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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 WIESIFEANA 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
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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
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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:@

14



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%

16



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

17



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 & DEFYHHRESHAER G L, T git log MIEHE
THE, FRRE—K, Git 2ERKHEFRICE K. git log WIEMATIHN &
AR KHIVER -

SEMERTIASESE JF , Untracked. txt , Stage.txt Fl Modified.txt I T o
Untracked.txt WA ZEWT

# 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,
MEE DA Stage.txt TEH /T4 /E: Changes to be committed, M5 =1
Iﬁ: Modified.txt Hl2& Changes not staged for commit.

SMONIF IR 7R 4 BIER AT . {E README. txt BEEMYIN G, HAN T AR BRERRAS
(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 AIXT Y B2 Git B HRLeay & 0g 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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0.5. GIT 5 -ZYp fodt R CHAPTER 0. #iR44E & %

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 R3S, FRATZATIR B 0 30X S, I A SR AR PR ?
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 I YS BIAE master! 737 N EEA T SIRIERRIEK, X EAIEH git
branch Ay T — 13N 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%
(JLE0.13)

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 LAEEEHRRE? , 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/
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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
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A ETHFE TORIRATRE 1. BT, TEdK “fR3h7 XSRS R “boot” .

FLSARAE R GE A B A0 5L B LK T SR 348 ) 2 AT e 33 B s v B S R R e A M
[ TRE, KT GXemul FHEAF RS G SRR R~k E: 35 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 B AT P T SO o ARHS 1.3 R SRS i TUZ Y Makefile, JBIL PR HATHL
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 AAS 1.3. 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% b iR R e R, 2o i I SL e SR P D JR AR x86 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?
E1 13 7 ELF U 45 -

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 %, WERFREAGE, HIRRGWMERIERSE, RNREE 17 kR mBeL#
FXS ORI A2 1 (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 T RFEAHTT, XERE W FUR ey 5L
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 B RFRIAND
E1£32_Half e_phnum; /* Program header table entry count */
/B RRRIK
E1£32_Half e_shentsize; /* Section header table entry size */
/7 WRFRITAN
E1£32_Half e_shnum; /* Section header table entry count */
/) WRERRTK
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, AERXDTIECEERF TN T ERMERGT 1.1 Wi
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

45



1.3. LET’S HACK THE KERNEL! CHAPTER 1. W#. /B##= PRINTF

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, MEAIHbIEZS (Bl 4RI 4 AR IX3EE, W& 1207w .

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 HAFRAIH MOS #AERFENZ TR N 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
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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 A AT F ik ) ARAS (AR5 1.3.4 7R )« MERHIEIT4ERS 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 HEMZ, M $(1ink_script) ¥ $(objects) #EH:, 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

o1
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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 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 AR AN N TR T BB OB, %M 4 1ib/print.c W' vprintfmt ()
BREL T AR G B BB R SEEL A R o S0 ALERARER S . HREY FROAT R R B8 AL
BrAGE: BUES8, HigCE o % [flags] [width] [length]<specifier> [Hff L. H
AR IE Wprintk R

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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CHAPTER 2

WA EH

Note 2.0.1 L FIZAAT5 325556 FMH ) R BT 2% R3000 3CFY Chapter 6.

2.1 SLIEHAM

o T MIPS-R3000 HI7fEImAeE g N A IS AT =)
o FERSLBMBENANEHETE (FEED)
o FERSILIEMNEREI TS (HHRIE)

« %47 TLB kRS EHIRRE

Note 2.1.1 FEARFAILIEH, HAETUEMETNEF (NWEEIEEN), £FERFT
B Al RE AR GEE R RTLE]) BN TTRIE A TLB. £ Lab2 H, FATMZOMES
AEMHMR IR S HEE TLB.

2.2 R3000 iFFiRIZHE R

R3000 A8 o LA 5286 AR AT MIPS CPU, T fEH & R E A B T [F) 22T 5256 1Y
FRfR. FHEEEIEAZ—F R3000 MV fE R .

2.2.1 CPU & Hit

CPU isfTREF B Vi AR R VTR, ST NS AT B A
PRscierf, CPU MW B A IEM L, O T RICNAAERAE, 1ERSO/E CPU WERAY T
HEEHE . ML, Ui BHSETE < A TR PC A (i YU H brit
hEHRE R AE . A4 E 1 C B R th W I X R E S | R T U 7, Hob s m{Eh
SRR, 20 i e A R B R

Thinking 2.1 ERE LAV, FIZRB: ERER C FBIpH, AR A7 )ikt
AL Y MIPS {L4RFEFH 1w A1 sw (H A 2 L, B2 3
k2 m
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2.3. AEARFE CHAPTER 2. W #4A%

2.2.2 [EIBIERRGTE] ¥ EE i b
£ R3000 b, AU (ERY UL 25 S 1 MMU S5 B 50 M0 ok | 56 5 (6 P A2 3 it
Kvy AN AZEHAANE . S AR A SR A 5 SRR (WA R T
o AHERIHHELET 0x80000000~0x9f FEEEEE (kseg0), NIHGHEAIMILE M B BALE o 3EI1MFE
Hifk, J#it cache VifF. X—EB A FEMAZNKBSHIBLEW.

o AHEMHEELLT 0x20000000~0xbE£E£EEE (ksegl), NPEELIMUIRE 3 IE 0 157
YrEE bt AE cache I fE. X—EB4 AT WL FRRETHME

o AREMMHIEELT 0x00000000~0x7EEE££EE (kuseg), WIFHEET TLB SRIFEVIIR ik,
1 cache Viffo

1E R3000 7, ffiFH MMU K5 _Eid otk gt , MMU 2% HEEH TLB k58 il tht ik
8o 7£ R3000 ', T ZHEM EEIES TLB - Ak 2GB 25101 N 7705 [ B R B4 TLB.

IS
—
YRRt MR
ksegl
MMU
ksegd/ksegl  {RERIKML L
. cplu‘ EELEhE ksego Bt
pipeline HEYETIES
kuseg/kseg2 YrERihE YPIEHE
TLB cache
WIERTE

IREEE \ 2 e—N

¥ 2.1: cpu-tlb-memory X &

2.3 NZEFREN
Labl B45E I Bk 3] mips_init BREL, IZEACEHNLT init/init.c o mips_init ()
BRI EL53 R I = R L
e mips_detect_memory(), 1 PR 2 PRI - 7] ] V\]ﬁ FEXF—LEMT PN A7 A8 A O 1 AR i
FTHIAEE o
o mips_vm_init (), {EALEANAFEBNIMIEERS, S — ST AR 451 o
e page_init(), LI T kern/pmap.c 11, VEHZEWIAN pages ELALHH) Page S541ALL
NASREER . IX A RAH AR I RE AR 5 TR A i i
FERE TR/, A SN AR R AL
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2.3.1 nmips_detect_memory

mips_detect_memory (), SEIUNLT kern/pmap.c, {EHZMBHCETT NG, FHxT—LEH]
WA AR AR BT RIIG . 12 “TPHL 25, B RE ARSI N A ASE
K Ae )y By BindT, k5 ] 07 B MR BT 0] I A A BRI o

AEZ R R PRI AR A 1) A AL A -

e memsize, FER DB AR B ) F T A
e npage, RN B TTEL

SRR, #M42 mips_detect_memory PR%L.
E%%‘EP, U\ﬁl\u*ﬁtﬁl?@fﬁFTﬁﬁ WK/ memsize, IEVRHAMGFA/N nemsize 56
JE P HE T npage HIRIIALL o

2.3.2 mips_vm_init A%

mips_vm_init (), SLELALT kern/pmap.c H'o FEGRMGE R HNAEIG , FITIAE N A74 3
Pl o

AT ESENAAEENE, EFEHE] alloc WAL, EFFEALT kern/pmap.co

TEBA AN AE f?ﬁﬂﬁﬂﬁ BE Rt 7R S, — SRS MR E N, XS &
BN A BC. alloc BRELHIDIRERLE M T e A A 2s i) (FEs sy DA A8 B AL A 2 R
e

alloc MJSEIRAAELNT

static void *alloc(u_int n, u_int align, int clear) {
extern char end[];
u_long alloced_mem;
/* Initialize “freemem™ if this is the first time. The first virtual address
* that the linker did *not* assign to any kernel code or global variables. */
if (freemem == 0) {
freemem = (u_long)end; // end
}
/* Step 1: Round up “freemem™ up to be aligned properly */
freemem = ROUND(freemem, align);
/* Step 2: Save current value of “freemem ™ as allocated chunk. */
alloced_mem = freemem;
/* Step 3: Increase “freemem™ to record allocation. */
freemem = freemem + n;
// We're out of memory, PANIC !!
if (PADDR(freemem) >= memsize) {
panic("out of memory");
}
/* Step 4: Clear allocated chunk if parameter “clear  is set. */
if (clear) {
memset ((void *)alloced_mem, O, n);
}
/* Step 5: return allocated chunk. */
return (void #*)alloced_mem;

}

BB n 2RI RIBAL, FVHBILEE atign 51051
¥ (BIE align ATLABSERAIIEHERUBAL) , 25 clear L, WIHRERI TR 2 IIIEINE, IR
.
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Note 2.3.1 FEIXHEAZKFREA—MEEIN : IAEIRBA B NS AL, B4 2l
VEWNAEE ?

XA AL Lab2 Hilid ksego B EBEAEMIEN T, BIRLI —BEAARIEN
0x80xxxxxx WML, BT ksego BHIIEST, #fERG AT LUEL X — Btk B it
VEVIERINAT, ANTTIE A 7 N AFE AL o 112024 5 Rl HlE 0x80012340 I, 1T kseg0
BAIMERT, L BT YL 0x12340.

ATCATRIBRTTE B9 “ ROl b et 20 Y3tk ” /N, HARERE], & xuseg B HEM
Mtk Tl MMU (SR B L 515 7. F£ Lab2 A NFEH TIE, IE
A RIE kuseg B P FETREMS IEH TIE,

N IE AT RIRERER TR %R LB

o extern char end[]; ;&— & LAEZ 2 AN, FEARTE—A CARIE SO, T2
# Labl HE ) kernel.lds H':

. = 0x80400000;
end = . ;

LA A2 1012 AR H 0 Y RE A E 0x80400000, FF#E ST AT HRATLA I, A SIHG #0042 1A ik
kseg0 KU PAF. FRAEMETELN, 0x80400000 X I [ # ikl & 0x400000
TEYFHHE 0x400000 HHITE, FEHCEERIE RGN BIARSFIE A4 R4y el B (iF
FAMERE 7 — 2823 A]) o £ R M FHNE 0x400000 JFIA B FRNAF, T
A7 B BLRZE A

 u_long alloced_mem /&M T “C o BCHIWIHE A A2 B E Hihk” A4S B o

o if (freemem == 0) {...} IBAIF, freemem & 4R w, ¥IGRHEN 0, HH—WAH
ZRECS HIBAE N end.
XA ESUE/NT freemem XN A HE M bl I P HE N A7 AR LA ML T o

Note 2.3.2 B, B freemem = 0x80400000 Hf, FR¥HHIIE 0x400000
ZHTAIIE N 7258 [0x0, 0x400000) EBEAHEAEE T o

o freemem = ROUND(freemem, align), ROUND(a,n) s&— P& MTE include/types.h [

ABFPRIEE [ 2|0 O a4 n LA, BOR 0 AAUR 2 W SUBEORE . (el

& align A — AR AT £ S EI ) freemem 2 FE/INIL 28

WIS 1% align XFFRIRIEA REAMIbE, Hp AR 20 ATk 2 () s o . Skbr B3 T
—BISIN . RIGHINE S align XFFIY A H

Note 2.3.3 S5 HIXY, include/types.h i/ H—~% ROUNDDOWN(a, n), B
VR ] [ Jn (B a 3% n AT, FEREESR o R 2 RSB

e alloced_mem = freemem, bEd alloced_mem VRAEL A N 43 BC ) A7 25 (R P di k™ o 451
W% alloced_mem = 0x80409000, & S NAGEL o FLHI A7 At 2= [RI R BEHBYE Y 0x409000.

o freemem = freemem + n, fERIIA] freemem CVAHIIRE N “WBE B = HIIELS
Hohk”, BRI AR A JE A n I — BB R p i 25, e R 2% “ B
A A7 S R AR R e WRAEZS 4B BC B A7 2 TR] )5S fi k™
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o if (PADDR(freemem) >= maxpa) {...}, fEULALHY] PADDR(x) /& — ik [AlEHIHBNE x iy
X P EHAE R 7%, B E XA include/mmu.h, 1ZZ5E5R x WAUE kseg0 HH A RESLIBHLE
RS I REA I AT B R = A 3 AT LMS 3 kseg0 BURESAMAIERT B M B bk
IXBARD A& SR A 73 BUA 25 R AR T S R B, 2 7™ A g

Note 2.3.4 52X, include/mmu.h A5 —1% KADDR(x), YEHZEIRE4Y)
ML x FTALT kseg0 HYRERIHBHE, JRERM] L.

o if (clear) {...}, WH clear NE, NfEH memset FRELKEIX—HEBD M FIES , memset
PRECHISEINAL T 1ib/string.c, SEIMTTHERLLT memcpy HREL.

