | 1|0 | Reserved

11 1 0 | 11| 32-bit TSS(Busy)

12 1 1 | 0] 0| 32-bit Call Gate

13 1 1 [ 0| 1| Reserved

14 1 1 | 1] 0| 32-bit Interrupt Gate
15 1 1 | 1] 1] 32-bit Trap Gate

3.3.3 ffH LDT

e HBIAYTRRAE, # LDT Wik G IENM AN REH, (E2 8 LDT KM, B @B RAE
B Z B SR A RARWEDR - BrUSME T HREASH EH MG RN T « — #3732
{57 ST S A A T (1 B F IR AT AR INE] GDT w5 =, BN — B A B AR 2R, 3 LA B u AT A SR
M —fE LDT 5 =, £ GDT %51 LDT HBAM AT i K14 LEr A DT 5 U, A REHNETrRY 32 2

FEAABEAR, INEL LDT Bk 1T LDT FE SRR SR -
B, BAL 32 (&R BN BORMESE B B, SifH HAAF AN GDT + -

50 /* 32-bit global data segment. */

51 LABEL_DATA:

52 PMMessage: .ascii "Welcome to protect mode! ~-"\0"
53 LDTMessage: .ascii "Aha, you jumped into a LDT segment.\0"
54 .set OffsetPMMessage, (PMMessage - LABEL_DATA)
55 .set OffsetLDTMessage, (LDTMessage - LABEL_DATA)
56 .set Datalen, (. - LABEL_DATA)

57

58 /* 32-bit global stack segment. */

59 LABEL_STACK:

60 .space 512, 0

61 .set TopOfStack, (. - LABEL_STACK - 1)

62

22 /* Global Descriptor Table */

23 LABEL_GDT: Descriptor 0, 0, 0

24 LABEL_DESC_CODE32: Descriptor 0, (SegCode32Len - 1), (DA_C + DA_32)

25 LABEL_DESC_DATA: Descriptor 0, (Datalen - 1), DA_DRW

26 LABEL_DESC_STACK: Descriptor 0, TopOfStack, (DA_DRWA + DA_32)
27 LABEL_DESC_VIDEQO: Descriptor 0xB8000, Oxffff, DA_DRW

28 LABEL_DESC_LDT: Descriptor 0, (LDTLen - 1), DA_LDT

29

30 .set GdtLen, (. - LABEL_GDT) /* GDT Length */
31

32 GAtPtr: .2byte (GdtLen - 1) /* GDT Limit */
33 .4byte 0 /* GDT Base */



34

35

36

37

38

39

40

41

114

115

116

117

118

119

120

121

122

123

124
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126
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/* GDT Selector(TI flag clear) */

.set SelectorCode32, (LABEL_DESC_CODE32 - LABEL_GDT)
.set SelectorData, (LABEL_DESC_DATA - LABEL_GDT)
.set SelectorStack, (LABEL_DESC_STACK - LABEL_GDT)
.set SelectorVideo, (LABEL_DESC_VIDEO - LABEL_GDT)
.set SelectorLDT, (LABEL_DESC_LDT - LABEL_GDT)

Fig 3.13: 32 fu &M ERHEANHEHEAR BT, DU BRY GDT %t (i 5 chapter3/2/loader.S)

TEE 3.13 B, AE LB LT —E2RIERE, Wi ERBHENE T MIEFER R, 755 FREANR
AR ABEES] LDT fEMARESBERREAE R L « REGENL T — (A2 R/IIHEHEE, K6
EXTHE T 512 byte FIZSH, A HEBTER B A IEHBIC 511 byte & o NREL FEI N 4RI, AF & BB
FOHESE B B A B AT A NSl GDT H, W B I B BLRE T -

BVEE BB R By ~ AR B N AR ZURS By B i kAT B N R [F] o B ORHB ) BURE AT B
DADRW , EHEFAM R pm.h FINZ (8 3.5 ) , DADRW FIA A2 0x92, A w2 10010010, H iz
AL B R 3.1 AU = 2(0010) 35, SRR EEELZ TR ERIE AU/ % B2 PIDPL|S —1d flag
,BlP:1, DPL:00, S:1,Bd% 3.3.2 fi%E A TEMF, B RS BRAELIER T, AmmrErR, IERAE - BT
DA AT A 2] pm.h A A &8 8 1580 B 8 28, B2 A i rY B 1t (B P B A Y 48 B 2 R R, T2
HIRHE B3N -8 & RIS o

[FFE A AT LA B2 AE GDT BB AR BRI B EE - RARREAE T
8 F 02 B A s A R RO AL, B DAAS [RIEEZL RO 8 1 v LB A IS 2018 & 0SB IR (E, 171 2 3k M B B 1Y)
(DADRWA + DA_32) , EEBEHMLLT c++ H fstream FTHASCHFRF ] LR EITHEAMIEL (ios base::in
| ios_base::out) HRIGEEESSE -

HR, i in— Bl BB pg e U, 3 DU R & 2 7 —(8 LDT :

/* 32-bit code segment for LDT */
LABEL_CODEA:

.code32
mov $(SelectorVideo), %ax
mov hax, hgs
movb $0xC, %ah /* 0000: Black Back 1100: Red Front */
xor %esi, lesi
xor %edi, Y%edi

movl $(0ffsetLDTMessage) , %esi
movl $((80 * 12 + 0) * 2), %edi
cld /* Clear DF flag. */

/* Display a string from %esi(string offset) to Jedi(video segment). */

CODEA.1:
lodsb /* Load a byte from source */
test %al, %hal
jz CODEA.2
mov %hax, hgs: (hedi)
add $2, Jedi
jmp CODEA. 1

CODEA.2:
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136
137 /* Stop here, infinite loop. */
138 jmp .

139 .set CodeALen, (. - LABEL_CODEA)

140

42 /* LDT segment */

43 LABEL_LDT:

44 LABEL_LDT_DESC_CODEA: Descriptor 0, (CodeALen - 1), (DA_C + DA_32)
45

46 .set LDTLen, (. - LABEL_LDT) /* LDT Length */

47 /* LDT Selector (TI flag set)*/

48 .set SelectorLDTCodeA, (LABEL_LDT_DESC_CODEA - LABEL_LDT + SA_TIL)

49

Fig 3.14: 32 (A2 zUaSEL, LA RCHERY LDT 454 (Efi B chapter3/2/loader.S)

LABEL_CODEA Bt/2F A% LDT @i il AR E, RIEAMARERGFERENSE 12 175HIBH
ALERIFFTEHI i mf% 0ffsetLDTMessage fRIAIAIE R ERIEBLFRIFAFE o FHEFLE LA LABEL_CODEA Ay
WEESLP LDT , #€ LDT BI&E# R, B2 GDT WA B A, E2FMA G cdtptr FE#EY— LatPtr,
% LDT RS L 27 GDT F e —HE, NAEEREXIAMEAIEER -

LDT K &2 T8 GDT RIEBTHIHEERIN, B 3.12 B EMARE 755, FrLlfem LDT /%
FHEZN T E 1, FE 3. 14 BB —1THEER T B3R -

¥ =, 7 GDT %00 LDT AEH A (FEE 3.13 FHRMELBERE GDT FHMNE T LDT H)
BXHAT ) | ¥R B B AT o B TR0 aa L BL s B T AR M TAE, BM7E pm.h FE 0 — {5 FE 4R
7% InitDesc K EHMMEEHHIS -

84 /* Initialize descriptor.
85 Usage: InitDesc SeglLabel, SegDesc */

86 .macro InitDesc Seglabel, SegDesc

87 xor fheax, heax

88 mov hcs, hax

89 shl $4, Yeax

90 addl $(\SegLabel), %eax
91 movw %ax, (\SegDesc + 2)
92 shr $16, %eax

93 movb %al, (\SegDesc + 4)
94 movb %ah, (\SegDesc + 7)
95 .endm

96

Fig 3.15: HEyH0IR L BEk AT i 2 2 UAS (B B chapter3/2/pm.h)

63 /* Program starts here. */

64 LABEL_BEGIN:

65 mov hes, hax /* Move code segment address(CS) to data segment */
66 mov %ax, hds /* register(DS), ES and SS. Because we have */
67 mov %hax, hes /* embedded .data section into .code section in */
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mov %ax, %hss /* the start(mentioned in the NOTE above). */

mov $0x100, %sp

/* Initialize 32-bits code segment descriptor. */

InitDesc LABEL_SEG_CODE32, LABEL_DESC_CODE32

/* Initialize data segment descriptor. */

InitDesc LABEL_DATA, LABEL_DESC_DATA

/* Initialize stack segment descriptor. */

InitDesc LABEL_STACK, LABEL_DESC_STACK

/* Initialize LDT descriptor in GDT. */

InitDesc LABEL_LDT, LABEL_DESC_LDT

/* Initialize code A descriptor in LDT. */

InitDesc LABEL_CODEA, LABEL_LDT_DESC_CODEA

/* Prepared for loading GDTR */

xor feax, heax

mov %ds, ‘hax

shl $4, Yeax

add $(LABEL_GDT), %eax /* eax <- gdt basex/

movl %eax, (GdtPtr + 2)

/* Load GDTR(Global Descriptor Table Register) */

lgdtw  GdtPtr

/* Clear Interrupt Flags */

cli

/* Open A20 line. x/

inb $0x92, %al

orb $0b00000010, %al

outb %al, $0x92

/* Enable protect mode, PE bit of CRO. */

movl %cr0, Yeax

orl $1, %eax

movl heax, %er0

/* Mixed-Size Jump. */

1jmpl $SelectorCode32, $0 /* Thanks to earthengine@gmail, I got */
/* this mixed-size jump insn of gas. */

3.3. B

Fig 3.16: £ R E RSB A1 BT A BLliRT (87 B chapter3 /2 /loader.S)
A A A 8 Bt A 1Y 77 =B | — N BRI iRk GDT #ulfF 1Y 77 IR B A E AR, KA B
PEER O A THER AT, B AT AR AT B A b S AR A 0 A kSR AT, AU AT B EAER - M5 IR
InitDescHYE B, BER KA ISR, B8 A2 TURB Y FT 3B I -
B, AR ETH 32 (R UB R, INE LDT I BkiEET LDT & S A2 =A% B -
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141 /* 32-bit code segment for GDT */
142 LABEL_SEG_CODE32:

143 mov $(SelectorData), %ax

144 mov %hax, %hds /* Data segment selector */

145 mov $(SelectorStack), %ax

146 mov %ax, %ss /* Stack segment selector */

147 mov $(SelectorVideo), %ax

148 mov hax, hgs /* Video segment selector(dest) */
149

150 mov $(TopOfStack), %esp

151

152 movb $0xC, %ah /* 0000: Black Back 1100: Red Front */
153 xor hesi, %hesi

154 xor %edi, ‘%edi

155 movl $(0ffsetPMMessage), %esi

156 movl $((80 * 10 + 0) * 2), %edi

157 cld /* Clear DF flag. */

159 /* Display a string from %esi(string offset) to %edi(video segment). */
160 CODE32.1:

161 lodsb /* Load a byte from source */
162 test %al, %hal

163 jz CODE32.2

164 mov %ax, hgs: (hedi)

165 add $2, %edi

166 jmp CODE32.1

167 CODE32.2:

169 mov $(SelectorLDT), %ax

170 11dt %hax

171

172 1jmp $(SelectorLDTCodeA), $0

174 /* Get the length of 32-bit segment code. */
175 .set SegCode32Len, . - LABEL_SEG_CODE32

Fig 3.17: 7E{REEEXIEE FNE LDT 3 Bk 1T LDT F2=CH5 B (ff B chapter3/2/loader.S)
£ LABEL_SEG_CODE32 W HIA4T, T AT LLE 2 3F H AR REARTE <, F1— M RE 4 #2157 B SR ) 2 11 B
15 /R SHS /M B BT R e S AR R, AN dE IS R IERFER NS EE BOER T, A S —K
FIfzhE o ZARFUEEECR NI A A BITE B 3.14 # LABEL_CODEA — &%, #R2FTEI—EF/ 8, A RiEHE
RS 1017 (PRI R) $TE0 -
By T 7 EBEE, BE loader.S FIFEZVAEMZEE 3.18 7 o

1 /* chapter3/2/loader.S

3 Author: Wenbo Yang <solrex@gmail.com> <http://solrex.cn>

5 This file is part of the source code of book "Write Your Own 0S with Free

6 and Open Source Software". Homepage @ <http://share.solrex.cn/Write0S/>.

8 This file is licensed under the GNU General Public License; either
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60 3.3. B\FEfH

version 3 of the License, or (at your option) any later version. */
#include "pm.h"

.codel6
.text
jmp LABEL_BEGIN /* jump over the .data section. */

/* NOTE! Wenbo-20080512: Actually here we put the normal .data section into
the .code section. For application SW, it is not allowed. However, we are
writing an 0S. That is OK. Because there is no 0S to complain about
that behavior. :) */

/* Global Descriptor Table */

LABEL_GDT: Descriptor 0, 0, 0
LABEL_DESC_CODE32: Descriptor 0, (SegCode32Len - 1), (DA_C + DA_32)
LABEL_DESC_DATA: Descriptor 0, (Datalen - 1), DA_DRW
LABEL_DESC_STACK: Descriptor 0, TopOfStack, (DA_DRWA + DA_32)
LABEL_DESC_VIDEQO: Descriptor 0xB8000, Oxffff, DA_DRW
LABEL_DESC_LDT: Descriptor 0, (LDTLen - 1), DA_LDT

.set GdtLen, (. - LABEL_GDT) /* GDT Length */

GdtPtr: .2byte (GdtLen - 1) /* GDT Limit */
.4byte O /* GDT Base */

/* GDT Selector(TI flag clear) */
.set SelectorCode32, (LABEL_DESC_CODE32 - LABEL_GDT)

.set SelectorData, (LABEL_DESC_DATA - LABEL_GDT)
.set SelectorStack, (LABEL_DESC_STACK - LABEL_GDT)
.set SelectorVideo, (LABEL_DESC_VIDEO - LABEL_GDT)
.set SelectorLDT, (LABEL_DESC_LDT - LABEL_GDT)

/* LDT segment */
LABEL_LDT:
LABEL_LDT_DESC_CODEA: Descriptor 0, (CodeALen - 1), (DA_C + DA_32)

.set LDTLen, (. - LABEL_LDT) /* LDT Length */
/* LDT Selector (TI flag set)*/
.set SelectorLDTCodeA, (LABEL_LDT_DESC_CODEA - LABEL_LDT + SA_TIL)

/* 32-bit global data segment. */

LABEL_DATA:

PMMessage: .ascii "Welcome to protect mode! ~-"\0"
LDTMessage: .ascii "Aha, you jumped into a LDT segment.\O"
.set OffsetPMMessage, (PMMessage - LABEL_DATA)

.set OffsetLDTMessage, (LDTMessage - LABEL_DATA)

.set Datalen, (. - LABEL_DATA)

/* 32-bit global stack segment. */
LABEL_STACK:

