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7 RFyLFE5#ALREETRSE, THRERALMETELEIRPLET, FTHRRATLFHEL
R IVABRIT R Gk Re 09 %vh, AR AT AR B, VAR I AT 8 f 505 ;

8) XMFA%, THMIMHRAAMWEKEIL, HSHARETEEFNXZ, THRELSTRIERL 10 79

o 0 000 gs’



ks R ENLR BIERGATELR 2012 HF
ayPERe e, TMEMIAEZR % (VES) | buffer cache #= disk driver Z ] 89 % & o
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wm‘i ¥H B A %, & ARM # AR & % LiE4T, i%)ﬂm&%ﬁa—%@o X IR B LA A R F
2L, RGHXABERE F AN

2.2 B FBIHE

A5 % T MIT 49 xv6. Harvard 49 OS161 #= Linux %%+t 7 ucore OS 523, Fih OS £kEH i
Linux Fi&f7, TR RRGR 5, EHFAE “BiLEMIE R Linux FRFE” —T )ﬂ}f’y_mmﬁ
KiK.

2217 K OS ERHE S K

FEALA OS FTP JR % % L & & github M s& (https://github.com/chyyuu/ucore_pub) T T # & A142 4449
labl~1ab8 5% Ik A LAS o, KRB % i 4o T EAZZE T AT AL F
T R&EE A, Bl 4T tar jxflabl.tar.bz2
HFHNEANOS £3 TAZ B K Hlde:  cdlabl
ARAE S B T K ) 932 R A S5 KA () & AT X o A7 T B e LR 24 35
F YRk R AL 54 HAT . make
Yo 2R 1% 7 MR B P 3R 3
ﬁnéﬁﬂi‘kl\w MK AL K KIEH, Bl4eh4T: make grade
REAKXARAEH (FPARFTK6 b AETRAZ OK 891HF L) D“]Jé@ %3
&u},‘%g—%}%j&ﬁ@% (B2 3R 6 692 OK) M A M FEIRR IO, HldwihiT: make
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9. JEA R AY4E F BRI A B A0 K IR E B email 4B A T

S Il

%9k, T Al id ’make gemu”ik OS 3 TAZ & gemu LiZ47; ¥ ¥Ai# i ”make debug” 3 “make debug-
nox “#r4% id i gdb TAZH K OS F I TA4L,

2.2.2:8 i3 WAAE B Linux £ 83035% (EHF: REDWFEBRIRRER T %)

XA A 69— AP iB i R L XL A Linux FF 2 OS &ANE R ik, TF E% K Linux #
V£ 2 GAn B AP E AT & FF KA. A 2K K VirtualBox EMALE# (B windows }1‘&2‘;\7?\:';'1-4& OS &
A, T3 http://www.virtualbox.org/wiki/Downloads T #.) , RE &K OS FTP IR$ B ET#H —4
)T O 5% 42 T IF AP BT E D38/ 77 R VAR GEAT B89 Linux 52 38 3R 3% 89 SR (BP — AN B P2 2 4518 L
£, labdstudent2011.7z) . A 7zip 3 #(#A windows & AA= L 4 OS s K, T #| http://www.7-
zip.org/download.html 7 #t)## /£ labdstudent2011.7z /& 4 ubuntul2.04.vdi, KD X% 4 3GB, &
VirtualBox ¥ Ao # ik AN sk 2 S AF, 3T AR 24T Linux FRIFRET o
BB RTMANR P A, FRA

student
LRTMADELN, REMER-ANTHREFDELDT, REAENITFRAEFT. FRAR
{ZF labs B ETFo

2232 ¥/ A Linux 833K (E4H 2 HT%E Linux RANREF)

X ¥ KM EEZVL Ubuntu Linux 12.04 (32 bit) A BEANEZRM 2 L4035, AARNE 22k
Ubuntu Linux 12.04.

2.2.3.1WUBI Z X %% (RHEH 6 Linux £ 7% %)

WUBI & —/~% 14t Windows JH| 7 8 UBUNTU Linux %= T B 7529 R &£ EF/LT RArdh
Lo NEZREHRIEZE, NERRHIMH, TFE Live CD. WUBI ib4i4=F Windows #:4F & 4
o E A — 2 E H R Ubuntu, o RRMA K& A %3 UBUNTU Linux, Wubi k& &1 % —
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K3 UBUNTU Linux. EAKT k4T :
(1)Z OS course ftp & 'E 7 KW 7k http://releases.ubuntu.com/12.04/ubuntu-12.04-desktop-i386.iso T #k
7 —A" ubuntu-12.04-desktop-i386 &9 ISO L #+,
(2)i# L winrar % T 23 T & k49 1ISO LA+ 49 wubiexe fE/EH &k, HAEEZE NS RERGHKE K
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T &A% 1SO 49 7 k43 ubuntu 12.04, 254 K018, # % T 1SO LAy —F JF % X4,
BT —F Z AT R & BT, ARG R AT T k49 ubuntu- 12.04-desktop-i386.iso LA N £
wubi BT 4] # 89 ubuntu B F F 49 install L&, FHIE/T wubiexeo KA F LR LT T # ISO L
BT, LIS E, wibi RARTFIREH BN FE %, 5, it ubuntu FEXAXEAAE L, LT
# 5 3 4 Fr45 34T ubuntu 12.04 4952 % . 4o T BFTF:
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4% Ubuntn B 3 o ] [
1IEfEFE R “Ubuntu " FEKMAF

FERSEhtENE SRR

& 2, HlEESER )
&, BWEBETEHE @

http:/ /wwrw.hongmop.cn
ctroERe | BEo |

@ EE TR EE, RFTRITHEMN. TEMNETEE, £BFHEATELHF ubuntu, H ;A press
'ESC' to ... ” B, RAHEA, XNAMNALZG ubuntu R FHEALEF R L, ih, T EXFbEE
ubuntu 12.04 2R AR E—B R T, ETREMNFLALTAYK, REFHF. SRTEXNLETRE,
TH BT EMNER %, T ARILE B LA P A "ubuntu"Fo“windows” o AR 7T VAR IEAR 69 1F SL3E T4
#o

2.2.3.2 & /] Linux

EFRBRIAEY, AMNELTHAEATISITHTXN%RIEF, AKX, STREZAGERT &, A, §F
2T f# A AR89 Linux 4 471% A

TaEe N ERRT:

http://wiki.ubuntu.org.cn/index.php?title=%E5%91%BD%E4%BB%A4%E8%A1%8C%E6%8C%87%E5%
8D%97 & variant=zh-cn

T A3 Ubuntu A2 % AT B R d |k A R IF A= 5 RAE6Y linux RATHR, 12 LR AR S EHE, RE®R
A IUS ) S 09 48 430 7T A2 R H B89 BAR B 6 P T B9 4RAE, i 29 K Z A9 B | Feth 77, linux #9
TR X AR T AL IAMNE RO R RN, HENH, FETHERETRAIUSLSGA P Fa.
BOTHREA —ANLEFBEFFIRER. 2RZHFAT, Rrp@dmAN—ifrod (RETUR
E—4T) AESHHEMNES, MBAGTAERTIMREEGER, @LRMEREXZ AR ZH
BUERE, clIMA—F—F08a (ARELTTRERAEGFTS) RFRAM T HIGIRME,
i C AR A ST ARAEAR X

2.2.3.2. 14T N A4 X

B AR AR A AE ) BN B - A GNOME #94% & #& A& Ubuntu Linux. &% GNOME ¥ % —> 4>
%35, LT VAR F) 4% N gnome-terminal 49425, '€ #t A GNOME FEALAY L& omiE L3,

2.2.3.2.2 AKX E KMy

TG ALBEREETRAZENEMT @A F G :


http://wiki.ubuntu.org.cn/index.php?title=命令行指南&variant=zh-cn
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chy@laptop:~ $

IR P A B 0 X AR AR Ay o A SR R, CERTOT MO, EASAAE R P IMARERS. A
KOG B @A, “chy" & LATHIA TR F Zr, “laptop” 2 X & it H ALY ML, R TG AT
B3R WEHMAEMBLEEDEZLEZBLFERIITHEMNEIT, o fRTT AmAd 4 Is i
THEE:

Is [ENTER]
E%E: [ENTER]ZHEMAST Is BHETHEHE, A2 MMAXANER, Is INGESFLIIHRY
AT B R EA PR AT B K5k,

223235 K F %k
T @ A~43 bash shell 425 689 & KX 4¢ | ik, €2 ubuntu 4 899 AL 5o

2.2.3.2.3.1% A4S
(HZEHIHFIE: (Is)

dud@shadowplay:~ $ s
filel.txt

file2.pdf

file3.mp3

filel.pdf

another_file.txt

Yet-Another file.txt
file-with_other-NAME.TXT

Is 42Nk TJT&“E?%&%EW&V‘%H'Jiﬂ’%é’:?“@éﬁﬁfrﬁl’\]a-, 193X # A 42 4T P I3 31 6912
ARV, BFCTUESUTRELAREITAT R 013 8
o Is/ 4%5’]&#&5 i'/"Fé’Jif%i%?.&n%%}i"/l\ﬁ%i, N e AT 2t Z AR L AT
B K, #8)iEH, FATTHUALA B FH IR F,
o Is-1 BRI E—A 2 iFtmay L4FFE.
o Is-a F57|h 03612 B (A TF K 69 ST 12 1 64 B A S AF.
e Is-h FvA KB/MB/GB #7 X% A K IN, i TS A& VA% 89 Bytes.