o return (void *)alloced_mem, Hx/atHliaRERHEIRM

2.3.3 mips_vm_init
B, ME) mips_vm_init () PRAL. FERREC, K58 N A7 BRAR 45 M 1Y 23 ) 40 Fid

void mips_vm_init() {
pages = (struct Page *)alloc(npage * sizeof(struct Page), BY2PG, 1);
}

mips_vm_init () XA alloc BECNIEE A BT FIEINY Page ZEHIMAIE TSN
WIEEATE, 1% npage I~ Page LRI AK/INN 0, —TUA/INA m, iR BRI Al AR Y
KINH {%} me
2.4 YERNEFEESE

MOS YA A B AN A B, SR A B S R PR DA o
fESEge, NAEHIRSALT kern/pmap.c H'o BRALHYA LI T include/pmap.h Hio

2.4.1 HEE

TEJEEH) Lab 1, ALy FE M B85, Ft MOS @i 220 B RO E i T T
BAE, XEBAIIREAET AN, BRI T, KRR T LTRSS, TR

!El_i%%mﬁ::)\(fﬁﬁc include/queue.h, —E;ﬂl?iﬂﬁliﬁ%yjﬁg, TN EDE X S S ) 22 3
TTARRE:

o LIST_HEAD(name, type), G/E—"P&HN name FERILIBLEMA, 05— 1F517 type
FRIGERPRITRET, XA MR BRI B DT R .
o LIST_ENTRY(type), VEN—DREFRAISEARIRIL, HIATAT LA TA0 N A& L
LIST_ENTRY(Page) a;
CHAFUE MR, ARG IR N — 1 ICE NS le_next, LARIRIAIRT—MITa iR

B} le_next EoEi=tas le_prev. le_prev zEé*/I\TE%JFH/‘JTE’ﬁ, ERERZYMEE—1 TR
Hﬁ, BRI — N T R R T le_nexto

o LIST_EMPTY(head), FIWi4%& head (CGLKEBZEFAIK head XTI IWEER) BB MNE.
o LIST_FIRST(head), H4IR[H4%FK head X W IVEEFR I E TR

60
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e LIST_INIT(head), 443K head XTI INEELRFIIHAL

o LIST_NEXT(elm, field), JR[H elm FEXWAERHRIAIN T — 1 ICK. elm L5HRTEA
M40 field MFEL, AR — 4500 LIST_ENTRY (type), FIHIHILH field 7%
SRR AR ] o

o LIST_INSERT_AFTER(listelm, elm, field), ¥ elm I ALK listelm ZJ5o
o LIST_INSERT_BEFORE(listelm, elm, field), ¥ elm ifFICAILE listelm XAl
o LIST INSERT HEAD(head, elm, field), ¥ elm HZIfE# head XTI HEE L,

o LIST_INSERT_TAIL(head, elm, field), ¥4 elm {fiZI443 head XJ MV 4HFE I FEHT.

o LIST_REMOVE(elm, field), ¥4 elm MUXTR7&EZFH MR-

le_next
data
le_prev

P 2.2: macro list

Head

lh_first

\

le next
data
le_prev

le_next NULL

le_prev

CH+ AT LAMEM std: :stack<T> & X —12RA0 T iR, Java H 0] LA#H HashMap<k, V>
FE AR N k HAHZSRR v A K o X R OIZ AL, C B S A B TR
LR s 7% ) RHR AR R SEIZ B
56X include/queue.h HZSHRAYEKAL LIST_INSERT_AFTER.
HIRERKE—MICRKIBEAZIEATTE LG, LM R LIST_INSERT_BEFORE PRZ{KSL
IIJ[—]_,O

Thinking 2.2 5B T RPN A]#:
o MHATEMMERIAEE, HIAMZEARLIMEERTEAL .

o BESLIIMNEHN /usr/include/sys/queue.h, | fifH A ER STHIRGER 5L
W, N SALR A A R, 5 =F A SMERRE L TERE

Jto

2.4.2 TUEHIR

PEEEENGAERE, MOS 47T npage M UiiEdlE, it /E Page Z5HAM. fF—
AT TIPS . — DU B N A7, TERIX DR B N A7 AN & E T S I N A7
MOS A& HX A EE Rk 44 DU B2 P A7 9 53T

Note 2.4.1 npage 1> Page Tl npage MJHE GUH—— 747, BAAKIE, npage 1> Page
HIE LN pages, I pages[i] XA AN 0 FFIATHELHSE 1 BT « I B4 m] LA
i include/pmap.h Y page2pa I pa2page iX 1~ PR%L.
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Thinking 2.3 8L include/queue.h LN include/pmap.h, ¥ Page_list INE5HAMR
HERE ) R IERR R

struct Page_list{
struct {
struct {
struct Page *le_next;
struct Page **le_prev;
}* pp_link;
u_short pp_ref;
}* 1lh_first;

struct Page_list{
struct {
struct {
struct Page *le_next;
struct Page **le_prev;
} pp_link;
u_short pp_ref;
} 1h_first;

struct Page_list{
struct {
struct {
struct Page *le_next;
struct Page **le_prev;
} pp_link;
u_short pp_ref;
}* 1lh_first;

W2 WY TN B Page Z5HR A ERIE A — R D, IZBERMIA B WEER, Wiz
page_free_listo

M DRI BCN AR, 425 PRI L A ) DU A Rk 7 AR — D A B PN A 40 B 25
I P 44332 DA 11 e A 2 DR 2 1 S I 25

MU N AR T SE 52 (HERRORUE, 51 FHIRECH o ), % 6T 7 Y 0T 42 Rl B B i A\
)23 RIBE R AL

T Page Z5H9K, EHIEXALT include/pmap.h

typedef LIST_ENTRY(Page) Page LIST entry_t;

struct Page {
Page_LIST_entry_t pp_link; /* free list link */

// Ref is the count of pointers (usually in page table entries)

// to this page. This only holds for pages allocated using

// page_alloc. Pages allocated at boot time using pmap.c's "alloc”
// do not have walid reference count fields.
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u_short pp_ref;
15

o Page_LIST entry_t i XN LIST_ENTRY(Page), KM pp_link R AXT NV 14T,
o pp_ref XX —TIVIERNAERE S| IHIREL, BT HZ /DRI 22 W H oL .

2.4.3 HMMExEE

1E include/pmap.h A LAEEI# T LA page_ JFLMeREL. Hir, A XY FE T
PR 4, AR RRAIG A B TUE S B S ROV DT e DR DUE S I D DT
)23 PR TR

EAT LRI T kern/pmap.c H:

e page_init(), %Eﬁgghfi%%q“%%£Ufi, BT IR =4 TEE:

L. HEFIBERMRZEAIAM page_free_listo

2. 4 B 192 [ HE T DU 5

3. BB mips_vm_init () HFH B A (R R P2 DUTED A DA R 5 | B4
FRA 1o

4. TR B YR DU 5 R AR A 0, A AT I R TR i R A2

page_free_listo.

JESE R BRI T A R DU R, T BOA R s . xR LA
SEMPLE T AR, WRLE DT g S 1o 4 FRIEAE AR S AN, i n] LA A B 1Y
DU HP 2 Be— DR o
N ABETORTEWE 2 S RUNAE 5 T4 BO N AF I, &R LARE DO BRI RS BC, P LAY B
MR TON 5, FI0 0x1000 3| 0x1fff A—Tl. XHEJR freemem FTAETL (UNRE
CAMHTE) BB RBNIZEE “Talc” M. FICH T JEEEE EH %
DU BCAERE 2 [H], IX TR freemem HEFTXI 5o
Note 2.4.2 [FIN, FEZRE 2 freemem At 5 — XM FH o7 mips_vm_init
REBI TS, alloc MAUIASEMAM T, FEHZER “Sl=E” #iEEid
page_alloc BT, ZHEESIEFHIFI TN A,

ok, B R TOEARIC ES I HREL, FoniZzitagE G I 1k (AT LAE IS 2 ST BT
P PEEH T R]) o A AR FH I DT B DU IO A S N DU S SR, LR 2 d.
5/ page_init EREN.
IHE IR AP ERRR , B R A TRE. AN, X EARAH —LeRUR

1. SRR 2 LIST_INIT,
¥ freemem %1 BY2PG UETXIFS (i ROUND %54 freemem NA(H) -
4 freemem AT DL JHIXT Y Y UL #28 il Hhe H 1 pp_ref FRA 1o

W H B DU Y DU i R ) pp_ref #5704 0 FF# A LIST_INSERT_HEAD %%
HIE A INEEE

= 82 N

63



2.5 EWMANEER CHAPTER 2. W #4A%

« page_alloc(struct Page **pp), EHIEM /IS page_free_list 45 HHEF LES v i
XS A P O g e 25, RS INER TR BR, FFIE 20 B DT, 55K pp
T 6] ) 2 [ T A A I D i R A

52 page_alloc K%L,
£ page_init H¥USBITSEEEE, £ MOS HANRME i FMH = H, AEET XK
HOR BIE L. IZ R I R, R AR N
1 RS WEERBCAFT AT, &[5 5 & mE
2. MR REEFA W AT, BULSE—00; MHIRIE, K% DU LA DU Ay
Hohk s e E BT

A, URVTRERE ELM 476 2¢ LIST_EMPTY SKPF%L page2kvaso
o page_decref (struct Page *pp), EHI/E4 pp XN UGG R ERD 1, WHE]
FRECH o M2 T page_free BRACI XS M 38 UL I B BT 15 B 0 25 K DUIA]

o page_free(struct Page *pp), B HINEHIEHIWT pp Fi7 [A] D2 il HROGH R ) P B 0 5 | IR
BTN 0, 4504 0 WA B DT TAT A 25 PR DT, 44 0T 2 ) D i B BB 4l A 21 page_free_listo

Note 2.4.3 page_decref Hl page_free MK ARE Y. Y HAYH PR T E B
FHRATUE B PR T e iR 1 B A TUE S, <A page_decref K
ATTE RSN, 240U 5| B8N o i< FIG% DU »

5EIK page_free PRI
PN %% 27 LIST_INSERT_HEAD, ¥4 DUZEFAMANE A 25 IR TL S MR a6

2.4.4 IEWMERRER

PAIT make test lab=2_1 && make run ZWiIFISATINAZ, WIRUN M5 BRI B A A7 2
9 BRTT I

The number in address temp is 1000

physical_memory_manage_check() succeeded

The number in address temp is 1000
physical_memory_manage_check_strong() succeeded

2.5 EINEFEER

AT E 22, MOS H %] PADDR 5 KADDR X WA~ Z2 il i LAXH 7T kseg0 MY REFLL Mt
I R 4 B b b 96 A 7 e e

fHE, XTALT kuseg FHEIMIEE, MOS H R WL I 45 F0T HAb /7 i b 546 .
2.5.1 FRIAREN

B—WEFRATLHFE (Page Directory), 25 RPN IIEE (Page Table)o BRI, T
[ — R/ TAFRIEN Page Directory, Z#HTFIE Page Table.
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PR TURALAAR L B2 DURAILE , R RERA DTS- 83— 2500 7 R 40

Bk, X1 32 izl MRS 0 TR S, 3 31-22 (VRS &K
ORI WA i, 21-12 (0N A2 ORI WS i, 11-0 MFRoRAR TTA RS fit .

include/mmu.h HHEAE T D22 AR SR EUR AL i, PDX (va) 1 LRI HBHE va 1) 31-22
£, PTX(va) AJLAZREUEIMINE va 1Y 21-12 fi7.

Vi [ EFHEE A SR it — 2 TSR E M A — R U R I R RS e, AR B Y — R TR,
TR ER R R DUR A B TS, FRARYE R T (i B8 R B BT i R OGERT, pEmSE]
IZRES LR N A B DTS

EIfm AR

- 27851

—FRRIRBE —ERIFEBE nARBE

31 22 21 12 11

— R RE M MERS | RN ZR I RE Mt YERE | R
+1 MERES | R +1 MERS | R
+2 YMERES | R +2 MERS | R

‘ nEnE ‘ﬂm&‘ nEne ‘mmm
+1023 \ nERS ‘*XIE&‘ +1023 nERS \mm
Y bt
MBS MARRBE
31 12 11 %]

A 2.3: PAZE UL FA By ik A4 b

MIPS R3000 %4t Htb kA2 o EFDUAL , PAICAR SRR PP AR5 (R S P Bt ik, e s gy
FIZ P B IR B REAUAE AT () X DR TIRIER AL T AAZAS, TAIL(E 1 KADDR ZR1FIH AL

T kseg0 I HEAA kL BV AT 52 B o

£ MOS H1, ToitR—HITHRME ZRHIFE, CAINGEE—, RN TIRIGE R
YIRS SCAFTAN R . BRI TUERYIH 1024 DNTUERIAH S, RN TIERTIH 32 (L4, 34 20
(LTS LAK 12 frbrakfre Hr, SRaEALHE HVEAT EntryLo FF A HIRYE (FEIL 2.6.1)
A (FIIbREAL PTE_V. PTE_D #L43 AIXS WV 3R EntryLo HHY Vo D ARaEfL) o D TIFRE
a3 [FA 4KB, PRI A— T AR

BT — DRI DME I — > 32 (B BDRERR, R LME Pde KFR— D —TT
I, M pPte KRN RUTERIL, XA IAREZ u_long, BN typedef {7 T
include/mmu.ho

BN, % pgdir &1 Pde * BBINIIRET, Fon— A —HIIFAHEMNL, A pedir
+ i AIAIS 3mSR 1 B —HOUFRI (DUH ) Hihk.

