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IR BIERAAFRES

i)
: ¥

TRBERAFRAFRIE
HAEGSIT T N RIF, AKX ITA
TR T AR AR LS AR K
& CiE T mAE 4G40 BES
TR X86 iIL4miE=

2.B& IR

21 THOS &

5 “‘/\’}%‘%ﬁf FoxED? AMIAAL LA T ITH Linux A2 Windows ##&4F & 44°F ), % F Thompson
Tl E LT EDZEBEGE—ALELN, T UNIX; %¥F Linus &2 —/ 21 ¥ KFAEARFTRT
Linux 4E#5 . J&/ﬁ-_iilﬂé EAMERLE, BMREGTELEZX—THEAGZERR?

MIT #9 Frans Kaashoek ¥ 7& 2006 %% PDP-11 L9 UNIX Version 6 5 7 —/ 7 /& X86 L 329
BAEA Y% xv6 (AAF MIT License) , A TFAEAFIEMEZ %, AMTAEERMNG R L, LT
xv6 Bi%it, ZRE—F —F TR AT T de b B B PEAR A 7EY R EIRAE R Y%—ucore, SRR
KOS BAEEE, HAEEE, KRB AR, AV LK. #AERNEE. IHZAFIEABTR, &
N AR E (Crasm) AR SK AT, RO T I imcs es4s 5 54,

ucore WIZATIRBETT AR B F 6 X86 +H I, RidH EFFRXAF Ra9 712, KAMTEKHA X86
AR BLE, tbde QEMU. BOCHS. VirtualBox. VMware Player % . ucore #97 X 33 £ %2 GCC
89 gee. gas. 1d A2 MAKE T B, 49K A& T X & T B4y IDE 7+ A 373% Eclipse-CDT . &
TR ARG £, ST VAR A Scitools #2489 understand #: 4 (¥5-F4) , windows 3#3% L 49 source
insight 3, R # AT emacstctags, vimtctags 5, #T AR T RELA—EIHTERTE. H
R RARATREIRERF AT RGRAEIZTUR R GIT. SVN %, b A4 B 89K E T
KITRE R I 6y £ Aot T A6 -4 4E, T14&£ A meld. kdiff3. UltraCompare 34, 1K

(deubg) K374 81T R ALt Fa9451%, TRMA gdb (A4E gemu) FiFR T E3 M4, 7T E/N%
35 0938 4T IR B A I A SR BLBLPT VAR Linux 2 Windows ¥ 1% Al . %1% A Linux 3F 5%,

AP BV Z AT —F — F R FE I ucore B? ARABE—ANRM Z AT EARIAE, ZMNTRA LT
79 5 17 3R

1) B3hiRAEZ %A bootloader, AT TMBRERAB AT REFe RO £ & T, THEIT

BERRNRME I H, BEZ AT ERIA G, ZHRHEFB--IMHP B, <R
¥
2) MEALEELTRR, ATEMEx86 9B/ AEX, THRER K fTEZNEN G,
3) BEMAAGERT RS, @I WEMNF FodE Nl (swap) AUH], VAR PR3 FE PR, 4
MBS, FALTFROGAGHBRL L,

4) WBEATRE, AT T HReMeldmdhfp i eom e Nms sz, R NEE
AEFITHSEIEF;

5 AP#AERETEA%, AT TMAPFASHAEM0E, $IT, g RS TR, TH
R P AR A A R AT B WAL S 89 RAZIR 4 Y id A ;

6) REHBPETERK, B TEMRENERAGAEIEFRREHE X

7y Ry EFEHAZNEEZTRA, THIERRMETEEIIEALTE, J T fER  EF ey R
HRERIARST R ARG R, AT RLE = R E, AR hefTEE % 57T 5

8) LAY, me#%%%£%+% 5kf”ﬁ%%%%,7%%ﬁﬁﬁﬁ%%10ﬁﬁ

o 060600 ﬁ‘ls
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ByMERe R EE, TREEM I A% (VFS) . buffer cache #= disk driver Z ] 89 % % .
HPBENFRIBHAEZAE LT KR B8, sBEBBRK, K== Rk, m4&HBHE
—NNET. EEETHIRET, TARMKEBIRE R RRIED EBBREMEFROTEF ARG LT,
AN T R ARG AR AN F 3R B A T BT T

S 33 P _
[ ] | | [ ] | - e
&R PSRRI |
| P A E U | AE
| AGAAED C AES
HEEET A% XEEET AL
| R SE R X | FATSCH R4 |
| BRI B S0 BE UNIXC RS |
‘ BRI ‘ ‘ Buffer Cache ‘
. HEEaRAMEE SRR
Pss . EERE
TCP/ IPH-ER [ pE |
NEEET AL
BT
7Fﬁiiﬂﬁiﬂ:§‘@ﬁﬁﬂﬁﬁ§ ‘ HNE%’J ‘ ‘ %%%%ﬁrﬂ@mimj ‘
RSN EAARAE | | HESR  RASERRAL
- ENAEAREE  mameE | semaphoreHi |
| PEAEAREE | REREE | LockShL |
. RAREEE
SR T S— BT
ERET AR
cprintf/str* ...
MO iR T RS ST RS B R
T
e 1 58 Eain im0
CPU I/0Hhtk-25 [a) MEM3th 11k 2 [A]
, | : R
SIS/ oh W 5

| | | | | | |
RS =] S: | CGA iy i iy g

B 1 ucore & &M K

do B TR EIVFREIR G LM E KPR, AR AT AR e ucore 894K R B, &A1 7T KA A& ucore 49
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Ak, B R %, £ ARM #AX F % izt i%ﬁmm%%%ok%maa%ﬁn%
£, KGR XBEGREF AN

22 B LB IH

FAVHFE T MIT & xv6. Harvard 49 OS161 4= Linux %1%+t 7 ucore OS %3, Fih OS £1E
Linux Fi&{T. N TLEREWGRE S, #EHELF BT EMIER Linux FRIFE” — 5 A E LT
j& '{T‘L'&‘gio

22.1F7F K OS 23609 15 3 %

FEA A OS FTP R % % L & & github M st (https://github.com/chyyuu/ucore_pub) =T F # & A1#2 449
labl~lab8 55 Bk e XA F, KL idhe T IALT AL RAL A o
T #H&MEEH A Fl AT tar jxflabl.tar.bz2
HANEANOS FHTAZ B R Hlde:  cdlabl
ARIE SR 36 - K P 132 R A A5 KA (R AT R 54T T B e LA ZRAE 25)
F9RiF KA 54 RAT: make
S %% AL N R B P R 3
im% 58 i WX R G A A EAH, Blhedh AT make grade
REALAEH (B 255 6 dokinih A2 AR OK &9y ol) WA= 3 3k 3
ﬁﬂﬁ‘%%%%lﬁﬁfﬁ (BP AR T IR 6 098 B A2 OK) W) A& s SR I 42 3 sk &,, 1]dedh4T: make
handin

9. JEA R AfE F BRSO A K R L B AF femail LB HAE T,

P NN R WD =

%9k, T VAl id”make gemu”ik OS 5 3 TAZ & qemu L& 47; T YAl i3 ’make debug” 2 “make debug-
nox “ér 4% il T gdb ALK OS F I TAL,

2.2.2:8 i B AHAE B Linux FB3FR%E (EH: REDVOEBRIRFELEST )

X R A — AP B R AL A A Linux 2k OS &ANFI1R 7k, REE%%E Linux 1%
Ve R GAn AP R I P E FF K3, A% K VirtualBox EMALE# (A windows )f)ii\ﬁﬂﬁﬂ’d& OS &
K, T2 http://www.virtualbox.org/wiki/Downloads F#) , ABEER L TFTHR—NEZIML L LRKITFE
BT & AR/ T R/ AR /B AT 3 69 Linux 55 38 3R 3% 69 LA (BF — AN B P A 4R 1'?;i1'ﬂ|;
oslabs for student 2012.xz , T # b L #F 69 W Ak A A https:/github.com/chyyuu/ucore lab T 49
README ¥ #§#ik), B 7-zip ver9.29 #4H(A windows ik AF= fAk OS fa i, *T 2| http:/www.7-
zip.org/download.html T #)f%/E oslabs for student 2012.xz /& A ubuntul2.04.vdi, K/ K%K 3GB,
£ VirtualBox ¥ 7o £ AN E 2 & U, 3E¥T VAR 3847 Linux KT o
Je FE|FRTINR P AR, A

chy
IRTMACALHE, AERER—NERAADFR T, REHENIFATET T. RAK
{2F ucore lab B FTFo 7T YAiB L T & AR A1F HEA R 5009 KA Fo A -

| $ git clone https://github.com/chyyuu/ucore lab.git

F ¥ il it de T o A FRAF A R A G 69 K Fo AL

['$ git pull

LK, REZTM—T git 9 ARMER 77k, ZT AR RLRFR S X T @E91E &

2.2.34% %4 F Linux £83R3% (EAHZ AT 2K Linux 2 & FE %)

X E KA EE YA Ubuntu Linux 12.04 (32 bit) 1F A EANLIE R AR E. BARNE 2R E
Ubuntu Linux 12.04.


https://github.com/chyyuu/ucore_pub
http://www.virtualbox.org/wiki/Downloads
https://github.com/chyyuu/ucore_lab
http://www.7-zip.org/download.html
http://www.7-zip.org/download.html
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WUBI % X%k (RES# Linux &K% %)

WUBI & —4~% 14+ Windows | 7 49 UBUNTU Linux % ¥ LB, RF 26922 EEH/LT RAFM
Co RNEZRLEHRXE, NEZRBHLH, 7FEZ Live CD. WUBI ib174= 5] Windows #4F & 4
By H A — A Fp A& Ubuntu, 4o RAFARE A 2EE UBUNTU Linux, Wubi fRESRFE—
K43 UBUNTU Linuxo. EAR77 &4 T :

1. 2 OS course ftp 3 'E 7 M sk http://releases.ubuntu.com/12.04/ubuntu-12.04-desktop-i386.is0 F &
T —/ ubuntu-12.04-desktop-i386 &9 ISO L 4.