)Z @ LATAT £ B F: (pwd)

chy@laptop:~ $ pwd
/home/dud

Q)AL B F: (cd)
dud@shadowplay:~ $ pwd
/home/dud
dud@shadowplay:~ $ cd /root/
dud@shadowplay:~ $ pwd
/root

L@BF R, BaT B F R kA /home/dud, AT cd /root/Z )5 FiE4T pwd TIAK I, LATH RELLHK A
/root T o

@ERE LB FHE:  (echo)
dud@shadowplay:~ $ echo "Hello World"
Hello World

XR—NEH R eA, CTUAERZR EMARIBZOLEH("TPOARNLR), BRI ZERGIAN T
B R S K EFREN, 2] AR LINUX 48489 RETEN, 34 R I ¢ ML 1.

B)ETXHALE: (cat)
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dud@shadowplay:~ $ cat filel.txt
Roses are red.

Violets are blue,

and you have the bird-flue!

AT AE ) less 2 more k& 2 < FBE K 89 A A A

(6) L% L AH:  (cp)
dud@shadowplay:~ § cp filel.txt filel copy.txt
dud@shadowplay:~ $ cat filel _copy.txt
Roses are red.
Violets are blue,
and you have the bird-flue!

(M LA:  (mv)
dud@shadowplay:~ $ Is
filel.txt
file2.txt
dud@shadowplay:~ $ mv filel.txt new_file.txt
dud@shadowplay:~ $ 1s
file2.txt
new_file.txt

EE: BG4S
—v kB KR RL B IAT A RS 8

dud@shadowplay:~ $ mv -v filel.txt new_file.txt
“filel.txt' -> "new_file.txt'

B)ZZL—ANELAILH: (touch)

dud@shadowplay:~ $ 1s

filel.txt

dud@shadowplay:~ $ touch tempfile.txt
dud@shadowplay:~ $ s

filel.txt

tempfile.txt

(9)iZ 5 —/A B %E: (mkdir)

dud@shadowplay:~ $ Is

filel.txt

tempfile.txt

dud@shadowplay:~ $ mkdir test_dir
dud@shadowplay:~ $ Is

filel.txt

tempfile.txt

test dir

(10) % A/ B F: (rm)

dud@shadowplay:~ $ Is -p

filel.txt

tempfile.txt

test_dir/

dud@shadowplay:~ $ rm -i tempfile.txt
rm: remove regular empty file “test.txt'? y
dud@shadowplay:~ $ Is -p

filel.txt

test_dir/

dud@shadowplay:~ $ rm test_dir

rm: cannot remove ‘test_dir': Is a directory
dud@shadowplay:~ $ rm -R test_dir

BN RAAR ERSLIRT2ART, K, XSG 4Tl

W

it E =Rk
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dud@shadowplay:~ $ Is -p
filel.txt

PRt BAAMNET s 445 ToYa B TAASI S — £,
o MTURAHK pRILAABTE—AWGEA, iR L4/ £/t Es S,
o BETRAMMA rm -i ZAME LA, -1 2RI R GAEIITHIRRE T E — K AR T,
i(interactive) L7t & L B M 69 & %
o LARMBIXAL@EGH L EME AN R RFRBRGRT, BH AR A& L5014 F -
R(recursive, /3R ) 54
AR AR ASREN, ZAABIXRERAMETEBMTZ, CETRALHRKEHRT, il
AT rm -RE/, CHEAMIRARRE LA AR G, LRSS MAEMRT, PTA, REAE RSN
Ao b B95H, VAL R RAEPITAT T —KHIN, B R F—REF., o RRECHFERAZ -
KRR, BT ARAT AT 694, ib—i A BINEH:

alias rm="rm -1'

(D& S aT#A2: (ps)
dud@shadowplay:~ $ ps
PIDTTY TIME CMD
11278 pts/1 00:00:00 bash
24448 pts/1 00:00:00 ps

X A AR BT B h 69 BT R 3EAE
o ps-a T UABIE RALATEATRI AT R A2, BAEHHAR P B 3 0 A
o ps auxww & — KA Y ARG GL B B R —RRAETRIAZUING PR HAL, FFRUA—
Aa T B X ETER, F—ANdAZRH BN Fma s,

KRGS WA Ak, R VA7 F) W& 43 8] £ heif 69 Linux 504,

2.2.3.23.28 %742

(#r N\ /4
input Al RaRBRE S (RERARERNIRE) AL, output A TAEFR (RAAIREH
iR &) BRI AR N — AR AR T LRBIZIANG S REANY, BE
18 PR RRE, RAS AR EAG SR HAREMSIRR T
EAVRE 2 @ a4 f F A G AN Fedin B iR 6IZE
QER™
do RAR ARG L F AWM B RS AR AR (BRINA) 258, ART A e T 89354 :
dud@shadowplay:~ $ Is > file4.txt
dud@shadowplay:~ $ cat file4.txt
filel.txt
file2.pdf
file3.mp3
filel.pdf
another file.txt
Yet-Another file.txt

file-with_other-NAME.TXT
file4.txt

A A F R4 32 A filed.txt 4o R filed.txt NG A E, E&E: X filedtxt CEH£, 2L LB
GAEBEEEIMHNE, R RAERNRI R CELEN IR RGRE, IART AR T @XAE
a)

e command >> filename
T
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dud@shadowplay:~ §$ 1s >> file4.txt
dud@shadowplay:~ $ cat file4.txt
filel.txt
file2.pdf
file3.mp3
filel.pdf
another_file.txt
Yet-Another file.txt
file-with_other-NAME.TXT
file4.txt
filel.txt
file2.pdf
file3.mp3
filel.pdf
another_file.txt
Yet-Another file.txt
file-with_other-NAME.TXT
file4.txt

BHENITFF, RERABRFHIHF IR THONE, BETEREMERLE G —MHELGT N &
41147%6«-/\5;4%’31*]4»4?7'747%-%%47@’3 LRI N, AT REAE ) :

e command < filename
T

dud@shadowplay:~ $ sort < file4.txt
another file.txt

another file.txt

filel.txt

filel.txt

file2.pdf

file2.pdf

file3.mp3

file3.mp3

filed.txt

file4.txt
file-with_other-NAME.TXT
file-with_other-NAME.TXT
Yet-Another file.txt
Yet-Another file.txt

B)Fi#
Linux #3% KZ A& A TERETUANF LG LIKERN ARG, B4 E ENFEFT| &
MAE, KRAVKRHEF @6 "grep" o 4:

grep -i command < myfile | sort > result.text

# % myfile ‘1’151’34?/\ Fim i £ H BAD K LAE resulttext o AIHMER Is 7k % 44 a0t
AR TR | " A FIAE T 1s-1|less 118 A7E.

(4)/6 & A2
CLI "RZAWFEITED, BTUAEIITAGLSNLEERZ A4, 2RI —NRAEDESE, B0
— A& E A

sleep 60 &

Is
BRIR GG GEAT, BARARTUEHEMR EZ, BT B F B Fhad sk, ﬂiﬁ%iﬁ '&‘ ERERR
&ﬂﬁ‘%@ﬁf‘/l\vv 2 4«5 Rk % af i), BAERCEANE BT, LR $o REfw ﬁﬂ%%ﬂ‘

CtI”Z—Z, rgﬁt/z‘:\/f'jﬁ"l]:o .‘J‘i\ég%)\ bg {iﬁ;%}\é 2 o g "" Z?\—T,fi 7AY %E} H’] \'Jo
sleep 60
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<ctrl-z>

bg

@
w®E, BT VIUER ctrl-c £HFLZ—F G 6 H4.
7854 Iﬁ

47 % ¥, PATH, PSI, ...

223233 FRBFTH L

B AT He T B £ BT ELA T Lo 2—> shell F, AT
export LANG=""

XK AEIXAS shell F, output 13 84 4 i35 Lo
2233KFHHAE

2.2.3.3.14 AT R B A 6,

Ubuntu F 7] ¥A{& A apt-get 44, apt-get & —4F Linux #4247 é 4, E AT deb &% K a9HAE
A%, TZATOHNEKAESEEFT R E. RF. FARARIREA RF R % Yo —ME&
root HATAIR, PTVA—AZ R sudo 44, 4o:
sudo apt-get install gcc-3.4 [ENTER]
FIAGVARE A GY apt AR
apt-get install <package>
T #& <package> VAR PTIR M 6984 @, BB AT @8 K XA TR
apt-get remove <package>
A%k <package> VAR P A AR #09 B A 6,
apt-cache search <pattern>
¥ &R <pattern> G9H A,
apt-cache show/showpkg <package>
2 T8 <package> 89T EFK,
5] 4w 2

chy@laptop:~ $apt-cache gcc-4.3

gcc-4.3 - The GNU C compiler

gec-4.3-base - The GNU Compiler Collection (base package)
gec-4.3-doc - Documentation for the GNU compilers (gce, gobjc, g++)
gee-4.3-multilib - The GNU C compiler (multilib files)

gce-4.3-source - Source of the GNU Compiler Collection
gec-4.3-locales - The GNU C compiler (native language support files)

chy@laptop:~ $

2.2.3.3. 2B R # A 0 R B

AT MHOLEES, £ Ubuntu THEEKXGOFRANLRIGRES, MY THSTFH apt 94
FHNTET A

ERE > ZAAFHE > HLBFHRHOERR (Systern>Adrninistration>Synaptic Package Manager)
1 B 2 A7 L B T VAR AR I FE Y A9 B @ B AT AT IRAE

22333EFEA LR

Ubuntu &9 #2446 3K BUR B AF 8 0R , =T VA8 i 420 “/etc/apt/sources.list” S R iE XA R BR (F &
root AFR) ; RESKI LA KAOETEE T RE > B4R,
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2234 KA1

Ubuntu “Fa‘%a’ man F/%M E&%Qgﬂf}-?-% #4174, man & manual é’J 5, @i man ¢4 AL
Linux TH% A& 4, “EHMHF, AA C 2% A FHTEH, REFBELFH,
ECH

chy@laptop:~ $man printf

PRINTF(1) BSD General Commands Manual PRINTF(1)

NAME
printf -- formatted output

SYNOPSIS
printf format [arguments ...]