.space 512, 0

.set TopOfStack, (. - LABEL_STACK - 1)

/* Program starts here. */
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64 LABEL_BEGIN:

65 mov hes, hax /* Move code segment address(CS) to data segment */
66 mov %hax, hds /* register(DS), ES and SS. Because we have */
67 mov %hax, hes /* embedded .data section into .code section in */
68 mov %ax, %hss /* the start(mentioned in the NOTE above). */
69

70 mov $0x100, %sp

71

72 /* Initialize 32-bits code segment descriptor. */

73 InitDesc LABEL_SEG_CODE32, LABEL_DESC_CODE32

74

75 /* Initialize data segment descriptor. */

76 InitDesc LABEL_DATA, LABEL_DESC_DATA

77

78 /* Initialize stack segment descriptor. */

79 InitDesc LABEL_STACK, LABEL_DESC_STACK

80

81 /* Initialize LDT descriptor in GDT. */

82 InitDesc LABEL_LDT, LABEL_DESC_LDT

83

84 /* Initialize code A descriptor in LDT. */

85 InitDesc LABEL_CODEA, LABEL_LDT_DESC_CODEA

86

87 /* Prepared for loading GDTR */

88 xor heax, heax

89 mov %ds, %hax

90 shl $4, Yeax

91 add $(LABEL_GDT), %eax /* eax <- gdt basex/

92 movl %eax, (GdtPtr + 2)

93

94 /* Load GDTR(Global Descriptor Table Register) */

95 lgdtw  GdtPtr

96

97 /* Clear Interrupt Flags */

98 cli

99

100 /* Open A20 line. */

101 inb $0x92, %al

102 orb $0b00000010, %al

103 outb %al, $0x92

104

105 /* Enable protect mode, PE bit of CRO. */

106 movl %cr0, heax

107 orl $1, %eax

108 movl %eax, %cr0

109

110 /* Mixed-Size Jump. */

111 1jmpl $SelectorCode32, $0 /* Thanks to earthengine@gmail, I got */
112 /* this mixed-size jump insn of gas. */

113

114 /* 32-bit code segment for LDT */
115 LABEL_CODEA:

116 .code32

117 mov $(SelectorVideo), %ax
118 mov hax, hgs
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movb
xXor
Xor
movl
movl
cld

$0xC, %ah /* 0000: Black Back 1100: Red Front */
%esi, Jesi
%edi, Yedi
$(0ffsetLDTMessage) , %esi
$((80 * 12 + 0) * 2), %edi
/* Clear DF flag. */

/* Display a string from %esi(string offset) to Jedi(video segment). */

CODEA.1:
lodsb
test
jz
mov
add
jmp

CODEA.2:

/* Load a byte from source */
%al, %al
CODEA.2
%ax, hgs: (hedi)
$2, %edi
CODEA. 1

/* Stop here, infinite loop. */

Jjmp

.set CodeALen, (. - LABEL_CODEA)

/* 32-bit code segment for GDT */
LABEL_SEG_CODE32:

mov
mov
mov

mov
mov

mov

movb
xXor
xor
movl
movl
cld

$(SelectorData), %ax

%hax, %ds /* Data segment selector */
$(SelectorStack), %ax

%ax, %ss /* Stack segment selector */
$(SelectorVideo), %ax

hax, hgs /* Video segment selector(dest) */

$(Top0fStack), %esp

$0xC, %ah /* 0000: Black Back 1100: Red Front */
hesi, %hesi
%hedi, %edi
$(0ffsetPMMessage), %esi
$((80 * 10 + 0) * 2), Y%edi
/* Clear DF flag. */

/* Display a string from %esi(string offset) to Jedi(video segment). */

CODE32.1:
lodsb
test
jz
mov
add
jmp

CODE32.2:

mov
11dt

1jmp

/* Load a byte from source */
%al, %al
CODE32.2
%hax, %hgs: (hedi)
$2, %edi
CODE32.1

$(SelectorLDT), %ax
%hax

$(SelectorLDTCodeA), $0

3.3. B
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174 /* Get the length of 32-bit segment code. */

175 .

set SegCode32Len, . - LABEL_SEG_CODE32

Fig 3.18: chapter3/2/loader.S

3.3.4 ARSI

fEFELSS 2.3.6 Hi 2RI A, BTl LU RS 4R 1% LOADER.BIN #% R B|g G

A ST SE U S B VirtualBox FAS2IE 3.19 -

Machine Devices Help

Emghf Ctrl

Fig 3.19: H—UGE A LRER R

ALES], ZEFESRERELM SR (58 1017) FTEIHZK "Welcome to protect mode!~-"",
B GDT ##Y 32 A2 U5 B LABEL_SEG_CODE32 1T ElJ i 2K K, & ZE M AT N RERE 5 R1%
TERFRIEE 12 /TFTEIHZK "Aha, you jumped into a LDT segment." B ZH LDT H#Y 32 M2
ff§BX LABEL_CODEA T E[I Hi2K Y, #7853 LDT AU I IERE - K% 18 AT B R WA RETE 32 L&/ E

BHBLF 38 M E 747 SRR EhIT BB BATE GDT A EvINA BB E I IEAE -

3.3.5 B FEAELE

B AN H U R 2 St 1T YR T ARG IR AR IRy 30 - BRI & SR HAGH B2 oS iR
B0 RS E B, R F o BAa R8P (A R A& 6 A, 3 RAE 25 (B B AA I A T8 - x86 ZEEA BY
fras (SRIRIBLELE) + (Wi BRI BCH BUR, ML T S UALERE -
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£ x86 R BB Tl A& AR B BB AR T =X, Wl 3.1a FrR, BEEA T o RER
ek T T RSN MR, IR A RAEH TR RERS - x86 REENX THRA T ERAMENEM# T A
&R SRR AT A7 R BT (5 5., (8 A BB T3 n & [ BU s, 4N 3.1b B

B T IR R B A AR A7 B (5 BT AN R R E E AR A — R B B ik, 78 BOti Ay = gt
AT DA — 258 1R 2 RR 1 35 BL 3 RIAE R, anBeMI7ESE 3.3.2 B aTamiOAER o 8%, R 7E 35 P B b
BRERMBEYE, B ME R B B e & R A i AL B R e -

x86 f H&RHIMFTE (GDT) MFEMMATE (LDT) REBNFEFTRK T HIEFBAIEEH], 13
A HUE I ME— 18 GDT AHEE — LM AR U3 U)AR B B BUR AT (5 8, BRI (£ AR LDT
RE B 2 (EF R B RS E B SRy, L T BT S A B R U A -

3.4 HER

@ WNARAHRERE AR BT EAEREE L Htel T, AHAXEEEF
7£ : Intel® 64 and IA-32 Architectures Software Developer’s Manual, Volume 3A: System
Programming Guide, % 4 .

WERR A T IREBE R B E IR 5| AR o A5 R —(E R A - BTN RHEB R T AR R RERR, 7T
DU 5% AE 25 7T DARA IR R, Lz iR RS Az ik #5 F] ~ Hay A\ e ot 1 ~ F1—SBHRp RIS 2RO BE A o 7 x86
BRGNS, 5 4 FERERA, 0 AREFHER, 3 ARRINER - B T1E x86 B R& T, n 7T LLEHRH
YRS RT DA 0 2l n KEA R, & EB R AE ring 13X, AHIEH TPt x86 AU EREFRFE(E ring n

B PCAEZERBIILO— MR TAETE ring 0 T, A & mAVHEIR, IEHREF —M TAETE ring 3 °F,
WA S IRAIRERR - SR x86 RS RAERML T 4 [ARERR, (E/EERRUATERFEHENE 4 FE&HI, FTL
RIS E AR A A AREFR o than Linux/Unix 1 Windows NT , &2 REH T 0 40 3 4%, 75T
oA P 11 DOS AIREA T 04k -

By T B B AR 2URE BUR &R EX O RE PR B, x86 BRERA%SI N T LU = FEMERR A (RS EIRE
PR SRS A ERERI, MIFREER EEIR) -

e CPL(Current Privilege Level) : & FIHEFR, F£##7E CS F1 SS #Y 0, 1 fz - BERRERIHUTIEF
BEBHIRERR, B EH I T EE I ATHE 2 PrERE BB 1) DPL AH[E o B2 7 PR 2 A R RERR
FEICHEBEE, CPL SR8 2 &2k - EaFR—EREUEE (Conforming Code Segment) K, ¥ CPL f
FREAUAR - —BREABERAIUEAST (BELRTET) % DPL REREEM, E
&, CPL 7E35 [ — B2 S B R N & BRBE DPL B9 (b T BE L ©

e DPL(Descriptor Privilege Level) : AT RERR, RE 28 T Bl Ar sl PRk AF £ Y DPL 88 (R

3.2) , EFRH T R ARG R BE E YRR RERR B o ARIR WAL R B EE FIRU AR [F], DPL fUE #E B A

[7] :

— BRE - BRI DPL R T 7T DAES REZ B RHERY S IR HERR © fRan & kB DPL £ 1, AFJE
A& CPL % 0,1 FUREF A BehfIaZ kB

— E—BEXBE (NMEA call gate ) : FE—HREABEILS —BAEABE, BER DPL #£
7 A] LER T R% BR AR, A8 7 B8 (S 0O RE R L R BEZ XY DPL SE 2 AH [E A 7] DARRS R % EL -

— call gate : call gate i DPL BRI T 7] LAEA RIEZ PR ARHERR, B2 & kLB DPL BB B —%% -


http://download.intel.com/design/processor/manuals/253668.pdf
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— —BREAEEFFEH call gate s FRVIE—FHAE ARG B « EEMAEEEN DPL /R 7] LLF)
R B B TR o (RN —BE BB DPL 2 2, FRJ8 CPL % 0,1 AR F 5t i L2 R %
EQ °

— TSS(Task State Segment) : [EHBARAEBLHY DPL 3R 0] LU R % B S (R BERR,, B2 kLB
DPL HE B —%% o

e RPL(Requested Privilege Level) : #iHKHER, €E TEBCEE T RPL HF (RE 3.12) - E

PR TSR I M ERR SR SRR o il —(8 BoEE 100 RPL A& 2, AREE(E FLE (8 B

F A3 DPL & 2 B0 3 HUBL, RAMEM AL E EBOEE IR ERiEIR (CPL) % 0 ° BLEd,

max (CPL, RPL) < DPL A # narenfiazEL, Bl'E CPL /NT RPL K, RPL EIREMIEM, R 278

SR o (€ RPL A] DUk A IR = AORE 7 O B AR i 3% M AR PR IR IR R » ELINTE R

NI, FE AR PP I R AT AR, BER R G@ AR & (CPL =0) |, (28R R G EET A
TR = T IEARFHE. (DPL < RPL =3) , iR T e R E 2RE -

T A% B il 77 B FE ) BOE B F N B B A ae I, R EAR B B 4% CPL, BOERE Y RPL M

Z B DPL ML, RAET R & & EEHM B — @B - R CPL > max(RPL,DPL) , 8%

#max (CPL,RPL) > DPL, JRJEZ Mg & N &5, REEMGEE —EAEHRERE (4GP,

General Protection Exception) °

3.4.1 AEFEREREE SKRF]
FAIRE — A S VLRI R Sk A0 F 1, 7E_ L —E&ifY loader.S # 4 LABEL_DESC_DATA I &R it 4%
B DPL 3B A 1, INE A2 BRI B B BRI BORIE A RPL 5% & 4 3, RMEER LA R WiAT

LABEL_DESC_DATA: Descriptor 0, (Datalen - 1), (DA_DRW + DA_DPL1)
.set SelectorData, (LABEL_DESC_DATA - LABEL_GDT + SA_RPL3)

Irex [Running] - innotek VirtualBo:

Machine Devices Help

Emghf Ctrl

Fig 3.20: [EHEEH IR BEF
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innotek VirtualBox

Eile Machine Help

L N s i2h Details & hots iption |
T e

New Settings Delete | Start Discard 4 General ]
= Name solrax
o o5
05 Type OtherfUnknown
.i {@ Powered OF

Base Mamory 32 MB
solrex Video Memory 8 MB
| @@ Aborted Boot Order Floppy. CO/DVD-AOM, Hard Disk
ACPI Enabled
13 APIC Disabled

|5l Hard Disks
Primary Master solrex.vdi [Normal, 32.00 MB]

7 CD/DVD-ROM
Mat mounted

1 Floppy
Image boot.img

¥ Audio
Disabled

= MNotwork
Adapter 0 NAT

o e L=}

Fig 3.21: E#EE H% VBox F& HEHR Abort

T make, sudo make copy, A VirtualBox fI#E BAISIGEIT— T, St & B LB EE B F — & fiml
giRM (WE 3.20) , 1% VirtualBox £ & M HFHURZEEE Aborted (AN 3.21) © 82 F A HKAE
SRAERRAUFR R, /] RPL=3 AR IET X35 DPL=1 AUEX, 8B A 150035 38 5K 5 [ HE SR R ME PE A= 8 AR
REEE (#GP) - MM XEE EFHH BN R E REENR, 8RR E 2% REE TR R
HT o

3.4.2 HHIEEBIERRE

TEAS 7 IR — (AR B B 2 5 — A2 B B 2 7, B iIEE U B I BOB B T L H B I E R ¢S
t o [RIMIRIEE AR T EEE B IR B Bl fF DU AR ~ A (RE 3.2) MHERET
T - RE AR L CS BEHFSHONE, 127 HI R 2 R U EL, 1€ BIP R RN &
FRIRIEST ©

JMP, CALL, RET, SYSENTER, SYSEXIT, INT n #l IRET jg£5454, DL K AR BT A 2 5 v AT & 5|
REFE P I REAEE S o

JMP F1 CALL 82 I AEHI LU T 4 R a0
AR EHE & B IR ABERRIBORET -
B AR EEEE ) — (A & HAERE BB BOEE T Y call gate AT o
B AR B ) — (8 & HAZRE BB BORE T AT SR REEL -
B SR ER s 1 — LR, EEEEFIE R —EE & B EEE R B E F IS IREE -

T /) et o PR ) B B 7%, 1% R R AR 7 v e P A P B S F A TR
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3.4.2.1 F JMP B CALL HZE%

F JMP, CALL #l RET #84&7EBNET I B 12 A REFR VS, BT DU I3 B AS JE EATHE R AR
EHY 5 fl JMP, CALL M RET e B(FIETEBE L 2 ER RS, it IZETHERRE -
FAEIR call gate PV E BRI, X HMEIFE

o FfHIE—EUEAMEEL B BRI —BUEAMER (B IEERBHE AT C flag & 0, [LME 3.1) |
PEFR b & Z SR 5 B CPL B2 B AR sURE B nY DPL #H 4%, T HLIF & 68 19 B AR AR U B B
EE TR RPL WA/ T % T BEREXEEEAY DPL - 2 AR S E T ERE R, K+
CPL=DPL=RPL=0-

o P —HFEAAEEL - B EIERE BRI (HERBHMITH) C flag & 1, RIE 3.1) , R
BENRK CPL > DPL, RPL Mg, i BRI MERL CPL °

AEZRER, @I JMP #l CALL E1TRVER & — MR AR, & 2 (IR HEFR SRS 2] SRR 1) — B2 RS ER,
CPL AN o

3.4.3 fFH call gate

call gate /& x86 B2 RAHHE T AR HIRE F £ FIHERR RS A0 — TR © TR B A2 (EIRIER AR
U REAIIP I = REFRAVAZ NS, B — B T L IR REAE R B B ER R R T EF A,
RHERFEHREFEERAGES T et O FIRReE RfED -

