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ARBRIIEAE RSG50 6 1528 (Labl ~ Lab6), HFREAE—N HEIT
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1. M. BEN#A printf: WL PC JGBISEEE, FARMMI G St fe, MRS
Bk AT E A B, A ST I g S R

2. NEEE: BAREDLA A B N A A B, SEEERAE RGN RE AU A7 25 TR O 2
3. HRSRE: Wil B EREH N4 S SRR PR LR RSy, 5K
DUREREE T 2 S 28 rh W IR ER e A S AR, B PP I 2

4. RBERYE fork: FAE AL ARSI T, BAR A Z0M A Y CHFRR, LA
K ) ARG o

5. MHFRL: W I MR BT BRSSO RS, AR S
RGBT IENR REE o

6. EilES shell: SLIEAEIE, BEEMMREN LML shell, BEASIRIT—LLfE
RS Fats 6 Aok, M2 — I RERBTIRIERS.

I HRRRER XHRSE MRS
— e — _l_\;\ - :_: - —/: ________
REEA
WFEE RS
BHEa EHE
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M git BEATRRCAREBE, PRAES2 AR 2 [T RS AN AT DL, A Bl #n] LU [ AR 4
A B ARG . BRI EINE 3 FoR. O TR SEIeoRk, ARG NUUTIL

S

a) EHHFS, WELRTEAITLIS, Bl Linux J5. 32X Edr MIPS
INEETE

b) git BRFEE, CAEAAR LR BUAURS AR AR RAR B
c) BFIFEMAIRE, XHBDEMAE git ISt , RSN 4.
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BiFUIR
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T& =%
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VeSS e, MEMMLAR MM Linux REE, JTEEEINE, B SRR R+ 5
Jifo FERERILA, e BB ML o ifedn SCPFOMIR a5 A5 A GXemul
VEMUTE S, MIPS [ gee S XUV E N GiEar , vim MEN iR dr. XL THEL
FREAE RIS, B SR T AR RO R R, 7 B S AR SR R S . [F]
i, TR LRESLIRINEAE B AR (] FEArof A AT ISR B S0 R ST, e k.

Git fR%=5

N TR 24, RIS (AR A BE TR F2 it —> git IRo54%,
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TEfreg Azl ARG R #0258 B CAU R BAChS. [RIRS, s R R AU T T B L
R T ULHY,  FIrA Y B O B0l LA e AR A
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cHAPTER O

PR ERAE RS

0.1 3KIuEAY
L R R SR
2. HARBME RGP H A TH.

FEARSR A, 5 TSR PR, 20K Linux #IFRS (Ubuntu), 126120
AR L L EIFREV IR v AL A AT A . ARSLIGXEA R, H AR RGEERAE
AGLIATN SR T A, NS R BE Al -

0.2 #IIHSEE

“THGEHFNSERIHLS, RO IR IR T EA SR TR, A REIR TG Sk
5 TAE.
0.2.1 THEERE

S PR R AR BB AT

o BAERZE: Linux N, Ubuntu HF RS

o BEPRRE: GXemul

o ZiiFds: GCC

o MUATEHI: Git

Ubuntu #1E R4 2 —F IR GNU/Linux ##7E 2%, BHET Linux WAZSLHL, &
HATHCAFA T Linux K112 —. GNU (GNU is Not Unix PJiBIH4EE) £ &
W, HAEE T =Ml SR, APPSR T R IR T ATE U Linux,



0.2. Wit EH CHAPTER 0. #1iR#4F 2 4

MR FARR Linux W%, ETZNEERIERS RS, AR WH. 4.
s P HERS.

GXemul &AM E A, 7 DU T R R EREE 1 WA SLa6 75 21
MIPS 24 ) CPU.

GCC &—Eqh. JHERMEEL, BAIFIRS T GNU T, S&#4H8 GNU C
Compiler, J&kFLFHEZHFLEF B4 GNU Compiler Collection, 1R22 8T
KINEE (Integrated Development Evniroiment, IDE) H4wiE#s H 52 GCC B4,
W Dev-C++, Code::Blocks 5o ASLEGH HEST MIPS H GCC 38 X dwiFdto

Git &k JTHRIRAER RS, ABLEEFAERBME . KA. 12
25 PHNEETIRE. 28 0.5 WIS A Git W,

Kl 0.1: Ubuntu, GNU, Linux

0.2.2 #iTMiELITFEIE ) ARSI IS

T ITEYTI], AR R A W R T (P RE LR T e, ANTRE T e
MIBCE .. Al BRI AR, FEAM ESCT R A i .

AR AS LI R IABE I (A 3 2 http: //1ab. os . buaa.edu.cn, UIRFEMIMHIETE 2
56l EasyConnect & _EAGAT VPN FETU7[H].

0.2.3 #€iTH@E (CLI)

YT HBIFERAEE RS, 1 Windowss Mac OS. Ubuntu S5 H K H 7 54
M (Graphical user interface, GUI) , [HETEHAERGIRET, FFE a1 A m
(Command inle Interface, CLI)o

Ao, ESCRT BMERET HANAIAE, PSR ASEIER “Ubuntu
BAERZ”, MZBR 58" (shell) o —BIRNTEIERNERGEZOLFDFN A (kernel),
HHEMXHECRIMNZN “58” (shell) RIAar-SMEREREF , VT RHRE RGNS B H P
P . ERS 587 A TR (CLD sEEH P A (GUI) PiMER. B3
R EFIE Y AT R, BRASURR I, FITHR. W8 TP AR
&, ST H PR

1E Ubuntu 1, f&F7 A ERIAN Shell /& bash, B & —HIET GNU B % 7k,
THER A


http://lab.os.buaa.edu.cn

0.3. AN CHAPTER 0. #iR#84E A %

0.3 EfRENR
0.3.1 &7

4475 (Command Line Interface, CLI) H, H /% il i PR AR mliZE 4k
#1847 (command line) HPEAREF & Hane, MIMEE S AR T AP E
B H . 1E Linux 24H, 4 HTX Linux R TEH, H—E 08 44 (@
T (%] Hp, JiE5F0R0IE, BAFRIEFREIEMN, U0 1s -a directorys
shell fT4HBFIZA: shell N EEAT S FISMETFLT o

T Linux HEEARSRAEATS, 2GR WA I B8 Al Bkt ey

0.3.2 Linux EFEEHFS
BEANZG , LA EDUARATATA T A2

5?#@1%%&?4 gitOxxx.xxx.xxx.xxx 0.1
Welcome to Ubuntu 22.04.1 LTS (GNU/Linux 5.15.0-46-generic x86_64)

* Documentation: https://help.ubuntu.com

* Management: https://landscape.canonical.com

* Support: https://ubuntu.com/advantage
Last login: Wed Jan 4 12:50:58 2023 from 10.134.170.231
git@21xxxxxx:~$

Hp o fFoRIZH4, e foRiEit &4, B9 )5 8 Yui R 3
(/FRARESE, ~ TRFEHM, ZHER /home/<user_name>), fu/F $ 5 # 7R
T A P eGP roote ARG AT LUEH R A G4, $% RIS R T
TR %o

SREANE T H s P e s, I 1s frd, HmHE R R LUE R A
SN, SRIXAFEZRBI RSO, 1s ARG RS, HEaE R mE R —%
BT, a2 FSEEEE BN BoRiz B N ra S, FrLAARRME 1s RIS E S
Fir A ARSI, A A B R SO M TR BN b —a 1T, A7 B AE SO 45 B
B N_E -1 BRI

1s

RiE:1s [HEFT... [XH]...

wIH (FR) :

-a FREBETU. Fia T E
=il FAT R B — AU

Frxfizmn e, —MRASHE 1s, UM 1s -a M1 1s -1 =FIB. IAE7E
AT 1s &, NI MBLAaAoNE SR H S, R A TSR A H ok
IR AE A B R R =30, TR touch e

touch

JHi% touch [#MT... [XH4]...

I touch hello_world.c, BIFIFEIZ H 3 NI AIEE— S8 SO, FIA 1s,
AT AR hello_world.c XM T, WLUA—i{ 1s -a I 1s -1 W& T#E. KT
W24 hello_world.c XM, 7E F—1XT Vim [ THMNBHEIT.
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0.3. AN CHAPTER 0. #iR#84E A %

N T H S SR THSA AR B, FTLAME ] mkdir a4 GO HSR, %6
SNZECHO R HT H R B AFK, W mkdir newdir RJGJ#EE—1&"K newdir MH .

mkdir

J % mkdir [#®F]... BX...

WAEHI AN mkdir newdir BAMEHE FOIE T — DN newdir HIHZ, SEE T LI
i 1s MAEELEHIE T newdir Hto FEIXEIMHH cd 4 EA newdir HE.

cd
Ficd [#M]... BX

Z‘Eﬁ_ﬁ/&\ﬁi@)\ cd newdir ﬁé\, FHAN newdir Ho 73712@):*%5%, Al DA
.. % fE Linux R4, . Fn E—%H%, . #RYarHE%E, FIEMA cd ..
&, BE B HF, BN cd . FEAYBIAER H .

B cd Hx, S Tk A2l fEarSATHY > AU/l N ~ T, ~/newdir,
XA ER H 5, ~ RRERAA R E S, A pud AR Y HTHI4
X fEe A cd fnt ] EEAUE PR 2IH) H S UO XTI 12, W cd /home BRHL %
home fRH I home X/ H3%.

Note 0.3.1 fEFRERAMHEEFAN, ATLMEM Tab ENEL2H. BHELZ
KRR, Bk Tab #E] LU R Frf Al GBI FEFEAF B cd /h SAJS1ET Tab,
W HEM 2N cd /home, HIRMIARIZE cd /, FHEPIIK Tab, SFHEI AL
Wi, F1 1s 2L

3

A rmdir 7 PAHBE— D200 H %

rmdir

JA % rmdir [#F]... BX. ..

IR E AR, W] rm %o rm a4 AT DR —4 H s 89— sl 4 S0k ak
FIs, Rl LRREREA H s LR R BB SO S H 1 B SR MRS . 3T aEsacrr, B
A ERAE RS, IR U R B ANAE

Bl irm [FEI]... Xf...
#HM (FA) -

-r HAM G EFREERE, WRT A,
MER— AN ET2RT T RM.
-f M R, AR HARN XM, TRTHA

BEAN, rm A AT -1 I, XIS SR 44 A IR 221 SCPF AR a1l
Ao MEAIXNIEI, R EOREHEA N EMBR. X, A Y FFg e %4,
A REMIBRSCHE o AnROUE AT 2R AL 745, SCPEA SR . 522 XS AT —£ %
WL, HARRGE GRS R H %, FERRR . fARZESOFR S - R0, AIsE
BRI R, SRR E B N AT A SO S T H I EIBR, X S EUOENE R
o Bl rm -rs /RIA SR IR 28500, BRI EER S 2



0.3. AN CHAPTER 0. #iR#84E A %

Note 0.3.2 i/ rm av&ZAEIMING, ROA—BEMBR T — 4308, MITCIEHIREE.
Frik, MRS R, REFFEE—FXHFNAR, BiEfhEE MR, —LHp
SERHR TR RLE Y 5, WREMH m s, SoiBE MR S
BEXAEFE, REHHT m, — MR J5 T R B A SO AT IR o

T LEEERETE, FORZAR M . 3528803 ~ BT, BIEEH ST LG 6]
M hello_world.c, HIGAEIZ Hak FAIE—MEss H % . trash, A/5H hello_world.c
HULRXAHgd, XEFEMAM cp e, LB —MSEOVE KR, e
A28 A ZHO8 AR SOk 12

cp

FliFcp [#ET]... BXH... BF

wHR (FA)

-r WL H EHEKRETFERAW AN A

TFHEBNMINBE N L BN nv, 5 cp FIHZHPL 4 mv hello_world.c
~/ .trash/i /&% hello world.c #z%| ~/.trash X~ HH . WA 1s f4H]
PAAE#F| hello_world.c AT HIFERR.

TN, AE Linux RGH AN ST Ea 24%4E, M mv oldname newname fiy
AR

mv

Bk mv [#F... BEXH... BX

wE A T4 echo, WHRHIA echo hello_world, Hi<:[Fl . hello_world,
XA B RGNV IIEE, ABE XSS a8,

PLESEAR Linux RGN TRATE B TR E & DL ey 4 1 4 HTZe I, an AR
WA A X LAy & W H A T REIE WU s 8 2 B R B, FIEA Linux AR B AF 4
—man 4, B man WA AT LAEA Linux 0 B S-S B AN 2w RE 45 B
SEE

man - manual
J % :man page
e.g.

man ls

LU A LA R D s ] 12 2%
o Ctrl+C 21k M FRE P YA T
o Ctrl+Z HHf SRy
o Ctrl+D &I A (FIEAEMHA] Shell, MIEARHIZ4HT Shell)
o Ctrl+L 1EhF
H, RIRE TR, SRR AT E R EAT T, Ctrl+-C 2
PRIARGF AR« Crrl+Z FHER 7 G & BoniZ R PR g S, A B e e vl LA
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0.4. FHITEANZ CHAPTER 0. #iR#84E A %

M fg [job_specl, job_spec RINFEESmS, AN AN EUN L FE R manf
RS TR pE] EOF AF IERIREF, IRIIFRERA Ctrl+D KA/ 7 —4
EQF o

X A A 2SS B[R] 27 AT LA B AT IS KB man &R T W72 2T H
T e LA ERNAONEEG, BETRORIFINATAE Linux FEAH.

Note 0.3.3 FEZ%( Shell F1, PIANJr WA BRENIRER: « M — FLL
FERIDCTRRIAE, 1+ | A DAY (6 i <

0.4 SSHAITENEE

*F42 | Linux FEARFRAEGTS, N RBUAT LIS O T Hu i iy 47 FLE 9 Linux #
ERG T BEMM Linux RFETEMRIANE, EEMRSATRIZITAE . EIRE0T R
BB Z R, IO T E R — S St T Rk X BB 41— M RS
AIwiEAT: Vime

0.4.1 Vim

Vim #E iR as M, AR CUNRE R RO RS, miBReR s, HaOES
Ao XTSI T B S SUAR IR 132 R WH?%E Vim HT ER
AR AR AT, Fril Fi@id 63— helloworld.c, ik A& —
Vim AR

(1) GUEESCHR: FIHZ B30 touch MGl helloworld.c X (GXHES, fdiH
1s i, ATUUAMEALELRTHRX M T helloworld.c XfH)o

(2) FTHCM: FEAAAT AN vim helloworld.c FTHFHra: iy SC4:;

(3) HIANNZS: WIFTIF SO, okl Hh B ARG, 28717 SRR A4l AR
A, ZJEfERT LA E N helloworld F2F7, W N~

7{ %Jl H>

clude <stdio.h=
1nt main() {
printf("Hello World!
return 0;

1

-- INSERT --

K 0.2: 5 A helloworld.c THIHNZ

11



0.4. FHITEANZ CHAPTER 0. #iR#84E A %

(4) BAFFEIEIGAITRIE: SENOCFEMIR, #Esc” BIEI AR, T
AR R, WO AT LU BRSO A2 TR LT — S, AW, IR R,
SCHEREAE TR0 TR B, A q EATLIEHSCr, FEA4 (7 R
(BARLRH 64, AU LA RIS, AT EA wq” — A2 58, W) .

#include <stdio.h=

int main() {
printf{"Hello World!
return 0;

3

K 0.3: FRAFFHIRH

AR T TX Vim JH 7285 E LRCE R %

# TR T ENF WREARZHNEHTE) ~/. vimre X
vim ~/.vimrc

FERXA SR E AT A

set cursorline

PRAFFHR OIS, FAMESER X Vim BECE (IR BCEREW LI AR EAT T A R4
&) METMEZIESHFRZE AT LAAFTEM R
FHRA A RTAE R B, e REE RA]

04.2 GCC

GCC (GNU Compiler Collection, GNU gwi¥gsEMF) W& THAN C BSHWiF
@ geec (GNU project C and C++ compiler) » FRATHILIG IR gee 1EN C 1EF 9
v HWMMMERIENTERNR, WLE S FEEK, 5EH AR C AR F
1817e ARATE RN g2 30, AT LAB M —o IRTUK 2SI T id % gec
testfun.c test.c -o test, WA LASEE A -c WU AR SO BRIR K .o Yﬂfﬁ
FEH -0 I 21> .o SUHFIE THERE : gcc —c testfun.c && gcc -c test.c && gcc
testfun.o test.o -o test, —P‘%%%mo

12



0.4. FHITEANZ CHAPTER 0. #iR#84E A %

Bk igee [#T]... [FH]...

#I (FRD -

-0 36 A R Hr il SO

-s ¥ ¢ KA N ICHNRD

~Wall BrR—MELEER

- AT, FHATHEBRME
-M 7| K

-I<path> HFRE TR XBER, EAREENTTFERTEX, -1 5587 UAME
o KR, ek XHAESHMER, TUA-I. k¥
BH

C BXM:HE ¢ EERERAD M

e.g.

$ gcc test.c -o test
# -0 HIERLN test BYF AT XM

T, FATEE G FEZ /TS helloworld. ¢ SRGE GCC MY EFEAME 71k

(1) fEa2 TH, i gcc helloworld.c -o helloworld #ii4, fH]LAAIE
helloworld.c XHF4miEaii) helloworld HYFHATCM (M 1s WLAEEIH M H
T nhelloworld HIFMATXCH).