XEFE—F TLB BHEE. MOS H, lid ik f bk 2R iy, Al H 24536 TLB,
WREHENM, #iafit’k TLB Miss (TLB $R48) S, WA IR BRAR FP st %) TLB
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P THIE. FATSE TLB EIEHH N AHILE 885, FrILURETFE T MIPS fHihk2r
IR, TSR RE AR, Lab2 HEEBEFRB R HAAIIIEE, KAMOS TLB BEES T
B X5 TLB HEIIENN A S N H.

4] t1b_invalidate PRACA] LASEIMMH RS E RE S HE RS, 24 DURBAS 0, mh =R 2EM
FHZ R ECARIE T U (A1 e AU B HE R 5 4 TLB B3 AGRIE D 7 19 IE A

BrUb =z A, —M e RS, AW B DU AR s, I A B R 0L D S A 2 A
UL, AR 2R — Lo s TUS B RE A, e W0 S B DT 0 Btk o DU B e L il
FIFO S/ LRU 8.

SRIMAE MOS Y, XX —id g T ik, — BB e ie, e Mt a2
TR U B, TR ERARPIEE IR, TEXT, page_alloc BRALHIR MY -E_NO_MEM.

2.5.2 S5TiRMEXHIEHE
THANHILN S TR R AL

Note 2.5.1 HiE—T5H, FATT MR TR 12 MK Entrylo A f7d Y
FIEAHE (WEntryLo FF Fay), AEE] T Uy la] Y EE vl N BIAURAESFIVEH -
SEEG R RN TURTUAIAURAL . 15, X287 5 EntryLo Z(Fan THINLAFAE—E
fnf7e 5, WA, EntryLo H'HY D, SEBroxtE AR S Y DU R AR A2 PTE_Do
TSN, it —25 T ARIX L TURBUAN IR, fr LAIX B 48— L83 AR A AT B4R
o
PTE_V AMNL, HRIGETIARAI N 1, WHZTRI RS 20 ALl Xt b i H T

=

7 o

B

PTE_D A['S{L, HIIGRMATAI SO 1, WAL RIS P TUEAT S BAE

PTE_G @ Jmfi, AR TR AR 1, W TLB U HE -5 IERCRI, 1A ICAS
ASID, ¥41E Lab3 FH T W pages fll envs |45/l A& Lab H ] LAZHE o

PTE_COW EHSEHINL, K7E Labd AR, B IZAFRALEIL T fork HYS BT E HIHL
#ilo 2 Lab AR LLZEE .

PTE_LIBRARY L TUAINL, KA Lab6 " AHEI, HTSLIEEHLS, A Lab ] LLZ
H]%o

ARG REH

int pgdir_walk(Pde *pgdir, u_long va, int create, Pte **ppte),izglﬁl%*ﬁﬁ
FHMUE pgdir XM AP TURGF va ERHEAT/E R " ORI TR F 06 /E ppte 1R
23] _Eo IR create AN 0 HATRHY “ 2 IFALAE, NSEH page_alloc AL AC—
TUBR A T AL TR, MR C R I3 [ 85 B A o

Z R AT E AR R A0 ] 2.4 7 RO BE A0 0 - (E%ﬁ, HEIEH T walk F map- insert IS
H, EPIEAES R valk, FEHE nap. insert)

FER pgdir_walk PR
REHIE TR 480 I HERU L, 7E25 8 1 U1 H S AP0 D RESUULE 0T 137 B 5T
i%@j, B HHHE S A *ppteo
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RIBES XHER
PDX - Page Directory indeX (FTERZE5I)
PTX - Page TableindeX (BI%Z3I)

PDBase - Base address of Page Directory (T1H RE i)

Btk PTBase - Base address of Page Table (TAZE ML)
_____________________ VA - Virtual Address (EEIMME)
-»"--"-"""""-""-\}i)-];luu PA - Physical Address (VB hE)
3 » 2 PRET o Perm - Permission (1XFR)
VPN - Virtual Page Number (BEITIS)
PDX PTX 0 ‘ PFN - Physical Frame Number (YJIETUES)

FB1: HRITER (Walk)

if (Perm & PTE V) == 0 then
: if create then

// BRE—TUHREIE S AR

PDBase(VA) | PDX

I MAEFRIEE (BT @85 kseg0 J5EEX)

11 S HPERHIIE ALK T kseg0 FRIEEIMAE

A

(#&R: EF% KADDR(pa))

PTBase(VA) |

H: HFTTRA (Map)

PTBase(PA)
PTX | 00 li
111 3§ BARIE DTS MAN PRI 5 N TIR BT
v
PFN ‘ Perm

] 2.4: walk & map(insert) Z4IRELA A
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o MR REAHBEENS R R TURATAE, WIBCE *ppte JAIX— TURIAAYHIhE ;

o WSRIX— REANHBHEXS R T TFRAAFAE (BIE — MDA X B 9 0T H S BTERD)
N2 create AN 0 RSBl " ITCRHERIEEI, N 0 BIPK *ppte WEAZS
fatto

R, XEARESE I HFIICRH. create NEM, i page_alloc Gl — T3,
DU R 23 FR BTS2 R Y3 DU pp_ref FBto

8 hnsth $1E AR 5 R 2K

int page_insert(Pde *pgdir, u_int asid, struct Page *pp, u_long va, u_int perm),
VR — IR EEH L pgdir XY A ITTEEEE M T DL va WS RITTIE IR pp X RZAY
PIEEDUE, FPR TR IR EY permo

int page_insert(Pde *pgdir, u_int asid, struct Page *pp, u_long va, u_int perm) {
Pte *pte;

// BTEEN pp WB TS E] v, BEARERE va BEHFETBA?
pgdir_walk(pgdir, va, 0, &pte);

/S WMREEFET WA, ZRHZEHK?
if (pte != 0 && (*pte & PTE_V) != 0) {
// IREEW B RARN, BAARHE A FEFNNTRE 7
if (pa2page(*pte) != pp) {
/) R, MLBBRIAGHBE, EAHN I,
page_remove (pgdir, asid, va);
} else {
/7 R, A FEEH — T WA AR RAL,
/7 BRER TLB ¥ &AM ARTME, REEFNFTW
// AR, BHETRIR va FIETH, TLB 2 EHAR
/O RPMBEX—ARIT . BHATR, BHFHEE,
tlb_invalidate(asid, va);
*pte = page2pa(pp) | perm | PTE_V;
return O;
¥
}

/*T0D0 : */

return 0O;

}

58)i page_insert BRAL (M2 TODO #5) .

SRR ET B 3E L 3IE oR 25

struct Page * page_lookup(Pde *pgdir, u_long va, Pte **ppte), VE 2R B — 2%
TUREEHIE pgdir XFLY AT DU EEH P REDIML A va WSS A P B DT A DR, [ R
ppte FiF ) {9 25 [ ARSI Y 2 DT T o

struct Page *page_lookup(Pde *pgdir, u_long va, Pte **ppte) {

struct Page *pp;
Pte xpte;
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5 /S EAFTRETHFEX—TRA?

6 pgdir_walk(pgdir, va, 0, &pte);

7

8 /MR FBEX TR, RRERLK,
9 /7 BE RIS, RREAEKE

10 if (!(pte && (*pte & PTE_V))) {

11 return NULL;

12 }

13

14 /) WRBEAMETRR, NHERBRZ—HK
15 /7 TUT By TR ] 3R 09 355t

16 pp = pa2Zpage(*pte);

17
18 /7 R 7 T B — TURIUH M

19 /7 CBNT R T A3 TSR T Ak o 2 18] B9 Mo ak)

20 /7 A TSRS % %

21 if (ppte) {

22 *ppte = pte;

23 }

24

25 // BT AR TUE T4 ek
26 return pp;

27 }

BYiH 31k RR 5 o 25

void page_remove(Pde *pgdir, u_int asid, u_long va), YEF/EMIBR—ZunFA it
pedir XN IR L R I MbIE va XTI EHEHE B o ISR TEAEIXRE I B, AR 206
P BRI B 5 | B2 9> — Ko

1 void page_remove(Pde #*pgdir, u_int asid, u_long va) {
2 Pte *pte;
3 struct Page *pp;
4
5 // B va XY TR R
6 pp = page_lookup(pgdir, va, &pte);
7
8 /7 ImREREK, WS FAEX—BA,
9 // AFERH, HERHE
10 if (pp == NULL) {
11 return;
12 }
13
14 /7 WmRERES, WHREE va BBRA,
15 page_decref (pp) ;
16
17 /7 KR TR TR =
18 *pte = 0;
19
20 /) RBEZRAE TLB KR
21 tlb_invalidate(asid, va);
22 return;
23 }
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2.6 HIEIANES TLB EiE

2.6.1 TLB #H*#Ia1EHNH

THEANA RS, &3904 TLB RIShRERIAECESCEL, {HXF TLB AYE e /7808 M.
N TET SR, TSN H—LE R3000 AR REEHIHTR
R3000 WAAEFEMOEH) CPO 7 (Fe

T Mg

8 BadVaddr PRAFE | e ik S B R At

10+ 2 EntryHi. EntryLo s TLB iR/ AR 2w it X
WINPT, FEL /N1

0 Index TLB B35 TR 2 ENZ a8

1 Random FEVIEES TLB FUH 552 A%
EReE

TLB AR

f—A> TLB FI#EA 64 7, Hrim 32 (72 Key, {Ik 32 fii/& Datao

EntryHi. EntryLo

EntryHi. EntryLo #f& CPO HHIAfids, MITRENHIXEE TLB B Key 5 Data,
HXZ TLB & 5.
EntryHi. EntryLo FU&5HUNT

31 12 11 6 5 0

VPN ASID 0
EntryHi Register (TLB Key Fields)

31 12 11 10 9 8 7 0

PEN N[D| V|G 0

EntryLo Register (TLB Data Fields)

¥ 2.5: EntryHi & EntryLo

e Key (EntryHi):

— VPN: Virtual Page Number
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« & TLB kK (CPU KiEEMIbht, /£ TLB st (FRES]) A,
EntryHi R VPN Bz (BEH) EFRAXEEMMIHERS .
* MR ZR TLB RIUN, PAFFREM VPN BUE A A B A e b L o
— ASID: Address Space IDentifier
« AT XA AFER R =SR], Bk TLB RIET, BT EERME vy, £FEZRM
ASID ([A]—HEHAHIHEAEASR] A bk 2 i) ram s ol 20 AN 6] ) A B M A ) o

e Data (EntryLo):

— PFN: Physical Frame Number
« RHFBTIES prN, BBR{ER TLB 5<%, A B Key 5 Data SA
TLB H.
— N: Non-cachable. 4iZAA A 1 B, JEEEi Wb A4 AEIT cache.
D: Dirty. F% FERABHL. Yizfrh 10, bk v] s, SNHERISRERCKS] %
TLB 7%
V: Valide WRIZAIY 0, WMEAATIA )% AL Y3BS5S % TLB &4 .
— G: Globalo INHIZAA 1, M CPU %4 H Y eIk 7522 512 €T ven DLhc, R
A5 TLB BUEECE) AT ERA ASID 215 ILAD) -

Note 2.6.1 TLB F3:_EHE T — s < VPN, ASID >——25< PFN,N,D,V,G >

Thinking 2.4 3585 T PR :

o IHFEE LA K R3000-TLB HIHIA, MBI GFRISCINA B, A ASID YA EL .

o P12 «IDT R30xx Family Software Reference Manual» ] Chapter 6, 455 ASID
BINiEL, 1A R3000 H AT AN AS ] B il 2 ) B e KBS

TLB #H*#E%S

o tlbr: DA Index AFfFar I AZRS], 3 TLB HXt 7 A95EI1E] EntryHi 15 EntryLos

o tlbwi: LA Index FFfF#rHHIE AR i) EntryHi 5 EntryLo EE 2R 5 f82E
¥ TLB F£IiH.

o tlbwr: H EntryHi 5 EntryLo HIEWEMEHLS £]—1 TLB £HlH (tALHEH] Random FF
fraek “REPL” FEERI, Random FFAF#w A LA — MAMEBIT IR -

o tlbp: R4 EntryHi 1Y Key (f14% VPN 15 ASID), &4k TLB H 52 XM AT, ¥k
KRG Index AFfFar (A ARILEIICHI, W Index REMIHKE 1)o
(M%) BWHRE TLB Bt
BATFNZE CPO &5 TLB &2 5., NI#H R/ TLB MRS 5 NWE
1. 5 CPO #fi#t.
2. ffiH TLB X464
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2.6.2 TLB #%iPiRig

I 2 BTSSR ATRESSARTARAS N A2 5 R R A BT EE =K, X2 i TIbAYS A 2
PEREAHOC N A, ArE RS BdE 0 E U REYITE ksego BE, ToTiiliit DU MY B ] ELHEAR
TR H bl o PRI A Y SESG i e D, K2R 2 Ja BB iR bRz O, AR SRR i —
SO FEAE PR R FAE AT B R EFAE . (HE T AT PR 2 JE S5 PR R A N 2Y, FEIiR
SEIGE RN A A B F P AR T (M A R AR RS A, BERERS B 2 IS R SEE, RIS A
IRESLEG AR AR o

ARSLEG i FH A MIPS-R3000 HY MMU #E¢EH A TLB, (EH )7 Hihk 2= [\ 95 G2, e
LY BRI ) R TLB $E 7. A Y m R B bE ) 015 R0 24 5T 3ERE ASTD ZH i
Key /£ TLB HUFEEAT R ) TLB U (M 01575 TLB HAFAEX W TLB K51 H AR WAL R
TR G AL 1) B, AREREIR R PERMhE  [RIT [R) s B O R e AP, O
3 R U5 A Y BT ERE ASID 7F TLB A ifl Hxr b i B 0TS aniRpetg aif®), Wn s
Prefphl ;. WnSROREEES R, M= TLB Miss 5%, BV SIS w0 F T, EisEh st
NP hE, X TLB B THEE.