31 1615 1413 12 11 87 6 54 0
D Type
Offset in Segment 31:16 P| P ¢ | 000 |Param |,
L |01 | 1 |0 ‘ 0
3 16 15 0
Segment Selector Offset in Segment 15:00 0

DFL Descriptor Privilege Level
P Gate Valid

Fig 3.22: call gate fHulif3F

FIHE th B — TR, FIB AR o call gate TETRAF A ERIASREANE 3.22 FiR - HEEEK
JE(H call gate FMFTAY BRI A ME Z L BRI AT f B — 28 /M B R B ZE, 1B Bl fF &2 - Ff
R R BAE S AR« B RBOBIET (Segment Selector) , T87E 7 i@ EE1E call gate AR
e s HIGEB R E (Offset in Segment) , ¥87E T Z a5 MRS Bt AU REE A O A8 5 Fl i iF RERR

(DPL) , R ILFIH AT AOMERR 5 P, fAZE 1L call gate B A 5 2EGEHEL (Param. Count) ZCEk T A0
REEWBYIMNE, B2/ MAEZHES G EHBMER -

LA, call gate it T H—{H BHEE 1 —EwE Arfs € 1) B A2 B B a0 — Btk 258

8 call gate HFHERL REEALUE o T 0 FAFT M — 5 B BB A F 2N EE— T call gate FUFEAH 712 o
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3.4.3.1 fEHEA call gate B EH

2 TR call gate , T A& FeE 40 1 — 10 B EEL, A% F 3% B EEBIE B RIIEL call gate FFTHk
¥, B1Z F call gate FIFT R T EBIFIRE0Y o

an—1 B AR E R MORR 2k, EF I E o B 5%ErE L —Hf loader.S &R IN—EFTEN—{EF
R FE IS BY LABEL_SEG_CODECG, 1% 4 3% Bt i B 1 il LABEL DESC_CODECG A M E| GDT H, X 1% 7
Z B —{H BORIE T SelectorCodeCq, Fx &I AM UG 2% B nhi i FFE Z0HE ¢

197 /* 32-bit code segment for call gate destination segment */
198 LABEL_SEG_CODECG:

199 mov $(SelectorVideo), %ax

200 mov hax, hgs

201

202 movl $((80 * 11 + 0) * 2), %edi /* line 11, column O */

203 movb $0xC, %ah /* 0000: Black Back 1100: Red Front */
204 movb $°C’, %al /* Print a ’C’> x/

205

206 mov %ax, hgs: (hedi)

207 1lret

208

209 /* Get the length of 32-bit call gate destination segment code. */

210 .set SegCodeCGLen, . - LABEL_SEG_CODECG

28 LABEL_DESC_LDT: Descriptor 0, (LDTLen - 1), DA_LDT

29 LABEL_DESC_CODECG: Descriptor 0, (SegCodeCGLen - 1), (DA_C + DA_32)
43 .set SelectorLDT, (LABEL_DESC_LDT - LABEL_GDT)

44 .set SelectorCodeCG, (LABEL_DESC_CODECG - LABEL_GDT)

92 /* Initialize call gate dest code segment descriptor. */
93 InitDesc LABEL_SEG_CODECG, LABEL_DESC_CODECG

94

Fig 3.23: &M call gate 1 B 2B (7 H chapter3/3/loader.S)
ARHIZKE, LABEL_SEG_CODECG & [m]HYIE 8 B AN HAM LARIT & T 1T IR @ T 45 R T B B A E
AN, B T AR, SRR MEEREITH—EFER ¢ PukE -
F HZFE BB LABEL_SEG_CODECG FIfE BAIUAIL call gate HIFIHi AT LABEL_CG_TEST, DA K ['1;524%
T SelectorCGTest ° EAFEARZE Descriptor KL, FAME A ME4R 7 Gate %%ﬂﬁﬁfﬁﬁﬁiﬂiﬁ, 7% Gate
FAAE 28 AT DAFEBE U pm. b 4R

71 /* Gate Descriptor data structure.
72 Usage: Gate Selector, Offset, PCount, Attr

73 Selector: 2byte

74 Offset: 4byte

75 PCount: byte

76 Attr: byte */

77 .macro Gate Selector, Offset, PCount, Attr
78 .2byte (\Offset & OxFFFF)
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79 .2byte \Selector
80 .2byte (\PCount & O0x1F) | ((\Attr << 8) & OxFF00)
81 .2byte ((\Offset >> 16) & OxFFFF)
82 .endm
Fig 3.24: ME#7 Gate &% (Hi H chapter3/3/pm.h)
29 LABEL_DESC_CODECG: Descriptor 0, (SegCodeCGLen - 1), (DA_C + DA_32)
30 /* Gates Descriptor */
31 LABEL_CG_TEST: Gate SelectorCodeCG, 0, 0, (DA_386CGate + DA_DPLO)

32
33 .set GdtLen, (. - LABEL_GDT) /* GDT Length */

43 .set SelectorLDT, (LABEL_DESC_LDT - LABEL_GDT)
14 .set SelectorCodeCG, (LABEL_DESC_CODECG - LABEL_GDT)
15 .set SelectorCGTest, (LABEL_CG_TEST - LABEL_GDT)

Fig 3.25: 5% & call gate fiiilifff J %421 (8 H chapter3/3/loader.S)

BT LE R, 7% Gate I HZE 7 B % « BOERT ~ REE - SEGTEMEBEN, EMEFHS
MR ELE 3.22 o 4RAMEIR o TS (E G FEE N4 call gate BB, M AW K HER T #2,
FﬁumTﬁifﬁﬁfNﬁ EHEEMESEETEEER 0 FIRMMAT B %% (DA_386CGate + DPL) , %
HHE&—1A call gate (BIEEFZAIE 3.3) ,DPL & 0, @M —EFHOMERMER : BEREAEE
%%?% SelectorCodeCG , M & 0, BT LAUISRFZ call gate werEny, ASEEEs 2 B AR s B B R, AP
LABEL_SEG_CODECG J&BH AT ©

5 FEIEAY leall $82FFIHEZ call gate HIFT#EEEF SelectorCGTest :

185 CODE32.2:

186

187 lcall  $(SelectorCGTest), $0 /* Call CODECG through call gate */
188

189 mov $(SelectorLDT), %ax

190 114t %hax

Fig 3.26: call gate =1 (£ H chapter3/3/loader.S)

Efiﬂ:ﬁ call gate FIEIYAEAEYS K 21 BX M98 A% ) At DAFRATTE 5 A gas B 1call = BKEETE 2 F1 Iret 7R
[B] 52 TP AR [E] o

E%ﬁﬁ?ﬁ%ﬁi?@ﬂq call gate BTl BL4% | L AUFE B, make, sudo make copy Z1%, A
VBox HEBERE AL RRIS R, ST RIE 3.27 FR - BT 3HFEEREISE LDT Z a7 —(EF
L, ﬁﬁHF'ﬁEFHHH’J HIEREAE RIS 114758 0 FIFTER T —1A > ¢ REuREIR] TREAYER, B DUN#E LDT
RIS EEET, SR E P RER -
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Machine Devices Help

oot ingss, . .
Loaded in_

Emghf Ctrl

Fig 3.27: {£H call gate 717 & B A0 ) g £2

3.4.3.2 W RIERBIA call gate

£ LTG5 A HAFT R AE A call gate U T HATHY B HBbE 7 2, A8 A W M EIRERRAD (L - BRAR
call gate /N2 FACMHUETE H U RRAERV I RY, Haat o2 B A2 B B RERRE A S BE 2 = R 1
JE—BREHEHITIRE

TEAEF call gate MEATHEFEINE, FRELAS & 6 F DU (B RERRAE A b A 1 R RE RS 2 5 40
1. CPL : EHER
2. RPL : call gate 12 TAUZE RIER
3. DPL : call gate fiJlAF i I RERR 5

4. DPL : BFAE IS BRI Baidif R

£/ CALL 8¢ JMP $5%#5H call gate SEATIEHIREBRCRF, MERM ARG BT ANF, 103% 3.3 B
7N -

BREAREARNZ, BEOAE SRR - SEREZEEE B1EE DPL Ml CPL KILEL, B4
& call gate HERMRERAVEFREFNTE o 4ERUZRFL, (£ call gate TFE HEERH DPL /NT 8% T CPL, B &
Bl B R HARBUERR = T E UiEIR o 18 BB MIEAHT B EEE 2 00— B2 iR M 28 R & B BRAY
AN o BRILZ MR IR E LA ST call gate 35 FIRIMRE T, 8 RRERRAR E AN D — (8 BB BURFE T B FE
R IR AR — KR, B EERT -

LT T MAERBLH call gate HRZIF IREEITHIERRGE R, (B A T 5 — B RHE
P 21 e i PR AR AR U, SRR R R B — R - el 1 e RE PR A B (AR 2 R A T M 2
AR RS — ELEATTE ring 0 #ERR b, EBEREI RV, B2 R ERE R (AR -
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% 3.3: call gate HEMRERE A

BS  HERBEHA

CALL CPL < call gate DPL; RPL < call gate DPL
HiZEDPL < CPL

JMP CPL < call gate DPL; RPL < call gate DPL
H HiEEE —BE NS E « HfFE& DPL < CPL
B B EECRIE—EE S B « 2B DPL = CPL

HERARMAE, B8 CALL 184 R RERE R 2 A MR, B AT A RET 5<% e/ R R A
EAERR o BMIAFHEE hack — T RET f8<HIEMGIEEI A (EDH RET 154 B BBk 2| (KRR AE U5 Y
)

— % CALL #1 RET 5 & #02&H A (F A K, JcH CALL BhiEs| B2 ht, HiEZRBHITERE
F RET & [B1%] CALL A F —1&354 A& T 1% ring 0 Bk#EF| ring 3, T34t A F F CALL T B ZE#AT
RET ° & T RET $UTREIR A H$E, FMFES RET EEA TR EIRFRSE, BEEF 1T CALL 84
% RIS T TAE—8 -

BOEBIT CALL $5 42 W IR ERAS BT AT T WRLE TVER ? 382 —MAEFE R0 RIRE, FAE 845 T E
i REAN AR - HRERMIE & (AISEEMBERT) , CALL FripIst 244 SS, ESP, CS, EIP iE
VO {18 5 772 BB IE 7 R 21 M B 48 B RRTE RET 5 2 BT HOMRF %, JR BRI HEHEE: pop H EIP, CS, ESP,
SS B k18 CALL $8 2 #ATRFIRIEARE o FrlA T RET Bhig 2| B MBEHI TR, &
MR FEFE ring 3 BIZENEEE A ER SS, ESP, CS, EIP {HEZ| MR A o

N HEFAIREREIEE demo, 18 ZFE L —EIREFUHB AU ERE LA ETTAVIN © BT, FAFTER —( ring 3 H
TEREFURS BORIHT HE A -

224 /* 32-bit code segment for running in ring 3. */
225 LABEL_SEG_CODER3:

226 mov $(SelectorVideo), %ax

227 mov %hax, ‘hgs

228

229 movl $((80 * 11 + 1) * 2), %edi /* line 11, column 1 */

230 movb $0xC, %ah /* 0000: Black Back 1100: Red Front */
231 movb $°3’, %al /* Print a ’3’ */

232

233 mov %ax, hgs: (hedi)

234 jmp

235
236 /* Get the length of 32-bit ring 3 segment code. */
237 .set SegCodeR3Len, . - LABEL_SEG_CODER3

Fig 3.28: ZEATTE ring 3 T HIREZUAEEX (81 H chapter3/4/loader.S)

73 /* 32-bit ring 3 stack segment. */
74 LABEL_STACKR3:
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75 .space 512, 0
76 .set TopOfStackR3, (. - LABEL_STACKR3)

Fig 3.29: % ring 3 B2 NHSECHE MR i (BT B chapter3/4/loader.S)
EERNAE R RS RS 111758 1 FI4TEN—{E 3 = -
FIR, BINE BRI A ALEE T SRR iR (AR S

29 LABEL_DESC_CODECG: Descriptor 0, (SegCodeCGLen - 1), (DA_C + DA_32)

30 LABEL_DESC_CODER3: Descriptor 0, (SegCodeR3Len - 1), (DA_C + DA_32 + DA_DPL3)

31 LABEL_DESC_STACKR3: Descriptor 0, TopOfStackR3, (DA_DRWA + DA_32 + DA_DPL3)
47 .set SelectorCGTest, (LABEL_CG_TEST - LABEL_GDT)

48 .set SelectorCodeR3, (LABEL_DESC_CODER3 - LABEL_GDT + SA_RPL3)
49 .set SelectorStackR3, (LABEL_DESC_STACKR3- LABEL_GDT + SA_RPL3)

Fig 3.30: £ ring 3 FRZUHS BN B BLAS I A8 0 155 #1245 1 (£ H chapter3/4/loader.S)

105 /* Initialize ring 3 stack segment descriptor. */

106 InitDesc LABEL_STACKR3, LABEL_DESC_STACKR3

107

108 /* Initialize ring 3 dest code segment descriptor. */
109 InitDesc LABEL_SEG_CODER3, LABEL_DESC_CODER3

Fig 3.31: WAL ring 3 F2URS BORNHEHE B BCRl i A7 RO ZUHS (B H chapter3 /4/loader.S)
HAERE], HHF ring 3 THIREAABEA ring 0 THIRRXIEBAERESH 02 ET R AT, 5
T E MRREEUHE BU it A L& T iR BOMERR o FeffTiH ring 3 N HY B ARAR RS B SESE AT B B
fti B 0N _E DA DPL3 , R E MR BHIRIT RS & 3+ FEMIBLEERE T B L+ N L sARPL3,
K EMRVBORIZFE R ERY % 3 o DL LIS mREPRE T &8 (8 B A BETE ring 3 TI#AT
HEREF T MIEEL, AT & MR B A {E B /E A SS, ESP, CS, EIP AN BRI EEHE AR, SR1% FHEUT Iret
RIREHES, PLAEPkEER] ring 3 TE1T HAERE B T ¢

191 CODE32.2:

192

193 pushl  $(SelectorStackR3) /* Fake call procedure. */

194 pushl  $(TopOfStackR3)

195 pushl  $(SelectorCodeR3)

