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2.1 THEOS 4

B—/NRAE R GED? RIAIAE LA T Linux #= Windows #&41F & 47T 18], % Thompson
A LR ENFEBER—ALETI, 5T UNIX; %5F Linus & —A 21 ¥ RFAHZRT
Linux 875, sbEiX e E AW R L, KMREFELZK—THREA M ZRR?
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(deubg) %3 87T R A%+ a945i%, TRA gdo (B4 gemu) FFX T EE 4. 7T A%
I8 09 1B 4T IR A T R IRBERL VT VA Linux 2 Windows ¥ 1& Fl . #71% A Linux 3735,

AR AN B AT —F —F R F I ucore B2 ARIE—NEME FR ARG FRIAL, KT AF 4 F
a9 5= 15 3R

1) /=334 R 489 bootloader, BT 7T MHEAF A LG AT RS Fe MRS T/, THES

BERANRM I, BER AT ERE A G, ZLHAH LB --IMHPE, “FaB+
¥
2) WEANGERTRER, ATHEMXE6 RIS TURKX, THIEERAETERMENG;
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RHTHEETHEE;

5) MPp#AREEFAL, AT THAPSHAME, BT, M2 R0 ETEI4E, TR
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WM& BN E%, £ ARMHARXEZAL LIZT, IHENMRIRTF, ILXRECEHRF
ﬁ% KA AR A B 2 AN

22 B FBIFH

FAMAHET MIT 8 xv6, Harvard % OS161 #= Linux %%+t 7 ucore OS 232, FfH OS 2% F &
Linux Ti&fT. s TLETRRGRESF, EHAF B EMAE R Linux LBIRE7 —T }ﬂl-*éévﬁfmﬁ
KT RE

221F K OS ERMHE I K

FE42 ) OS FTP R %35 £ 3 4= github M sk (https://github.com/chyyuu/ucore_pub) =T T #k & A14R 4449
labl~lab8 %% B4k Ae L A% W, KB 22 id e T T AZRL T AT ARAE A o

1. THRE&MEHME HlhedtfT: tar jxf labl.tar.bz2

HFHNEAOS £ TAZ A K Pl4e:  cdlabl

AT SR I B K IE 3% R AL A5 X AD (R & AT XA 4 A7 T B e AR G 48 55

FH4miE R e AT make

S Gy 1% A AE N R ] 4 3R 3

S 4158 L N MK A F R A EH, AT make grade

de RFAAAEH (FPFES %6%%&@&7&0K%M%)Wﬁ@ %3

e REAAREH (BPA2 T IK6 M B AL OK) M ARFEHBRIA4E, PldaihiT: make
handin

9. e R G94E AR A O A R IR LA Jemail 4 Bh # A )T

N OOk wN

%8k, T VA 3\1\”1’1’13.1(6 qemu”ik OS % % TA2 & gemu E£i&47; T LA id "make debug” 2k “make debug-
nox “&r 492 i@ it gdb ALK OS F I TAZ,

2.2 238 3L B WAAAE B Linux R 8835 35 (EF: REDHWFRIARERS &)

XA R A 69 —AFiE i R L X AL A Linux FF 2 OS EANE IR ik, T F £4% K Linux #
VR Gfe & AP IR PN E T KB4, A %K VirtualBox E L4 (A windows i A A= E A OS ik
A, T2 http://www.virtualbox.org/wiki/Downloads F#) , REAEKA OS FTP £ % L TFH—/
H T € 5% 5 AT EAT BT & AR FT RS IRGEAT H AR89 Linux 58 38 3R 3% 69 A (BP — AN R Bk 4% ST
£, lab4student2011.7z) . A 7zip 4 (A windows sk AA= H 4 OS s K, T #| http://www.7-
zip.org/download.html F #)#% /& lab4student2011.7z /& ubuntul2.04.vdi, K/ K%k 3GB, #&
VirtualBox 7 Ao X A~ & #ol 2 5 A, 07T KA D547 Linux SRR ER3E T o
Je B R TN P LI, FmA

student
LRTMADELN, AERER—ANZAEPDELDT, REHBENBTFAFREYTT. FRAR
12F labs H & TF,

2.2.3% %/ A Linux £33 3E (E46HZ2HT2E Linux AR )

X EHAMEEZVL Ubuntu Linux 12.04 (32 bit) A BEANSLR 2 L4035, AARNE 22k
Ubuntu Linux 12.04.

223.1WUBI 7 A£& (RESH A Linux £& 75 :4)

WUBI & —A~% 14t 2+ Windows A 7 # UBUNTU Linux %% T B, REE2#MH AL EFH/LT Rirm
Co NEZRXTHNRERZE, NEZBHIMH, ~FEZ Live CD. WUBI iL4r4= ] Windows #£4F & 4
¥ oy i — 4 EH R Ubuntu, Ze FARMA KA 2% 3 UBUNTU Linux, Wubi & 448 % —


https://github.com/chyyuu/ucore_pub
http://www.virtualbox.org/wiki/Downloads
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K% UBUNTU Linux, EART k4= T :
(1)-£ OS course ftp ‘& 7 M sk http://releases.ubuntu.com/12.04/ubuntu-12.04-desktop-i386.iso T %k,
T —A> ubuntu-12.04-desktop-i386 49 1SO L4+,
(2)i# 1T winrar ¥ T B F £ k89 1ISO LA+ + 49 wubi.exe i E H &, RAEEE NS RGHRE X
FTo XZHEAAE T —ANES RNHBG 89 NTFS 4K, #E wubiexe R, KRR HEAT
AR«

S - =10 x|
o) HEHE R buntas. 10
® i IEANSIEARPEEEE —FEEE, UF
D
) SRR R3S (36 6B A ,E’] BE
M |F: | 3 [Chinese (Simplif ¥|
FATADCGE) = BApPE&
llo _~:_| m ltdmini strator
A
RO CARIRE : |
‘ IUb\mtu L.I Cmt] |

http.//www. hongmop.cu

AamE | =0 | BEo |

QEREFHNRBZZEKWYNR, 53, »ROZAAKR D, AP Lt (541t4) 25, &
Few R, TN RO BCEERT, 2 AR EERsE ETH ISO L. X EK A Z%iE wubi
TS 1SO 697 F4 3% ubuntu 12.04, &5 4 K28\, # 2 T ISO L6y —F 3FF X4,
AH#TX—FZaTF R &, ABIRRAT T E k49 ubuntu- 12.04-desktop-i386.iso L #4+3% N £
wubi 71 3£ 89 ubuntu B & T 49 install L& &, £ #7547 wubi.exe, R FERESR T T 1SO L
BT, JLAAE, wubi tAaRFIREH BN R %, &, it ubuntu FEX A EARE L, LT
# Je 4 FF4E 34T ubuntu 12.04 8952 E . e T B BT


http://releases.ubuntu.com/8.10/ubuntu-8.10-desktop-i386.iso
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“l“: Ubuntu ¥ i ._J_J- ) .>_(.I
IEfESERR, “Ubuntu ” R AT

[hcs

EFRENBhTHEIL THRER

@ 52, EERE )
¢ &, RHEBBETEHS ®

http:/ /www.hongmop.cn

ct—so[ =m0 |  BEo |

@ eFE T L, RETRITHEN, TENTRE, £BFHEAFESF ubuntu, & A press
'ESC' to ... ” B, A4S, XFRMFALRG ubuntu A HAARZ L, b, T EXFHBRE
ubuntu 12.04 EREHRE—BFTF. BTREMNHZ2ERAH, AEFH, ERTFTEXLEZNRE,
BT HMAE L, T ARG FEA T A "ubuntu”F“windows” s R 7T LAARIEAR 69 1 LB AT i
#o

2.2.3.2 £ / Linux

ERBRAEY, ANEETRETGAFHXNRE. BR, BAREREOER IR, A, &
F T AR KRG Linux 441718 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 AL Ubuntu £ % 3T B R @ | A A ST A= 5 3R4E 49 linux RATHR, 128 R AR S EHME, R F
FIUE ) % 09 48 436 T AT A E 31 69 RAR B P 2R B9 4R AE, A 7 49 K20 Feth 77, linux &9
AR X DT ARG E ZWGITHRE, 2O, F5THALLATRATNGSGA 7 |,
BAATHRAA—NLFNBLEFIRES, 2K ZHFAT, RApd@dmA—iTas (RETUR
—47) AL AEMES), AN TARTIAMAERGEL, LRERIZ-AREFH
BUERE, clIMmA—F 500G (FREXTTRIRAEGGS) KFE R HEIe)IRE,
B C ALAAR R IR IRAEAR K

2.2.3.2. 14T NG A X,

ABAZAR B A% ) 2N 69 B R @ 5 GNOME #94£ & #k A& Ubuntu Linux. %5 GNOME ¥ ¥ —>MH#4->
3%, LI AR )% A gnome-terminal 8942 /5, '€ # A GNOME FEALay £3aiE L 3 .

