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ERE  BERAZBAES

13X EHM :

THRRERGT RERIME
AEWSTHINEF. BHIRE
ERETEAEDSENEREAR
HE C EESRENEHIEE
TR X86 JLRIBES

2. EZ AR

2.1 7 ## OS stk

E—MRERSHED ? BIKIE LT ATH Linux M Windows BERZMAE, HE Thompson
Rt XATENZEBREM—AERN , BT UNIX; HF Linus B2 —1 21 FRZERTERT
Linux 82, WWHEXEEANBEL , BRIMNESEEEH—THEABZKIE ?

MIT #9 Frans Kaashoek # &R % 2006 FEHS % PDP-11 L#Y UNIX \ersion 6 BT —ANA7E
X86 LKy xv6 BIERS ( ETF MIT License ) , ATFZFEFIRIERS . Harvard KZEH David A.
Holland E#1&itT OS161 BERGATREREZKRHZE., RMNATUGLEMMNNEREL , 2E 4
MRt B, AEMERERDB , slE—F TR —MNEZ08 3 hREEL N FHE BRIE
R4 —ucore , LL“HE"0S BERHEZ. PHLE, MENGFEE, EFEE, #EEE. 4B
HAE. AFXER,. #HEABE. MHERGZFTEREREARYE , IR ITENAKRKBE
( C+asm+ERR ) 7£ 300~10k ITEE , T B T ML NiE S B,

ucore MIZITHMREAIARESKH X86 1TEHN , FIZERIFXMARNEE , BRI TXA X86
W ERIES | Hbin QEMU, BOCHS, VirtualBox, VMware Player &, ucore BWFF AR EFER GCC
Y gec. gas. Id I MAKEETE , WA RAERK T XLETER IDE FFAIFE Eclipse-CDT %, #
PR £, ATLAX A Scitools 24HY understand 4 ( B A ) , windows IRE LB source
insight X% , RAEE T emacs+ctags , vim+ctags & , BB A EEE —HEXHHFERETE, ®
BENX., BRAARIXRSE, RETFTEWRAEETLAXA GIT, SN &, LBRXHFEB ZNFRET
RUFRRE PN ERMFFITXHEHIRE , AIEA meld. kdiff3, UltraCompare FH #. i
( deubg ) SRREBI FAIZITHHEEIR , AIKA gdb ( BE gemu ) FRR T BG4, HTEANE
WHZ TIRE M L IREEE AT BAE Linux 5% Windows R {EH ., HEMEA Linux 78,

BEAVER AT — 25 — S KK ucore I ? BE—MRERSWRITRIATRE , BRMNITUBNOT
MRS IR

1) BIRERSH bootloader , AT T HREREBH KRS NEMMNERTIE , THET
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BREREHEHXE  BRERGSNANETAED , BEREPE--<AgPH , B

2) MENTFEETRS , ATEHE 8 7BR/PTER , TREERZUNEENEANE ;

3) BENEEETFRE , B AR EFRABRYE (swap ) ALH , SR PE-<HEHUT, B
NHELESE  RUETINWAEEREL ;

4) WRERBRFRE AT THROMIEENSAFPHEEMFHENNZSLE , IR AKL
BHTHNERE

5) AFRHEEETRE AT THRAFPSHELE. T, VBRANERNISEELSE , TH
ERAPSBIREZRABINKSHNAKRSHIRE ;

6) NERFEFRE K ATERBRERENRAELIERNBAEEL ;

7) RFEREHBEBEEFRE , THAERANAHTEERNRAAE  HTHREASERNE
ERIURFTREMEEN TN |, ARV TENER , AR IOMAERIES ;

8) XHRE , THRXHRENESHSII , SHEEEENXR , THREFTNRIERS 10 HEA
ROMERETIGH | TRREESIHRSE (\VFS) . buffer cache 1 disk driver Z [AIfY< R,

HhBMNTESRBREIEL—NMNPREZ LW, BEERK , A—D—NDPARR | REEHXK

—NPIEF. BEREFHIREYF , RRNERBRERGREIIRBERFZRITEXIANRES

Bo ITEFRAVEFREMMBRHENTEANR :
Error! Reference source not found.
1 ucore A& E

MRFTRLIFEREEETHEARANREEYR , BBA RS0 ucore WIARTIE , BRATAT TR
ucore M E Nk , MINEFE RS |, BmEIES XFF ( Lk B #I#Y golang, python & ) £ ARM
BARXNRELZET , IREENVIIGESE, XETEECLERESES , WOEXBHEZEMA !

BETRENEZBIRMIRE |, Linuxk REMEZE | Linnk W TITHERASZE , FHXKRTEHN
ERAEEL Intel 80386 UM EERALSE, XERNBRUAERBEAILES  XETERNABESX
WAEXHNABRHIITT KENER , BHAHEXRIRT Internet ( 20 Ubuntu  forum Mk, gemu M
¥h. GNU W52 ) # Intel 9 CPU Ft , ATHERESZ , TELHEANSEEER , XEXNMEXE
& —H KRR

2.2 1% [ ST A

EMNSE7T MIT B xv6, Harvard B OS161 # Linux ZFi&it T ucore OS 3£ , FfE OS SRR FEH
Linux Ti&1To N TFRRFAENEZE , #HESZ BEIELNER Linux ERFF —THAHAELYLE R
# TR,

2217 & OS XK EE S|

£ github PIZY ( https://github.com/chyyuu/ucore pub ) B FEEKAI1IREAY labl~lab8 L3 A8 < 44 713X
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*éEP HARBLANB—NEZEY—MEA git WP HERFRAE , SBELHNRERGET

git B , BMNSIRABTEMTERE :

1. TEHABERHED.

2. SERR gt KFEVELE : WEIEE ssh private key Fl ssh BB A EBH 25 , M ERFENXHEH
Bl~/ssWBET (HF-~-AYAFHNRER ) , FEREXHFHRINE ( EL w3 A~/ ssh Hin
1T : chmod 600 * ) ,

3. EE gt MPAEER : ELIWWMIT : git config —global user.name “XXX F git config —global
user.email “YYY” , HFR XXX M YYY Zal R R (XR ascii ATFTENFRF ) MEB4ribit,

4. TESREMRM : EREFTHIT : git clone <A/ E>@166.111.131.12:~/ucore.git ucore , EH

FERNECHES,

HAZNOS ERITEAF , MN1Tcd kbI"AJEF B FT labl KRB,

RIFEZE ERFRFEBHERB (AZFHREB M TENX AR REERS )

RIFESUTHIREE : BIHIT make

MR EARLSNIRE SR 6

MgmEBEN TEFZTEIR : BT : make gemu

10. AN R NMNANZREREAEARER , W AT - make grades

11 MREXHEREHENEISROUONBEFETR R OK WER)MIRE LS ERE6).

12. MREHEREHENEINSRAUONWRHEERZ OK)UA git iICFRWEI , LA git add IEE
RGBT N ERBE B XM (A git status ATABRFEHIE RN XHE ) , AREA git commit —s
—m “solution to lab XX LE X 1R R F git IRAEFIR LGS , HA solution to lab X AARER
AR , HRBREBEZRERTE.

13. EXREB L BHENELRERE gt PHKKLE R EEZAE git KA, BIHAT © git push

origin master,

© ® N o O

B35, ATLUE make debug B make debug-nox @ SEILEN gdb mi2iFiR OS SRR TR,

2228 REHLEEA Linux SRR (#E  REZNIXBIFREERLE )

XEREEN—MEIELNAXEA Linuk HEHX 0S FENERMGE , Linuxk BEREME
MIRAEFARAGHELLREIENEZ XHFT , RERE - VirtualBox 4R L
FRHITER T, BEFRENARTRR
(1) BERZE VitwalBox RERIHLEH(E Windows MRAFIE fh OS MrAs , AT E|

http://Awww. virtualbox.org/wiki/Downloads ).

() RAREMLTH —NELRZEHFEMAFERE/FT KB THRER Linux RRIFER
VirtualBox BE Vi & X #F (oslabs_for_student 2012.zip , 88— MNELN B BG4 NFH N E B iE
RS, FERESTHRI R E I https//github.com/chyyuw/ucore_lab F#) README H BV i),

(3) Fi 2345 $FE 4 (A Windows R4S |, AT 2 http://www.haozip.com T, —MREGBERT xz &


http://www.virtualbox.org/wiki/Downloads下载)

HERFTHENR BERAUFELE 2013 H=F
NER M. AR MTERE z7p Ml x EERANEMTERG)AMERCE (A

DRHMEBREE ) W vms BXTED :
C:\vms\ubuntu-12.04.vbox. xz

C:Avms\ubuntu-12.04.vmdk.vmdk. xz
C:\vms\ubuntu-12.04.vmdk- flat. vmdk. xz

EP I AFERHREMERRE x EEENNRGEH —THBELIR=/13XF , R
C:Avms\ubuntu-12.04.vbox

C:vms\ubuntu-12.04.vmdk.vmdk
CAvms\ubuntu-12.04.vmdk- flat. vmdk

BERX=ZANHMESANEZZTEN 12GB £4H, £ VirtualBox R i1E ubuntu-12.04.vbox , Ft
A LB 3 HIE1T Linux SRERIFE T,

EHERTAARFAR , BAA
chy
HRTAAOGH  RAFFER—INEZREVNLDERET, REREABTFRHEAREF T, XRAE

fZF ucore_lab B3R T, ALUBE I T apHIREMIE github L EANZI DA A -

| $ git clone https//github.com/chyyuu/ucore_lab.git

FUBIN T TIRGUEEN BB

[ $git pull

LRt AR B A RENKRRIESHE , TRELRSNRA gt B , FHUREFESE 2.2.1
T, MIBFBER-FTH-—T ot WNEXEAFZE , STUBENZBRRBREXAFENEE. XEB
RAEERT,

223%% Linux XBHK (EEFLBECRE Linux RENRE¥ )

XEFEL Ubuntu Linux 12.0432 )ERN BN KRN RERHHE, BAFERLK Ubuntu
Linux 12.04, XEEFENE—FHEREZ K WUBILInux A R .