2. @it winrar ¥ T BT H K6 SO LA+ 49 wubiexe fFEH Kk, RAEEE— NS RXHKE
XFo XZWEHFEMRMFT —AEV KNI AH8G 8 NTFS 4K, #F wubiexe L, XiT4
7% Y IEAE

3. REFHPRRFERENSR, 55, PROZAKD, AP &fED (FL04E) 256, &
FRE?, X RBRONBCEKAT, 2 AFHREERE LT SO . XZRAL
if wubi T E4801% 1SO 49 7 ik %K ubuntu 12.04, 2 4 K0 ], # % T ISO L 69X —
AT X4, ATX—F AR BT, ARBRIRAT T & K4 ubuntu-12.04-desktop-
i386.is0 LA # N £ wubi #4324 ubuntu B K T 89 install X F, FTHIE/T wubiexe, X
REELTRASRTTHR ISO LHT. LS, wubi AR THREHBFHNE L. 25, it
ubuntu H XA R AERE L, LT BT 45317 ubuntu 12.04 #9223,

4, EF TR, RFZTEITEMN., HHEMNERE, £B LN FiEF ubuntu, H I press
'ESC'to ... ” B, FARAHEL, X AMAKEY ubuntu R FHALEFRZR L, iy, +EXF
4543 ubuntu 12.04 EREHSRE—BRT. BTREMNFT2ETAK, REFLF. SRT
EXZETRE, THBHITEINERE S, TVARILRFZER P A "ubuntu"F=“windows”. 1R
T ARIEAR 69 1 AT,

£ /] Linux

BERBIAEAY, EMNEFEZTHRAEATAITTRNO%EZF, AR, EAREREWOER T X, Ak, F
2 7 A K8 Linux 44 171E H .

AR E R SRS

Ubuntu £ BH R @ A 454 B EAEE linux ZKATHR, 128 1 R F AT LA ) 2 0945 530 T VA 7 AR %3
89 FAT B H T A TR AGIEAME . linux 894 S ATIRER XD T AE R E 29T R1E. 2691,
GETHAETFHGSYORA P RdE, LEARALAREEER, ERZHEFALT, RBF@TmA—
TR ST ALESFTEMNLS, RFATTEAE A,

W\ A AR

fB%AE R BRI B S @ A GNOME #94£ & ik K Ubuntu Linux. & 3# GNOME ¥ 3% > #->43%,
T VLB B % 9 gnome-terminal 425>, A T AR B AR @ P BT A AT IR AR

T gnome-terminal 425 B 1R B AT R A EZZ B XM T @Ay R i -

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

R A B 693X A AR A p S LR T, CEATITAENCHYE, EEFHE RN P MARERES. A
RO F R D@ A, “chy' REAMHEFG R F &, “laptop” X & H ey ML, R TLATH
Ko WHMNEATISHED £ B ZBLSFERB T HIELT, RT NG4S Is BT
9 % .

Is [ENTER] |
& [ENTER|RIGHAZT Is BaTEEME, @RRNRRAZALS, Is XA 4275k
AT/ B REGPT A XAHF=F B R I E,



http://releases.ubuntu.com/8.10/ubuntu-8.10-desktop-i386.iso
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S

T @ A48 bash shell 42 5 69 2L A 4& B 7 ik, © & ubuntu #4899 w425

¥ RS
(HWEHRILAFIE: (Is)

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

Is @A BINRKRE TJ%&%?%&%/%@JW” AR T @R AR, 12X A4
SRR VH, BECTULESUTRIXEAKEITUAE AL 5012 8.
o Is/ KIERBR/THIHFLWLRELE—ANEHK, NebiTERZAMKSGEGAITHL
VBB F. ¥-aER, FATABEALATE FTAH LB K,
o Is-1 FLARr7 b —A 2 iEmey S AFE
o Is-a 7| dh L3618 B A (VA TT 3k 69 S 2 R 89 B A S
e Is-h ¥ 2L KB/MB/GB 87 X4t A K /)h, i & VA% 89 Bytes.

@

l
_\p

‘5
B
&
NG
{1}

Q)& AT B (pwd)

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

() AF AL B F: (cd)

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

a4, Lar B FR KA/ home/chy, AT cd /root/Z )& HiE4T pwd T AR, LATH RLLEHKA
/root T o

HAERFFR LB FH:  (echo)
chy@chyhome-PC:~$ echo "Hello World"
Hello World

A=A R a4L, T AERR EMAGRBTOEHMTPHAR), HARXEZFEGIAN T
PR S KOEREL, 2R AR LINUX #8489 NBE N, 38 K ILE 8 IEPT & .

G)B TN cat

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

Violets are blue,

and you have the bird-flue!

AL AE F less 2 more & 2 < FBE K 89 A A B

(6) A HI L AHF:  cp

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

Roses are red.

Violets are blue,

and you have the bird-flue!

(VA3 A my

chy@chyhome-PC:~$ s

filel.txt

file2.txt

chy@chyhome-PC:~$ mv filel.txt new_file.txt
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chy@chyhome-PC:~$ Is
file2.txt

new_file.txt

EE: AGLBRENAARAARA LTRSS RA 2R, &K, XSG LSTUBT W E—NAHs
—v k&K FE RS B IIT A0 RIS &
chy@chyhome-PC:~$ mv -v filel.txt new _file.txt
“filel.txt' -> "new_file.txt'

(8)E s — /= L AL A: touch
chy@chyhome-PC:~$ Is

filel.txt

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

filel.txt

tempfile.txt

(9)# = —A> 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

(10)#fx TAF/ B F: rm
chy@chyhome-PC:~$ Is -p

filel.txt

tempfile.txt

test_dir/

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

filel.txt

test_dir/

chy@chyhome-PC:~$ rm test_dir

rm: cannot remove ‘test_dir': Is a directory
chy@chyhome-PC:~$ rm -R test_dir
chy@chyhome-PC:~$ Is -p

filel.txt

A EmegRlE: AAKMNET s LT W T LT B T A AN Fe— ANk
o MITUALK p RILZAARETE— NG RA, todeZ A/ A K/ B bd 25 5,
o BETRAMA rm -i ZRAMMB I, 1 FHEIEF AAITRIRBAEAT 00 b — FHAINR T
i(interactive)dL7t £ L LM 49 & &
o LERMEZKXA L@ EEIMBE — NG AFR B RGRT, B AMG AR L 4L A -
R(recursive, #A3R) A4k
AR AR SR, RABRRGRAHETEBT L, ETF2LHRREHRT, iR
AT tm -RE/, CHAMEIERELHAGRED, HERRSMRETRT, Pk, REEMERSA
A ki B9AH, VAL R RAEPITRT AT — R AN, BERT—REF, 4o FRCIFERIEEH A
KARIR, ART APAT AT b9 4, ik—1 A BRIk S 2K

‘ alias rm="rm -1' ‘

(D& L aT#42: ps
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chy@chyhome-PC:~$ ps
PIDTTY TIME CMD
21071 pts/1 00:00:00 bash
22378 pts/1 00:00:00 ps

XA A A2 18] AR PIT B ) 69 BT R AZ
o ps-a T ABId ARG ATIBATH T A2, Q4ER LI PR A ey AL
® DS auxww A —AaL A 41}/7\, C A R — R AR AL VAN By ﬁﬁﬁﬁ’ﬁi, HEU—
BTN XETER, S NEAZARH KA IF @ A

ARG AGA BB A, ART A5 W %43 5] # heif w9 Linux 42 %.

FEH AL

(1) A/

input A REIUFB LA A (RARITEMALE) BAEE, ouput AT EFR (RILAITA
R4 L R RO B IR A — AR 6 B LR R AN A R ALK, B
EBERARR, R AR 8 AHTR A G AR AR AR

HAVE TR G144 P = A A At AR .

