MOS #BIERZLE

B

AR RGEIRRE LI A 55 SAH R B

AR H O3 F5e eI/ MRIE R G AR R

ScHOOL OF COMPUTER SCIENCE AND ENGINEERING

BEIHANG UNIVERSITY

2024 5 H 25 H
POWERED BY INTEX



EHE]
1 = R
SEBCTNAS L
SERCEEE L,
SEESERIE L
RIHIFES
Git RSS2 . . .
HEPEN .
0 WHRBRIERS
0.1 ZSEBCHIT .
0.2 FIHSCEG ..
0.2.1 TESEIGENIE
0.2.2 BT REREDTIARSLIERES ...
0.2.3 MWAITHRE (CLI) ... ..
0.3 FERHREND . ...
0.3.1 1T . .
0.3.2 Linux BARBEGS ..o L
04 SEFHTHEANG .
0.4.1 VI . ..o
042 GCC . . . .o
0.4.3 Makefile . . . . . . . .
0.4.4 ctags . . . . . oL
0.5 Git TREARIMAEPFIHRAAAS . .. oo .
05.1 Git &fF42 ..
0.5.2 Git FAHFEE] . . ...
0.5.3 Git SUHIRAS .. .

H 5%

T = W NN = -

0 0 00 N N O O O S

11



0.5.4  Git =8B 22

055 Git BARREE ... 23
05.6 Git 2532 . . . . . 25
05.7 Git WREEESAM .. ... 27
0.6 BEBVERVE . ... 27
0.6.1 Linux #EAERNE . .. oo o 27
0.6.2 shell I . . ... 30
0.6.3 FEMAEE . . ... .. 33
0.7 SERGIRRE .. 34
0.8 SEIGIEZE 38
M#z. BEIH printf 39
L1 SEBSHE .. 39
1.2 BAERGEMESD . .. 39
1.2.1 QEMU BHLE . .. . 39
1.2.2 QEMU HJEBNR/RE . . . ... 40
1.3 Let’s hack the kernel! . . . . . . . . . . . 40
1.3.1 Makefile——WNRZACRGRYMIE . . . . . . . . ... 40
1.3.2 ELF— AR IWFSHERE . .. .. ... 42
1.3.3 MIPS Wi f——FHANZBIERGE . .. . ... L. 47
1.3.4 Linker Script——#&dlm#&st . . .. .. ... 0oL 49
1.4 MWEIFIRTEEE MOS . . . . . 52
141 Mmake FFUG . . . ... 52
1.4.2  _start BREL ... 54
1.5 SEk printk . . . ... 54
1.6 SEEIERRZEIR . 57
1.7 AREFIER 57
1.8 SEEGREEE 57
NEER 58
2.1 SEEGHREY L 58
2.2 AKce VIFmAREMEYS . . . 58
221 CPU KHHsHE . 0. . 58
2.2.2  FEIMIHERRES R ERSE . L 59
2.3 WERFEIL . . . 59
2.3.1 mips_detect_mMemOry . . . . . . . . .ot e i 60
2.3.2 mips_vm_init BREL .. 60
2.3.3 mips_vm_init . ... ... oo 62
2.4 WIBPNAEEBL Lo 62
241 BEFTT . 62

ii



2.4.2  TUEEEIEE 63

2.4.3 HAMMIZEEEL . ..., 65
244 IEMEERERN .. 66
2.5 JEBMNEEEL . ... 66
251 PHERTIZELEM . . . . . . 67
2.5.2 HUUEMEHEEL ... ... . 68
2.6 WIHNAES TLB B . .. ... . 71
2.6.1 TLB MHRIIBETERIN ... L 71
2.6.2 TLB 4R . . . . ., 74
2.6.3 IEBRSEIREEIR L. 77
2.7 Lab2 /£ MOS WEIMESL . . . 7
2.8 HAARGMIFRINAETE . 79
2.9 EEHIFE .. 79
2,10 SEEGIEZE 79
HES5RE 80
3.1 SEEGHM L 80
3.2 BERR L 80
3.2.1  BEREREEIER .. 80
3.2.2  BUMBHRERRES .. 82
3.2.3 BEREMUFRIR .o 82
3.24 FEBEREEEIE . . 83
325 MECTHERIEEG . .. 86
3.2.6  GUEEERE . ... 88
3.2.7 HERESfTHYME. ... 89
3.2.8 SEEIERAZER ... 90
3.3 WWISSREE .. 91
331 SWMSK . 92
3.3.2 WAL ..., 94
3.3.3 EFERARET .o, 95
3.3.4 BEREWEE .. 96
3.4 Lab3 #£ MOS WRIMENL . . .. 97
3.5 SEERIEWAZEIR .. 99
3.6 MELFEE ... 99
3.7 ABSHIE 100
3.8 SEEGIESE 101
RGBS fork 102
4.1 SEIGHM Lo, 102
4.2 RAGEWMA (System Call) . . ... ... 102

iii



420 WAPESNEES. 102

4.21 RGWHEE ... 103
422 RGN ..o 104
4.2.3 FERERGWHBRE ... 108
4.3 BEREREBEGHIE (IPC) . .. . . . 109
4.4 TFork . . . .o 111
441 HIFT fork . ... 112
4.4.2 HEERPUE ..o 115
4.43 fork WERIEME . . . .. o 115
444 MIREZSERIROWES . . 116
445 TUHANSHE ... 117
446 MRAAPRFHETIEL . . oo 120
45 SERSIERRZER 121
4.6 AESSHIEE . 122
47 SERCEZE 123
XHFESR 124
5.1 SEEGHMT Lo 124
5.2 SCHRGHEER .. 124
521 HRGHIITSSEEL .. 125
5.3 IDE WEEESRSh . . . . . . 126
5.3.1  PAFME T/O (MMIO) . . . . .. .. 127
5.3.2 IDE WEL . . . . .. 128
533 WRSIEEFRE ... ... 130
5.4 SUHERGEEN 133
541 WERSUHRGARR ..o 133
5.4.2 SUHERGVEANGEN ... 135
5.4.3 HREELF ... 136
55 CHERGWAFHL .. ... 138
5.5.1 SCHEREARTE o, 138
5.5.2 HRGMS .. .. 139
5.6 IEWREEIRIEIN . 141
5.6.1 IDEWEACH . . . o 141
5.6.2 SCHERGMRL ... 142
5.6.3 SCHERGHRSMERX . . 142
5.7 ARSHIZE . 142
5.8 SEEGIZE 143