WUBI 2 —/MN& 145 Windows FAF#Y UBUNTU Linux Z¥TE | REFTEMHRIAREFHF/LT
BHiAME. FTHEERXEPXRE , FEERFIXMH , FFE Live CD, A WUBI 7] , AIR 5 {Eith
ZHRBEE Ubuntu , INRIFEMREEZET UBUNTU Linux , WUBI REEGHIFEE —RZE
UBUNTU Linux, E&EEIT,

(1) = OS Course FTP T 'E 7 M ¥4 hitp://releases.ubuntu.com/12.04/ubuntu  12.04 desktop 1386.is0
T& — ubuntu 12.04 desktop 1386 BY 1SO X -

(2) B winrar F T EN TERM ISO XHHH wubiexe BBEHRK , REEFE—NMN2XHERE R
To XBHEMBT —NEDLK/NA SGB K NTFS X |, B wubiexe REH | X2 HXTFE
., EE : £ ubuntu 12.04 B | “7£ Windows A LR "W NETHEEZEAT , REBIUTESTR
(BRE X ARBERF)

XAwubi.exe --force-wubi
B) REFPXFEZENIKX, BE. PENRSEXRD, AFRPBNBRBGEXIEH)2E , 5%
R INMREEZENITENEKXKEMNT , 2EHINEGMIE ETE 1SO X, XEXAL%
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N WUBI TEHES 1SO BAERE Ubuntu 12.04 , 2T E KERE. BRTH 1SO XHHX—FIE
BRE, EHTX—FSZaERMET , ARNRE TR ubuntu  12.04  desktop  386.is0
XS HIZE WUBI FTRIZ2 A8 Ubuntu B Z TR install IR S | EFIZIT wubiexe, XXBHA LR
TATEISOXHT, L¥#E , WUBI IRIRTEMBHRE, EE |, A Ubuntu HRERERE
Bt BREFBHFFEMIT Ubuntu 12.04 BHZEE,

(4) BHEREY  RBERITEN. TENERE , £EETHER Ubuntu , H I press'Esc'
to..” Bt , FAES | XB Ubuntu RBNFHIERE £, 1B, FIERXFFREE Ubuntu 12.04 EFE
BEPXE—BFZT. BTRALETHAM , REES, YRFEXREZRE , EFNEFITENR
g, KD B 3R A A “ubuntu” M “windows”s T ARIEIZE B RHEITIER,

2.2.4 18 Linux

EXREES , FETHRETHSITARANER, B, STRERSHIRSE. Ak, BEY
FRELAM Linux e S 1TEM.

(1) mREANEREMANBZ, Ubuntu RHE1S TEARMBRERN linux KITHR. linux W H1THR
ERNTHEE AT USRI &M IhEE, MRl  FRTRRETFHwSHAFLRE , BHRHHIXFR
RN, @RXZHERT, AFBEIRA—THZTHSEESITENES,

(2) wma# AmSER, IR Ubuntu Linxk Bl e ABERE. RELELA  ERRTAA
“gnome-terminal”} B , RA] SUZZHE N gnome terminal WIEF , MW AT BAZE b ER 4 SR E 33 1T
meITRE.

$TFF gnome  terminal BFEAIREREEFIRUTEHAFE :

chy@chyhome-PC:~$ Is
fileltx file2.txt file3.txt tools

“chy@chyhome-PC~$"XEFHFBEWHN BT LXIWE TR , ERTIUTEVNEERNYE , EESHEA
FRmAREES, MEENRBSBENG , chy REHAAEFNASE |, “chyhome-PC’RIX A1t HE
PRV ENS |, ~RTFZHEIE R, KAARAESEEEZEZESTHRRIIUTENET , ki

RAILBASS - s BRTEZE
|Is [ENTER] |

EE \Enen|RERAT S GERTEER , MARMAXNER , kXM BEEFAMER
FEBHFTAEXHR T B 3K,
THEIE bash shell BEFHEARFERSZE , ER2 ubuntu RENATERF,

ERES
OEBXHEHIE : s

chy@chyhome-PC:~$ Is
fileltxt file2.txt file3.txt tools

Is BERMARS TREEFEAFIHYNXAXRTENAERR , EXFERSTHEINER
BHRERIDHN , BREECANESUATRESHZTUERNESHEES

X
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o Is/ FIHBEF/THNHRFEUMNREE-—ISH , W TT2ERZSHRIE
B, RAFE , DT FEALNEFNIEEFR.

o Is-l FAEMRIE—PERARI AT L.

o Is-a FF5IH TIERRR ST (A TFF LM XX E R E 3L

o Is-h L KB/MB/GB Ky 4E i SXHF K/ T A R AL FERY Bytes.

QRQEWAZHBFAERR : pwd

chy@chyhome-PC:~$ pwd
/home/chy

QR AEHAMMEB F : (cd)

chy@chyhome-PC:~$ pwd
/home/chy
chy@chyhome-PC:~$ cd /root/
chy@chyhome-PC:~$ pwd
[/root

EEFIFHF, a0 HEFZERR/home/lchy 11T cd /root/ ZEBIETT pwd AIAKI , HFIERELRK U R

froot T,

OERBLAEFR : (echo)

chy@chyhome-PC:~$ echo "Hello World"
Hello World

XR-—IMREANGS , EUNERBLAABENZRRE("PHRR), TATERRTME LA

G)ETRXHERNE : cat

chy@chyhome-PC:~$ cat filel.txt
Roses are red.

Molets are blue,

and you have the bird-flue!

AT LAE A less 2§ more S B3R E REBR AW N AN HFRNR,

B)EHBIXH : cp

chy@chyhome-PC:~$ cp filel.txt filel_copy.txt
chy@chyhome-PC:~$ cat filel_copy.txt

Roses are red.

Molets are blue,

and you have the bird-flue!

AT AUES - N XN EER S A DX,

(NBIIXH - mv
chy@chyhome-PC:~$ Is
filel.txt

file2.txt

chy@chyhome-PC:~$ mv filel.txt new_file.txt
chy@chyhome-PC:~$ Is




AT
et
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file2.txt
new_file.txt

XA T AR EEBENGE - PO HEF

AR AR STEARTREN  REEXLEFXAFENRIEE , S8, EASBH ST

BYME-—NSH - vRERRSLHITHTHRBESR ;

chy@chyhome-PC:~$ mv -v filel.txt
fileltxd' -> new_file.txt'

new_file.txt

BVEI — MNNABNEH XA : touch

chy@chyhome-PC:~$ Is

filel.txt

chy@chyhome-PC:~$ touch tempfile.txt
chy@chyhome-PC:~$ Is

filel.txt

tempfile.txt

WREE tempfile.txt AR , AR IR B FREM[EE.

(9)E3—B % : mkdir

chy@chyhome-PC:~$ Is

filel.txt

tempfile.txt

chy@chyhome-PC:~$ mkdir test_dir
chy@chyhome-PC:~$ Is

filel.txt

tempfile.txt

test_dir

XA A ARIEN AT E Fo

(L0)MIBR /B % - rm

chy@chyhome-PC:~$ Is -p
filel.txt

tempfile.txt

test_dir/

s T pSHAGEZEREMN -7, IFETUEFEREH - M XHRER B FX M.

chy@chyhome-PC:~$ rm -i tempfile.txt
rm: remove regular empty file “test.txt'? y

man T -PSHERER rm EHATHEREAER |, L HBARBHBR NRERARTER. EFR

EEWING , = EET R ATMIBRIR1E,

chy@chyhome-PC:~$ Is -p
filel.txt
test_dir/

A LAE B test.txt X4 ELBMIBR T -

chy@chyhome-PC:~$ rm test_dir
rm: cannotremove “test_dir" Is a directory
chy@chyhome-PC:~$ rm -R test_dir
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BBk — B REFREMIAN SR r, XETER PRI B R THRAEXHNE XA, £RAL
BEEEND.