196 pushl  $0

197 lret /* return with no call */

198

199 lcall  $(SelectorCGTest), $0 /* Call CODECG through call gate */

Fig 3.32: hack RET #5447 E A0k
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Machine Devices Help

oot ingss=,
Loaded in_

Emghf Ctrl

Fig 3.33: hack RET B¢ = 1EFR 2R AERR A B

Bk, FAMIETE R T IERERIEEE (ring 0) BEEEMRMEMRIERAS (ring 3) HNERE - BIEF I
] make, sudo make copy e, F EEBEFINE SR ETHIRUE 3.33 Fivr, MFAEFRAIE 111758 1
FIFTENH T —HALER) 3" F, REBRENFLIEIR -

TSR EEER T A e S R PR B R IR, TR A N AR AT B = iR - EBGE, T
MRFEE 3.28 FAIEEZ K IMP 82— CALL call gate I8 2RI o (H 2R M EER], 7
B REFREEIANY call gate BERE ARV ER 5 EEHY o

TNEBFIRE R —T B call gate , B EAFFIRIMATHY DPL 2504 3 LUN R TE ring 3 RSB
[ call gate MM

LABEL_CG_TEST: Gate SelectorCodeCG, 0, 0, (DA_386CGate + DA_DPL3)

RS IE 3.28 R —% IMP 15 BHAH call gate A CALL #54

lcall  $(SelectorCGTest), $0 /* Call CODECG through call gate */

KRR — T, BERT I RMEENGR ? ERXLGEN, ZMIEANDFRE LITHE © 7,
SFI B2 IE 3.21 MRIRIEER » T EVE ? FEZFR/IE CALL call gate BIRFRIE A& TIEFHEBI T, H
THE EH A Y3 47 CALL 82 PUTHIRTE S, CALL f54 Zah MR R ARG 2 F B E B,
AME RET 8L EEFEBG IR B A, R H G EE — MR, REREZREEERY
FLRIFHRY o BT T HEH—/MIN4ETE CALL call gate fl RET RIRHER T4 T 1HEE ? FBATERFIL
KERERERED A BEE B A RERR YUY call gate #8755 ©
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3.4.4 HEBPIHLA TSS

B call gate BRI AR HERR T AOIE — A2 G BL IR, JRERMEAS & B BhA0 LS B AZRERR 51 FE Y
HEA o HEBR DI Ay T R G0 1R R PR A A A 2 P P B B B s R AN R T AR, DA IR RR AV RE T AR 1
BB EE T8 S RERR AR 7 AU B A 25 -

By T (FHEB DI HEES AT, T R AR A B0 (R R 20 8 B — (EB SO HE A o 76 b —/NEi
B — @G T, RMEBRCKEE T MEAMESESBE © LABEL_STACK Fll LABEL_STACKR3, 43 Bl # ring 0
Ml ring 3/, I B ERE I T 1E & PR E KRR PR s B ) L - ¢ LT fl 7 | AME H, fF
F RET 841, BB AE G 4 A8 rp 15 31 HARREFR AU HE B BB T (SelectorStackR3) e H T
fZ (TopOfStackR3) , A& BIFFEER] SS Al ESP & 728, BREH T B Y - RET 5L RE ML E 2
HE BB AR 2 CALL 54 A I L 35 Bir 75 R BR A M 8 5 5 JBE 1) 4 W 1 25 iy 72 AR PR Py S A
8 o

Back Link i}
ESPO 4
=50 g
E=P1 12
=21 16
E=P2 20
SR 24
CR3 (PDBR) 25
EIP 32
EFLAGE 36
E&x 40
ECX 44
EDx 48
EBX 52
ESP 56
EBP 1]
E=l 54
EDI 1]
EZ 72
C= 7B
£s g0
0= g4
Fs g8
GI a2
LDT Segment Selector |95
12 Map Baze Addres 100

- Reservada

Fig 3.34: 32 fif TSS & RIS

{HRFEGE A CALL $8<HF, BRERAE A RENEHE M - JE 155y L 3 P e RERR OB 15 5, b7k 22— (H
BRI E RIS EAH B E B E L E R, ERERASHEDE TSS(Task-State Segment, (EESIREEL) o EH]
{EH5H) TSS HAEREZETEM 0, 1, 2 REFRMEBRRITER, (B (ETEIRE 17 B A 2 6 18— (S A B s T A HE Al
TEFETE, W1 3.34 F SS* A ESP* iR © TSS WA A S ring 3 HFPEREER, SR AEME call
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gate B, NATBE#E 4 ring 0, 1, 2 FUFE RS @8 CALL BhiEF| ring 3 AUEN - SREEN A &34 7% RET
R [E] A RRF A, T R TR AR EEAS ring 3 AUMEEE SRR HE B se EELBE (BRI b — N i
AR ) o

B TSS #Ein#Ek1R, 5 LEH8 w0 A0 HE AR AR B 0 A 2 i s BR ) A FGE, IREAR A E TR A g
MEAM o £ —{HEHERRA CALL WEIY 45 SRR [B1FRF, TSS H FHE B BN S IS T, B 1 PR Y 35 Sk ok 8
IS R E WRIE SRR o 72 F —IX CALL FPAYERE, FREEFEE IS (G BT — R B EAAR - HEE
TRRE S B 5 T S S A B 2 R 0 JB R S 5 A R BB Y 22 IR M J2E A6 ) 2 EE HE A

FH T 7E BS RERR A PP L S 2 28 A T S AR ) T A e L 2 i 7 R PR A 5 PR L 5 P S A8 iy LAY
HHEB ) — LR R BN HEE(E B R ERE H B E G o B2/ MASEFEEWE A S E
3.22 # Param. Count I7EFEHY °

PSP RR AP U A B, R B BT N S BRI ST AT T B H AT RIEAT

1. 38 HAZELR) DPL (30 CPL) 18 TSS HR S5 e M (0 TE 1 ( Mo 48 BSR4 1 AN e 48 TE 45
=) s

2. [EERIERHY TSS B BUEE T (SS*) AMLBIEFERE (ESP*) o 7EiEBUEMbE BHER
T~ HERTETEAR Bl HESE T Ban b AT IR 3 AR AL T $E AR, # (R iR B 2E & —(F #TS (3Ei% TSS)
AE o

3. BPHESE R B AT AT RE SRR AR, NSl R B iR B AR R R A #TS /K
4. BRFRFE T SS M ESP B 7ds HAF R RO AR BURSR T MHEB THIEE

5. DN A SEME AT BRI T RHE B THIEIR 2] SS M ESPH

6. 158 4 BIRIFHY SS F1 ESP BEAHHEAE (HEWEAl s ) s

7. REHEE (PERYEHEE ) FEH call gate LT Param. Count {22 8 E]FrfE Mg o 40 R
PCount % 0, {T/EEAEH]
8. #REIfHEFEIE (EHI CS 1 EIP MiAds AR ) BRE|FHEE S ;

9. & call gate FIEERIBUEIE T MIELIRIES] CS M EIP BFd F, FHIGBITHIEIEEE

HARHE B IR 2N 3.35 Frs - FEIEEHIE, call gate 45 1Y PCount &SR 5 A7, Bl
e AUEHE B ) OB AR FF B 2 A RE1EH] 31 (S8 - INRTEEER 2 28, 7] LUELE—(FfE R E &R
RERUTRIR, BCE R HEAR: - ORI RIP I B HE AR (5 B R R R 28 -

B AR S TEPR A MU AR i AH, BEPERR AR EMB A SR - RS TEIR AR [EIF5< ATHY, BB T
TERELURPER -

1. EREAEHEE ERY CS BF4s T HY RPL S5 R (B & 75 75 2 TR
2. MNEGRFAEHERE LR CS A EIP B Ean(5 B (IR 3 Bt /5 A1 BLEE 1 U RERR AN AL E T AR
BR) s

3. W1 RET 1546 28T EERIER, N ESP MEBGRMEE EiSEEE), W ESP # & A RAFRY
FFOYE R SS A ESP © RET HUSEGEHEERFRUEE call gate FIHAT FHY PCount 38 [F];
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Calling Procedure’s Stack Called Procedure’s Stack
Calling 55
Parameter 1 Calling ESP
Parameter 2 Parameter 1
Parameter 3  |-— ESP Parameter 2
Parameter 3

Calling CS

Calling EIP -«— ESP

Fig 3.35: F5REFRAT MU RF A e 1) #2

4. INEL SS A ESP, YIHLEIRE 1Y HEHES, HIRFIYEHY SS M ESP Af i B3 (LR & 1T HEHER BLE
FT ~ R TRAR AN B b AT RO RE R A A fl )

5. W3R RET 1846 228G BURER, #0 ESP FEBGE S - (FFIYE s ) S8

6. #E DS, ES, FS #l GS AN E, R Fas 45 pIEe) DPL /NTE B HEIR CPL (It
BIRNE AT —BREREE) | s aid s — =S sy o

T [ R AR ) B $R A AT 00 Ry P I Py S AR PR A R ) AR
Eitt, FefEAET B T ESHERRAVIPIRLR ELETE, T st B3 — BUS R R R GRS

FEH 3.4.3 BEIR, BB EEF M call gate K, EHIFHZIZHE M TSS B, BB MAFE
FEHELAR AT TSS Bl HBORIZ T INEE] TR BoFas T HI A o

B, WA TSS By, KEBAMATALESE T, MINAKXIIEIL TSS Brtiulifs rIREAS -

LABEL_TSS:
.4byte O /* Back Link */
.4byte TopOfStack /* ESPO */
.4byte SelectorStack /* SSO */

.4byte O /* ESP1 */
.4byte O /* SS1 */
.4byte O /* ESP2 */
.4byte O /* SS2 */
.4byte 0 /* CR3(PDBR) */
.4byte O /* EIP */
.4byte O /* EFLAGS */
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229
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231
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.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.2byte
.2byte
.byte

0 /* EAX */

0 /* ECX */

0 /* EDX */

0 /* EBX */

0 /* ESP */

0 /* EBP */

0 /* ESI */

0 /* EDI */

0 /* ES */

0 /* CS */

0 /* SS */

0 /* DS */

0 /* FS */

0 /* GS */

0 /* LDT Segment Selector */
0 /* Trap Flag: 1-bit */

(. - LABEL_TSS + 2) /* I/0 Map Base Address */
Oxff /* End */

.set TSSLen, (. - LABEL_TSS)

LABEL_DESC_STACKR3: Descriptor 0, TopOfStackR3, (DA_DRWA + DA_32 + DA_DPL3)
LABEL_DESC_TSS: Descriptor 0, (TSSLen - 1), DA_386TSS

.set SelectorStackR3, (LABEL_DESC_STACKR3- LABEL_GDT + SA_RPL3)
.set SelectorTSS, (LABEL_DESC_TSS - LABEL_GDT)

/* Initialize TSS segment descriptor. */
InitDesc LABEL_TSS, LABEL_DESC_TSS

Fig 3.36: TSS BtAZ: K HA A7 FE R A9 1A (L A2 =UAS (Fif H chapter3 /5 /loader.S)
HEA ring 3 Z Hi# TSS BOBERE T INHEE TR B7as T, BERTE ring 3 T84 call gate Bh Al LAE BB

T -

CODE32.2:
mov $(SelectorTSS), %ax /* Load TSS to TR register */
1ltr %hax
pushl  $(SelectorStackR3) /* Fake call procedure. */

Fig 3.37: fn#k TSS BE#EE 2| TR %1735 (81 H chapter3/5/loader.S)

A EIRAE B AR R AR, (EATAE R ANE 3.38 Frr o HAFTR] LIE EE IRTEE 3.33 BUERE L ZITEN
T C FRERMEA T IIEER, S T RFTER] T call gate BHEFRERIEL - BERFIETFE
BT ring 3 FEFUEEBEER F| ring 0 FEFABEL, AR FHIR Al ring 3 EATLIEIR o

77 ERRE, AHTRAHY loader.S 2 RIS ANE 3.39
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/* chapter3/5/loader.S

Author: Wenbo Yang <solrex@gmail.com> <http://solrex.cn>

This file is part of the source code of book "Write Your Own 0S with Free

and Open Source Software". Homepage @ <http://share.solrex.cn/Write0S/>.

This file is licensed under the GNU General Public License; either

version 3 of the License, or (at your option) any later version. */

#include "pm.h"

.codel6
.text

jmp LABEL_BEGIN /* jump over the .data section. */

17 /* NOTE! Wenbo-20080512: Actually here we put the normal .data section into

18

19

20

21

22

23

24

25

26

the .code section. For application SW, it is not allowed. However, we are

writing an 0S. That is OK. Because there is no 0S to complain about

that behavior. :) */

/* Global Descriptor Table */

LABEL_GDT: Descriptor
LABEL_DESC_CODE32: Descriptor
LABEL_DESC_DATA: Descriptor

LABEL_DESC_STACK: Descriptor

27 LABEL_DESC_VIDEO: Descriptor

28

LABEL_DESC_LDT: Descriptor

>

>

o O O O

>

0xB8000,
0,

0, 0
(SegCode32Len - 1), (DA_C + DA_32)
(Datalen - 1), DA_DRW
TopOfStack, (DA_DRWA + DA_32)
oxffff, (DA_DRW + DA_DPL3)
(LDTLen - 1), DA_LDT
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20 LABEL_DESC_CODECG: Descriptor 0, (SegCodeCGLen - 1), (DA_C + DA_32)

30 LABEL_DESC_CODER3: Descriptor 0, (SegCodeR3Len - 1), (DA_C + DA_32 + DA_DPL3)

31 LABEL_DESC_STACKR3: Descriptor 0, TopOfStackR3, (DA_DRWA + DA_32 + DA_DPL3)
32 LABEL_DESC_TSS: Descriptor 0, (TSSLen - 1), DA_386TSS

33 /* Gate Descriptors */

34 LABEL_CG_TEST:

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

61

62

63

69

=

0

=

1

72

73

74

=
N

5

=

6

.set

Gate SelectorCodeCG, 0, O, (DA_386CGate + DA_DPL3)

GdtLen, (. - LABEL_GDT) /* GDT Length */

GdtPtr: .2byte (GdtLen - 1) /* GDT Limit */

.4byte O

/* GDT Base */

/* GDT Selector(TI flag clear) */

.set
.set
.set
.set
.set
.set
.set
.set
.set

.set

SelectorCode32
SelectorData,
SelectorStack,
SelectorVideo,
SelectorLDT,
SelectorCodeCG
SelectorCGTest
SelectorCodeR3

, (LABEL_DESC_CODE32 - LABEL_GDT)

(LABEL_DESC_DATA - LABEL_GDT)
(LABEL_DESC_STACK - LABEL_GDT)
(LABEL_DESC_VIDEO - LABEL_GDT)
(LABEL_DESC_LDT - LABEL_GDT)

, (LABEL_DESC_CODECG - LABEL_GDT)
, (LABEL_CG_TEST - LABEL_GDT)
, (LABEL_DESC_CODER3 - LABEL_GDT + SA_RPL3)

SelectorStackR3, (LABEL_DESC_STACKR3- LABEL_GDT + SA_RPL3)

SelectorTSS,

/* LDT segment */
LABEL_LDT:
LABEL_LDT_DESC_CODEA:

.set

.set

(LABEL_DESC_TSS - LABEL_GDT)

Descriptor 0, (CodeAlLen - 1), (DA_C + DA_32)

LDTLen, (. - LABEL_LDT) /* LDT Length */
/* LDT Selector (TI flag set)*/
SelectorLDTCodeA, (LABEL_LDT_DESC_CODEA - LABEL_LDT + SA_TIL)

/* 32-bit global data segment. */
LABEL_DATA:

PMMessage:
LDTMessage:

.set
.set

.set

.ascii "Welcome to protect mode! ~-"\0"

.ascii "Aha, you jumped into a LDT segment.\0"

OffsetPMMessage, (PMMessage - LABEL_DATA)
OffsetLDTMessage, (LDTMessage - LABEL_DATA)

Datalen,

(. - LABEL_DATA)

/* 32-bit global stack segment. */

.align 4
LABEL_STACK:
.space 512, 0

.set

TopOfStack, (.