DESCRIPTION

The printf utility formats and prints its arguments, after the first, under control of the format. The format is a character string
which contains three types of objects: plain characters, which are simply copied to standard output, character escape sequences
which are converted and copied to the standard output, and format specifications, each of which causes ...

The characters and their meanings are as follows:
\e Write an <escape> character.
\a Write a <bell> character.

BT R R B89 H ) A e

gce-doc cpp-doc glibe-doc
LRI AT A apt-get @ ARE B A O FT L ERF. RFUE T AEBIE man HAHT 4L
KA SHEN)

2.2.3.5 £ B o T g5 1E F 49 56 1

22351848 %

(1) Ubuntu T B %6945 T AN R i 69 T, Flde gedit £ gnome X @FIET £ X
UTF-8 #) L A%RHFE. €Tt LR, A RIFWiEES T, P LRI @F T LA
i W E R A Aﬁﬁ%aﬁi#&ﬁ%ﬁo
(2) Vim %4 E: Vim 2 — R H R LR BEKA, £ UNIX TR L4 VI 697k,
Vim 2% BAEREFINALS RATROGIABBR”, DRBRKLGTEERN, RTHTEAS
T Ko
Ubuntu T ERIANZEE vi JRARAK, ZhAEEE), EINEZRANRERE T RERIAALE Vim.
1.5 F Vim 89 % B &4 A RAE ], TMJ\J\VM‘“ BT & Ko
2.BLE A Vim 694 B F BB E I ATIRE, Plde:

set nocompatible

set encoding=utf-8

set fileencodings=utf-8,chinese

set tabstop=4

set cindent shiftwidth=4

set backspace=indent,eol,start

autocmd Filetype c set omnifunc=ccomplete#Complete
autocmd Filetype cpp set omnifunc=cppcomplete#Complete
set incsearch

set number

set display=lastline

set ignorecase

syntax on

set nobackup

set ruler

set showemd
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set smartindent

set hlsearch

set cmdheight=1

set laststatus=2

set shortmess=atl

set formatoptions=tcrqn
set autoindent

AN LR B E ARG

~/.vimrc
% vimre IAFATEAELRTRL, TUREGASTPET “Is-a”> #5#TEHA. 2R '~ BET
TG EZIA, TAFHEE, BHOZH G, £ Vim 7T AEERE 4 3.

2.2.3.5.2 exuberant-ctags:

exuberant-ctags T A AR FEZ I FAEREK I, AEZERREBH—ANL AR S XA LT ALHHFER

BT, I FHGRmE ”"75 Vim. Emacs %,

i, T AR
ctags -h=.h.c.S -R

EEMabt THEIHEZ LS,

BINBY AR LA A tags (FTVABIE -f kA5®), AR AZ TR Vim T LUE A&k 51 X, Bl
R “ctrl + 1" T AL D AR 69 B ARE 2 L, A “ctrl+t” 2E (k) F

#ar: M GUL 7 Xa9F %, TR A B %@ 49 understand. source insight 5 #£4,

2.2.3.5.3 diff & patch

diff A Linux 4, A THERLARELHEEZF, ThiBid man R HH D UARLEKGER .
1% B patch 47T VAT SUAF 3 A& 2 B A5 7o

Bl4m R 30 ST fE 242 projb F & A AT —ANE I8 proja P AT LA BEAT G52, T LAME Al T 4
diff -r -u -P proja_original proja_mine > diff.patch
cd projb

patch -pl -u < ../diff.patch
7£%: proja_original 4§ proja &R X A#F, BP KSR E, proja mine REXEHRLE, F
— 5 a4 RBBEHILERIHRER, FHEREL G E 2 diffpatch XH4F; F=54452%
proja #9157 F 2] projb Uk ag R+,
R JWGUI 7 Xe9 R 5, Tk A BA @4 meld. kdiff3. UltraCompare % 344,

2.3 THEBFETKL ARG EL LR

4 Ubuntu Linux ¥4 C &3 HE L EA T GNU C &i&k, @i gec R MiFH £ MR L PAT L
., GNU /L% (assembler) & Bl 492 AT&T iL%#& X, Microsoft ;L% A Intel 48 KXo

2.3.1 gee 9EA KM &
Jo BARIE R goo BIATER A CRARERE, Tb AR

sudo apt-get install build-essential

23.L1%#FHE4 C £F
C &E3 2B NITHI-F 2 Hello World, T &2 — 55 XAD:

#include <stdio.h>
int
main(void)

printf("Hello, world!\n");
return 0;
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BAMEE %R B A LA hello.c’e & F gee HiFizXit, AT @egas:

$ gee -Wall hello.c -o hello
%o 4T A hello.c” W 69 X2 25 1% A WL 2S A5 FF 7 i 12 7T AT XAF ‘hello’ ¥ o AUE 2L 69 S A4 4 2 il i
-0 LA R, ZARTBFMEAGTLTFTHRE — NS WwRAES, d LHKINA ‘aout’s
EAEHRLEMB I P ETHAIMGTLNIHCEAE, CRHEELE.
#I -Wall T2 % F B ILF A F R EE—R AR BRE AR ZRR. HFSAMRS by
LM, 12 -Wall 2RF A, BKFALT GCC Ra s A mMELZ L, S%E5 C & C+H
B0 i 35 B3k W R B TR MAL S A 269 P AL,
ABId, GFBRERT -Wall - Rm %= AT ELE BATHREF AT S EN.
FIBATALR, N PAT LAF 58124 T

$ ./hello

Hello, world!

EXFETHATLHEANARNELG, F1£ CPU FhH T HLE 9IS, %2 J BXIBATH X,
Bt Jhello BENAFHIATH AT B KT 89 7T 4T A “hello’s

2.3.1.2 AT&T /LR 2 K54+
Ucore ¥ 1 2] 892 AT&T # X89L%, 5 Intel # XL A — L RF. —HiFF LT 2H UATILA
RE

* F BB LRN

AT&T: Y%eax Intel: eax
* R/ B &R KON A
AT&T: movl %eax, %ebx Intel: mov ebx, eax
A Y RALE & SN
AT&T: movl § value, %ebx Intel: mov eax, value
F2 value 69 Huht XN eax 9 4 25
AT&T: movl $0xd00d, %ebx Intel: mov ebx, 0xd00d
* R RK EARIR
AT&T: movw %ax, %bx Intel: mov bx, ax
* Fhkg X

AT&T: immed32(basepointer, indexpointer, indexscale)
Intel: [basepointer + indexpointer x indexscale + imm32)
W RBERFARAIETHRPEXNT, AL 32 £&Miit, AAAETERAENTAFE
segment:offset &9 ¥ #, L X P ag3enkm A .
imm32 + basepointer + indexpointer X indexscale
T d & — ]
o BEFu
AT&T: boo ; boo Z—AN2EFHCEE, E&m SR ETHUIN, FmLTET
B3I M. T AT E, ToAHBEERIEH A,
Intel: [ _boo]
o FARMAET A
AT&T: (Y%eax)
Intel: [eax]
o ThFHt
AT&T: variable(%eax)
Intel: [eax + variable]
AT&T: array( ,%eax, 4)
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Intel: [eax X 4 + array]
AT&T: array(%ebx, %eax,8)
Intel: [ebx + eax x 8§ + _array]

2.3.1.3 GCC AB L%
A AR89 GCC REECHIRH %, — 2B T &KX

asm("statements");
)4

asm("nop"); asm("cli");

n

"asm" A= " asm " A ARTE—HN., WwRASTILH, NE—ITHZRLE "n\t". T
“n” RBITH, "W & tab fF, EHELGASN SREXRANAFT, RATIE gec ABILHKAD
#F R — ALY G KA B AL BRI RAT A B A — A DA Pl de:
asm( "pushl %eax\n\t"
"movl $0,%eax\n\t"
"popl Y%eax"
),

FIrE gec ARIICHE, ZEI asm(..)a9 N E 4T EIL % LA, AT A X3z 4] F 55 Ao £69,
A7) dm

asm("movl %eax, %ebx");
asm("xorl %ebx, %edx");
asm("movl $0, boo);

ELaegpl T+, TRMNERKCHTALT edx 4 ebx #4944, B2 H T gec BHFFRGLIE S
E, BPAEMRICA I, BRY GAS EHIL%, vk GAS F R KMOCLE T T edx 42 ebx
BME, W REFHLETLER edx & ebx ¥ A, ARG ZENER. FTEE boo &
BE—FGFEM, AT HEEIANREA, 2R E GCC RIKILHiE .