chy@chyhome-PC:~$ Is -p
fileltxt

AT LAE F test dir B R XHELEMBRT o

ELENRE: BB s HSERTHNYIE TERN G — XX ;
e ALAZH pRUREERE—THER |, LINEXH/XHR/IREEESSE
e ETXRA rm -i ZIRPBRIH | -i SHRIULEREERTHRRETNEE —FBIARR ;
i(interactive) U MR R EMNER ;
e HZHALIEMNBSEMBR— N XH4XNLBIERNER , BN R GRLTER-
R8¢ “-r"(recursive, fB ) S
BRRT: EEAGSTRESRN , REBRERREAARABECSEMTL , EFLEAZHRE
&, tEfAT m RO, ©NSBIRER ERMENERA , HET2GHRET , i, REEZEA®
FTRME-PHNSE , ML REERITHHITXEIA | BHLERITRIEE, NRESERBER A -
PARRE , AT TRRER B alias , LB rm s SHBRINSH -

| alias rm='rm -i' |

A)ERHETHRE : ps

chy@chyhome-PC:~$ ps

PID TTY TIME CMD
21071 pts/1 00:00:00 bash
22378 pts/1 00:00:00 ps

BXERBTRAHAMETHINMEHRE. TE XIS THSBRE
o ps-a AIGIHRELBSITHAMARE  SREHEMAFEHINHRE ;

o ps auxww RFIHBR—ERBHRERUANFERRE , HRU-ISUTRNEAETER , B
— I EEHBBRNEAER

ERGTHNARBILL I IE | RATLAT RIS EENFMH Linux B854,

£HRE

(L)% A /4

input ASKIZEUET #E ( REMRERARSE ) MANEE , output ATERSE ( EMIRER H
RE ) LAHEENREANR ZALE - EHREANHERTERBE X NS XREINN ., BEZIE
FREERN , RESBHRAX NG SRE LIFERRRETR ;
BEEERTDPmENB AN HROVE

QEEM

MRFBEBS~ENRERSAT N XEMAR ( BRIAW ) LR | RUUEROTHED !
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chy@chyhome-PC:~$ Is >filed.txt
chy@chyhome-PC:~$ cat file4.txt
fileltxt file2.txt file3.tx

LAk 5 F 45 81 R 3T 4 filed.txt Z0R filed.txt REEME,
A MR fiedtxt EELHFEE , FALEN T OREZNHFNANE. NRFREFANBIFIMEEHFE
MXHERABRHRE , BMRUTUATENGSER
e command >> filename
B

chy@chyhome-PC:~$ Is >> filed.txt
chy@chyhome-PC:~$ cat filed.txt
fileltxt file2.txt file3.txt

fileltxt file2.txt file3.txt filed.txt

EXNFHR , 2ARENXHFRRINTHFHIRE, BETXRXEMN2ABZ—FFEERLFR  BIMNE
AN HEHNABEAFERTHGSHAA. UTEXIMNHHER :

ecommand < filename
A

chy@chyhome-PC:~$ cat > file5.txt
ad.txt

a2.txt

file2.txt

filel.txt

<Ctrl-D> //IXZT/REKA Ctri+D

ELReSH , B cat M > TRIET —AN3XH files. txto

chy@chyhome-PC:~$ sort < file5.txt
a2.txt

a3.txt

filel.txt

file2.txt

ELRaEH , sort X file5.txt B—1THNE , ARBFZEHF  BEEBHHIFE L.

R)EE
Linux BB R HETEREBILANEENGSHREMNERNIIE , EIRE LNEEFS|
Fo BTE , BAVKSEF LEAY grep" i &

dit

chy@chyhome-PC:~$ grep txt <file5.txt | sort > file6.txt

ELRBTEEDR , gep W RER il FEExt"NFERS |, MRIVIE“xt W HTEL E
Bt EES ot T, sot i RN XEFRBTHITHR , HICHFFNFRBITEAR XM
file6.txto

SA—NNEF  BRMEA s R EHNXHERERSZ  BET— R, SHRERRBTSE |, Xt
TEEWSHAMKEER | 2EHRITYS -lessAT—N—REFERF R,

OV =p=pii% i
BXEA#HENAN , JUEGSITHAZTZANAGS. FERELE EFF—ITaSEHEAER
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17, AFEEEN T REEMN— N & BT,

sleep 60 &
Is

RGBT skepEERET , BREARKATUSTENRE, RTTRALSEHTTUN , RFE
&Iiﬁgﬁjz“;”o

MREE—MRERSTHEARSHNE , FBIECRAGEEET. REEDSEITHNRT crkz WA
B EHRBEREEF. AGRWADHS , TEIEENXNM RS EAGEHRT. NRA
LEeBHRITANT , IBIHT@PuSEAEERN A,
sleep 60

<ctrl-z> /XRRBA Ciri+z HER

bg
fg

Z50, WRFBIULE - HI AT TRERTAUAERCeCHEERRFEL AN A AW T,

=

HETE

4 %EE, PATH, PSI, ...

FERHPX

AESHRITH TR BEE RILEBHIL, E—Dshel #F , 1T :
export LANG=""

IXBEFEIX AN shell 1, output {5 B R B B T3,
REHHE

WHITRIRGT
Ubuntu FEJLAER apt-get i , apt-get — % Linux RIS , EAT deb S EBAWIRE
RE , TEATEINEENREERE R, RE. ARURDEBRGRERERSE., REE

root HITIXER , FTLA—ARERBE sudo an s , 40 :
|sudo apt-getinstall gcc [ENTER] |

EANUARERN apt W HH .
(D apt-get install  <package> : F#<package>ARFTKBM AR , AR FITRESNZERE
A&

@ apt-get remove <package> : BR<package> LA K Fr B Mk H A BB
3 apt-cache search <pattern> : ¥ 3% & <pattern>#y 42

@ apt-cache show/showpkg <package> : & REHFB<package>H) TEEIR,
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{gﬂtﬂﬂ :

chy @chyhome-PC:~$apt-cache show gcc

gcc-4.6 - The GNU C compiler

gce-4.6-base - The GNU Compiler Collection (base package)
gce-4.6-doc - Documentation for the GNU compilers (gee, gobje, gt+)
gee-4.6-multilib - The GNU C compiler (multilib files)

gee-4.6-source - Source of the GNU Compiler Collection
gce-4.6-locales - The GNU C compiler (native language support files)
chy @chyhome-PC:~$

SR R G TIRE

MUBHMHIEER , & Uuntu THEERGHESREAERS , A3THTITHE apt @85,
HATEALZ

FER > RREE > fIAIEHRHSEEE (System>Administration>Synaptic Package Manager)

ERAEHEERSRUTUBEFICREELN R SR TERRE.

(]S

Ubuntu BY 34 E3REXVARE A SR , AT LLB B SR “Yetc/apt/sources.list” XHFRIERARR ( EE
root XPR ) ; WEBRXTALSHKGIEESD RE > HHEE

BHFX M

Ubuntu M man S UEREBEIFMBEHA., man  manuval WEE |, @I man &S AL
Linux TERAGS. REHHG. UR C ESERHEKEHRHTEN , KBHEXHBE.

a0
chy @chyhome-PC:~$man printf
PRINTF(1) BSD General Commands M anual PRINTF(1)

B T RES A BBV By STl

gcc-doc cpp-doc glibc-doc

LREEE XA A LUBTE apt-get T HERHTEERRE. REBLUSALET man S HITHT
HESHEMN,

2.2.41 5558/ ATRELESTHY B

R

(1) Ubuntu TEFHRESTUERNRBEREENTE, S0 gedit 2 gnome RSERETHRE
UTF-8 WX AmESR. EToHNEESA  BREFNIELIER , NP XEXEFRT. BEAMN
BENERERTTHTBRXEHITREE,

(2) Vim R Vin R—REBEHNXREEHRYE ,  UNIX THRZEERHE VI H#RE,
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Vim ZEREFERTMNAEFATENNARER" , WeeBRAKBELEER , ETHITERF
R
Ubuntu FRAUAREM vi RARK , RS , BUERSNREREARIFHREN Vim,
LXT VMW ERBSURER , TUEYMN&#HITER,
2BEXH : Vim WEAFEEEXHRITRE , flW

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#Comp lete
autocmd Filetype cpp set omnifunc=cppcomplete#Comp lete
set incsearch

set number

set display=lastline

set ignorecase

syntaxon

set nobackup

set ruler

set showemd

set smartindent

set hlsearch

set cmdheight=1

set laststatus=2

set shortmess=at|

set formatoptions=tcrgn
set autoindent

B Bl E X R IFE

~/.vimrc

AEE  vimre RIABERTREATR | I ESSTHEY k-2 o HTEF, R ~ BXT
REEZXH , ATFHEIR, BZXHE , EF Vim T LAER B E M.

exuberant-ctags :

exuberant-ctags AIANREBFEEN REKKS| , HEREBH N XA mESFIEHM T EFER
ENEMN. ZENEESEE Vim, Emacs &,
S FEBEEVRSIN b EBEERT , AIERASS :

chy@chyhome-PC:~/ucore_lab/labcodes/lab1$ ctags -R

NIXHREIERE,

BRIABY 4 RS tags(RT BAEIE -f SRS tags IR BIXHR) , EHERZ THIT vim S A Bik

Vim B EARRSIXH , EVImWEBEXT , I EREMRBINFRENENLSE |, fln:
B “ctl + 17 AABKERBIMEBAFAREENL , F/A ool + ¢ RE ( ERHR ) F.