iv



6

EiH5 Shell 144

6.1 SEEGHM . 144
6.2 B .. 144
6.2.1 HIBEIE . ..., 144
6.2.2 mos H pipe FIMEAHSSEIL . . . . . . ... 145
6.2.3 EHEMIES . ..., 146
6.2.4 EERMBIESRIW . ... 149
6.2.5 AHIREREL . ..., 151
6.3 shell . . . . . . e 153
6.3.1 S8 spawn BRAL . . ... .. ... 153
6.3.2 AR shell f14 . . . . .. 154
6.3.3 FHREREL ... ... 156
6.4 SEEIGIEWRZEIR .. 159
6.4.1 EWEMEX .. 159
6.4.2 shell MR . . .. . . . 159
6.5 ATEHIFE . . 160
6.6 SEEGIEZE 160
#FEEDIR 161
A1 shell GRFESEE AR . . . 161
A2 HEBERGHINE MBI . . ... 162
A.21 Bootloader . . . . . . . . . ... 163
A3 HRIFESEEREM . . . . . 165
A4 printk FEZCEAMGRIA L 169
A5 MIPS LS CIHBS . . . . . 170
AB1 MEERSHINT ... 170
Ab52 BRECEA ... 171
AB3 BRHTFGEHEHAE ... .. 173
A.5.4 LEAF. NESTED A1 END . . . . . . . . . . .. i .. 174
A6 ZHUERSTHFAMSS . . 175
A.6.1 MOS HHITUHSEEBG A ... L 175
A6.2 HATFENUE .. 176
A6.3 MEMINGEMBEFR ELF XM ..o oo 177



i

5l

ARG ENRE T SRR A W, RENSTE, MOSRERS
(RIS, SO MSCbrpE RE I 558 B RGO R R TR S
BERTRISE TR, EAEPUE AR IS IR SRR TN R, [R5~ A 1) AR S ke
RET) o —LBE N NS 2 KRR AR E RS R SLER 1 1T, 1A RRA BE T2 BE Y Frans
Kaashoek T JOS Ml xv6 ZUFIRIERS MK %1 David A. Holland i1t
] 0S161 #AERG N T LI RAE LR EU .

FA1Z3L T MINIX. Nachoss Linuxs Windows ZF#AE R4 555, APLLA Linux il
Windows B SEE, T REMBEKR, RMELLY AT BRI EREME,
FEEWHRBE A, ARG RFRESIRETEHIR. HHh, ARG MR IR 2 A%
HIR, ARE RS RIS LB PR AR A, Rt A2 127 ST I ZAR BEY , 4n
ffikrp A TR, T M R X SR SRR T AOME o AR 250 A B H AR
fe N S N AR SRR G Bisf TR/ NYEE RS, ARG R AT
BERGURIE (IEGETL. SRS, e Tolbrik.

T RGERE IS B B AR B B A A RGO 2 i i P 4
R — R IR R, MR B#EAVE R R TR T 1 SN R AR 1Y
MIPS 84 R4 (MIPS 4Kce) 1ENREMEAN, 2% JOS Wit Bk Tk miEmAas,
SEHL AN ATLAME MIPS 6 BisfTiy/ MU E RS, WIEERE RSG50 W3 A7
FEFLAAFE HE . SRR A RGP U RS Shell F1HEIRMERF T
DiREe A TRRARESIMERE, SR EA LISt B, D a SRR (C.
o R EILEATAL, SRAtASEZFARRE R o > S250 m] LIS is A7 A pE
{ER i T ) SRS AR AT TR Y S5, 2 A SR ACAS AN Labl BUZE%) Lab6, fefmSiil—1
FERCH/ N E RS



eRES

ARBRIIEAE RSG50 6 1528 (Labl ~ Lab6), HFREAE—N HEIT
K—A/NUBAERG . BN SEWAIMHER RN 1 s, BRI NANT .

1. M. BEN#A printf: WL PC JGBISEEE, FARMMI G St fe, MRS
Bk AT E A B, A ST I g S R

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

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

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

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

I HRRRER XHRSE MRS
— e — _l_\;\ - :_: - —/: ________
REEA
WFEE RS
BHEa EHE

A 1: SRR NARIR R

T, FE AL AR Linux 2%t GCC %ilfas Makefile fil git & THAREK,
LI E T — Lab0, FEA 2 Linux. Makefiles gits vi FI07EL&F A (i H LU IR AR
shell gifEss, oo SESEe B9 UM) SCi T 47 Befifto

LRt

RTINS E RGN TARRSE, 8 TRIEHEAROR, FERDRE
T3 R A AZ S AR T AN, PRI ] DA BB AS B RE A8 B DD RESE A0
7, WETER DN RS LI NARRIE LUT AT

2



B A s T I, TSI, AR B R

- B SR A A A RRSL B R, R AT P S

3. BEARGRHIEAE W R A el — 580, XA A0 AT LASE A~ S8
4. BT A BRI SR R, A Ot e AR .

BARGLEME 2 PR, WOFD AR T ZER AR, x@mma 2
FUEM eI, RO A RMER IR AR, TEAAEAR Th6E
ke, BEEERENRGE, WML T2 T HRIER AT

&

&

R

pgis

HEE v

REAS REAR g gL

Efds | HEAE | EEAE | EEAE

HETR HEFEER

REE3H | AFAMAL
PIHIA LA

] e

AETR HEFER LE:S 5

g

A0

FMMhiL

Ll 20 FNH N

= B
g
&

NiRERE
g
x
L
&

[
:
[
:

A 2: #E SR TTI%
N T BN R 2E S BOR, ABRSLRR AR, W E S 200 5
PSLe EA AR AL, RPRSESEEA HAR D N =R K

o BB, FREEANARSGMH MRS GFFLinux. Makefiles gits vi
IEAME, AN shell 4aRen i R L8 4wt ;

o BRI, ERBAERGORES A 6 NI, NEMERG NS NFE
B HEER. RGWA. U REMGSMRRER, Ml — 528 r/NMERIER
4

o BERN, BRI RGIRTES : EEARE TSy, F A T A
— 7T SEH T H I R RE
SKIIRE

—REEEG RN EAS , R A A RS et RS Gl
AR S5 R I R e 0 T T (A AR AU, BA 1B TR E ARG SR AN, R

3



M git BEATRRCAREBE, PRAES2 AR 2 [T RS AN AT DL, A Bl #n] LU [ AR 4
A B ARG B EINE 3 R O Tl SEIe ok, ARG NUTIL

S

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

b) git BRFEE, CAEAAR LR BUAURS AR AR RAR B
c) BFIFEMAIRE, XHBDEMAE git ISt , RSN 4.

-

BiFUIR

GithRi A EETH

T& =%
gt izt
iz

EEHUN

Kl 3: #RAERGETLIR AR NI

URRERIESITIR

B

ERNTES

N T IR S R, RIS P AR S A O 2R, FRATTER AL AU
VeSS e, MEMMLAR MM Linux REE, JTEEEINE, B SRR R+ 5
Jio FEMEMBLA, T BRREAN AT H G Mk SO SR AT QEMU
VEMUTE S, MIPS [ gee S XUV E N GiEar , vim MEN iR dr. XL THEL
FREAE RIS, B SR T AR RO R R, 7 B S AR SR R S . [F]
i, TR LRESLIRINEAE B AR (] FEArof A AT ISR B S0 R ST, e k.