AR RG] ME T3 g A0 b bk B S A B8 D5 BB S AR e AR TLB W47 T
DU I — R AR B Y TR I AY , 2 G E RS HT T URSUERA S8 TLB, W5
(P32 HE AL PT RES 1S 26RO Y BR O . T LAFRATHE BE4E4P TLB W3R, 1154 TLB Ref%
A ) e A RE AR B A TS0, BSOS 4 4 2 M R S B e DS ot B Y e B b R — 3K

HACKI ) i TLB AR T

1. SEOFT TR AR BRI REXT B B DRI [, 4% TLB Ao B Y [HR TR
2. AN RS AZ AR % TLB IR, X TLB #H7HH

TLB [HRMEI L

AT £1b_invalidate SEHUMHEREEERELIMBIEAE TLB FAYIHZRIN, eRE 122 5R AL
T kern/tlb_asm.S ‘:PEI/] tlb_out ‘:F'o B tlb_out %ﬁ tlb_invalidate i@ﬂ%ﬁﬁ, a0 %ﬁ%&ﬁfﬂ?
W NINZEL, T A7 IHRIUN Key (M HELLTSF1 ASID %) FRATEH mtco K Key
5\ EntryHi, FH/SMEH t1bp 154, 45 EntryHi HHT Key AHOM R A IHERT, WK R
SN Indexo. WHREFMEKTET o (HF TLB HAFAE Key X I B 5T , FAIA) EntryHi gl
EntryLo F5 A o, B/ H t1bwi 8%, ¥ EntryHi fl EntryLo HINEE ANZR 545 & £,
B IHERTIHY Key A Data BE %, SEHUEHICHUL

S8/} kern/t1lb_asm.S FHY t1b_out %L, ZEEMRIEANAIZEL (TLB /)
Key) #EXRA] TLB RIT, FHHIES.
HAKN, Fe BN BEIRA PSR S, o — BN t1bp, 73— MLEN t1bwis
RIK Bt 22N, t1bp 164 BIRTJE#RML A A1 nop LAMEEE B -

Thinking 2.5 IR N IR = A A

o tlb_invalidate 1 t1b_out W< 5?2
o 1EH—AIIEMEFS t1b_invalidate M/EM .
o BATHEREE t1b_out T AL HALHL,
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TLB =&

TLB B EHETEH kern/tlb_asm.S F do_tlb_refill BRESEK.
.data

.word O

.text

NESTED(do_tlb_refill, O, zero)
mfcO a0, CPO_BADVADDR
mfcO al, CPO_ENTRYHI

srl al, a1, 6

andi al, al, Ob111111

swW ra, tlb_refill_ra
jal _do_tlb_refill

1w ra, tlb_refill_ra
mtcO v0, CPO_ENTRYLOO

nop

tlbwr

jr ra

END(do_tlb_refill)

TLB FHEIHMHICRBEAEN AR TEEN LG T, BARE do_tlb_refill e KEN
T

1. M BadVAddr HEUH 5|4 TLB S st

2. M EntryHi #Y 6 — 11 (U 4ATHFFERT ASID. 7F Lab3 BUfGADH, SFESEREDIHRNE L
EntryHi "R ASID, DASRIRVTAEFTAERT AR 23 ] o

3. LURESIHHEFT ASID 2%, M _do_tlb_refill MRA%l. iZHRAUE TLB I FRAT
Ly, HINREEMR T MR ASID & T, IR A S Y EEMhE 1Y TR T, A T AR
Im RN P AR IRl AR R AT, AT ra FFERIERGAE D ‘@i
W

4. ¥ Y HEHHEAF N EntryLo , FFHUT t1lbwr KLY EntryHi 5 EntryLo 5 AZ| TLB
(fE&4 TLB $RE, EntryHi HOREE T REMIHHEAROC(E B

A TS EAE TR AB I C 155 B E1E kern/tlbex.c HHY do_tlb refill() ERA:

Pte _do_tlb_refill(u_long va, u_int asid) {
Pte *pte;

%ﬁﬁﬁ%*ﬁm@@qhmmpuﬁﬁﬁwﬁﬂva
EYWHE TR G TER pte’

4R 'page_lookup 'R 'NULL', %% 'pte'$&K A 2|, #Fl 'passive_alloc’
X va FTEWENTT @ ENET @,

HZ 'page_lookup '3 B £ Jy 'NULL ' TN 1R H 48 2R,

A UAERA A, EFR2REE cur_pgdir EHHF NS,
*/

return *pte;
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}

cur_pgdir &Mt kern/pmap.c & XA FA i, HAEM 1 Y ATERE — A ik
AT kseg0 HIRELIMIAL

Note 2.6.2 7E Lab3 ', WEATEMHE YT cur_pgdir MM, M2 12 fHI 247
HER A — T AEHBAL

> page_lookup () BRELLE DU PHCREN BRI, FATHH] passive_alloc() BREGHT
SR #Z MRS, FRATAT LA R IE FR s — NPT (page_alloc), FFH4REAL
Hoht S 2 Z L T (page_insert), RVUEfTHEZN 0TI 5AC -

eI kern/tlbex.c HH do_tlb_refill BRI

5% kern/tlb_asm.S FH do_tlb_refill FR%{.

Note 2.6.3 fEZJEH] Lab 1, i&1T MOS K& H I too low FHIRIFEMATIA T
— R RH RSB . R BOZ AR E AR T R A AT MARENAG (=188 B
HIERAE, BEE IR EIE N kseg0 WAZREII ML H ]

T S AL PR AR ARG A 2 S SEEG B EE R, B TR E A AR A kL At
BAF1 R3000 HARRGAE T [R] A A7 B AL BE T RE R AT

2.6.3 EMZERRER

Emmf':ﬂlj\]ﬁﬁ@ , P47 make test lab=2_2 && make run ZRiFEITWE, TRl
5 BRI N @Eﬁ%mﬂm (Hrh ik 3££e000 AAREER) :

va2pa(boot_pgdir, 0x0) is 3ffe000
page2pa(ppl) is 3£fe000

start page_insert

pp2->pp_ref 0O

end page_insert

page_check() succeeded!
va2pa(boot_pgdir, 0x0) is 3ffe000
page2pa(ppl) is 3f£fe000

start page_insert

end page_insert
page_check_strong() succeeded!

SR TLB HIHG M5, W47 make test lab=2_3 && make run JRiFiZ{TWE, Bonin
NME BRI TLB S A BT -
tlb_refill_check() begin!
test point 1 ok

test point 2 ok
tlb_refill_check() succeed!
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2.7 Lab2 £ MOS HHJH#ER

NERER T Lab2 HHEEHNAALE MOS REHIER (KA HME Lab2 RS2
MIZHRE) o EIHhE—IRBEERE—DPITIIRE, Bk B aRE— B3 (SEEBAH) , &
W57 %R (BRE) 2R IRE 2R (8 88 EoRA) HT1TE
T2 (SRED , WAEZBER (S0RED MR T "B + 27 iRk,
passive_alloc R A T page_alloc gl page_insert EW/I\[ZI%(, M page_insert S
AT tlb_invalidate XA R

FEE A, A E RN FRR, WG S R EASEIEER. [F2A(15E Lab3
JERTLARIGE, 55— KA A ki e - R s e, mife P gt it rd e rp, 2@ 3 ik
T CnEPA M ET) WA N, AR 5 A B R AL
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kernel init user process

O @)

A possible handler

p mips_detect_memory

/Y

p mips vm init
do_tlb refill \
l alloc 1 '
_do_tlb_refill TLB miss
Lab2 page init /
(init page free 1list) page_lookup

\

passive alloc

page_alloc

page insert

tlb invalidate l

AN

¢ env_init
1 env_destroy
map_ segment

/

l pgdir walk env_free

S

env_create process die

. . . page_ remove
(create some "pre-existent” process)

p env_alloc page_decref

p env_setup vm schedule @

l page_alloc

(for page directory) env_run

b load icode
Lab3

b clf load_seg
1 load icode mapper

l page alloc & page insert
(load binary image to memory) l

b enable timer

p enable interrupt (CPO.SR[IEc])

K 2.6: Lab2 in MOS
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2.8 EHftARLEHHHRNEFERE

ASKIRAE MIPS (RREH LIERIRIE RS, FILAEERALES MIPS FIERA S5, 1
Lotk REEHI, WA RER A KRR A — Sk RS2 A4 MMU, B
BB B HLEIRILS TLB, AR AR B do_t1b_refill B¥UKHE TLB.

Thinking 2.6 & TR =& —[E%:

o AR T ARFFRUA X86 K RLEMHF N A ERALE], iR X86 Fil MIPS 7ZEN A #E L
F X 51

o AP T fAHAGLE RISC-V HHINAEHEMLE], I RISC-V 5 MIPS fEHNGFE L
F X 51 o

2.9 EHE

2.10 SEIGEE
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CHAPTER 3

3.1 SEIRHARY

1. Bz —ERE I i histT

2. SEEURS R A A A O P A AT AR ORISR A A

3. SLENUERE IR, QIR UERE ) IF EE R A W e g AR B A T

1E Lab3 H¥4ia1 17— P S bR

IS TS R S A R I B Env SRR IS RS ) IR — AN B B P R,
H—MREFEEIRENNAERE, REiEEEfTEX.

[, SEOGSCEL) MIPS A% B Ab 3 5 i RE

3.2 #HFE

Note 3.2.1 HTRALNLRE, ALRFHBEEEEANDEET, LEERNTH
TCo B HEREER R — A SUA, AH A ORI, W AR B B, R
AR SEAR, IABERIE ARG T A, EA RO — MRS SE, A
THrerr, sitE.

3.2.1 HEEHIBR

PGB (PCB) /& ARG L[ 1 E FORE B B SS 1, B 0T LLUC SR iy SNERERAE
RIS R . REFIH PCB SREHIFIEE R, FTll PCB RRASGBRMHARHFENME
—iFi&. #iE5 PCB ——XMH., £ MOS #', PCB fi—" Env ZMSCEL, EEAS
TER

Y e
BERRAR il R
struct Env {
struct Trapframe env_tf; // saved context (registers) before switching

LIST_ENTRY(Env) env_link; // intrusive entry in 'env_free_list'
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u_int env_id; // unique environment tdentifier

u_int env_parent_id; // env_id of this env's parent

u_int env_status; // status of this env

Pde *env_pgdir; // page directory

TAILQ_ENTRY(Env) env_sched_link; // intrusive entry in 'env_sched_list'
u_int env_pri; // schedule priority

I8

N TGRSR R M T, IR R 2k B A 2. RIE Lab3 %
P i B -

o env_tf : Trapframe Z5HA{KIE LAE include/trap.h W', FEA BRI, a4 FEAN
1S, S I AR B R SOMEIRAFAE env_tf AR,

e env_link : env_link FYPLHIZE{LT Lab2 H#Y pp_link, 5 & kA i 23 IR g RE 2

env_free_listo

o env_id : H IR env_id HIA—FE, BRI AR

o env_parent_id : fEZJERISLIGH, FRATEG T AR21 2 & n] AR A EFE O 2R 1, GEAR
PERR A BEREAR N ACHERE o AR O S ACHERR AR 1d, ERRZ [AJAE L M SCBE AT LATE Rl —#R
EREA o

o env_status : ZFBUAREA LU = FHUE:

— ENV_FREE : RUIZHRRE SIS A AT R A, Azt i di e ab Tt = IR
g,

— ENV_NOT_RUNNABLE : R IZHRRA T RERE, & TZRSIHRRE TR EE—E &M
AR R ZEIRAS TR CPU B o (L fn R EFR I (5 P 2E 4524 ENV_NOT_RUNNABLE,
W15 B J548 A ENV_RUNNABLE)

— ENV_RUNNABLE : ZHFFE A THATIRESH M AR, FHTRER EAEEfTn, Wil
IETESE R

e env_pgdir : XA FBRAT T IZ 3R 0T H s i AR RE A A
o env_sched_link : XD FBHIEME IS env_sched_list;
e env_pri: XD FBARAT TR

FESEEG R PO R B WA E R G S S a M B A B, W2 envs K4

N T AR E A5 PR A BERE A I, FRATTHREAR Lab2 — RG2S Env 261 P2 IEERTY
HHGERK, WK env_free_list o —JFIARNTAFREHIMHAZ 2SR, FT LB S ATH K
#l env_free list I Z

struct Env H[BEFRITILES K A 41 env_sched_list FIZWPAF] env_free list W
MBAF, HH env_free list FFEEA T Lab2 #¥ M LIST 4544, T env_sched_list NI
FTARRUEARFE B 75 —Fpahty TAILQ, BIRFEE XAE include/queue.h H, SEIL T — AP
B, BESCHPAESLEB IR AR, R e i ARG . REEFEAL TAILG FFLR KR
1ETZBAT .