RB7 IR GUI sXMEZ , AIRABRSREM understand, source insight E3 4,

diff & patch

diff A Linux &% , ATHRXAHEXHKRER , JBEE man REWHNEBURSHNE
Fo fER patch 855 AJLAXS XA E KB RAE R,
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{ﬁlJZZD;*—L 2 FEMATE projp AR AR —NEE lproja AN ELEXH#H TSN , TUAERAUT 6

AL .
™

diff -ruP labl orig labl_new > diff.patch
cd lab2
patch -pl -u<../diff.patch

JEE ¢ labl_orig 3§ labl BIR XM E F , BIRZEURIEE |, labl_new IEZUSHY labl BYIR 4
B, F— %0 PRRHANLERXHXRER , HANEREEQHEE diff patch XH4H ; FE=KTBD
29 labl BRI A E] lab2 XHRFHRBF,

BRI GUI ZXMNEZE , AIRARFSEN meld, kdiff3, UltraCompare 34

2.3 T BEmIET TR Wi BEATLTE

£ Ubuntu Linux F#Y CBSHRIEEEET GNU C Wi , B gec RBEFRHERBLRITX
#. GNUSLC4 ( assembler ) RAKRE AT&TL&ER |, Microsoft SC4&FE A Intel #3X

2.3.1 gcc WEAAZ*
MEBEZEE gec R R ERTHERBRE , WART

chy@chyhome-PC:~$ sudo apt-get install build-essentiall

KEREZETRFAMEN gec ERH/HAMGIE, TE : sudom s NWENRE root HXAFN & 5
WMAT apt-get i85 MRRERTFEMAAS , WRAFRMA—DZHRET,

23114 EHEHC BF
C iEESZ2HBMAHIFR HelloWorld, TE2—RHI{CHS :

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

printf(*Hello, world\n");
return O;

}

BANBREZABEFER X helo.c'e BEA gec mFZENH , EATEHNSGT

chy@chyhome-PC:~$ gcc -Wall  hello.c -0 hello

S TR 3 hello.c’ RV AED 4R IR N ARG H FREETIITXH hello’ o VIRBHNHERED
-0 RTUEEN. ZWEATBEENBTITINRE MW, MBFEE | BHXERIAA Ao,
AEBEIMRYFBEZRHEARTXAEBRNNHELFE , BHHES.

B “Wal FERFER/LFAEEANESE —BURAFERZET. fmERERSHMANES
o, BeWalPBRBEEAN. BMINBERT gec F2FEEMEERFER. HRECH C++$EFHTIEL¢%§
BEEEERBTRNEFFRENRZ,
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Bl wFSRMER T Wal’ EBRARTEEMES , RARHIRFRTELEEN,

BETZER , ATHITXHHBEENT

chy@chyhome-PC:~$ ./hello
Hello, world!

XFATRTXHERARNTF , F6E CPU FHRHTHESNES. BE /  BEALHWER, &
kb /hello BRAFIITEHE B R THAHRITIXH hello’s

2.3.1.2 AT&T L5 E X
Ucore FAZIMNZ AT&T BIXNHLCE , 5 Intel IEXNAVCHEE —EFE, —ZHFEBELFEFGUTLA
E :

* FEHFGEEN

AT&T: %eax Intel: eax
* R/B NRERIRF
AT&T: movl %eax, %ebx Intel: mov ebx, eax
* BB ENEA R
AT&T: movl $ value, %ebx Intel: mov eax, _value
& value Y b HE R A eax B 1787
AT&T: movl $0xd00d, %ebx Intel: mov ebx, 0xd00d
* BAEBKERR
AT&T: mow %ax, %bx Intel: mov bx, ax
* FHH

AT&T: immed32(basepointer, indexpointer, indexscale)
Intel: [basepointer + indexpointer >indexscale + imm32)

NRBRERGIETRFEST , ANR 32 &ttt , FRAEITEH Ui TR E R

segmentoffset KA, EXHHMHENF
imm32 + basepointer + indexpointer x<indexscale

o EREF it
AT&T: _boo ;_boo R—MN2RM CEE, FEMLSERTUEIA , FHNRERT

Es5lH. XTRHZEE , AEI#HELEH 5.
Intel: [_boo]

0 HFiFEsEES Ut

AT&T: (%eax)
Intel: [eax]

o TutFuk
AT&T: _variable(%eax)
Intel: [eax + variable]
AT&T: _array( ,%eax, 4)
Intel: [eax x4 + _array]
AT&T: _array(%ebx, %eax,8)
Intel: [ebx + eax %8 + _array]
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2.3.1.3 GCC &4
HAM GCC NESCHEBEME , —MRRBTENEN

asm("statements");

Blgn

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

asmF_asm HENRELE—HM., MREZTLE , US—THEMLEANNN,. HAH\n 2R

TR, VR tab o EBRDTHERMZXFNS , R 7 ik gec IBABCHEABEIF K — XM

CRAER | BB RIERITNEE —ENZERK. flm
asm( "pushl %eax\n\t™

"movl $0,%eax\n\t"
"popl %eax"

)i
KERE gec BB EHER , BREL asm(L)WARTHECREXHFH , AR ARHFZRRLE
Y. Bflm

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

ELENFFS  ERBCREDPHET edx M ebx WE, EEHET gec WEBKRNLESE (A%
FEBSLRX Y , BRS gas LR 29 MBCEXH. ) , AT gas SCREHHTHERMND

ZLUWET edxF ebx WE , MRBFNLETXEE edx = ebx FERF , XERSSIBTENG

R OXNFEE boo EFEERHEMNBEIE, A THRINEE , REAET R GCC NELHIEEK

Tt S B TE BY 1 9] SR R L,

23144 /& GCC AIB 4w
ERAY B GCC NBSLCHMIBIFMT :

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

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

b

XEFEMNHEEREARDINTES L, §B GCC ABCRMERERMT ¢

| __asm__ _ volatile__ ("<asm routine>" : output: input : modify); |
Hrp .
(1) _asm_ FRRLCHERBOFLE , TR volatile (X2WEI) , HEXRE R asm IS

WHER, BHAE,

(2) ERITREN , MEFTHELHBEDH gecc LILMAENE , MEEE asm FFSFH/M
volatile <8817 : asm volatile(...) ; EFEIFMMIEAN__asm _ _ volatile_ (...) ; REFE/NFEN ,
FEIFPHA TR EARNNECCHIE SR,
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( 3) "<asm routine>"JC RIS IR , HlE0 , "movl %%cr0 , %0 \n\t"s ENFBIMNBETR % , 0%

1, %2 ERFEATERNFRRER. IUEANREREHEURTEMA CPU FBAFFHEN
WE , W Intel ATEAE 81N,

(4)CHRETHIFENLNMREY , REABNTEFESHTFRES , Hoc BERFNBER
TE i B 0 M A SR 0 VA SRR TR E, AT XEERBRERNIIRERAT %,
b, EABEANTFRABREMEMNEN% , B%%Ccr0,

(5) BwHIEB 2 Output) ALLAER i T2 (B R IRIER) M SF1F 284 S M4 R (Constraint), 5 H
WOAUESNAR , EHUNESSF, SMRU=FX , E#8F N FERKRTBRERNE
B ARERXTEELENAR, Hlm, EHid .
| M=t (__dummy) |
“=rRAERMEFRRER (BB OHN%0 ) AIEREAM—MNERERES , FEZTE dummy
EREXNFFSRET , BHNRR

“=m’(__dummy)

“=m"RRAENN ERBRERRTFERENEET__dummy A, RIARZHHNFZERS , TRSA
HINEENARFEREENL

F& BX

m, v, 0 REFET

R EAERAF R

Q B 1785 eax, ebx, ecx,edx Z—

l,h EERFR

EF ERY

G =

a,b,c,d B 1785 eax/ax/al, ebx/bx/bl, ecx/cx/cl 2 edx/dx/dl
S,D 1735 esi F edi

l E¥®(0~31)

(6)BAREZ(Input) : WA SHEHEDMEE , BRE=. NRAAID —MREBFTERER
NEEFSREESEHHESIENIRAERIRR -1 F78 , BREXNREFRNESE 1, 25F)
BEARZHNHR , EEENEFHR2BIXPHER,

(7)) EHER 5 (Modify) X EB D BE L “Memory N ARFEM |, URRBEZTRERNEFFHNRNEESR
HE , MRERENFERNABTKEBEAE , BARAEAFFRXMETHATELSRE. B, I
TE D NBIET , M AED. WEBD RIEREL ATER , SRMABIFE  MALEHITF
EE, 25 )ERE , = memory FER , =ANDSHERE , Sl



A,
7ot

HERAH LR B R

3% 2013 ==

| #define __cli() __asm

__volatile__("cli": : :"memory")

THR-MIFHFEER , REAEREE)

int count=1;

int value=1;

int buf[10];

void main()

asm(

"cld \n\t"
"rep \n\t"
"stosl"

"¢" (count), "a" (value) , "D" (buf[0])

BENEBELHERBR -

mov! count,%ecx
movl value,%eax
movl buf,%edi

i oH A48 AR

HAPP
cld
rep
stosl
#NO_APP
EiR 1% /Eﬁfﬁ MIhEE 2 [ buf FE L count i value B, BB EHIEAIEHEM A |
HNEESR. BIEBSUREMWIED , mFSSmAERNIESEENRTWMESRFSS , MNMa LMt &

FHENDE. HPAFFc(count)s~ EIE count BIEMA ecx FFEF. RLUWEE -

a eax

b ebx

C ecx

d edx

S esi

D edi

| E¥E, (0-31)

qr RSB FFR

g eax.ebxecxedx R FEE

A 1B eax Fl edx &K — 64 LA Z 1285 (use long longs)

FAB AL gcc BT

BENGFESR. WTEHHEF

asm("leal (%1,%1,4),%0"

2=t (x)
20" (X)