Git fR%=5

N TR 24, RIS (AR A BE TR F2 it —> git IRo54%,
BAE A AR SR B L RRAE REL P S Ak, AT RHRBL AT AE git IRSF AR, B0 1T
PSRRI . R, SEOeAAN M EE RS git MRITavoEil. 1E git 554
SN S a5k 1S e VA AV LI DS e e S VA e 5o S TN AV SIS IR EA v TN B



TEfreg Azl ARG R #0258 B CAU R BAChS. [RIRS, s R R AU T T B L
R T ULHY,  FIrA Y B O B0l LA e AR A

BTN

BT NS, AT R R — NS5 . BURILIISRE, B
HOTF ST S RARERT A AR (A SheA AT 5, %4%%
AT ER SIS, RPN PRI RGORARBU AR AR, ARISE 1 a7 AN
B, P R B R A



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 TAF.
0.2.1 THEERE

SIS PR RE AR BB

o BAERZE: Linux N, Ubuntu HF RS

o BEPFRCAY: QEMU

. iiEdE: GCC

o MUATEHI: Git

Ubuntu #1E R4 2 —F IR GNU/Linux ##7E 2%, BHET Linux WAZSLHL, &
H R ARAT Linux ZF7Z —+ GNU (GNU is Not Unix HJi#H455) £ —EIFR
R, HA s T =GR, R PR T AT . T AR AR Linux, M



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

PP FAEFR Linux W%, ETIZAKNEIERGRE, BAR%. T, 2. 2
s P HERS.

QEMU 2 —ZRE - eblas, v DU f i (R 2R0% Bl AR SEG 75 22 MIPS 28
) CPUS

GCC 2—Eqh. ML, ARG T GNU I, 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 AR FFERAEH RS, R PEREEFHERIBHE . L. 2
2y PEAETRE. 265 0.5 G STEANZH Git Wi .

Kl 0.1: Ubuntu, GNU, Linux

0.2.2 #iTMiELITFEIE ) ARSI IS

T TR ), ARSEEG R A i W e AR T ] RE LA T, ANTRETEhiE T e
FIECE . P EEAE T AR, AT ESCT A R .

ARSI B RE AT Mk /& http://1lab.os.buaa.edu.cn, FEM LA LA AT
BEA Web #&3 RV AE 9 DT LAl I FRATTER L RE AL o

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 line 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

£ Ubuntu H, #5217 7 BIAHY shell /&2 bash, B & —7ET GNU B4k, I
TRARA


http://lab.os.buaa.edu.cn
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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@22xxxxxx:~$

Hp o fFoRIZH4, e foRiEit &4, B9 )5 8 Yui R 3
(/ FREM, ~ #RFEHEHME, ZHER /home/<user_name>), HJi $ 5k # A~
T A P B P roote ARG AT LUEH RS A G4, #% RIS R T
FH R %o

SOETE AT H s P A MRS, I 1s a4, H s BT LB R A
SN, SRIXAFEZRBI RSO, 1s ARG RS, HEaE R mE s —%
BT, Zar RIS EE I NN Wiz Hs FITa S, FrLUARRE 1s RIATE 2
Fir A ARSI, A A B B SO TR BN B —a 1T, A7 EAE SO 45 B
B N_E -1 BRI,

1s

RE: 1s [@I]... [XH]...

wIH (FR) :

-a FREBEMTU . BT E
-1 FAT R B — AU

Xz, —MASHE 1s, UK 1s -a Fl 1s -1 =FE. BESATER 4
A 1s )5, LTI I a2 oA 5 R B s, Ot e BET 528 AT H st e 0
R B s 3, ATELH touch Ao

touch

3% touch [#II... [XH4]...

M touch hello_world.c, RIFIEIZH & NEIIAIEE— S80SO, B 1s,
AT EE] hello_world.c XM T, LA —i 1s -a F1 1s -1 fe& @ 7iE. T
A 2% hello_world.c XM, HAE F—1XT Vim A TENAFEIT.
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AT I8 H SR SO SR TAHSR S B, AT LA mkdir oA QIR SCHEH S, A
SINZECHEEERHT H SR A FK, W mkdir newdir A GJEH:—"1%4 N newdir 1V H 3

mkdir

Rl mkdir [#T... BHX...

WAEHI N mkdir newdir FL7EHF FAIE T — 12N newdir W HE, 41 LA
i 1s A EATHIE T newdir Hako FEIXEAHEM cd LA newdir H%-

cd

R cd [BI]... BHX

TEA2ITHIA cd newdir 4, A newdir Hg. N TIRE| E—HH, wTLMHE
Hecd .. @4, 7£ Linux A H .. %ﬁi—é&ﬁ%, . FONHETEE, ISz N
cd .. Jm, IBEILE—ZHS, BN cd . BEASETATER H 3.

BA cd T, a7 A E 280 A A THY > B2, )\ ~ AT ~/newdir,
XA PR R L R R H 3, ~ FORIrERA AR, B pud Al &AL HTHIZ
XA [ cd At il B BR AL 2R H SR BON 280 8% 42, U1 cd /home BEHE
IR EH% N home JX 1 H %o

Note 0.3.1 fEFRZERAMFHEHFAR, ATLMEA Tab #ANERK. HHZM
FMERT, Xk Tab S8 LUR R A AT REE . Ehfs LRI cd /h AL T Tab,
W EHEH 429 cd /home, WIREIANIE cd /, FHEMIK Tab, BEE|ITA W IE
T, 1 1s 2l

i\ rmdir T PAMMBE— 2S00 H %o

rmdir

F i rmdir [#F]... B ..

IR E AR, WG rm %o rm a4 AT AR — A s 89— sl 4 S0k ak
FIs, Rl LUK H s R LTR R BB SO M H 7 B SR B s  XE TRy, K
AR RSO, IR SCPHR B AL

rm

Fi: m [BEI... XH...

#H (FRD

-r BVIM R ERREAE, WRFEAN A, MER— AR AE %
2FAT M

-f M R, B FASN XM, TRTHA

BEON, rm A4 IEAT -1 MBI, XIS SR R 8 A R 2 4 SR A
AW MALXMET, REERERE S e EMER. X, DA Y FF%E A4
A REMIBRSCHE o A ROUE [EI RS oA 745, SCPEA SR . 52 XS R ATRLE —£ %
Wi, HARHARSEHIMER SO H s, AR fRZOETOFIE —r P, Arsg
L ) SEFIMER, SREEEE H st N IR S-S 7 H e — IR HER, XH SEUENE R
o Bl rm -rf / RIRTSEAG]E MR 2 A, 2axEA g2 5 22l
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Note 0.3.2 /] rm AT ZHESM ML, N —EMER T — 301, MITCIEHIREE.
Frik, MRS R, REFFEE— T XHFNALR, BiEfhEEMER. —LHp
SR HF TG A 5%, MR m a4, JoiBZER S
BEXNERE, RIEHHT rm, — M (AL 5 0T [ B A SO T IR o