SE env_init PREL.
SEIL Env $EHIEE 23 R BAFIAT R EEBA ST Rl ia A k. TR, IR ERBIFEITE
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PERIHUR AR ZS PRAER YK HR, fAS4 5 5/ N BERR A% Sl HAse (L e 0 Fic

Note 3.2.2 XEMEMFRMAINUTY, Z4 7 EBATHRITI, HHEAERN RT3

3.2.2 ExitiybRRET

1E env_init HEHER)G, HH page_alloc BRECHIINR T3 base_pgdir 4L T — i HE
WAT, BN ERLNE ) JF ] map_segment BRELTEIZ IR HVEG N ZEA pages
envs WRGTE] T 23[6] [ UPAGES il UENVS &b 7EZJGHY env_setup_vm PRELH, FAT&I4IX
TR DTSR T B AR R DU

Bt bR 5 K%L void map_segment (Pde *pgdir, u_long pa, u_long va, u_long size,
u_int perm), VIRE/RAE R IIFEHNL pgdir X AY W2 DT F 4544 T B L b e i 44 e fUL kb
HBE [va,vat+size) WREE|YPHMNEBE [pa,patsize), KIARAIZ IR, R size WMIUE T
TR/ INHRER i o RIS A DURIHIAL IR I B perme ‘B AEIX BAER G NZ T H) Page
1 Env ZCREE AT 20 2 ik, DAIEHT PR s B

BIREE G env_init *H@Tﬁﬂqﬁiﬁ, SER map_segment BR%Lo

3.2.3 #HEAIFRIE

WA FN ARG P EH GRS FRFEN AL, FDHRPITAR RIS, SN2 &
BMHEYME. 8F, IRARERG AR R ?

TESLG PR FEREAR IR R Lo 7 struct Env PERRIEHIBEFN env_id XM, 21
AR —TC AR IR, TR AR O A IR T o

£ env.c XHFHSEIL T — ML mkenvid FIBREL, VBRI AR — MR ido

1F mkenvid HHIH A asid_alloc @@Z, VER 2RO R I — 1 S T4 T A &
MR IR H) ASTD.

N SEBLGXANIHAE, TLB HER T F R A g5 B2 4N, S EE RN, BN
Key H)—#B53, HTORUER 209 0TI 8 T Y ardi s, X MrRfeeid asip. 248, A
PERR Y RE AR AT DA A ] veN, R ASID R H A ME—FRiRIER TG, 5 TLB Field 1Y
WE—PEERAE TG 1o I, 7FSCieh B IR Y58l TLB #iE 2SI, AR LAEIX 4 ASID
srBCgs H AR .

2, BUPIAS REAS 2 T A, TARE SR =/ nldl, T BB R AL T /i TLB Y4549 . MOS
SEEGHHE CPU RS2 MIPS R3000, H TLB £5#411 Key Fields (HU3l/2 EntryHi &% &)
HHE) T ASID, W1 2.5 fivR.

ATLAEH, Horp astD #0985 T 6-11 3k 6 4> bit, tat/Eii ASID WIS ARY, F7E
S —E TR BT ok Wl 1Rl ASTD. SEEGSR A T AL EEE . 64 DA HIAY ASID, 1R
ASID FERIBEQIE IR, WK A B (panic)e ATLAZH env.c W' asid_alloc MY
ARAD KRS I AR o

&

Note 3.2.3 ZEfpRY Linux REH L ASID - AHLHIR MG FH 21T AR EOR 2 4
ASID i EHIERSI, BOGEAYFE AR MESR T T ##—F Linux B9SEELHLH]
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3.2.4 HEHEEHIH
SEREE ] 3.1 5, WTLIFIEFI H S RifTE#ER env_free_list QIR T THIEAMAZB N
fa G — AR
PR AR A R
B—5 FiEF MW PCB (W& Env Z54HK) ) M env_free_list HERI—ZH
PCB ¥, XHME) PCB #ligik H4t—1f.
BIH UiFIATIET FTE R EXMOIE TN, BATRARNGERR , BT DO
BREE BEET TRE . MRS B XEE TR dilted | B AR 2 TR0 G
PR F2 B
F=5 LA PCB GBIk, A I REE A M bk s [\ FTLL, B
PR IR T H 5.
FME i PCB EAWHEE TIRZAR, AL —ikAd, e NSRRI, Mt
A LME

Note 3.2.4 F P A7 HI B3I BCH

NS R E R AR, A4 T g &R a A X B

e el

int env_alloc(struct Env **new, u_int parent_id) {
int r;
struct Env *e;

/% Step 1: Get a free Env from 'env_free_list' */

/* Step 2: Call a 'enu_setup_um' to initialize the user address space
* for this new Env.

*/

/* Step 3: Initialize these fields for the new Env with appropriate values:
* "env_user_tlb_mod_entry' (lab4), 'env_runs' (lab6),
'env_id' (lab3), 'env_asid' (lab3), 'env_parent_id' (lab3)

Hint:
Use 'asid_alloc' to allocate a free asid.

* %X X X %

Use 'mkenvid' to allocate a free envid.
*/

e->env_user_tlb_mod_entry = 0; // for labi

e->env_runs = 0; // for lab6

/* Step 4: Initialize the sp and 'cpO_status' in 'e->env_tf'. */
// Timer interrupt (STATUS_IM4) will be enabled.
e->env_tf.cpO_status = STATUS_IM4 | STATUS_KUp | STATUS_IEp;

// Keep space for 'argc' and 'argv'.

e—>env_tf.regs[29] = USTACKTOP - sizeof(int) - sizeof(char *x);

/* Step 5: Remove the new Env from env_free_list. */
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*new = e;
return 0;

}

env.c TH env_setup_vm EREUHLEAEER 20 G A REL, % sREHIVE A0 IR L H
BERRAYHbHEZS ], X ERSMEST A2 Lab3 HOMERZ — o

Hoht = [RI R IR1E

/* Overview:
*  Initialize the user address space for 'e'.
*/

static int env_setup_vm(struct Env *e) {
struct Page *p = NULL;

/* Step 1:
* Allocate a page for the page directory with 'page_alloc’

*  Increase its 'pp_ref' and assign its kernel address to 'e—>env_pgdir'.

*

* Hint:

* You can get the kernel address of a specified physical page using 'pagelkva’.
*/

panic_on(page_alloc(&p));
/* Ezercise 3.3: Your code here. */

/* Step 2: Copy the template page directory 'base_pgdir' to 'e->env_pgdir'. */
/* Hint:
* As a result, the address space of all envs %s identical in [UTOP, UVPT).
*  See include/mmu.h for layout.
*/
memcpy (e->env_pgdir + PDX(UTOP), base_pgdir + PDX(UTOP),
sizeof(Pde) * (PDX(UVPT) - PDX(UTOP)));

/* Step 3: Map its own page table at 'UVPT' with readonly permission.

* As a result, user programs can read tts page table through 'UVPT' */
e->env_pgdir [PDX(UVPT)] = PADDR(e->env_pgdir) | PTE_V;
return 0;

}

TEITIRTENL env_setup_vm ZHT, 4 T HFHX D RE P SCIAIThRE, i85G0 LL TR R

LG N ULIM 2 kseg0 5 kuseg 454k, /& RGZA H 7 UERE 4 Tic iY 5 e 3
Hko ULIM PA ERIHETT, ksegO Tl ksegt WHHlsrWAFHIVTAIAZIE TLB, X9 NAFHNZE
L AR fE MOS #1F KGR0 — LE R BB B B 2 H P A, (R R AT 2
DB NZASEREDT (], 1X/2 MOS FEARIIZIT. £ Labd Al Lab6 HUgHIEGHLG] . Tix B I
%5 /2 uToP 1 B3| uvPT Z R A B s iy sk asa], sl @ X 33 A7 AT B A A%
15 base_pgdir #% WEIPHFE T Y. M uveT A LE] uLIM Z [HNEVERE H TR,

e env_setup_vm BREL

¥ 2R 15 B SCAR R B — R RE RE U Ik 2 R BY 20A, ARIR TR e i pR 2, SEEL)
JEAE— B R Mk =S (A T RE
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Thinking 3.1 456 MOS HHI T H 5% B Wi B HA#B S e->env_pgdir [PDX(UVPT)]
= PADDR (e->env_pgdir) | PTE_V fI& %o n

E452] 3.3 5eili)a, WATRATLAEREAE env_alloc 5 P H env_setup_vm [ o FATH
BRI H) B O AAE env_alloc BRAHIITRE LG, XD RE B S TIRNTC £ 4 H X
MKAE e->env_tf.cpO_status = STATUS_IM4 | STATUS_KUp | STATUS_IEp o iX/|MIAEAR B2
R RA T E AR G H . FEA AR EAREH .

SR Register

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

|cu3‘cu2‘cu1’cuo| 0 ‘RE’ 0 ‘BEV‘TS’PE|CM‘PZ‘SWC’ISC|
15 8 7 6 5 4 3 2 1 0
| M | 0 ‘KUU’ IEo |KUp‘ IEp‘I(Uc’ IEc|

A 3.1: R3000 Y SR Zifiee A

K 3.1 2FAT MIPS R3000 H 1Y SR (status register) #if7ennmld, WA env_tf
B cpo_status. FKATFEUEE 12 (20 IMa BN 1, Fom 4 5HWTAT LA LY o

BEAh, R3000 H SR ZFFar RS AL & — > ZEAR IS5 . KUo Fl TEo &4, MY W
KA, CPU H3I&4% Kup fl 1Ep MAUEE NEXH; kup fl 1Ep &4, H4FHA
AR, CPU &4 Kuc 1 TEc HEUEYE II2EIX . FEfEH Kuc F1 IEc B M 0.

—HBUEFR T CPU B PIRAS, B xu fges BT HAERT, A 1 FrfiT
PSR IR gonhWHE ST E, A 1 FnIFE, SIRTTE, 1 Kue fil TEc MK CPU
TS BRI TIRES

M 4HAT rEe FELMT, BSUT LIRERIER) SHRIE, R4 Kuo A1 IEo MOfHFE IE Kup
1 IEp, K xup Ml IEp MIMEFEIF] KUc Al IEc. FATIAESCAE M, HECLHE, N
X—BAMESNMHBRESERAERESSHMITH, Frlbt—EaPiT rfe XIS

1w kO0,TF_STATUS(k0) # WHE CPo_STATUS 5%
mtcO kO,CPO_STATUS

jr k1

rfe

PRAEVRATRER B 1 A AT EL . SR FH Y KUp Al IEp 2 1o MisfTilRERT, &7 Lidt
53] rfe MBI (rfe A THEIRMEH), W44 xup 1 IEp ¥ U [H kUc fI 1Ec, 4 SR Wik
WL [KUc,IEc] N [1,11, FRFEMPHEET HIFEh W . 28— hislr, iXnfg
VE R Gt m] LALE # WA B H R T

PRI R REG HH, BVUERR T FFZEILE cpo_status LISb, IBTREI EARYGE . 1£
MIPS H, HRFFAEE 29 Saifidr, TREXEMEEH PR, NeENEk.