BENEELHERBR

mov| x,%eax

#APP

leal (Yoeax,%eax,4),%eax
#NO_APP

mov| %eax,x

JLRIRER :
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1. £/ qEREFmIFESRM eax, ebx, ecx, edx 2 Bl & 1785,
FE A r #8R4mIFBIM eax, ebx, ecx, edx, esi, edi 2Bl F 1785,
2. BNFAAERERIENTEFRRARNTNEFZRIK , BNSERELEBETEM.
3. =R TR EFESR
4. BF%n WAZE  BFRTHFTFHERRBEIAMMNE 2GR FRES B A g ERHF
e NRRMNEEATRBEROFERNE  BRUUEAEN.
5. MRBFICEABRENTFRMNIE , MWAA%L, MAebx, WHRUAT :

asm("leal (%%ebx,%%ehx,4),%0"
2= ()

(0" (%

)i

ABEECEARN%EA — PN EESLE%n AE T,

2.3.2 make 1 Makefile

GNU make(fSi#F make)2—fRBEFITE , FAPELMEF , EHREEFSMERNERH
18R , B4 MERK B KRB,

make B SHITE , BEE— makefile ( 3 Makefile ) 32 , A% iF make P EEEABMN X
RIBNEEERRF. 5%, BRIMNA—NRAIKGE makefile BHPEHN, SUELAR—PRENIAR,
XANREIRET gnu B9 make EAFM , EXANARED , RIIWIBE 8 N ¢ X, M 3 MNLX
#, BRITEE — makefile K& iF make TS WA 4R IFMEZX LA XMF. BRIOAUZ -

o MRRXNIBEEFZFL , MABRMNMATE ¢ XHEEHmIFHEEE,

o MREXNIEHEIL c XHHBH , BARINREFHEISHMN c X, HEEBEIRER,

® MRXNIEHAXHBERET , MARMNBERFSIA TIXILANKLIIMH ¢ X4, HiEE

Bir T,

RERATN makefile BEBBEH , FAIBMNIX—4] , BRIMNRA— make B HRATLTEAR , make @5
STRENERBREI N XS BHNERARBERLEXHEETERE , N\BCSHFEFMEENX
HHNEEBRRER,

2.3.2.1.1makefile B9 M
TEHIRIR makefile 2 87 , TJHEEEHE —F makefile BYFLN,

target... : prerequisites ...
command

target tHAR— MBI , ATELR object file , B AT ARHITX Mo EATLLE —MRZ ( label )

prerequisites T2 , EER I target AIBEHNXHHZ BFF. command thFR make FEHITH a5
T (EEN sl 5 ). XR2—NXHWEKBRAR , BRI | target X— MK B B FRXH K
BT prerequisites FEI M , HERMANEXLTE command . WHE— KRR , prerequisites # 40
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RE UM AL trget XHEEHIE | command FFEN MBS RARIIT, X
WA makefile B BAZL AR,

Ry,

2.3.3 gdb {#

MR makefile

gdb RIEERAWBARESF , AR TFHEAES !
oi% BT R

MR

EBME

o 2RIV 5 S (step in/step over)IR1T
oI NEREZTEME

o T RMERNEFER

o EERFHHEKRER

o2 RIH

o FiHLTE

FERTLAGER gdb

BB F 28, M|

A -g % —ggdb R/IFETHRFRX M. =17 gdb @ik

EBFENEEEANTH®S
| gdb progname |
£ gdb RRFFLBA help , HIIHBETHNDE , TENDERE
ealiases : i S BB
ebreakpoints : BT RE X ;
edata : IFEEF ;
ofiles : EEHEF XK ;
einternals : 4T ;
erunning : BFIIT ;
estack : WAKET ;
estatus : RAEEF ;
etracepoints : ERERFEFHITo
BA hep ERGFTHDER , TREZEXGTSHFEMEFR, gdb WEAB TN TRAT
* gl WERA®S
gﬁNAMENUM ERERIARET LREW R
e avENuM | TR EER R AR LR
run ZTRRRERF
step BEHTRERER , TREBRTEE
next BEHITRERRERF , SEERITEE
backtrace ETRANRAAKRN. ZaS XL RESEAIRE
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where

continue HEEITEERRNRER

display EXPR SREFFLESRRARNNERIRARFEE LN TRAR
file FILENAME SRR TE I AT ST I R

helo CMDNAME EREERARGONHEEL

info break ERMFM AR , SESRM AR S
info files SRR A EER

info func ERBBREFNFEERER

info prog ERBBRE N RITIRS

info local ERBEARERYNERTNEBTREL
info var ERHBREFNF LRSS TEEH
kil % 1E EERIA RN

list B R IAIRE R 0 R

quit B gdb

THA-NMEHIRNPFREFRNA gdb BIEMA

/*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);

FEAXMEFEEMSE  HENREZIAFNAA , RERHAFNA AT O, ZEFEA

TN REZTVHCHFRFRMUE string, Hik , wmiFHET2E , FHI Segment Fault £5ix :

chy @chyhome-PC:~$ gcc  —g —o bugging bugging.c
chy @chyhome-PC:~$./bugging

Please input a string: asdf

Segmentation fault (core dumped)

ATERZEBFPHINEE , RAORA gdb , HIRWOTHSTRHIIT
1)i=1T “gdb bugging” , NE bugging FTHITIIH ;
chy@chyhome-PC:~$ gdb bugging
DPATEAR bugging @ ;
(gdb) run
)EM where T EERFHENMT ;
(gdb) where
HFIA list S REFVEH gets EHEHHIAREE ;
(gdb) list
57 gdb A, HATESE 1 TAREN R , EERBRER 1L 1THE ;
(gdb) break 11
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OREFEMETEE 1 TAEL  XNBFEE , RAERITESHS next ;

(gdb) next
NIEFHEIHE , BB SN gets BHHENRRZRRLE string. EFHATUNIRE , A print
WEEEF string NE ;

(gdb) run

(gdb) print string
(gdb) $1=0x0

QEBHE T string EEWE —NLTRIEH , BHRERF , & 10 TH 1 T2EEHN—FEY
“string=buff; ” , EMRIFRF , AEREET , FEIEBNEFETER,

A gdb EFRRBALA list 5 , BXFTBRE, BAAER-tui S8, XEHA gdb BEE
EREEETARBEREEND, Htt5ERBEOHEXNWHSUOT
info win SEREOMNKAN
layout next YIREIT —MNhBEER
layout prev Y1 E| E—MmEER
layout src  RERRRE
layout asm RERLCEHMAE
layout split & RRABICHNKE
layout regs T HFBABLE R
focus cmd/src/asmiregs/next/prev £1#R L BIEE O
refresh R E & N
tui reg next R T —AFFER
tui reg system S RRSEFTFE
update BEHRABEOMNLaTR
winheight name +/- line A% name BEOMNSE

tabset nchar & & tab N nchar N F&

234 — FHBERAR

(FEEEMEEIHEREREY )
gec tools A%< 3THY
IRAEEBM (CVS, SUN, GITH ) HNEA
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2 AE T AR 5 LT IRB R i
2.4 1R FEHELER QEMU

2.4.1.1Linux BT 55

QEMU A TH#E#l—& x86 1T EWM , ik ucore BEBIZITHE QEMU L, N TEEWB EFbmIZFN L
gemu , REBFEAFKHARAL gemu(http:/wikigemu.org/Download) , & OS FTP R85 LIREK
gemuJR#S  gemu-1.1.0.targze B HI gemu BEWEZIFERITH gec-4.x fmiEEs. Bl , £ Ubuntul2.04
REH | BIABRAER gec-4.6.x (ATLABIE gee -vE#E gec  --version HITEEF),

A EEE A ubuntu FIERMEH gemu, RERTUOTHHEIT -
chy@chyhome-PC:~$ sudo apt-get install gemu-system

WA RA TEERN T EN gemu BITRBRRE,

2.4.1.2Linux 25 FHIRBRZRIE

2412 1R BHNABNR
HiE gemu B S ARIMWE A libsdll.2-dev F, ZEGIUT :
chy@chyhome-PC:~$ sudo apt-get install libsdl1.2-dev IIZREXH libsdll.2-dev

KRB gemu WREVLE , WHETHRERMERRTEIRD |, B FHANNBRESRRMYE).
a0 gemutargzigemutarbz2 X# , EW TR AUER

chy@chyhome-PC:~$ tar zxvf gemu.tar.gz
=& chy@chyhome-PC:~$  tar jxvf gemu.tar.bz2

X ogemu NMAEH  MBRXBAHFEHAMN gemu FEEAIT patch , NASEBUO TR :

chy@chyhome-PC:~$ls

gemu.patch  gemu

chy@chyhome-PC:~$cd gemu
chy@chyhome-PC:~/gemu$ patch -pl-u< ./gemu.patch

2412208, mEANZER

WMBURZE gemu BIEEMEA <gemu> (R gemu BEMIER)TEE configure BIAS4E AL HE B /Y
BEXHSE, ™ configue MABRZHSHAHER K AUBINTHSHITES !

cd gemu
chy@chyhome-PC:~/qgemu$ ./configure  --help

S ol IS D Rt I

chy@chyhome-PC:~/qgemu$ ./configure--target- list="i386-softmmu"  //BL& qemu, BT #E 1L X86-
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32 IR
chy@chyhome-PC:~/gemu$ make //4%iF gemu
chy@chyhome-PC:~/gemu$ sudo make install//Z % gemu

AEE . BRAE/NTF 0.10.0 B9 gemu AR X gee-3 x iR A 4miEER. 1B 0.10.x LA ERRAEH gemu E& XA
gec-4.x miEER 7o

gemu T FFHREZEER /usrllocalbin BX T

MBHFEHANRRIANLZERE , BBALE “usr/localbin® THEIAIBERLZELER

chy@chyhome-PC:~/gemu$ Is /usr/local/bin
gemu-system-i386 gemu-img gemu-nbd ......