2.3.14F & GCC AB L%

1% R4 & GCC WXL 4 09 5] T4 F -

#define read_cr0() ({ \
unsigned int __dummy; \
_asm_ (\
"movl %%cr0,%0\n\t" \
"=r" (__dummy)); \

_ dummy; \

b))

CREMAGXR? XFEALEIM XA, ¥k GCC ARRIL S 89 A A X2

~_asm___ volatile  ("<asm routine>" : output : input : modify);

H¥, asm A TFILHRAGFAE, LETAK  volatile  (XRT#HF) , EA4 AR #EL
“asm” P HEMIE . B REES, EPITRAE, X AAPILRKIEDHK gecc KUmATILE, 3
F 2 asm 5 Rm volatile X479 : asm volatile(...); RF FiFEM@M AR  asm
__volatile  (...); REHANDIEIN, FHEINFR L LR NIKICHRHIES XA, "<asm routine>" #
Lo 45430, Plde, "movl %%cr0,%0\n\t"s &K F ATl K “%“, w%l, %2 FRTEAFAHS
B FEMARME R o *T AL A A9 4RVE RO E SO T AR CPU T A F A B 098 =, 4o Intel T XAA 8 AN,
BT AN, AP ATANEEERETAELES, B gec A%FHAREE @4 d 3040
NIRRT AR 0y A3, ) TR ARIRERAO AT A T %, Bk, £ K2 Ak
FHRNHENTEmANY, 12%%cr0. HrE 35 (output) , AU E M Hd T2 (B AR
) 4l T 55 HREH94 R (constraint) BT AR ZANAR, BAMUETHF. ALK
=Tk, BERA—NFEREATREHRGER, REAXTEZELNA R, Blhe, LHIF:

"=r" (__dummy)
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“;r”%ﬁ?#ﬂﬁéﬁﬂﬁﬁiﬁﬁ (LA 00%0) TMERET—NERF A5, HEETE  dummy

BREZANFERET, 2R

“=m”(__dummy)

Cmmr AT AR R R A RENAEL dummy P AFAREHHEERS, TAS

HIUNEZ R AR FHERLS L

T4 a3

m, v, 0 N &3 T

R AT R & A 5

Q F B % eax, ebx, ecx,edx Z —

Lh HAERAER

E,F F s

G =&

a,b,c,d ¥ % % eax/ax/al, ebx/bx/bl, ecx/cx/cl & edx/dx/dl
S,D FHE esi K edi

I # 4 (0~31)

BN (Input) : MINIED HHE DA, BEH=", 4o RHNIH D — AR R E K42
A @i i 0 IR B RGRB =T B E, st R mT (el
“VHF) MAEARSMT, ABEGPITY, AMNEFEXMHHL. 55355 (modify) :[XIFH5FF
A“memory” A Y R FM, ARTHREZRENGEFTONECAARE, wRREAEANAFHEEGNER
EE, WA ALER, RIS, Wl
IR BALBE I A TERN, SMAIRYHLE, MBS RAEEN, 55 “2K%, % “memory”

BT AR,

BAA, RARENFFIAE LY

BN, ZADTHRKE, Pl

#define cli() asm

N AELEHRT,

_ volatile  ("cli": : :"memory")

TaEA—ANFIF(AFTRALL, REALEHEE) -

int count=1;
int value=1;
int buf[10];
void main()
{
asm(
"cld nt"
"rep ntll
"stosl"
:"c¢" (count), "a" (value)
1 "%ecx","%edi"
);
}

CEULNER SR CE AT PR
movl count,%ecx
movl value,%eax
movl buf,%edi
#APP
cld
rep
stosl
#NO_APP

cld,rep,stos A H % BZFT o EILKE) A buf 5 £ count A value 1. § 5 /5 894E 4] 45

,"D" (buff0])
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PN, AR T A4S, BLEFTAEMNIES, RIFSHEROHLSE AL TRLF
HH, K TARKF HRZOHE. LT & F"c"(count)4§ &4 count 491EMA N ecx FHH. £
a9t A :

a eax

b ebx

cecx

d edx

S esi

D edi

I ##44, (0-31)

qQr AEHEGF A E

g eax,ebx,ecx,edx AN AL =F

A 48 eax A= edx & A —A 64 {269 F % % (use long longs)

HAVET LAk gec B TRBFEENTHEE. o T EEPT:
asm("leal (%1,%1,4).%0"
— (X)
: "0" (X)
)i

ARG EI S x x By ik, F209 L LILHARAA:
movl x,%eax
#APP
leal (%ocax,%eax,4),%eax
#NO_APP
movl %eax,x

JUBHLEA
1. 18 q 45T %% 35 M eax, ebx, ecx, edx B F G5 o
1% B r 35T %% B A eax, ebx, ecx, edx, esi, edi D ELEF A %o
2. BMARLIERBFEBRHNBROFLEBAANKTNFTEEINA, BAFHRCEITET EM.
3. "="RARTIMHEF AR, LMEHM,
4, HF%n R E: RFETOFTER LB N LB & 69N 5 4t 2] A"t 3 "q" 3 K89 9
BE. mREMNBER TR QEROFERGE, ®TER TN,
5. wmRidE AB 2 FERWIE, A%, @ ebx, N:
asm("leal (%%ebx,%%ebx,4),%0"
2"=r" (x)
: HOH (X)
);
EERAE R A%, B A — A %05 E L E M Y%n AR T .

2.3.2 make F1 Makefile

GNU make(# #& make)® —AFRA%4ed TE, £ X FPARAEL b, CHARIBALF AR £ H
Fol, B3 %I Ak B ARRAD.

make 4 & PATH, F&—/ makefile (3K Makefile) LA, A&ifF make ¥4 % &E& AF09 %
GniF Aok AL o B, RMA—ATHIRLI makefile 894 FHM . AL KK —ABHINIR,
EATHIRIRT gnu 89 make 1 A FH, AEXATHIF, KNG ITAZH 8 4~ ¢ XA, Fo 3 AR,
# A% 5 — A makefile &4 make a4 7 % i Ao 1L TUAS A A ATA9 LI 2 -

® o RN TALRAHIFL, IAKMNWGIA ¢ AL mBIEFiEE.

® Jm RN TAZMYEJUA ¢ AR BER, A4 RN R BIFRASHE ¢ L4, FHEEBTRER,

O o R TALM K X A T, AR AR E BRIES) A Tk AR ¢ S, Hitds

B FRAL Ao
A &AM makefile BB, PrAe)E—m, RAAH—A make & & 37T LAZ Ak, make 4
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/?\/z\élij]% AL HARIE & AT 0 LS A IF LR A R ML FEEERF, A B ThIFNE RO
5}:_7]? %a* ﬁ.‘f-}%o

2.3.2.1.1makefile #9350
Je B XA makefile Z AT, A& ik &A% kA& 3 F — A& makefile 49 #LN] o

target ... : prerequisites ...
command

target WFILAZ —A BAR A, TIWAZ object file, T ARIIT L. ET AL —A4RE (label) o
prerequisites #L2, &4 RIS target AT E 49 AR 2 H 4R, command ‘L3 & make & ZWRATEY &
A (&Y shell 94) o EA—ANALHFGRMKF, LILAB, target X —ANR S A9 B ARAHK
#i T prerequisites a9 A, H A RN 2 LA command . BLEA— &FADL, prerequisites T 4w
RAH —ANVA LG AL target A E#7697%5, command AT € XA G A M IMAT. E A makefile
B9 HLI o HFE A makefile ¥ RAZS A B,

2.3.3 gdb ¥

gdb R Ak 3R KGIFXAZF, T Tomde T 69K AE 5
o 1% H U &
o L MAZF T Z 6Y{A
o A% F> 09 % ¥ (step in/step over) 4T
o T /M T & HYE
oL /MR IFHE
o T FH ARG AR
® T A2 71X
oK XA
ﬁTM&Mgmﬁbﬁﬁzm,%ﬁﬁmin%@b%#%ﬁ%uﬁx# 247 gdb K
A BT AL B4 T 69 4
gdb progname
£ gdb RTHFLHE N help, K7 EasdainR, T2 EA:
ealiases: 4 A%
ebreakpoints: B =& 3L ;
edata: $IELF;
efiles: 45T jF & & LA
einternals: 4474 ;
erunning: #A2/5 AT ;
estack: HAAKEE;
estatus: RKEEFH;
etracepoints: RIZAZF AT,
BN help BRG LW KG, THRFZEPLSWFERFE, gdb 09F A 44T LT

% gdb 89 A&
break FEAF R R AR AF AT L% EH A
FILENAME:NUM
clear Mk E 45 2 R A4 AT BB &
FILENAME:NUM
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run BATRXAZ

step B Y RATRRAERF, TEAERTRHH

next ¥y BATIARAE R, S HEHIT S

backtrace RTHTA G9IAR A . %A R kR ok $ a9 8 BR A
where

continue Yk Sk AT ALK A9 A

display EXPR HRAL A7 L G B AR X A9ME, & K X EAF 2 L8 T 2 8
file FILENAME EBRAG 09 7T PAT LA AT IR

help CMDNAME 2452 B INE 8

info break BB ATE Rk, 645 B A R AL AR

info files B AR LAY IEm T A

info func B AR IRKAZ P 09 BT R B B AR

info prog B TR RAL S G BT RS

info local B RAIRAZ S S ATH R T O BT ERE L

info var B TARRAZ IR & Rft 5T 2 MR

kill b IF AR A9 AL A

list BT AR KAL 5 69 R KA

quit B gdb

T @ A —/ R IR 6 T AZ 5 kA4 gdb 694% A

/*bugging.c*/
#include <stdio.h>
#include <stdlib.h>

static char buff [256];
static char* string;
int main ()

printf ("Please input a string: ");
gets (string);
printf ("\nYour string is: %s\n", string);

}

TR IANAZFEFRE, REWNRETA PR, REHFAFORAITIE k. ZAEFEA
T ARG E BN F BRI string, B, HIFHETZE, il Segment Fault 45i%:

$ gec -0 bugging -g  bugging.c

$ ./bugging

Please input a string: asdf
Segmentation fault (core dumped)

AT ERZAAR P HILG R, KMNARA gdb, FadeT 695 Hti7:

1)iz 47 “gdb bugging” , #m# bugging T HAT LA
$gdb bugging

2)IATFE NS bugging 4
(gdb) run

3ME A where 4 EFAZR AT
(gdb) where

HA A list A EFAM gets KA UL a9 KAD
(gdb) list

5% gdb ¥, KMEHE 11 FRRXEEE, AEAGALES 11 T4,

(gdb) break 11

OVREFEAETE S 11 TAMFE, ZEAEFER, REWITED &4 next;
(gdb) next

NEEFHFE B, B FHR gets HBRBBWREALR LT F string. EHIATMKXAL, A print
@4 EF string 4914



& TR ENLR B RGP 2012 55

(gdb) run

(gdb) print string

(gdb) $1=0x0
8)FI A /& T string @ &9 & — ALK I4, BHAEF, £ 10 T4 11 T Z 038 e — %95 )
“string=buff;”, LI MIFALF, REHUHEEIT, KAEIEHROGELFZITE R,

R gdb & & RARAL T LR list 4, 2R EANR R E. T VAE A "layout src" 44, K # Ctrl-
X FH#A, edBA—~NFo Tuéﬁﬁﬁvﬂz AT A RAL Bl -tui B8k, X AFHEN gdb E@)éwt
BIARGEEEGED, LKL E 40X 4
info win AN =R NN
layout next 4% 2] T —ANHh kit X,
layout prev #7#% 3| L — /N BAk X
layout src A R R AR
layout asm R 2 RIC %A
layout split 2 77 )R XA Fa i %3 K AD
layoutregs T HRAR LT
focus cmd/src/asm/regs/next/prev 13 % A & O
refresh RIFPTR & O
tui regnext £ F—4AF F 5

tui reg system 2T R AT H S
update L AR G 1 Fe G AT AT B

winheight name +/- line 74 % name & 2 69 & &
tabset nchar X & tab * nchar A~F /F

234 —FWHAEAR

GFRF MW L FHaXTHF )
gec tools 48 % A%
MAE R4 (CVS. SVN. GIT %) #94& R

2.4 K FRELHEEIE I BB R A
241 KRR E QEMU

2.4.1.1Linux 7354

QEMU A TH#M—%& x86 it HAM, ik ucore fe#izfT& QEMU L. A T % E#Ha)4RiF ﬁﬂ”#
qemu, AEAE &M AL gemu Chttp://wiki.gemu.org/Download ) , % os ftp JR% %5 LRt
gemu JRA%: gemu-1.1.0.tar.gz) - B A7 gemu A% X HFRHFTEY gec4x hiFH. Hlie: £ Ubuntu
12.04 Z2%F, BRIAFRARZ gcc46x(']‘b<1\3\ gee -v KA gee --version # 4T§7§)o

T A 4% A ubuntu PR qgemu, R EHAT AT 44T,

sudo apt-get install gemu-system

LR R T @ R 69 77 ik gemu 34T IRAD B %


http://wiki.qemu.org/Download
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2.4.1.2Linux 3% T 69 BB X LK LHE

241215 2 B &
%hi% qemu L4 F B 69 F A4 libsdll.2-dev . ZE G 44T
sudo apt-get install libsdl1.2-dev /%3 B 3 A+ libsdll.2-dev

FAF gemu #EEO G, M HBEITRELE (e BAE X EIRA, T RAD R 09 R LE B A,
#l4e gemu.tar.gz/qemu.tar.bz2 XAF, &4 SATF T VAL A -

tar zxvf gemu.tar.gz
&#  tar jxvf gemu.tar.bz2

s oqemu B AR : e RFERPAERAG gemu F 247 patch, & R idAZ4e T BT

chy@laptop:~ $ls

gemu.patch  gemu

chy@laptop:~ $c¢d gemu

chy@laptop:~ $patch -pl -u < ../qemu.patch

2412288, HmiFhik
G ARZFE qemu AT H B4 <qemu>(k T qemu MR 4E442)T @AY configure B A A Ak A8 2 49
BLE X3, f configure B AR K 895K T R, TABI T HLbdiTEA:
configure --help
I P VT At 2 ) B 69 4y 4 4] e
configure --target-list="i386-softmmu" //BLE qemu, 444 X86-32 AL 43R5

make /%% gemu
sudo make install /4% qemu

EE: ORADT 0.10.0 49 gemu I HF gee-3.x MMAGRIFR. 12 0.10x ALK A qgemu &4 X #H
R gec-4.x 9iER T o

qemu P#ATAL - KB B % 3 2] Just/local/bin B E TF.

4o FAE 092 BRI K IR A2, AN A A& “lust/local/bin® T BP =] A |2 £ R

gemu-system-i386 gemu-img gemu-nbd ......

554 A gemu
sudo In —s /usr/local/bin/gemu-system-i386  /usr/local/bin/qemu

2,424 AR A B QEMU

2.4.2. 15758 ¥%

= R qemu £ B 49 L ZKIN Jusr/local/bin 35842, WAEG ST PTIAREER gemu o 4B 742
Ko qemu AT VA % 5dk, # K=
gemu [options] [disk image]
HJ disk image BPAR HALIE LA,
R B E LA -
*-hda file' *-hdb file'*-hdc file' *-hdd file'
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£/ file YEHARFEO0. 1. 2. 3 41%.
*-fda file' *-fdb file'
1R file YERNBEEE, TUMER /dev/fd0 1EH file RAEH T B E,

*-cdrom file'
1R file YEAXELHE, TUUER /devicdrom 1EH file FA4E H AL cd-rom.
“-boot [alc|d]'
MEF(a). A(c). RERHN(), KINEER T
“-snapshot'
BNIGE A R B @b, TAER C-as RiRFI 5,
-m megs'
REREMAAEA msgM F7, KIAA 128M F ¥,
*-smp n'
KEAH n A CPU &8 SMP F4., A PC # BAM, &% XLH 255 A CPU,
*-nographic'
I JE N2 o
HAb:
TR &9 MRS dev 3w
Ve
TIN5
null
RS
/dev/XXX

1% | ZHLEY ttys
file: filename

Fdir s B ANF LA filename F o
stdio

RN/
pipe: pipename

4§18 pipenames

s
<]

£ dev X & G9a 4
“-serial dev'
TR ENPE O] ZHEE dev Po
“-parallel dev'
TR e R O B EHEE dev P
“-monitor dev'
% £ ) monitor 2| EHLIXEL dev o
HALSZK
g
S gdb EAEE|3RO 1234,
"-p port'
AT gdb #EiE3H 2 F| porto
g
ERHEREFH CPU, &E4& monitor PHIA '¢', F AEik qemu 4 LA TAE,
g
m B &% gemulog LA
H A ARG T ASF ¢ http://bellard.org/gemu/gemu-doc.htmI#SEC15 o H A gemu 494 K F={&

B 6954 T VAR % http://bellard.org/gemu/user-doc.html

KA A LATHN qemu(/xﬁf"ﬁ’() .Lat'r 8l

AR, e labl, A 2694454
gemu -hda ucore.img -parallel stdio //ik ucore /£ qemu A% L8 x86 AL 4FIRIE F AT
2,

gemu -S -s -hda ucore.img -monitor stdio /A 5 gdb Bz &t 47 IR A% 781X


http://bellard.org/qemu/qemu-doc.html#SEC15
http://bellard.org/qemu/user-doc.html
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2.4.2.2 5 /7 i<

(1)gemu ' monitor &9 % F & 4 :

help T & qemu B, RTRITH LHFGFL,

qlquitlexit B gemu.

stop %1k gqemu.

c|cont|continue HBWAT

x /fmt addr ETAGEAL, LF X AHERA, xp AFERA,
xp /fmt addr A Mmt 1 RATRILYH, HESHAT—REK.
plprint' it H AR NEH B, Plde Sreg A TFARER.

memsave addr size file 7 55k 5 2 L4, memsave 4 EHuht, pmemsave #5FHik,
pmemsave addr size file

breakpoint #8 % : KE. EHUEMB% breakpoint, pc AT E breakpoint, qemu fF:k, (HE%
A IR

watchpoint #8 % : RE. EFHUREMI% watchpoint, ¥ watchpoint #ht N ZAE %, 1FE, (F
B A L RE)

s|step ¥ — &84, RGBT S AT,

rregisters BTEIFAENE.

info 48X #R4E F14 qemu X HOX T R AKREME L6944,

HAb B AREG o o AS XA BLEA, S qemu help 448,
2% : gemu ZKIAA Ssinglestep arg’ w4 (arg A HHK) , LA REE I REFTS, Pl
'singlestep off ZfT4 R A Z ¥, 'singlestep on' é’éﬁ‘%f? AHFES, BEAHFESEHT, E£H
cont @A HATE M, do:

(gemu) xp /3i $pc

OxfTfffff0: ljmp $0xf000, $0xe05b

OxfTfftfS: xor %bh, (%bx, %si)

Oxfffffff7: das

(qemu) singlestep on

(qemu) cont
0x000fe05b: xor %ax, Yoax

step 4 /\7551*1 @A, PP gemu #AT—F, ARSI breakpoint BF EIMAT. R ILEAE A cont 44
W] gemu & 47 A E LT .