- LABEL_STACK)

/* 32-bit ring 3 stack segment. */
LABEL_STACKR3:
.space 512, 0

.set

TopOfStackR3,

LABEL_TSS:

.4byte O
.4byte TopOfStack

(. - LABEL_STACKR3)

/* Back Link */
/* ESPO *x/

.4byte SelectorStack /* SSO */
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85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

104

105

106

108

109

110

111

112

113

114

115

117

118

119

121

122

123

126

127

128

130

131

132

135

136

137
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.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.4byte
.2byte
.2byte
.byte

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
(

Oxff

/* ESP1 %/

/* SS1 */

/* ESP2 */

/* SS2 */

/* CR3(PDBR) */
/* EIP %/

/* EFLAGS */

/* EAX */

/* ECX */

/* EDX */

/* EBX */

/* ESP */

/* EBP %/

/* ESI */

/* EDI %/

/* ES x/

/* CS *x/

/* 88 x/

/* DS */

/* FS x/

/* GS *x/

/* LDT Segment Selector */
/* Trap Flag: 1-bit */

- LABEL_TSS + 2) /* I/0 Map Base Address */

/* End */

.set TSSLen, (. - LABEL_TSS)

/* Program starts here.

LABEL_BEGIN:
mov
mov
mov
mov

mov

%cs, hax
%ax, %hds
hax, hes
%ax, %hss

$0x100, %sp

*/

/* Move code segment address(CS) to data segment */
/* register(DS), ES and SS. Because we have */
/* embedded .data section into .code section in */
/* the start(mentioned in the NOTE above) . */

/* Initialize 32-bits code segment descriptor. */
InitDesc LABEL_SEG_CODE32, LABEL_DESC_CODE32

/* Initialize data segment descriptor. */
InitDesc LABEL_DATA, LABEL_DESC_DATA

/* Initialize stack segment descriptor. */
InitDesc LABEL_STACK, LABEL_DESC_STACK

/* Initialize LDT descriptor in GDT. */
InitDesc LABEL_LDT, LABEL_DESC_LDT

/* Initialize code A descriptor in LDT. */
InitDesc LABEL_CODEA, LABEL_LDT_DESC_CODEA

/* Initialize call gate dest code segment descriptor. */
InitDesc LABEL_SEG_CODECG, LABEL_DESC_CODECG

/* Initialize ring 3 stack segment descriptor. */

3.4. HER
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InitDesc LABEL_STACKR3, LABEL_DESC_STACKR3

/* Initialize ring 3 dest code segment descriptor. */
InitDesc LABEL_SEG_CODER3, LABEL_DESC_CODER3

/* Initialize TSS segment descriptor. */
InitDesc LABEL_TSS, LABEL_DESC_TSS

/* Prepared for loading GDTR */

xor fheax, heax

mov %ds, hax

shl $4, Yeax

add $(LABEL_GDT), %eax /* eax <- gdt basex/

movl %heax, (GdtPtr + 2)

/* Load GDTR(Global Descriptor Table Register) */
lgdtw  GdtPtr

/* Clear Interrupt Flags */
cli

/* Open A20 line. */

inb $0x92, %al

orb $0b00000010, %al
outb %al, $0x92

/* Enable protect mode, PE bit of CRO. */

movl %er0, %heax
orl $1, Yeax
movl %eax, %crO

/* Mixed-Size Jump. */
1jmpl $SelectorCode32, $0 /* Thanks to earthengine@gmail, I got */
/* this mixed-size jump insn of gas. */

/* 32-bit code segment for LDT */
LABEL_CODEA:

.code32
mov $(SelectorVideo), %ax
mov hax, hgs
movb $0xC, %ah /* 0000: Black Back 1100: Red Front */
xor hesi, %hesi
xor %hedi, %hedi

movl $(0ffsetLDTMessage), %esi
movl $((80 * 12 + 0) * 2), %edi
cld /* Clear DF flag. */

/* Display a string from %esi(string offset) to jedi(video segment). */
CODEA.1:

lodsb /* Load a byte from source */
test %al, %hal

jz CODEA.2

mov %ax, hgs: (hedi)

add $2, %edi

81
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195

196
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200
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219

220

221
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223

224

225

226

227

228

229

230

231

232

233

236

237

2

@

8

240

241

242

243
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Jjmp
CODEA.2:

3.4.

CODEA. 1

/* Stop here, infinite loop. */

Jjmp

.set CodeALen, (. - LABEL_CODEA)

/* 32-bit code segment for GDT */
LABEL_SEG_CODE32:

mov
mov
mov
mov

mov

mov

movb
xor
xor
movl
movl
cld

$(SelectorData), %ax

hax, %ds /* Data segment selector */
$(SelectorStack), %ax

%hax, %ss /* Stack segment selector */
$(SelectorVideo), %ax

hax, hgs /* Video segment selector(dest) */

$(Top0fStack), %esp

$0xC, %ah /* 0000: Black Back 1100: Red Front */
%esi, %hesi
%hedi, %edi
$(0ffsetPMMessage), %esi
$((80 * 10 + 0) * 2), %edi
/* Clear DF flag. */

/* Display a string from %esi(string offset) to Jedi(video segment). */

CODE32.1:
lodsb
test
jz
mov
add
jmp

CODE32.2:

mov
1tr

pushl
pushl
pushl
pushl
1lret

CODE32.3:

mov
11dt

1jmp

/* Load a byte from source */
%hal, %al
CODE32.2
%hax, %hgs: (fhedi)
$2, Jedi
CODE32.1

$(SelectorTSS), %ax /* Load TSS to TR register */

%hax

$(SelectorStackR3) /* Fake call procedure. */
$ (Top0fStackR3)

$(SelectorCodeR3)

$0

/* return with no call */

$(SelectorlDT), %ax

%hax

$(SelectorLDTCodeA), $0

244 /* Get the length of 32-bit segment code. */
.set SegCode32Len, . - LABEL_SEG_CODE32

245

246

247 /* 32-bit code segment for call gate destination segment */
248 LABEL_SEG_CODECG:

HERR
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mov $(SelectorVideo), %ax

mov hax, hgs

movl $((80 * 11 + 0) * 2), %edi /* line 11, column O */

movb $0xC, %ah /* 0000: Black Back 1100: Red Front */
movb $°C’, %al /* Print a ’C’ */

mov %ax, hgs: (hedi)

lret

/* Get the length of 32-bit call gate destination segment code. */
.set SegCodeCGLen, . - LABEL_SEG_CODECG

/* 32-bit code segment for running in ring 3. */
LABEL_SEG_CODER3:
mov $(SelectorVideo), %ax

mov hax, hgs

movl $((80 * 11 + 1) * 2), %edi /* line 11, column 1 */

movb $0xC, %ah /* 0000: Black Back 1100: Red Front */
movb $°3°, %al /* Print a ’3° %/

mov %ax, hgs: (hedi)

lcall $(SelectorCGTest), $0 /* Call CODECG through call gate */

jmp

/* Get the length of 32-bit ring 3 segment code. */
.set SegCodeR3Len, . - LABEL_SEG_CODER3

Fig 3.39: chapter3/5/loader.S

3.5 S HALEREH

REEA —AEEEEZNR R T BRI IS o EEE TR H 8 5 E e AR 78T DL Ay
HOWA T EENLRESH, MEE et s AR EE ISR E 2R o STy
F7T RBEARFHE, It LR S8chf Ay EeE - FERES L & FamE AR5 ERE
Ao EMEIERZEATN - WINFEEARTFRFEMA 16B U158, 6 BB H D, £1KT
1GB IR R R B RS L3RR 7 M@ AT (B2 I BT AR R M vl LUK 2 e AR T 49 i i <1, (& (&A%
BFERFANERAYEZRET, M THOEFEREESE L, FEREFA, B LUK Y
EEENERE -

BB TR B 2t — AR B R S, — R E I T &N 4K byte , T8 RAEE A (F
AW EEREAR/NAE, EEEF T LUE R, ANiE—MRE 2 FEEIRTT o LLINTE Intel 358 251 CPU
H, BRYR/INAT LAEX 4KB, 2MB 83 4MB ©

3.5.1 4 EBEH

H TA-32 BREEMS 2> E AR, R ROARME Aot == IR B B B E KNI E » TEATHE, BEH
BRGTRIE SR LB R s A T - B AR SRR (A E i, BR AR & ST R o



84 3.5. S ENAGLIEESH

RoBRAERLIE, P68 2 E AR HIAS AR L B % B PR R B A4 o AN SRR PR B & R AR R AL I RO i
E R ANEY H R I, REE A (I HEE T ( #PF, Page-Fault Exception) ° HFF/EZER
R R B P IS R I A B AR -
[EIHEHE 3.1b , FefEERE T HEREERE T SR BRI 48 A ik B8 R R ALk A0 IB AR, T F A LA
AKB R/NYETE R 5], 2KE BRERAR R A0 (AT A KR M L 1 W80 R B A O B A R Y o

Linear Address
31 22 21 12 11 0
Directory Table Offset |

A 12 4KByte Page

A10 10 Page Table »| Physical Address
Page Directory
» Page-Table Entry 20;--
= Directory Entry -
-
)/ 1024 PDE + 1024 PTE = 2?° Pages

4‘ CR3 (PDBR)

*32 bits aligned onto a 4-KByte boundary.

Fig 3.40: f#MEArhbiEis (4KB H)

EE 3.40 ## :

e CR3 : &7 E H #kFEUEAIE 785 (Page Directory Base Register) ° FAMAGEE A H H BkE:
WAL E] CR3 A, BRI HE AR 7 RO & & CR3 & E B &% -

e Directory : ARPEAINERIEE 22 B 31 (LAFHHIERZARME CLHE BT B H R BAE H B SIS &,
BREMIE R A B 152 H B #k0H, T2 5 R -

e Table : SRVEAIHEAYSE 12 B 21 (AF A RRZSRVE CLULFTE H ALk H R F IR &, BB E R
I BEREI HRE, Eife2)Z H Aok -

o Offset : ZRMEALHEAYER 0 B 11 AR RZ AR E ALUEAE BT B H R P AU WS &, BB BB Z s B
RERZS AN B BRI B AL o

AR, ARTE A b R W) B A kAR AR+ ) T B, E BRI T H BRAEE o A ElEE RN,
f%ﬂFﬁEl HAEBPREERE T, BATTLSHE—T - R M ES I ARE 7 & 206 £ (M
k) SR ESCHE —RME (GEiR CR3EIH k) , RERAMECHEIRRRE (EH TSI
E%@) ,MEFRREESN 7 & (EERTELE)  #E755H 205 2 (EEFSHMBALL) | &
BREMBRE T BRSO (W AhE) -
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Linear Address
31 22 12 11 0
NJU | Building 7 | Room 205

A12
A10 A"10 NJU Campus »|Physical Address
Map
»  Building Entr -
d Y 20
= Map Entry -
-
32* .
—‘ Map Pointer

* NJU for NanJing University
Fig 3.41: ERERAbLEE

3.5.2 JEEHSEIEH

BEIR EARAME TA-32 195 EAEH], IRER Pt LESEBIE T o (EREEE 4 EMH 251, IR FE
— AR EFEREZE : HH$E (PDE, Page Directory Entry) ~ H3IH (PTE, Page Table Entry) #
HHEPIEE (CR3) WEREESTEE ? R R G E Hik - HRM CR3 & & EME, T4 g8 EMEHE
RN A 2 E AR, B DA ZEANE B M B R4S -

3.5.2.1 PDE # PTE

3.42 FiR B R & H R/ AKB By, H HBIEM B RIENERIAHE - BT EMEREREZ, TEk
AR — T A EENMA AR, BHEM RS RBRMRA 2T ——FE T - REE T #
HLZNZ, FBHEE Intel® 64 and TA-32 Architectures Software Developer’s Manual, Volume 3A: System
Programming Guide % 3 25 7 #iFIERAZ -

e Page(-Table) base address : ¥J7% 20 bit , T8 H (F) WIWEMHE - B TEEAHE 20 bit , fr A&
KE (R) WAL 4KB Zn@ F8 e (A 12 2% 0) - BABEERIGA 4KB =H -
BEEFREGH 4 18 byte , FrABEEERE S 1024 HHEFERIH (1024*4=4KB) -

o Present(P) flag : 8 &% 1 RERZHFHEEANWHE (BEFZERERANER) FETYELER
1, RZAANFETYEREERE T o JRERIR SRS 0 WHARESE H HE, sl ELE
#PF Y - ZMUHERERERARE, BEE A EUGLA -

e Read/Write(RW) flag : S ER 0 FRZHEKEREMNE (BEZEBSEERNERTVE) &
Hill, RZREES - HIMUAIRE U/S f2F1 CRO 89 WP (uAHEAEA, %5 WP % 0, RIIBDf#
RW % 0, RFBRF R R A TR


http://download.intel.com/design/processor/manuals/253668.pdf

86

3.5. S HAGEEEE
Page-Directory Entry (4-KByte Page Table)
K 121 9876543210
Al |P|P|UR
Fages-Table Base Address fvail |G|E|v|alc|w|i||P
=L o|T|5|W
Availahle for system programmer’s use J ‘
Global page (lgnorad)
Fage size (0 indicates 4 KBytes)
Available
Accessed
Cache disahled
Write-through
ser/Supervisor
Fead \rite
Fresent
Page-Table Entry (4-KByte Page)
31 1211 9765422110
P = ]
Page Base Address Aval |Gla|Dfa|c|w) | |F
T ofT|= [w

Available for system programmer’s use J ‘
Global Fage

Fage Tahle Attribute Index
Diirty
Accessad
Cache Disabled

Write-Through

User’Supervisor
ReadM\rite

Present

Fig 3.42: PDE #ll PTE Y& R4 (4KB H)
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e User/Supervisor(U/S) flag : 8 &/ 0 AERZHRERANNE (S ZHB AR RNERTH
H) RS RSK (CPL=0, 1,2) , RZAIZMAF#HK (CPL=3) -