B M RFE X gemu

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

2.4.24 P 4128 QEMU

2421517

MR gemu AN Jusr/localbin ZERE , WEBTITPAIURNEEZFEA gemu RETE
Fo gemu ETRAIAEZSH, KXW :

gemu [options] [disk_image]

He disk_image BNEEZEBR M
SR
“-hda file' “-hdb file' *-hdc file' *-hdd file'
£ fie #ERTERO0, 1. 2, 3HEHK.
“-fda file' "-fdb file'
A file ERNFREEG , TLAER /dev/ifdo fER file REAENKE.

“-cdrom file'
A file ERXZES, TUER /devicdrom R file REAEH cd-rom,
“-boot [a/c|d]'
ME#E @), X&), EEB3N() , RABEER,
“-snapshot’
EAGNXHMAER#ERES , AUEA Cas KBHED,
-m megs'
WEELBAFER msgM F17 , BRIAA 128M FF7,
-smpn'
REAE n 4 CPU M SMP R%t. Bl PC NEHHL , &BZ X% 255 I CPU,
“-nographic’
BirERAREE S,
Hth -

AANENIRE dev Hl
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Ve
FE A28 3
null
EiRE
/dev/IXXX
FERAENH tty,
file: filename
B AR filename .
stdio
FRAER A/
pipe : pipename
WHEIE pipename,
%,
£/ dev REMHSU :

“-serial dev'
EE[EMSEOFTENIEE dev F,
“-parallel dev'
EEBEMFOFENIEE dev F,
“-monitor dev'
EEM[ monitor B|EHIREZ dev H,
Hitt 3% -
s
Z4F gdb EEFRO 1234,
“-p port'
& gdb E#EEuR O E port.
g
EBFEAFBs) CPU, FEEFE monitor FHA 'c', FHELL gemu BREEERLL T4,
g
i BAEE gemu.log X#.
HibhS A LAS# ; http://bellard.org/gemu/gemu-doc.htmHSEC15 . E b gemu B ZEFE

A% 8A A] LAS# hitp://bellard.org/gemu/user-doc.htmls

FEEDTITHRA gemu (RESEH) EREH,
FEREH , Fla0 bl , ATREAFING S

chy@chyhome-PC:~$ cd ~/ucore_lab/labcodes/labl
chy@chyhome-PC:~/ucore_lab/labcodes/lab1$ make
chy@chyhome-PC:~/ucore_lab/labcodes/lab1$ cd bin
chy@chyhome-PC:~/ucore_lab/labcodes/lab1/bin$ gemu -hda ucore.img -parallel stdio

/1iE ucore £ gemu FRIUEY x86 FEHFIREHINIT
£
gemu -S—-s -hda ucore.img-monitor stdio/fF 5 gdb B & # TRB AR

2.4.2.2 # i ars

1T “gemu  -hda ucore.img  -monitor stdio”


http://bellard.org/qemu/qemu-doc.html#SEC15
http://bellard.org/qemu/user-doc.html
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AIERSITHARTEA gemu B9 monitor FAEIRXS ucore IRIER S ITIASE,

(1) gemu A monitor WE AT TN T RAAR :

help BEF gemu B, ETRAEXEFNTS,

glquit|exit EBH gemus

stop fZ1E gemu.

c|cont|continue ELEHRIT

iplf/m?ggar ETRAERR , B x REMH |, 'xp' F Bk,
S8 fmt | RERRCHR , RESENET—RSH

plprint’ HERERNEHAER , Sl $reg RRFERE R

memsave addr size file |y #ZRZF T4 | memsave FEEHEIE , pmemsave J9SEHbit.
pmemsave addr size file

breakpoint A8% : RiE, EFUKMBER breakpoint , pc #4TE breakpoint , gemu F1k, ( EHHE
BLLIhee )

watchpoint 8% : RE, EFELRME watchpoint, 2 watchpoint #tit RER#IE R , Bk, (&
A& A LLIhEE )

s|step BS-RET, BT IINT.

r|registers EREHHFERAR,

info AE<IRE Eif gemu XEFENXTRERSEENRE,

Htt B4R SR ARGEE , S0 gemu help =B,

EE gemu BRIAE ‘singlestep arg’ R (arg A S8 ) , ZHPT RN REEDSHKEZWD. Hl:
'singlestep off EITERNELLED | singlestep on' ERAATES, EATRSEKHT , €A
cont SR EEATELSRME, M

(qemu) »p /3i $pc
OXFFffFffO: ljmp $0xf000, $0xe05b
OXFIFFffS: xor %bh, (%bx, %si)
OXFIFffff7: das
(gemu) singlestep on
(gemu) cont

0x000fe05b: xor %ax, %ax

step WRRNELHS , Bl gemu WIT—F |, BEB BT breakpoint BT =1T, MR LAEEA cont @
Eo) TR RELEINTT,

%, W gemu =

log M HEEBRTE gemu BREISREFENERE ( 5 gemu BTSSR -d HE ) , EARSKAILISER
THE, FENALRERERERE “ftmp/gemu.log” B, HILIFEA 'log inasmawEE , BITHUREF
£ gemulog STHR -
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3 OXFFEFFFFO:  ljmp  $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

243 £54 gdb Al gemu JFEBZIEIR ucore

2.4.3.14 2 0] 1R 9 H #5 I AF

RNTEBSEBHKRNWRED 2B gdb XHEMNRIXIF AR , RINFBEEEH goc HIFR /YT R
ANINSE -9 —gdb o« XHFRFHKRWERHEFFTSITEUUATFRIASZHTHRNEXRFTSE
J=

2.4.3.2ucore fCHEB4IF

V)R FLRE : EMESHRFBH ucore EBIHERA make v HEIA, Hl40 labl & :

chy@chyhome-PC: ~/ucore_lab/labcodes/labl$ make

M| <7 labl B 3% THY bin B FHERBFRXHA  ucore.imgo

QRFEH :

A diff W SXIEREH ucore REBH ucore R ITHE |, kR ZBTEWEA make clean 5
BRAVENH, WNRE ctags X, EEFIIER. )

Q)M AEHK : B patch @R,

2433 Z FE

ANTE gemuBE#TRABRIINFR , FELL gemu # AERHF gdb BAHBHEAFBETREL
gemu HHY CPU 1T , HILE3N gemu WEHR , FEEFEASH “SHs" XA NS RMEIX —
Ro EEATHEHRINSEHED gemu Z/5 , gemu FH CPU H ARG EFHINIT , XETE 3
gdb , REE gdb HTHRET , FATHEHNGTEEE gemu :

(gdb) target remote 127.0.0.1:1234

RIEHEA ¢ (tEHR continue ) HZE , gemu SYEHITTE , BR gdb ATFAETARFSE
B, HAEERETHR , RTeEE#HTRBEANABRMN, N Tk gb RAFSEE , FEEEERHEB
BRI, gdb REEA file T

(gdb) file obj/kernel’kernel.elf

ZfE gdb MEBARNMXHEHRHNFSERT,

B gdb ATEBAXY ucore AEBH1TIEIR , LA labl H i@ memset BIER R I

(1) =47 gemu -S-s-hda ucore.img -monitor stdio
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(2) i21T gdb H 5 gemu B 1TiESE:

(3) REM K FHHIT

(4) gemu EFFR,
EITEERUARERNT :

BO— EO=
chy @chyhome-PC: ~/ ucore_lab/labcodes/labl$ gemu -S - |chy@chyhome-PC:~/
hda .bin/ucoreiimg -s ucore_lab/labcodes/lab1$ gdb ./bin/kernel
(gdb) target remote:1234
Remote debugging using :1234
0x0000fff0 in ?? ()
(gdb) break memset
Breakpoint 1 at 0x100d9f: file libs/string.c, line 54.
(gdb) run
Starting program:
/home/cheny u/oscourse/develop/ucore/labl/bin/kernel

libs/string.c:54
54 return __memset(s, c, n);

(gdb)

Breakpoint 1, memset (s=0x1020fc, c=0 '\000',

n=12) at

24340/ gdb B E XA

HEEEALESR , ATHITFEBRAR , FERARSHRE , RFEA. N THE,

THEEMAF | Hik gdb EEHREHRENE A
BATAT LA 3 gdbinit, HRATENAR :

A BURFIX L5 2y

target remote 127.0.0.1:1234
file obj/kernel/kernel.elf

ATk gdb EEFRHTREST , EATEMN® T3 gdb :

: ~/ ucore_lab/labcodes/lab1$ gdb -x gdbinit

MRRBRENETAK , TUREXIRTEA-DXGF |, HEMEKRRKIT.