22322 45X E AL es

TG ALBEREETRAZENEMT @A F G :


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

RPN B 69X AR AR Ay p S omiR T i, CEA T EMCHE, EAFHERA P MAERERLS. XA
RO FFR B @A, “chy" ZLATE KGR F 4, “laptop” £X & H ey £ %, “~ kT YT
B3R, I ANEMBE LD EZ B ZABELFERE T HEMNEZT, i T g ANe 4 |s B
T £

Is [ENTER]
E%: [ENTER]Z#MART Is BHETHEHE, M A2 MBMAXANEE, Is INAGELEFLIIHRY
AT B R EA PR AT B K5k,

2.2323% ARk
T @/~ 4 bash shell 42789 2 K4 Bl 77 ik, © A& ubuntu £:4 899 &AL %,

22323.1% A4

O EHLAHTIE: (Is)
dud@shadowplay:~ $ Is
filel.txt
file2.pdf
file3.mp3
filel.pdf
another_file.txt
Yet-Another_file.txt
file-with_other-NAME.TXT

Is & A BIKE THELTENFINBRS TR T @OHAH MR, A2EH ST HTFE 6915
BB VR, BT TG AT A BT AE R S 018
o Is/ HFIHARE R/ THOXMFE I BLRE ALK, WhAiTAIZAH G e AiTe T
B R, BaER, AT REAL A RA THE .
o Is-l FFARF] h— A 3% fmh XA F
o Is-a 47| th & 45 RE R (VA FF Sk 89 SAE) 42 ) 00 BT AT LA
o Is-h ¥ A KB/IMB/GB #9#; KX %55 4 K /)y, fa IS 2 VA4 4549 Bytes.

Q& #LATH A B F: (pwd)

chy@Ilaptop:~ $ pwd
/home/dud

Q)AL E E: (cd)

dud@shadowplay:~ $ pwd
/home/dud
dud@shadowplay:~ $ cd /root/
dud@shadowplay:~ $ pwd
[root

L @mBF b, BaT B F R kA /home/dud, #AT cd froot/Z )5 BiE4T pwd TTIAK I, LATH RELLK A
root T o

(MAEFFHR Lt F5:  (echo)
dud@shadowplay:~ $ echo "Hello World"
Hello World

XA R as, C T AERREMARBETHEH(TPHALR), SR EEGIANF
B R S KB EFRENL, 12F A3 LINUX 38489 RBTEN, 34 R I ¢ a9 ML /£ .

G)E TR (cat)
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dud@shadowplay:~ $ cat filel.txt
Roses are red.

Violets are blue,

and you have the bird-flue!

AT VAAE B less 2 more &k 2R HbE K 89 A A ) B

(6) & L A+:  (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#FH A (mv)

EE:

dud@shadowplay:~ $ Is

filel.txt

file2.txt

dud@shadowplay:~ $ mv filel.txt new_file.txt
dud@shadowplay:~ $ Is

file2.txt

new_file.txt

B BRENRAERERQLHMFART, BKR, LRZHNHGELTIUE

—V REZ KR LS PAT 289 BE &

(8)3 = — A5 LA KA

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

(touch)

dud@shadowplay:~ $ Is

filel.txt

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

filel.txt

tempfile.txt

(9)32 =—A~B F: (mkdir)

dud@shadowplay:~ $ Is

filel.txt

tempfile.txt

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

filel.txt

tempfile.txt

test_dir

(10) M s ST B e (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

T e E— /SR
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)

dud@shadowplay:~ $ Is -p
filel.txt

L@ RE: AARMNET Is@4SEN T LT B TA AN Ffo— AN
o MITUALK pRILAAETE—ANREA, tbho R LA/ LR/ EES S,
o BTRAMA m -i ZXMILH, -i 532 R EEDATHIRIRE AT E — FHIART;
i(interactive) 4Lt & X LM 69 &
o LARMEKA LEaGF L EIME— AN R AIFEERGRT, B R MR AR LM -
R(recursive, A 37) £#
AR T AR GLSREN, RRBIXGRAHTEBT L, CTRELHERSHRT, i
AT rm -Rf /[, CRHAMERIERE LA GRS, HFERRSRETRT, Pk, REEME A4S
Ao kel B9 5K, VAR R RAEPATATHAT — RN, BEGRT—REF. o RIFEFHEREZMN-
KHIRIR, ARTT AFAT AT 6940 4, db—i A BRINA 3

alias rm="rm -i'

(A1) E L aTekA2: (ps)
dud@shadowplay:~ $ ps
PIDTTY TIME CMD
11278 pts/1 00:00:00 bash
24448 pts/1 00:00:00 ps

X Fp B AR T B B 69 BT A AL
o ps-a T UABIE ARG ATEATO T A 42, QLiEdm AL R P B Bh ey tAL
e ps auxww & —F A8 H AMLE w4, C ARk — R EFR R DN PT A AZ, SRR A—
Aa T B X ETER, F—ANdAZRH BN Fma s,

E ARG AN BRI LA L, ART AFE W 4&1F5) @ miEmed Linux 4412,

2232328 % RAL

(L)% N5
input Bl Rk BRE LA & (AR AR E) MANGIE 8, output AT AFR (RAfATEH
B &) LB e mE AR BN — AR AN R T LZEL I NG LSRFERG, BT
8 BRI, 2R AR XA RInE AR ERIRR T,
HAMAE @ s F F A ANF R E
)z zm
do RAR R e G A AWM B A AR R A (BRIAEY) 235, AR ME 4= T ahi5 )
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
filed.txt

A A5 F K40 32 S filed.txt 4o R filedtxt NG A E, E&: X filedixt ©2H4£, A2 L@
GAEBEEEIMHNE, R RAERNRI R CELEN IR RGRE, IART AR T @XAE
a)

e command >> filename
T
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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
filed.txt

filel.txt

file2.pdf

file3.mp3

filel.pdf

another_file.txt
Yet-Another_file.txt
file-with_other-NAME.TXT
filed.txt

BEIANBITF, RERARFGIEFTRPETHOAR, BTREMNGLEF —MHETLmH X K
R de — AN AR89 N BAE A 2 HAT A S b N VAT RXANE )
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

()FE
Linux 497% k2 & & F & e de A B 60 o 4T b i ) LA 090 i, it it de b0 AE 3 2 ke
A, BAVRHEF L@ ey grep a4

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

# % myfile “}’é’a &, b £ B A L LAHE] resulttext o AEHMEA Is 3R S o 4090
4;&4?‘773.4% H‘j_“ | ”?f(_ﬁi/\%“ﬂﬂ IS 'I | IeSS %‘X%na'

(4))3 i 2
CLI "RRALZM $ITHED, BTUARIT eSS E R d. Bl —ANdAE2E6, €
— A& B A

sleep 60 &

Is

BRIk A )G 6 BT, IRATUEHEMNRE., IRT REBF B aha 4 Lok, ﬂiﬁ%ﬂhz '&' B0 R
I REH — e bKE RSN, BERCHNE S &W,M&@$on%ﬁ EATE AT
ctrl-z, €t otk REHAN g AHENEE. fg #L5THRAETNE,

sleep 60
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<ctrl-z>

bg

fg
RE, BT VER ctrl-c £ FEZ— NGl #F2,
TEEE

#7 %%, PATH, PS], ...