Q)EZ M\

do AR R AE b A 2 A BB RS S — AU R (BRIKEY) 4, AR T AL Ml T 935 4

chy@chyhome-PC:~$ Is >file4.txt
chy@chyhome-PC:~$ cat file4.txt
filel.txt file2.txt file3.txt

VA_E)F 4540 32 A filed.txt 4o R filed.txt NG A IE, E&: 4o F filedtxt ©EEL, A L@

AR EE XN T, m RARBFA R B AN ARG RE, AART AR T @ X A5
@ :

e command >> filename
=
chy@chyhome-PC:~$ Is >> file4.txt
chy@chyhome-PC:~$ cat file4.txt

filel.txt file2.txt file3.txt
filel.txt file2.txt file3.txt filed.txt

HEEINBTH, R RKARHEGIEFTRETHOAL, BTREMNSLE G —HEL@T X &
IR de—AN AR89 ) RAE A B PAT R SN, AT REANE ) :

e command < filename
T

chy@chyhome-PC:~$ cat > file5.txt
a3.txt
a2.txt
file2.txt
filel.txt
<Ctrl-D> //iX & &N Ctrl+D 4
chy@chyhome-PC:~$ sort < file5.txt
a2.txt
a3.txt
filel.txt
file2.txt

G)Fd
Linux #7% K Z & T CRIETUANH LSRN Lk, Bdgd bddFS 2k
A, BAVRHEA L@ grep" 4
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‘ grep -i command < myfile | sort > result.text

& myfile Poad, Kb o RF BN R4 resulttext o AR Is 7R S 4460
BRI AR e | A A AT Is-1|less B1%HrE.

46 & itz

CLI TR ZGMBTED, B TUARTAEF SRS E R 0GS. Eoa—ANRERES, B
— A& E A

sleep 60 &

Is

BRI A A )G 6 BT, BARARTAEHENKE ., R T RR P B 3héa 4 ulsh, ﬂiﬂﬂﬁ '&' TR

m RA&H — Ao A%&m&ywm Kﬁ%uﬁkéokﬁ,&&ﬂion%ﬁ TW&T
ctrl-z, CHA1FE, REHN bgEHEEANE S, AT E AT S,

sleep 60

<ctrl-z> //iX & TN Ctl+Z 4%

bg

fg

RE, BT VER ctrl-c AL —P 5] & HH.

TEEE

47 % &, PATH, PSI, ...

FERTX

Tl AT A T oAk B ELA P L, £— shell P, AT
export LANG=""

XA shell F, output 13 8- 4 B 32 5,
FERHAME,

@AAT IR A,
Ubuntu F 7T XA{& B apt-get 474, apt-get £ —4& Linux 41744, £ AT deb &5 X a9k
A%, T2ATANALIRMEMFEF L E, 2K, FFRUARF R AR % Yo —ME&
root HATAIR, PTVA—AXFE sudo 474, 4o:
‘ sudo apt-get install gcc [ENTER] ‘
FIGABE &) apt ¥4
apt-get install <package>
T# <package> MARFTRB A B A6, )BT 4 6,89 52 4 K AHAL
apt-get remove <package>
%1% <package> VAR P A AR #89 HAF
apt-cache search <pattern>
¥ &R <pattern> #9348,
apt-cache show/showpkg <package>
2 # 4O <package> 49X EFHA,
5] Jer -

chy@chyhome-PC:~$apt-cache gce

gec-4.6 - The GNU C compiler

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

gec-4.6-source - Source of the GNU Compiler Collection
gec-4.6-locales - The GNU C compiler (native language support files)
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33

‘ ch;f@chyhome-PC:~$ ‘

PR 75 R 4k A 6L R

W AHRMHLETRSE, £ Ubuntu THEEIAOCHRYBRGALS, MY TSI PF apt 94
HNTyET A

KEE > ZREHE > H L FRMHEELE (System>Administration>Synaptic Package Manager)
& B £ A7 E LB T VAR AR B G A B L BT R ATIRAE

B E A Rk

Ubuntu #9 # 4 6 38 BUR B AF 800k, 7T WA i 52 “letc/apt/sources.list” XA k& AR (5%
root AIR) ; RFEBKI ZFHRMGOLETHEEF “XE > BRMH4E,

BRI

Ubuntu F#4 man ¢4 A ZRF B FMiFE4. man £ manual ¥9%
2

B, i@iF man 447 LAXF
Linux T % A 4 4. KHEMH, AR C B2 RIHFHITLH, K1

F A8 X A B

B CH

cchy@chyhome-PC:~$man printf

PRINTF(1) BSD General Commands Manual PRINTEF(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.

B T A2 B ) 69 45 B A1) e

‘ gcc-doc cpp-doc glibe-doc

BRI T AEIE apt-get @A FABALFEERF. FAAETALL man &4 RITH4
KA SR EW,

2.2.3.1 £ B o T 55 (& F 69 56 4

&R

(1) Ubuntu T B 7 694048 5T UME A KRB R T L, Flde gedit £ gnome X @337 T 2
UTF-8 89X AR E., T oML H R, ARFNEEST, P L LFHRITF. BF TR
B W EH R FH AT B AR A AT A
(2) Vim %383 : Vim 2 —Z M FH2 6 L A w84, & UNIX Fa9R KA M4 VI 6928t K,
Vim 27 BAEFAEINAEF RITROLIARES”, DRBEXELSEER, R THTAES
T Ko
Ubuntu FEHIALEN vi MARIK, k&5, ENARANZERE TR KIFTMAL Vim.
1.XF Vim 8% B &4 A B AL B, *T vl it ® & 34T & 4%
2.BLE AR Vim 8948 F BB B LA AT IR E, e
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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

set smartindent

set hlsearch

set cmdheight=1

set laststatus=2

set shortmess=atl

set formatoptions=tcrqn

set autoindent

T AN Lk B E LAk 52

‘ ~/.vimrc ‘

EE: vimre BIAFATIEBRAT R, TAEGSTFET “Is-a” 4575 F. % ~ BXTF
RGREZIA, TURFHEE, B8O AE, 8 Vim T MERE 4 2.

exuberant-ctags:

exuberant-ctags T AAAZ BT LA RE 5], HERRBH AL ARHE X RH L0 T LHER
RO AL, X HFWHREEA Vim. Emacs Fo
FReP, TR R A4
ctags -h=.h.c.S -R
FE MG IR EZEG
BINGG A A tags (T RABIE f RAGR), AMBBAETEA Vim T AL AL E I A4, Bl
£ R “ctrl + 17 ST ABREE B A0 R 6G B B 2 XA, A “ctrl+t 12® (Fiaik) ¥
Rw: B GUI 7 X8R %2, =T A BA R &4 understand. source insight % % 44+

diff & patch

diff & Linux 44, B THELARH LHHEEZ 7, Tl man kTG LA AR L FA91E
£ ] patch & AT AT AR H A& B RS2,
Bl 4m R 35 T fE 242 projb T & A AT —ANE I8 proja P AT SUAFBEAT @945 2L, T LAME Al e T 4

diff -r -u -P proja_original proja_mine > diff.patch
cd projb
patch -p1 -u <../diff.patch

Z%: proja_original 4§ proja #9RAF, BPALZMSAA)RAE, proja_mine RAEHE KD,
—Fa A RBENILE LR ER, FFLERET LG 2 diffpatch AT, F=544%
proja #9157 F B projb Ak G KA+,

R AW GUI 7 X&9RF 5, TR K B R F @69 meld. kdiff3. UltraCompare % 4% 44,

2.3 THEHBAETT LK A9 £ KX LA

#& Ubuntu Linux ¥4 C 53 WA E 2L T GNU C 8935k, @i gee R4wid it £ M A HAT L
., GNU /L% (assembler) K H &2 AT&T IL%#& X, Microsoft L%k H Intel #& X

Km

A2 K
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2.3.1 gec YA KA &
o RARE R K gec HmFARER A T IALRKELE, Ty AT

‘ sudo apt-get install build-essential

23.11%#F %45 C ZF
C E=2HHNITH-F4£ Hello World, T &2 — KA :

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

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

}

BAME %R B A L 4Fhello.c’s 2 H gee HiIFZA, AT @4
‘ $ gec -Wall hello.c -o hello ‘
Z4r AT A hello.c” P 69 KA 2R % R L3S 20 FF Ak 42 5T /AT SUAF ‘hello” P o ALES 20 69 A 4 2 3l it
-0 RGN, ZARBFEAGESTFORE NS, R A%, Wl XHZKINA ‘aout’s
AEHWRLAMDRFETHIT MG TLNIHCELAE, CRHEEE.
#I -Wall T2 %S ILF A F A EE—RAZNRBAERAZER. HFESARS Ltb8y
LR, {2 -Wall ZRFEH®. ZKINFRLT GCC RaF A EMELEZ L, Y%E C & C+H &
B0t i 35 4307 A ) TARMAL R A 26915 4,
ABIP, WIFEBERT -Wall £RA®KFEATEL, BATHRTRTEEEM,
FIBATUARR, WA PAT LA 58524 T -

$ ./hello

Hello, world!