Ed PDE #1 PTE 1, CR3 th 2B E H# A HEATE 20 bit /E&E B #kAIALHE, BTl R ERE
H$% Ll AKB A8 580, Rt & H B #h S 1024 (A H B $#%58 - CR3 BUE 12 A1, %8 3, 4 i BIfE
& PCD #1 PWD ¥, BA[E 3.42 ) PCD 1 PWD 1=/ FEMLL, NEE I -

3.5.2.2 B BEREHEIRGIFEXEE

THET HHSKIH ~ HEEM CR3 WERIETE 212, Bfsi il IS —(E EER a0 RE U AR b i o H i
T e T:I?J:*ﬁ.ﬁ%ftﬁ%%%ﬁ%ﬁ, *éﬁ‘a?idf’ﬁﬂ@ﬁ%ﬂﬂﬁﬁf&, == Silnawill PageDirBase i PageTblBase, H
RRFH HERAH L ©

13 .set PageDirBase, 0x200000 /* 2MB, base address of page directory */
14 .set PageTblBase, 0x201000 /* 2MB+4KB, base address of page table */

35 LABEL_DESC_TSS: Descriptor 0, (TSSLen - 1), DA_386TSS

36 LABEL_DESC_PAGEDIR: Descriptor PageDirBase, 4096, DA_DRW

37 LABEL_DESC_PAGETBL: Descriptor PageTblBase, 1023, (DA_DRW | DA_LIMIT_4K) /*4Mx/
56 .set SelectorTSS, (LABEL_DESC_TSS - LABEL_GDT)

57 .set SelectorPageDir, (LABEL_DESC_PAGEDIR - LABEL_GDT)
58 .set SelectorPageTbl, (LABEL_DESC_PAGETBL - LABEL_GDT)

Fig 3.43: WIN{RAF H B #0801 H 2 AVEL(H B chapter3/6/loader.S)

FH T8 P B B AL HE R B M B 5 A\ B magic number , S FR#RERHETE, FILUEEM AT ER
IR M E B REAT T o H B EA 1024 8 B #%7H, #ih A 4KB fLiEke -

BRI E M E DALIMIT 4K Al ZEBEIAY PP F B MW EEE pm.h H ¢

23 .set DA_32, 0x4000 /* 32-bit segment */
24 .set DA_LIMIT_4K, 0x8000 /* 4K */

57 /* Page Attributes */
58 .set PG_P, 1

59 .set PG_RWR,
60 .set PG_RWW,
61 .set PG_USS,
62 .set PG_USU,

s O N O

Fig 3.44: 74 E &SI DA% & P (i B chapter3/6/pm.h)
BRI —E B EL, R LA ARSI E B BRI B3R, AT EAR S - BT
R ERITH 2 ErEH, 2 T B R, 5 (5B A P a A% bk il 53 21 B2 2 AH R Y 3L 0k
b, FrABAMAE A 1024 [HE#, 1024*1024 [ H - HRIEFMGSHE A ¢ 1024%¥1024%4 = 4MB °



287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

88 3.5. S ENAGLIEESH

SetupPaging:
/* Directly map linear addresses to physical addresses for simplification */
/* Init page directory, %ecx entries. */

mov $(SelectorPageDir), %ax
mov %ax, %hes
mov $1024, %ecx /* Loop counter, num of page tables: 1024 */
xor %edi, Y%edi
xor feax, heax
/* Set PDE attributes(flags): P: 1, U/S: 1, R/W: 1. */
mov $(PageTblBase | PG_P | PG_USU | PG_RWW), %eax
SP.1:
stosl /* Store Yeax to %es:jedi consecutively. */
add $4096, %eax /* Page tables are in sequential format. */
loop SP.1 /* %hecx loops. */
/* Init page tables, %ecx pages. */
mov $(SelectorPageTbl), %ax
mov %hax, hes
mov $(1024%1024), %ecx /* Loop counter, num of pages: 102472. */
xor %edi, Y%edi
/* Set PTE attributes(flags): P:1, U/S: 1° R/W: 1. %/
mov $(PG_P | PG_USU | PG_RWW), %eax
SP.2:
stosl /* Store eax to %es:jedi consecutively. */
add $4096, Yeax /* Pages are in sequential format. */
loop SP.2 /* %hecx loops. */
mov $(PageDirBase), %eax
mov %eax, %cr3 /* Store base address of page table dir to %cr3. */
mov %cr0, Yeax
or $0x80000000, %eax
mov %heax, %hcrO /* Enable paging bit in %crO. */
ret

Fig 3.45: WAL HE B EAE 3, 363757 H A% HIEYEN & (8 H chapter3/6 /loader.S)

EEESE T, BB MinftE B ik, 5 1024 AHE B, 25 EE 1024 BEE - BT EHM
B—(HHRAV LR PageTblBase , I AT EFIIGIN—H HRAIA/D (1024%4 = 4096) B2 T —
8 5 =AY EAE, EE RN IR B E H B #7E, 78IR 1024 IRSUEEELPrA B H #07H - £33 H H I/
R Z N LB (flags) , T HRMBRIGIMEIAR NS 4096 (1 12 f1#A& 0) |, FrLI7E PageTblBase
B LM PGP | PGUSU | PGRWW R, Bl L 4096 i NG LB M, REAE H iR HBERG TiEE
B - FAERLIRRE T - AESAIAATER -

HAH FERR T IEIR A R - BT HRE RGN, JF T IR 1024 AHEERRE
37 1024*1024 fEEGA EFIE, BT B Fra SR Aok Bk S 2 S H AR R RO B Ak, B DUSE — (B A2
Ik 0, TIEE HAIR/NG AKB | HOE N 4096 HUS 2] T8 =AY EhE, DIk, JMIprT LIRS 10242
EHEFE, HET 10242 B H - BEERBENENE (fag) &« FELERET - HERBIFITER

HEFEEBMEIL T —ERERN, 10242 [AHEAIAR/NER 4GB, TR A EHE S A LR E
B 32MB, BLE AN A RERKRFE T LB T, Frl IR EZEATE B B SR HRER P RS E
1o NREEEES THFERR RN —ErRFRERE, 1HRM loader 338 A 75 = CLUERYRLE
82, P DL AN BT R R R
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FEVRILE H M E £ 2 1%, Mk E B #5324t PageDirBase %4 CR3 GEMAF ML ZME T
CR3 #J PCD #1 PWD &A1) 5 A EHE CRO BB m MR E S 1, BiFE T 1A-32 [RERER 45 E A% o

RIR, EENRER IR, B BP0 B R8T B o B -

209 LABEL_SEG_CODE32:
210 call SetupPaging /* set up paging before 32-bit code */

Fig 3.46: A RER IR S HFTBH 5 E A% (i B chapter3 /6 /loader.S)

i DL R S SRR AR RO, FREREGE T 2 1R, JMEBAE R EEE 3.38 SE 2, HREABR
AEAEHEEOE © B2 R AHRFUEEZITH T 0 BH, RS BRu s AR T, maE mFEE LT
ENE B RIRE BRI LA 52 & —8%, P DURBA A E T8 L - ABREAE B, Biai B o B
FIRVREAAB A T, B RIAIR AT RS 53R, R E TRl & IR -

3.5.3 EIFEC RS Mg S R

FATEIE SRR T — A ARSEAR, AR AL bR B T ANFAE R B A b o I 8E—(F AH i B2 1O 7
P B R L AR B A, RS RMAFTEAS E BHMERFGE AT - BEE
BRI RN T BRI AR, 7 E—fRfFF, 10242 HEELGH T 4MB #9551,
T F A4 R EES A A EE T 32MB FIEEIREE, RSB AAIRE -

B TGRS AR E AL, AT R EALEAR R R ERE A 2K o EE I NI E AT AR
fi5 5 E820h ) 15h =BT R HHE 4 H1F -

3.5.3.1 INT 15h, EAX=E820h - T B/ 1

T EER% A& E820h Y 15h A ETRE Iy HgE7E BB =0T 8 A, A8 PR Y R B B B L EETE 4 B
RAM, DA # BIOS Frir B L B RS & B 0L B BE 200 o B IR AL Zh T Il 33 B 2 D AT &k [/l — 1749
HAHHER, P aiE Y htr & E DU B AR (R ERHRERFHSE) -

INT 15h, AX=E820h #1 INT 15h AH=88h 1 7] LR EIFEIERE 7 M (E S, (HREE L E R REF
SELINT 15h, EAX=E820h A [EKf, &L E820h MR AR [E]f(F B A UE -

% 3.4: INT 15h, EAX=E820h FEffivlia A

EAX  ZhREHS E820h
EBX 12%& AER/EE T —ITYEACIR REE CEUT IR next 18EF) -
IR RS — XY, EBX #0785 0 ©
ES:DI #ZEEIETE  FE[A BIOS #FZIE Ak # B H 15 5F (Address Range Descriptor) 4t ©
ECX  SEEAR/N S EATTE 0 A k&6 R AT A5 R KN, DA byte Ay BEAT o
#eqf ES:DI Prg mIAS T, BIOS & Z & IHA ECX byte ©
BIOS PLJ WAL 25 fERZ /N SCHF 20 {B byte & ARRBIEBAF SR UILRS -
EDX #% 'SMAP’ - BIOS j# & it AR, B3I ZRE KaaL iR as o1 (5 BoErT
KR, (5 B & HMBIOSHE 2IES:DIFTIR MAVAS I+ o
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% 3.5: INT 15h, EAX=E820h 7 Bl !

CF EAEE NEAL(0) TR B iR, R AIRFERHR o

EAX %% 'SMAP’

ES:DI #REEIEE R [E A A0hE & B AT S i, fm A B4R -

ECX  ZEEA/N  BIOS HFTE| A7k &5 Bl AF 8 byte BlE, iR EIfIE/IMESZ 20 H byte °

EBX 2% RS E T — (A AL AT B 75 200 2 EE” , B EENERRE A EET
HE8R) BIOS B « MFIE AL OERNEEER, AR EE TUGERR
HIFE N E S| EBX H, 50T LUER T BT — (@ uk & B - 5,
BIOS ¥R [E124E(E 0 i H A 2K KR B A5 2l 5 s —(F Aotk & B ki o

TP 3 R BT AR B B AL ik 8 B 8 4F (Address Range Descriptor Structure) 451 4

Offset (Bytes) Name Description
0 BaseAddrLow Low 32 Bits of Base Address
4 BaseAddrHigh High 32 Bits of Base Address
8 LengthLow Low 32 Bits of Length in Bytes
12 LengthHigh High 32 Bits of Length in Bytes
16 Type Address type of this range.

EFRFH type WA RERIBUEMBRE -

{iE] ZE Eizpu

1 AddressRangeMemory BB IERS & -0s~ A Y "RAM

2 AddressRangeReserved BB RS EAENE oS~ FH B & B ~0s~ R EE BT DAARATA o
Other Undefined REFE -IREH LR o (£~ 0ther [EFIEZTE "0~ A

B INT 15h, EAX=E820h FETIE £ 8, §52% GNU GRUB JR{E# Erich Boleyn /£ GRUB
JRA X AEFR)—MEEE : http://www.uruk.org/orig-grub/mem64mb . html °

3.5.3.2 REZEEEE

BAERMB A LUEA INT 15h FEIREGRASZIBRN O MAER T o MEMBHGR, g% INT 150
A [E] ) A A R A R — SRR IR R IR 38F , MR O A E 2215 B S AL IR 0 B » kB &
TEAERRE T AELE MM —EREH

68 /* 32-bit global data segment. */
69 LABEL_DATA:

70 _PMMessage: .ascii "Welcome to protect mode! ~-"\n\O"

71 _LDTMessage: .ascii "Aha, you jumped into a LDT segment.\n\O"

72 _ARDSTitle: .ascii "BaseAddrLo BaseAddrHi LengthLo LengthHi  Type\n\O"
73 _RAMSizelMes: .ascii "RAM Size:\O"

74 _LFMes: .ascii "\n\O" /* Line Feed Message(New line) */

75 _AMECount : .4byte 0 /* Address Map Entry Counter */


http://www.uruk.org/~erich/
http://www.uruk.org/orig-grub/mem64mb.html
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_CursorPos: .4byte (80*2+0)*2 /* Screen Cursor position for printing */

_MemSize: .4byte 0 /* Usable Memory Size */

_ARDStruct: /* Address Range Descriptor Structure */
_BaseAddrLow: .4byte 0 /* Low 32 bits of base address */
_BaseAddrHigh: .4byte O /* High 32 bits of base address */
_LengthLow: .4byte 0 /* Low 32 bits of length in bytes */
_LengthHigh: .4byte 0 /* High 32 bits of length in bytes */
_Type: .4byte O /* Address type of this range: 0, 1, other */

_AddrMapBuf: .space 256, O /* Address map buffer */

.set PMMessage, (_PMMessage - LABEL_DATA)

.set LDTMessage, (_LDTMessage - LABEL_DATA)

.set ARDSTitle, (_ARDSTitle - LABEL_DATA)

.set RAMSizeMes, (_RAMSizeMes - LABEL_DATA)

.set LFMes, (_LFMes - LABEL_DATA)

.set AMECount, (_AMECount - LABEL_DATA)

.set CursorPos, (_CursorPos - LABEL_DATA)

.set MemSize, (_MemSize - LABEL_DATA)

.set ARDStruct, (_ARDStruct - LABEL_DATA)

.set BaseAddrLow, (_BaseAddrLow - LABEL_DATA)
.set BaseAddrHigh, (_BaseAddrHigh - LABEL_DATA)
.set LengthLow, (_LengthLow - LABEL_DATA)
.set LengthHigh, (_LengthHigh - LABEL_DATA)
.set Type, (_Type - LABEL_DATA)

.set AddrMapBuf , (_AddrMapBuf - LABEL_DATA)

.set Datalen, (. - LABEL_DATA)

Fig 3.47: AKREEFFECIBRE 0115 B RV E BHE (£ H chapter3/7/loader.S)

FEERN—EE, BT ERER, FfBee T 5= ERHERAFRIRTRTIE o DUNBISRBIEEM
FESRZ F RN A B PR, EH R AT B4R 2 F o IR B REA, BkR
EC FIRTTE AN Offset HIFRIEFHIEHE -

7 LTS E R, _AddMapBuf BLEFFRE RALAHES 70 (5 SRR E R, SRS EH % 256
{8l byte K/N, EL AT LAAAN 12 8 20 byte K/NAIALHEHE B L4588 © _ARDStruct R A& (k&5 EH#
IMFFAEREES, 8 5 EH 5 MemSize FIZRIRFEFTE AR HEIEEE A/ _AMECount FL#kA/HES1H(E B
1588, BN 3L [B] &/ 7 1k 8 B i AT 4578 5 _CursorPos RiUEE R CEM BN ERBE, ARERH
BB ] FRAEAEATEN R R, -