2.23233REBTFL

B PAThe T o 2 B ELAS T L, E—shell #, AT
export LANG=""

XKL IXAS shell F, output 13 84 4 i35 Lo
2233FFHAE

2.2.3.3. 14 A 1T R B A 8,

Ubuntu F 7T X44& Al apt-get 44, apt-get £—%& Linux @#447&4, £ AT deb & F X9 M%E
A, TZATOIANLEKMEMHEFTR T, R, FTRARHBRISRERNFE L. —BREFTR
root MATAIE, PrA—AZIRFE sudo 44>, o
sudo apt-get install gcc-3.4 [ENTER]
HILE VAR R apt 4
apt-get install <package>
T # <package> VAR PR AN &G4 AF e, B SEAT 44 @ 89 938 KA T K
apt-get remove <package>
%1% <package> VAR P A AR &89 B A,
apt-cache search <pattern>
&R <pattern> 695 A4,
apt-cache show/showpkg <package>
2 # A4 <package> 49 7 EFHE

IEER
chy@laptop:~ $apt-cache gcc-4.3
gcc-4.3 - The GNU C compiler
gcc-4.3-base - The GNU Compiler Collection (base package)
gcc-4.3-doc - Documentation for the GNU compilers (gcc, gobjc, g++)
gcc-4.3-multilib - The GNU C compiler (multilib files)
gcc-4.3-source - Source of the GNU Compiler Collection
gcc-4.3-locales - The GNU C compiler (native language support files)
chy@laptop:~ $

2.2.33 2B R @A LRR

A ERE, £ Ubuntu ToERAoRBEHBRIEIALS, MY TS PF apt 94
BEN TR AR

EEA > ZREIE > HAFHMHOEIES (System>Administration>Synaptic Package Manager)
1% B £ 378 2B T VAR AR 5 € B a9 s e S AT AR

i)

22333BEA LR

Ubuntu &9 %t 4 6 3% BUR A A 28R, *T YAB i 45 20 “etc/apt/sources.list” X4 kB AR R (F %
root RIK) ;5 REBEI L FIMFLEELET “RE > A,
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2234 KA LM

UMMUTﬁﬁrmn%QM RS B F AT, mm;zmmmlﬁé%,ﬁﬁmmnﬁéﬂuﬁ
Linux T% A4, “Rx#H. AR C B % AIHEFHTLH, H/FAMXTFH,
BCH

chy@Ilaptop:~ $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.

i F 7T Ae a2 69 35 B AFAS) e

gcc-doc cpp-doc glibe-doc
BRI AT LB T apt-get ar AR E QT EIRF. FFE T B man a4 BT a4
RH S EM .

2.2.3.5 5L 3 of T gE£E JF] 69 #¢ A

2235 1%4%%

(1) Ubuntu T B e iR TUEARDHEG T A, Hlde gedit £ gnome F@ILET H A
UTF-8 8L AHmEEE. €Tt REH A, ARGNEESE, TP L LHRG. @F T
B EH R Aﬁﬁ%aﬁi#&ﬁ%ﬁo
(2) Vim %% Vim A —HMH R0 L ARBEIMA, & UNIX TR £ 444 VI 62k,
Vim 2 F B EERAEFIAAEZF RITRG L ARAREER”, SRR RXLGEER, RTHITLS
Ko
Ubuntu TFERINZ KA vi MRAEK, Z7AEE55, B AERANZERE T RIIRAIRAN Vim.
1.%F Vim 895 R a4 ARAE B, 7 VLB T W %34T 8 Ko
2BLE LA Vim #94% B F BB E LA ATIRE, Bl

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 ¢ 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=tcrgn
set autoindent

T K BB E AR AR
~/.vimrc

E & vimre BRINFERXTRAELSTRL, TAAGASTFED “Is-a” 4 iTER, % '~ BEXTF

NEEGIA, TAFFHAE, Bz G, s Vim T UAMER E 4 3.

2.2.3.5.2 exuberant-ctags:

exuberant-ctags T AN A FET I R AR K I, AEZERRBHM AL ARFRZ R L T AR HR

RO EAL, XFEFNBESA Vim, Emacs F.

FIP I LAME A
ctags -h=.h.c.S-R

FRMG LI IR E LR,

TR AR A tags (TR f RAGR), AMRSAETER Vim TodE A& %5, Bl
£ R “ctrl + 1 ST ABREE B 406G B B S 2 XA, A “ctrl +t 2® (Fiaiik) %,

R JWGUI 7 Xe9R 52, =T FBHF-& a9 understand. source insight 5 4 4+,

2.2.3.5.3 diff & patch
diff A Linux <4, A THELASRE Ik £F, Tl man k&L ALK ER .
1% B patch 47T LA AR R A& 0 RS2,
Blhe S B T AL A projb P & A AT —AN5E 35 proja AT SUAFBEAT 952K, T AR R e T a4
diff -r -u -P proja_original proja_mine > diff.patch

cd projb
patch -pl -u < ../diff.patch

;£ % : proja_original 4% proja &9k L4, BPRZM5H ARG, proja_mine 2EKBEHRLE., F
— 5L RBEGILRE IR £ZF, FIHERELmind 2 diffpatch XA+, F=544 2%
proja #9452 s A 2| projb SAF & 69 KA P

#ar: W GUI 7 Xag R %, TR A B @ 49 meld, kdiff3. UltraCompare % #: 4+,

23 THERAETF X s KL LA

A& Ubuntu Linux #49 C 23 %A 22X T GNU C ik, @i gee k%miF i 4 M 4AT L
., GNU ;L% (assembler) & F#9-2 AT&T iL44& X, Microsoft L4k A Intel 4& KXo
2.3.1 gec #Y K KR %
Jo RARIE R K gec mIFEARBER A T KA E, TNy aifr

sudo apt-get install build-essential

23LI1BFHE4 C £
C iEZ 2By NI IP-F£ HelloWorld, T &2 —7#/K4:

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

printf("Hello, world!\n");
return 0;
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}

FAME R 1% R B H T Ahello.c’s & A gec %hiFiz i, AT @agasd:

$ gec -Wall hello.c -o hello
%o A A hello.c” F 69 K25 4 15 A AU S 25 J Btk 42 7T /AT A “hello’ ¥ o ALES A5 69 A 4 & a8 1T
-0 AL, ZERABFAEAFSITFHORE — NS, R A%, Id LHAKIKA ‘aout’s
EEHRLEMB I P E TR T LN HCEAE, CRHEEE.
#M -Wall 772 %iF & IL-F A & R EE—3R U BUREAE IR R, RiFE AR S LA
E2L%q, 12 -Wall Z&% A6, KIANFALT GCC Ra A MMELZ L, Y%F C K C++ £
i 1% 25 B4 W R B TR MAL - A 269 9] AL,
A, RiIFSERAT -Wall &AM EZEAETELE, BATHERFRTEEEN.
FIBATALR, N PAT LAF 58124 T

$ ./hello

Hello, world!

TFTHRATLMHHEANANF, £ CPU FHIITHE WKL, RB [ HARLAAE XK,
s Jhello FNFHAT L AT B KT 69 7T 47 LA+ “hello’s

2.3.1.2 AT&T LR E LE#

Ucore ¥ A 2|69 % AT&T # X69L%, 5 Intel XL A — L RBl. —HiEFELEEE2AUTIA
FNEE
* FHBE LR
AT&T: %eax Intel: eax
* R/ B 8GR A RO
AT&T: movl %eax, %ebx Intel: mov ebx, eax
* R S Bp R A X
AT&T: movl $_value, %ebx Intel: mov eax, _value
e value #9315 N eax F 4 %
AT&T: movl $0xd00d, %ebx Intel: mov ebx, 0xd00d
BAE R K B ARIR
AT&T: movw %ax, %bx Intel: mov bx, ax
* Fhkg X
AT&T: immed32(basepointer, indexpointer, indexscale)
Intel: [basepointer + indexpointer x<indexscale + imm32)
W RBEFRAAIETRPEXNT, AL 32 L&KM, PrlaEt e RAFE
segment:offset 49 °] %2, £ X 493 bt & A :
Imm32 + basepointer + indexpointer x<indexscale
T — ]
0 A#EFa
AT&T: boo ; boo Z—AN2ECEE, F&mESRETHIAIRN, Ttk
B3R T AIFLE, TABLERIEL ] A,
Intel: [ _boo]
0 & EEFH
AT&T: (Yeax)
Intel: [eax]
0 TaF i
AT&T: _variable(%eax)
Intel: [eax + _variable]
AT&T: _array( ,%eax, 4)

*
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Intel: [eax %<4 + _array]
AT&T: array(%ebx, %eax,8)
Intel: [ebx + eax <8 + _array]

2.3.1.3 GCC A B L%
H A6 GCC ABELHRRF 2, — 2B T @magsk X :

asm("'statements");
IBEE
asm("nop"); asm("cli");

"asm" Fe "_asm_" M AAXRZT AL, WwRASITILH, WE—FAEZME "N, E P8
“An” AT, " & tab F, EEFGLSN R MEXAANFT, LA Tik gec & AFKICH KA
E1F AR — ALY IC G RAD B R BARIERAT R B A — R B T Ao Bl
asm( "pushl %eax\n\t"
"movl| $0,%eax\n\t"
"popl %eax"

):
SRk gec ARIICHE, ZEI asm(..)a9 N E 4T B LA, AT A XAz 4] F 55 Ao £69,
A7) dm

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

ELaepT+, TRMNERKCHTALT edx 4= ebx 4944, 1228 T gec B4R IE S
ok, BPARMARILG L, AR GAS KL%, Frvh GAS #H R4 KM LKL T edx A ebx
B8, W RAEFHLETLUER edx & ebx ¥ A, ARG ZENER. FTEE _boo &
BE—FQPIMA, ATREXNRFIA, KRBT E GCC RIEILHIE .