TR RS, FRSAAE T rmo BEE B R ~ Hf T, (B E M BRIt a6
i hello_world.c, H5E7E1Z Hak MAIE—DEWGH HE MY . trash, A5 hello_world.c
FULRXDHzH, XEFEMN cp e, S —DSECNTE iR E, @
A28 A ZHO8 AR SRk 12 .

cp

FliE: cp [BT]... BXH... BX

#wI (FR)

-r #PEH B FKRETFEHFKAN A RE

TN BEHG L 2 N nv, 5 cp IWHEM{LL. 74 mv hello_world.c
~/ .trash/ /&4 hello_world.c F3)%] ~/ . trash X~ HgH . WHMEH 1s @4 1]
PAEE] hello_world.c X EMFEFE

7:'77]\, 1F Linux %éﬁ*%ﬁﬁiﬁiﬁﬁiﬁ%ﬁﬁ, ffif] mv oldname newname fii
AR

FAE: mv [@W]... BXH... BX

BN A2 A4 echo, WHRMIA echo hello_world, <[ hello_world,
XA B RGNV IIEE, AP XSS,

PAESR Linux R THREIH S AR S DA X Loy & 1 H LD, W24
B X S A 1 HA D REIE T sk B an 2 B9 R, AT A Linux NS B4
—man W4, i man WA A LIES Linux FHIGSTE. B & O35 Bh A 2w FE 45 BY
%{%{/%\o

man - manual

Fl#: man page

e.g.
man 1ls

LU A LA R D s ] 12 2%
o Ctrl+C 21k M FRE P YA T
o Ctrl+Z HHf SRy
o Ctrl4+D ZIbHI AN A IEAEAH shell, NERH AT shell)
o Ctrl+L 1EhF
Hr, RIRE TR, SR AT E R EAT T, Cl+C 2
PRIARGF A Cerl+Z FHRR 75 & BoniZ R R S, A B e e vl LAE
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M £g [job_specl, job_spec HIAFEERS S, A AN BN B R o AR IR
57— EEENRGE] BOF AE IEMR , REITR SR Ctrl+-D R4 /EA T —1> EOF.

Xof HA A A RSB [F) 22 T LA B AT RS 2R e man iy & B0 B T EA T2 ST AT
T DLEIRNAONEER, BN RPFIIAAE Linux F5 A,

Note 0.3.3 FEZAL shell H, WUATT LR A & BEFERNIIEERT: « 1 — AL
EHEDCARAIOCE, A1 | R Al (i B

0.4 LHAITENEE

2 T Linux BEAGRERA, 8 N0 DS ORF 0 H a7 AR Y Linux #2
VERGE T o MEMEH] Linux RGN TAE, (EEMATINTIEANS . fEITI63)TF 5
BB R, E AT EERE S TR . X B —F
AYmiEdr: Vimo

0.4.1 Vim

Vim #E NG as 2, R CUNREF DO HIgniRas , miscr s, HoEs
g Do XTSI T BURAL S SUAR RS AT R, W Vim I —E 4w
RAEFEAIBEHEE AT, Pril R 602 —1 helloworld.c, KibEEHHE—T
Vim AR

(1) G FIHZ B2 touch 11 helloworld.c XM (X, fHi]
1s 4, ATLALIMEAAE YT H T T helloworld.c U)o

(2) FTHCH: FEAAATA I vim helloworld.c F]FHrE Ay ST

(3) AN s WIHT I SO Toid i H i B A ARG, S 24 17 e A Al AR
(FEJRF2HIL —— INSERT -- X B ASHARR) , 25 r AR H A helloworld
FEFF, W ER:

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

1

-- INSERT --

K 0.2: 5 A helloworld.c THIHNZ
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(4) PRAFFFEIBI AT SATHA : SEROUHENSUR , 1% “Esc” BIRIAT S, LT “:7
BEN R A, BT ATLAE SIS 2 T AHEL T — 1 E 5, A v (write), IF
N B, SCEESE) T IRF, BEARZmSH, BN “q" (quit) ERTLASRHISC
P, BIR QAT R (PRAAAIR A A, AT AN iR W25 i, WrlLAl “tuq” —

A IEI, ).

#include <stdio.hs>

int main() {
printf{"Hello World!
return 8;

3

4 0.3: PRAFFFIEH

FEEI T TXS Vim #H7L8H E LBCER T

# BARBWT HEITHF uREARLZANZHE) ~/ vimre X1F
vim ~/.vimrc

FEIXA SR NI N A

set cursorline

PRAFFFIRH SIS, FRAMESER T X Vim FIECE ((EREE RS L EFR T EA T N
NI o RBE T IREZ AL ESEF A AT L E A TR _EE R
MR BN A PAER] B, BE A R

0.4.2 GCC

GCC (GNU Compiler Collection, GNU 4miFarEMf) B4 7EAN C IES HiF
#% gee (GNU project C and C++ compiler) o FRATHI LI IR gee 1E N C 1BE 9
Bedro WA HIRER B T AR, fTLLE CaFsLi, 52 HRaT C Ahdkdmix
A7 WRARE RN g2 A3, AT AR -o IR 24 SR T4 IE 1 gec
testfun.c test.c -o test, ’@muflﬁ{iﬁﬁ -C @Iﬁ’{%‘/l\x1¢$ﬁi?ﬁl%m .0 Xﬁ:,
FEH -0 BT 21> .o U THERE : gec -c testfun.c && gcc -c test.c && gec
testfun.o test.o -o test, W%%ﬁl\o

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

N, FATEN 2 BT 5E AT helloworld. ¢ R#GE GCC HYHFEA( H 7

(1) fEa&ATH, i gcc helloworld.c -o helloworld #ii4, 1] LAAIE
helloworld.c SCIF4MIFMAT helloworld HYFHATCM (FH 1s W LAEZIHFEMH
BT nelloworld AIHHATICH) .

(2) fEMmAITH, A . /helloworld B TIPS TCMF, WIS .