BT HATIHBRARNG, F18 CPU FHhHITHE LGS, %2 J BKIBATH %X,
3t Jhello ZNAF AT L AT B F T 897 JAT LA “hello’s

2.3.1.2 AT&T /- R K54+
Ucore F 2] 69,2 AT&T # X#9/L%, 5 Intel & X&LHA —LARF. —FiFE LI RAH AT LA
R

* G R LR

AT&T: %eax Intel: eax
* R/ B &9 BAF RO
AT&T: movl %eax, %ebx Intel: mov ebx, eax
* R SR R X,
AT&T: movl § value, %ebx Intel: mov eax, value
F2 value B9 # 2N eax o H 5
AT&T: movl $0xd00d, %ebx Intel: mov ebx, 0xd00d
* BRAE R K B ATIR
AT&T: movw %ax, %bx Intel: mov bx, ax
* Fhbgr X

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

W RBERAIETRYPBEXT, ROA 32 &Mk, AL+ Eaes R+ 5
segment:offset 89 ¥ /L, L X P g3enk g A -
imm32 + basepointer + indexpointer X indexscale



& WA ENLR BIERGIRELR 2012 5

T & — )T

o HiEF ik

AT&T: _boo ; _boo #—A&mEICEE, Z&w ESREATHIMFIA, TR L5
B3R T HiLE, TABIRAIEHI A

Intel: [ _boo]

0 I A MIEFH
AT&T: (Y%eax)
Intel: [eax]

o TaF i
AT&T: variable(%eax)
Intel: [eax + variable]
AT&T: array( ,%eax, 4)
Intel: [eax X 4 + array]
AT&T: array(%ebx, %eax,8)
Intel: [ebx + eax x 8§ + array]

2.3.1.3 GCC AE/%
A KG9 GCC AIKICHRTE E, —MAZERBT @& X

asm("statements");
)4

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

"asm" A= " asm " A XRTE—HW, WwRASTILH, WNE—ITHZRLE "n\t". HE T
“n” RIITH, "W R tab F, BEELGLSE ZERWEXANFET, £ Tk gec AIKICHKAD
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 Y%eax"
);

FIRE gee AR, AZI asm(.) A ZITEP"ELHA AT, P X5 FH AL EN,
A7) dm

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

A E@GBTE, BTFERMNEAKRCHPHAET edx f= ebx 8944, 2 EH T gec BIRFHGILT
, BPAEM AL I, BRXY GAS HIL%, Ak GAS F R&amiE AMOCLET T edx 42 ebx
091E, WwRAEFHLETLUER edx R ebx ¥ G, IHEHLIRLZENER, FTEE boo &
HaE—AFGFEA, A THEEIANFE, LE2RE YR GCC ABILHiE k.

2.3.1.4F # GCC A B %

& A4 GCC RIKICG P T4 T

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

1)

CREA LG LR? XFEBRLE AKX AL, IR GCC RIS & A4 X2

‘ __asm___ volatile ("<asm routine>" : output : input : modify); ‘

HEH, asm A TRILHKRAGTFLE, HBETR  volatile  (GXATHR) , L4 L2EE
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“asm” AG A MMIE. B REES, AEPTRAHE, X IR AHPILRENM goc KNMEATIZE, 3
H & A asm &5 )G A4 volatile X475 : asm volatile(l..); XHE ZFE @B N :  asm
_ volatile  (...); RB#HANFEIN, HINFHAELZBEKGAKICHIES KA, "<asm routine>" H
Lo A5 42305, Plde, "movl %%cr0,%0\n\t"e K FATAATHK “%“, w%l, %2 FRTRAFAHS
R ARAE R o T AE R B9 R RS IR T AR CPU Wil Al A 5693 =, 4= Intel 7T AH 8 A
FH/EFAILNRMES, AARAATANEEE R ETAELE, B gec ARBFHAREE @i d 30 HF
MNP R S/ ATARE L3, B TREFRBERGITEERNT%, Bk, &7 LK
B F G HHAR B AN, 12%%cr0. ¥ E 3% (output) , AUAALZ id T2 (B AR
) T HEF A ELEEMYR (constraint) I TUH ZAHR, BHMAETHIT. UK
=Tk, BERA—NFEREATREMGER, REAXTEEZELNA R, Flde, LEHIF:

‘ M=r" (__dummy) ‘

“=r R TARR 6 BARRAER (A %0) TTUAME AT —ANE A FAS, LTS dummy
BRAEZINTGEREF, B E 2

‘ “=m”(__dummy) ‘
“=mPHATA R BARRERRARENEFEL dummy ¥ A TAHREMGOFERS, TAS
BN EZEHRFHFRILE L

T A

m, v, 0 N 5% T

R A8 R 5 5

Q F 5 B eax, ebx, ecx,edx Z—

Lh HAERMEHR

E,F RS

G e

a,b,c,d I B 2 eax/ax/al, ebx/bx/bl, ecx/cx/cl & edx/dx/dl
S,D I 53 esi & edi

I # 4 (0~31)

NS (Input) : WA Sl s, 2EA=". o M AN —MEEHITEKIER
WE A, BATamERsENHDRTERGRZR —ANTAS, Ritdext R RMEKG BT (Ge“1,
“DE) REARFMHT, EBE@EFT P, KRMNEAEDXMFIL. BHH0 (modify) (XI5 F T
émemory” A Y R KM, UEATHREZIREANGFTHNRZCARE, R RERENFHBGOAZ K
ARG, MARERNGFTEINELHARCERT., EF, BEEHPALETR, w3, W d
P BAEH DA TR, TSNS HLE, BRSO TEEN, 55 “2KY, % “memory”
BAER, ZASTHEEKE, Hlde

‘ #define cli() _asm _ volatile  ("cli": : :"memory") ‘

TaA—AFFAFTELL, ZAEALEATE) :

int count=1;

int value=1;

int buf[10];

void main()

{

asm(

"cld nt"
"rep nt"
"stosl"

- "c" (count), "a" (value) , "D" (buf[0])
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: "%ecx","%edi"

);

}

R ENER I R PR

movl count,%ecx
movl value,%eax
movl buf,%edi
#APP

cld

rep

stosl

#NO_APP

cld,rep,stos LA 2 fEFF T o EXILEE D) A2 buf F 5 L count /> value {A. § 55 6915 4] 45
N, M RATNTES. B3 FTUEMNEY, HIFRALEROBLSE X TR F
HH, A TARRKF FEROHE. £+ & F"c"(count)t§ &4 count #9/EMN ecx FHH. £
8L A

a eax

b ebx

¢ ecx

d edx

S esi

D edi

I ##4E, (0-31)

Qr HESEGFHS

g eax,ebx,ecx,edx XN AL &

A 2 eax F= edx & A — 64 1269 F 4 25 (use long longs)

HANALT Ak gec B TABFLENFTHE. T @AGH T

asm("leal (%1,%1,4),%0"
. "t (X)
: VIO" (X)

)

X BARAD R, 5 x x By HaR Rk, FE69 £ RILmARED A
movl x,%eax
#APP
leal (%ocax,%eax,4),%eax
#NO_APP
movl %eax,x

JU &3 8H
1. £/ q & T%iF %5 MK eax, ebx, ecx, edx 2 BLHF 5% .
15 ) r 48 T~ %% 33 A eax, ebx, ecx, edx, esi, edi D BLF A B o
2. BAVRLIEBFEEFNTFEBSAARTNFEEINE, RAFTHBLEWET €.
3. "="RARTMEFAS, LMEFER,
4, HF%n R E: RFEATOTHE B E NI E 2| 4 0GR BA 2] R "3 "q" 37 K6 3
HH. wERAMBEZATR"QFRGT HBR69E, 37T AER T,
5. W BIBEE B RYOFAENIE, W ARA%L, @A ebx, N:
asm("leal (%%ebx,%%ebx,4),%0"
S Mg (X)
: "0" (X)
)
EERAE RN, B A —AN%0iEFCEM % AT
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2.3.2 make 1 Makefile

GNU make( ) #& make) 2 —#r XA g4r TH, AXFARMAF, ©RHFRIBEAZFE DL L3
HFoL, B4y Fo £ & B AR,

make 47 A PATH, FE—/ makefile (3 Makefile) XA, VA% iF make 474 F & A9 %
Pt Atk BEAE . AL, RMA—ATPH K makefile 499 5N, MR KK — RSN
XTI KRBT gnu 49 make 1& A FH, EZANTHF, KNG ITHEA 8 A ¢ L4, F= 3 ASK4F,
A E B —A makefile &-57F make & 4T % if Fo bt 383K A L. KAL) 2

® I RIEAANTALRA HiFid, IRARMGETH ¢ AL HFFFbtdE,

® W FIXNTAZNGE U ¢ IS, A ARMA B FMISEZE ¢ I, FH4tdE B ARFLRF.