2.3.1.44 f GCC ABELL%

1 A& & GCC MERICZm ey T 4= T -

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

'=r" (__dummy)); \
__dummy; \

b

CREM A XR? TFEALEIM XA, ¥k GCC ARRIL S a9 A A X2

_asm__ _ volatile__ ("<asm routine>" : output : input : modify);

£,  asm_ A TRILA/RAGTLE, EETUR  volatile  (GXATHM) , AN ER
“asm” AAMMIR . BFHRAE, EIATRAE, R AALILHIEDH gcc RARKTZE, 3t
F 2 A asm 4 5 B K40 volatile %4219 : asm volatile(...); RF R iFE@MBLA A asm__
_volatile__(...); AB#HADNFEIN, FINFHAELELKGAIKICHIES KD, "<asm routine>" A
ICHAE A3, Plde, "movl %%cr0,%0\n\t"s K FATAAT &K “%“, dw%l, %2 FEATHEATES
BREARARAE R . *T LE A 69 4RE 2 B BB T B4R CPU Fi Rl A B 694 =, J= Intel T LA 8 N,
BT A ILNRAES, AP AITANEEE L 5T A R4S, B gec A%FHARE G @ d 30 4=
MNP YRS/ HATREE L3, B TREFRBERGATEIERN T %, B, £H3 LK
899 A B ITAR @A AAN%", 40%%cr0. #rE 4 (output) , AL E it T2 (BHARENE
) T EFAELESHAR (constraint) &) TUA ZANR, BHAEFTHF. FAHANK
=Tk, BHE RN NFEREATRERGEA, REAXTEZL604%K, Hlde, LEpHIP:

M=r' (__dummy)
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“=r R TARR O BATERAER (FFAI%0) T AE AT —ABRFAES, FELTE dummy
BARAEZINTHRET, 2R 2

“=m”(__dummy)
“=mUHEATAR A BARRERAGRENGEL__dummy Fo ETRAREMHGFERS, TES
HINZZHRFERLAL L

T4 a3

m, Vv, 0 NEET

R AT R & A &

Q ¥ & % eax, ebx, ecx,edx Z —

I, h AEBRMAEXK

E,F TR

G &

abcd 9 A % eax/ax/al, ebx/bx/bl, ecx/cx/cl 2 edx/dx/dI
S,D F 5% esi & edi

| #4 (0~31)

BN (Input) : MRS B H ARG, ALRA =" do BH AR — MR A ST AR
WFLEE, BATEMEFRDPENARTNEKGRR—AFAE, atest g RGBT (17,
) MEAHRFMETY, EBEANVITE, RNABEMFTL BB (modify) X355 %
A“memory” y A R FM, ARTHRMEZRENGEFONECARE, wRBRAEIANFEZHONER
ANA, MARERNGFEINELGANERCERT, E&, BENRSALER, WAL, Hid
IR BALBE I A TERN, SMAIRYHLE, MBS RAEEN, 55 “2K%, % “memory”
B, =/ THRERE, Pl

#define __cli() _asm__ __ volatile__("cli": : :"memory")

TaEA—AFF(AFTRALL, REALHTE) :

int count=1;
int value=1;
int buf[10];
void main()
{
asm(
"cld nt"
"rep nt"
"stosl"
:"c" (count), "a" (value) , "D" (buff0])
: "%ecx","%edi"
);
}

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

cld,rep,stos s R A 2 8T . XILEES L™ buf F 5 £ count A value 15, § 55 89iE 4 45



2 HERFUENR BERGRETR 2012 FF
PN, A A LT 4B, BiLE 5 AGHES, ik B kil R MIE4 F B A T T
BR, Kd T AR F H B 5B, P& 5"c"(count) 4§24 count &9{E N ecx F A H. £
a9t A :

a eax

b ebx

C ecx

d edx

S esi

D edi

| % %8, (0-31)

or HEPRGFAE R

g eax,ebx,ecx,edx X N &% &

A 12 eax A= edx & rk— A 64 1249 % 4 % (use long longs)

HAVLT LAk gecc B TRBFEENTHEE. T EEPT:
asm("leal (%1,%1,4),%0"
2= (x)
10" (X)
)i

XBEARAGRI S xx oy bk ik, F269 2 RILHRAN
movl x,%eax
#APP
leal (%eax,%eax,4),%eax
#NO_APP
movl| %eax,x

JU & 5LER
1. &/ q 8T %iF S M eax, ebx, ecx, edx 5B 4 3 o
1€ F r 35T %%1% B eax, ebx, ecx, edx, esi, edi D ELEF F %o
2. BANARLIERIFBEPTGFAEANRTOFLAEINE, AAFHRECEZITAAT S,
3. "="RANTMEBHF LS, LMEEM,
4, HF%n R E: BRFRTHTHRRAERENAK AL B & 6IRF RS2 R R g iF K&
BB, R AEMEBTAMRQHERKGT HERE, LT AE RS
5. 4R mAE A BT HEGIE, A%, @A ebx, N:
asm("leal (%%ebx,%%ebx,4),%0"
2=t (x)
10" (X)
);
EERAE RN AN, B A —N%EYIEECEH%N AT .

2.3.2 make F1 Makefile

GNU make(# #& make) £ —#F XA 4r TR, AKX PR A F, ©RFARIBEAZF N L 37
HoL, B g Ao £k BARRD,

make &4 HATH, F&—/ makefile (3K Makefile) XA, v¥A%3F make 4 & && 2409k
it At B . Bk, KRAMA—ATPI KRB makefile 895 AN, MEL KK —/NRESEINIR,
EATHIRRT gnu 49 make & A FAHF, AZIAFEF, &A1 TAZH 8 4> ¢ LH, A= 3 ASKUAF,
A& B —/> makefile & 7F make 4 44 17 % iF Ao kb 323X LA AF . AATEG LI -

® o RN TALRA BB, IAKMNWIA ¢ AL RIFFiEE.

® Jm RN TAZMYEJUA ¢ AR BER, R4 RN R BIFRASEE ¢ LA, HEEBTER.

® W EIANTAZM L IBRATT, MABRMNERRIEF] A TXIUN K B ¢ S, Hutds

B ARAZ o
P2 &AM makefile B1344F, A 89—, HATR A —/ make ¢ 43T AR &, make &
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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 & #L0
2R XA makefile Z AT, 23L& A2 kA& 1A —F makefile 9 HL1

target ... : prerequisites ...
command

target 3L AZ —AS BAR A, TWAZ object file, ©T ARIIT L. ET AL —A4RE (label) .
prerequisites #t &, &4 RAN target AT & £ 69 LA R A B 4R7. command L3t 2 make & & AT 4
A (&4 shell 94) o EE—ANAUHGRMKXF, AR, target X —ANR S A9 B AR AHK
#i T prerequisites &g A, H A RAN Z LA command F. BLE— &FEADL, prerequisites F 4e
RAH —ANA LS AL target XA #74935, command BT e X8G4 A A M IMAT . X# A makefile
BN . 3t & makefile F &A% S8 A Ao

2.3.3 gdb fH

gdb A ZhAE5R K AGIHRXAZ A, T T ode T 69K 4E 5
o1 W &
oL AL R K E 4YME
o423 44 % ¥ (step in/step over) AT
0 2R/ B WA
oL TSR IF HE
o T B AL T AR L
ek RV RE
o iR i fE
AT AE A gdb w)ﬂﬁv&}%znu, LWL R -g & —ggdb ZRiF it GmiF IR LA, 24T gdb K
A2 R B8 AL e T 8 4
gdb progname
£ gdb 3TFAAEN help, 457 dé Ak, EBahy AR
ealiases: 4 %)%
ebreakpoints: B =& 3 ;
edata: HIELZ A ;
ofiles: 5% 3+ & A L4
einternals: #4744,
erunning: 25 #47;
estack: HAAKEE;
estatus: KEEF;
etracepoints: R IZAL 5 HAT .
N help BRGELWH; R G, TRAFZEGLSWGF@AFE, gdb 89F A LT EIT