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

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

] 0.4: GCC FFFTTHIT IS T

0.4.3 Makefile

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

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

13



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

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

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

target: dependencies
command 1
command 2

command n

Hrr, target ;e (build) B9 HAR, ATLUE BRI AIHATSCHE, Homl LU — R
] dependencies A EEZ B AR A A SO s A H AR . 2 S AR H AR
WAATHI . A R EER, &% (command) Z Tl 245
(Tab) #iito X HLAAE A FIRFFITARE R ZSH, A make 2XHREH

AR Makefile 1455 2 2HNK & F make TE ST AIRMKIOCR : WRIBEAY
i target, A EGENERY dependencies, AT command HHIATS | AT
M target. 1EAME SEiE YNNI Z J5 RIAE shell i\ make target(target +&Hin
), RIATPRAT A a4 AR RAE LAY H AR

B2, make TTHEMLRE I ) BORH W2 A F 215, make FUEIRHISCHE HAFAE
S BRGSO R] EE F AR S BOAE EACRS TRI B IS (B sl RSB T 2403h) , shell A4 A"
BT, G s H AR SO

812 Makefile NAUT N, Z J5H04T make all B(/Z make 774, BIA] 774 hello_world
RIS TS o

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 ) JTPATAE LT 9n ¥ helloworld.c B4 (“all” M target, "helloworld.c”
1 dependencies, % /T N%iIF helloworld FEJFMIMT4); “clean” J5INH 4 MR
RIS R4 o

(DPAFTFE R B ar 1T A5 )5, #i N\ make clean, 14T Makefile 3L H ) rm helloworld
e, MIBR 7 ZBrge i R AT AT S0 B85, I\ make all, $A4T Makefile SCPFH
HJ gcc helloworld.c -o helloworld e, i AT SO R

14
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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)
BT REWS S HR M ctags, FRATTZAIN Vim PIAHCHCE,, %M _ESCHrAM J7 4TI
vimre SCHE, BSIILL R A IFARAE

set tags=tags;
set autochdir

(2) RTINS, FRAUEM helloworld.c XA (FEEHIHRIM—AEED) , FHFrE—1
X ctags_test.c, FEHHPHA helloworld.c HURTEIHYREL, W FIA:

) {
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) FAIE LRI HE, AT ctags -R *, S KIEIZH S N HILTH X
F tags, ¥ T RGLAT A —2L8 ctags BITHRE T :

i Vim $7H ctags_test.c, AR AR (test_ctags) b, #&F
Ctrl+], fEATLABkH: 2] helloworld.c HHYRREUE AL ; FF#Z T Ctrl+T 5 Ctrl4+-0 (H
Lo Yady Ctrl+T ZFTE T, 2 HIHAGErTSE) , (E 0] LA 2 Bk mr i) A E

#include "helloworld.c

int main() {

teft ctags();
return 0;

3
K 0.8: Jebrib T g L
S Vim #THT ctags_test.c,1%”:” BEARZan 0102, Fi¥i A\ "tag test_ctags”,
AT LAB S 2112 eR AUE LA B
IEXH A E RS LR fe, B RS B R A B INIR 2, ARO[ /Y

BRI T 2 25 B AR RAR KRR ST o 2AERIE ] ctags RUMHIRIDRE, W LA () 152
BRI AROR YT BY 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

F TERES#20230301.docx
H T/FRE&EZ#20230315.docx
09 TYERSM1.docx

03 TERSEH/NT/ZEdocx
3 TEREEH/K docx

03 TYERSEH/ KM docx

09 TR ARSI NERSS docx
[ T{EREEIR. docx

@ TEREBLLAR docx

04 /NZERIERSS docx

04 INZERERS ML docx

T INERIERS . docx

[ /INBRENRR S SR docx

K 0.9: F LAt

FEARZAIT, TRIH W EERZ ARy, E0H KR EE, 21, 4l
ETRI, BT, ERAEH A B AR E . HARFERAE T ARSI
HE N THSN, 2RI RES A EIRISE IRER I HIT AL T B, 285 H C4k%:
INIRE. —KJa, B BRI IH AR % 7 A, X A S AR ERE R4 B
ZJE M MR R B TR], B CISTEx MR T 1 s, AARIE BT AR, M
PRIV o

X ST — T S Y SRS WREE— VIV INBYGE) , T 2 (AR EEAH T
R, AR LEERR A 2 BA S HARK AR — R shim kLT [R] 24
o AR —AEMC T RIE LB, A2 FAAERESE I H MR 2 SO R A RERIE R A
WREL, A REMCA FFET

HIILT= A TR, R

o EBFNBNCREEXCCIERYSE), T HEREATURIZIRE, B R AR A .
o SRR ANUMEGRIR, - SERIERT

o REMSAE/NIR B D SR P04

o RIJTEHIERR A A RS .

AT il R G RES AR EIATR SR —Fh RS, M Git W& —FroEiEi 3 A 2R
AR RS

Git /&M Linux BIEIH ARG - #EFL/R2% (Linus Torvalds) i, f#)HTE
H O Linux AR . 4T Git FIf#EREZ: The stupid content tracker (f5JKA%Z
BERAT) o
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0.5. GIT 5 -ZYp fodt R CHAPTER 0. #iR44E & %

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

0.5.2 Git EAt#E5]
WLLHT LA, SERian M #gfE:
1 mEFEHF ~, G #4N learnGit HIH
2. #EA learnGit H3%
3. #iA git init
4. 1 1s SWIMELSEEEL TH 4
AILARBL, A EHETHZ T— 188 git MEGEHE S, X H2E Git BURE,
WHFRACIE (repository)o i BRI, LR TSN . git HRI M EHAAE,
ANEER G xt i B U TR A
git init BUTEMIA T D OFE. E7H learnGit HgwlE Git HHT TIEX,
HHETER T . git AR BRSNS TE—Y).

Note 0.5.2 FEIAIHY MOS #/ERZE LT P RNIATHFEMEME git init @4,
NA—THEREA — 48 22000 (RIIET) BIRUAS P

HAT, £ TAEIX 1learnGit H{UA Git fUARE, FHEHFTE—1 M readme. txt, W
%4 “BUAA_OSLAB” o FAATLA N 155 3Z SCHF IR IN 28 fA 22 -

$ git add readme.txt

HR, PUTHA s, HAREIEHIT readme. txt HECEIMAE, Git [FHM KL
HORAAE R RGE—FE, 7 add ZJGHPIT—ERSCHAE, $Esc i Ema ST

$ git commit

WERAAE RIS I, PTG — MG H, W R. AT T
FIRY Vim G EAEIZ I T 0 BB 317U “Notes to test” RIDNZARNSESS
JIT RS A 15

#EAEREE RGN, W w FHRBHR A, T~ ERRX
#RABLA ERE,

#

# AL T4 % master

# B2 x5 LR 'origin/master’ —H.
#

# ERTMERE !

# BB - readme. txt

#

Notes to test

TR, #HE 0PRSS EINARX commit FIULHT, IXEWRERNTNGERE
DAY, SRR A ST WM S5, A Vim fRA7EIR HI1Z 3B R A]
JRIHESL o
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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 AL T — S an &
$ git commit -m "Notes to test"

WARAE S Z SR B RIS, Wi R 5 s 1o

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

AUSESC AT MR I LA R 5 B, RS AN IS scinm B 5 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
FESLRRE T, RACRATRES LU THRNE B, WX R ZORILEIRSCH S
#+% 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):

KREIRER FRRARE (add) AR, M git add BIATERESCH.
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 TERTIAEHIIARIE) ~/1learnGit HE T, GIE:—4 %A README.txt HI3CHF. #h
{74 git status > Untracked.txt (HEHEY > AfHEER, FITETE 0.6.3 H
HEHNA) .