log @ &R BAR A qemu BMIAE F L0158 (5 qgemu B4 -d' 4R) , BARSKTALE &
Sy, FAEMNB EREEARGEAE “/tmp/gemulog” F, FldeiE A 'log in_asm'¢ /\V/Ué :éﬁ:i’ﬁ =

4 6969 gemu.log XL AFA :

2 IN:
3 OxfTfffff0: Limp  $0xf000,$0xe05b

6 IN:

7 0x000fe05b:  xor %ax,%ax

8 0x000fe05d: out %al,$0xd

9 0x000fe05f: out %al,$0xda
10 0x000fe061: mov $0xc0,%al
11 0x000fe063: out %al,$0xd6
12 0x000fe065: mov $0x0,%al
13 0x000fe067: out %al,$0xd4
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2.4.3 ET qemu NEHEAIEIA ucore

XA . 4K labl, FRIZ bootmain oF 3% :
(1) i£47 gemu -S -hda ucore.img -monitor stdio
(2) &4 bootblock.asm fF%| bootmain FF it 0x7d60, F+4EAMT &
(3) A a4 ¢ ELEPAT R A
(4) 1R xp A AT RIC S
(5) R s A ABITE DI,
474 Rde T
chy@laptop: ~/lab1$ gemu -S -hda ucore.img -monitor stdio
(gemu) b 0x7d60
insert breakpoint 0x7d60 success!
(qemu) ¢
working ...
(qemu)
break:
0x00007d60: push  %ebp
(gemu) xp /10i $pc
0x00007d60: push  %ebp
0x00007d61: mov %esp,%ebp
0x00007d63: push  %esi
0x00007d64: push  %ebx
0x00007d65: sub  $0x4,%esp
0x00007d68: mov 0x7da8,%esi
0x00007d6e: mov $0x0,%ebx
0x00007d73: movsbl (%esi,%ebx,1),%eax
0x00007d77: mov %eax,(%esp,1)
0x00007d7a: call  0x7c6e
(qemu) step
0x00007d61: mov %esp,%ebp

(qemu) step
0x00007d63: push  %esi

2.4.4 %54 gdb Al gemu VRS AR ucore

2.4.4. 145 E 1] i A9 B ERXAF

BT ARG R AR AL gdb XA IRK B AK, AMNEZAEEM gec %it IR AR
FAe st g gdb o AR R AR T 4 20 AT N FRKE TR0 X 515

IS o

2.4.4.2ucore K545 F

(N%miFidA2: EMEYEH ucore RS 1% K make 4 BP ™, #lde labl P :

chy@laptop: ~/labl$ make

4 pt B AR A A ucore.img.

(2)4%@%35:

£ diff e 435205 89 ucore KABA= ucore RALBEITILAL, A Z ATHEE A make clean 44
ARTL B, (%A ctags I, BEEFILFE%, )

Q)& A&k : AR patch &4 3L,

2.4.4. 3/ Z VI
AT 5 qemu FLA# AT RARADE A AR, FEALIE qgemu FANFHF gdb AKX B 694 NG L R fE ik
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gemu ¥ &9 CPU #47, BE B30 qemu #BTE, KA1E B4E A A $-S —s ERANSFCR BB X — &
AR R T AT @R F| G HA KB ) qgemu X )G, qemu ¥ 49 CPU FF & 5 EF4E#AT, EiT4&41/5 3 gdb,
KRG & gdb AT RET, & HA T @ege4iEdED gemu:

(gdb) target remote 127.0.0.1:1234

REMN ¢ (LA continue) ¥4 E, gemu U EWAT T X, 122 gdb & T Rl EMTHF 512
B, FEHELHTH .5, RIRFTRDENFRG, ATk gdb KeFFEE, F2KTAKXE
LA, gdb FAE R file 4

(gdb) file obj/kernel/kernel.elf

2 )G gdb ABNZNIHFHIFTEZET .

i@ 1E gdb T A ucore AXAL#ATIIX, WA labl P 81X memset 3 A 7] :
(1) 47 gemu -S -s -hda ucore.img -monitor stdio
(2) i£47 gdb H# 5 qemu #ATHE
(3) P& B W7 & AT
(4) gemu ¥ % HiK.
BT IHARAR L X4 T

Ho—

e

(AR -
chy@laptop: ~/lab1$ gemu -S -hda ./bin/ucore.img  -s
chy@laptop: ~/lab1$ gdb ./bin/kernel
(gdb) target remote:1234
Remote debugging using :1234
0x0000fff0 in ?? ()
(gdb) file obj/kernel/kernel.elf
(gdb) break memset
Breakpoint 1 at 0x100d9f: file libs/string.c, line 54.
(gdb) run
Starting program:
/home/chenyu/oscourse/develop/ucore/labl/bin/kernel

Breakpoint 1, memset (s=0x1020fc, c¢=0 "000', n=12) at
libs/string.c:54

54 return __memset(s, ¢, n);

(gdb)

2.4.4.4(¢/ gdb FLE XA

bt @TOER, ATHATRBERER, FEMANRSHRE, RAM. AT HE, TOKFZ L
A B AR R, Fik gdb £ 8 e EHE A FhERA
FATT AR A gdbinit, FEANT @A E:
target remote 127.0.0.1:1234

file obj/kernel/kernel.elf

A Tk gdb £ B A B PATIE Loy &, AR F T & 69 a4 5 7)) gdb:
| $ gdb —x gdbinit |

e REFEANF L RK, TRAKEZIANAGEEN—ANTHF, BB ARIAT,
B, R BB @GS, RAFEGFEOLZ—ANrGLITHRE, RBEAN, HETEHZL
#
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ucore arm-eabi-gdb 93x51 ucore arm-eabi-gdb 93x51

IRQ|DISABLE_FIQ|UND_MODY

B
E_
B
E_I
B
E_

IRQ|LISABLE_FIQIS

Line: 41  PC: Bx3894c

1

e BRFFEEEBRHGRE, REEFEM EAR-iHAITT, thde:
| gdb -tui —x gdbinit

2.4.4.5 12075 B kB

L@, SAREATRBILE gdb RALTETHHFT, KMNLAL gdb BAFTEFR L&, £
BT gdb A RAZ R IRRX A EAR, BA AT T PAT AL B E T L4 620K AE L,
H A BEER gdb @4 F TR T . B2AEFER qgemu FH/TZAZR KGR, KAVL AT 3w
H5k, LiLAE gdb F A file 4

Ao B IRAT AR R ARG elf AP R R 8 R Rk B AT e 8y, XA A EEORD P RA
HEATE AL, 2R A RIRE R B SEEEGRDE, F)E5EIEEW ELF AT A K 45 2 69 50 £ % ML
HAEAR R 0, XANHAEFEIF LR REH, RAREZRAABEKRAE, AP S35 EIEEGMERI
HAERERANES PG, XA —ANB . RERERABIANSEEEPA B XN,
WA P A EEES (linker) s SEEE PHRUZLEHLE, ARNSEEET TEFIET,

BT B AL S, gdb FARFEIASEMMAR S Y, Bk RNAENIHE ) SEE
AR HAT XA R, &2 F 3% K gdb FRXIE A& B35 2 3k,

T, #HA1EK gdb % linker /2 ] 0x6fee6180 X AN bk F
| (gdb) add-symbol-file android test/system/bin/linker 0x6fee6180 \

IXAE 0 o A BRI XA £ ((data) BL G TRIX 13 B m E 2] Ox6fee6180 L, HAX, T g “s” X
/1\7’;‘%&7:}5;}5/?, Pbdm .
| (gdb) add-symbol-file android test/system/bin/linker —s .text Ox6fee6180 \

EH, EPATE] linker F KA gdb #LAE 95 B 7T by B4 9 R A= K47 & i Ko
TAT7 ik RAE R T AR S B HAA .
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2.4.4.6 =5 5 ER e

IR EAE, RAELFE B RX R 1386 Ry X 9K, thde 8086 EE X a9 KA, KMNEE
W B ATAE A9 B

| (gdb) set arch 18086 |
AN Ty ik AR TR S B R AR B B AR X A9 KA B8 2 A = L AL 6Y

2.5 T HRAL 72 B 5% 1

L2 AIRNILE ucore, EZ T M X IF ucore BATHIARAFIRYE, BP T AR RIKNR &M (T s
3+ ucore ik FHvh) AR IEAE (321 ucore B9IL%) o ucore B AT X H a9 443035 2 £ T Intel
80386 VAL HHEM A %, LA ANE (tbioffRIPAE X&) R A 5 I ucore 91T AF R 47 &
ﬂ’—/\éﬂ

/] 20

2.5.1Intel 80386 i3 4T4% X,

80386 A WIAPiZITAE X . FAX, HKIFEX., SMM £ XA L 8086 4 X, X Z 3t & ucore
EBRKX, KPR U—ANEENE,

FHKX: 80386 M B A G TFRRERBITRS, EXMHIRSTHATIFFOHEN LGS B R
AeAgid IMB, H Tk &% Intel 80386 VA LB A189 32 42 CPU 49 4GB N A& ik o S XF A
WILRNGA RSB RE, 25 RAF BT RRE K, #4FE2%RR AR XA R4,
W HA— N4 AE R A R IR eyt , XA R PAZF O — N4 R TRIFR AR AL
R PARR R, FHHBERT AR, ARARLE RIARTRZ REMEE,