% gdb #9F B4

break

FILENAME:NUM

Ao 45 R A A AT B B W7 R

clear

FILENAME:NUM

MR IR B A 4 R A A R AT AT &
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run EAT KA

step B PATRRAL T, T2 AEIATHHK

next ¥ PATIRRARF, R AEBEMITHK

backtrace BRI A RN %44 AR B E IR
where

continue Yf LR AT E AR IX AL B

display EXPR FRAZFAF L G B &k X a9Ma, &8 X BAZ 5 2 LAY T = 20 %
file FILENAME F ARG G 7T AT A 34T K

help CMDNAME EFHEBARSALSOFNE L

info break 2R G ATH R A, 645 B b7 &AL ARHF

info files A O NN W L oS s i RN

info func B R AR IRAL 69 P A o5 5 AR

info prog B R AA AL G AT RS

info local LS ENE S R S SER

info var B AERAZ R & BAead SR L AR

Kill 0k F AR A4 T

list B AR IRAZ A 69 TR KA

quit B gdb

T @ A—ANH R 95 F AL R A48 gdb 8945 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);

}

t@aEANMEREFTHE, LAORETA PN, RERFAFOBMAITIHHE R, ZA251E R
T =/ ARG B F A S AL string, B, HBFHEFTZE, Fd I Segment Fault 44i%:

$ gce -0 bugging -g  bugging.c
$ ./bugging

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

AT ERZAAR P HILG R, KMNA R gdb, FadeT 695 Hti7:
1)iz 47 “gdb bugging” , #=# bugging T #iT A4
$gdb bugging
2)PATEANAY bugging 44
(gdb) run
3)i& A where 4T HAR B HTT ;
(gdb) where
HF A list 44T FAM gets FKE ML a9 KAD
(gdb) list
5 gdb +, KMVAEH 11 TR EE A, FAAGAALES 1LAITHE;
(gdb) break 11
6)f2 F EHZATE F 11 fTRFAE, AR IER, KRB
(gdb) next

>N

T¥# 9 &4 next;

AL #HE B, A% TR gets HRBHEWRETARALTZ string. A FRATRXAL, A print

G F string #944;
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(gdb) run

(gdb) print string

(gdb) $1=0x0
8)El AL /& T string 45w 89 & — /N aAg4r, S HEAZR, £ 10 74 11 T W3 m— 5959
“string=buff; ", EHMIFILF, RERZEH, KRB LHAGEFETER.

A gdb & & BT AR list 4, 1BREIANTGS R E, T A4E A layout src" a4, K4 4% Ctrl-
XB#A, 5B NEG o TUAERRNRD, T ARERA-tui 53, XHEEN gdb 2@ 6 #HAk
BATARBERFEGD. ARARBFT osmXes:
info win R =R NI
layout next ¥7#% 2] T — AN B X,
layout prev 73 %] L — A~ EyAE X
layoutsrc R 2 RAKA
layoutasm R 2L 4R
layout split 2 7= g XA A= i 28 XA
layout regs 3 F HBANE LT
focus cmd/src/asm/regs/next/prev 373 % A1 & 0
refresh RIFPTR & O
tuireg next 2= F —4F A H
tui reg system 2= & AT G5
update L AR G 1 Fe G AT AT B
winheight name +/- line 7% name & © &9 & A&
tabset nchar X & tab 4 nchar A~ F

234 — TR AR

GERF M L FA X TA5 )
gcc tools 48 X A%
MAE M4 (CVS. SUN. GIT %) #94E A

2.4 R FRAEM B FEIRBE G,
241 RHEMEZ QEMU

2.4.1.1Linux & /72 %

QEMU M TH#4—4& x86 i+ H A, ik ucore #e4iEf7/& QEMU L. AT aY LM HFF K
gemu, AE4E A &AM AL gemu (http://wiki.gemu.org/Download ) , 3 # os ftp IR 5% E4R4E8Y
gemu & #L: gemu-1.1.0.targz) . E AT gemu At9% X H R A4 gec-dx %hiFH. Plde: £ Ubuntu
12.04 %%, BiNfFmAA gee-4.6.x (T A8t gec-v 3 #H gec --version #4172 F),
T A 4E4% A ubuntu FARAEES gemu, A FWATE T AR T,

sudo apt-get install gemu-system

LR AT @A 49 7 53 gemu BT IRAD B K


http://wiki.qemu.org/Download
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2.4.1.2LiNux ZX2E F 69 BB R %R LA

24121 FH B A&
it gemu A A B 69 & A libsdll.2-dev F. 4L h T
sudo apt-get install libsdl1.2-dev 114 3 B 3 A%+ libsdl1.2-dev

FAF gemu B E O G, M BT RRELE (40 BAE X RN A, 3T A0 09 R4 B
B4 gemu.tar.gz/gemu.tarbz2 S, A£G AAT P T LA4E A

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

st ogemu B ASR: e R R PAE AW gemu F 47 patch, & R iEAZ4e T BT

chy@laptop:~ $ls

gemu.patch  gemu

chy@laptop:~ $cd gemu

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

241228 %, hidfgR
iF AR gemu ATE A& A <gemu>(k T gemu fEJE4E3442) T @ 49 configure A A R A8 K 69
ALE A,  configure BrAA AR S 095 RTHEHE, TUB L THasbtiTEA:
configure --help
I P VT At 2 ) B 69 4y 4 4] e
configure --target-list="i386-softmmu" //BL & gemu, =T AE4L X86-32 A% £+ IR 3%

make /1%%7% gemu
sudo make install 1423 gemu

EE: RADT 0100 8 gemu XX H gee-3.x MRAZIFS . 12 0.10.x A ERRAG gemu T2 X H
A gec-4. X miER T o

gemu ATAL B K8k 4 235 2] Just/local/bin B R T,

4o FAF 09 R BN KA, AN ALE “lust/local/bin® T & BP e A E| K& %
gemu-system-i386 gemu-img gemu-nbd ......

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

2.4.21% MR E QEMU

242 1Z /7R ¥

4= gemu 1£ &9 R BN Jusr/local/bin 39842, W A4 AT T AREME R gemu 4484742
Fo gemu BT AR % A%k, # X
gemu [options] [disk_image]
# disk_image BpAR &4uA% A,
R AL
“-hda file' “-hdb file'*-hdc file' *-hdd file'
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s

£/ file AEAHA2EO0. 1. 2. 34218,
“-fda file' “-fdb file'
£/ file AFA%EHME, TAER /devifd0 154 file kA& A i,
“-cdrom file'
1=/ file YEAEESE, TMER /devicdrom %4 file &4£ A 4L cd-rom.
“-boot [alc|d]’
KA F (). AE(C). REBH(), KINEEZEF,
“-snapshot'
BN XM RE Qs sy, TUME R C-as R3g45 =,
“-m megs'
REREMAAEA msgM F5, KikA 128M FF,
-smp n'
ZEHH n A CPU % SMP %%, ¥4 PC 4 BAr#L, %% X4 255 /4~ CPU.
“-nographic'
bR R E k.
H At
=T R 69 EAIXE dev Blde
VC
DS
null
PR e
/dev/XXX
£ F EAEY Lty
file: filename
¥t B NF A filename Fo
stdio
AR N
pipe: pipename
4§18 pipenames

s
<]

£ dev X &894 4%
“-serial dev'
TR G ENE O E] EHIEE dev Fo
“-parallel dev'
TR G R 2 B EhEE dev o
“-monitor dev'
& monitor | £ALiLXE dev Fo
HA AR
-g'
F45 gdo #EEF5m 0 1234,
*-p port'
AE gdb #3350 % port.
g
ERFHNT B CPU, FHEA£ monitor FH# A 'c', 7 A&k gemu 4k LA L TAE,
"
m B &% gemulog LA
H AR BB TT A S http://bellard.org/gemu/gemu-doc.htmI#SEC15 . Ak gemu #9423 Ao ik

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

RA LA AITIEN gemu (/xfﬂ‘f‘*!() i-r K8,

FEEIF, Blde labl, AR 2] 49644
gemu -hda ucore.img -parallel stdio I3k ucore £ gemu A% BL &9 X86 AL IR I% F AT
EY
gemu -S -s -hda ucore.img -monitor stdio  //F T 5 gdb B4t 47 R 25 171


http://bellard.org/qemu/qemu-doc.html#SEC15
http://bellard.org/qemu/user-doc.html
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2.4.2.2 B WS

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

help & gemu #ah, TTH XFNES

glquitlexit iEH gemus

stop %1k gemu.