(2) fEAATH, A . /helloworld B THIPATCMH:, ML .

network@ubuntu:~/tests 1s
helloworld.c
network@ubuntu:~/testS gcc helloworld.c -o helloworld

network@ubuntu:~/testsS 1s
helloworld helloworld.c
network@ubuntu:~/testS . /helloworld
Hello World!

] 0.4: GCC FFFTTHIT IS T

0.4.3 Makefile

UNSRAR T R ERAE R R, B e I — MR (R X SE AR 24 A
ARG 2 B 22 Makefileo MVRAFIFTHEAIIE , M Makefile JHAEESZ—1
GBI . B2 make {14, 1 Makefile U1 2AWE? make T H—f§FH T2EH4K
PO R R TAETE , & ] LURAEIS A1 5 sl i H A WRLe il o 5 2 B a6, AR
HYRIENERES) . make T H 2 1H Makefile X, FFHRYE Makefile HI 2RI THH
LA A R o

MET T a4, Makefile BA B S RMEREYE, o U BOCRITH o i)
HI® E Makefile XHHEREIET, HEHIFEAR T LUET shell a4 K8 HRIAT. 0
RATHEEE IR, Makefile fEREF 7S RIMEACH . Ny T NIHMTHIN 23
Makefile FUFEARMES N g — B SRR Makefile KUt BN FLA—1
Hello World 275 B4m ik . MR TA Makefile, T3 FgmiFX M, BATLAT
e

13



0.4. FHITEANZ CHAPTER 0. #iR#84E A %

# HEFEH gecec ¥ Hello World /7
$ gcc -o hello_world hello_world.c

A2, WARFIE S K Makefile, ZUVAHREVE ? Makefile fedd A BAS S0 T

target: dependencies
command 1
command 2

command n

Hrp ) target &M (build) BIHFR, FTLUE BARSCHE AIHATICH:, AT LUE—r
bS] dependencies A H bR A HAD SO B A H bR e 2 5 R A H R i
TATHIM o A mIU AT ETERE, D% (command) Z I/ — Dl 4T
(Tab) #idke X HEMALHREFF AR 2, B0 make 23R

IHITTE Makefile H 55 2 UK 5 1F make T H SCHF R R AR Q0 SRAREEL
# target, IAEHIGENERYF dependencies, #HEIMIT command HHIATS, AT
IR targeto E445 SElG M IR 2 5 RITE shell H#iI A\ make target(target & H
Wr44), BVRTERATAR A B a4 AR R B H B

BUTAHEE], make T EARIEHTAIBORFIWT A FFEIIE, make SRS AR
S RAE B ES R] L E AR SO G PSS TR, (s XRS5 T 2530, shell &4
BT, IiEAE BORTHY H AR S0

812 Makefile NN, Z J5HAT make all B{/Z make A1, BIF] 7”4 hello_world
AIPRAT A

all: hello_world.c
gcc -o hello_world hello_world.c

T, ARG S — R R Makefile S0
(1) TEM2ATH, B " Makefile” HISCHE, fEH Vim 1€, JFE AT HA:
all: hello_world.c

gcc -o hello_world hello_world.c

clean:
rm -f helloworld

Hrr BIPATAE LT 4i1%F helloworld.c B4 (“all”’A target,”helloworld.c”
5 dependencies, i {7 N%ii¥ helloworld PRI ; “clean” &I A MIBR
RIS R4 o

(DPAFETFERI B a1 T A )5, i\ make clean, 14T Makefile 3CFH ) rm helloworld
e, MIER T Z AT AT R TOCM; 55, M make all, AT Makefile SCPFH
] gcc helloworld.c -o helloworld ﬁ‘ﬁ/%\, gﬁ%tﬂﬂ?ﬂf:fI{#o ﬂ_ﬁ%ﬂ[ﬂ:@
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0.4. FHITEANZ CHAPTER 0. #iR#84E A %

network@ubuntu:~/test$ make clean
rm helloworld
network@ubuntu:~/testsS 1s
helloworld.c Makefile
network@ubuntu:~/testS make all

gcc helloworld.c -o helloworld
network@ubuntu:~/tests 1s
helloworld helloworld.c Makefile
network@ubuntu:~/test$ ./helloworld
Hello World!

K 0.5: make Ay %A Tt FEFIRIR

1E lab0 BB, B HCEHHEE — P RIEE Makefile X, K2 make T ELHff
M7

0.4.4 ctags

ctags A& NJ7E Vim SR 2R TH . X B A T — 2 AL mt T eE 44 (1)
T REME S HR ] ctags, FRATTAEEN Vim PIHECHCE, %8 _ESCAmR B 74T
H.vimre XH, WA NAHRAT

set tags=tags;
set autochdir

(2) RTINS, FAMELL helloworld.c XM (FEHHHINI—DEED), HHE—1
pacs ctags_test.c, EHFIJHH nelloworld.c 43%ﬁiﬁﬂﬁéﬁéﬁ, mrE:

) {
printf({"Hello World!
return ©;

vold test_ctags() {
printf("testing
1

"helloworld.c" 9L, 122C

K 0.6: helloworld.c MAFHINE

15



0.5. GIT 5 -ZYp fodt R CHAPTER 0. #iR44E & %

Ginclude "helloworld.c

int main() {
test _ctags();
return 0;

}

"ctags_test.c" 6L, 66C

K 0.7: ctags_test.c XHHINHNE

(3) AT B ASFT 508, AT ctags -R *, SKIEIZH 3 FHIL T HHIC
F tags, ¥ T RLATPAMEH—28 ctags BITHRE T :

il Vim #T7F ctags_test.c, IR R AR (test_ctags) b, #%
Ctrl+ ], AT LABKFE 2] helloworld.c HHIRAUE WAL ; FZ T Ctrl+T 8 Ctrl+O (H
LERVE A Ctrl+T &FTE T, SHIMMBEPZE), Fn] AR R BT AL E .

#include "helloworld.c

int main() {

teft ctags();
return 0;

3
K 0.8: Jebrib T g L
& Vim T ctags_test.c,#%7:” BEAJRZin 101, FHii A "tag test_ctags”,
AT AR 2112 eR AUE LA B
IEXHH IR E RS LR fe, B RSt B R A B INIR 2, ARO[/

BRI P 2 25 B iSRRI KRR ST o 2AERIE ] ctags RUMHIRIDRE, W LA ) 152
BRI ROR YT B o

0.5 Git T=-BIafEPFIRZRE

AT IS Git BB RGE T, R TR Git 1%
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0.5. GIT 5 -ZYp fodt R CHAPTER 0. #iR44E & %

0.5.1 Git 2t4?

BRI AR SR AT e r) . BB, RS RIAS . RO R A i &4
PEABE R, IFRHS T AFIE S 23R, BSEIRR T, BIMEERTERIH, "Rt AN A
RN ANE, X E—RR T MR, S RA L E, IR REsHE A
0.9 —FEREE T

0 T{EfRSE#$20230301.docx
0 TfERSE#20230315.docx
09 TYERSM . docx

I THERESTH/INEZE.doox
I TERES TSR docx

0 TRRES T IGKM . docx

09 TYERE AT INKEZ NSRS docx
I T{FR S8 docx

@ THRRE AR docx

0 /NZEAIERSS docx

I NEAIERS . doox

T INERTED S doox

@ /SRS FREEHAR docx

K 0.9: T LA

AEMENBT, TRIME RS ARSI, ETEHMBIFAR, 51,
IR, HE T, AR LU ARPORE o AR T4 AL
HIMZETEE), SRTRER A SR T A4 T B, IR D4k
FHITRE. — KR, B MEHUFHRE @RS T A, X0 A SRR L B
2 REM K ER MBI, D IEER Mt T T S, SIRIEEET A, %
R

B ST TR IS IR YNNI, TFE 2 (AR
51, T4 SEGEIRIBEH & SRR LRI — DRI BEE AL R
TEo W5 PER T RIRIERIEE, A6 2 VB LRI H IR % SO R A RE A
W, o R

P TSR, KA

o EERBITRAEUCCIEINEE, T ELR R R TAE, BOH T AT LA AR

o I ABEGE, o THRIERT.

o HESEARIFL 0T S A o

o T (EHAER PR B SR

WA R G RS TR IR R —Ph RS, M0 Git W& —FhIask i A =ik
AR ARG

Git 7&2H Linux BIEIE ARG - #EE0/R%Z (Linus Torvalds) i, & &) HTE
H O Linux FFA SR . X T Git FIfEFEE: The stupid content tracker (/A ZE
EA) o
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0.5. GIT 5 -ZYp fodt R CHAPTER 0. #iR44E & %

Note 0.5.1 AR —MICFAE T XHAALMN, LMERRE R EMAMEIT
DAY RSt

0.5.2 Git Efli#E5I
AT, SR A
1. [FFREH% ~, G —1%MN learnGit W HF
2. #N learnGit Hg
3. HiN git init
4. H 1s A WIELSHEESL T4
ATLARE, Bt Bt FTTHIZ T— 40 . git MR E S, X1He Git BARE,
WHEFRACE (repository)o i By E B, LIRS . git HRU TR EEIRE,
RNELEZ T2 H SRR 4R
git init PUTIEFIHA 7T —DCE. #7H learnGit HEEUE Git B TAEX.
HETBR T . git UAREHFZLAMETT—W).

Note 0.5.2 FEFATHY MOS #IERELRHEANATEMHZE] git init W4,
PAN—THEEA — DN 21xccoox(TREVF5) HIRRAS 2 .

HAT, /£ T/EX learnGit HF{UH Git MUARE, FHEUFIE—XH readme.txt,
754 “BUAA_OSLAB” o AT LA N A58 S U N 2 MUAR J -

$ git add readme.txt

TR, PITHASE, HFAREIEMIE readme. txt FEZFINUARE, Git FHAKZER
REEH ARG H, T add ZJr BT ERSCERAE, $ESBERIar 20T

$ git commit

WERAAAL M AR, PATE 2 —MEE R, R, Ho Notes to test
HURA AR S T ISR o

#RAEREERORERI, D e TRNER A, TR
# AR S A ER R

#

# LT X master

# B2 x5 g2 'origin/master’ —H.

#

# ERZWEE

# B readme. txt

#

HE, SR A PR RFRINAX comnit RN, X EWRERNTARERERS
SEUH, SERAAHRSSA 2. HAERIEZ G, MR AT USR5 .
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0.5. GIT 5 -ZYp fodt R CHAPTER 0. #iR44E & %

Note 0.5.3 HI#EH —MAEM git commit WAMARME, B/ AR SURH
LRI FRF BN RSC . LS ZIE — 1 H e AR, BALEER
ARSI R 2 A%, FrLOY THRE AT, R RE A ML,
Ul “fixed a bug in ...~ XFRHUTEIA, HEEF KL git commit --amend FE
B ERE IR -
LAT AR5 7 50— MR s T =0, LU s
$ git commit -m [comments]
[comments] #A8 “FHERR", LIRSS RERATAT LAFALN T — S ard
$ git commit -m "Notes to test."
WARSE S Z SR B RIS, Wi IR 5 i 1o

[master 955db52] Notes to test.
1 file changed, 1 insertion(+), 1 deletion(-)

AUSESC AT MR I LA {5 B, RS AN IS sc it m B & 3L

ARUARAZ 53 342 master

o ARUHRZZHT ID J2& 955db52

o PERCULHIE Notes to test

o A 1S BT AR AR TG 1 ATEVERINS 1 ATRIBRT TN
FESLRERE R SRR AT RES AN T RN E B, Y BRI E IR S H
#+% Please tell me who you are.

Run

git config --global user.email "you@example.com"
git config --global user.name "Your Name"

# to set your account’ s default identity.
# Omit --global to set the identity only in this repository.

Note 0.5.4 HI LA LA B fip & 10 - A4 FTHIRAS -
git config --global user.email "you@example.com"
git config --global user.name "Your Name"
il
git config --global user.email "qianlxc@126.com"

git config --global user.name "Qian"

=

WAEBKE MR EER, 8 EEEN T HERra 13020 H B NEREERE

e IERE SRy, FRER B AR T A TS

\3
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0.5. GIT 5 -2 Fodt R CHAPTER 0. #iR44E & %

0.5.3 Git XK

EERTARM — D300, 18 Git A TIFARE: ARHER (untracked) ~ ARIEK
(unmodified)s B (modified)s BELF (staged):

KRERER LR HEIRE (add) SR, #H git add BIATERELSCH:.
RGP FORHESH IR G — B A M Sl s 3 DA E -

BEI LRI T RS, EBA A (add) FIEAFXH .

BERF LN EEBMAY S NGRS (commit) M EHRAFHITE .

X HLE 5 AR A3 A SO B DU bR S e R % -

Untracked Unmodified Modified
Add the file
Edit the file |

— Stage the file
Remove the file

K 0.10: Git FHIPY PR HLIC 2R

SEM AT 45> Lt — D3k Git HI6E 7.
Thinking 0.1 BET3HX Git KR

o TERTIACHIIAILHEY ~/learnGit HE T, G —1444 README.txt 3
HATAS git status > Untracked.txto

o fE README.txt SCIFHIRAMERSCHEAZ, AAEMN add 4, HfTMS
git status > Stage.txto

o P37 README.txt, JE/EIRCUIHIEE AH KIS

o PUTA4 cat Untracked.txt fil cat Stage.txt, XJHLHIIBEITINEER, MK
4% README.txt PHIIRTA I E A

o f£PX README.txt 3Uff, FFHATHIS git status > Modified.txto

o PUTA4S cat Modified.txt, WEHARIA —IIAT add i< ZHTHY sta-
tus G, FHEHHR.
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0.5. GIT 5 -ZYp fodt R CHAPTER 0. #iR44E & %

Note 0.5.5 git status B NEELASRSH AR w4, ﬁﬁgit log JIpS7s
THE, FRRE—K, Git 2ERKHEFRICE K. git log WIEMATIHN &
AR KHER

%ﬁw{EHU 7@4): Untracked.txt , Stage.txt 0 Modified.txt E‘JW%SQD_FO
Untracked.txt & T

# On branch master
# Untracked files:

# (use "git add <file>..." to include in what will be committed)
#
# README. tzt

nothing added to commit but untracked files present (use "git add" to track)
Stage.txt WA AT

# On branch master

# Changes to be committed:

# (use "git reset HEAD <file>..." to unstage)

new file: README. txt

H OB W

Modified.txt YW & T

# On branch master
# Changes not staged for commit:

# (use "git add <file>..." to update what will be committed)

# (use "git checkout —-- <file>..." to discard changes in working directory)
#

# modified: README. txt

#

no changes added to commit (use "git add" and/or '"git commit -a")

AL FATE S — A SURSA Untracked. txt W28 2 /7/& :Untracked files,
MDA Stage.txt TEH /T4 /E: Changes to be committed, M4 =1
Iﬁ: Modified.txt Hl2& Changes not staged for commit.

SRR RS ISR . 75 README. txt FTEEMYIIE , HAL T ARREARSE
(untracked); {£ README.txt HUEEMIMANE, #EH add &2 )G, XHGE T AR
A (staged); TEEIL README.txt ZJ5, HALTHAEMORES (modified) -

Note 0.5.6 KT EH%-Git I 1, L LEFA git add AT EHZ U
[, BIAZE BB/ MBERA RIS N RS A X FIFER: S e®
git add, BB HEWMFTE git add.

Thinking 0.2 fFAIEF0.10, BE—TFHLHH add the file « stage the file T
commit 7> BN 2 Git A L a4 1g u

BEESHE R XY Git BBGHHA THIZPATAR. T PRI Git BAY—
LERLH o
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0.5. GIT 5 -ZYp fodt R CHAPTER 0. #iR44E & %

0.5.4 Git =1EHt

AHGER Git 4B =8 B dke B IEX, BRAAEIRIUT; B
PRBEHFX (Index ARILFR Stage), BB IAERATXEL, InFREIRIIE); &
J5/& HEAD, fRIAREIE — R385 E R 2

Git I RIEALT . git/objects H, FIT/A Fy B S AUAN A il FO SCAF 2 8 e 4 ok — 3k
SO, 4R 5 W BB SO — Git M5, PRAFAE. git/objects H&o Git 118
TSNS A E (KREN 40 FIFRFER) , IENIZAZR B34

fE.git HEH, X . git/index SEbr BLE— MBS RSB H R, G —1
FEFLLA AR X o AR RESL AR DX H st js 7 3044 SO RIS 2. (AR
SRS, (HR SR NI EAAEAEAE R, TR PR AFAE Git X5 J% (. git/objects)
H, SCHR R BN T SR G R PO R SR Z TR e N EROR T AR RO
HAE A7 XA PEZ AR R, a7 TS R Pty R A [ 520 o

[ I#R ) ﬁa?rﬁ
EIJ } index '\
N add - ‘a commit
:g checkout -- <file> Eg'_'_'_'_'_j reset HEAD
:g rm --cached)<€ I;! ..... %
:g _ | checkout HEAD <file>

K 0.11: TAEX. BEHFXHRRAE

BT objects FRIRAIXICN Git BIXRIE, SLFRALT .git/objects HE o

o BN TR, AWM. FERUARZETARIC N index” A X 47 X
(stage, index) , Fric A master A& master 7 SZ TR H

o FHIRATAT LG H i HEAD SEFR2F8 1M master 92— “F8%H7 o FrLAEIR
Har4- A I HEAD AT AT LA master SR

o TNPTAEXBEL (SO HISCHHAST git add mr i, B(7 DAY H SRR,
I TAEAEN (S0 9SO RS NI SR e B — BT S G, %
YR ID BACRAEE A7 XA SR T H

o BPITHRICRIF (git commit) HY, 2UREETFIX AT H SR B RIMAE (R5%)
master 7} XX MAHM AT . HIl master fi51A1 Y H Al 24238 I8 A7 XA H 5%
o
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o HIAT git rm --cached <file> MM, SELMNEFXMERCH:, TAEXM]
A A .

o T git reset HEAD M i, HAEXAHFMAWES | H master 47 H5IH
¥ B St T, (R TAE XA AZ 8

o YT git checkout -- <file> fT& M, 2 M1 (7 DXHEE 19 SR TARIX Y
SCfFe X ERAEIRAGRS, 23 FR AR AR I E 2 A7 XAy sl o

o HPUT git checkout HEAD <file> A&, < M| HEAD #5[M] 1Y master 4332 1
i SRR A7 DR LUK AR A 30 o XA St i B ek g, R
AMELTHRR TAEX R ARS8, TR 7 X RIS B 50

F Git F5ANBFERX IS Git BEXERMAERG 2 ANtz —, EXEAR
FHEAN-BHAE PP I S R . A4 A2 A 2B B Pro GitiX A,
0.5.5 Git lAEIR
Y G AT, AT REIE 2 R e = M B Sk ek R —ME 2 S 80 P it e ikia 1T
EiE . Git REFHITHUARLR. B, AEZ ] — R4
git rm --cached <file> X4 EHE M 7 X i MG AN P AR IR i ) SO, b
T A SO

git checkout -- <file> MIMRAE LAEXHXZ NG 2B S, KINGwF
TP T o WERMAAT git add, WIATE A A5 TR XWKE LR FFE
Fo

git reset HEAD <file> L4 RAEAMAT git add M EESCCIAROT
NG X, A git checkout 1% . MBAMBAMECEHIT T git add, NI
A A AT S o TR R SR B SO B — 4 & RIAT

git clean <file> —-f WIRIRIY TAERIBA T ARMMNE, MKAIEEE, (B2
Bre BiE st nT LMl A4, & nl DU RIE AR R N A S bR H 2

Thinking 0.3 B2 F 3 [A] /8 :
1. RAGSCH print.c BEAIRMIBRIT, M 24 {HE R A HRE ?