o 1E README.txt X IMEE NS, AJEMHEH add 4, HHITHS git
status > Stage.txto

- #23% README.txt, H{ERZHILEAH DM

o HUTA4 cat Untracked.txt Ml cat Stage.txt, FIHMIGBITHIZER, Ke
README.txt PHRPTAALE HIAE o

o & README.txt X, FHfTi4 git status > Modified.txto

o HFTA4 cat Modified.txt, WEKHLRME —RIAT add M4 ZRTHY status &
Bk, HEEFERA.
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GIT A2 -2 Y 3P Foif K FD 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 -

SLMERTIASESEJS, Untracked.txt Stage.txt Fl Modified.txt HINZAU T,
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 W& 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")

1%%5(}14,7\ FANVEZE— DR Untracked. txt 155 2 {7/&: Untracked

files, ffﬁégﬂ/l\yzliﬁﬁl Stage.txt FE5 /TN 4% Changes to be committed, I

é‘%‘j

/\Iﬁ: Modified.txt H 2 Changes not staged for commito

MR ER A DR . /F README. txt FrEfgmHE  HAT AR IR A

(untracked); {E README. txt HYLEWRIING, #E5H add &2 )G, AL TEFIR
A (staged); fEMEIL README.txt )i, HALTHEBCRE (modified) o

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

B AR R X Git BT A TR AN N — PR AR — N Git By —

LERLH o
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0.5.4 Git =1EHt

AR Git 4EPRI =R BT ke B R TR, ERPASERRICE; B
MREFX (Index AHFELIK Stage) , BB LIS DL, IR ORAFIRIIEE); &
JFsE HEAD, f&IAVREL— A58 7 i 25

Git HIXSERLT . git/objects H1, FIAT s BESL I RRAS T il B SC PR S i 4 1 —
BERISCHRAE, FRGR IR B —BER SO O — 1> Git X5, PRAFAE.git/objects H %o Git it
FAFSUFN AR RE (KRB 40 M), FHEMZRT R SCEZ .

£ .git HEH, XM .git/index SEPr EAt/e P EGSCIFRTIAT H M, &
Fe N REAUHY TAR X e AERX N REU TARXHY H S b, e 7 3044 SCPFAOIRES S
B (RPREL SCHRESE) |, (B SUH NI L, TR RAFAE Git X5
J2 (.git/objects) ', SUHFRFIEESL T NI RIZE R SR Z A AR . 1 f
AT AR RO A RS A XA R Z R R R, 187 TR EAT R R AT R
Ii[s

add commit

checkout -- <file> E

rm --cachedX<€

0 : reset HEAD
Q- <
B

checkout HEAD <file>

B 0.11: TAEX. 7 XFRRAEE

o A objects PRIHHIIXIHCH Git HIXTE)E, SKPRfLT .git/objects HiEk To

o FHRLAMN TR, AWM AR LR ZETARIC N index” HY XU A7 X
(stage, index) , Fric A master A& master 7 SZ AR H

o EIHRIRATATLAE HULI HEAD SEPR/2F81A] master 2032 H—1 “48%17 . PrLAER
[ 4 H B0 HEAD A M5 AT LA master KB .

o UXTTAEXBEHS (BB RIS AT git add iy, BAFLXHT H SRHEE T,
IR TARXAER (ORTsE) B30 AR S AN BT R P B — AN S G, T
KPR ID POCRAEE F X AR5

o HPITHSCRIE (git commit) B, SUREEFIXHY SR G RIMAE (XF5%) F,
master 73 LM RAY TR o Bl HEAD $817] B9 H SR it &4 s i 8 A7 XY F oo
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o HIAT git rm --cached <file> MM, SELMNEFXMERCH:, TAEXM]
A A .

o HUPUT git reset HEAD W), HAHENXKHENSWEE | H naster 57 3Z151
) H S e, (R TAERORZ 500,

« AT git checkout -- <file> &My, & FE A7 XHRE M R TAEX M
SR TENHERAEILERS, SRR AR AR g A7 X R s .

o YIMAT git checkout HEAD <file> fif, £ H] HEAD f5[A [ master 733 H1H
8 SUHFRIF I A7 DRI LA R TAE X A 1 30 o XA S et B fa itk g, KA
AMESTHRR TAEX ARSI S, atfiR e X ARSI Sl

1E Git TEINEFER M Git FAMER ISR A= Rz —, X EA
PR B A b IR S R R . A 24 E A LB E Pro Git XA,
0.5.5 Git MAEIR

PG S AT, P REB S R AR M B SO R el A — MBS B R e iR is 1T
SN Git RVFBH TR IR BE, AE7>]—LE s ar S

git rm --cached <file> @%ﬁé%%ﬁy\%ﬁgEP%J@%KE*EEEE%E/]X1¢, tean

P A S

git checkout -- <file> WIRAE TAEXH X LN AL IENE, KINgmiF
TCVEEE T o WERMABAT git add, MR A4 TAE R YK E BiRk B+
Fo

git reset HEAD <file> b Jfi & @&MEARIMT git add BN AROT
BNEZX, Wl git checkout i AFAMRAMECEPATT git add, N
P AR 4o PR XA B B SO S S RITAT

git clean <file> -f WIRVRHY TAEDIEAN T RMMNA, RIABEE, HELE
B B Rl LA AR a2, & n] DU R AR R N 25 BR HE 25

git restore <file> fFM]5 git checkout -- <file> fH[A], 7Effi [ git status
38 B 2 B2 i P2 A A R X TARIX B 2

Thinking 0.3 JZE TR 0]
1. AASSCHF print. c BEERIRMMERAT, K4 [ 4K LK S

2. BB print.c BEERMIERIS, $UTT git rm print.c fd, MY
{5 AT 2 R HAR A 2

3. TeRILH hello.txt EEMININEIE FIXHS, A2 AMER L SCH AR T
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0.5. GIT 5 -ZYp fodt R CHAPTER 0. #iR44E & %

R HA A7 X ?

KT BRI a2, FTAEVRANEIMBR A B BRI FEAT A ), 4 SR TEHE
M git status KELHPRAET Git BHEFEG L. BB T EESE git add 1 git
commit M. M98, —EEHAREE ML ARG 2 5 e a2 A —
X

RS L =4REEG S, THANS Git AR R4 .

git reset --hard
N TS reset R HIVER, THEIJoH—1/N5R>]:
Thinking 0.4 EF TFIEX Git HI[AIRR:

o HKFTE /home/22xxxxxx/learnGit FNINIGIZE) README. txt XM, &HALE
FENHT R S

o TEXHHENINIA Testing 1, git add, git commit, FEZCUVLHAICH 1.
o T B, 81 RIS 2 A3, FHESSPIIR.

o M git log MAERELHE, BEMOEAZIKIE, WL TRZHMNN
3 HIMEAE
o HHTRHRARINR. T4 git reset --hard HEAD™ )i, FHAAT git log, M

wHAA.

o REMEZULHIN 1 HIMEAME, PUTHIS git reset —-hard <hash> J5, Fl
1T git log, MEZLHAR(L,

o WAEEAREZ T IHIA, i T FREIZHT AR, 1T git reset --hard <hash>
, T git log, WER HARY,