S5 mMREFERALENGS , BL ’5'-: INAER - MG TITHRE , T8 EW

¥

, R TEX
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Lino: 41 PCi &9

MRERESLELARBENRR , AFEEMNLSE-URRTT , kw .
| chy@chyhome-PC: ~$gdb -tui  -x gdbinit

2.4.3.5 & ik H ERZEry
FiFRNEHE , BRI EFEER TR 386 RIFPEXWA |, b 8086 EERXWAB |, RINE
REMBIEHEN

[ (gdb) set arch i8086 |
BN EERETRRENRERTRERNRBERE ALY,

2.5 T BELL BEASTEAF

EHERAEM ucore , MBE T XIE ucore BITHEHIRE | Bl THRAGCESREREN ( THRE
33 ucore WwRF I ) MALBSIETE (RE ucore BISLYR ) o ucore BRI IFMWEHIMERET Intel
80386 LA EMIITEN RS, FEZMEAMEXRAR ( LUMRPERE ) HHEEEIM ucore WEEBEEH R
FE,

2 5.1Intel 80386 =474
80386 BIUFME{TE TR, RPEX, SMM BXFEH 8086 X, XEXHR ucore

XK, RPBEAB—IMEENE,
K 80386 MEF3EATRERNZITRE , EXPRS TR A B RN PWEAEFZET
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el IMB , BFREXRIE Intel 80386 A LB 32 i CPU By 4GB AEEERE N, REXTFEAN
NMEBRNFERIBNXSE , EFABNRELTAEXSE  RERXRSANAFEFRHEEX XA ,
mBES—NMEHERIEOXRNYEmI, XHEAFPEFN —MEHURERN TREREXFRH
tAFEFXE , HERXTHE , BLHERHMRATERLRHEMLN,

SERX  EXR N T 8086 AEBERAMREN., EXERXT |, 80386 LEHEHMMEY T —1
HRIEH 8086 ALFEET. 80386 ALEEFME MR IMEMNHMEUIEN B3, XHMELERPHNESEES
DX WAL ETE, 80386 A FEBFELEXTHFMHEII S 8086 2—HM , HEFF
BNARTE 16 HMEMI | M ERANREB TR FLNYE I | XEHMRE B 32 (it £
REATIK 20 £z, BIAIiAE IMB KYYpEEhutZ2 B, ESRERT |, 80386 A BT HEXN AFH TR
MHIEE  FFAES T ut bt R N7 PRFRAV Y B ibit, EXEXT , FIENERE R AR,
EMHITH, KEXT 80386 FXHFMAER , MENETHIATIEERSIR (BMEER 0) , FR
RETURITRERNIES , @IERERHFFEE CRO &, IBXTAXFEH LHNZEFTR,
SERX TR E A X 8086 A EEFMHE , AP EERREM MRS EF U, PHEE
RNE LR 8086 LB —# , BA4NFTER—IMHHEE , HPSERNFTH R but FMEH A
FHHRB iU,

RIPER : EBRLE , 80386 FeRBEIEREN THIHKRILEFEFFSR , GDTR, LDTR, IDTR &
TR SEEFER/URTER , AGBELUME CRO FEAMRPEXFEME MM ARPER
M. 3 80386 THEERFPEN THEHME , HAEM 32 Rt LH A IFu , PEIF U ESE
4GB, ERFPEXT , IRFNFEI NG , RETHELAFHRERRF. RFEXT 80386 X#&F
ZEF  EXFRERNG  FTRANEFITUNETEFTRNLEER L. RER—HD 0~3 4 MR
B, BERZETERENMLAER 0 £, NABRFUESTELRENS S L ; BiERFHRENF
B, B EESEEIBEN LT AZT U URFHREE S MES.

2 5.2Intel 80386 M1

80386 & 32 fUKYALIERS |, ENAICAS YR AfFLbEZE (A 2/32=4G FT, EERBRERSGH
HEF  FEAT=A =R BB, it 2EE =R MRS . WEAF b ZEE 2428
RREFEL EATHEATENREPNAFZMMNEN LU, — M ENRERRE—NYIEH
HZEE, LR RERSNETHNAEFEINMHUZR K ERERENEFEEZT , 81
ETHWREARFHANBCHREENMTENRGENbUZE , XEAESMNETHNARFZREE
BEfRE, LBEHBARIEL b FRA B, — MIBENREPATUES N &Mtz ( L
M—NEITHEFRAUE N AENE bt 226 ) o LM bk 228 49 K/ S5 Y8R ik Z2 /8] B K
INEBEVARNEL, BEBUTHARNAREFERFERANMUZR, X2HT 80386 FLREERAK

P, EEZ B —EEFE, LT CRBAE
int boo=1;
int *foo=&a;
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XEH boo BR—MEHELE |, foo TERE—MEME boo it WEAIEHETE | foo PEFNAR
B2 boo KB, BHEMILH - 16 VHIERFEHRN—1 32 VNI RBEMK. Foo FHMEIF
= RIUNFEEE K MYNHNREENTEREFSRF.

LR =T ut IR RAT -

o DEBHFIEZ. DTHFIAREE | BIEHuE-> Y] HLL >80 N 3t it =) I b it

o HERHEIMSD WHHIERES) BB ut-> R4 L EE> N it -> TP #40Z-> Y32 3t it

2.5.3Intel 80386 F1FES

80386 MFFARAILD N 8 A : BAEHESR , BT T  ETEHTESR S FEHR , REi
WEFeSR , B2HFEFSR  FEFESE  WEEFESE , elINRERR 32 L. —REFABTINTF
RAUTEBERTESR  BTFSR , BEoEHTFSR , rs5FHR.

General Register(EH 217 28%) : EAX/EBX/ECX/EDX/ESI/EDI/ESP/EBP X &£ 783 MK 16 {u =2 8086 HY

AXIBXICX/DX/SI/DI/SPIBP , XF AX,BX,CX,DX XM EFFRRW, ATLRMEREINNS 8 LK 8 1
(AH,AL,BH,BL,CH,CL,DH,DL), EfIHNEXT:

EAX : Einss

EBX : EitFEF:S

ECX : it%2s

EDX : BiEF 78

ESI : JRibutfE & B 1788

EDI : B #9tbut 354t 1785

EBP : EutiEs F 7R

ESP : #tkigt HiFaR

Error! Reference source not found.

Segment Register(EXZ 1785 , th# Segment Selector , BRIEBFF , BREEF) : BRT 8086 B9 4 DAL
(CS,DS,ES,SS) , 80386 &N T MANER FS, GS, XLBRFFRER 16 LK , EMMNENWT :

CS : X B (Code Segment)

DS : ##EER (Data Segment)

ES : B IN¥HE B (Extra Segment)

SS : HE# EX(Stack Segment)

FS : By ek

GS Fffnex

Error! Reference source not found.
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Instruction Pointer({E =154t F1728) : EIP WK 16 {UR= 8086 MY IP , EF#EHN R T —RERITESTH ATt
i, ERuERRP  RETHERNFEZ L,

Error! Reference source not found.
Flag Register(#r& 2 1788) : EFLAGS, M1 8086 Ky 16 {UAR&EFeeM0LE , T 4 MEHIL |, X 20 32 /4R
BN VENTERR

Error! Reference source not found.

HXNEFFREMLE LR
CF(Carry Flag) : M I¥REA ;
PF(Parity Flag) : B {BARE&NL ;
AF(Assistant Flag) : fBhit (U #R& |
ZF(Zero Flag) : JHREN ;
SF(Singal Flag) : fAFE#R&IL ;
IF(Interrupt Flag) : FFHT A UYFFRENLH CLI, STI TSI RE4 ; iRE IF £ CPU AR5
HEB (IR ) PETER. B IF MBI, IF XA BN 30 i F8E A B
RAEEEAER.
DF(Direction Flag) : FIE#R&NL , B CLD , STD ARIE S RKEH ;
OF(Overflow Flag) : & HEREAL ;
IOPL(1/O Privilege Level) : /0 BRRFE , CHRERN 2L, CIBET 110 ETHEFNHK,
MBMFWEBNEINERELDTRET IOPL, L /0 EBESTRT. BN , FrxE—
RIF S E U,
NT(Nested Task) : & PRTIREES IRET, ERERN 1 ., & NT=0, I f#HPREN
HYXE EFLAGS , CS M EIP MM SETAHRNEDE ; & NT=1, NBEIE S THRKI F #iR
[,

2.6 7 B ucore 5T ZEFIE HHIELH

261 HENREESZ

uCore IRITHRAT —ENEBANRERSZ, 28R C ESXNEHBANRKRERHIEREXRE,
BEEREZFEHFETRINTEA C ESEHONRER. EEIE , RINATEERA C EE
BEREH—NER C++ RIFFCLIZIHNRIER, MRRIXH , ETWNEEXA C++RE.

uCore WHEIEMI N REEHZE , BERETERXA THE L C++H9#E O (interface ) #t= , BIR1EXWM
ATTFRNEXRIKRFRE (LN YEBERNFLERS. BESR , XHEREE ) BRHENRELSS |, X
HERANEFRENEZATERF , BENHEEORTEN, XETRNAZK FREZ BRI
RFHEE—E , XTUNBER , WETRANRERS, #OE C B, RIUN —HEBIEEH
MEE., BE C++ #, INER, BEORITNWESRNRKE ERMAKTFREN L ETHRARER
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X, AT AT BURTE 7 R 4E = SR BN B B £ 5 ko

teaxtF uCore NEFMIMIEAFEEF RS , EEBI 2 TARPEM FREATEXNYIER
FEEFRSG , AEYENTFEERFRENHRAREESN , RARRIMNEX T pmm_manager HIEL
¥ ( ZF lab2/keri/mm/pmm.h ) T -