2. A3 print.c BEEIRMIERE, $IT T git rm print.c 4, MY
{8 AT A R HARE 2

3. TLRIM hello.txt ELHININEIEAFIXHS, WTAEAMIERILSCIFRYETR T
R HA A X 2
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KT LA v, ATAEVRAEIMBRAS B AN BR A AR P T AR B, 4 SRS
M git status KRELHPRET Git BHEEGS . M BFEEE git add fil git
commit WM. 24K, —EE MRS A NG 5 Qe Sl m ar & 42—
X

Srégse B =TS, NI Git MURIERR a4

git reset --hard

HTARE reset RS HIVER, FHEGM—1/NE:
Thinking 0.4 EETFIERX Git HJR:

o HEIfE/home/21xxxxxx/learnGit FNIKIEIE] README. txt S, AT
PR 30

o EXHHEIIA Testing 1, git add, git commit, FEIWHHICH 1.

o M7 EIRMGE, 1 200N 2 T3, IR

o ] git log MAEFRR AL, HEECEA =K, 1L FECIN
3 HIMEAE

o WHTHRAENR. $IfT7F4 git reset --hard HEAD"J5, FHHfT git log, M
HHAA,

o REMEZULHIN 1 BIMEAE, PUUTHIS git reset —-hard <hash> J5, Fl
1T git log, MEZKHAML,

o MAECEMB] T IHA, N T BRI 2 A, $hA T git reset --hard <hash>
, BT git log, MEZHA L.

Y git log MM, £ commit FRIAARFIEAY—IC FREUT AN TR A 74 R

i FHIX S5 i 4 i) LLBEAT RO (B3R s PR BT — R . A PR E: 8—
e HEAD 2P, WURARIREI_ B AR®H] HEAD, B EASMOARRTIE
HEAD~~, ZLZFHREIRT 50 AN A {6 ] HEAD~50 KA, S5 2 H] hash
B, {61 hash EHA] DMEAF A Z [AHEE DI, 2 hash EHIT5E K.

WAER, --hard /& git reset A ME—HIfEI L, BHE Git & EIEHIHS
AR LD EEZ —o HAtEAT I =Y git reset ﬂ%ﬁﬁ%ﬁmu¢§ﬁ\ﬁﬁ%, {H/& --hard
WEWURNRE, OB SR S 1 A H s RSO AR ARIR S, Git 2B EMN
M-S BT «

0.5.6 Git 9%

WERAREAT ED G B 3E , FATZATIR B 0 30X S, IR A SR AR TR ?
SRR BRI N-FATF 8, AR B0 BARR N B0 5 R A AT
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SNEABNERGI, B MRIEAES — 7T RS e |t 5. s
SCRRERAT M TF R 2 o BTk, SRR IR R 4R TAE. AEFATTSE
Kt 2 2 A 21 LIS . BB RATPRIE— RO 2.

# RIE—NET YUMo ENA X, HEFH <branch-name>
$ git branch <branch-name>

RS A S A S R I T RO I 2o L DDREAE 2 T Y /T 43 52 A9 N 2545 )L
—R RSB RN 2 3 BT RE RIS IR AT ANE 52 i SE 843
SRR AT o AT Y EIAE master! 737 N EEA T S IRIERRIEK, IXITEAIEH git
branch Ay T — 15N testing (Z%1& 0.12) -

master

98ca? -+ 3dac2 -+ £30ab

testing

K 0.12: s

JIER — o SCARSRT L, BN - T (-D ESRAHER) Riwl, mifuxts

# BRI R — A8 X

$ git branch -D <branch-name>

BRI A BERE D SANA S, N EN E-a eI A

# BEPTAHERE G AR PTH 2 X

$ git branch -a

# SR Zw M BERBT

# HET » WO XELIMAX

labl

labl-exam

* labl-result

master

remotes/origin/HEAD -> origin/master
remotes/origin/labl
remotes/origin/labl-exam
remotes/origin/labl-result

remotes/origin/master
# M remotes RIMIEL X, TE 5T F| WA E B EE KA1 mE

master RN FDL, — NG EM A B shEE 71 B 5L
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PNV T 3 ARFES BEhUIRE1 052, B4, Git JE A RITE /R 24 R A2 B
3 ETARRe ? HSUERWARMGIR, ERAE 100 HEAD MRHilfeEr. /£ Git
F, B MRRRIEAE TAEH B AR SHIHRED, FTLLG HEAD 2500 417 5 /)
B #. 1817 git branch i, UUEE. T PHHI S, (HAS HIWTHREIX A5
2, FrDMEIXA T, BATRIRIEAE master 735 T A,

AR AFATUAT PIHREN 75— SR e, X MR TR R A A I S B
WH 7S A T

# VI E| <branch-name> KEM X, KEHE HEAD Y Arde 1 3 4 X
$ git checkout <branch-name>

FLAX A I1f# A git checkout testing, iXif HEAD H£fRAI T testing 3%
(JL1&40.13) -

master

!

3d4ac2 -4+—— f£f30ab

A

98cal

testing

K 0.13: i)

XI5 2 S BRI T AR DR testing 40 FHOTAEE R, T ELE testing 433 F
FIEEL, VRINSHRSE A2 master 4057 LT
TR HIHF A AN 2 iy & FURTE A TR, Horp At

1. git add
2. git commit
3. git branch

4. git checkout

Hora 2T AR AR, YRR AP AR AN IR, HY ORI/ NAIBUERR
RMIH B, RS RSB ERIX A% Git R 2 AR EE 7. 200
AT A R B FRRAE AR A E_EHRAE RS, NI TE A G — AN O A R
W&o XM RRA T MR, AR EZAEE .
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0.5.7 Git IERRCESZA I
T ARG AR S, HAERRE R, HERHTEE EE.

# git push AT IARMRAERE 2| R HERELE
$ git push

# git pull AT ARSETAR 6 U 2] A A
$ git pull

git push JUBKAMMARER L commit HIFAFIE RIS L5, NOFFEER
BAFRAIN AT o TN T ER 138 R RES hILEE I ]

# origin ERNERERE N, UWERWAT. branch ZI§AMA LW 4 .
$ git push origin [branch]

XA A LG AN TA G2 H o SER RIE R G 2, AR Ol — R4
HOZS HLE BRI RE D 320
git pull AZEHEH M-S, WIRBIHCE MR S5 drim & A TRy sC, TR TH
AR BB BT T LR shiis, BAVRHR ZAN git pull SKRIEAHIBOA R SRR O
JEPRFF A2 o
R AR BE— 2057 5] Git RYRIR, AT LA EHRRE?, FilEBGitHug

0.6 FEMIRE
0.6.1 Linux #{E#FE

B, PR A4 find T grep

i find 54 FFIN L -name BT AT LAFE AT H 5% N I HORF & 2 808 7m S
ISR, I SCPE I B H 2 5

find - search for files in a directory hierarchy

Jl%:find -name X {F4%

grep &M AN SIAREZ TR, CREMAHENEGA R IOR, FHERECHIATT
FIH K. AR, grep avA Al LAM SR ERHALS pattern #00 F/FH19FT, T4
GOCH R B ANZA T 25 SRR BB IUH Horrh B HO R
FRPE ORISR, grep MRVRF L —15A I TR,

grep - print lines matching a pattern

Jfl% :grep [#T]... PATTERN [FILE]...
I CF R ¢

-a T Rms — | BB HATE R
-i R SR NE £ 57

-r ME F# 3 E R

-n  EFfAT

tree A4 A LIRS SO F s A OCHERE, VEFIZRILT 1s.

RTINS http://www.liaoxuefeng. com/

27


https://github.com/Gazler/githug
http://www.liaoxuefeng.com/
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tree

i tree [#T] [HFA]
HITCER) -

-a B2 X

-d RF|HEx

Linux FSCHRARUR D N =2 XA fif4l. HiAle FIA chmod RILAFELA
PR SCHE AT B At AP I o

chmod

J3%: chmod MR EFF&E XfF...
IR E F AR -
[ugoa...][[+-=] [rwxX]...]1[,...]

Horb w FORIZOUERIINEE , g RS FIIMAEIETH 4, o o
LS N, a FRIX=F Bk + FORIIR. -FORBUBBIR. = R —BE
BRo r FORFBEIL, w FORAT BN, x ZORAIT, X Fon U 20U R A1 B skl
M EEBEL A I AT

AN chmod AT EAFIEUFRARUIR, #0

chmod abc X

abc =T, RN IAE, A, HM AR r=4, w=2, x=1, HiXLHF
B IR RAL R o
diff S H TS ZE R

diff [#I] XH 1 X 2

& ST

-b FAEREFHNTH

-B T & BAT

-q RETHLZR, FTETFHEE

sed &P ICHRALEE T B, BT LUREEARAT HEA T HBR BT e SRR E TAF

sed

sed [#T] "4 WMAXK

wIH (FHA)

-n ZHER, REFZT sed AEWHNE, TN ERMAN RS FIA N A,

- AEBRERESEANE, MARHEEE R BN, Rird RS,

wA (FA) !

MT5lalmA] @ #H, EATEHRY—THEAR. TF5TUR “BF", AX—TZEHHE,
TR “RIEAT, LT, EHFWETEHE.
UAEREH, EE—TZEHHY. EH $ XRrkkE—17. FEWHARE,

AT F1clNA] @ BR. A ABRAE AT 8 XA,

ATFIi[AA] - A EYWATH EEHN—17 XA,

(A751d : MRS RATH A&,

[fT51p: MHABEHAR, BEL5HET-n —REA,

s/re (EMNXER) /string I ¥ re ERMWNAEREY string,

sed FIEMZE A B ITEZ AT LA [sed Yo sed &% T E A A 1E N 220K 215 F0
Java FIEF AT, HEEX D,
N AL sed B FHEEH
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sed -n '3p' my.txt

# W my.tot WE =T

sed '2d' my.txt

# Ml % my.txt X 8 =47

sed '2,$d' my.txt

# M Bk my.txt X8 —AT 2 5 e —AT

sed 's/strl/str2/g' my.txt

# EETEEAL str1 BHH stra,

#AREA g R0, WRABAE—MEEE str1 BERR stre
sed -e 'da\str ' -e 's/str/aaa/' my.txt

#-e WHAWER—TEHTE F04. ATNE—FZFETERM—A str,
# FoNARY str BA aaa. BAWPATUFHERA W,

awk & FACBLSCARSCHRRYIE S, 22— s RSO TR o X B8 LA fE]
MBIy, FARIBIFEZER LLETRAS

awk '$1>2 {print $1,$3}' my.txt

XL IS RN auk 'pattern action' file, pattern NEAME, action N4,
file NIMF. ar& I $n EEATHHEHDREIE o W frlliZa <
EOGEME my.txt PAFESE BT 2 W17, HH 28— TR 28 =T

awk -F, '{print $2}' my.txt

-F IR APEYE E TR, BAESE. IrbhZar 2/ $n &R, 7 MREIEE n
T .

tmux A& MEFH I LS AT, AT TAE— D25 O P isiT 2 M amaih. &
f, W, SR tmux B =DEAMS, —PMaETES2 0, —PMEHarLL
SR ZAEE . SORAPINRIE tmux S RFFSITE, WA STERT LEE M Z A
FIERIE 5 LA

R ERAE

tmux FIEHS (pane) B DAMSCHE 50 BEIRIER o

o Ctrl+B % EHD G (AGHZ R HT), H—SmEdU e 0ol m
%EF‘O

o Ctrl+B ” KV B (AR FHE—E15), H— &K FEAt L A kb
NP BE

o Ctrl+B O Ik Y411 A TR & B
o Ctrl4+B Up|Down|Left|Right AR 7 [ 1E1E DI 2 35> T s

o Ctrl+B Space (ZH%H#) X4 R/1HE ORI T A B EFHES AR, &%)k, i
e

o Ctrl4+B Z R Y AT . %R KE .
o Ctrl+B X KA RTHE AR, BIEZ e 2GR RN, % y #iARD
%I\ﬂc
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[CIREET(E
FAME M (window) AILAG#IZ P EHE (pane) o

. Ctrl4B C A2 FA L E

Ctrl+B P PJ#es| E— 1.

Ctrl4+B N I3 N —"3& o

Ctrl4+-B 0 UMz o S8 1, KIISHE, AIHfEeE 0y

Ctrl+B W FIH 4/ session A H H, @it b D6 O

Ctrl+B & KHHHT window, 24 HIGEAEARMAYATE H, 4T y HIARIA],

ESJLEE(E
—x1E (session) AILMIA 2 1 (window)

e tmux new -s é\%% %ﬁ%/ﬁ:\iﬁ

Ctrl+B D iBH 4%, %] shell ()2 ERYE

tmux 1s ZUnIMEA G TSR

o tmux a -t &1 4 NLOmIREEIE A 2 0E

tmux kill-session -t 214 fHESTH

0.6.2 shell Iz

LU TAES, AIRESOB R EE 2 T B4 4K 2R S HITE L, #17%
H A RES AR L iy S ORAAE— D3, DU BT S E SR I T, HSORAIA
WA TR | 4 S BRI AL BRI AIS A TRIVAT o fT BRI, HEAD BRI A & A7 T — 458k
ZEAAT S IR . YARZIEEHITH Linux AR 5EE 20 TIE, 85 A 1
A ASEHEMATH, FRATTLAERE shell AR SEAL . ARTTIRATE % >I{EH bash
shello E5EHUAT vim my.sh GUEIFFTIF— DM my.sh, A Vim BHFTIF, FFmH
HEANLUNNZA IR TAE Vim B2 AN Ee4% 1)

#1/bin/bash

#balabala
echo "Hello World!"