® e RIANTAZMGKIHFMATT, ARARMNEZRFINRNTEIUA KA ¢ XM, it

B ARAZ o

P& £A18) makefile BF9%4F, PrAe9x—n, KA1 A —/ make @437 LT Ak, make &
A B FT R HARIE L ATA LA R AL R A T LI E 2 EHIF, Adm A THFINE EHL
YAtk 3 B ARAL

2.3.2.1.1makefile #9# 0]
e BER XA makefile Z AT, 2L KA L ALK 3 A —F makefile B9HLN

target ... : prerequisites ...
command

target WA —A B AR, TUAZ object file, T ARIIT LA, LT AL —A4RE (label) o
prerequisites #LAZ, &4 AR target AT F49 L AF RS2 B 47, command {L#t & make & ZWATHY &
A (&6 shell 94) o ER DR BKXEZ, LIHLRB, target T—AH S A9 B AR AR
#i T prerequisites &9, H A RN Z LA command o BLEA— &FADL, prerequisites T Aw
RA—ANALEG AL target LA #7693, command P72 X894 S AMMAT, XA makefile
FIHLN . FE AR makefile P RAZSH AR,

2.3.3 gdb &/

gdb A iR KA RIXAZ T, T I T 8RR AE 5
o1 BT &
o L MAZ T Z AY{A
o#Z F- 649 % ¥ (step in/step over) AT
0T /R T EMA
o T T/MEH T BB
o T A AL YA I
© T A2 71K
o F1X X AL
AT VAE R gdb HXAZFZ AT, LHUER -g & —ggdb RmIFEA G FR LA, B4 gdb MK
A2 B 38 AL Bl 4o T A9 4 4
‘ gdb progname ‘
£ gdb RTAFLEHEN help, FoEFdSr L, T 2N LA :
ealiases: 4 A%
ebreakpoints: B & & 3 ;
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edata: L FH;
ofiles: 452 jF & & LA
einternals: ZE47 ¢4~ ;
erunning: #Z/5 AT ;
estack: AKX EA;
estatus: REEFH;
etracepoints: RIZAZ - WAT,
BN help BRGLNH LG, THRFZEPLWGIFMFE, gdb 897 A&

% gdb #9% R4S

Z.?\

4o T RPTo

break Ao 45 R A A AT EIX B T R
FILENAME:NUM

clear M 1R E A 4 R R S A R AT R AT &
FILENAME:NUM

run BATRRAR R

step ¥ PATIRRAZ S, A AERTHEK

next ¥ G HATIARALF, S HAEMITRHEK
backtrace 2R A QI R AR e AT R R R A8y 8 R A
where

continue Yk LR AT IE A2 T IK A9 AZ T

display EXPR B RAEFAF LB BT &K XA, R R X WAL 2 X 69 E 2 20 n%,
file FILENAME REAG 269 7T AT A2 AT AKX

help CMDNAME B8 AR A W 1E &

info break R BATH R R, QIER AW R ARHF
info files AL R A w1 A

info func B AR RAZ 6 P A o A AR

info prog B AR IRAR T O AT RS

info local RTAAREF S AT RH T ORI E
info var BT AHORIRAL T QP A & mAe it S T2 LA
kill 20k F AR AL

list B AR IRAL 69 R AR

quit &4 gdb

T A— AR BRI TAL S R A28 gdb 491 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);

}
tamIAAERIETRE, REORETAPFOMAN, REHFAFOMAIT Lk, ZHEFER
T — ARG BN FHF Bt string, B, HiFEHETZE, FHI Segment Fault #51%:

$ gee -0 bugging -g  bugging.c

$ ./bugging

Please input a string: asdf
Segmentation fault (core dumped)
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AT ERZAAFFEAGEA, KRMNAR gdb, H#E4eTeF KRt
1)iz 47 “gdb bugging” , #m# bugging T #AT L4

$gdb bugging
)IATE NS bugging 4
(gdb) run
3ME A where @4 B FAZR BT ;
(gdb) where
HFR list oA EFHPER gets Ly H UL 69 KA ;
(gdb) list
5% gdb F, HMEF 11 FRBEME, AARAGERALEF 11 ITHHE;
(gdb) break 11
OAL A EHBATE H 11 ATRMFE, RAEFIEF, RBHRTE S G4 next;
(gdb) next

DAL R B, B FH gets HRBEBOEEZAALTE stringe ZHWATMXAZ, A print
@4 B A string W91,

(gdb) run

(gdb) print string

(gdb) $1=0x0
QFIALA T string 4516189 — A RIS, BAAF, £ 10 i 11 iFZ IR — 55
“string=buff; ”, EHMIFALR, REUHLEHT, KFI EHGEFIEITE

A gdb & & RARAL T AR list 4, 2RI R F. T AE B "layout src" 44>, HH # Ctrl-
XH#EA, #AEHA—AFoTAEEFRRD, LT ARER-tui 54, ZHEEN gdb Z&HEHE
BATARBLEREEG 2. AR ETF oiX oL
info win BiAT RN =l NN
layout next 73 2| T —/ M Bk X
layout prev 73 2] £ —ANA Bk X
layout src A 2R KA
layoutasm R 2 RIC4RHARAD
layout split £ 77 IR AXAD Fa L 4y X 7D
layoutregs 3EmF HBE AKX LT
focus cmd/src/asm/regs/next/prev ¥4 % AT & 2
refresh RIFPTA & o
tui reg next £ F —% A %

tui reg system 2R AT HH
update ARG O e G AT AT =

winheight name +/- line #% name & © #93 &
tabset nchar iX & tab  nchar N5 &

2343 —F XA E

GFR & M B3 F48 X T4 5 2)
gcce tools 48 X AL
Mok EEH A (CVS. SVN. GIT %) #1 Al
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2.4 K FREIHAEIE £ TR A5 K,
241 FRAAEIE QEMU

2.4.1.1Linux 5735

QEMU A FH41—4& x86 H M, ik ucore fE4iE/T4& QEMU L. A TR EHAGHIZFfE
gemu, XE A& AR AL gemu Chttp://wiki.gemu.org/Download ) , 3 #H os fip IR %5 LR
gemu R : gemu-1.1.0.tar.gz) . B AT qemu A% XL H KA gee-4x HiFH. #lde: £ Ubuntu
12.04 Z%F, BRIAFMAR gee-4.6.x (FTABIE gec-v RH# gee --version #HATEFH),
T A 41% A ubuntu P RAEE gemu, R EFWATL T 44T,

sudo apt-get install gemu-system

LT R R T @R 69 77 ikt gemu AT IRAD B2 .

2.4.1.2Linux 3% F 69 B B R %K TH

2.4.1.2.13KFH# 5 AB&

it gemu LA 20 E XA libsdll.2-dev . ZE S 4T :

sudo apt-get install libsdl1.2-dev /%3 B A libsdll.2-dev

FRAF qemu M9RFQVE, IHBATEELE (G FAE XL ERA, 5 T A8 2 69 % = 48 #A4F)
%4 gemu.tar.gz/qemu.tar.bz2 A, &4 ASATH T AL A

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

st gemu B AR : 4o REFIE RN gemu F BA4T patch, B A iEAZ4e T AT

chy@chyhome-PC:~$ls

gemu.patch  qemu

chy@chyhome-PC:~$cd gemu
chy@chyhome-PC:~$patch -p1 -u <../qemu.patch

24122808, RBiFARE

P AR ZH qemu ATE &4 <qemu>(ER T qemu fEE4E12)T @Y configure My A A ax A8 K &9

BLE L3, M configure B AR K % 9 5T, TUBT e ToasbtiTErA:
configure --help

SR P VT At ) B 69 4y 44 e

configure --target-list="i386-softmmu" //BC & qemu, *TAZHL X86-32 AR AFI 3%

make /%% qemu
sudo make install /%% qemu

EE: RADT 0.10.0 89 gemu R EXH gee-3.x MAZIFESR. 12 0.10.x A LMRAL gemu T X H
Rl gec-4x 4miERT o

qemu P#ATAL B KB B % 5K 2] Just/local/bin B E TFo

S AL B 69 R BRIN O 382, ARA L “lust/local/bin™ T @ B VT A B2 4E R
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gemu-system-i386 gemu-img qemu-nbd ......

5T A gemu
sudo In —s /ust/local/bin/qemu-system-i386 /usr/local/bin/gemu

2.4.24% Rl R AR B QEMU

2.4.2.1Z 7 R#K

4= R qemu £ B 492 2KIN Jusr/local/bin %42, WAGLSITPTAAEE A gemu @ 4B T4
Fo qemu BAT AR % 5dk, #& Kdm:
‘qemu [options] [disk image]
# 4 disk image BPAR 4R LA
SR X SLE
*-hda file' *-hdb file''-hdc file' *-hdd file'
1R file AFARELO0. 1. 2. 3 Buiko.
*-fda file' *-fdb file'
12 R file AFAEEE, TAER /dev/fd0 1EA file RAZ A ZALEH,
*-cdrom file'
18 file AEHREHME, TLUER /devicdrom £ # file &4EJH AL cd-rom.
*-boot [alc|d]'
Mtk (a) K (c). RERFN(), BRALER ),
*-snapshot'
BN XA A5 S, TTMER Cas REH5HE,
*-m megs'
RERMAAEA msgM F5, HKIAA 128M FTo
“-smp n'
XEAH n A CPU 8 SMP A%. WA PC % BAR#L, R % L4 255 A CPU,
‘-nographic'

ok Ax B E R A,
HAd
T R &) EAIXE dev e
ve
DT
null
Eik
/dev/XXX

1 B ZALEY ttyo
file: filename

Ftirth B NF X filename Fo
stdio

RN/
pipe: pipename

@A i8 pipename.