SE env_alloc %L,
env_alloc BRZSEEL T HIFIEAIIAML— 1 FERRRE BB ThRE . X B H I MR

1. [AfZ Lab2 W43 LIST_FIRST. LIST_REMOVE, LI{E env_free list 1
B2 R
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2. H env_setup_vm #IIAAHTHERE A HukiE 23 [H] o
3. AFHBERT SO XT S Lab3 MRN8, 28 A S 15 4 R AH -

3.2.5 MBEZHFEHER

AEIX—/INTHp, FRAT TR B RE P Il 25 AR 1 Mok 2= [B] v

£ Labl HERNTE MY >) T ELF X, BRIREAE =F, —E&nEEM 30l R
I3y, =R R G0 AR R & FR TR TS0

BMUEMINE —1 ELF SCHEEINAE, A ELF SXHH A 7 Z BRI BE (program
segment) MR N EMEE ERIVT . ATCAS 4T H T ELF SRS H IR
SENEY, VRATLAE R FTAE R B EGR I ELF SIS BUE B, FFoe iomaod 2. M8 s Eern 2k
AR E

// lib/elfloader.c
const E1f32_Ehdr *elf_from(const void *binary, size_t size);
int elf_load_seg(ELlf32_Phdr *ph, const void *bin, elf_mapper_t map_page, void *data);

// kern/env.c

static void load_icode(struct Env *e, const void *binary, size_t size);

static int load_icode_mapper(void *data, u_long va, size_t offset, u_int perm,
const void *src, size_t len);

Note 3.2.5 7E Lab3 WM, HATBRALIMH RS, FILTEBEERE#E T H ELF
. FEXBEIENTIESEY ELF XHHNAEBLEKT C AKX (WTLAE nake FEE
user/bare/loop.b.c SCHF), XFERT LA R0 P AZ H 58 i Ek

load_icode PRELMITTIMEL WTHAT LM binary EIEFE e BINGFH . BN e1f_from PR
BGE T T ELF SCHLIER9, elf_load_seg fMTi4#% ELF X —1 segment JHZE]H
o

N TIRRX—HIR, elf_load_seg Mo W TS HUH T ez — H A8 XY [ K%L map_page,
PR T AR 25 W BRI AN 24 datas B4 elf_load_seg PREURAT B — DR B R N
FEHR R DU, 28 A R BV SEUL R R R AL, I 8 58 e DU B Inad A2, 1
H load_icode_mapper ?jEzEJL: map_page E’JE\-M‘%%O

load_icode HRELS M ELF SCHHARNT A segment HYBESL ph, DU HEGEAE 7Y
EHAALE bin, FHH elf_load_seg HREUHZSEIRERIFEF B (program segment) fI#EIHEFE
f k2= (A

elf_load_seg @?ﬁ/ﬁ\}ﬂ ph EF@?EEY va (iZEﬁ%%%ﬁﬁﬂﬁ@E@@ﬂﬁﬁb ~ sgsize (iZEﬁEV‘]
FHRIRN)  bin_size (ZBUAESHFHEIA/N) M perm (ZBIHEMAIT B TUHRIALR) , FHRAE
XLEAE B I A R

FE—% MBZBTEESRE (bin) TRIFTANEZINF (va).

BT WARZBUE ST BTN A YR INEAR B BEA 258 70 BC A DT Ao )s, - Bl
TR URMHEBCREECE (A0 Joss XIH) , ARAAR NI o R,

Wl 3.2 fon, BINRYNAAT R RERC NG AR, R nEEI A REM L va IZBGE YA
K& sg_size PIN 75 % DU B bin_size HBAT REAS A& UMY elf_load_seg S IEH
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AEFRIX I I TUE A%, X TR TR AR DU, X IE I va DARGZ TR HARE B
W R R AL map_page, HHIPIW BRAE R DTN . IXFERYIRZTT AT e1f_load_seg H K/
ELF BHYZ5HE, TN FH AR S ELRIRAE 240 ¢ i DU Nt 2

va va +i
BYZPGE BY2PG BY2PG BY2PG BY2PG§ BY2PG :BYZPG
; text & .data ; .bss
Offset '{ ;'{ >
; bin_size :
: sg_size

A
Y

K 3.2: 1> segment B NNZEHHEAT R

ﬁ7ﬁ1{ifmﬂﬁg, PRI T EESE AR A B PR AR Y load_icode_mapper IZI}%Z, Hrp R
BCAr F5 B DU, AR TR o 47 src JE%S, RETREIGIZAL ELF a8 L2
LT

56 kern/env.c HHY load_icode _mapper X PR
e~ TTREMH B KA page_alloc, page_insert, memcpyo

Thinking 3.2 elf_load seg AREGEE RITE R, B2/ B LA R iR 4L map_page.
THIREE S ZHKH data X ZHAEMAERHKIR, HEFZFECHEN . BARXNSHATAAT
Lh? Aft4e [

Thinking 3.3 456 elf_load_seg HIZHUANSLIN, 5 iz pR AR L AL PR MR AL GUTHI A ) 1F
o m

IMERNESLTER T INE ELF SR Z 0K, A4 THFAISE S RS, BRERIE
SCEAE ELF gk 2 457 .

TEMB GG

static void load_icode(struct Env *e, const void *binary, size_t size) {
/* Step 1: Use 'elf_from' to parse an ELF header from 'binary'. */
const E1f32_Ehdr *ehdr = elf_from(binary, size);
if (lehdr) {
panic("bad elf at %x", binary);
}

/* Step 2: Load the segments using 'ELF_FOREACH_PHDR_OFF' and 'elf load_seg'.
* As a loader, we just care about loadable segments, so parse only program headers here.
*/
size_t ph_off;
ELF_FOREACH_PHDR_OFF (ph_off, ehdr) {
E1£f32_Phdr *ph = (E1£f32_Phdr #)(binary + ph_off);
if (ph->p_type == PT_LOAD) {
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// 'elf_load_seg' is defined in lib/elfloader.c
// 'load_icode_mapper' defines the way in which a page in this segment
// should be mapped.
panic_on(elf_load_seg(ph, binary + ph->p_offset, load_icode_mapper, e));
}
}

/* Step 3: Set 'e->env_tf.cpO_epc' to 'ehdr->e_entry'. */
/* Ezercise 3.6: Your code here. */

}

XA RBUEIT I elf_load_seg PREUKNS ELF SCHFEIEMEE| AN AFH , ¥ load_icode_mapper
XN R BN A ZEUE N

WRIERE RS, SEAL kern/env.c Y load_icode HR%{.

XHHY env_tf.cp0_epc FBUR/RN I RIKE BT PC WIKE BIMIAIE . FATEIEATHIZE
FERACRS BN R TN, BEREFALN e_entry, HIEANNfTUtfER, CPU % HZE)
M P Frg BB BRI T Bt .

Thinking 3.4 B% FHX—BE, IHRIEE O Lab2 HINEAE, FZ:
o VRIANHNIXHHE] env_tf.cp0O_epc FEAf RV FLHINEIE & D Hb k7

BESEX—rUE, THEEATUHEIESIEIERE T .

3.2.6 GIEHE

XEFHEAR N, ‘G IR RE ARG RGBT AE L fork
FRGARAIEIFE. 16 Labd TN fork X — Rt REQIEM7 2o QIEIERE ) I FEAR A
B U SEEINT BIA RIS E R, SE—1HE Env SR, IREHRIETIR, FEER
BB %2 § ik =S 18] R AT e

%W env_create IZV%IO
RN, ERAEIEIA 4 (E AT SRR K%L, SEHK kern/env.c W env_create PR%{
IS, SCHLAE— D HHERE R ThRE,

YIRFERIOERR, FA LT ELR BN BRI R A &

#define ENV_CREATE_PRIORITY(z, v) \
£\
extern u_char binary_##z## start[];\
extern u_int binary_##c##_size; \
env_create(binary_##c##_start, \
(u_int)binary ##z## size, y); \

#define ENV_CREATE(z) \

£\
extern u_char binary_##z##_start[];\
extern u_int binary_ ##c##_size; \
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5 enu_create (binary_##c##_start, \
6 (u_int)binary_##z##_size, 1); \
7 }

B, RAEAE init/init.c IR AIACRD, ERRZAIIG LI G M R o

1 ENV_CREATE_PRIORITY (user_bare_loop, 1);
ENV_CREATE_PRIORITY (user_bare_loop, 2);

X EE user_bare_loop Fﬁﬂ:gEE%ﬁﬁéz, XF R P AR AL T user/bare/loop.So 2t
ENV_CREATE Z N HH e , 152) PIAZ Y binary_user_bare_loop_start eyl binary_user_bare_loop_size
Atk FATATLAFE make A4 Y user/bare/loop.b.c XAFHHREIEATHIE Lo

FEQNEESERERT, IC15 8 env_init FIIRILIEFEE FE,

3.2.7 HREIT5HR

PR AIBTT

1 /* Overview:

2 *  Switch CPU context to the specified env 'e'.

3 *

4 * Post-Condition:

5 * Set 'e' as the current running env 'curenv'.

6 *

7 * Hints:

8 *  You may use these functions: 'env_pop_tf'.

9 */

10 void env_run(struct Env *e) {

11 assert(e->env_status == ENV_RUNNABLE) ;

12 /* Step 1:

13 * If 'curenv' is NULL, this is the first time through.

14 * If not, we are switching from a previous env, so save its context into 'curenv->env_tf'
15 *  first.

16 */

17 if (curenv) {

18 curenv->env_tf = *((struct Trapframe *)KSTACKTOP - 1);

19 }
20
21 /* Step 2: Change 'curenv' to 'e'. */
22 curenv = e;
23 curenv->env_runs++; // lab6
24
25 /* Step 3: Change 'cur_pgdir' to 'curenv->env_pgdir', switching to its address space. */
26
27 /* Step 4: Use 'enu_pop_tf' to restore the curenv's saved context (registers) and return/go
28 * to user mode.
29 *
30 * Hint:
31 * You should use 'curenv->env_astd' here.
32 * "env_pop_tf' is a 'nmoreturn' function: it restores PC from 'cpO_epc' thus not
33 * returning.
34 */
35 }

env_run s BERRIATT 6 YA AL, BB
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o PRAFHATEERE EF3C (MR YRR B IETHHERRITX—F)
o WEZFHPBRN LTI, RIaiafrizidt.

Note 3.2.6 BERE & T SUB R BERR AT I BT F A7 fr BOIRES o BRI HLZ S /Y Trapframe.

HSEFRATIX s T — D R A A SR s S R D, AR A it RE T, R DI,
oA S, A Y AT RS N AR, ik CPU Rz MY ERE . AR 4 EHEAFIRE DI, FRAT
FLEALE R DI I RGO T 4o SEPR _EUEFRE DR AT, 4 T IE N — ik G~ g
AIIMERATA ST NRE”, RGO BT T S5 E, INTERGFEER,
A2, TWEREM AEEY? FL b, BATAFERANFEN LT UER, A8 74 HI.
Lo fil cPo 'Y SR, EPC, Cause fil BadVAddr ZifFv. UHRIEHIHERT env_tf HALHI FBIAE
BERE DI IR R B R IR AR B RR s e ) AN SIS, RIS TEARAT .

£ Lab3 1, A TEAR LS B A A RS IR AF A M JT /2 KSTACKTOP LA R —> sizeof (TrapFrame)
KN XA

curenv->env_tf = *((struct Trapframe *)KSTACKTOP - 1)

Y curenv->env_tf HLE Y FTHFREA) BN SCATAELAT XK. FRATHHL KSTACKTOP Z T
Trapframe ¥ DLR) YRR env_tf qj, LA B R AFHERR N SO .
BEELL BB, RATAMER H env_run FIPATHIRE :

L. PRAFEYRTHRER B P UE R
2. Pl curenv A RIISFT AR .
3. WHEALRZN cur_pgdir YRR H bk, /£ TLB HEHEIPKHRZ 4R b
4. VM env_pop_tf HIEL, WEMG. FHIRE
XA env_pop_tf fEE AT kern/env_asm.S HTH— M Gm KA. IX > R AL I LY
TIERATATCER BN, BRI B IS TR — E R HUTHY rEeildmtg <.
SEN% env_runo

{FR B SERT SCHAME, HMRIETERIES kern/env.c HHY env_run PREL

2L, Howr TAFEAEM.

3.2.8 LINIFHER

AT make test lab=3_1 && make run HIFEfTWIZ, W W F{EERIET env_init [
AT

peO->env_id 2048
pel->env_id 4097
pe2->env_id 6146

env_init() work well!
pel->env_pgdir 83ffb000
env_setup_vm passed!

pe2's sp register 7f3fdff8
[00000000] free env 00001802
[00000000] free env 00001001
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[00000000] free env 00000800
env_check() succeeded!

AT make test lab=3_2 && make run ZWIFIE{TAEE, W W NEERIE load_icode
(B TT L
testing load_icode for icode_check
segment check: 401030 - 4011b0 (384)
segment check: 402000 - 402fbc (4028)

segment check: 402fbc - 403f8c (4048)
load_icode test for icode_check passed!

3.3 H5RE

I ¥ SR RS P ARRIER, AR A 2 P7 AR, CO
1 OS ABTHF AL T — D RIFEAI DB B, ST B R IR I I H 7 B A E A
PR TS5 TR UL AC LR, IUAEERAE R G th LR TR0 O 1l DA (- b 5 1) 2R PR 4k 40

EX Bt P7 B EHRPE TR A . CPU MU TRATH WY 32 A8 2 fes, i0fa
hRE) 2 UM EEES , TP/ S st 2 T Y BEES CPO. N BIRISN AT
A 12, 13, 14 =4 CPO & fas I EARINRE

TR ENCRE | CPO A Fdd S | Hiik
WEF A, GRS, i CPU flaE

Status (SR) 12 i
Cause 13 IR R A A
EPC 14 SRR IE AT RO

Note 3.3.1 TSI BIKHIRFHM—T, I HLAMAH —FRERA.