FATATLUE bash RKIsFriX A

bash my.sh

74k, FAATLUEL A4 chmod +x my . sh RAMATIPATIIR, 285
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./my.sh

HKisFTe EESBUIRZAT, FATH QPR shell A —BOE AREESITHY, 72 H
chmod +x my.sh WHNSATAUR: FERIAFIRATIEFE S #1/bin/bash 2 HAT,
MRAE EEPATIRATHI AT ] vash MENMERERS . S8 _ATHIN AR TERE, DL # T
ko HTAHRAS
SHE5ERY

AT LA shell FIAAL #2580 my2.sh HIAZ

echo $1
PATI S
./my2.sh msg

I shell XTA1T echo msg IXZcATE o $n WAFKBILIHZEL, 1 $0 thalZm<, /£
Bl Hte . /my2. she BRICZINEA—LERREA HRIFFSA S

o $# LI ZHEL
o $x NFRFHRINEIE A R FEEAL
shell FFHYERELH R LR T LB ZEL

function < BH L > O {
<commands>

}

function E{E () A LAEHEH A —, 244

fun() {
echo "$1"
echo "$2"
echo "the number of parameters is $#"

}
fun 1 str2

AR HIE A

shell JHAH -t i] DARE 43 SZ FE IR EA] -
if AR

if <condition>

then
<command1>
<command2>
# ...

fi

HEGE T
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if condition; then commandl; command2; - fi

%5

a=1
if [ $a -ne 1 ]; then echo ok; fi

AR T RE AL R A R B B8RS, SEBR b <condition> MM E b &mid, —5&
A IR IEMEA 0 BFFRIRHRIIHAT, VE NSRBI P LAME R R AR it §7
AR — a2 HREME , FEIAERAT5E diff <filel> <file2> Ji, # P SN A M
[m], W $7 N 0.

eGSR AR A S, HBHE— AR UK RN 1, E LFlHh
$av -ne. 1 Ml 1o MATERXRAMAINHRE o, HIFEHEIA test M4, W LATEL g o (i
man test A A HIFEANH L. Jﬂ’ﬂl\, true 4 RENS ELFEIR M| o, ! A RENS RSB i A IR
[, ARSI, Bl v diff <filel> <file2> {EM CHFANAARNEIE 0,

SRR 1 -ne E—FRRIBEAF, TATM C IES MBI ERF X R AR

-eq == (equal)

-ne != (not equal)

-gt >  (greater than)

-1t < (less than)

-ge >= (greater or equal)

-le <= (less or equal)
while HHAIEINT

while <condition>

do

<commands>
done

while 1BAJKH A LIMER continue Fl break X EEAEHIE] o
Bl 9 I HZ, 272 filel | file9o

a=1
while [ $a -ne 10 ]
do
mkdir file$a
a=$[$a+1]
done

Br T LAENZE, shell IBfF for. case A, else TH), LANIZPHIZEIFERL, XNy
AR FE SR LABAT T o
0.6.3 EEMMEE

XIS FATTH 24 ST A0 SEI Linux 72 B3 A g H BEREE 20 S, A 2 a4
HA SR K INEE. Linux & T =Fm:

o FRUEEIA: stdin , H 0 /N
o PRIEMIH : stdout, H 1 FIR

o PREEEIR: stderr, H 2 Fn
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R )RS T AT LA AE 1) LA_E B3 o > T LASE SE [7] i O R S 2050 00 :1s /> filename
LS H SISO 2 2 M AT H S TR filename H1o 528U, IO E M) 1B N4
H>>, Ke>> i an-4 Kk B i E>>JF R E S 5 DCEERfA <, FJRTEEN
S R A B <HT I a2, FSAITRTRLA 8 FO28— o m2>> il LUK ARl s iR B
FEF] o =Rt a] LARISEAE ], 2541

command < input.txt 1>output.txt 2>err.txt

4 N

Pasen
ESER
EHEMFT )7 LGRS

commandl | command2 | command3 | ...

L EWNZAR commandl B stdout K%5 command? I stdin, command?2 H stdout A%;7 command3
[ stdin, KILSEHE. 25401

cat my.sh | grep "Hello"

iR S HINEE S my.sh FIAZRE LS grep fi%, grep FEH AR TR H

cat < my.sh | grep "Hello" > output.txt

ik A EE A ER A, IR my.sh FTNEAEN cat 224l cat fi% stdout
K4 grep K stdin, grep FEHAPEHTFITH, Bl ai it output. txt.
Thinking 0.5 PfTIN T4, HEELER
e echo first
e echo second > output.txt
e echo third > output.txt

e echo forth >> output.txt

Thinking 0.6 ERIRER T (RIEEER) QU2 N EARRIHE CUHFmAN test),
W EIEIZ U I @ P SIRAFAE command SUHEHY, FH4 test UM AHLALEESCHFIBAT,
BT8R E result XM . 45 command SUFFI result SCAFRINZ, Fxta
IR RBATIARENE] (ATLA test SUHFRNAEAT) . BARSHIRE AR H B TR
l: echo echo Shell Start 5 echo “echo Shell Start‘?ﬂ%%@ﬁ[iﬁ”; echo echo
$c>filel 5 echo “echo $c>filel RUREMA XA ]
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echo Shell Start...
echo set a =1

a=1

echo set b

b=2

echo set ¢

c=%[%$a+%$b]

echo ¢ = $c

echo save ¢ to ./filel

echo $c=filel

echo save b to ./file2

echo $b=file2

echo save a to ./file3

echo $a=file3

echo save filel file? file3 to filed
cat filel=filed

cat file

cat fi

echo save filed to ./result

cat filed==result

K 0.14: CHENE

0.7 SRER

B Lab0 2 ISR, FEMETFRB SR IAT T, i T iR H 2k
ST

Lab0 28— B % >JAUE4E LU DURE, nRARVYE 4 R e sl HAERR, BRI 3R

50 73

Lﬁﬂﬂﬂiwgmsm§%¢,ﬁﬁéﬁgﬁpﬂMMm&CMY#,@ﬁmmi
K TEFTIF palindrome.c, M c 1B SLILHIBH AL n(1 < n < 10000) 275 A
EHIRRT AR CET). B stdin IR AA—DEE o, HXMEEER
EISCEOE v, SN No [TEE: R3S seAg A Y By [e] SCE0

2. £ src HFEF, FE—TAEH Makefile M, MHBININIZYRAT Makefile K
ﬂ,%ﬁ%é,Uiﬂ@ﬁm&eﬁé@ﬁSmEﬁ?ﬁ%pﬂMﬂm&cY#%%%%%
%m%,i&%ﬂ&ﬁi#ﬁ@ﬁpdmhmm

3. f£ src/sh_test HE F, A—1 file XM hello_os.sh 3. hello_os.sh
RN RFEBHIEASRYS, ERZA1ED) shell ZmFERIFIN, HHATE, DASLHLED 4
bash hello_os.sh AAA BBB, fE hello_os.sh ALY H &8 — 144 BBB I3, H
PN AAA SCHFRIEE 84 32+ 128+ 512. 1024 fTIIP AR (AAA SUHHATH— @it 1024
fT)e [FEE: X T4 bash hello_os.sh AAA BBB, AAA & BBB M AT & U194
K, #41 bash hello_os.sh file hello os.c, & A hello_os.c X, MPEHEH
WA 7]

4 %M J51Y palindrome.c.Makefile-hello_os.sh KX E il E#412 dst/palindrome.c
dst/Makefile, dst/sh_test/hello_os.sh [JF=: SCHFAFIEERAE B H ERAHE ]

BORIRESRT ARG, SEZHE3SHI SR E R R
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|-- dst
| |-- Makefile
| |-- palindrome.c
| “-- sh_test
| “—- hello_os.sh
|-- src
|-- Makefile
| -- palindrome.c
"—- sh_test
|-- file
"-- hello_os.sh

B — AR AR ST I S A

Lab0 28 “JEZJAEAELAUT —, WRREREIER, BRI 12 7.

1. f Lab0 TAEX ray/sh_testl Hd, &8 100 M1 H® filel~file100, i&fF
E—N2N changefile.sh H@iﬁl, WK HA 5T, LASEIE T4 bash changefile.sh,
ATLAMBRIZ N file7i~file100 it 30 MFHE, ¥ filedat~filevo it 30 M7
HEEA AN newfiledl~newfile70. [IFE: PRI changefile.sh [YIEAHYE]

BORIIRESRE NG, SESEsC IS EDRITT (file FARAE/R 1-12, newfile
TR A RN 41~55)

|-- sh_testl
I |-- filel
I |-- filel0
| |-- filell
I |-- filel2
I |-- file2
| |-- file3
I |-- file4
| |-- fileb
| |-- file6
| |-- file7
| |-— file8
I |-- file9
| |-- newfiled1
| |-- newfile4d?2
| |-- newfile43
| |-- newfiled4
| | -- newfile45b
| |-- newfile46
| |-- newfile4d7
I |-- newfile48
| | -- newfile49
| |-- newfile50
| |-- newfileb51
| |-- newfileb2
| |-- newfileb3
| |-- newfileb4
I |-- newfilebb

5 AR ARSI SR
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Lab0 28 =B EHE LT —8, ARURSEREIER], RIRIARAS 12 43

1. & Lab0 LAEXH ray/sh_test2 HET, fFEE— DA AEH search.sh X,
P AbsE, LASEEIEIT 74 bash search.sh file int result, A DALEY4HTHE NAEMN
result X, WAA file XH&H int FRABENTHE, MEAZITEH int FHF
%%gég‘ﬁ%—ﬁtﬂo [E_%E Xﬁﬁcﬁé\ bash search.sh file int result, file N result
ARG 44FR, int WOMEMEIETRH, A OA result U, NEKHEANAE
wi, DCRCH R/ NG A2

BORIIREORSEUS, result WU (—MERE—17):

39
123
134
147
344
395
446
471
735
908
1207
1422
1574
1801
1822
1924
1940
1984

B =S IR SR

Lab0 8 PUTE S EAE LA N, WAk e BER, BRI 26 43
1+ f£ Lab0 TAEXH] csc/code HE N, f#4£ fibo.cs main.c, HH' fibo.c A /)
[, A — PRI 2H modify.sh UM, HHANTE, LASLILET A4 bash modify.sh
fibo.c char int, AJLLK fibo.c FETAN char FAFERERCA int FRFH. EE: X
T4 bash modify.sh fibo.c char int, fibo.c A WL AL X4, char & int
A LARAE ZAF A PRSI modify.sh HIIERME, MARKEMBKE fibo.c MIEH
7]

2. Lab0 LAEIXI csc/code/fibo.c I FE)5 (bash modify.sh fibo.c char
int), A csc/Makefile fl csc/code/Makefile, #MEM Makefile Uff, HIRAE
csc HE Pt 4 make FJfE csc/code H3gH 4K fibo.ov main.o, fE csc HgH
AERRATPATC: fibo, FHIAMTS make clean 5 MR .o U [IERE: RNEEEM
fibo.h Al main.c CHFINAZL, XM ICHF fivo.c MAUEBMEIEMM fibo.c,
ATHATICH fibo MERERMIA— 1AL n(A\ stdin fIA n), A LUGH B IRRESIET n
W, B—W AT il n=5, #ith 1 1 2 3 5]

BRI A SO modify.sh B fibo.c, LI make M4 AT LA .0 X
PERIRTPATOCME, P74 make clean LM .o SCEFMHIER, EAREA fibo F.c Cff.
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ARSI S £ibo .o SR AR T,

I |-- Makefile
| |-- fibo.c

| |-- fibo.o

| |-- main.c

| |-- main.o

I - modify.sh
|-- fibo

|-- include

| “—- fibo.h
“—- Makefile

SEVURE make J5 U

| | -- Makefile
| |-- fibo.c

I |-- main.c

| “-- modify.sh
|-- fibo

|-- include

|  "-- fibo.h
“-- Makefile

VYA make clean 5 3 UF#
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CHAPTER 1

WA JE80F1 PRINTF

1.1 SRIGB/Y

L. MERAE RS f PR MIPS (AR5
2. FIRRAE R S E AR

3. EJ2 ELF SRS TRE

4. SEAK printk BREHIYRS

AT, FHEFEBFEE RS, f15 MOS #1F RFE AT LAUE R s Tk X —Ey
PR JEE 5 A 1] o

1.2 #BIERZRBI

1.2.1 GXemul {FE2E

TR BRI, AR — AL 2 TAR ISR SE e 75— 7T, B duas
WOCATAEREE 2 EARESE B EME . H T I, BN RAE EARAE s A/ T B
RV E BT ARG, R RIERS.

IRAAEBATHIERAE RS Se h,  BE B ARE PRAE MR L e 2 Al ATy 42>, W ARIIE GX-
emul B FAT RGO ELAS , ARSI LAY CPU SRR . EHIRYL, fEBERS
PREESIE, S AMAPERE Linux RS, PETLI AR E-F G2 GXemul 7 Hdt. S5
5 AR RZRISTE Linux FREEHUIER Makefile AL, @58 WYmie™ AT HPATCM,
JEEH] GXemul (FEAHSITIZAATICN, LI MOS #ERZRIZTT

Note 1.2.1 AERFEMEEITESCFRIE “Doot” o XTI bootstrap MAES , BEEEET
¥+ EBARF) o 2 BT IS IRAE R A G SN boot, THE T—PIESCHIAIE “pull oneself
up by one’s bootstraps”, ELIFKHEH H O H Ok, BIERRHINNTRE
IERXFE— R MG AR R AR A T TR, T4 W) _E R A, ik
WAE ERYEAE R E AR N A AT DR BB, R fe IR 25
PN B, B4 T —DRUUT LR, SRR SRR, )
AR N . BRI R B SR B CRR Rk — 1. AR TR IEX — A

38
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A ETHFE TORIRATRE 1. BT, TEdK “fR3h7 XSRS R “boot” .

FLSLARAE R GE N A B A0 5L B LK T SR 358 ) 2 AT e 35 B S v B S R R e N M
[ TRE, KT GXemul FHEAF RS G SIRALTE RIS 13 T —

1.2.2 GXemul FRIEENHRIE

BAERZE RS T IERERINERE. A, BT MOS #IERZH HirZAE GXemul
g BisfT, XA REN T . GXemul (7 AL FFEE NS ELF #NE,
AU, GXemul ELEML T bootloader HI515 (JA3)) TIfE. MOS ##{E RGN E A LEL
bootloader HIZIRE. £ MOS #4F RZEHFTH —FTARDHT, RATKEAMA T IEWHIRRFZ
FIERSE, AL HNE B T LLIE R G

GXemul SZRFINZ ELF NN, ArLASshftResl o s N 21N A7, Z IRk 2N
BEIAE, Fsel 7. XREER, ZArbAERIEA — PR RAE T GXemul A 527 H
e, A R O VB TAS REAERURELE B LA A5 BN A S8 bootloader THIX HIAR
MR AR DL 1o

1.3 Let’s hack the kernel!

R, BATETHAARITIBERANIN MOS #IERGENE T o X1, FAPE Gz
BN LIRS — 2 S LRI ThEE.

M AS R it (&

BRAUEA 1s OB FEA LRI, &R CFERA L, SR E
SEAFRREBAI T AT B RIEH, AR RA SO TN YE I R SO

AR FRATE WA AR R R, il Makefile.

FERKAE lab0 H, TR Makefile A T HIHI T ff. FIHIXT Makefile SUfFRINHY
HRANTEMRERGH AN TIE Makefileo ABZ, FRATHLAT LB YEX A SO R B A E
RGN RO T WA, Makefile AUAGURACHEAHBIE, S IRFRATIRACHD 2 anfm—
2 N AT P T SO o ARIS 1.3 R SRS f TUZ Y Makefile, 1L PR HATHE
BE T ARACIS PR Z 22 ARV o Ch T 7 (B ERAR , 4k T AR T — L83 8F)

1.3.1 Makefile

T2 Makefile

include include.mk

mos_elf = target/mos # WATEL KH ELF ¥ AT X
modules = 1lib init kern
objects = 1lib/*.0 \

init/init.o init/start.o \
kern/*.0 # & T FHE A R E AR XA
link_script := kernel.lds
gxemul_flags += -T -C R3000 -M 64
.PHONY: all $(modules) clean

all: $(mos_elf) # HAIHY “JLHKF
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$(mos_elf): $(modules) # WHA#BTES $@p) #EHTH BHAT XM
$(LD) -o $(mos_elf) -N -T $(link_script) $(objects)

$(modules): # HNENT B FKIHFT make
$(MAKE) --directory=$@

clean:
for d in $(modules); do \
$(MAKE) --directory=$$d clean; \
done; \
rm -rf *.0 *~ $(mos_elf)

run:
gxemul $(gxemul_flags) $(mos_elf)

UARARART AT $f Makefile HUTE, (UUFEAH lab0 UM HLRTARIGHIAIR, RIREEA
JELMI B P 55X 1 Makefileo ANMMFFE, HADPR—AT—1THMEEE. 1£ 2 - 7 F7al LI 2
FATABRIMAMEAF S, e Makefile WA E SUBEA], ENTE L T &NFHIA HF4
modules~ HZE M AZ AT T SR B /2 mos_elf F11 linker script HIN B, Hi | HmfEE
FERAT AR 5372 modules Fil objectso modules *E X T WAZATEL & HIFT A, objects
7N B Y X BT BT AR SR (%.0) o 4 2] 5 AT RIRMTAEX —ATI0A 45
N ATHIA BN TR R XN E W] DB B R T RIAR Y AR 2 AT, (il
s HA R B

Note 1.3.1 linker script &M TH8 SN . o SCHFFEEE RN H AR AT T SCHF B BIAS o
.0 X linker script 2N A RNTELE NHE /N MBI PHHE, KX B R EAE X L
SR SR A% I DB ST o

10 ATHY . PHONY KEHSIAEHE 1T H IR AN SZAE IS R A2 5R .t dd, — EZANIBER A,
e make T HAwiFEM A RN RIBAINIEDT, TORMBOIFREHIES, —ERIEERIIT.

12 AT all XA B a11 MFRBEDTH , db AT LARNE, M IiH
PRI AR IF AR T IT S $(mos_elf) « ARA $(mos_elf) SEUMMTHANAIIE ? SEAERY 14
FIELT, $(mos_elf) WIMERAKHIT A AR M ARBG, KIITH 15 7RI
LHTEE $(mos_elf) o FATATLAEER], 5 15 171 1SRRI 2 A A B = A (T A o
SCPEAE linker script B8-S MRS, FERAN mos FIPITIC T 28 17 17 3L TR
SRR AL T 5 v RO BB H S N Y Makefileo f/iff) 20 2 24 177 ST Qa2 AT A
PR A SCHE

Note 1.3.2 —MFfEE Makefile I, SJHPGE— MG &0 all, Wt @&EE N TH
FIRE . IR make MHEATEEHIR, make 2 HHPUTHE A HIR, FrLAE a1l ffE
B ANEFFOAE L, ATLUEE make M BRAEBATNE , BANITH.