c|cont|continue & L HAT,

x /fmt addr B TRAAERE, £F X HEMRA, Xp' A FEHA,
xp /fmt addr AHmt | RTFRILG, Bl SR — KRB
plprint’ HH AR KEH BT, Pl Sreg A FF A B L

memsave addr size file ¥R A% 4 2 L4, memsave #EXik, pmemsave #5Edhk,
pmemsave addr size file

breakpoint #8 % : ZE. EFUAME breakpoint, pc 4T 2| breakpoint, gemu fFik. (FE%
AR EE)

watchpoint #8 % : RE. &FHUEM% watchpoint, ¥ watchpoint #ht R A% %, 1F.k, (4
B %R S RE)

s|step ¥ — &84, RGBT S AT,

r|registers BREHTFEENT,

info 8% 4:4E i gemu X HAIX T RARSE L0984,

H A BARE oA KAZALH, S0 qemu help & 4% 85,

E&: gemu EKIANA c‘singlestep arg’ ¢4 (arg A S ) , AL ARBEEIIREFTS, Hlde:
'singlestep off' & 174 ﬁ‘%f:l**;hi*, 'singlestep on' R AAGE Y. AAFES EH4T, &4
cont A #ATE T IR, 4o

(gemu) xp /3i $pc
OxFFffFffO: ljmp $0xf000, $0xe05b
Oxfffffff5: xor %bh, (%bx, %si)
Oxfffffff7: das
(gemu) singlestep on
(gemu) cont

0x000fe05b: xor %ax, Yax

step w4 A EF G4, B gemu HAT—F, AR BKIL breakpoint Bf E AT, 4o RHbEHAE A cont 44,
0 gemu & AT A E S AT .

Iog GRS A qemu BIEAE A WEE (5 gemu B AHK -d MR , BRARTUAE S
L. FAEMNB EEERAEE “/tmp/qgemulog” F, Bl )ﬂ 'log in_asm'eAAG, EAiTiEAR

4 6969 gemu.log L AFA -

2 IN:
3 Oxfffffffo: Ijmp  $0xf000,$0xe05b

6 IN:

7 0x000fe05h:  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 EF gemu NEKEXIEIR ucore

XA . 9K labl, FRIZ bootmain K :
(1) 247 gemu -S -hda ucore.img -monitor stdio
(2) &4 bootblock.asm f¥2%| bootmain FH#K Hht? 0x7d60, FF4ENEF & .
(3) A &4 ¢ ELEMAT R BT &
(4) 1A xp 4T RIL%H.
(5) & A s @& BATE S WAT,
BT R T
chy@laptop: ~/lab1$ gemu -S -hda ucore.img -monitor stdio
(gemu) b 0x7d60
insert breakpoint 0x7d60 success!

(gemu) ¢
working ...

(gemu)
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 Y%eax,(%esp,1)
0x00007d7a: call  0x7c6e
(gemu) step
0x00007d61: mov %esp,%ebp
(gemu) step
0x00007d63: push  %esi

2.4.4 24 gdb Ml gemu JERZIER ucore

2.4 4 1 GG E AT iR HER X AF
AT ARG R 8RR R 45K gdb SBEAIRIA B IRIR, ANE BAMEA goc SRR AR I
it g —gdb o HEAFGIE R 6 B AR R A A 04 T R TR B BT K AR K54S

I3 o

2.4.42ucore AL iE

V) %miFdAE: AMRIEY%GH ucore RAE F 4% A make w4 BP T, 4= labl ¥ :

chy@laptop: ~/lab1$ make

A & B AR ucore.imgo

QR BAE

1 R diff 4335205 69 ucore KA F= ucore JRALBEATILAL, LA ATEDUE A make clean &4
FRINL B, (R A ctags LM, FEFLH%. )

BV M&s: AN patch 443,

2.4 A 3REHZFEP
AT 5 gemu Be o # AT RARA R A 6K, FE&iE gemu FEAFHF gdb X B 694E AT BLIE R AE ik
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gemu ¥ &9 CPU 47, Bub/sah gemu #9EF1E, HRATE Z4& A S-S —s TAANSHRBE X — &
AERTATERI AR B gemu Z /5, gemu P& CPU H# 145 EF4s4T, Eit& A1 3 gdb,
KRG & gdo & AT 7@ T, AT @ey &4 %42 gemu:

(gdb) target remote 127.0.0.1:1234

KRB ¢ (LA continue) 425, gemu 2% LHAT T &, 122 gdb &1 F R4l T H 512
&, FFHAZAE TH A, ZTRFTRLBEGFRXG, ATk gdb Ke=FF4E 8, FE4HE2HKXE
A, gdb A% A file 44

(gdb) file obj/kernel/kernel.elf

Z )5 gdb A BAINLI P HFFTREET .

i@ 1 gdb T ¥Azt ucore KA sE4THK, A labl  #4X memset sk K A 47 :
(1) i47 gemu -S -s -hda ucore.img -monitor stdio
(2) 247 gdb 5 gemu #AT#& %
(3) & B w AT
(4) gemu ¥ F 8K,
BATEREUARZE R AT
'E o— 'E |
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, c, n);

(gdb)

2.4.4.4 4 gdb FEE XA

ELraTUAR, ATHTRABEAR, EEMANRLZOERG, RER. AT 7ML, T AR Lq
A B AR, Fik gdo £ 8 e EHE A sh B
FATT AR A gdbinit, FEHANT @ag R &
target remote 127.0.0.1:1234

file obj/kernel/kernel.elf

7Tk gdb £ B F A HAT IR S ar &, fE T & &9 4 5 3 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

#(DISABLE_FIQ|IDISABLE_IRQ)

s call the first C function

: 41 PC: Bx36%4c

e RRARFEOLBIFOKE, RE2Hm EARUIHITT, i
| gdb -tui —x gdbinit

2.4.4.5 15 B kb

ALam ), KMNREATRSE gdb RATEHS, KMNLML gdb BARFFTEFREE, £
#47 gdb A RAZ R RR A EHAR, BN AR T PAT AL L B E T LA 620K A,
AR AL gdb 4F 1B T . B2EMEA gemu #ATZAZ KGR E, KAVLF 30 A #
5k, LitA 4 gdb F A file ¢4

XA B IRAT G AR A 2R elf S ) 2 69 B A S ATk Ay, X AEFSEEORD T LA
AT AL, 2R Ko 3 S 32 R0 RAD RS, B4R EG ELF AT AR K o 46 52 69 40 3 o
HAARAZ 0, XIANMAEITF ERTIEHIG, RAIRERAARKRE, AP SO SEEEG BRI
HAGREMERZADS B, KA —NEZE. RERMEZFABRANSHEIEE MBI X N, JF
WA P A6 EEZER (linker) 235 AT oafz T4 RE, ARSBEET TEREN

BT B A3 S, mb%mﬁggﬁﬁm%%ﬁmy/,l%é&m&ﬁ M)A
AR HAT KB %, &% F 3% K gdb FRX13 & A & B 45 2 3k,

T, #&A1EK gdb % linker /2 2] 0x6fee6180 X A hk F
| (gdb) add-symbol-file android_test/system/bin/linker 0x6fee6180 |

IXAE 0 o A BRI XA £ ((data) B 69 183X 13 8w 3, 2] Ox6fee6180 L, H AR, R4 viid s” i
/l\”;“éiﬁk;}a/ﬁ, Pbdm .
| (gdb) add-symbol-file android_test/system/bin/linker —s .text 0x6fee6180 |

XA, AT F) linker F X AL gdb 3t A8 45 2o B GE 44 09 KA A= IR AT 8 ko
IANT R B RGP AR A BERTERNA A,
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2.4.4.6 E R H R ZEH

FRFIR AR, RN FE 2K T A 386 Py 42 X9 KD, tb4e 8086 4% XKL, KNG &
%R L AL B 6 A

| (gdb) set arch i8086 |
EANT RZ AR BR R R B IR X 9K E 2R 2 ALy,

2.5 T HEAL 72 B AE A

B HIRNIZME ucore, EE T MR IE ucore BATHIRAFIRIE, BT MR BARA &M (T g
3+ ucore #F R Fvh) Ao B4 E (1% ucore B9IL%) o ucore B AT X Hra9 R 4FIRIE A2 A T Intel
80386 U L&yt H A %, 589t AERNE (tbhethdr A X&) JFrA 5 3 ucore A9 T AL 38 7 &
ﬂ’—/\éﬂ

/] 20

2.5.1Intel 80386 i& 742 X,

80386 A woAFiEfTAL X : FAHEX., KPEX. SMM # XA E 5L 8086 4% X, X ZAFiH & ucore
B RBEX, FPRXM—NEEZANE,

FAEX: 80386 MW BB AT HRMRBITRE, EXMHRETHRAETFFIHENEF AR
feAZit IMB, E Ak A4% Intel 80386 “A_EZ& %49 32 {2 CPU %9 4GB M A& 32k 1 o FAE KK EA
WL N GE RS BENRE, B RBREFELTAERE, #1ER %R FAEFT XA KA,
A —ANAGA ARG W R IR sk, XA P AR — A4t R TR 2 AR BR AL
R PARR X, AT A, ARARGE RAMRT R A REEE,