s
o

12 B dev % &89 & A e
*-serial dev'
TR GRS O THIEE dev Fo
*-parallel dev'
TR R OB FHEE dev Fo
‘-monitor dev'
¥ £ 1§ monitor | EALIXE dev Fo
H A A

_S'
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45 gdb EEEHD 1234,
"-p port'

AL gdb #4EH0E port.
g

ERANEARRBH CPU, & E/A monitor PN '¢', F a1k qemu % ZAE I T,

.
W B &2 gemulog LA,

H ARG T YAAF : http://bellard.org/gemu/gemu-doc.html#SEC15 . H 4L gemu 4
B 69354 B #T LA A% http://bellard.org/qemu/user-doc.html
RF LG AITIEON gemu XA 5%) S T=HH,
BEFI P, e labl, TR A 269G 4de:
gemu -hda ucore.img -parallel stdio //iE ucore /& qemu A LAY X86 AR AF IR IE F HAT
2,
gemu -S -s -hda ucore.img -monitor stdio /F T 5 gdb A& 24T IR 257X
2.4.2.2 7 f7 it ar$
(1)gemu ¥ monitor &% &4 :
help % qemu #Hh, LRIA XBFHEL,
qlquitfexit &8 gemus
stop f#1k gemu.
c|cont|continue H BT
x /fmt addr BTRAAEAE, £F X AEME, xp A FEHA,
xp /fmt addr AHC Mt i RTRILH, HHSHA AT RS
plprint’ HH AR KEH BT, Plde Sreg A TFHELEE
memsave addr size file  F 1 5K 4 2] LA, memsave #E3Ab, pmemsave # 5% ik,
pmemsave addr size file
breakpoint #8 X : #E., A VUZMIE breakpoint, pc #47T 2| breakpoint, gemu 1Fik. (HE%
R R
watchpoint #8 % : ZE. A URME watchpoint, % watchpoint #eht A B4 sk, ik, (HF
B A S T A
s|step ¥ —53A e skid B S AT,
rregisters B TAHFTFEENR,
info 48 X1 F8) gemu XM X T R AKRSSE L6945,
H A BLARGG G A XOAR LA, AW qemu help 44 # 8,
E%: gqemu ZKINA ‘singlestep arg’ 4 (arg A HH) , AL ARELITREF S

A

A
'singlestep off' T4 R A ILF H | ‘singlestep on' &R A ALFH
cont 44 BATE F RN, do:

Yo EAFEYFHT, A

(qemu) xp /3i $pc
OxfTf0: ljmp $0xf000, $0xe05b
OxfTtfftfS: xor %bh, (%bx, %osi)
Oxftftftf7: das
(qemu) singlestep on
(qemu) cont

0x000fe05b: xor %ax, %ax

step A A E T4, B gemu AT—F, AW HKIT breakpoint BF EMAT. 4o R HE{E A cont 44,

g5 AL
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N

D“J qemu & AT A E L AT .

log GRS A qemu BILEAZ F A 09F 8 (5 qemu BT AHK -d' MR , ERARTUALAE G
L3, FAMBERE&ERAEE “ftmp/qemulog” T, PldeiE Al 'log in_asm ap/\lo(}‘ BATIEAR
4 8989 gemu.log LA

e

2 IN:
3 Oxfffffffo: 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

2.4.3 ET gemu HEKEZIAR ucore

XA . X labl, FRIZ bootmain L :
(1) i£47 gemu -S -hda ucore.img -monitor stdio
(2) &4 bootblock.asm #F%| bootmain FK& e htH 0x7d60, F4E5ABF &,
B) ARG 4LE ¢ &L %’MT@J BT &
4) 1R xp @& AT RIC%H,
(5) =R s & BATE L WAT,
BT R T
chy@laptop: ~/lab1$ gemu -S -hda ucore.img -monitor stdio
(qemu) b 0x7d60
insert breakpoint 0x7d60 success!
(qemu) ¢
working ...
(qemu)
break:
0x00007d60: push  %ebp
(gemu) xp /10i $pc
0x00007d60: push  %ebp
0x00007d61: mov %esp,%ebp
0x00007d63: push  %esi
0x00007d64: push  %ebx
0x00007d65: sub  $0x4,%esp
0x00007d68: mov 0x7da8,%esi
0x00007d6e: mov $0x0,%ebx
0x00007d73: movsbl (%esi,%ebx,1),%eax
0x00007d77: mov Y%eax,(%oesp,1)
0x00007d7a: call  0x7c6e
(gemu) step
0x00007d61: mov Y%esp,%ebp

(qemu) step
0x00007d63: push  %esi

2.4.4 54 gdb Al gemu JEZZAR ucore

2.4.4.145 E AT i H9 H #5 XA

TR RO RDERBIR adb HHORKB AR, KNERERR goo BIFRTH B
B Hgt: g —gdb o KA E R E AR P A A TN TR E &K 4 R S
a

AN
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2.4.4.2ucore HKABL%E

(HémiFidAZ: ARG ucore RALE ¥4 A make @4 BP 7T, 4= labl ¥ :
‘chy@laptop: ~/lab1$ make ‘

& B AR AR ucore.img.

Q)R A1

£ A diff & 4355 )G 89 ucore KRAhF= ucore RAGBEATILE, LB Z ATE UL A make clean &4
AR L EI M, (A0 R A ctags L, FR2FIHR. )

B)z AEa: AN patch w438,

2.4.4.3(FH R

AT 5 qemu BL& AT RARAD R A 6K, & &L qemu SEANF4F gdb AKX B 69N LT Ak ik
gemu ¥ &) CPU 4T, B EF gemu #9BF4E, KRAVE 248 A $-S —s IENEHRKE| X — &,
AR R T ATERF| G HA KB ) qgemu X &, qemu T 49 CPU &5 EF4EAT, EiT4&41/5 3 gdb,
KRG A gdb S AT R &E T, &8 T @aya4iEdE 2 gemu:

(gdb) target remote 127.0.0.1:1234

REMN ¢ (LA continue) ¥4 5, gemu @A ZEWIAT T X, 22 gdb & T R4l AETHF 512
&, FFHARA TW &, ZARRITRAEGRRG, ATk gdb FeF5E 8, FE2H/THKE
FRIAF, gdb P AE A file 44

(gdb) file obj/kernel/kernel.elf

25 gdb EABANINLIHFHFFTRET .

i@ it gdb 7T YA ucore AL 17K, YA labl ¥ 181X memset F 3% A 1) :

(1) i247 gemu -S -s -hda ucore.img -monitor stdio

(2) &47 gdb # 5 qemu # AT

(3) & & vF R AT

(4) gemu ¥ % HK.
BATIHAE VAR R 0T :

wo— Ho—

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(¢/ gdb I E X 1F

EEGTUEER, ATHITRGEAKX, SEMANRSOED, RAR. AT HE, TR L
AR AT, ik gdb £ 539 EHE B B E N,
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HATVET AG] 2 LA+ gdbinit, AT @ag R K :
target remote 127.0.0.1:1234
file obj/kernel/kernel.elf

ATk gdb £ B I PATIZ 44, KR @445 3) gdb:
| $ gdb —x gdbinit |

I R XANFLERK, TUFEIANGELEHEN—ANHF, SERARIIT,
Hor, R ABER E@mayad, RAFRGTaL - Nae b TR a, TSN, TR
e

ucore arm-eabi-gdb 93x51 ucore arm-eabi-gdb 93x51

ine: 41 PC: Bx3A94c

I RAKA L @A BARFORER, AEZRm A -tui sATT, e
| gdb -tui —x gdbinit

2.4.4.5 1 i B B

B E&DT, KAMREA T RESIE gdb RAEEHFT, EMNLAL gdb BEAFFTEEFR L. £
HAT gdb Ay AAZ R IR ER, BEA AT T HAT AR EA B T AT @40 EEE &,
ﬂmmmﬁﬁmng7%nmﬁT {a & AL R qemu #ATZALRRAIEIE, KAVLATF
FEk, LHAL gdb ¥ A file 4

kﬁ%ﬁﬁﬁ%lﬁm&'eHi#*ﬂi%ﬁM%ﬁ&ﬁ%ﬁ%,EE%@%%%K%?&ﬁ
AT AL, 18R K H 3 SR B RADE, B)A5442E 6 ELF AT UAF K o 45 52 69 m 2 4o
WHLAR AR 0, X/NHAKIFER R EHGG, RIRERAA LKA, AP S5 IEENGMHERIL
HAHBERAHSHEG, ZA—NB . REBERAABREADSEEEWRI I AN MH, 7
mH P A EEESR (linker) Jesh S4B P ouZ & EHXE, ARISEEELT TEFIEIT,

BTGNS, gdb FTRAEXNSERGAR SV, B Y KM AEMXF S
A RADHAT XA R, & & F 3% K gdb FHiRX[E & & B35 2 3k,
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T @, &MEX gdb ¥ linker /2 2] 0x6ec6180 XA HLHE L ;
| (gdb) add-symbol-file android test/system/bin/linker 0x6fee6180 \

X B a4 BRI R S X AD B ((data) B A9 T IK A4S B Am R B Ox6fee6180 £, H AR, MRELT BT “s” X
MNEFCRAE R, e
| (gdb) add-symbol-file android_test/system/bin/linker —s .text 0x6fee6180 \

A, AT E] linker P RADE gdb 3 AL 9% B i A 69 KA Fa il iX A3 & R
BIANT EFAEBREZAT AR ESHIZSTRHEHNA R

2.4.4.6 i E i H ey

PR R, RN FE AR 2 1386 FrIpAE X o9 KA, tb4e 8086 SEAE X a9 KAD, KRMNE %
EE B AE R AR

| (gdb) set arch i8086 |
EANT7 B AR IR TS B B2 A S DL Bl AR KX 69 AR AL B 38 2 A 8 &L a9 .