BENXE, A AREER, OEGFaS AT ccv LD MAKE %548t (HZFRATEL
T MR A E SR . AR AGXANAE i E SUEEHRE 2

BATERE 1 /7H % include fid. HFR, XN TUEN Makefile b5 H T HALRIARTY,
IRIBRERIXA S, B3 RSO ARS8 107w

include.mk
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CROSS_COMPILE := mips-linux-gnu-
cC := $(CROSS_COMPILE)gcc
CFLAGS += --std=gnu99 -EL -G 0 -mno-abicalls -fno-pic \

-ffreestanding -fno-stack-protector -fno-builtin \
-Wa,-xgot -Wall -mxgot -mfp32 -march=r3000

LD := $(CROSS_COMPILE)1d

LDFLAGS += -EL -G O -static -n -nostdlib --fatal-warnings

JERFRATTH) LD 7 E%ELE/‘%XEXE’J (EE MAKE /- Makefile EP?ﬁ‘EXE’J i, A2
BATE L) - o IXHM
CROSS_COMPILE %E%%iﬁxﬂ%ﬂ%H@%i%%%%ﬂ%%%%%lﬁﬁ@ IS i%wﬁa/‘léﬁw i 2R
frE. Flan, ERNBIELIEIE T, LD S HAIEEHATE “nips-linux-gnu-1d”. B
AR, AT AT R M R E 58 S i P Y TR

@Hﬁ, BATH T KRB ESR 152 Makefile HIJTVA T o 3 TISH make HYLIRER LIRS A
B o WLAREMH—T make cleans

AT make 7%, WIRMCEEW, WA target HE NAKNEZEL S mos.

Bn, ETEREEE—F SER AR T A H S AL AN ) BB

o MHZE TIAFAE kernel.lds X~ linker script U, FATEAE T E/NT IR

o init HFEPFEEEW MUY start.s Al init.c, HEARWBHNZ. start.s
Y _start BREGE CPU MR R 4 NG TRATRISE — D ekl T2 TR
Bt CPU Mitktast, N NGt s, Bk S init.c U E LY
mips_init PAEL. fEARFH mips_init RECURMEIRANFTEN M H, A2 5 R SLE 4
BALURIFTHINAZIIRE, AR SR B R IR A0 R BT > A5 AR

o include H>FHFRUARGEL UM AR R 2 EIAY K SCHF 2 mmu. b SCHF, XA S0P
Ak N RIE, BAEIES linker script H B TR ZEHRARIX A RSB R Y 2
Hoht

o lib FSRAFHC L% R RAL, AE SO TR U A e A pR 2L
o kern FISEHFRIARL B EMACHD, AT b 32 A7 A0 2 HH AR SR A BR 2K
o tests FSRAFMATTHYII A, FATEREF TR 2 HEE.

1.3.2 ELF—RABR=RRmFSiEE

FAVRIE AR S BT i MG B B, A RERL BSE R AT I AT SR IB T AE
G B, HECCIRRNE R RS, MR BRI, AR RATEL -c SiIFIEITA K
.0 CHFe FR1M, T e R P A A R ARTIE, BRSO P AR S & 89 B ARtk
R FEREREITEL, SRR I I A BRSO A ke, RIS BRI S E B,
JE A AT AT S0

Thinking 1.1 37 B BEM 5% AR R e R, 2020 M I SE IR BRI P Y JR AR <86 T
5% (gces 1ds readelf. objdump %5) Fl MIPS 38 X 4wi¥ L HE4% (A mips-linux-gnu-

BIZ%) , EEHPRGFEMMEITERE, WEMMEER, FMBEHEFH objdump FAKZS
RS Lo n

FOR, FATRMBATETT N I LS SR S BIR3EIR? &5
FETAE B SR ZE R o A2 BARSCHEA, 305 T AU & BURY RS B SRRl X 25 5
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Kot BAR U #EREE]—k . 1 ELF(Executable and Linkable Format) 1A Unix b3 HA—F
HFR SO HSE, AMUGE HARSCH, AT 2 ELF #8085/ X — Sl
ELF HJ&FRIAT LIG Hik.

N TR T R ELF S0, T 3RAFR 2 SRR B I DI RE LA g 2o

ELF & —F T RT3 ARSI ZERT SO L. ELF #5022 UNIX RS0
Z/F} ABI(Application Binary Interface) MFFEFIAAM, MR DL Linux N AIFRER
KT o BRMNMEZATEEAENITR .o SXHHE ELF Fral & i =Fp SO 28 b i —Fp, FRONATE
JEL (relocatable) X, HEMFI TSI 3 EFTHAT (executable) SCAFFIEEZERTE (shared
object) S, IXMRR S ERFR B E N ] HE GO T AL BEA BE A

RATLMER] file 4 KARMS SCIFRIZEAL, 40N s :

git@21xxxxxx:~/test$ file a.o

git@21xxxxxx:~/test$ file a.out

git@21xxxxxx:~/test$ file a.so

M2, MaAMRFHANaLEER, T

i

A8, ELF SCHFHERS AT AR TEE?
E113 T ELF SO 451 -

A EERERY TS AJHRITHIER
ELF 3k HORER
Eg kR
bl 124
TkE
RS

K 1.1: ELF 454

Wi EEFRATAT LARIIE, ELF U ARk ELE 5 N ERs
1. ELF X%, BERFHEAFE, HIMKRGHMEBRIERS, RN EE 7 LR MBEL#E
PSSR A R (offset) o

2. BELE (EFEFF L3, program header table), FEASGTEFH S TEL (segment) HIEE,
Br(E B S E s T 2 A .

3. T3L3 (section header table), FEASTEFFENTT (section) HMERE, TTHIEERE
TEFE 13 A4 B2 T A ( A
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4. BRI, G0 DB ERA NI B BARALESE, 0 T TR SR
RPN & RIE L

5. TR A I, 0% D TRFIABE. BiEBESE BN, TRk
RS A TR A B

MEEELL, FATAT LRI, BORSRRITT LG 10 TRy, XERE W FUR e L
FEETPIRLA -

1 AT EERSM, 25 PAT SO I AT LSS0 i ik . I Sk 3k
2. ARATRAT SR ECE AT SR 230, AT O I R AE B Ui BEL 2R

BANCE T T ELF X REEEHLMEN IRE, IE, RNFERZMIECEHHTF, W
BE—ME S AR 32-bit little-endian ELF SCHFRIMFATRESY, A5 SE i A0S, R T #% ELF X
BT B PENEERE o

N7 REBR R AT, FRATEXIX AT P M) = A SR ER S A — N R, i
D135 tools/readelf HF, i elf.h iXMSLICMF, 454 N7, (140 b g
FERE, ANEE R . MRS EREELE tools/readelf/elf.h SU{F:

/F XUEHHHZSMRERAEL, EREHE +/
/* The ELF file header. This appears at the start of every ELF file. */
/* ELF XARH X tEk. FTAW ELF XU UL RIE */
#define EI_NIDENT (16)
typedef struct {
unsigned char  e_ident[EI_NIDENT]; /* Magic number and other info */
// B A R A R
E1f32_Half e_type; /* Object file type */
s 3
E1£f32_Half e_machine; /* Architecture */
/7 MR
E1£32_Word e_version; /* Object file version */
7/ XERA
E1f32_Addr e_entry; /* Entry point virtual address */
// NU R RE
E1f32_0ff e_phoff; /* Program header table file offset */
/7 BB KARPTAE AL 5 Mo X M 3k oy e 2
E1£32_0ff e_shoff; /* Section header table file offset */
/7 FRFRPTAEAL5 Me SUE K R B
E1£32_Word e_flags; /* Processor-spectific flags */
// T AL 3R 28 B AR T,
E1£f32_Half e_ehsize; /* ELF header size in bytes */
// ELF XARKo kAN (B4 FF)
E1£32_Half e_phentsize; /* Program header table entry size */
/7 BFRFANT RN
E1£32_Half e_phnum; /* Program header table entry count */
/B REANT K
E1£32_Half e_shentsize; /* Section header table entry size */
/7 FRFAT KA
E1£32_Half e_shnum; /* Section header table entry count */
/7 FRFRANOHK
E1£32_Half e_shstrndx; /* Section header string table index */
/S NRTFRERT
} E1£32_Ehdr;
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typedef struct {
// section name
E1£f32_Word sh_name;
// section type
E1£32_Word sh_type;
// section flags
E1£32_Word sh_flags;
// section addr
E1£f32_Addr sh_addr;
// offset from elf head of this entry
E1f32_0ff sh_offset;
// byte size of this section
E1£f32_Word sh_size;
// link
E1£f32_Word sh_link;
// extra info
E1£32_Word sh_info;
// alignment
E1£32_Word sh_addralign;
// entry size
E1£f32_Word sh_entsize;

} E1£32_Shdr;

typedef struct {
// segment type
E1£32_Word p_type;
// offset from elf file head of this entry
E1£f32_0ff p_offset;
// virtual addr of this segment
E1£32_Addr p_vaddr;
// physical addr, in linuz, this value is meanless and has same value of p_vaddr
E1£32_Addr p_paddr;
// file size of this segment
E1£32_Word p_filesz;
// memory size of this segment
E1£32_Word p_memsz;
// segment flag
E1£f32_Word p_flags;
// alignment
E1£32_Word p_align;
} E1£32_Phdr;

WL AR AT LU, Ok ELF BYSCHESL, B 75T ELF USRS IR
B, @itk e T ELF RYRERL, LASRIEXE— AR ELF . 3 ATHAE 7 X2 ELF 3
2 Ja, (EAT ALlE ELF Sk tIE 8, 3 — gt ELF U 1. £E ELF Sk, 4247
LRI, XA ARETE? ki, X binary N ELF IS0kl shoff
IO, H24 vinary + shoff RI A7 LIS —Iiny kit

€32 tools/readelf H>% FHY elf.h. readelf.c fl main.c 3CfF, FH4b4

readelf.c FE/DHIAIS. readelf BREIFEHMIN ELF U AT L AIHbIEE R, X
TRk, W= "%d:oxkx\n", HHH] %d F %x 5 AHFE TS FAHbE

IEHISER readelf.c ZJ&, 7 tools/readelf HE FHAT make 4, R A:plm

PATM readelf, B HIEANSEL, X ELF SUHHEATAENT o 7T LAIAT make hello
A A ELF SCHF hello, SAJFIZAT . /readelf hello KM readelf.
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Note 1.3.3 1HPiE E1£32_Shdr X EEHIARIE Yo
WSk T3 SE BT SRR/, BEJE DAR I SR — Sk Fe gt (RP =k
FKE T HbHE) AFERhE ) RSB INE 245 Sk 1tk

WIENIA S, ERCEX ELF SR TR 7. R REARHE— 25 T
ELF R HEZHER, AERXDTIHECEERF TN T EFRMERGST 1.1 i
Hr AT TS readelf JERRELEITING, WURA/NLIRICHT”. /7, REHF AL
M2 FIH T — S B E R, X2 oA — i TRAHR At TR
24K readelf, EHIHEE readelf [option(s)] <elf-file(s)>, H KM — A& 21
ELF SCHFAME Bo FRATTAT LA & ATk 72 ) on BRLE (5 Bo N, FRATHAT readelf -S
hello & )&, hello SCHFHI AT I EEANE B LA R I TE SO BRATE R oK o FRATTAT LA
readelf L ESRIGIEIRATH CE MRS M readelf fitH MR 24 I, B LAMEH readelf
-—help A EZ A& MIEHUSLHXS ELF SCHERIRAT 720, AT T A3 AR T 15 S

« »
command not found ,

Thinking 1.2 B T iR[A#:

o EREHIRNIIME R readelf &), T HILE target H¥ FAEMBINEZ ELF X
&

o WIFRESKIMENIIME ] readelt /T RNREMAT readelt THFARGHY, THFRATN
ANHANRGE TH readelf WA LUENT, X2t 2We? (F7R: i/l readelf
-h, FIHE tools/readelf H FHY Makefile, M%S readelf 5 hello HIAIH)

ZM, AT Labl £ MNECET, FZ0T URERE, AR E 2 A E

IAE, FRATARSE IR TS L

PR AL LN ZAE ELF M2, #07ESRSARIN AT R, A7 HARE
ELF 2B AR N A, JF BT, TSRO BRI A Bl BB AERR
KT PATELIE PRI B 2 (Ao AEDE 258 B w i ELF B9 IS, 0% A i SC56 b an e
U R T AR S R E RS ELF A& S0, A% 1 ## GXemul 7] LLIZAT ELF U A%
ELF AWM MECEIREEEE, BB 07, RANZATE&2380d .

WHK%%%#T, FHATZRIAT hello world FEFFHYESNBERKAT AFET - readelf T.E
LT EHENT H ELF SCPRRIAZS, X BIRATE BRI RATIEF . EERANMEM -1 240
KREFSDTBAER.

E1f XA % EXEC (F#HATXH)

A ¥ 0x400e6e
*£H 5 MEFL, FHETREE 64

Bk

Type Offset VirtAddr PhysAddr
FileSiz MemSiz Flags Align

LOAD 0x0000000000000000 0x0000000000400000 0x0000000000400000
0x00000000000b33c0 0x00000000000b33cO R E 200000

LOAD 0x00000000000b4000 0x00000000006b4000 0x00000000006b4000
0x0000000000001cd0 0x0000000000003£48 RW 200000

NOTE 0x0000000000000158 0x0000000000400158 0x0000000000400158
0x0000000000000044 0x0000000000000044 R 4

TLS 0x00000000000b4000 0x00000000006b4000 0x00000000006H4000
0x0000000000000020 0x0000000000000050 R 8
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GNU_STACK 0x0000000000000000 0x0000000000000000 0x0000000000000000
0x0000000000000000 0x0000000000000000 RW 10

Section to Segment mapping:

B ..
00 .note.ABI-tag .note.gnu.build-id .rela.plt .init .plt .text
__libc_freeres_fn __libc_thread_freeres_fn .fini .rodata __libc_subfreeres
__libc_atexit __libc_thread_subfreeres .eh_frame .gcc_except_table

01 .tdata .init_array .fini_array .jcr .data.rel.ro .got .got.plt .data
.bss __libc_freeres_ptrs

02 .note.ABI-tag .note.gnu.build-id

03 .tdata .tbss

04

XL FRATH T ERTEX AL 0ffset FIZBL (segment) HIEHHAXT T
ELF SCHF IS o« VirtAddr AFZBERA T ERONEE N MIE . Filesiz MBI
BARAE S P K o MemSiz RFZBIEERAENAZ BT Y I R/Ne K NJTH Section to
Segment mapping ENETBEESAT.

Note 1.3.4 MemSiz /KIZEKTZET FileSiz. # MemSiz KT FileSiz, WIHAERGE
INERE R R, & BB S0 T s BRI BB XN B R VirtAddr 4. ZJ5, HNAE
HIH 0, HEIZBAENGF N K/NEE] MenSiz A1k AFA N4 MenSiz AFES KT
FileSiz WE? XHZEXM—NHITF: CIHF PAMMIH2RE R, RINFENHSEA
7, ABE AT ER IR E R . B, P Ul e w5 ANE
(MemSiz), (HAESCHFPAIBCAMEMAESE (RN EHATEMIGA SR ELDE) . #ImAEX
MIELT, MemSiz KT FileSizo XWMFRET, Nt 4 CHEFTRELRSARIME
0o XA NEAE RGAL MBI A ARG R 2R AT S NS T 0.

virthddr RFRAVINHEERMN. BT EOFE, ROEAEEN, CXemul (72N
BN B, RHPIRE—TTHET AR PRI, A3 TPRERAS SRS
BEHRLACE. 64 CPU MRAIRSCA M. IRRATARITAL AR R, RATHIP
Bl R AERERIEAT, A0, RERAVAESEREMEE EROIEE, R0 MEMEI%
AUET R,

BHFE, RATUEIT LA EEN .

1. AP AMCERIALE > BURCHOLE A Y ER.

2. BB MAEIIR L AL AR R R ELF PR, BB 4 RERA e 2
FERE TR, TRITH— A SR P A

1.3.3 MIPS REME—FHKAZNERVE

AEIX T, FRATIRMRICT P AZ B 2 A5 R R ) ]t

PR Hp A A k5 A P 2% B0 OE B AT B 2R U5 AF M AR AN IR Y, AR ) ik —
MEFRVEERIME (virtual address). #2FFHE (program address) D& ZERIE, TALFEEE
RAF DB Ui A7 MR FR A B RBIE (physical address) o JX Rl A 4l ok — N TEAL
PRES AT MMU (Memory Management Unit) HUBECRREERSE . 430 RE40l bt A4 pk T R $0L
bz B, 6T 32 frAbERAgy, MEfAHbhE AR H N— N 4 GB.

ARSI, MIPS R RS eI 2= [0 K/ A 4 GB, FHHHUE TIX 4 GB A 474
5%o AE MIPS (R RZ5HH, MEAHbIEZS (Bl 4RI 4 AR IX3EL, & 1.2f7R .

A RS, X YA DR L
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1 GB kseg2
< 0xCO000000

512 MB { ksegl
< 0xA0000000

512 MB { kseg0
< 0x80000000

2GB kuseg
< 0x00000000

& 1.2: MIPS WEA &

—_

. kuseg 0x00000000-0x7FFFFFFF(2 GB): X Bt H A48 FHE—rl H A== i) (RAZAS
N A BehE A E]) , K/ 2 GB, i@ MIPS 29 ERIHI N 725 ] FREiisd
MMU (Memory Management Unit) H1H TLB BE{T UL EI P78 M bk 125 . 0 BR
Huhk B AR S T cache.