SR A f7dn: 31 (FEIREIEREE HIRAR 7345 ) /& MIPS R3000 ' Status Register 77 7,
15-8 S AW BkA:, f— AR —DARR gz, Hrf 15-10 (A RESMBH W, 9-8 fiL
J& Cause A fFas i n 5 WA o

Cause Zif7%e: 3.3/ MIPS R3000 ' Cause 2 ffa. HHREAFEE CPU HHI—Lbrhliag
EREEAERE. 15-8 MARFEM Wik A4 T, H 15-10 ok B, 9-8 Arr] LAkt
BN, Y4 SR ZEes RS SRV (O 1) B, Cause ZHfEasiXx— (& gt e S8 . 6-2
fif (ExcCode), itk &k4 T 454

Cause Register

31 30 29 28 27 16 15 8 7 6 2 10

BD |0 CE 0 IP 0 | ExcCode |O

K 3.3: Cause A {ias

MIPS CPU Ab#— > 5 I K BCE 5E i Y I A -
1 #%E EPC R M SR | A itk .
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2 # SR A7, Wi CPU AW (AT S PR FFES IRk,
3 XHE Cause Fifidy, HTickmw KAMNER,
4 CPU G A O BERSS, E— I8 EE

X A] “— DI ) SR AT TS iS5 B IR
FATAT LA I P 3 4B e S 3 A R R el R

R R A FE T
A Loy il
i LR A ,
neat R b
RRIRE (AT
\4

K 3.4: B AEER

3.3.1 RENSZE

BRASFER, A SHEA— AT E S EERT, X7 R E R & 4 T 9
FhSE, JTER AN CEERE T . — okt S0 AR T S A B SR OUE [ 8 1 S B
e b (R &S ) X BA A ARIE] ), DAMFIEALEE 25 REAERG I 2 S8 B i E A b Bk 20 . XA
I3 RART AT LA E R A —H 57

IR S AR, AT FIAREE TR entry.s Y, AEA T HEHIIRE.

.section .text.exc_gen_entry

SAVE_ALL

mfcO t0, CPO_CAUSE

andi t0, 0x7c

1w t0, exception_handlers(t0)
jr t0

#MFE kern/entry.So
g H AR, WG5S KRBIESE kern/entry.S 1654 HIFRD -
IXBESE o AV AR A
1. {#H SAVE_ALL 724487 b T SCARGERI N AZ I S AR

LZ A AL ER AR T LAZTE R3000 SCRYES 4 EH 3 DL,
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2. 14 Cause AffanNAFE I E] vo FFEH.
3. S Cause ZifFan T 2~6 ir, MELREXNI FF AL, X2 XGRS N EERE,
4. VS EIHSHSE N R SIE exception_handlers AR EIXT I By Wr A BE R 4L, 5

AW
5. WREZEIX A P WTAL B R AL, NIMWARY 150, i acsy 7O MR 57 o A B R A 2
b

XHHIL T DA SAVE_ALL, ARG E ) Lab b2, TR 4HTH CPU
% (J:Wijt) G%K?iﬂﬁ?é%ﬁ@ﬁ%ﬁ?t%tP, AT LIE include/stackframe.h A G IX 2R
E Lo

£ SAVE_ALL HYIIRER, FROTESCH sp A antfi (71 S B AR F 2] k0 s 24
JEIBIL AT sp A frae BB ARG 1 RIE UATE ST AR, IR 1 AR REE
ABITEDL . R W R A A CRRER BRI A E, AR B TAE 1
Trapframe W= (], Ff HEIGHIARAEAE sp FFfranhe T HAERAE T Z RIS THbhE,
AT O] sp W fiav. X 2)a, FATATH RN FGE RN 7 B fs i, £/
7% sp FifEarta Il Trapframe H'o

.text.exc_gen_entry B .text.tlb_miss_entry B S B e R R E AL . AE
R3000 9, XA BEIER B Mtk 0x80000080 Fil 0x80000000 Ak, BT S i AL HLFE 7
A B b, fEIRAIARSL T, CPU KR4ERE (B 17 HAESHEEE TLB Miss %) )&, &t
2 Bk itk 0x80000080 4b; KA TASHIMEN] TLB Miss S, 2 H Shke 2k
0x80000000 Abo FFAATHAT

THFRAIE kernel.lds HEE MU S, B . text.exc_gen_entry JXZE| 0x80000080
A, .text.tlb_miss_entry %] 0x80000000 4, K AHRNERGIGINTH K UIRE.

. = 0x80000000;
.tlb_miss_entry : {

*(.text.tlb_miss_entry)
}

. = 0x80000080;
.exc_gen_entry : {
*(.text.exc_gen_entry)

}

M2 kernel.ldso
HRHERT SCHAR kernel . 1ds SN2 ME1S 2 & AR B AT LABKE) S0 40 AR

3.3.2 REMm=E4

S KRR E exception_handlers A E S H BT AR T
1] exception_handlers UPRAE S ] R 2L
Tﬁﬁm%%*Tkumu@&c¢memwﬁmjmﬂusﬁﬁ,%7%%%@%@%
LT A2
extern void handle_int(void);
extern void handle_tlb(void);

extern void handle_sys(void);
extern void handle_mod(void);
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extern void handle_reserved(void);

void (*exception_handlers[32]) (void) = {
[0 ... 31] = handle_reserved,
[0] = handle_int,
[1] = handle_mod,
[2 ... 3] = handle_t1b,
[8] = handle_sys,
};

ERARRSE T GNU C W3REBIEE: [first ... last] = value JRATEAIEAIX[H]) FAY
JCRE R A — ME. 28R

int arr[5] = { [0 ... 3] =1, [2 ... 4] =2 };
XA ST T HAHS
int arr[5] = {1, 1, 2, 2, 2 };

AT T AR 7 AL R A R M B o B R, ARG T IR S

0 SHE WHEKECH handle_int, FoRWr, I ErlT. 3280 & bl i Wk

1 S5 MAERLCH handle_mod, FRINFHHFTHE, THTAEMHRIEITIZ TR N Hik
2 ERE WALFHKECH handle tlb, /N TLB load S

3 SR% MAHKECH handle_tlb, o/~ TLB store SFH

8 SHE WLHKECH handle_sys, XRNAGMM, T HFRELIIT syscall 54K
NGEA

Thinking 3.5 R#kH Bk 5 DR A0 R &) BARSEINALE n

—HAREETR, AR, IRAHXT N A B R B S AS 2T MBNTAEA Lab H,
FEMEH 0 T, RIhW SRR AL B R AL 8T 2« 3 S, (ELab2f K A A s
Z0) o TFATEE TREMAT, 2T R ST

3.3.3 HIghrRET

FERTH A AP RN EALRIE Cause FffarH A 8 MLz, Hrp 6 A2y
Wr, 7oh 2 CL&EAET, HAR PRt S AR i MESE X — i WA R, 3K
MIE SR 28— T I A B AR

1 EE R4, PSR R W R, BEEEE AR A I AR T . 42 MOS H
HIXtW handle_int PRA%L.

2 (EFPITAL AR P gt FIl Cause A7 frde o LS IS [ A R I, SREEAA
(5] P X RS2 BB 55 PR S

3 T EESERL, Wi ret_from_exception FREUKE MY, dREHLT.

TETEE S B B PR AUE AT kern/genex. S H1o
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kern/genex.S

#include <asm/asm.h>
#include <drivers/dev_rtc.h>
#include <stackframe.h>

.macro BUILD_HANDLER exception handler
NESTED (handle_\exception, TF_SIZE, zero)

move a0, sp

jal \handler

Jj ret_from_exception
END(handle_\exception)
.endm
.text

FEXPORT (ret_from_exception)
RESTORE_SOME

1w k0, TF_EPC(sp)

1w sp, TF_REG29(sp) /* Deallocate stack */
.set noreorder

jr kO

rfe

.set reorder

NESTED (handle_int, TF_SIZE, zero)
mfcO t0, CPO_CAUSE
mfcO t2, CPO_STATUS

and t0, t2
andi t1l, tO, STATUS_IM4
bnez tl, timer_irq
// TODO: handle other irgs
timer_irq:
sw zero, (KSEG1 | DEV_RTC_ADDRESS | DEV_RTC_INTERRUPT_ACK)
1li a0, 0
j schedule

END (handle_int)
BUILD_HANDLER tlb do_tlb_refill

BUILD_HANDLER reserved do_reserved

HIEFRERNTLIMAAE 17 2 2, M HAAX 0307 H 75258 s oM W i i g
o

FTEFRAT R ERA B IR T B

N o TR AR E R e O IS () e e S 2 A S o NP [R) 7 0 % ) — b AR 5 5
B, BRSBTS RIBE, FRAECRIT R, RIZHERE R s TR ) o A SRAERS (] 45
REFHFATEISAT, WHZERBRAG R, U2 A — 35 7. IB4 CPU & i Ak — g
AT TA) e S5 AR WE 2 st 10 I I 7 A A IRt b e o Y ISP b W 2R I Y BIs A T AR A
8, AT EAEVE S PR — A E RIS T A RER, s MBS T .

B AN T, FATNOCE T AR TR A S AL B T R gxemul S2 AN ARSI B
WrHY o

kern/kclock.S H1H kclock_init BRELSENL ISP IBTATRIAA ML , % K %LIA] KSEG1 | DEV_RTC_ADDRESS
| DEV_RTC_HZ f/ &5 A 200, HH' KSEGL | DEV_RTC_ADDRESS JZAxfll#s (GXemul) Wb
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PRI E . RS A DEV_RTC_HZ SK/NCE LA AR 200 FoR 1 B8kt 200 ;40
REN 0, FRKHANPFW BB T GXemul RUEHES] T 4 Sl bo HFRXEA
WSRO RRIES, RATRIEA R EAE T, hEAR R 0 SR

init/init.c HHY mips_init PREFESE A IO EERR S, R 2 kclock_init PR
éﬁl%ﬁkﬁj‘%ﬁ%ﬁﬁ’ﬂﬂﬁé% , %Eﬂ)ﬂ kern/env_asm.S ‘:F‘ EI/J enable_irq IZI%?}GZI:)E' ‘:F'%ﬁo

— ST A st ik MIPS i, MRS Pe #RIA1 080000080, MITBkE:
#.text.exc_gen_entry AGBHAT. X T SLMIBR5ECHI T, JHid . text.exc_gen_entry fX
WE %, w42V handle_int ERZCRACFISLRS ShH T

handle_int TH|W I Cause A/ as RAER WA 4 S5 HWTALG 1L R IR, dnSRE, AT
HBT IR 55 940 timer_irq, Bk#%%] schedule HHAATo T BRI EUH 2 A TG EEA P 7 O B 8
£

*M7E kclock_init IZI%&
A FEAHA, #M7E kern/kclock.S HAY kclock_init BR%L.

Thinking 3.6 [ init.c. kclock.S+ env_asm.S fll genex.S iIXJL 30, FFEiiiH
enable_irq fl timer_irq A TILIRICIEIIER - ]

3.3.4 HRAE

handle_int MR GFHE 2] T schedule BA%L. X HEAE kern/sched.c HTE L,
CHE TN TR LR i JF 225 B R AL WA SEAR R Ui ] 3 Y S env
MR Se A BB TVER, FROTIE HAUE IR RGOS TR A R Uit . At SR g5k
EEREA T B T P A R, TR — MEAERRAE I A (WisfT) mEefe, Bp—k
FELE I eG4 HA XA UERR 2545 (ENV_RUNNABLE) IRZSHY. Y NG FBERERT ) K
HAR AT ERERA LT, EH AT (WPHIE) SR, K H MR TR

M schedule AL, AT IEEISTRISHREYFIETE 2N cureny 1 (FEE5— D iFFE
WEWEERT A NULL) , HRIAR IS A R R A A S A B count HHo FRATTH &R R E
FEAEZR ST B — N HT R R B, A IX LR R HEA T AR D40 ) 155 150 -

o AR IIALTHERE .
LRTHFEE LSS TR .

ST AFE (WH A ZESER ) o
yield ZHURE MK Yk

FER ARG DU, FATER R4 A BERE & A U5 IR 4, , AR K LS 2 2198 2
FERAER. 25, TR LERBUL — INH Y BERR R L, A 18] 7 B i B O ARG
Po

58 schedule HZ{.
*ETE‘E*%, 5 kern/sched.c H Y schedule @?ﬁ%fﬂwﬁ%ﬁﬁmwﬁﬁ, IS
REMERC IR . hAh, XA AT 0N

1. [ HER A R AT Y AR R A P T IR B
2. WENIHEERREEN A CIRZEN ENV_RUNNABLE) HYIERE.
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Thinking 3.7 BIEEMHRAR, BEBRIERTREE AMRIER B B DIHGHERE R . m

ZIt, AT Lab3 FEZEHTM T .