2.5 THRAL 72 B AE1F

FZAIRNIEE ucore, E LT M X IF ucore BATHIARFIREL, BPT MR RIKRZ L4 (7 AR
3t ucore Wk Fivm) Ao bR AEASE (£1E ucore WL ) o ucore H AT X #FA9RRAFINE A KL T Intel
80386 A LMt HEM A %o Z LR MANE (b fkIP 4 X&) A F I ucore 49T A28 #7 &
T4

2.5.1Intel 80386 i& 174 X,

80386 A WAIEITAL X : FAE XK., KL KX, SMM X F=E L 8086 £ K. X E i & ucore
HEE X, RPBRIXE—NE 2N,

FAEX: 80386 M BHEATEEKIBITKRES, EXMKRS TERETIZRFIGHEN GBI
AeA2iL IMB, E ik K4% Intel 80386 VA_EZE H49 32 12 CPU @ 4GB N A F IR 1 o AL XM
SN B AR R R, AEFRABARIELE T RR K, #4E R %A R P AR LA R A4,
W A — N4 ARG R IRy sbit, IR P ARG —ABHERE0 THRERZAR B AL
R PALR R, 5T AR, IRARLE RHARTTREZ R,

FHER: FHEIXRZANTH 8086 B EFEMIXEW. £FHEKXT, 80386 XEE#AAY F—A
Beik 69 8086 AL¥TE ., 80386 K1 RAk HAr R AR IIE LA ER X BT, XN BEAERFHETFHER
VAR AR K GG A 45 AB TAF. 80386 A K £ 5542 X T 8y Ak 35 F k7 XAf= 8086 & —4Fh4y, WA FH
RGN ERVL 16 B M, Ao L BN ARSI iR R A IEH AL, X AZECH 32 {2 i &
PAE R TAK 20 42, BPTi7 ] IMB 6943 bt = ], £ EAR KT, 80386 A E RAExt N 4317
WU EIE, PTAAGA A R N AP R IRag gk, EFEEKXT, FIA G BA AT Lk,
BhePiTey. FAEXT 80386 HIFHAR, FIANILSMY T I/EAEFMA (FRELR 0) , BT
AC T ARAT T A 454, QFEEBREH T 45 CRO F. FHEXT IR HR4 L6y 54550,
FRXTH PRI XA 8086 LB AR, LAFTHMER RS/ PHIRSAZFHA, PTG E
R oG rE iAo 8086 I E —H, HFA4NFHAR—ANFEHaE, L FOLERANT TR HLEF AR
F 9 891 A% bk

PRApAE R IRk, 80386 #tA2ilid &KX Tmisi=4F 4%, GDTR, LDTR, IDTR 5
TR ¥ EEFHEZURN L, REeFi@dmE CRO /&5 b a9k X 48 fe 2 B 42 dn gk ANFR 4742 X8,
L 80386 LAFAIRIAE X TFARIE, SLATA A 32 ARMhk B ARTAE T4k, 2 F 458 &k 4GB.
BERFEXT, IFANE2 AN, RETEMA GG RT I, FRIPEXT 80386 #5144,
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iiﬁﬁﬁﬁmﬁ,mm%ﬁéwuﬁﬁﬁmm%ﬁﬁﬁioﬁﬁﬁf%%o~344ﬁ%,ﬁ%%
RIBITERSOKLER 0 £, 5 AfEFNETAEREKGAS L, BLs RIFHAETIF G, BET A
FEAE 5 18] 52 ILEL AR 09 42 A 2k F 47T DURIF L[S 3B B AMME S

2.5.2Intel 80386 K A &4

80386 & 32 Ang 4L F2 S, BP MAFAGIIE N AR ak R A A 2/32=4G FH . LRI E G
dAEF, FERB AT ML, ARG FEAET AR ], WEAFHAETRZLER
REXFEEAERA TR T ENREAETOA GAIN LG REH, — DT EMRG T RA AN
W, KMRHTEEENEITGRAALFEE ORI TN, CRFEZAHELETRZT, H4
AT AL P ARINA B TR FEEA T E AR g bk T 18], SXAE VT L B AN E AT 09 2 AR 5 Z 18] 48
TfadH., REE Ao XA mEeit, — AT EMREFTAA A KA TE (3L
G — ANEATRGAL LT LA — AN FAH GG B AL R ]) o B ML R 1A 69 K B4 s bt T ] 69 K
NERA LR ES, BRI TN RAES AEE R AT, XA HT 80386 T ALEE MK
W, EIFFHEMN— A G E, tbdede T C AR K
int boo=1;
int *foo=&a;

XEZH boo —NEATE, foo TEA NG boo MU EARIEH TS, foo PHAEHNARE
LA boo 89T ht, FH AR — 16 LG EFHEF—A 32 89 h#FZ MM Foo T3k
Rz etE, R RS ETEFES T,

FAR=ArHh YK R T

O HNEBMHBE. D AMFB AR : B M I -> B H AL FE-> 15 Pk Ho bk =24 32 Ko bt

O EMAI A TWAUHIAR S B0 1B AR At > B Y AL FE> VR M M bt -> T A A FE> 40 3 H b

2.5.3Intel 80386 F A %

80386 WIF HRT AN A 8 4A: BAFT AR, BT AL, BAEBHTAS, RETASR, F4RH
WF AL, ERTAES, ARTAS, WXTAS, CMNOTEAAL32 2. —BAEFREAERGFH
ROHARTHSR, BFBE, BAEBBATEHS, METHES,

General Register(il ] % 4 % ): EAX/EBX/ECX/EDX/ESVEDI/ESP/EBP iX # 3 4 % 691K 16 {232 8086 9

AX/BX/CX/DX/SI/DI/SP/BP, 3tF AXBX,CX,DX ZWANF AR R TUAELMAERECAING 8 {241k 8 1=

(AH,AL,BH,BL,CH,CL.DH,DL), € /1894 X 4= F:

EAX: Re%H

EBX: AuF 4%

ECX: H# %

EDX: ##EFHH

ESI: RIHIG4HF 52
EDI: H#93ii54tF 455
EBP: A hti54tF 5%
ESP: &R AG4TF 55
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i H A A7 A
31 ‘ 23 ‘ ‘1 5 ‘ 7 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(# 9 4 %, . #r Segment Selector, & & #%F i,

BEB#EF): BT 8086 &9 4 ANEsh

(CS,DS,ES,SS), 80386 L340 T MA FS, GS, X LB T A HA A 161269, CM694 LT

CS: R4 (Code Segment)

DS: # 4% (Data Segment)

ES: P /mk 4% (Extra Segment)

SS: & £ (Stack Segment)

FS: Ao g

GS A fx

B

CS <CODE SEGMENT>

SS <STACK SEGMENT>

DS <DATA SEGMENT>

ES <DATA SEGMENT>

FS <DATA SEGMENT>

GS <DATA SEGMENT>

Instruction Pointer(4§ 445419 74 % ): EIP 491K 16 {27t & 8086 49 IP,
b, A BAERY, K TAELS RN GRBSRLL,

CHBHRT —FZPATHH LS8 A A

MREFERNIBSTES
| EFLAGS |

EIP <INSTRUCTION POINTERD
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Flag Register(#7& 3 4 235 ): EFLAGS,#= 8086 49 16 Az AREF A H ML, ¥ T 4 MNedliz, X 20 {z424]/4%
EA2 0945 B ho T BT

REFH
16-BIT FLAGS REGISTER
A

31 23 15 7 0

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

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

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

A8 K B9 4= AR EAL A LA
CF(Carry Flag): #4z4R&EA4%;
PF(Parity Flag): #1%4rE&A4%;
AF(Assistant Flag): ## 8 #4247 & 4% ;
ZF(Zero Flag): EArEA%;
SF(Singal Flag): 5 #7&A4%;
IF(Interrupt Flag): ¥ ¥f A5 4REA2, 8 CLI, STI M &454 ki=%; % E IF 4& CPU TR %]
IR (ST Bak) oridK. B4 IF WAL i, IF 3b 7T B ik s 3R o w7 fodk 55 o 7 49
IR B R A AEATAE A
DF(Direction Flag): ®&4#:.&4%, @ CLD, STD A &454 kx4,
OF(Overflow Flag): & 47 &A% s
IOPL(I/O Privilege Level): /O 4B FH, CHEEA 212, CH{ 2T VO 154 09 4E .
o B B AT AR B A AR E DT RE T IOPL, AL A VO HATHIT. EN, HFRKE—/
PR 47 P S 8 o B,
NT(Nested Task): =% ¥ ¥ria @454 IRET, ©HEAA 1 {2, & NT=0, U FHE&RFHREF
{84%& 5 EFLAGS, CS #= EIP A LI P WA e ; & NT=1, N:i@id4E45ns i b wriae,