. kseg0 0x80000000-0x9FFFFFFF(512 MB): iX—Br&NZA Nl fHHbE, MMU ik
M AIER (& OxTHHEER) S 2 EHbIE T U5 7. a2, B Rl b b i 4k
H s S P BB HE GG 512 MB 2 [H]o XX BEE YIRS 183 caches

3. ksegl 0xA0000000-0xBFFFFFFF(512 MB): 5 kseg0 25, X BrHbhkth & NAZAS R AT 1Y

Mokt MMU ¥ REAUIEA & =382 (& oxtffeffes) G2 AL T 77, XB

JRE AV Tt 4 32 6 b o B B P B BE (4G 512 MB &S [R] e (R XX BE U 1 A7 BOR 8 5k

cache, fEAFAERXBHENE L MMIO (Memory-Mapped 1/0) FARK S [A]7hixo

. kseg2 0xC0000000-0xFFFFFFFF(1 GB): X Bthihl HABAEANAZAS (T Hif s MMU
TLB 4 R 45 My sk . 6 BEsbhk i 7 BUE 22 85T cache.

MMU Fi 88 E R G T EE T, FIHARANZR, RATARRIEHFRE ST MMU #
F i REFL i HE 23 [R] o GXAE A AZ 5k H BETE ksegO 5K ksegl T o 1M ksegl AAZLT cache Y, —fft
K, FIAH MMIO 5[ AMERS A 2 H H kseglo FIILFRATIEMZN text. .data. .bss BT
TE] kseg0 H1o 2T _ECHER ksegO FE cache ARG ETAREM A, (HX BLIATSOE A LE
kseg0 B, XiERAERSLM ARG, 18171 ksegl HIY bootloader FEFH A NIZHTZ AT cache
WA TAE.

ff include/mmu.h BTN MOS #AERFENZ TR N AR RIE (RI51.3.307R), H
" KERNBASE /& W AZ R4 A2 I HE DLt ik

[\

>~

include/mmu.h P AEAT R A
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2 0 4G ——————mm- > b Fmmmmm e 02100000000

3 o / | kseg2

4 0 KSEG2 ~— -—-—- > e e 02c000 0000

5 o / Devices | ksegl

6 0 KSEGI ~— -—-—- > e e 02a000 0000

7 o / Invalid Memory I /I

8 0 e e e Physical Memory Maz
9 0 / S | kseg0

10 0 KSTACKTOP-~-~- > A e 028040 0000------- end
11 0 / Kernel Stack / | KSTKSIZE /1
12 o Pemmememososessee s se oo S ) e /
13 0 / Kernel Text / / PDMAP
14 0 KERNBASE ----- > Fmmmm [ m 028001 0000 |
15 o / Ezception Entry I \l/ \1/
16 0 ULIM - > e Fmmmm e 028000 0000-------
17 0 / User VPT / PDMAP /1N
18 0 UVPT - > e e 0z7fcO 0000

19 o / pages / PDMAP

20 0 UPAGES — ---—- > e 0z7f80 0000 |

21 o / envs / PDMAP /
22 o UTOP,UENVS — ----- > e e 0T7f40 0000 |
23 o UXSTACKTOP -/ / user exception stack |/ BY2PG /
24 0 o Fmmmm e 0z7f3f F000 |
25 0 / / BY2PG /
26 0 USTACKTOP ~===5> #=====mm=mmmmmmmmmmm e e 0z7f3f €000 |
27 0 / normal user stack / BY2PG /
28 0 e Fmmmmmm e 0z7f3f 4000 |
29 a / / /
30 @ CerrC oo Ore D CE SO CEEEHORE /
31 a /
32 a kuseg
33 a . /
34 a [[eremomsnmamsaosamsmmmnmmEDm / /
35 a / / /
36 0 UTEXT — ----- > e e 020040 0000 |
37 0 / reserved for COW / BY2PG /
38 0 veow  ---—- > o Fmmmm e 0003f F000 |
39 0 |  reversed for temporary [ BY2PG /
40 0 UTEMP  ————- > o Fommmmm e 0z003f €000 |
41 o / invalid memory / \1/
42 a O) c=mmomsosses I I P ComccocooooooaooTTeooooooon
43 0

44 */

1.3.4 Linker Script E b ES gkl

R T NERIESMES, ROTAHEEIMELLAZBOMEEIE R AT LA T« ZRIE>
Br ELF SCHFRS AT BRI, SRiFEasfed il ELF SCHRTEE B 21058 1415 Fr s Zai in gk 2 1
g [N, FATHWEI, HAMTHATIO L0 L2 haEedn AN (B2 B0t
TR ATIPATICN) o I, FRATTATRREML, Wi il a s n sk f2

BRIk, FATMEGIA—MHET MR T . Linker Scripto SEEAFINBTE MRS BERE AR 1Y
A TR (3R — A A R[] 5 /9 ABI(Application Binary Interface) #3AN—7+F, [EREHCA
RESG INBE R R I, 15 E REN & D AR & & AT AT SO 2 T2, #iA T Linker
Scripto Linker Script HHiCsk T8 17 BOZ AN i 2 B, LA B IZ#omak 2 A .
A A4 FT LA Y BRI RO BERRIAAS (T LIAE B S RIS E2alix— i

48
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1d --verbose

XH, FATEANTE R KT ELF XA (section) BB . fEREEREF, HARSCH#H
BRCTHIES, AT SLIORIR S TTHL W imid, 1905 T ERE R AR i Te 22 iy
VEAFE . HPE N EEN =T texty datas .bss. X=DTHESUEMMEERA

text PRAFATPASTSCHFIHRAERE & o
.data PRAF EAIAIC Y4 RS AT A AL o
.bss PRAFARMIIAI I 2 R AL AT AL

DA ERFA S B LS, XERNPRME— L5, HONHE — A THEAE. 2
JR BRI AR SR R AR IR AT F ik ) ARAS (CAnARA51.3.4 7R )« MRHIEIT4ERS ELF X
HEHIIESER . texts .data fl.bss TIHFIRAGEZEIHIR R

FIT4ar 25T ok R

#include <stdio.h>

char msg[]="Hello World!\n";
int count;

int main()

{
printf ("%X\n",msg) ;
printf ("%X\n",&count) ;
printf ("%X\n",main) ;
return O;

}

AR AT BRI AT

user@debian ~/Desktop $ ./program
80D4188
80D60A0
8048AAC

HNIHEH ELF XHFHICF S D TAARGEE O 7T RIHER, XEARE AL
[H55) o

*£H 29 Mk, MEHE 0x9c258 Fih !

Wk
[Nr] Name Type Addr 0ff  Size ES Flg Lk Inf Al
[ 4] .text PROGBITS 08048140 000140 0620e4 00 AX O 0 16
[22] .data PROGBITS 080d4180 08b180 000£20 00 WA 0O 0 32
[23] .bss NOBITS 080d50c0 08c0a0 00136c 00 WA O O 64

XML, AT T LAEW RIS . text BT AHITXHFHIRE, .data BETEER
MBELHNERTENRSTE, M.vss B TAVNBELNERTENHSTE

IOk, FATE Linker Script SRE GRS I E . IXH, FATEH GNU LD H 7 #
BsoRs B, B SEREARRS A R TR

YEAFBGS Lisfy, SRS A ENER
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SECTIONS

{
. = 0x10000;
.text : { *(.text) }
. = 0x8000000;

.data : { *(.data) }
s : { *(.bss) }
}

Eﬁﬁﬂﬁ”%*Aﬁﬁﬁ%ﬁ$ﬂ%ﬂnﬁﬁ , EAR R A/ NMER /£ SECTIONS
TG, BIER 0o EIEE .7 R ERE PRI TR GHhE. %" 2—E
BeAF, DCRCATA MR T o B < bss: {*(.bss)} FREFTAEMASEFN bss 11 (Fill
M. bss) BEOMENHIHIET . bss T (5381 . bss) o AT REMSmIHET XA TEH, M
DA TR BRI ), FRATTR R Y SEE AR 4 an

char msg[]="Hello World!\n";
int count;

int main()
{
return O;

}
iR, AR AT N

user@debian ~/Desktop $ gcc -o test test.c -T test.lds -nostdlib -m32
user@debian ~/Desktop $ readelf -S test

FH 11 Ak, WMEHE ox2164 Fib

Ak
[Nr] Name Type Addr 0ff Size ES Flg Lk Inf Al
[ 2] .text PROGBITS 00010000 001000 000018 00 AX O O 1
[ 6] .data PROGBITS 08000000 002000 00000e 00 WA O O 1
[ 6] .bss NOBITS 08000010 00200e 000004 00 WA O O 4

ATLVER], (e T 3RATA E LA Linker Script UG, A REFH, &1 AL E b
TREE T AV E Mkl o BO= AT A&, wE’JﬂﬁhﬂEﬂ%‘T, A A B kA
SARR B R . b, FRATEE TR T U Linker Script #EH& T HEMAE HI AL B .

Note 1.3.5 EIEANAARE, F2ANINIZER T . text T ATMEMEE T | . data 1. bss
HEBEEMHEERT . R0 LRSS — T 4B X 4%HE. data F.bss. & Linker
Script X gmEERT “=" PR ASHEHE

5 kernel.lds HZEAIFS, f£ Labl W, HFFEIE4} . text. .data
fl.bss 7, AR EMAAE ERITT .

PN — 0 R TR IS B RR e AT AE T U831 T o fﬂi}?ﬁh T — 482 B HEFR A O
Hihlk (entrypoint) o FATHYSZEGHLAE kernel.lds Hil wmwsmn)%uﬁﬁﬁAmﬁ

_starto
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Thinking 1.3 FEEURTR FIRAT T AEE], MIPS MR RE5H_EHERT, f5 3 A Ol 0xBFC00000
(HS2EEh A O b @RI ARSI E R, 2 EE, AR &X Mk, E
—EAEE L), (A E RE R A D IFATUE LRSSk, T 24%
WA RECE . B35 AT 20X ORI A IE RECRIE N AZ N 1 4 1E i ke 21

(Fon: B2 SLIG i St B BT B I Be 43 Bl B R AT ) n

1.4 MEH®EEE MOS

1.4.1 M make Fif

TERTTA 2R, IROINET WIS FoNITFERITHRTE, ARG TR, A RefRE
AT MOS WHZ .

AR, BATE SR, FERSFr A nake, I make 5, HEARKRE A T 4AWR? (LR
AT TP R T T B0 T IR TSE5 Y Makefile, FUELEFRATRATANN B Makefile [
A2,

all: $(mos_elf)

$(mos_elf): $(modules)
$(LD) -o $(mos_elf) -N -T $(link_script) $(objects)

$ (modules) :
$(MAKE) --directory=$@

EFEH B IAT make /5, make STFIAMAEE Makefile HHIZE— P HIR a11, XHTEEH
a1l HARAURIIT, WalE $(mos_elf), F/ESITIAMIE $(mos_elf) HYMKHIIL, Hialiid
$ (modules) T HEo

FEJETHA $ (modules) H1HY HARE LHIECTT H , ANEAEMKHIT, FrLL make JFAGTRATHD
J7, X $(modules) HFINEANHEHIT—IX $(MAKE) --directory=$@. iXH [ $e S#JEITH
METHRI AR, X B $(nodules) FIUMEELA ) W kern 5.

KR, FAMEER] TIZA make[1]: Entering directory '/home/git/xxxxxxxx/init'
s, ORI TAEE S, M $(MAKE) --directory=$e WIITRUR S T2 PHks itk H
S make & —EHI3.

FESE T A $(modules) HARKIMIET , FFUATIT mos BIHIE . HT mos HMKIHIIFRATE
AT T I EARFEA AT AT IX AT T $(LD) -o $(mos_elf) -N -T $(link_script)
$(objects)

HooE $(D), XHERATAM 7 HEHeas. XHRMEMM-0o -T 24, "TLMEM 1d --help
BEEZENG L XA IEMZ, M $(1ink_script) ¥ $(objects) #EHE, #ithF|
$ (mos_elf) VI 'H.

ZUY, AT R AER T, FRATATLME $(mos_elf) FEFRRIFRATAINZIMT
XA VE T LU A dr%, s 7 RATNAZ T .

2RI $C. .. WA RRIY I LE Makefile MHARHIY include.mk FFIEE]

SFFEAEHFENFR Makefile, JRFEKEUHE, XFEAHIR, CHWEAERBEIN, HHRATHERHE
TR RS

HX BEPGEI TR SRS, WTLE include.mk FEAIAIEH EEEAS AL B
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1.4. AWEIFEHE MOS CHAPTER 1. WN#. B&#)4= PRINTF

Note 1.4.1 FiXH | FRAIEX—T LR H S — DR T LIS RIRE T NERA
CIAEBRERE 2 LEFRATT M LB —F AT A I A= i o FROTEME AR $(1ink_script)
RAERBINZ . (FHMEE kernel.lds XM, HATSEIMAEH DA ENTRY (_start) X
—fT, FMENEIMAL T . 84 _start BAERAAWE? IRATSAEFHE/NEAH.

1.4.2 _start eBHl
PR T LEAF MR 25, ATHKA _start BEL, NHEZE _start BEMINHE, FATE
AT o
EXPORT(_start)
.set at
.set reorder

/% disable interrupts */
mtcO zero, CPO_STATUS

/* hint: you can reference the memory layout in include/mmu.h */
/* set up the kernel stack */
/% Exzercise 1.2: Your code here. (1/2) */

/* jump to mips_init */
/* Ezercise 1.2: Your code here. (2/2) */

EIGRE _start BRAAYAM], BHJS 2. 3 1710 set VL diar(ti] at Arfrdr, tLAniFifss
ORBASEATERRY, 28 5 AT25H 7M.

TR ERNHE AR LR EE R 7o ANTEE K sp Flrmt BRI
AAE E, FEEBE S nips_init AL WAL LA include/mmu.h HAEE]
R ARER, ETERRAIEIT R AR, JATHES 7T C BSR4
PR, L, BERRMTAEM AT LIS C RBEARSEK 7o FTLh, £ _start MIEJE, FATHA C
MM ERE, EXBEANER C HEF D

560K init/start.S HESERAGERSY . REMKISE, PR nips_init HEL
HUT gxemul -E testmips -C R3000 -M 64 target/mos i&/T{HE , HH' target/mos

R AN ELF S5 O8I 2.
TEFRAT LG H, AT LAH A4 make run KiZfT GXemul, 3ffifH#4 make dbg

VWL N IZE T GXemulo

Note 1.4.2 mips_init BEUEAN CIEEINE, HEAMMIERILmZIE, HAN N

A — 5o

mips_init BREEAF 20752 FATEE ALENZEARIAEEN nips_init BREUNTE? 2
AT SR P eR A 2 grep 2, BATTLAE init/init.c HEM mips_init
L

= o

AV fer i, 2t jal 8§ FEPbETR B2 AT XS At At
WO A IR SR S T eR A o FESERRI , fEikdR 20 BAR SR I AF S B TR L, L
R4 P B HBRESR 1) IE A A BR AR, AT SIS SCHE A RSO T, DRI SR TAEAR A mp o R AR SOt

L5
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1.5. S8 PRINTK CHAPTER 1. W#%. & #i#= PRINTF

1.5 SEEL printk

TRTIRAZWNEE, ORI T, NP LI printk % {E-FRHH
M, PRATRESETY printf BREUE HIES ASRRAEN, HIARE, printf 2802 H C HE IR
TEFERRAER) . T C 155 RIVRIE R S A E R A BT FTLL, SR L HE R R
e, ATRS K, TAVKRET C IBSFIRMEERN R OFEMBINILPIra AR, &85
EIRATH CRLI.

ST N AZ AN B & S 32 LA N =30 kern/printk.c,lib/print.c
F1 kern/console.co

EIRRFZISENHTRE NG T

1. kern/console.c: X/ MTEAE GXemul E@?ﬁ%ﬂéﬁ‘ﬁhﬂ?f@, H PR F— M
PRAT A7

2. kern/printk.c: WICHFHY, BT printk, HHFTHAY, bR IR0 H R AR,
BN SR EHL T vprintfmt JX A%

3. lib/print.c: WEICHFH, SCILT vprintfmt oRAL, HSCHL T A& I0H 09 TRIZ 5

FE N TET R, AT AR — R XL S Z AR 5K R o
kern/printk.c WO ST IRATTHY printk PRI T%émﬂ)@é’?iﬁitﬂUEfm, XA REOFA E
i, BRI B SE, DI outputk BREUREHME A vprintfmt XA .
void printk(const char *fmt, ...) {
va_list ap;
va_start(ap, fmt);
vprintfmt (outputk, NULL, fmt, ap);

va_end(ap) ;

}

[FE“2 TR REXT va_list, va_start, va_end iX =/ iEH) LA BRELSE P =4 s LA PE A=
M, BAVEA printk BT AT DUA I HEH — 4708 AT DL— 0 i 2 48 e
Wg? SLbp b, X2 C BT R ERSHIITT, B PRERANE RN H— N ERSEWIEN Ty
Yz‘o

RIS YE, YRS I R KRB B S, ZRBAIALERKSER. BTREEMNELK
ZHERIRIGN S, RAFESAZV—MEESE, HARKSEIIHESZ RN KR

stdarg.h Sk AL FRAE K SH0FRE T — AR e 2R R

1. va_list, §E$%é%§ﬁ%§5@§25%§§ﬂﬁ;

2. va_start(va_list ap, lastarg), H THIAHARKSEERNE;
va_arg(va_list ap, %), FITHEKEHNEF— 250 %,

4. va_end(va_list ap), &R HARKSEEELNZZ.