FAREK: FEXRLATH 8086 LEE XA MILEN. £FHEKXT, 80386 A E#4Y T —4A
Heik 69 8086 432 E . 80386 AL B M AL R AR AR IAER X B F, XN IELESFHEFTHS
PAEAE X a9 AE T4, 80386 ALIZE ASRH X T o 4K Fas X 4= 8086 2 —H 4y, WEkFA
RN AR 16 Btsit, Ao LB ARSI R R LWL Hht, XIET 6 32 {2hb 4
PAER TR 20 42, BRT 371 IMB 94p 52 ik 2 . AKX T, 80386 403 & R ALt A A 4T I
P E I, PTAE A FALA b AEE R AN AP RIFA LA IL, ERMXT, PR 69 BARR T LAk,
B iThg, FHKXT 80386 T XL ALE, FIAMIASMYS T TEERKRE (BILEZ 0) , FF
ACTT APAT T A A4, QR B#E%T 45 CRO . EEKXT IR L Hm4 iy S5k,
FAEXT O T a 27 XA 8086 /L BE AR, & F e & & ke PEIR 54253t FHR=
koA 04 8086 A E—HF, FANFHAR—ANTH@E, LT EEANST T BELAF A
F 9 69 A Mkt

RPN %R L, 80386 #tA&i@ ik X Twisissla 4%, GDTR, LDTR, IDTR 5
TR $5 2 F4EREUANA, RBHBiImHE CRO M4 a4 XAk A4 B4 m ik AR HE X 89,
% 80386 LAFAMI A X TaymtiE, HPTA 6 32 ARMht X AT F 4k, I F 1= A&k 4GB,
ERFPEXT, LHANGEY TAH, RETHEMN 56 RIF LS, RPEXT 80386 L# 514,
T EBFRAGIE, FRGAFTABITETNRNKAER L. RER—ES 0~3 4 AMEF], BIER
RIBITER=SOMLAELR 0 L, B AR VBT ARBKGEA L, BLERIFOEENF G, BLT A
FEAE 55 18] 52 IR 09 5 A 2 FALFT LURSTF 3118 3 & NME 5o

2.5.2Intel 80386 1 A %244

80386 2 32 4zt IL R, BRI VAT HHAGARIE N A b A A 2832=4G FH . AR F G
FAEF, BRI A AT A OBAE, ARG RIRATEGEE] ., BWEA ST R LR
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RRBER LR TR AENRL PR AR REHAE, —NTEMERAT RA /N
AEE, KA TEZENZTGE AIZFERGELETR, ARFZAANEFETEIT, 0
EATH R AL B ARINA B T FEAN T E IR Lo Hbt = 8], X AETiE S ANE T8 0 A2 5 Z 18] 48
BfaH. KRR FleX i mihZiat, — AN T EMNRZEPT AR AKX EATE (b
Jo — BT IAE T AR — AR G K AT E]) o R PMExLAE T E 69 K 54 M AL T A 89 K
WEB LR ES:, RTINS AL BB AT R, X2 dF 80386 F ik A&
AR, AEFFAEMA— A FAE, Hdede T CARAD K B
int boo=1;

int *foo=&a;

XE6 boo Z—NMEATw, foo TR —/A489 boo ity EA 4T =, foo PHANAR
A boo A9F AL, FHMHEH —A 16 2B T HF B F—A 32 (269 mAFZH R, Foo PRI
A R4tk E, MAAEYBEEETREFERE .

TR =AY E R AT

® SEMBBE. S AR KR FH A -> LA HI A FE-> 25 M s hk =4 37 36 bt

O S EMA Ay MALHIAR G B F 5 3 hb-> B A HI AL ZB-> KN bk -> A4 FE-> 4 32 3o bt

2.5.3Intel 80386 ¥ A4 %

80386 M9F HHRTUANNA 8 W: BRAFTAS, BFAHS, BEBATAER, ETHE, Z4H
WFEE, BHFAEE, ARXTFAESR, WXFAHSE, ©MNOTEAAL 321z, —REFRAINGTH
ROFARTHE, BFAR, BEBHATEHSE, METHES,

General Register(:& Al % % £): EAX/EBX/ECX/EDX/ESI/EDI/ESP/EBP iX st % % % #91k 16 {23t-2 8086 #9

AX/BXICXIDX/SI/DI/SP/BP, 3tF AX,BX,CX,DX XWa/NF A% kit TAERAEREMEG 8 {a4{k 8 12

(AH,AL,BH,BL,CH,CL,DH,DL). "€41444 L4 F:

EAX: Em3H

EBX: AWF 5%

ECX: #H# %

EDX: #EFH S

ESl: Rt 35414 5 %
EDI: B&htiss 4%
EBP: AhI4FAHR
ESP: A4 F A E
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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(# & % %, 447 Segment Selector, £ it 4%,

BaFT): T 8086 & 4 ANEIH

(CS,DS,ES,SS), 80386 iL3gAe T M/ANEFS, GS,iX LB FEAA 161209, CA1E LT :

CS: X4 £ (Code Segment)

DS: # 4% (Data Segment)

ES: Mo % 4% £ (Extra Segment)
SS: 4% £ (Stack Segment)

FS: Mgt

GS ML

Beay A7 s

CS <CODE SEGMENT>

SS <STACK SEGMENT>

DS <DATA SEGMENT>

ES <DATA SEGMENT>

FS <DATA SEGMENT>

GS <DATA SEGMENT>

Instruction Pointer(#5 44§49 %4 %3): EIP #91% 16 {23t & 8086 &) IP, € A2 T — & ZHATIEA N A3

a, EpBMuEAIRP, AT NE AR,

REFERNELFHE

31 23 15

EFLAGS

7 0

EIP <INSTRUCTION POINTERD
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Flag Register(#& % % %): EFLAGS, 4= 8086 # 16 {2 A7 & F 4B 40k, 3w T 4 Mzhliz, X 20 242 41/4R
AL 0942 B 4o T B AT T
AR ER

16-BIT FLAGS REGISTER

31 23 | 15 7 0

‘ 10]0|D
00000000090000000 0 RLFFFFFFOFOFIF

<
=]
=z
—
—
wn
N
-
-5
a

=
5]
H

VIRTUAL 8086 MODE X
RESUME FLAG —— X

NESTED TASK FLAG —— X
I/0 PRIVILEGE LEVEL X
OVERFLOW S

DIRECTION FLAG C
INTERRUPT ENABLE X
TRAP FLAG S

SIGN FLAG S
S

S

S

S

ZERO FLAG
AUXILIARY CARRY
PARITY FLAG ——
CARRY FLAG

S = STATUS FLAG, C = CONTROL FLAG, X = SYSTEM FLAG
0 B} 1 RxriintelfRE, FEEH

A8 K B 12 H AR EAL A LA
CF(Carry Flag): #4457 &A%
PF(Parity Flag): #r1&trE4z;
AF(Assistant Flag): ## 8y # {247 EA4% ;
ZF(Zero Flag): &EArEAz;
SF(Singal Flag): #F 5 #r &4z ;
IF(Interrupt Flag): P B A5 4=E 4%, & CLI, STI A &454 k4=4); XE IF 4£ CPU TR 7
INER (T Rdk) PBFiEK. Az IF M2 B, |IF 3t R T B ak o236 b b Ao b [ o 7 49
AL AEATAE R .
DF(Direction Flag): @2 4r&4%, ® CLD, STD A& 454 k124!,
OF(Overflow Flag): & $h AR &4z ;
IOPL(I/O Privilege Level): 1/O HREFHE, CHEEA 242, CH 2T 110 5409 4R,
4o R Y AT R A S EHAE LT RE T IOPL, AR 2 /0 1854 THAT. 0, FRE—A
PR P 3 P B
NT(Nested Task): #=#| " Bfi& ®454 IRET, & 5K