YEH git log MM, 1£ commit FRIFAFE B ERECT M- BELH I 4% B

i X 4 i & T LAEA T A (A1 IR 5838 D)3 2AEA — UK . B A PIF . 25—
i HEAD B, WERAURE EMRABH HEAD~, b EASKUARR & H
HEAD~~, ZL&[EEREFT 50 AN HEAD~50 A0 ; S _Ft2 i hash
B, f#H hash HA] MEAF A Z [BAERE DI, 2 hash {ERY 5K

WER, --hard /& git reset AT ME—HIEH HIEL, B2 Git &S IEHEHE
B LA E 2 — o HAMTMTE RN git reset WHERAT LARIARSY, H/2& --hard
RWUARE, KOV BEIEIRE T TAEH P IS0 IS U ARIERR, Git 2HHEEMN
M-FHTCHERE
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0.5.6 Git 9%

MR EIG AT, RATZ AR BN 30X, AR A5 s M AR PE R ?
SRR IR B R TATTHE, AR SRS IR 8 24 U A FUIK T
G5 1 R R G RN, A MRS — P75 8 B8 17 Sl 4. A

RIREVRAT AN A& T B BTk, SRIGEA NN E LRI I 4k TAFE . AEFRAT=E
B P 2R 240 SIS . AR RNTDR I — S5 B S i 2o

# B NETUMA X LWL X, HAEFHN <branch-name>

$ git branch <branch-name>

XA AL LI R A T A I I 2 T REAE 4 T4 2 1 93 S N 2545 D
—EIFTA SR, SRR IRATAERT 953 3 BT RERI PR AR AT, 252 i sede
SCHIROREE o BANFRATYHTAE master' 733 F EAA L =010 F, XAV git
branch W& HTE | — 193 testing (2% & 0.12) -

master

98cal R m— 3dac2 -+ £30ab

K 0.12: @ s

TR — o SChAR AT B, HEN L —a I ( -D SRl ER) RIAT, miguxie

# TR IR — N e X

$ git branch -D <branch-name>

R P IR D SO 3, AR BN E —a EIRITA]

# EEPTAHERE G AW PTH X

$ git branch -a

# R AR R T

# WEW +» WO XELIMLX

labl

labl-exam

* labl-result

master

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

'master 7P SRBNTNED L, — D EZEHIGLI B S H BN 52
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remotes/origin/labl-result

remotes/origin/master
# W remotes WAL X, TEEHIRF|EE L E N HERN S s

AR 73 AR BIB9S, B4, Git 240 RE R B2 R
I ETARRINE 2 HLE RMARE R, CRFE 148 HEAD HIRRIFEE . £ Git
H, B NMRIARIEAE AR A 7 SC SR, WK HEAD R 0 21i 90 51
M. 1547 git branch fi%, SUGEEN T —ET 30, (HAS HBTHRAX A5
IR, FTUAER B, FAMRIKIELE master 735 H TAE.

AR ZFATAT IR 55— 5L KWE, TRIAB AT 2 B FRA A S50 Hh B
W) 3t T

# 42| <branch-name> KFM A X, XMME HEAD JWF#R38 M 32X

$ git checkout <branch-name>

FEUXBHEFRATE ] git checkout testing, X HEAD Hifg[A] [ testing 9332
(WF0.13)

master

!

Jdac2 -4—— £30ab

f

testing

A

98cal

K 0.13: Ui

WX RAR S B IR E TAE X2 testing 5332 N TAEH %, 1 HAE testing 7732 F
HMEM, WIS AR master 43507 AT 5210
BATZBIFT N AR IR e fiy & FORFEAR M TR, H A MR

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

4. git checkout
HARMA T LAGI A B, YIRFERIXLE Git #RAERI R RS R K, H
BARMYNATBNIRR — BT H B, RS RSB EIRX A% Git AR 2 45
MR T o Z AR PR R AE AR A P EHRAER), NHZNTEAARE—
HPAZFECIEA RIS XA R MR, LB EY .
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0.5.7 Git iIZI2CESAIt
T ARG AR S, HAERRE R, HERHTEE EE.

# git push JITF WA RUIA B 1t B 4 B A2 4
$ git push

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

git push HEWAMMMAE R L commit WIE R RIS LA, NMIFEERE
X AN A o AEFRATSREE TR 1 IR AT RES I LTl

# origin ERNLHEZEZH, UWERWET. branch ZIAML 4K,

$ git push origin [branch]

XA ] LUK FRAT A H G (Y 93 SO HEIR B AR G, AERERE 6 R S — A 44
A B BRI RE 433

git pull &AL, WRBIECE AR S5 dedm & A 1 I35, TR T#
AR B T 1 — 2 iih, AT EMEM git pull KiEAMOA R S 6
JEPRFFIA] 2 o

WRRIBAR 277 3) Git AR, ATLAER 2 MiiEEt GitHug

0.6 FEMIRE
0.6.1 Linux #{E#FE

B, MR R A AT find I grep
i £ind A FFHNE -name MEITAT LALE S FT H 5% N i I AT & 2208 X
FHISCHE, FRRSOPE B R = R R

find - search for files in a directory hierarchy

Fli%: find -name X4

grep & M KRSORER TR, EREMHIENZFGA IR KIOR, FHEITRCHIATET
K. MR, grep fnd I LM &AL pattern 0 F A HRIIT, I
O AR ANZAT N H A SR EAEREA I H SRR O i AR
FRPESORIIISR, grep M RVRF L —15A I TR,

grep - print lines matching a pattern

Jli%: grep [#M]... PATTERN [FILE]...
I CF R ¢

-a F ek — S B AR # AT E
-i R X R/INE £ 57

-r B T aE K

-n BRATS

tree AT H] LIRS SO F s A2 OCHERE, MEFIZRILT 1so

RTINS http://www.liaoxuefeng. com/

27


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

0.6. YA CHAPTER 0. #iR#84E A %

tree

i tree [#T] [HFA]
HI CFRD ¢

-a s
-d R EF

Linux BSCHRARUR D 0 =2 SCHHT & #4l. HAle FIH chmod RILAFELA
F2E A SO Qe R A B8 A o

chmod

Fl¥: chmod MR EF&HE Xf...

RRBEEFEHR

[ugoa...][[+-=][rwxX]...1[,...]