T AR SR BN AR K SHERTT, TR 2RI va_list K ap,
ﬁ?}ﬁﬁﬁ va_start %?i?fﬁﬁﬁ(?‘ﬂﬁﬁ%:

®

va_list ap;
va_start(ap, lastarg);

Hr lastarg MZEHEE M AIEASE. £0iaE, FRATLMER va_arg 72
HARB RS, LR FRIRMER ap [ T RBOH ATPRAR B 4 B SHE T — 12
¥.
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int num;
num = va_arg(ap, int);

va_arg M5 " MZECNIX USRS E NI, 0 BN S EEE PG — int

=

TEFT A2 B e e ), IR AT, M va_end 5 —IRLAGERAAKSHER M
[ 2211 LAZF https://zh. cppreference. com/w/c/variadick EAR T R K S HIW N

¥

IRGHATRER outputk XD EREL, XA PREELER b2 AR H — D47 H Y -

void outputk(void *data, const char *buf, size_t len) {
for (int i = 0; i < len; i++) {
printcharc(buf [i]);
}
}

AT AL I, At S bR R A T — MU printcharc A% FK AT LAfE kern/console.c
MR EAYRE L
void printcharc(char ch) {

*((volatile char *) (KSEG1 + DEV_CONS_ADDRESS + DEV_CONS_PUTGETCHAR)) = ch;
}

Jiok, AibER SRR, SR BRI S T

A AN TR B PIER , AT AZNTEAGEME N printk WE? IS printk B
ks EFJEAEHRGE AR T vprintfmt BRECEENS ? 175X s BENAEA — BB AR 2R
T, TEEAEEBIT AN

N T ITERZFZBRIX A ORI IR BB, ARG RA RN — T

HJG, vprintfmt FPUE LT LR R EIA AR . AL R IR R R A TS S

int width; // FERH R

int long_flag; // MIEEEHN long A
int neg_flag; // WILERGHN ¥

int ladjust; // fREEEEZXF

char padc; /) BT S ANE TR A

IR, AL vprintfme RALAYERRE D BOARIEFFRITCIRIEIN, XHERAXT
Y, XA S AT o XM, EEA PR, AR REIERRY,
Fotri hirs = o8 AR, AR A A R B T

A HEE I g e 2 A48, FATVEMN printf FthEER, %1d, %-b,
he SR SACEIO AR B AR AR SR A R AU, AT U AT AESE—HB R, BRATETRY
FURMT fme BT E, WOREATEEIRL TR, ARAsE st WRAEE] 1A%
KT RFRIEERE, MUEIRE AR 4R, 15 I8P, (2 U RAE 2 B 12K A%, PP 20 B
printf MUHURSELR, JHIARMRITARURF, AT ifs =, B Ag i ek ok ot 28 i (4
EOR, Gl TRERAXS T, A long B, &M AN EEORES, RGNS
HiFA

R SEH S, RS R, TR B i e RS U A R AR R A T XD
PP R T, SoRIEAR SRR AR A 5, SRR BUR R RSAH TN 28L, %
e g U X A, A e iR, SUARSERIBIPEIAT Sk, EER—H, EEBAET
PR AR AT R 52 Ko
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1.6. SSI>EALE R CHAPTER 1. W#%. & #i#= PRINTF

e 12 AH AR RN T TN T R BRAS F1H , 484 1ib/print.c ' vprintfmt ()
BREL T AR G B BB R SEEL A R o S0 ALERARER S . HREY FROAT R R B8 AL
AR WU ZEL, WiHigUH S % [flags] [width] [length] <specifier> HIEHL. H
g E Wprintk #& AT

Note 1.5.1 XM EHARHEE, HERFIMFIFNEERD, MWLMt S0 HE
I—Leifg S AOIE BN R ECH S, ERUESE lab fit 1R S EOFSE R R, ok %,

1.6 SLIGIFRRZEE

QRIS 1 R ZOR A AN 2, PR GXemul HOREZEIIT M, JXhRE
HRMFISERC T Labl 24

init.c: mips_init() is called

1.7 E55E
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wz A

FPFEATIR

AN, AN A LR E RGN FEATR, A BT IR TEARH SR R &

Al ESBRIERFHAZREBINIER

WA RGBT IR ERGN L, A B B SRS AR L, M
TR PRI P SR P SRR OIS « 9 T AR RS, AT K R S LIt
k. — T EREIEHT, RAMAEIH CPU BB, FURRER(ERI L, F% CPU T
WEE IR, ST, N7 RAM RS, BRI AR, ST
FEPUR TR AR 7 9 FFLIEDW EFTLUAINE]: BERREELEIIR, JFELA A%, I
e, PYRATATREMUBAGRCEL HLAE AL CPU RERS ELHEIFI 04k 53 S 2 2 —ROM = FLASH
I

R, EOHARHRAE RGP LR 50 Je P 8 b 2SR

L X OPU REECEE PRI 5 S A A 015 822 I IX M E) CPU o L2 RO

AL, BRI IEN. R DIA/ MR, MR R

BRERGIERES M, X TR B R IS

2. WSIRAERENBAE CPU MR LR S, 0T — SN L R 8 — MR R4,

ORI IR AR TR (A 221

3. AR A T AR R R THR RGBS T 1

T IR, WA G A AR LI TAE(EA “bootlonder” FRFFHLFE:
SYHATHE B, TOHHERME RS M BBERS T - SR T A AR LR

1. BRI R0 B AE 56 TAE MERAE KRGS UTE bootloader HSEHL, IR E B X A T
FOSLEL TR SR R S B . TR T B AR A S S R AT R L | fE
TEARZS Dy IR A AE A e /M ROM 8 FLASH Ho

2. bootloader fEBIFRIIRL TG, FFENHAIESN (RIRVERENZITIRE) MR TR
LN ES N B G M E e (Lhnmgsh) #i23 RAM F. BESX bootloader 77
BUSNZESIEBRINFET, IRt I — D A B G g, FPSiiiL &
THLHIDIEE. 8 bootloader J&, FATELREGAL—MEM; HIEFEIT AR BIERSE T .
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A2, HiFE5EEFR M A Ab Zf iR

3. bootloader FENTTHE AR TAE, [FISR1F RGN AL NGBS L 1E T8 55 3h LR
PRI S5 B9 T A, TIFRAG 7 R RO AR IR AR AR IR & B, BB THER
GRS (1] bootloader BRI T WM 5 S AIARM: FEEh BB T, (EHE RS S
T HMRIZ AR S T, AR T 8ERGEAT LM T,

A.1.1 Bootloader

MNBVER B AERE , bootloader I H bRl IEAHIR 2 NI INEITT. BIM, HF boot-
loader HJSEHUKHT CPU IR REEH, KK Z 4L bootloader #5734 stagel Hl stage2 P/
43

1 stagel B, MU RF RGBT 4, 6145 watchdog timers WP B8P, W75, 752
FERR— T2, WA RAM BRI, KT stagel i247H) bootloader F2/F H 1%
MRS e frfitas L (Hbin ROM B¢ FLASH) hidk. T 4aTH BONREAEN AT RAM Higfr, H
HE ST 22 MR, e g i td: (ROM) AHE, RIIRE A5 1) FLASH th
At AR o X T AT stage2 YR IN . FTEL, stagel B 7 #IIAMLEEAHURE (1% &
PIGN 203 stage2 S RAM Z5[0], SRJE4% stage2 RIS E H2E] RAM Z5[0], HHiX B
M, WIEHER] stage2 BIATTEREL.

stage2 IB1T/E RAM ', IUHFA LA AISAT IR LA C 155 R LB E -1 IIRE -
X B TAERLAE , RIAAIX — B BE S0 AR (a8 LA A DI RE , SR 5 N B IR A
fifgmik 3] RAM 1, AN EBZSE, Sk CPU 184 % fia NN IR EANZA L K
Hovhk, BIAPE#dAUN bootloader #5328 25404 E KA N o

M CPU _EHLEIRAE RGN ZRINE R A RSP BRI A R .

FTEERENZ, LA bootloader MW TAEM BU-UR M IIRE bR AR INs AR, 2R
RS AR RGP REA TR, T HX T AR R RIS 2 A LEATR . AEFRATH ULET x86
PC HYJEshid R, EefidTrI2 BIOS HiAHY, 25 R FRIIat HE S B9 A%, S8)5 BIOS
£x M MBR (master boot record, FHUHALATEE— D HIX) FEBAHIE E. £ Linux F 1A
GRUB Al LILO X PR AL BLRE P g2 PR 177E MBR e

Note A.1.1 GRUB(GRand Unified Bootloader) /& GNU Il H i) — 12 £/ R4 ) shs
Fro IR, SERTLUUHTE S M EREHINE L, ERITFHLRRHZIERE — M RIER
G751 T MALZE Ubuntu —KRRATHRAYIE, —IFHLH BRI R A UK
HtE GRUB #2417,

(X HELL GRUB 2341) BIOS fin%k MBR H11) GRUB AL /58 CPU %245 7 GRUB, GRUB
A AR R — 25— A gk 3 S, AIMIRBISUE RS, SRIEERRIEAS S RS T B N B4
AR NS, TR CPU #HIRUE S A E R RN . IXFEE R, HEL BIOS A1 GRUB
AIHT 5 F T ATIA stagel B9 TAE, 1M stage2 B TAENESE4E GRUB H5E K.

Note A.1.2 bootloader A MR EAERIE: JRBIMBMAIT HB. XA 2iEd
AHBL A P I N BTG SR IR BRI E R G, I e Rl i 1 B LK M S5 (5 T Bz
I BN AZ BT BE N A

A2 FEFESHEERIFER

o7



A2, HiFE5EEFR M A Ab Zf iR

CPUfNE, ENIESEFREMURIEE(E

Stagel : ROMELFLASH (FiEEAIE A =5/

JMStage2 | |3 AStage? BRI

FikFeR|
FAtRAM FIRAM Stage2 \[J

EHat

Stage2 : RAM (RA[iXE , ZEX)

G e T R T
BHEE | (WBxfiRg | SOPR || FHAR

L Azl S KR E TF
BERFRINFTRL

K AL JEShREEAC R
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— AR C R

#include <stdio.h>

int main()

{
printf ("Hello World!\n");
return O;

}

FATEMRHBA 206, FHETATX IR AEEE . BATE LRI A §FE4 C
AR TA2 R AR R — 1 AT X RT?

XBAAR MG AEK T, ARRABAEEENE /N printf B9E AL
o VAR, C T T EREUIIUT E A REROR ], R4 printf HYE CAEMPELIE 2 /R—
ERR KU, AR T, AHE stdio.h FE? FATERTFI LB include 51H TEM. 4
MESLE AR FADPRIELF—F stdio.h BERATLM 40

stdio.h H2XT printf A2

/*
* IS0 C99 Standard: 7.19 Input/output <stdio.h>
*/

/* Write formatted output to stdout.

This function is a possible cancellation point and therefore not
marked with __THROW. */

extern int printf (const char *__restrict __format, ...);

EARTEA 25, TR T AYHT RS stdio. b THEFHATY printt MHKAIHS . ATLL
HE, FAIFEIHA stdio.h *Eﬁfgﬁﬂ, HIFBEAH printf FIRE Lo BB, A printf
WY EARSEEL . AT BRI SEIE, JATTSTSRAATIAN prints BV ? FATEAREB I — X
A S R ELE 2

NP —LIRTE, printf MSLIFTEHAE TIRE, G2 AR T RS HEm A 2 AT
FEFF T B, ATESRm RS Rt THLAE (BE-E &H), MA%F. Linux mUF:

gec -E FRRA X4
AT LASE B AE [ b a2 4 HH B TR 230, DA TS H I 1o

/« BTRmEAK, XERBE TRIRIN—FHL, »/

typedef unsigned char __u_char;

typedef unsigned short int __u_short;

typedef unsigned int __u_int;
typedef unsigned long int __u_long;

'printf CCTAREZET, TIAEIRAIN C HASP. BREEMIRATE CRME I C SUFmRIFR— AT
AR, SR 2 A C SISO IS R AT . L, BATEE RS prints WA
FAMTHT C SCHGiEE] i, KRBTSR,

99
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Y iF G R R M A AbRFIR

E_‘

typedef signed char __int8_t;
__uint8_t;
typedef signed short int __int16_t;
typedef unsigned short int __uintl6_t;

typedef unsigned char

__int32_t;
typedef unsigned int __uint32_t;

typedef signed int

typedef signed long int
typedef unsigned long int

_int64_t;
_uint64_t;

extern struct _IO_FILE *stdin;
extern struct _I0O_FILE *stdout;
extern struct _I0_FILE *stderr;

extern int printf (const char *__restrict __format, ...);

int main()

{
printf ("Hello World!\n");
return O;

}

HTUEE], CEF BT EGRR SL SR N A IS T, BRI R, X
WrBOFA printf iX—EREUNE Lo

i, BT gee WI-E WM -c 1B, REmIFEMAREE, 74 DA .o BRI,

AT

gee -c KA X4
FATRHBEATSACH? , FACgmHFA945 R 2 SOR SR a0
objdump -DS ER LM B XL > FHXAX KA
main PRECHRSN OGS RATT
file format elf64-x86-64
Disassembly of section

0000000000000000 <main>:

0: 55 push  Yrbp

1: 48 89 eb mov %hrsp, hrbp

4: bf 00 00 00 00 mov $0x0, %edi

O e8 00 00 00 00 callg e <main+0xe>
e: b8 00 00 00 00 mov $0x0, %eax
13: 5d pop %rbp

14: c3 retq

HMAFEER RIS callq IR, X—AE I REEE <. XHRAMALER, H

' e8 4& call fESHIHEEND . IRYE MIPS f5 4 HHF AL, e8 G NV IZ A& printf HYHENE. 7]
EIXHFATEN AN, KIZES printf UM E EHIEST—H 0. MMM BT RER
printf HUMiHE. L&, HENX %, printf HJEARSEIMEKIANIERATHIRE o

Wi, WAIRW gee BHATHERE, WALE EBMEIF L TIRTCE. A5, FH objdump i

TR g ar T, Hb-o WU TR & 09 AR 2, MRARERIEERILN a.out

N TAETRERL, AT ERAES MIPS, TR TAERITH x86-64 (AL EIH TR . RIS,

iy

x86-64 L4 AE CISC L4, it ke AT —Lt,

60



A2, HiF5MEIER M A Ab Zf iR

gee [-o i W HATXHFA] TR 14
objdump -DS il THAT X4 > A4

PGSR

file format elf64-x86-64

Disassembly of section

00000000004003a8 <_init>:

4003a8: 48 83 ec 08 sub $0x8, %rsp

4003ac: 48 8b 05 0d 05 20 00 mov 0x20050d (%rip) , %hrax

4003b3: 48 85 c0 test  Yrax,%rax

4003b6: 74 05 je 4003bd <_init+0x15>

4003b8: e8 43 00 00 00 callg 400400 <__gmon_start__Qplt>
4003bd: 48 83 c4 08 add $0x8, %rsp

4003c1: c3 retq

Disassembly of section

00000000004003d0 <puts@plt-0x10>:

4003d0: £f 35 fa 04 20 00 pushg 0x2004fa(rip)
4003d6: £f 25 fc 04 20 00 jmpg  *0x2004fc (%rip)
4003dc: 0f 1f 40 00 nopl  0x0(%rax)

00000000004003e0 <puts@plt>:

4003e0: ff 25 fa 04 20 00 jmpq  *0x2004fa(%rip)
4003e6: 68 00 00 00 00 pushq $0x0
4003eb: e9 e0 ff ff ff jmpq  4003d0 <_init+0x28>

00000000004003f0 <__libc_start_main@plt>:

4003£0: ff 25 £2 04 20 00 jmpg  *0x2004f2(%rip)
4003£6: 68 01 00 00 00 pushq $0x1
4003£b: e9 do ff ff ff jmpg  4003d0 <_init+0x28>

0000000000400400 <__gmon_start__Q@plt>:

400400: ff 25 ea 04 20 00 jmpg  *0x2004ea (%rip)
400406: 68 02 00 00 00 pushq $0x2
40040b: €9 cO ff ff ff jmpq  4003d0 <_init+0x28>

Disassembly of section

0000000000400410 <main>:

400410: 48 83 ec 08 sub $0x8, %rsp

400414: bf a4 05 40 00 mov $0x4005a4, jedi
400419: e8 c2 ff ff ff callg 4003e0 <puts@plt>
40041e: 31 c0 xor %eax,heax

400420: 48 83 c4 08 add $0x8, Jrsp

400424 : c3) retq

0000000000400425 <_start>:

400425: 31 ed xor %ebp , %hebp

400427 49 89 di mov %rdx,%hr9

40042a: 5e pop hrsi

40042b: 48 89 e2 mov %hrsp,hrdx

40042e: 48 83 e4 fO and $OXELLFEFELFEFELFEO, Yrsp
400432: 50 push  Yrax
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400433: 54 push  Yrsp

400434 : 49 c7 cO0 90 05 40 00 mov $0x400590, %r8

40043b: 48 c7 cl1 20 05 40 00 mov $0x400520, %rcx

400442: 48 c7 c7 10 04 40 00 mov $0x400410, %rdi

400449: e8 a2 ff ff ff callg 4003f0 <__libc_start_main@plt>
40044e: f4 hlt

400441 : 90 nop

FRRATRR,, & TR RER T CRAA 100 KAT).