FHEKX: FHEXRZANTH 8086 AEEHEMIXEWN. £FHEKXT, 80386 AEE# AL T —A
Heik 09 8086 LI HE ., 80386 B ARV HITMEAERE X B, XNBELEEFPHETER
VAR AR K GG 45 AE TAE, 80386 XK £ KX T a9 A6k 3 T a7 A= 8086 £ —+4y, A FH
RN EFA 16 Bkt do L&A RS R RLGHE i, XETE 32 {2xi &
PAE R TAK 20 42, BPTi7 ] IMB 8943t = i, £FARKXT, 80386 AIZHE RAExt A AT
WG BT A F e bt 2 N AP SRR, R X T, A 6982 T vk,
BAefiTag, FAEXT 80386 NI IFMAR, AL E T IEEMSAR (BREALZR 0) , BT
AE T APATIT R 4R A54, OiER B85 45 CRO 5. FEKX TR Hm4 Loy 55,
FAEXT o9 P B4t 22 7 XAe 8086 M EANE, WHFH QTR R TP EIRSAL P oA, PR Q&
R ogrEiAe 8086 M E —H, HFA4NFIAR—AFH G, L FOERANF TR HLEFAHA
F AR AL R,

PR K KR L, 80386 #AZMiT AKX T misiz4F 4%, GDTR, LDTR, IDTR 5
TR $EEFHEEUARNEL, REFil@idE CRO £ HE F a9k XAF A2 {2 dn st AR X 89,
L 80386 LAFAIRiAE X TFRIBFAE, LA 6 32 AR AR T4 F 4, 47 F a5 %k 4GB.
BERFEXT, IHFAETE, RET I EMAFRITF I HF. RIPEXT 80386 L H5&4%,
LERHREBIE, FRGEFTAEITERNROKRLR L, RER—EH 0~3 4 ABRA, BIEZ
GIETERSVOR LR 0 £, ARSNGB TEREKGEN L, BARIFHEEIFE, BLT A
FEAE - 18] SR S AR 09 2 A 2k F AL ST LURIST 3T B S AME 5,

2.5.2Intel 80386 K 4 224

80386 & 32 {zt9 /IS, PP AT AL A Axuht F B A 2/32=4G F V. EILHERMEF K
dAEF, FERAE AT R AL AR R M RG], HEAAFRITE A LTS
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REBEEXR LA TR ENREART A GAIN LR L, — N EMNELGT A — AN
AE T, KB R B R FEANBITY Y AAZFA B MM TR, BRERAAGEAETEZIT, 4
BATE) g AL AN B T F AN T EAI A G dgsbnt = ), XA TIE S NE 769 8 AL 5 Z 18] 48
Lg%, RES AR AEBAEE R EI, — DT ENREFTUAR Z AR H (3L
o — ANBATHAE T AR — AR R BRI T W) o RPEXAE T E 6 K 54 ht = R 69 K
NER LR ES:, B TE RS AL B Rk E R, X2 HT 80386 P LiEF A&
AR, AEFFAEMA— A FAE, Hhede T C KD K B
int boo=1;

int *foo=&a;

XEE boo Z—NEARTF, foo TEA—ANHE boo My EAR KA T2, foo PHAENAR
A boo AF AL, FHMHE A 16 2B T HF B F—A 32 {269mAFZH MR, Foo P AT
AN AR, MR EEETETFES T,

TR = A F BT

® SHEMBBH. S AR KEF): FHHI> LA HI A FE> 25 M s k=4 3 36 bt

® B AMHEI Ay WALHI AL )G B0 i AF He bk > BEALHY A FB-> U P 3 bk > AU A A B> 32 b itk

2.5.3Intel 80386 F 4 %

80386 BT A RT AN A 8 U: BAFHS, BAF AR, BAEKHFAES, REFTHS, F4K
WFLEE, EHFAES, ARFAES, WKFHES, CMNOTEAL 22, —MEFRAINGTH
ROFARTHE, BFAR, BEBHATEHSE, METHES,

General Register(GE i % 4 %): EAX/EBX/ECX/EDX/ESI/EDI/ESP/EBP iX st & % % 691k 16 {232 8086 #Y
AX/BX/CX/DX/SIDI/SP/BP, 3F AX,BX,CX.DX XWANF AR R, TAERERCMNAE 8 {af ik 8 12
(AH,AL,BH,BL,CH,CL,DH,DL). {1494 X 4= F:

EAX: A&

EBX: XAut¥F 4%

ECX: +#H# %

EDX: ##EFHSH

ESI: R¥ehIGHF AR

EDI: B &9xuitis4tF 55

EBP: A iIs4+F 4%

ESP: & 4R4TH 5 5
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i H A A7 A
31 ‘ 23 ‘ ‘1 5 ‘ 0
EAX AH AX AL
| E]SX DH DX DL
| EéX CH X CL
E];X BH BX BL
“ E]%P B‘P
: E% I S:I
: E#:)I D:I
: E%P S:P

Segment Register(£ % %4 %, AR Segment Selector, £ it #F 5,

BaFT): BT 8086 4 4 ASEIH

(CS,DS,ES,SS), 80386 L3407 AAKFS, GS, XL FHBHAA 164209, TAY ALt TF:

CS: K (Code Segment)

DS: #k#&f(Data Segment)

ES: M he4k 4% B (Extra Segment)
SS: A% (Stack Segment)

FS: Mk

GS M A fx

Beay A7 s

CS <CODE SEGMENT>

SS <STACK SEGMENT>

DS <DATA SEGMENT>

ES <DATA SEGMENT>

FS <DATA SEGMENT>

GS <DATA SEGMENT>

Instruction Pointer(#§ 44541 4r 7 25): EIP 891K 16 {27t & 8086 49 IP, & H 4692 F — K ZHT LA 3k

a, EpBMuEAIRP, AT NE AR,

REFERNELFHE

31 23 15

EFLAGS

7 0

EIP <INSTRUCTION POINTERD
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Flag Register(#=& 4 74 %5 ): EFLAGS,#= 8086 #9 16 {2 AREF A B ALk, AT 4 NMsdllz, X 20 {245 %)/4%
EA2 945 F 4o T B P

REFAH
16-BIT FLAGS REGISTER
A

31 23 15 7 0

VIR| .IN|IO|O|D|I|T|S|Z A P C

00000000090000000 MFOT RLFFFFFFOFOFIF
VIRTUAL 8086 MODE X
RESUME FLAG —— X
NESTED TASK FLAG —— X
1/0 PRIVILEGE LEVEL X
OVERFLOW S
DIRECTION FLAG c
INTERRUPT ENABLE X
TRAP FLAG S
SIGN FLAG S
ZERO FLAG S
AUXILIARY CARRY S
PARITY FLAG —— S
CARRY FLAG S

S = STATUS FLAG, C = CONTROL FLAG, X = SYSTEM FLAG
0 B} 1 RxiintelfRE, FEHEH

A8 K B9 4= H) AR EAL A LA
CF(Carry Flag): #4z4R&A4%;
PF(Parity Flag): #r1&i% &4 ;
AF(Assistant Flag): #h 8y #4247 EA4%
ZF(Zero Flag): TARE Az,
SF(Singal Flag): 5 4Rr& 4%,
IF(Interrupt Flag): P A 34547E4%, & CLI, STI A &354 ki=#); X E IF 4 CPU TR
INER (T Rdk) PBFiEK. Az IF M2 P B, [F 3T B ik sh 23R b b Ao b 5 o 7 é9
IRF XA AEATER .
DF(Direction Flag): ®®47&4%, & CLD, STD M &454 kiz#;
OF(Overflow Flag): & AR &A% ;
IOPL(I/O Privilege Level): /O AR F K, CHTTEA 242, CHE T /0 54589 4K
4o B L AT AR B A ESAE E DT REF IOPL, AFZ /O 45 TH#HiT. FN, HRE—4
PR P 3 P B
NT(Nested Task): 4= & #7i& & 454 IRET, ¥ 50K

CREHN 142, & NT=0, N FBEXRFHELEY
{i ¥ & EFLAGS, CS #= EIP AL iia =, % N

T=1, Wi#idfES5-n4e5 P Bk &,

2.6 T BE ucore ZAE 7 ik Al K IE454)

2.6.18 &) 3 F AL F

uCore Xt P KRBT —R A L RILT k. RAR C BB LRILTF LA RELH,
REBARAEIHFATIFTANTERD C B5amt 45, 5225, &RMNFAXREEA C EF
B AT C+ BBRBCZFANTZAAR, wRERIMHF, T HEER A CHHAAE.

uCore B @M B Z4wAL ik, BATEZARKMA T £M C+H89# 2 (interface) BER, BF AL
MNP IR ERLABTEASG (b AN GBS, AES, IHRLSE) AXROBEET X, X
BHERANETRAAWELT L7 A, Bet)izPlED R RTM, IERBG AT R RZ AT IL
REWELSE—R, FAREES T, DRTRGIEEZ %, o g C EF3 %, AN —8HHIE4H
BELS, RAE CH F, PARR. EO TR RREZSHABET 2RO M7 /REE
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X, AT DARSE 77 P) A2 AR BB o 45 & .

tbdms3t T uCore A FTHMEANAERLTRAA, BABINSHAZT LT Z AT HIIEA
BEETREA, NARMENGETETRAGTF/RERX, REAMELT pmm manager K I%%
#) (42 F lab2/kern/mm/pmm.h) 4= F :

// pmm manager is a physical memory management class. A special pmm manager -
XXX pmm manager
// only needs to implement the methods in pmm manager class, then XXX pmm manage
r can be used
// by ucore to manage the total physical memory space.
struct pmm manager {

// XXX pmm manager's name

const char *name;

// initialize internal description&management data structure

// (free block list, number of free block) of XXX pmm_manager

void (*init) (void);