TNEEMELA INT 15h FEHE S IR A0k M BRI

/* Get System Address Map */

xor %ebx, %ebx /* EBX: Continuation, 0 */

mov $(_AddrMapBuf), %di /* ES:DI: Buffer Pointer, _AddrMapBuf */
BEGIN.loop:

mov $0xe820, %eax /* EAX: Function code, E820h */

mov $20, %ecx /* ECX: Buffer size, 20 */

mov $0x534d4150, Y%edx /* EDX: Signature ’SMAP’ */

int $0x15 /* INT 15h */

jc BEGIN.getAMfail

add $20, di /* Increase buffer pointer by 20(bytes) */

incl (_AMECount) /* Inc Address Map Entry Counter by 1 */

cmp $0, %ebx /* End of Address Map? */
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166 jne BEGIN.loop

167 jmp BEGIN.getAMok

168 BEGIN.getAMfail: /* Failed to get system address map */
169 movl $0, (_AMECount)

170 BEGIN.getAMok: /* Got system address map */

171

Fig 3.48: A8 INT 15h 152 Ark 518 (£ B chapter3 /7 /loader.S)
BRI A BER PR AR 5, T R FE R E A AR 48, 1§IRIFI INT 15h F87, S
REfR I E RARIN IS T 15 5, B M5 B S 4 7E _AddMapBut ZR1E & 1, frhk o (5 B A R BT
$%7E _AMECount ' ° /¥ 5, EERENM SETEEEEA b, HUBZE HATE T EARMAT9RR5 | A
# -
B T RS RI MBS R G IERE, B AT LSRRI ALtk 4 A6 5 BT ED B R b, T 5 1 B Bt 2 1
friE 8 TAE

374 DispAddrMap:

375 push %hesi

376 push hedi

377 push hecx

378

379 mov $(AddrMapBuf), %esi /* int *p = AddrMapBuf; */
380 mov (AMECount) , %ecx /* for (int i=0; i<AMECount; i++) { */
381 DMS.loop:

382 mov $5, %edx /* int j = 5; */
383 mov $(ARDStruct), %edi /* int *q = (int *)ARDStruct; */
384 DMS.1:

385 push (%esi) /* do { x/
386 call DispInt /* printf ("%xh", *p); */
387 pop heax

388 stosl /* *qQ++ = *p; x/
389 add $4, Jesi /* ptt; */
390 dec hedx /* j—s */
391 cmp $0, %edx

392 jnz DMS. 1 /* } while(j '= 0); */
393 call DispLF /*  printf("\n"); */
394 cmpl $1, (Type) /* if (Type == AddressRangMemory){ x/
395 jne DMS.2

396 mov (BaseAddrLow), %eax /* if (ARDStruct.BaseAddrLow */
397 add (LengthLow) , %eax /* + ARDStruct.LengthLow x/
398 cmp (MemSize), %eax /* > MemSize){ */
399 jb DMS.2 /* MemSize = BaseAddrLow + LengthLow; */
400 mov %eax, (MemSize) /* 3 */
401 DMS.2: /¥ } */
402 loop DMS. loop /* T */
403

404 call DispLF /* printf("\n"); */
405 push $ (RAMSizeMes)

406 call DispStr /* printf ("%s", RAMSizeMes); */
407 add $4, Yesp

408

409 pushl (MemSize)
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410 call DispInt /* printf ("%x", MemSize); */
411 add $4, Y%esp

412 call DispLF /* printf("\n"); */
413

414 pop hecx

415 pop %hedi

416 pop %hesi

417 ret

418
419 #include "lib.h"

Fig 3.49: #§ Atk #i {5 BATEN 2 R4 b (i H chapter3/7/loader.S)
EERBRAERFICAEFSBEE T CREE R - MR, E 2 B8 G Ak
DA S RV E R _AddMapBuf , 1952 [ 0 Bl R A0k &5 B R A7 AR Z0FT BT HE AR, Sifim i T AT
AR AL Ik A B = (B AR B T B AR RE R RS ©
EE BT L T — s BRI TEN BN &L, FL A DispInt, DispStr %5, iBLUBNEUE #AE 1ib. h B
H, SRALER — L B (R R AR AR AR

1 /* chapter3/7/lib.h
3 Author: Wenbo Yang <solrex@gmail.com> <http://solrex.cn>

5 This file is part of the source code of book "Write Your Own 0S with Free
6 and Open Source Software". Homepage @ <http://share.solrex.cn/Write0S/>.

8 This file is licensed under the GNU General Public License; either
9 version 3 of the License, or (at your option) any later version. */
10

11 DispAL:

12 push  Yecx

13 push  %edx

14 push  Yedi

15 mov (CursorPos), %edi

16 mov $0xf, J%ah

17 mov %al, %dl

18 shrb  $4, %al

19 mov $2, Y%ecx

20 DispAL.begin:
21 and $0xf, %al
22 cmp $9, %al

23 ja DispAL.1

24 add $°0°, %al

25 jmp DispAL.2

26 DispAL.1:

27 sub $0xA, %al

28 add $°4°, Jal

29 DispAL.2:

30 mov %hax, %hgs:(%hedi)
31 add $2, %edi

32 mov %dl, %al

33 loop DispAL.begin
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88 DispStr.3:

94

mov
pop
pop
pop
ret

DispInt:
movl
shr
call
movl
shr
call
movl
shr
call
movl
call
movb
movb
pushl
movl
movw
addl
movl
popl
ret

DispStr:
pushl
movl
pushl
pushl
pushl
movl
movl

movb

DispStr.1:

lodsb
testb
jz
cmpb
jnz
pushl
movl
movb
divb
andl
incl
movb
mulb
movl
popl
Jjmp

%edi, (CursorPos)
%hedi
Yedx
Yhecx

4(%esp), heax
$24, Yeax

DispAL

4(%esp), heax
$16, %eax

DispAL

4(%esp), heax
$8, %eax

DispAL

4(%esp), heax
DispAL

$0x7, %ah

$°h’, Yal

%hedi

(CursorPos), %edi
%ax, hgs: (hedi)
$4, Yedi

%edi, (CursorPos)
%hedi

hebp

%esp, %hebp

%ebx

%esi

%edi

8(%ebp), %esi
(CursorPos), %edi
$0xF, ‘%ah

%al, %hal
DispStr.2
$0xA, %al
DispStr.3
fheax

%edi, %eax
$160, %bl

%bl

$0xFF, %eax
%heax

$160, %bl
%bl

%heax, hedi
fheax
DispStr.1

3.5.

o HEAGIERE
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DispStr.2:

movw
addl

Jjmp

movl
popl
popl
popl
popl
ret

DispLF:
pushl $(LFMes)

call
addl
ret

%ax, hgs: (hedi)
$2, %edi
DispStr.1

%edi, (CursorPos)
%edi
%hesi
%ebx
%ebp

DispStr
$4, Tesp

95

o

Fig 3.50: chapter3/7/lib.h

R &TMCEREE T AT IR, B8R DUARER AT A AL IR B A0 A ARG B3 MR e iE e et

]

SetupPaging:

/* Directly map linear addresses to physical addresses for simplification */

/* Get usable PDE number from memory size. */

xXor
mov
mov
div
mov
test
jz
inc

%hedx, hedx

(MemSize), %eax /* Memory Size */
$0x400000, %ebx /* Page table size(bytes), 1024%1024x%4 */
%ebx /* temp = MemSize/4M */

%heax, hecx
%edx, ‘hedx
SP.no_remainder

%hecx

SP.no_remainder:

SP.

push

hecx /* number of PDE = ceil(temp) */

/* Init page table directories, jecx entries. */

mov

mov

Xor

Xor

$(SelectorPageDir), %ax
%ax, %hes
%hedi, %edi

fheax, heax

/* Set PDE attributes(flags): P: 1, U/S: 1, R/W: 1. */

mov

ig

stosl
add
loop

$(PageTblBase | PG_P | PG_USU | PG_RWW), %eax

/* Store Y%eax to %es:%edi consecutively. */
$4096, %eax /* Page tables are in sequential format. */
SP.1 /* ‘hecx loops. */

/* Init page tables, %ecx*1024 pages. */

mov
mov
pop
shl

$(SelectorPageTbl), %ax

hax, hes

heax /* Pop pushed ecx(number of PDE) */

$10, %eax /* Loop counter, num of pages: 1024x%ecx. */
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mov %eax, hecx
xor %edi, Yedi
/* Set PTE attributes(flags): P:1, U/S: 1° R/W: 1. %/
mov $(PG_P | PG_USU | PG_RWW), %eax
SP.2:
stosl /* Store eax to %es:jedi consecutively. */
add $4096, Yeax /* Pages are in sequential format. */
loop SP.2 /* %hecx loops. */
mov $(PageDirBase), %eax
mov %eax, %cr3 /* Store base address of page table dir to %cr3. */
mov %cr0, ‘heax
or $0x80000000, %eax
mov %eax, %crO /* Enable paging bit in %cr0O. */
ret
Fig 3.51: AR{E 7] F ELIRAE /)N B ST 1R By 465 [ (K H chapter3/7/loader.S)
£ SetupPaging BN F, WA E SLRIE AT LB iGEt B H H ek H(PDE)WE(H (ATERWMEH) -

BEERALE S 1024 (HH, 7 LIER 4aMB R/DHIEEREE, Br UM AT Z A T L EREBR L AMB
if ] B, ARSI EAVE B $0EE, AREREE B RER R E B SR E R

FAERARE AT LIS, RIS IRMRGS T — SRR E AL - BIR A AL BRI EERLL 4MB

By, BERMHEEREBRIREE A RS H B 2kIH*1024(%ecx*1024), FBEERER —HH £

R B Bh AT B AR TE — S EH RS BN FT A AV AR R OrhE 5 S BLAE T S0 BRATEN B3 B IAT /T LASIIE, A
EFTETE 0 2] MemSize HIECEREHR 2 AT Y, TIHAITE SetupPaging ENEUHANE LU RI T AN L

HHH
KK
[EIEES

, AR R i SRR — L H A B AT RSB AR Ak o (BARAYZIEER, 7E38TH) SetupPaging EXELF
DT HENEE, lLIIE MemSize = 32MB KR %, B MEER Z 8 MHE K, TR 1024

, Bl Z BrA H A0 VLIS RS th1E 4MB /N8I T 32KB °

E TIPSR, BEARME AR T BEARLISMRIEDN (FFH7E AddMapBuf F1) , AT
SRR AR TEDL, I — LRI B R e B B AP AR B R Gk R ] B A B IR T -
N AT DAFERR R Y e TR I B

push $(ARDSTitle) /* Display addr range descriptor struct title */
call DispStr

add $4, Yesp

call DispAddrMap /* Display system address map */

call SetupPaging /* Setup and enable paging */

Fig 3.52: M0 B 2065 2 TR O 2553 B A 1 BB (0 5 chapter3/7/loadler. )

L IR RE S AR A 1R, P AR N BT RS R ANIE 3.53 B o R ARGERA 21, BT
B2 DispAddrMap fTEH HE B R R HURLIREE M E B, BER MBI 0 i 5 Bt KRR

KN e
& E

BiE SetupPaging BHEUR IR IR BE A/ NGRS IR AR 0 EL AR - SRR ML BB R 0 Bk
AURICER, (B 32 N AR SRS AY IE B BT AT L a3l o0 LA B 0 B AR DY
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Ba drlo BaseAddrHi LengthlLo LengthHi  Type

POOOBHEL OOOBeeeeh BEEIFCE0OL GOEODOOEH PBBBEEBLL

EEIFCHEh COOB808L DOERE400L OEEEHOBEL Zh
DFOOO0H 0OOEE088LH 0EO10000h DOOOOEEAH

pO1EOEO0H 00000000h D1EFOOO0L OOGOEOa8H

GIFFOOG0L 00G00008h B8010680H COEO8E0aNH

FFFCOO00h G0808800h 800400001 0O000aE8Nh

[RAM Size:01FFE088LH
elcome to protect modet "-"

EmghT Ctrl

Fig 3.53: {EIEALIEASHAST HYSH R

ITENRIECABRE (B 3R, R4 P A BRE B RE RN E 0x01££0000 , KU 31.9325MB , e Afmh T
DIARIR% 5 Bt R H R BU B AL IR RS R/ NRI A 21 32KB

LABEL_DESC_PAGETBL: Descriptor PageTblBase, 4096*8-1, DA_DRW /* 32K */

3.5.4 WebREECIERE

T LT O IR/ NER A, AP R 20 O AR A LA AR M (S ik RS ) B 7 A R R B At | o 58
RAE R LR 0 B, (EE AN R ER SR SR B o [EIAEAE BEBE P 5 21 1 B BT 15 e AR
B LME S EE R FA LA B A E B EER LRI, EAREFE 2R 2 — s Brsiit
ik = [, {5 2UG 7R B S M SRR 1 38 AR A iz ALk SRS B E R R B Az 0k b S (B SRR B/ N AL
g B o EREE MBI, LA GDB SR WA R RAR I, Hoffl & 3 m AR A2
Al — Akt EAAER AR TER AR o Bt R &S B0 R AR, EfT SR 2R ERY
HAE - e

EARE B HEF EA LS REPT | BF BEREHREFRANLERRE S EESELIER
B, WABLRERNNEFEEEH CHRBERSH (ER, (ER OS BT &, SR B2 B 5 & IUE
O ERY) | FEMAIRE, B 2 4GB(32-bit CPU) KIRLIERE A LU —miF& B C¥EA — (s —, KBS
T U A DUEEAE R AR g (AR AR, A8 BCAT AL IR FO A ALk | BESRE BN 2 & 2 2 dw s A A
TR AR, AE ER A, BRI T

e F A — 8N B ER — T A B A R e IR AR AR © MIUREI R E] — AR M GLAERY, BUTHIALE
ARIEE CRELEMRTFRFRA AR © ) -

AR 2 T, B B e N B, BB BT B E B A ME R« Hik, B AT
KA R — AR PR AL HEBAT AR R B, AL 2 I B H H e = 3%, M H R Rz AR A0k
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HA PTE FRYZAE (WERAAE) 2058 1 3 L 1o #6851 w1 [R] Y BN B, sE AR I H R s e B B =] —
ARMECLHERRI R RIRT B b 5 RARDE, R PIEN BT IR 3R, A DI RTR I A — AR TR Aok B R
2, BITEIE R RS MR - WRITENRIE SR, BUEt AR M AL AE BRI TR 0 IR 2 T A
HIB L

HEM I ETTEN H B E BB BR A & -

/* Function foo, print message "Foo". */
foo:
.set FooOffset, (. - LABEL_SEG_CODE32)
mov $0xc, %ah /* 0000: background black, 1100: font red */
mov $°F’, Jal
mov %hax, %gs:((80 * 12 + 3) * 2) /* Line 12, column 3 */
mov $207, %hal
mov %ax, hgs:((80 * 12 + 4) * 2) /* Line 12, column 4 */
mov %hax, %gs:((80 * 12 + 5) * 2) /* Line 12, column 5 */
lret

.set FoolLen, (. - foo)

/* Function bar, print message "Bar". */

bar:

.set BarOffset, (. - LABEL_SEG_CODE32)
mov $0xc, %ah /* 0000: background black, 1100: font red */
mov $°B’, J%al
mov %hax, %gs:((80 * 12 + 7) * 2) /* Line 12, column 7 */

mov $°a’, %al
mov %ax, hgs:((80 * 12 + 8) * 2) /* Line 12, column 8 */
mov $°r’, Jal
mov %hax, %gs:((80 * 12 + 9) * 2) /* Line 12, column 9 */
1lret

.set BarLen, (. - bar)

Fig 3.54: M{EFTED B 515 ERIBEL Foo #1 Bar (£l H chapter3/8/loader.S)
TE M B A SRS B SRR AR BTN E SRER © foo NEITERHYEE 1217 3-5
FIFTEN Foo =MRALEFAF, bar h—EK, 7ZEFFFAVE 12 17 6-8 FIFTEN Bar ={HALEEFAF - 2T AT
Iret T2 ret T8I [E], BT N E & A

T FEY o BIAE—FE 3.42, PTE FHVHMYIALEZE L AKB Fi@ FE 7T - EREMA i R —EE
g0 | R 21 3 {1 B B A DB i o BEARE 5 W BB O A B 0k $4 IR AKB 375, B LS
% - — R EEEREEE T 4KB, ] DA BB ORI fEH GAS Y .align 4096 i< (EE
BB E] AKB b, B SR B e 5 BRI ETARER o, BMINRAERTE  A—HEF
52 E E W AKB S YELALHE, SRR foo 1 bar 43 BI¥E B EIE W E ALtk o o FoAf T T BREUEE 77
1% o EFEMWE AKB B AVPI B AL IE, —(EAR R LR P (E H R R E B SR H 0t

.set PageDirBaseO, 0x200000 /* 2MB, base address of page directory */
.set PageTblBase0, 0x201000 /* 2MB+4KB, base address of page table */
.set PageDirBasel, 0x210000 /* 2MB+64KB, base address of page directory */
.set PageTblBasel, 0x211000 /* 2MB+68KB, base address of page table */
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17
18 .set FuncLinAddr, 0x401000 /* Linear address of a function. */

19 .set FooPhyAddr,  0x401000 /* Physical address of function foo. */
20 .set BarPhyAddr,  0x501000 /* Physical address of function bar. */

Fig 3.55: 4KB ¥R EL A7k (£ H chapter3/8 /loader.S)
7£ L [@ 9, FooPhyAddr #1 BarPhyAddr 43 Hl/& foo Fll bar A% Z i #% H EI/0 B AZ(i4E o FuncLinAddr
RIS FAFS AT i B U BT 3 AR T ALk © B0 BB T WA H R ERY E B $0F0 H R E L, Ffgknr
DU R i L5 R, e b —/NEi AN SetupPaging BEL, S BIRXEMMEEET

334 SetupPaging:

335 /* Get usable PDE number from memory size. */

336 xor %edx, ‘%hedx

337 mov (MemSize), %eax /* Memory Size */

338 mov $0x400000, %ebx /* Page table size(bytes), 1024%1024%4 */
339 div %hebx /* temp = MemSize/4M */

340 mov %eax, hecx

341 test %edx, %hedx

342 jz SP.no_remainder

343 inc hecx

344 SP.no_remainder:

345 mov %hecx, (PageTableNum) /* number of PDE = ceil(temp) */
346

347 /* Directly map linear addresses to physical addresses. */

348 /* Init page table directories of PageDir0O, %ecx entries. */

349 mov $(SelectorFlatRW), %ax

350 mov %hax, hes

351 mov $ (PageDirBase0), %edi

352 xor fheax, heax

353 /* Set PDE attributes(flags): P: 1, U/S: 1, R/W: 1. */

354 mov $(PageTblBaseO | PG_P | PG_USU | PG_RWW), %eax

355 SP.1

356 stosl /* Store Yeax to Y%es:jedi consecutively. */
357 add $4096, %eax /* Page tables are in sequential format. */
358 loop SP.1 /* %hecx loops. */

359

360 /* Init page tables of PageTblO, (PageTableNum)*1024 pages. */

361 mov (PageTableNum), %eax /* Get saved ecx(number of PDE) */

362 shl $10, Yeax /* Loop counter, pages: 1024*(PageTableNum). */
363 mov heax, hecx

364 mov $ (PageTblBase0), %edi

365 /* Set PTE attributes(flags): P:1, U/S: 1° R/W: 1. %/

366 mov $(PG_P | PG_USU | PG_RWW), %eax

367 SP.2

368 stosl /* Store %eax to jes:%edi consecutively. */
369 add $4096, Yeax /* Pages are in sequential format. */

370 loop SP.2 /* %hecx loops. */

371

372 /* Do the same thing for PageDirl and PageTbll. */

373

374 /* Init page table directories of PageDirl, (PageTableNum) entries. */

375 mov $(SelectorFlatRW), %ax
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mov %ax, %hes
mov $ (PageDirBasel), Y%edi
xor fheax, heax
/* Set PDE attributes(flags): P: 1, U/S: 1, R/W: 1. */
mov $(PageTblBasel | PG_P | PG_USU | PG_RWW), %eax
mov (PageTableNum), %ecx
SP.3:
stosl /* Store %eax to jes:%edi consecutively. */
add $4096, Yeax /* Page tables are in sequential format. */
loop SP.3 /* ‘hecx loops. */

/* Init page tables of PageTbll, (PageTableNum)*1024 pages. */

mov (PageTableNum), %eax /* Get saved ecx(number of PDE) */
shl $10, %eax /* Loop counter: 1024x*(PageTableNum). */
mov heax, hecx
mov $(PageTblBasel), %edi
/* Set PTE attributes(flags): P:1, U/S: 1’ R/W: 1. x/
mov $(PG_P | PG_USU | PG_RWW), %eax
SP.4:
stosl /* Store Jeax to %es:l%edi consecutively. */
add $4096, %eax /* Pages are in sequential format. */
loop SP.4 /* ‘hecx loops. */

/* Locate and modify the page that includes linear address FuncLinAddr.
* Assume memory is larger than 8 MB. */

mov $(FuncLinAddr), %eax
shr $12, %eax /* Get index of PTE which contains FuncLinAddr. */
shl $2, Jeax /* PTE size is 4-bytes. */

add $(PageTblBasel), %eax /* Get the pointer to that PTE. */
/* Modify the PTE of the page which contains FuncLinAddr. */
movl  $(BarPhyAddr | PG_P | PG_USU | PG_RWW), %es: (%eax)

/* Use PageDirBaseO first. */
mov $(PageDirBase0), %eax

mov %eax, %cr3 /* Store base address of page table dir to %cr3. */

/* Enable paging bit in %crO. */

mov %cr0, ‘heax

or $0x80000000, %eax
mov %eax, %her0

ret

Fig 3.56: &% & Mi{H H 2= H#H S o E A% (6 B chapter3/8 /loader.S)

JE Y SetupPaging BN EL LV ET—/NTEERE T A0, BE2INAIRE A A2 =ER, 7 E—/)
ffif) SetupPaging BNEH, T RMNIGA T —HEH K, BEBFIRGEMA T WIE, BT H B kB H R E
HECASL, SE W E E RAWIIEERE R E AR - FIAFMNEEMRAE —EER2 %, BB TEZ
EH R TGS FuncLinAddr ANEE BT BRI EALHE - ATl R —EE RS, FrE AR AL
HEET RS B AR RE R B R Ak B AR M7 hE FuncLinAddr T AE A B (7 11t 2 BB 4H[R] B9 FooPhyAddr 3
FESE M E R T, A AR L HE th 2 B 2 A A B AL bk, BR T 4R M ALIE FuncLinAddr FR7ERD B #E
16 BB e 55 51 ) B A7 11k BarPhyAddr | e

EE R ERREH T —(H#7 B SelectorFlatRW Al—fE#TH)% & PageTableNum, EfHERIIT :
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LABEL_DESC_FLAT_C: Descriptor 0, Oxfffff, (DA_CRIDA_32|DA_LIMIT_4K)
LABEL_DESC_FLAT_RW: Descriptor 0, Oxfffff, (DA_DRW|DA_LIMIT_4K)

.set SelectorFlatC , (LABEL_DESC_FLAT_C - LABEL_GDT)
.set SelectorFlatRW , (LABEL_DESC_FLAT_RW - LABEL_GDT)

_PageTableNum: .4byte O /* Number of page tables */
_AddrMapBuf: .space 256, O /* Address map buffer */
.set PageTableNum, (_PageTableNum - LABEL_DATA)

.set AddrMapBuf, (_AddrMapBuf - LABEL_DATA)

Fig 3.57: S NAYHT B8 & (87 B chapter3/8/loader.S)

H R Wi {351 EX LABEL _DESC_FLAT_C 1 LABEL DESC_FLAT_RW FAEHEERZ 0 , OB AL AL IEZS R -
{5 FH 32 0 (B PR, $82 B B L B FI B RS B2 sZ R 2 BB AL B AR AL o RILTE SetupPaging BN EX
i {f F§ LABEL DESC FLAT RW 1%y ES B, HBJE (% & PageDirBase0 FTFs [M] A AR 14 7 1k 5 2 47 M (o7 1k
PageDirBaseO , BB % L —/NEiflTf# FI#Y LABEL DESC_PAGEDIR B T ©

E SetupPaging BN Bl 1%, TAIMRIRME A B — M H K, REHIE > EREH o 5 (0 E RERW WG
T EEMEEREA -

1%, BME—ER G BBk ST RS B e ~ VI E RANEIY R — 4R AL HEATE AR

VMDemo :
mov %hecs, hax
mov %ax, %hds /* Set Y%ds to code segment. */
mov $(SelectorFlatRW), %ax
mov %ax, %hes /* Set Jes to flat memory segment. */

pushl  $(FooLen)

pushl  $(FooOffset)

pushl  $(FooPhyAddr)

call MemCpy /* Copy function foo to FooPhyAddr. */
add $12, Y%esp

pushl  $(BarLen)

pushl  $(BarOffset)

pushl  $(BarPhyAddr)

call MemCpy /* Copy function bar to BarPhyAddr. */
add $12, Y%esp

/* Restore data segment selector to %ds and %es. */

mov $(SelectorData), %ax
mov %hax, %hds
mov %hax, hes

/* Setup and start paging*/
call SetupPaging

/* Function call 1, should print "Foo". */
lcall $(SelectorFlatC), $(FuncLinAddr)
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492

493 /* Change current PDBR from PageDirBaseO to PageDirBasel. */
494 mov $(PageDirBasel), %eax

495 mov Yheax, her3

496

497 /* Function call 2, should print "Bar". */

498 lcall $(SelectorFlatC), $(FuncLinAddr)

499

500 ret

Fig 3.58: ¥ H K E ~ UJ#LE RGP Y [/ — AR M Ak 97~ 1 0 2 (87 B chapter3 /8 /loader.S)
TE BX B VMDemo H, T M E b ¥ H K B foo 1 bar AU D 1E B8 2| B = ¥ B A7 ik FooPhyAddr

BarPhyAddr ° BT foo #l bar & T2 UGB, a0 R AR E# B a1y, pi i BB BB R B 4 & ]
##, Rl LABEL_DESC_CODE32 il Rl & M :

32 LABEL_GDT: Descriptor 0, 0, 0
33 LABEL_DESC_CODE32: Descriptor 0, (SegCode32Len - 1), (DA_CR | DA_32)

SRIBFL AT LS DS 3% B AR ABEL, ES iR B A4 A HEEL, 5 B E BRI RE ~ BRA B2y AL
I (RO EBIGEHA A HEAHEER) /BB MemCpy HIZE, $UTEREEIEEESEHiFE H © MemCpy
BREIUE 2 T S0 lib.h HF -

106 MemCpy :

107 pushl  %ebp

108 mov %esp, hebp

109

110 pushl  Y%esi

111 pushl  Yedi

112 pushl  %ecx

113

114 mov 8(%ebp), %edi /* Destination */
115 mov 12(%ebp), %esi /* Source */
116 mov 16 (%ebp) , %ecx /* Counter */
117 MemCpy.1:

118 cmp $0, %ecx /* Loop counter */
119 jz MemCpy . 2

120 movb %ds: (hesi), %al

121 inc hesi

122 movb %al, hes:(%hedi)

123 inc hedi

124 dec hecx

125 jmp MemCpy . 1

126 MemCpy.2:

127 mov 8(%ebp), %heax

128 pop hecx

129 pop hedi

130 pop hesi

131 mov %ebp, %esp

132 pop hebp

133 ret
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Fig 3.59: MemCpy EN %€ %2 (Hii H chapter3/8/lib.h)

2 A sE iz &, (7% B8 DS Al ES &R KAV ERHER o IRRINAT SetupPaging Fi 7 HA%HI, B
FANERE —EER, R EBFMAENM A IE FuncLinAddr , AR IS — (A H 3, B IRIFIY AR ALIE
FuncLinAddr ° 3] LUE 2, 38 M RRF ALY 48 & & — B — 8RR, 20 RIE e BT 1R B s i, 028 p v P
BT RORSCR B RZ 2 — KR Y ©

BRTEAEF T IIA % VMDemo HIFFRY

call VMDemo /* Calling Virtual Memory demo function */

push $ (PMMessage) /* Display PMMessage */

l.oaded in

BaseAddrLo BaseAddrHi LengthLo LengthHi  Type
EEOGOOLH PE0E8008LH BOEIFCEOLH G00O0000h PEEReGE
BEIFCOOh ©0000000h BO0GE400L BO0ROOREh 08
POFOEOOL 00000080L BBO10000h COOOOBHHH
HE100000h 00090080h O1EFOO0OL GO00000aL

BIFFOOGOL 0DOE0EEEH PE010000H GOOAEaRaNL
FFFCOO00L 006000001 000400001 BG00EO60A%,

[RAM Size:O1FFOBE6H
elcome to protect modet “-*

=] Right Ctrl

Fig 3.60: f&fmE L5

Hoffs £ AR RS SRR R 1, TR B IN AT, A5 R A8 3.60 P o [ AL B HY Foo Al Bar
HBATEN A, BLRH foo BB bar AHCHAT, MRV ERTIEIER T o SR Mt ] LB S, AR
AEFR S, F— R AL AT SRR R R BEALbE, 68 A 32 A B AT S B Y, S5 RPUTHI W e AR
HYBR L o 7 — B SR SIS ERIER AT, TR AR 2RI T7 %, 2 FGERE AT RE (E A Ay
SRR N B EER S B H 3R, SRR R & ET H R TIH, EERRA R R < ai
B SRR b= FEC e - Y BROIaE B3N T — R E, BE7 (8 T I AR T oRAs, XM i %

EMEHTERE

3.6 45EE

REFENAT REFEXT AR R ME T =, @R AR+, BEHNGR T EARER
2~ BEUERE - IR H R — AR S EERRE - R ER RS RERARE T
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T8, A A R RE R R T - AERMERNELE S FHER RN BRAZE, (B MARE
EMEEAE R E B IREE IR T RIRRL, R TTHE P RBERRRMEZM
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