BB LAEN “hello world” HEEFFECUNL “MEfH” MMCRD, FTREARZEM. (2R,
PTADE R FIEFEE A E R, X —k, AT EMES, FREIR—A) callq f5
HOAANFE—H 0 7. RECEHENT — Mtk WU P B AT AT LA, X
HEFRAEIX A AT AT B, sEBRIE N putseplt MR ALE Fo BARTEATE I A 24T
2, BRI RN T printe BIEARSEINT .

B, FRATAMEHERT, printf AYSCHUEAEHERE (Link) JX—BRR P HEHE A\ SR 0 nf AT
S IR, TREX AT REAT 2V ? /ER— DR, printf B AR (8
Mo B, FRRERANS H i — i SSAERIR BRI 8] T o printf FYSCILHESE gl i3 i T — gk
B o (BRI, printf IHAREEEBIFT T, CRRESSEATFIA-c T4 hello.o 7T,
HOIRAL T AREERERIRAS . TITEAFER) BT, B5HeAT (Linker) S0K T A 1) BAR SCHFBEHEAE— S,
ZHTAEE F S B L, TR A I TR TS, X R i A

YTAZA ¢ CHR TR, WmIESSERHITAR o SCHLSTHE RSN, Fiik.o
e B EGETAE R .o UL BB SE A — S, U m & B T BT S0 B R
EIA 207

EAN S
Wi

BARRITIN | LA B |

. R
|

B A2 ZmiE. SEER R

A.3 printk &3 E{Fi7A

THARMNTELNN printk BEHEMEH, FE2A1TAT A% cppreference HE X C
B printf RESURSEE C++ 304, X printf BREGHATEINELHN T o
PR

1 | void printk(const char* fmt, ...)

28 fmt BT AT UEESEERENER, B LVESHE R (format specifiers) , 231
printf FHEFA A (HELIFHIE T —L2068. HBRRRE,

3https://zh.cppreference.com/w/c/io/fprintf/
“http://www.cplusplus.com/reference/cstdio/printf/
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A.3. PRINTK #% X EAR3L A M A Ab Zf iR

%[flags] [width] [length]<specifier>
Hrr specifier 55 T HitH AL 2R S 00 RA L

# A.1: Specifiers 1]

Specifier Ty ¢
b 0 K b i i 5 110
dD R ik 920
00 TCAF5 AL 777
uU /0% i i i 131 920

X TERFS Nt %, FH/NE  lab
X TN, RS 1AB

c TR a
S S HR sample

B T specifier Z &b, MR AT AL — S HE AT IR B RIS AT (sub-specifier), A flag(#£A.2):

2 A.2: flag i

flag fiiid
- TELERITERE (width) BZEXIFRRIH, BRI XISE
0 A os LA AE 58 BRI AR, £E 25 AL ALEIHTE 0

1 width(5£A.3):

Z A.3: width iHH

width ik
By RE T EFTEIECE RN R, M MER T R AL
TR, MRS L SR E TS A, E X MBS/ N T H 4K
B T Y BB NS 2 X B T T

HHN, AT LAER] length KRB BHHEITUATKSEE, £ C FEATATLMEN 1. 11, n 5, (H
XEBAAMEN 1, Z2FHTERAA

%% A.4: length i

Specifier
length
d D boOuUxX
1 long int unsigned long int
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e

A.4 MIPS L%Hw5 C iES

BRI R GO RE D, AHE R BRI 4iE = . ANLHHEMN C HF R0
UIE S SR REL, BeE Rk, FEIL AL C AL N T BIRSE B T c EE T
ICom AR , FROTAERT R AYIX — b se 1T MIPS {Lw MR AR, @ T I C iEF
L SIERAON R R AL HFEPIRASA.4, STHIIE) C 15 S TP RIEADN B A gAY o

IR
int fib(int n)
{
if (n==0 || n==1) {
return 1;
}
return fib(n-1) + fib(n-2);
}
int main()
{
int i;
int sum = 0;
for (i = 0; i < 10; ++i) {
sum += fib(i);
}
return O;
}

A.4.1 TEIRSHIER

XHEARTIRES ) T, FEEACRS BLATREA L B A 2 FI iR Ay er 2 gi58 B, T MIPS

E 4 B TEPRXAEAY R, B BODR AL R AT I b 4% 15 SCELRY , Bt ATRAT PRG3R
TR RFIRE R S IR — BT AT BATOATABBRI 25, Wl ZER IR R Es i, HIF
BT ANBEER SR BN, AASA 455 13-15 ATRITEINEST, HRZ R SEBlaT et in 1 iy C
FAS T 7R B AR o

i= 0;

goto CHECK;

sum += fib(i);

1if Ei < 10) goto FOR;

BrEBIRE P e, FROTUEE H g o 0 IR A AR FI B A TR A Bl 404 R Y C AR
TMEAREB R AL R BRI R R X, FATRXS R C ABIRICAE S g RS o

400158: sW zero,16(s8) # sum = 0;
40015c: sW zero,20(s8) # i=0;
400160: Jj 400190 <main+0x48> # goto CHECK;
400164 : nop #

400168: 1w a0,20(s8) # FOR:

40016¢: jal 4000b0 <fib> #

400170: nop #

50T Az R R BRI g ACAD , FRATR M T -nostdlib -static -mno-abicalls iX =" xS
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400174 : move v1,v0 # sum += fib(i);
400178: 1w v0,16(s8) #

40017c: addu v0,vO0,vl #

400180: sW v0,16(s8) #

400184 : 1w v0,20(s8) # -
400188: addiu v0,v0,1 # ++i;

40018c: sW v0,20(s8) # —— ———
400190: 1w v0,20(s8) # CHECK:

400194 : slti v0,v0,10 # if (i < 10)
400198: bnez v0,400168 <main+0x20> # goto FOR;
40019c: nop

PR AR C ARIXT B2 R C AR, FRATHLREN KECIEEE— 4L g TE AU IS [ ()i
URHY C ARDRAT 4 7o ATLAAH, FIBAIEIR T ZORA] s1ts sled FIMTPALEIAT R/ NG R, 15
256 b RAUFE MR B APk Fe o LUXSEHR NSRBI , FRATHURERBOR B M IEEAEE M 7
SEHT o

A.4.2 RELAH
Note A.4.1 TERIX A ERELHTE FH 7 FRL 8 FH 5 Sk BRSO FH

X LR IR I £ib IX D RRECR WAL R BOR A K N 4 o IX A BRAIUE— 3 JH B
B, BRI, RO I RRAE AR R R A P o FRATTRT LA A S 2 G ] 3 FH — 1> BRi
A, AR DR B pR AN 4 et 2 A
BAVG A R SRS IE T RE R — 1
int fib(int n)
{
if (n == 0) goto BRANCH;
if (n != 1) goto BRANCH2;
: v0 = 1;
goto RETURN;
:v0 = fib(n-1) + fib(n-2);

: return vO;

}

SR, ZJRAEMHC RS T, AR ARE C IEF T RAZRIRIART. #i
W, EREOTL, A KEBE sw, S5RAH—RHBH 1v. XERGTTRAMLE 2R ?

004000b0 <fib>:

4000b0: 27bdf£d8 addiu sp,sp,-40
4000b4 : afbf0020 sw ra,32(sp)
4000Db8: afbe001c sSw s8,28(sp)
4000bc: afb00018 sSw s0,24(sp)
# PHEHYHFTY, RxE—FRF sw fr 1w 1k,
400130: 8fb£0020 1w ra,32(sp)
400134: 8fbe001c 1w s8,28(sp)
400138: 8fb00018 1w s0,24(sp)
40013c: 27bd0028 addiu  sp,sp,40
400140: 03e00008 jr ra

400144 : 00000000 nop

FTAPREMZ—TF C IHFHIEH. C HF B HN RN M AR S5 A E B RE,
PREGE A B B R LA MR PSR, i AR SR A G o 10 LA st U R A Rl 77 s 24 i R 5 Y
P RS EN T — D, frRR EI AR R, “—917 #RORHr R, ©

CRXH IEARHPIRES” JEHARN M, i ORI R B IR [ R R A
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G, BUZE XY, BATERERILMA. RISk, Sdeonikasm T —
4 sw BAE, BT AT RO E R R A s O BEE R R TN T AR ER
B2 8T, i SO T —4 1w 84F, R ERC M3 A7 e IR E N A B {E

M ET A G e A PR AOR I BT JE W BTN T —4LEAR (push) F5#% (pop) Y
BAE, NBARAT T BB S AR sREUNITLG, Hiifdr BO0R sp fRSHRITE, ARAED
8] FEREFTEORAF A CEAE AR YR ORI, S BN sp FESTRIE, BT
8o [FIRF, WRE 2 BRI A 8 A B E . XA C 1E S AR B0 I B TR K
PR IR - A RO AR, ZRiar B ERA T4 T — e 31X N RISAI I %t AR
fitt, Mt 2SR BAEIRIHERGE 2 I 2 SRR S, WAt IRATH IR B

Note A.4.2 ra FFfFasfrill 1 BRETIR M bk fSi75- R P 1) R Rt AR A5 LARR ] 31 3
MBI ER#TT . ErRERARE, FATH LA LUK A& B G E A B BRI A [,
EATZ R BAEIR B B BRGNS — A, A EIEEAEWE? — M EEOHH T 5
—AEE, TREES, R ERE =A R, R E - FRA N ER RS > N
SRR BOESHR, FTLAT M — PR B AR Continuations M-S (HEF#EFunctional
Programming For The Rest Of UsiXfi &), EREZFHLMITERAESH, H5IATHE
LR ARE

EIAVER T A EEE M A T W TAE S, AT SRER , 1 NEEU &
BERGLEA 2,2 WA A — AR WS LU ARBGR [BME ? 1EFRATRE—F, £ib iR
M fib(n-1) 1 fib(n-2) B, Jeifde AEAT4 L gRreags

1w $2,40($£fp) # v0 = n;

addiu  $2,$2,-1 # v0 = v0 - 1

move $4,%$2 # a0 = v0; // B a0=n-1
jal fib # v0 = fib(a0);

nop #

move $16,$2 # s0 = v0;

1w $2,40($£fp) # v0 = n;

addiu  $2,$2,-2 #v0 =n - 2;

move $4,%$2 # a0 = v0; // Bl a0=n-2
jal fib # v0 = fib(a0);

nop #

addu $16,$16,$2 # sO += v0;

sW $16,16($£p) #

FATPRHC G X BLAYTE O C TS BIEA M. rTEER], WA R 2l 2 5
£ a0-a3 A frantt (FMNTEHAFOSHAR Z MRS WA E) , SARMEH jal 5498k
SN BRECT o BRECIR B S PRAFAE vO-vi AP fFante FRADEIIX A7 7 HIE R R
BUR[FI{E

A43 BRAFHEHRERAARE

N T MG FEAR SRR, FOTHEEIE L. XEE SREMFTCR, M+
AR A AP T A& R ERUE RN T LA R B (a4 LA R T A mifi g 1o

THSGXRERIIFEAER, SR RAISF R, AL e IR d 2 AOT AT, A 22 i A& £
A7 ARIXEN 7B AE, FRAT HI A A R R R AT 1 A 1 A A RS e

ST ITEIRT M H CF S0 Y ERES , AT — SRR, AR S AR . X R E
&, fp MLEMESICHwHAT s8 HIGRF—arfrdr, ARAMW AR LTME
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MIPS H—3LF 32 Ml HEFf74F (General Purpose Registers), HHEWIERA 57N,

% A.5: MIPS 274

Tifrandms  BhiclF Hig
0 zero HEAZR O
at (GUIE GEoFar) — il gmastEA Ini ar 2 H o
2-3 vo-vl AT EBRIA X AMEE KA ETY . FREH AR [l
4-7 a0-a3  HTHRELS . HAEARLOH SR P ASBARSTF . 40K
BRI 2, Z2 RS R A 1514
8-15 t0-t7 M TAABERIE A B A I A £, HAE LR R 200 A
TSR
16-23 sO-s7  PRAFAFAEdR; LA Aras TP B ME AR ot R K0 Y JE /R 2 ik
24-25 t8-t9 M TAFBERIE A HE A I i ar A, HAE AR R 0k A A
HORSBERAT . MR ETC R REL (position independent
function) I, 25 FAF (7 as A E R I BB EL ) o
26-27 KO-kl (UHARIERZEM
28 gp 2RI A TRE
29 sp Rt
30 fp B s8 fRAFZA7ay (IF] s0-s7)o ul FHIEWIFEE .
31 ra PRER [F] ik o

Hrr, HUf 16-23 S2rfFa il 28-30 5 37 f7d BB AE R A0/ FH I ATJ5 /2 N2/ . X T 28 5
Fren AR YA ETC AR (position independent code) 1, 28 S aF {7 at A H &

AHARTTH o

B TR LA A A AR A, A R R AR A A

PC Fffre XA ffa HEAE 12410

LHATHFE LRI AE . HURTE GXemul (FEA BBEARN, W LABE — TR Fd. il
PC HYME, FRATHLAEMSHIIE 2 BT ARAEPA TR RG22, s ik i A ARG 2 R — 2 5 5%

A.4.4 LEAF. NESTED #1 END

R LI F, WTLAE init/start.S B4KF] LEAF(_start) IXFEAGAHES, HA) LEAF
HAE— MM .macro & LW 7% ABAE LN IK T ##— ~ LEAF. NESTED Al END iX =%

.

Note A.4.3 [l LEAF 758 LRI, IROTE KR IX LR IE SR—RFILL. TFLHTe
Ao IXLLFR AR MIPS 28154, T2 Assembler directives(Z % https://ftp.gnu.org/
old-gnu/Manuals/gas-2.9.1/html_chapter/as_7.html), FERZTEHIFN KIS E BiR
A A 72 R3000 TR HY 9-10 5t ) LA i 211X 48 Assembler directives. A1RAE

TEIER, XREMALIAEWRE CNREEREOA N A R A RERCE . RS E NI (EAE R 20

X
HJEFH R EOR H

2.
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W g BOERE], WEARER R3000 T (BIATRSCHEY  ent) o

L grep HATER, KIVTLAE include/asm/asm.h H A X =77 0E Lo
HSE1ERATRFA LEAF M1 NESTED HYZE L, PINERINAIEA—, (UEfk/a—frAIX

/*
* LEAF - declare leaf routine
*/
#define LEAF(symbol)
.globl symbol;
.align 2;
.type symbol, @function;
.ent symbol;
symbol:
.frame sp, 0, ra

s S S S —

/*
* NESTED - declare nested routine entry point
*/
#define NESTED(symbol, framesize, rpc)
.globl symbol;
.align 2;
.type symbol, @function;
.ent symbol;
symbol:
.frame sp, framesize, rpc

s s~

TR FATEAT AR L7 5E Lo

AT LEAF ZRIE N, JEETES R symbol LT BRALI S L, 1E2@ L fEA
KA, GiEITEZE TS symbol Bre Ry SRt A SUAR

BATH, globl MIMEALRE “MIbRExigseas il ", IXAERIMEAE & S0 rp /] LAS [ E)
symbol RS, AIAEAFHL B SO a] DAA P FRAT 6 ) 2 S W B eR Lo

AT, align BT “f N IAAYERIEA THIAEXS5F 7, X AT A5 T Y symbol
PR 4 Byte BE{TXITE (2H0 o AERLL 27 FX5%) , MIMEERIRATATLAEH ja1 f5BhEe
FIXA AL CREPHERAL 0) .

%P—qﬁtﬁ, .type HIEH R E symbol ﬁ%’%ﬁ"@'@%‘], TEIXHBEET symbol FREE A PR
Bhraso

SBAATH, ent RIMEAEIRICH N BEIT L, T2 . end W] IXLEFRICHAS AT LA
£ Debug &7 H#E0.

EAITHIIFLAE R symbol #3451, JEHIMY. frame HYMIELIT o

.frame framereg, framesize, returnreg

FH—NZSH framereg M T UMM AFf7as , WAV AR 74 sp, FEQIEFM
N, sp AFfFar H IR, HRaSRIA Kb — BONAF T AR 6 17 o

BASH framesize AW HE A2 K/

B =NZE returnreg AT KA TSEATIR R MIHE B 2 A7 4% o B IRAIEA $0 FRIR
[l H ik el A AR AR S R A AR TR BB B A R AR AT $ra FoRiR Bl HbE A7 AE
$ra e ($31).

103 I, R3000 F 9-15 7T
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Note A.4.4 7E.frame WIMEMINY, HBLTHES “Habl”, MW RE —PRIBITREH
BRI Al fRAF 7% R EAYIR [ MU E A R A f o A2 BT R “eR B A" AN TR B
4.

AU, ARWEVER R EART A0 AR I bk 7R R T ROl A i
FRIRIZE R RER T B 24

WA, JATATLAL I LEAF 23R NESTED 2RI IXAIELAET LEAF 7558 SLAY R EEREE
B 2 BOAR I ) 25 [RiE st B O B TIRA”, NESTED Z5AE#E A 40 B T kit 23 1) A T
SEHOW “IBITRE.

THELEFRATRA END 2%,

#define END(function) \

.end function; \
.size function, .-function

X END ZZME X, 5 LT LEAF 5 NESTED 28{bl.

94T . end AN T 5YCRT LEAF 5 NESTED AU . ent BIXS, #RICT symbol BRELIT
g

B=AT . size A2WRICT function 55 M E@ﬁﬁ%%l‘ﬂjﬁd\, ¥ function 55 MY
ZAA/NEE N ~function, . UFETYRTHAE, YETAE MBI DS function ARESALIHY
HERIPT AR5 A B 23 AR,
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