2.6 T #E ucore ZHE 7 /& Aol ] K IELEH)

2.6.15 M &t £ mAZ 7 ik

uCore X PRAT —Z @@ LRIET ik, BRAR C B @A ZRAEH LA RE L,
BERFRAIHATFTRANAERN C Ez 50N EAERF. F2EE, KRMNHAREELN C EF
B —AFR CH BiIFSCEFAGITZEA, R REHF, TR AERA CHhit,

uCore 89\ M 3F . mAZ 77k, BATE LA KA T M C++694E 0 (interface) #A, BPAILFEIN
MP AR ELEAMT AL (B A EG,ERE. AER, IHAASF) ALROBRESTX, X
HFBEARANGTAANFERLTEZT A, 2CFREDRZTITM, IHFETRE AT R L AT A
FEMASE—R, FARKE T, DRARGIRGEEY%. B0 A C B33P, RN —0EHHIE4
RS, KE CH P, BPARER. EoTe% 2 XX EENAET 2 Ra W7 R /RAER
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X, Adn T ARG 7 B AR KRB K3 A4 7] &

tbdest T uCore NP WM ANLEERTE%, ALABINTABRTEAET RETRTHER
HBERETRAE, NAMWENGERETRAANTR/AREEKX, RB &ML T pmm manager ¥4
#) (4= F lab2/kern/mm/pmm.h) 4= F :

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

// XXX pmm manager's name

const char *name;

// initialize internal description&émanagement 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) ;

};

BHATRBIELEN, BNTARANR RGN GFRAZOHENGFEELT R, Rkt
WNEERTFTRAAERRE Lk, A XFRNAREM P 2L nit (454L) . init memmap (£
MR R E A B IR E L) | alloc_pages (5 BLAWILT) | free_pages (B T) ok H 454t
it ey b, mBARNAETREAAEZSMENAERETRAAREN, AEARNNRHUEANEGE
¥ F F BT R B 89 pmm_manager 248254 T = 49 K454 Bp o

2.6.2:8 Fl$IEL

2.6.2.1K [ G H EEF
F CRAELEMT RAEY, e ROVEIAARBEMG A ITEE, B FRAGDEREINRIELEH
HERZ P A ETOR R EE data, HF LA NFALE 1% £ A 69 54 next A= prevo 194w
typedef struct foo {
ElemType data;
struct foo *prev;

struct foo *next;
} foo t;

WA PEIFR R AF E R BT SMERIER AT S, AREEZ—ANFT EH K, SHANFH @ ET—
A, FRRE R B s A P OEE AT 589 data BB, B S JEIR D) AT R A9 H AR T BT .
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Lod _lefwtie]| [efotie]| [efvtie]| |efwe| [

X (o) G+ HE

XA P R BB — AN AR AR, BRERGERBRERL Y, 2d TE5M#H4
RHRBEMGERATR—H, TE2AEMFZHBENER T LA IAARIBE LN O T R IEN
MR35 B AR, 2 FHARADITH,

42 uCore MAZ (MK 1ab2 FF45) FAEA T K AW BIREE R LM KRB LEHIE, OLFEZIRNAN AR
Pk, NAEMER, #4270k, R&EBEA. IHRARTN A FOHERL (E[labX/libs/listh]5EF )
B EARERHLET Linux AR BETRELRFIN, 5 “KRB/EH” RPOEERMBLEHTRK—
Ho T a2 —HIEEM L 5ERES K

uCore 8931 4 & 25 M) & LA

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

};
F %2 % uCore WA AYEE &R T & list_entry XA L2145 4089 data K IE¥%, , MALELRGHIEL

Wb e aaEk T R KA lab2 PR RAARINEAAR, TRRBBENRIBHZL (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 list

} free area t;

W B —AN T R 3est & 9 502 L (42T lab2/kern/mm/memlayout) 7 :

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

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

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

};

XA VA free area t ZEM)OG B A e 3145 R 6948 & k454, VA Page LM A e 1A
TEEREET &, T UM R—ANTEG @ ETREER, o T BT
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free area t

nr free
‘\L/’ Page
P
age ::::t/////\\\\jiiiiilref;___
ref;...
T o 0 [
N\Page /éage
ref;.. ref;...
SR Bk

e/

SICHGEZ SEOR 7N 3
A BB P AT VAR B, X A8 R 69 e PRk R M R T A B NF R AR A A A 2 U4
SN ARLEM T RGO, T AL A T HIBEEME T B RO RREI K. £F
AT E R bk & 09 E RiIAZ (AL lab2/kern/mm/default pmm.c) ¥, LK EAE A T8 R a9 EEN,
R MR FIRAEDH I, A RZRERIBIEIHHGZ LT,

1. #1454
uCore AE X THEAT R, HAXAFTNNELEEEK, NMA—NNGHEFREERZAfTE LR
R.? ik KA KRA A list_init 3IX A~ A B H (inline funciton) :
static inline void
list init(list entry t *elm) {
elm->prev = elm->next = elm;

}
A LA default pmm.c 49K 4 default init, % KATVH A list_init(&(free_area.free list))i, #t &
Bl —AN% 4 free area.free list #9%% % 3kit, ©HY next. prev A # 4L A ® AT, T, KM
HAT—NEATERAARENTEE, M ERANT AR K46 next LFHH A TRFIBF LR
AL AR, miXFEARNIEHE list_empty 895 I,

2. AN
stit & B9 HENF BAEAE, BPAE & K4 (list add after) K& % AN (list add before)

A ) HE Rk R A9 EE R K89 next. prev oAl MBEEFTHE Nl RE —AT A, AT,

list add after #= list add before #9355 I KX %3~ K, %IFR_LE uCore % A A list add(elm, listelm,

listelm->next)#=__ list_add(elm, listelm->prev, listelm)& 5% A& K FEANFE LK BFEN, ™ list add &9

5 P

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 ERFITAA K KEARIEAAL listelm 26, BIMEASANRITEE. MARREEN
AAENAE listelm->prev 25, PRAEA# AN KRG/ E. E: list add 5 T list_add_after.

3. Wk
LT B I Hedk R P 49 Page ZMA04E R T &0, TTIHA ATEH list del, @ list del #—%
AR T list del kR T REARGGWIERE, HFEAY:
static inline void
list del(list entry t *listelm) {
~ list del(listelm->prev, listelm->next);
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}

static inline wvoid

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

}

S B ZHARAL AR 69 & listelm R @R P oy AT &, X T AEBEIAM list init FHH ki
listelm &9 prev. next 545 A1 8 &, BPRH R EAN 4RSS, X LEBE list del init & #K &k T &

3. FEERT RATENE I RELEH

Bt L@ AR T4, List entry t i F R G TREE £ b SR A T LAF R SRS P 58 £ 5K 7
EE I, I 2 AT AN KB R TR B LB 0P A (B R R 69 8
k.7 Linux A sb324E T 4F 3 #4825 4 XXX 89 1e2XXX(le, member)é9 %, H+ le, B list entry 49 & #%,
AR XXX F list_entry t &R T Z 464, LR B ARG BIREEE T T ExabE,
member W& XXX #AFEXAE P @S EET RORR LT, Blde, RANVRBF 72 IR REE P A
HG R A A AT Page ML MG TR, MWT AR Mt FhEr X (£F
lab2/kern/mm/default pmm.c) :

//free_area & = M3 ILLEH), free area.free list & & 7 B4k & K
free area t free area;
list:entr;_t * le = &free area.free list; //lle &FHkEE K54t
while((le=list next(le)) !'= &free area.free list) { /AF /AT &4k
struct Page *p = le2page(le, page link); /FRIT SATEKL T Page RFELEMH T F

le2page & (& X4z F lab2/kern/mm/memlayout.h) #94% 48 % & £ .
// convert 1list entry to page
#define le2page(le, member) \

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

mABLZ T, C AR IR B89 to_struct & A= offsetof & (& X 4% T lab2/libs/defs.h) W] A — s & .
/* 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—ANFAA gec HiFBSHEARGHETT, PAKBHUBLENORR T EL KRG ZRIBFELEHT
A g, REHRER A T EIA R RFE B T RIBLEMG T E 6,

KA B kA offsetof &, size t R T X5 CPU KRR MK, KEIAK A Intel X86-32 CPU,

B szie t F T unsigned into ((type *)0)->member #9i% i+ & L 22?7 HFEREXRA T KFHBLEMH
AR T ARG IRBEMTORBEE. AT RIZIANBAR, BAF 0 BARH"4HL"A type £
FELEHM (tbdm struct Page) #9454, 7 2] type 4B LEH) P 49 member s i (rb4e page link) #9
Wik, BPAR type HIELEM T member s R AR THRIFEEMET 2R E. £ offsetof BF, EA
member A& R #93ht (BP “&((type *)0)->member)” ) F IR LA type KIBELEM T member & i 48
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