// setup description&émanagement data structcure according to

// the initial free physical memory space

void (*init memmap) (struct Page *base, size t n);

// allocate >=n pages, depend on the allocation algorithm

struct Page *(*alloc pages) (size t n);

// free >=n pages with "base" addr of Page descriptor structures (memlayout.h)

void (*free pages) (struct Page *base, size t n);

// return the number of free pages

size t (*nr_ free pages) (void);

// check the correctness of XXX pmm manager
void (*check) (void) ;

};

IHETREIREH, BNTARATRNELENAELSRLZOHWENEEELT R, WXLy
HANEERTAAREZREH &, REEFALLLEM P ZLH init (4544) | init memmap (%
MR IR N G dE AL E ) | alloc_pages (0 BLHIZT ) . free pages (BRI ) K454
st e {F. mERAAETEAAEEZEMEANFEETRAAREN, RERAANGZHENGE
¥ F F BT R B 89 pmm_manager 248 2544 T = 69 KA A5 4 BP °T

2.6.238 F B4

2.6.2. 1K [l EH EEF
FECRARLEMT RAEF, e ReVEEAARBEMGUAEITEE, BFRAGDERZEINRIELEH

WA LR EIHRR T ¥ data, 3 EAe NF NS 6% £ A 69454 next A= preve fldm:
typedef struct foo {

ElemType data;

struct foo *prev;

struct foo *next;
} foo t;

W EIRE R LRET SHERIER AT L, EREE—AT EE A, BHEAT QT —
A, HRAE KB sE A P OEE—AT .58 data BB, S JEIR P A R B9 K AEEE 4 T BT
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R

Lod _lefwtie]| [efotie]| [efvtie]| |efwe| [

A o) 8 B0 i e

XA Bt R R ARG —ANEER AR, BARBEEOEARBRER -, 28 TEHEMHHF
THFBEMOEAR -, T2AFMHBFTHIEEMER T AN EIANKIBLEN G T & RIEN
MR 5 & AP IRAE, 2&FHRBTA,

F£ uCore M# (MK lab2 FF45) FAERA T K Z WM BIREE R B R ALY, CFEZTRA G
Pk, AL, 427 R, X&EE. IHRAATAFORIEAL (E[labX/libs/listh]F ) ,
BHAARERHLET Linux AERaERELRFIL, § “HKELEH” BT OBEARBEEHNRK—
Mo T@a¥ANBiX — ARGt HRAE R

uCore By @4t K ZEH 2 XN :

struct list entry {
struct list entry *prev, *next;

};
% %2 % uCore WA AYEE & T & list entry XA €415 4069 data B3k, , MmALELKGHKIEL

MP O E T R, A lab2 TR RAARINEAAR, TRRBERGRBHZ L (2T
lab2/kern/mm/memlayout.h ) 7 :

/* free area t -
maintains a doubly linked list to record free (unused) pages */

typedef struct {
list entry t free list; // the list header
unsigned int nr free; // # of free pages in this free 1list

} free area t;

A —/N2 R 3 s & T &€ L (42T lab2/kern/mm/memlayout) 7 :

/**
* struct Page - Page descriptor structures. Each Page describes one
* physical page. In kern/mm/pmm.h, you can find lots of useful functions

* that convert Page to other data types, such as phyical address.

**/
struct Page {
atomic_t ref; // page frame's reference counter
list entry t page link; // free list link

};

XA VA free area t MG 3LAB A e 3142 R 6945 & k4841, VA Page M09 348 A e 1A
REER AT S, AT UHBR— AT EG R EIRER, T B



& BRI ENLR B RGRSL 2012 B

free area t

nr free
.\l/’ Page
P
age /::::i////\\\\t:::::Ief;_'_
ref; ...
T e 0 [
N\Page /Qage
ref;..\ ref;...
SES B

Nez/

B R R S ek R
BB RATVT LA 2], X ATIE R 6@ MR R MR T A B 2 AR £ A 2 U4
I HABLE MO TR RIR, ML O B M E T B A ABRERH . £F
M E R pE £ 0TI (AL lab2/kern/mm/default pmm.c) F, LK =& T8 A eyt kiGN,
A MR EIRERK. ARXEERBEIRNE LT,

1. #1454k
uCore REZX THEEAT R, FERAFNZXERK, WAL ANGEFEER R TR IALERY
7 L &AKRA A list init X AP EEFHF (inline funciton) :
static inline wvoid
list init(list entry t *elm) ({
elm->prev = elm->next = elm;

}
A XA default pmm.c 895K default init, % &AVAA list init(&(free_area.free list)) i, #t 7
Bl —AN % free area.free list #9%% % 3kit, €H) next. prev 4T ML AIE® AT, XTH, KM
AT —NETERNAGREG TR, T BRAT AR KAE4H89 next £ F M\ B TRFIBTLEE R
AL AT, miXFEA RIS L list_empty 49 5% H,

2. N
atik & B9 HENF MAPERAE, BPAE & K4 (list add after) &% A4 AN (list add before) .
F R e B & 694 & K49 next. prev @R PO E Nl BE —AT &, AT,
list add after #= list add before #9%% I X %3 A~ Kk, %L uCore % Al A list add(elm, listelm,
listelm->next)#=__list_add(elm, listelm->prev, listelm)& 5% A& K FEANFE LR BFEN, ™ list add &9
F AT
static inline wvoid
__list add(list _entry t *elm, list entry t *prev, list entry t *next) ({
prev->next = next->prev = elm;
elm->next = next;
elm->prev = prev;

}
M EHFIT A B R KIEARIENAE listelm 26, BIAGEAMENRITIZE, mAERREAN
AN listelm->prev Z 6, BPiGAE AN RGIZE, /£: list add ¥ T list add_after.

3. Mk
LT B MRS IR R R P A9 Page MRS R T &R, TR AEKB A list_del, @ list_del #t—
AT list del kT AREARGMIRIRIE, HFEAA:

static inline void
list del(list entry t *listelm) {
~list del(listelm->prev, listelm->next);
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}

static inline wvoid

~_list del(list entry t *prev, list entry t *next) {
prev->next next;
next->prev prev;

}

do R ZAHRAMMIE 9T & listelm RAEAE@EER FORLALT &, XTLUGELAR list_init HEK ke
listelm #9 prev. next #5492 8 &, B R E A DRSS, X T A8 1T list del init FHF Rk 2 &Ko

3. TRIEEN EMENRE EZRELEHN

@i Em e REE T 4o, list entry t BAMGBFREEFIREG T EF S RBEMPEET SRR
BRI, 4o TG B R R R FI B A (B SRS T )
%.? Linux A b4 T 43 #4825 4 XXX 89 1e2XXX(le, member)é9 %, H ¥ le, B list entry 49 & #7,
AAGE AR XXX F list_entry t AR A T Z 464, LR B HEGBIREER P T R HLE,
member W& XXX KFEEXAFOSHBET EORR L E, Flde, KAEEL7 7P TR REEE T AT
AW ORI EWNAET Page HB/ELEMYETZE, NWTURA THAET XN (AT
lab2/kern/mm/default pmm.c) :

//free_area = R 3kE FLLEM), free area.free list &= IF 34k % k
free area t free area;
list entry t * le = &free area.free list; /le A% IRN3kEEE K4
while((le=list next(le)) !'= &free area.free list) { /AF /AT &F4EBH
struct Page *p = le2page(le, page link); /FRIT &AM T Page RELMH T F

le2page % (& X4z F lab2/kern/mm/memlayout.h) #9448 % f5 %
// convert list entry to page
##define lel2page(le, member) \

to struct((le), struct Page, member)

mABLZ T, CH9E I A 28 to_struct £ A= offsetof & (& X4z T lab2/libs/defs.h) M| A — X E -
/* Return the offset of 'member' relative to the beginning of a struct type */

##define offsetof (type, member) \
((size_t) (&((type *)0)->member))

/**
* to struct - get the struct from a ptr
* @ptr: a struct pointer of member
* @type: the type of the struct this is embedded in
* @member: the name of the member within the struct
**/
#define to struct(ptr, type, member) \

((type *) ((char *) (ptr) - offsetof(type, member)))
XERAT —AFIA gee iFSHERGET, FPARFRIBLENGRRT L ZAEAE LHIBLEHF
BimtE, RERFERAR LT ORI RFE B I HIFEEMGT 0934,

BAVE Lk F offsetof £, size t RA T X5 CPUKRZLZMA R, KFEIHK A Intel X86-32 CPU,

B szie t T unsigned int. ((type *)0)->member #9i% 1+ 4 XA 2?7 EFEXRA T KFHKIEEH
AR T EAEAE ZHEEMTHRBZ. HTRIZXANBAR, ALK 0 ARF"HI"A type K
P& 254 (tbdm struct Page) #9484, Hi7 1 2| type £ &4 F 49 member A& i (Hde page link) #9
sht, B type KB T member AR AN THBLEME T RBE. £ offsetof B, EA
member A R #9H AL (BP “&((type *)0)->member)” ) FFr LA type 2 ABL M+ member A& i 48



& R ENR B RGIRAEER 2012 5
S THRBEMT 2N RZE, FTLE—NEH, offsetof(type,member) £ —AN% £, to struct 7% iE
A AEINR LG RB TR RKFEEARKBEAG T A, BT RIS —T to_struct &, =T AR

to_struct X+ A B4 ptr TE AL T Le9xbit, Je €k offsetof KATRMAWRIELEMNIRASZ,
PP#biF s T 2t & 7 a0 B T RBLEMG T 4t
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