CREHN 142, & NT=0, N REBERFHELEY
{i¥k & EFLAGS, CS #= EIP Am i+ i e, % N

T=1, W@ 34545 b Biii e,

2.6 THEuCOre A2 7 A f K IE42H)

2.6.1% & 3 F AL ik

uCore X+ RA T —R BT ZLRAET X, BR C B @Mt LRI F LA RELH,
EEAREIFARETANTERN CEz 5N EEF, T2EF, KNATLELN C 53
B — %N C++ HiFBCEFANTZHEA, R R, ERmAER A CH+HAL

uCore W@ Mt Z A2 ik, AATEERK AT £ C++a942 0 (interface) A, BPAiLE A
MPARNELEAMTEALE b B AN E,ERE. AREE, IHEALASF) ALRGOBEETX, X
HERANGTRAAOFEATLET R, B iFRED R AT, IFETEGAZT RAEZ AT A
REELS AR, FTARBEF, DRAAGEER %G, Ho0k C B3P, R —ARHHIE4
BELS, KA CH F, PARR. HT0 AL R R ESHABT 2 A5 1REE
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X, AT AARIE 7 2] A% X PR B R R 45415 & o

tbdmstF uCore AT HMEAAERLTRAA, BABISHTAZTHET ZATRTHEA
HBEETRAG, NAMWENGEZTRANTRIAREEX, REA&MNZLT pmm_manager #K 4% %
#) (42T 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) ;

};

IR TREIREHN, BNTARATRNELENELRAE XGMENFEET AR, miXddh
HANEERTAREZRE H &, REEFANALLLEM P L init (454) L init_memmap (%
M= IR E N A s LR ) | alloc_pages (2B | free_pages (BRI N) KA AE4
it gty b fd . mARANETRAATEESWRENEGERETRAAREN, RERAAFTHENEE
T A LPTR R &9 pmm_manager 345 45 M T & P 69 R A4 BR T

2.6.2i8 A KB4

2.6. 2. VX IEHHEZR
BRI RAZF, RO BERJBLEMG AT ELR, BFRAGIEZEXINRIELEH

B AR R L FH LR R TS data, HFHA0 AT/ 3% £ A G454 next F= preve 15l 4e
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 —
AN, FRREAR B A R A E AT B0 data AR . B G B IR P R Rk B Kbk T R
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Py
e

L _legvate] [efvte] [ofetie]| [ewe]| [

P EIBZ N

XA I PG R ARG — N B AP AR, BREEAGEARER K, 2d T 54
ERIBLEMYGER TR —H, TE2AEMNBFLHBEMER LA IA KB MG T 2B
Wk 5 & AP IRAE, 2FHRBTA,

F£ uCore WA (A lab2 FF45) FAER T REMMM B FER LM RALHIE, QLIETHA G
Flk. MAERsE, #EF A, kEsk. LHAAIESOREAR (E[labX/libs/listh]5ER) |
L EKRERELET Linux AR aERsEER, 5 “HIBELEH” REIGBEARBEEH TR —
Mo T@a¥ANBiX — ARGt HRAE R

uCore B9 e 45 & 25 M) 2 LA

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

};
F %2 % uCore MAZAGEE R T & list_entry & A 6515 469 data 3L, , mALEBLIRGHUIELS
ME AT R, W lab2 YHERAFRINEAR, TREBELZGORHZHZ L (T
lab2/kern/mm/memlayout.h #) % :
/* 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;

AT R BEEE T B L (42T lab2/kern/mm/memlayout) 4 :

/**
* 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

};

IXHE VA free_area t 2509448 A WM MBI 4R & 0948 & K484, 1A Page 2544989 448 4 16 1A
TR WNEET &, RTAH RN EG @ BITEER, o T B



BRI RN R B R RGOS 2012 B

free area t

nr free
'\l/’ Page
P
age :::jt////\\\\j:::::ref;'"
ref;...
T o o [y
N\Page Page
ref;..\ ref; ...
SN Bk

AN

K\\\ Page
ref;...
K

B =R S PR IR R
LB P RAT AF 2], XA RGPk R AR T AEANF R AR R A = L4
XX R LE A O A R AR R BIRIR, T LR PT R B9 A R BB L FaE R 09 R R R, AR
LA 2 IR sk bk & 098 23 A2 (B lab2/kern/mm/default_pmm.c) Y, K=/ A T8 694 R 46N,
A MR FRAERI, ARIEEEREIRGZ LT,

1. #dsdL
uCore REX THAT &, FHRAFITE Lk K, AN MBEIFEER R4 THE 4K
.27 Ak KATRA A list_init XA~ A EE 2 (inline funciton) -
static inline wvoid
list init(list entry t *elm) {
elm->prev = elm->next = elm;

}
A LA default_pmm.c 4954 default_init, % &A1 A list_init(&(free_area.free_list)) i, =t &
Bl —/~ 4% 4 free_area.free list 8944 % ki, €89 next. prev F54HER w4 hig@ AT, XA, KM
AT —NETERAFREGTHE. M EKNTAR KB next LE45H A TRAIBT L
RE R, WA RBEHH list_empty 8952 I,

2. N
4k R B ENF PARIRAE, BPAE K k4N (list_add_after) &% BN (list_add_before)

ARG PR R A s R KB next. prev Al E AT E - N RE—ANT A, A,

list_add_after #= list_add_before #9455 #L X %] &~ kX, 55 F&_LE uCore % #] A __ list_add(elm, listelm,

listelm->next)#=__list_add(elm, listelm->prev, listelm)k = /2 & kiEANF 2 K BAEN. T list_add 49

KA AT

static inline void

__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 EXRFERTAE R AR KEAREANL listelm 25, FHELZENRINGEE. MAXREEAN
RFENL listelm->prev 2 6, BriGAakwG12E, /2: list_add % T list_add_after.

3. Mk
LT B Mk S IR b & P 69 Page M a9 & T &, TTIAM AIKEHE list_del, @ list_del #—F
FA T list_del &2 AL MIGIENE, LEALA:
static inline wvoid
list del(list entry t *listelm) {
~ list del(listelm->prev, listelm->next);
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A
“;Ertr"

}

static inline wvoid

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

}

Jo R B RAMIE 69T & listelm REAE e A PO HLART &, LT @3/ A list_init K ke
listelm &9 prev. next 454t % A F, B H EE RN TEKRE, X T LA list_del_init &%k T &

3. R R T RATENE EIRELN

it b @ R T Ao, list_entry_t il A 7 3 4e A P SR A T AR SRS P 48 SR T
T4, A AR AR TR CHAAA (PRSI E D)
%87 Linux 7 st AR 45 T 4F 2 $048 454 XXX 49 1e2XXX(le, member)é9 5, H 9 le, BP list entry &9 & 4R,
A EBIELEA XXX F list_entry_t mx i T2 69 454F, LER G AR GBI E o T BRI A{E,
member & XXX %4 XA F 0500425 T SRR EZ. Flde, KAVZBF 7P 7 IR REE T
AP R AEWA T Page HBELEMW T, NWTURARATFTHAETXXN (KT
lab2/kern/mm/default_pmm.c) :

[lfree_area & = W3 F 44, free areafree list £ = F 34k & K
free area t free area;
list entry t * le = &free area.free list; [/lle A2 IRN3kEEE K4
while((le=list next(le)) !'= &free area.free list) { /IAF /AT &F45ikH
struct Page *p = le2page(le, page link); //FRIT SATAKL T Page RELMH T F

le2page & (& X A4=-F lab2/kern/mm/memlayout.n) #4% 48 % 4 ¥ .

// convert list entry to page
##define lel2page(le, member) \
to struct((le), struct Page, member)

mABZ T, 9% IR 269 to_struct & F= offsetof & (5 X4z T lab2/libs/defs.h) W] F — L2 |F -
/* 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 RmiFSHEARGET, A RFRIBLENGRR L EAEAE LHIBEMF
BimtE, RERFERAR LT ORI RFE B I HIFEEMGT 0934,

HAVE kA offsetof &, size t ®RA T L5 CPU KRR LMAA, KEIRHRKA Intel X86-32 CPU,

B szie_t ST unsigned int.  ((type *)0)->member 693X+ 4 X RAT 2?7 ERIRA T KIFHIELEH
AR T EAEAE ZHEEMTHRBZ. HTRIZXANBAR, ALK 0 ARF"HIL"A type
E2EM (rbde struct Page) &9454F, 79 2| type #ABLZEH F &9 member s 1 (rb4e page_link) 49
b, BPR type #AELM T member R R AR FTHRBLEM T S RBE, £ offsetof P, XA
member #% R 493hE (BP “&((type *)0)->member)” ) SFFR L2 type HAELZEH T member m& i 48
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SN TFHRBEM LT OB TS —A4H, offsetof(type,member) 2 —/~% &, to_struct £ iE
AAARZIANTR LR R R FARBERG T EHN., BT RBESMH—T to_struct %, TAKAL
to_struct Z P H Fl 49 ptr T2 A% T Ea9xit, Jevik offsetof & AT RF O RIELEM N RIS E,
PRALAF R T 2 & T 800 B T RE/EMG T 6930t