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

/I XXX_pmm_manager's name

const char *name;

/l'initialize internal description&management data structure

/I (free block list,number of free block) of XXX_pmm_manager

wid (*init)(wid);

/I setup description&management data structcure according to

/I'the initial free physical memory space

woid (*init_memmap)(struct Page *base,size_t n);

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

struct Page *(*alloc_pages)(size_t n);

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

wid (*free_pages)(struct Page *base, size_t n);

/I return the number of free pages

size_t (*nr_free_pages)(wid);

/I check the correctness of XXX_pmm_manager
wid (*check)(wid);
3

XEETHBIELEY RN UTURATREEANEIBELNNENFEEFRS , MXLEY
BNEEEFRATEREEL | IBEEASUNAELELHPENH init (F1EBIL ) . init_memmap ( %
WZERYEBERNFEHDBILEE ), alloc_pages ( D ECHER ). free pages (BHRYWER ) K
FINNHEER, MEMAEFREZESYEAFEETFREAREN , RAFAABRENENEE
BFREMEARN pmm_manager BIEEWEER R EBIEEEN A

2628 ABIREY

2.6.2. 1% ] 5 H tEZE
EBREEWEED , MR CBEEMNBELSHNNERER , BEXANT EREXMNRIEE R

KBEFEUHFEZRINWKAZE data, FEMAFEMERZFBEAIEE next F preve FHlU0 :

typedef struct foo {
ElemType data;

struct foo *prev;,
struct foo *next;
} foo _t;

NEEAERNBIARERETANEHERNE TR , EMNMEE— T RER , AR B EEEM[—
A, WEER BV ERPAVES — T KRY data BdEz. AMEBEHRI R RN BIEEN TR
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[ _[efvape]| [efetie] [efvtpe]| [efde| [

X ) {5 2R i e

XN EERERBBBLEEN—NEEONER , SRERNERRER BN , ERT S
EHFELEMNERAT -, FEENEHE ERRELENEREVHR XM BELEHNSEERBA.
HBRESTHRE  2SBRBIR,

£ uCore % (M lab2 FFi8 ) FEA T KEMNNEBEHREREIREAATIE , SEZAAFR
Pk, MIFTEER, #HEJIR, REER, NHREIIRENBIEALR ( E[labX/libs/list.h]3RH; )
BHEAXIAMGET Linux ARHENEERERSIA , SBELEHRFHERBRBELEHTA—
¥, TENNAX—HELENEITTSRERK.

uCore HIM A EEREITE NN

struct list_entry {

struct list_entry *prev, *next;
b
FTEEE uCore AZHIEERT & list entry SR B EEE KM data BRI , |, MREEFHERIES

P IEERTR. U b2 PHZAANFRINEKZAH  ZRARERANLEHENL (LT
lab2/kern/mm/memlayout.h /) 9 :

/* free_area_t - maintainsa doubly linked listto record free (unused) pages */
typedef struct {

list_entry tfree_list; /I'the list header

unsigned int nr_free; /I # of free pagesin this free list
} free area_t;

M —NERRERT RENL (LT lb2/kern/mm/memlayout ) 9 :

/* *
* 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; /I page frame's reference counter
list_entry tpage_link; [l free list link

b

XL free_area t SERIMVEIE I N @ BIFEERIVEER LIS , BA Page IR BRI X[l f&
BEERNERTR  MUUAER — I ZEBAIN@ERER , U TEMR
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free area t

nr free

Page ////’ '\\\\\\ Page
ref; ... refﬁ;;.
T« ? [,

N\Page Page

ref; .. ref;...
: 21 C

Ner/

Z2 PR R X [ fE A 2k
MNEBFRMNATURESR , XHEANNCBEAREREEER T HENSERFEEWRE E L EH
FNEXNMNRBEL B ERRNHA , MALULMEN RS ERREHNAZTEANERBERK. £
DXNZERRERNEETE (SN lab2/kern/mm/default pmm.c ) B , MAEER TEHANEXRTE
A, ERBIBRERERR. ARXEERBERBHVELDT,

1. #0%a1L
uCore REN THRT R , HRETINENERL , BA— PN EIF KRR A E IR
e ? iEFATKEFE list_init XPNHEXEEL ( inline funciton ) :

static inline wid
list_init(list_entry_t *elm) {
elm->prev = elm->next = elm;

}
S & XM default_pmm.c WEIEL default_init , ZFAIFA list_init(&(free_area.free_list))Bt , B =

B —/NB A free_area.free list BEERKET , B next. prev IBHEFDRIELFIBREDS |, X, &)
RET —NMNRREFNAFRENZER, MERNTUAKLBHE next R0 B CR$IHT I 8E &
RERNZE , MIXFEABKEE list_empty BIS=H,

2. @A

FEERN\AEFIIRME , BIERLIE A ( list_add_after ) SRIEREHEA ( list_add_before ) -
RANREERGEROERL next, prev FHlEOEHERPHNE—IMNNEF—IPTR, IR,
list add_after H list_add_before ISR X B H AR K , EFR L uCore % %I A __list add(elm, listelm,
listelm->next)®__list_add(elm, listelm->prev, listeIm)3REIMERLFAFMEREHA, M __list_add £

ST

static inline wid

__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;

}
MERKIANE HERLBARBARL listelm 2/5 , IAEHRNRINVE, MEXRBEA
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=i AE listelm->prev 25 , BMEEHRNWHKEMNE, £ : list_ add ZFT list_add_after,

3. HIBR
LEEMRRZAREERPA Page SHMVEERT BT , AR RBEE list del, M list_del B —2%
BWAT _ list_ del R EEHIMBRIEMAE, HSKIR

static inline wid
list_del(list_entry_t *listelm) {
__list_del(listelm->prev, listelm->next);

}

static inline wid

__list_del(list_entry_t*prev, list_entry_t*next) {
prev->next = next;
next->prev = prev;

}

MEEZWEFRBEM RO T K listelm FEERERPHEMT R, XTLUEIBEA list_init EEBCRIE
listelm B prev, nextiB$t 2 AIE S , BT RENZERS. XATLUE list_del_init BIERT Ko

3. ARV RMENEEIRESH

B EENERAA , list_entry t BAXDBEAERPRRE T EEERBEENPERTRAA
TENMU , BANABIXMNERTRHAATEFRICHEE (IEBERRELEHNEE )
M ? Linux JLbIRE T HIIBIBLEH XXX B 1e2XXX(le, membenBIZ= , EHe le, B list entry B9 &
Mo, RERBIEEE XXX # listentry t HATEMWIEH , UREREHEENOBRERTHT it
HHE , member M2 XXX BT\EHRAETFITENERTRNKNATE, flw , BN EEF 7 E 2R R
BRPAETRMEMNET Page BTFELEHWNETE , WAURXRANTREELSX (ET
lab2/kern/mm/default_pmm.c ) :

Ilfree_area RZERIREIERLEH | free_area.free list 2 ZE W REER K
free_area_t free_area;
list_entry t* le = &free_area.free_list; //le RZERREER LIS

while((le=list_next(le)) '= &free_area.free_list) {//MNE—NTT RF BT
struct Page *p = le2page(le, page_link); //FRERT RFTFEE T Page BHIBL N EE

le2page & ( EXALTF lab2/kern/mm/memlayout.h ) B 55 FIAH 24 faj & -

/I convert list entry to page
#define le2page(le, member) \
to_struct((le), struct Page, member)

miLte T , CHSTAZIM to_struct EH offsetof & ( EXALTF lab2/libs/defs.h ) NG — L3
& .

/* Return the offset of 'member’ relative to the beginning of a struct type */
#define offsetof(type, member) \
((size_t)(&((type *)0)->member))
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/**

*to_struct - get the struct from a ptr

* @ptr: astruct pointer of member

* @type: the type of the struct thisis embedded in

* @member: the name of the member within the struct

* */

#define to_struct(ptr, type, member) \
((type *)((char *)(ptr) - offsetof(type, member)))

XEXAT—MRIA goc RIFBRZARWET , MARGRELSHNAAZEEREERESHF
HNREE A RAERERAZENMIHRIRELHEETHEEHWNTEN L,

FATVE LK E offsetof = |, size t ZREATENE CPUKREMMEX , AL EX A Intel X86-32 CPU
5 szie_t ST unsigned into  ((type *)0)->member FIRITE U R A ? HXX 2R TREHESE
W REEEAEEIHRELEHFNRBE. A TEIXNER, BEN 0 tutsEH HR"A type B
FELEHXY ( EbI0 struct Page ) BY¥ES , BRI E type BIREM P B member G ( b3 page_link ) B9
itk , BN type BIBEBLEHMHR member AN THRFEEWTENRBE. £ offsetof 2R , XA
member X R BY 3k ( BN <& ((type *)0)->membery” ) SEER LR 2 type BIBLE I member KX & AT FEIE
ZHTENRBE. WTAHRE—NEHW |, offsetof(type,memben) 2 —NEE | to_struct ZIERFIAX
MNENRBERRBERBFETN T EMut, ETERKBESH—T to_struct &=, JLAKRI to_struct
EHATMN prr TERERT ML | IBERE ofsetof ZRFRBHNBFELEHUANREER , BIREZ
TEEHRTEANEEZRIEEHWNETEM ML,