3.4 Lab3 £ MOS HHI#ER

TERER T Lab3 FIHGHINAAE MOS REHHIER, WARMK RN Lab3
ROt IIRE. EITHRPER (BURE0AM) £ikJ750H Lab2 o

EE T, Z2METRANZIRERTRRE (BREERIEREREER) , AR P RS TR
R (P HERE PR RIT IR ANm AL T 2R ), a2 i A Y Lab3 AHSCH) 5 AL 2R
Wik, HAPORE AT AR AN R S R AL R

WAZAIIEIL SE R SR B ANBEIRER, SRS — I B o I, (i S 1 AL BRI B 2 B i
MR P ERRIETT, A R A EF5H B Timer Interrupt MEZLATR, LA NS4
M Timer Interrupt QLR S SE R . AEF PRI T R y ﬁ/ﬁ\i%ﬂqj%ﬁ%ﬂ%ﬁ, A
AT A5 B RRISE TR, AR TLB Il TLB Load Miss Al TLB Store Miss, LA
K e e W Timer Interrupt, FER A& A2 G HAE R0 SCl T HERE D) #

P AR i KT TR R R SR 4 e PCRYBREL I R
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user process

kernel init

®) JE R

memory management init

schedule list

env_init
(init env_free list) i [eememememeseeeaaa= )
[imer Interrupt

l map_segment
(init mapping at UPAGES & UENVS)

(enable CPO.SR[IEc] & CPO.SR[IM4])

]
1
1
1
1
1
1
1
1
1
1
~ate 1
(create some "pre-existent" process) . 1
: 1
. 1
b env alloc . 1
: 1
] 1
b env setup vm b | handle_tlb I
_ _ - .
. 1
b mkenvid ! do tlb refill :
o1 - -
. 1 1
f . 1 ret from exception 1
L | - - 1
o T 1
elf 1c e 1
b 1 handle tlb !
1 1 - . 1
load ic pper . ) P 1
1 ’ 1
- Timer Interrupt |
b TAILQ INSERT HEAD =wrewees * 1 1
(insert env into schedule list) 1 ret_from exception . 1
1 1
g g .
kclock_init !
(enable GXemul-RTC) :
T'LB Store Miss 1
enable r I
a 1Lrq .
1
1
1

Timer Interrupt

& 3.5: Lab3 in MOS
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3.5 SLIGIFMaLER

PHAT CFLAGS=-DMOS_SCHED_MAX_TICKS=100 make H{ make test lab=3_3 fJE:NIZ, FH
1T make run, E U FEERET Lab3 B :

00001001
00001001
00000800
00001001

w N = O

96: 00001001
97: 00001001
98: 00000800
99: 00001001
100: 00001001
101: ticks exceeded the limit 100

AR 236 1001 SRR 800 siafT, HATE B EEE MRS,

3.6 KiHix

AT HBE AT TS Lab3 A A TR, AR BLh B AR S350
Lab3 £ Lab2 &t F3E0 T W MCASEL, MM .t1b_miss_entry Fil .exc_gen_entry, H
RAGE AT kern/entry.S, LM 7 RS AR, ERENSE/NTAIER, XEA
L.
T HPEXS Lab3d H AU A TR 7347 -
1. exception_handlers JX/PEUZHAERTIA A T WAL BRAR Fp G BTl &2, AT 2B 1A . text . exc_gen_entry
AL E A« EERIAL 0 52 H AL PERECH handle_int, 15 7 A0 KECH handle_mod,
2 G AR AT handle_tlb, 3 5L KACH handle_tlb. MGG, #
BRETA, ABAEX N B R A SR 2T
2. env_create
(1) 73 ECidERE g i
env_alloc PRELM ZSIREER P le— N 2SIRTE B FREEF A S R0 aa A0 LA o
WA ISR T ) env_setup_vm BREL, 2 7 BEREQIEIFRIIAML T 005E,
RGP T R R A3 ]
(2) T load_icode WHeFF MALEH G2 A ik 25 ] o

3. handle_int

R4 Cause AFfFan HIBTRZA N 4 F by (RPE 8l , 2, W5 KSEGL |
DEV_RTC_ADDRESS | DEV_RTC_INTERRUPT ACK Hutil-Mi s i &h bkt #RJ58 ] schedule
PR%L. schedule BREHITHIRIMEL, IFMH env_run KisfTiHfE.

4. env_run

1) HIEFEPATHIERE (RA) LSRR B Rt R i fil e

(2) EBE—AAT LS TR, WE IR LR R IR I o X R A

iT env_pop_tf K5EHL, 1M env_pop_tf VA T ret_from_exception 5T M 5+

HIR LS ) ret_from_exception PRELIIF AN :
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1w  kO,TF_STATUS (k0) # KA CPO_STATUS & 7%
mtcO kO,CPO_STATUS

j k1

rfe

TAHE env.c HEGUREEHIPLN env_tf.cpo_status FIIAILA STATUS_IM4
| STATUS_KUp | STATUS_IEp. JXFEIXE A 11k MOS A LAIE Wi B eh e 7, A
T AT ATE B e A AR B 58 70 2 P2 P WA handle_int BREL, &4 timer_irgs
schedule. env_run %%EX&%%EJTE

5. TLB Miss S8 iS4z /g Ab 2 2

M ETER TR, BERGAER SR IRsh T, i i (8] R e 54 Ak LBl ERE Y
KHAT. ATIRATE TLB Miss FH, REWAREILEHIiB1T.

PRI A 214 T A 7 BRSO 8 B & R A, &R &t — 1 e 7 5 P 70 ) R 40Ut -
TLB 5t Bix A RE P bk G545 A % B A S B, 3T A RE S B 50 P 77 U 1 14 e 39
BRIEE. (H22Y TLB fEFAG AN & BB R B T 12 DA A5, A2 i s 7
A4z—4~ TLB Miss 57 o

TLB Miss X ) 55 AL B2 kern/genex.S /) handle_tlb,iljI% BUILD_HANDLER
fHET do_tlb_refill HRACKSENK TLB Hi. £ Lab2 FINTEL %> TTLB HYHEA
S5, T EOR VLR TR EERR A [F— A b, 256 ASID FHRERLMHE nT LAE 7 £
AFE YL . SR 4 TLB Miss =9 & 454 (R3000 CPU) T (MOS &
48) S A TAE

fiff: fE&k4: TLB Miss 524 I, R3000 CPU £:45] % TLB Miss HHEMIHBHE
HEAF| BadVAddr A f7ae TS HEAE] EntryHi A /745 10 VPN 8+ % Cause 7F
1743 Y ExcCode HIAS 4 TLBL (1£353k TLB Miss) 8¢ TLBS (5K TLB Miss)»

Bt M BadVAddr ZFf7eeHARELT | % TLB Miss HREAHBYE, #251E cur_pgdir
A ERZ AV MBI X B B B M SARAL SRS DT S AR A A # EntryLo
FHAFER PEN BFIARALH FH# ] t1owr (TLB Write entry selected by Random) ¥
EntryHi 1 EntryLo 2if725 () VPN+ PFN. ASID. FURGZEFEHLE AF] TLB , i
Ja M ret_from_exception MFHiIR[H .

3.7 EHFE
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e

CHAPTER 3.

i

55t

'}!ﬁ?

Exercise-#P 2 kernel.lds
Exercise-5e kclock_init BREL

Exercise-5E}, schedule ER#{

k16 B E
B3 M3 st 11k A0 R #0 st 1k O B AR
BF_-data HI1EH
B*_elf_load_seg HIFREIIER
BE.EPC B X
BE - RELERHNHENME
BE-MHEIRE
BE-HRRRAE
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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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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 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
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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;

}

FATEMCHSA 206, FHETNTX IR AEEE . TATE 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 EREUIUT E A REROR ], ARA printf HYE CAEMPELIE? /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, ...);

EARTA 25, TR T IYHT RS stdio. b THEFHATY printt HKAIHS . 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,
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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
FATRHBEAT SO H? , FACg A 45 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,
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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

THARNTEE NN printk BRECERREI, F2AT0T AZ% cppreference 1A X C
BT printf BREUWY SRS EE C++ S0, X printf BREGHATEINELRN T o
PRI

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

ZHC £t BT DVELE B 4SBT LAV AR (format specifiers) , 281U
printf FEUREFRFE, EREFFHHE 7Lt MR RN -

3https://zh.cppreference.com/w/c/io/fprintf
“https://www.cplusplus.com/reference/cstdio/printf

106


https://zh.cppreference.com/w/c/io/fprintf
https://www.cplusplus.com/reference/cstdio/printf

A.3. PRINTK #% X EAR3L A M A Ab Zf iR

%[flags] [width] [length]<specifier>
Hrr specifier 55 T HitH A AL S0 RA 1

# 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 4h, AR AT DAL —SE 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(3£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, 2FHTERAA

%% 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, ST IR) C 15 S TP RIEADN B A gt R 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
wr Bk ER SR BN, AASA 455 13-15 ATRITERNES], HRZ RSBl et an 1~ iy C
AR I J7rs B AR RS o

al, S (08

goto CHECK;

sum += fib(i);

1if Ei < 10) goto FOR;

BrEBIRE P e, IROTUEE H g o 0 IR An AR FIFA TR A Bl 204 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
PR RS EN T — D, FrRIR E AR R, “—917 #RORAr 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 A 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
BOHM fib(n-1) 1 fib(n-2) I, Jeifde A3 1AL gRreage

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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A.4. MIPS L%5 Ci&EF Mk A A IR

MIPS H—3LF 32 1Ml H 37 f74F (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 S2r /7l 28-30 5 37 f7d B EAE 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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A.4. MIPS L%5 Ci&EF Mk A A IR

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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A5, ZHWARET A KA WA M A, Ab IR

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, ARWIRVE R R EART A6 AR bk 7R T ROl 2 e
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

FEX) END ZHIE N, 5 _ETAl LEAF 5 NESTED Z51ML.
f).end /&4 T 545H] LEAF 5 NESTED 7= Y. ent FCXS, #RICT symbol BRZLH]

—47
AT

#® B

R

%Eﬁ%sﬂe%ﬁﬁ?fmﬂhnﬁ%ﬁ%%ﬁ%%@ﬁ¢,%fmmmnﬁ%ﬁﬁm
ZAK/NEEN -function, . AERT HuTHbl, YRTALEAIHBME D function AREALITHE
HERIAT SR A5 B 25 1A R /o

A5 BRTIRS5THEHFBBRG

A.5.1 MOS HHTIEFEBME N A

TE Lab2 Hr, SCILT NAFEHE, # TG FRMLE

DU Y B F & 44 DU TE £ Y0 B DU 2 (R RRGT C R, B E A E N7 BERZXS
T IR VT [ &I R R T o X, TUREI - 4Ed T B & Bk 5 R 00 T 21 52
o 0 PHL DL TR 2 [R) P BB 5% R

AR R I (e RE A 2 [ e DURFI DU H 5% 2 N8 —F MOS HR Y
“EHBET”, RIS DTFFNTT H S it 23R k2 (] B SC L7 30 FEMRTTFR T, — D EFER) 4GB
Mtk 23 [R5 e S A RN AF 0, B2 TREE AMB SRAFAUIF (1024 DILEE), 4KB RAFHTH
S5 ISR TR H SRERAE R A Mo bk 23 [ 1S BT, X EREE 1024 MR, B—P ]
RETXTRZA 4AMB ZFEHEX 1024 MRERSGHAK 4MB T8 X — MR TR TTH 3%,
TR 1024 DERIBLEE)X 1024 DTUFE. FILATEE AMB 123 [RIRTAT 28490 T 0T H ok .

M MOS Ht, ¥4 DU T H g2 7 P 25 [[H ) 0x7£c00000-0x80000000 (H 4MB)
X3k, XEWE MOS T AVFEM A i uveT by a4 BTEERE A TR H 5% .

TR B W RS, T MOS T H SR AR

0x7£c00000-0x80000000 jX 4MB ZE[HIHIAHLE (e S — D Uk AyEHtl) X
N T H RS —ATUH R FEHT 1M TR 4GB Huhk 28 A R4t iy, ASHER
H 0x7£c00000 JX—AHhk X W M iZ /255 0x7£c00000 >> 12 PIURIN (GX—4> TUE 5L
AE-DIHZRI) . HT— PRI 4B 250, FIES 0x7£c00000 >> 12 A TUERIUAHXT
TURIEHHE RS A (0x7£c00000 >> 12) * 4, B 0x1££000. FZRIAI153 5T H s B bk
0x7£df£000.
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Ab. ZHRTALRA KA WA M A, Ab IR

Ny PTBase: Base Address of Page Table
0xFFFFFFFF PDBase: Base Address of Page Directory
4KB PTBase+0x400000
T 4KB
PDBase+0x1000
PTBase+0x400000 4&]3
4GB PDBase+0x1000 — =
/
PDBase i
AMB ; L PDBase
PTBase
PTBase
A J

K A3 T1H s E bt

A.5.2 EHTiRE

FEHAM ARG, M =RITCRERE L P TR SR RTHEIRIRATE IR,
ABIHFRTOR, [ MR B

Thinking A.1  7EIURIY 64 MRS, 1REET 64 MLAFK, HLFR AR 64 MITAF
fif KRGt BORAE 64 RGP R =ZRIEYM, TUE A/ 4KBo HIT 64 fLRZETFKAN
8B, HIUHth i H—T1, R HEHAE 512 AN TUHFD, FGRITTRETE 9 .
RILAE 64 (ARG F, RILTEE 3 x 9+ 12 = 39 Mgk il LASEI = 0TEHLH], HFATFE 64
Lo

M RE Lk 39 MR =AM ARG, BRI Y 512 GB, & =HIUE
HEH PThase, IHITHE:

o TR H SRS L .
o BREFEITTH S H S A 0T H I (B BAT) -
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