Horb w ZORIZOERIINAE , g RS IIAEETH— A, o o
LGN, a FORIX=FHE R + ZORMIIER - FRPAARR . = FoRME—BUER
fRo r FORAII, w FORAT G, x FORAHAT, X FOR AT LIZ0UE A T H R
O EABBUE L A AT

AN chmod ] EAFHEUTARFRBUR, #0:

chmod ugo X

ugo 7N — A=A R T HERIECE TR T AUE, X =T RN A
HEAL, HABNRIBR e =2 B s L EMIRAL A 5 ZRTR rux RIAERZE ST T

N2 L2 chmod HfH /R :

# A run.sh WHIHE B RHATRIR

chmod u+x run.sh

# 5% run.sh WHRA rwzr-zr-c G N Z3#4% 1116 = 7, 101b = 5)
chmod 755 run.sh

# BRFTA AN run.sh B9 ERIR
chmod -w run.sh

diff WA T B U ZER

diff [ET] filel file2

wWIH (F ) ¢

b F et % B A T

-B F B AT

-q REFHLRER, FTRFFHAREER

sed & PIACEETH ) FTLUKEER T TR MHBR ol JBEGEREE TR,
sed

sed [#I] &4 WMIAXK
#WM (FA) -

-n ZHBEA, RETET sed LEHWE, TUITRANIAMN A WA,
-i EERGRERMEEANE, MARMEE AR B0, Rl T4,
e (FA) -

[T51alh ] #H, EAT5RHM— TR AR, TFTIE "0, ER—TLEHH,
BAR RAAT, KA, EREHE— TR,
SXEAEW, AEATLEFH. R § RFRE—1T. FEHALRE,
[91clAE) Bk, A AT RAD 17 8 K,
[TB1LIHE] N, %S WA 8 L BN T30k,
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(7514 Tl B 4 BT 4T B P9
T 51p WHAEFHNE, BEHET-n —REM,

s/re/string H re (EMXRKER) EBHNEHHEA string,

sed H IR ZIR R TE ] A ] sed He sed &5 L HEAPYIENZEIA 18
Ml Java FEIE T HATZEME, HEREXD.
N AR L sed YR

# Wi my.tzt W =47
sed -n '3p' my.txt

# W% my. tot XPFEE AT
sed '2d' my.txt

# M my. tot XHEWEATERE AT (8 HTRTERKE)
sed '2,$d' my.txt

# EEATHE NI strl BI#H stra,
# WREH g L, WRHESTE —NEERN str1 HHEHEK str2
sed 's/strl/str2/g' my.txt

# e BTAKRER—FZRTS 404 ATHE—FREDATEHI—A str,
# EARARME str BHH aca. HAWPSIUFHLERA T,
sed -e 'da\str ' -e 's/str/aaa/' my.txt

awk & FUCBESCASCAFINE S, A2 ORISR TH . X A28 LR 5
HIP1 s, FARIBFEZERTELETRAS

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

XA R awk 'pattern action' file, pattern ﬁ?%ﬁ:, action N
&, file AWM. A IR $n MR ATH MBI BEERIE n W FrLUZam<
AR SO S SO my . txt PRTE SR —TORT 2 BIATHYSE — BRI 28 =T,

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

-F SR EH TR 7R, BRUGE =M. FrlhiZar Sy sn g2l “,” 7258
HIEE n TTT o

tmux A& MEFH R LS AT, 7R 2 O sl T 240 2amaih. &
B ARSI R tmux = DEAS, —SETUESS2 I ER, —MEAA
SIEINZ AR . FRTWNRHYS tmux P REF2IE, @I BEASTE ] LB Z 1
BRI IR A%

1. TR
truse H9FTHE (pane) AT LA SN IR .

» CtrltB % TEAIE (AEHLEH—ATHT), IR BLH 2N 15

JEAATH R
o Ctrl+B 7 AKForht (HERZIFE—TNE1T), H—F/KFEdE A 5E H o
Ji% BB
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o Ctrl+B O XYM M HI% A& Gt

o Ctrl+B Up|Down|Left|Right HRHEAZHET /7 AL DI 2 FAF %

o Ctrl+B Space (ZHM4E) X YRTH 0 AT A WS = HES M ), B4%—Ik,
R

o Ctrl+B Z SR ARG . FHE— IR IKE .

o Ctrl4+B X KA FEIE A PR, BEZ a8 2B R IIER, % y i
HIE AT o

2. T #RAE
BN (window) W LA HIZ DG (pane) .

o Ctrl+B C 2 F&ZH— 10
o Ctrl+B P PIes| L— 1 H.
o Ctrl+B N PHE T —1 8 Ho
o Ctrl+B 0 Y3 0 S O, ke, rBUERE 075
o Ctrl+B W FIH 45 session FrAH M, it b FEYHRE O
o Ctrl+B & KU YT window, % HAEREMKH YAIE M, % T y #ikAD
Al
3. SUEERAE
— P4 (session) W LMEAEZNE A (window)
o tmux new -s &4 WL
o Ctrl+B D iBHH i, [A1F] shell 920505
o tmux 1s ZOmIEERSIHNFER
o tmux a -t 23E4 NZIRIEIIEA 21

e tmux kill-session -t 2 1& 4 {HETH

0.6.2 shell BIZ

FELME I TAES, WRE2IB IR LU B B8 2 6 KM R & 1oL, #07%
F A RES X iy S IR AFAE— D3R, DU FH T SCHEE SR it T, HSRAA
WA TR NG | A SO BRAL AL BRI A AT RIAT o (AT B0k, HUAL PR A A7 0 T — 455K
25 HISUARSUT o MARZEEHITHY Linux 64 R 5E R E 2RI TAE, 88/ —1
B LA HATH, FROTATLUEL shell BIAKSE . ATFAIEG I bash
shello

BT vim my.sh GUEIFFATIT 3 my . sh, (0 Vim BHATIF, I Hp
HALUTHAZA G TAE Vim B2 A S5 1 gEASH AR :
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#!/bin/bash
# balabala
echo "Hello World!"

FATA] LAd FH bash SKizf TiX S IAS

bash my.sh

F3G1, FAATLUEL A4 chmod +x my . sh A NHATRMPA TR, 285 (i H

./my.sh

HKisfTo

FEAE SRR 2 H, FATH S AR shell BIA—BUEANREEFGSITHY, 2 chmod
+x my.sh IIHIETHUR: ERATHEATERE SO #1/bin/bash FISCHFETT, LML
FLEPTIATAIAAR R ] bash VMM 6 ATHONZAZIER, LL# Ik H=

fTEms.

SH5HH
RATAT AR shell BIAMEHE4. SCH my2. sh IRAT -

#!/bin/bash
echo $1

PATaL

./my2.sh msg

NI shell 24T echo msg X XA
$n PR ILDZSAL, 1 $o il Edn s, a0 FHatE . /my2.she FRILZIMNAH
— LN R A T4 G

o $# LI ZHNEL
o $x —FERFHRINEIE R RS

shell B RREH SR 7 U 240

function < BH L > O {
<commands>

}

function EE () W LAEEEH A —. .

# TXEE fun
fun() {
echo "$1"
echo "$2"
echo "the number of parameters is $#"
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# FREE fun
fun 1 str2

HIRIERIER

shell JAIZS ] DL 23 SCANEERTEA) -
if AIREE:
if <condition>
then
<command1>
<command2>

# ...
fi

Sk 5T

if condition; then commandl; command2; - fi

Bl (EEESHRARAZN, AP S EMa RS S EaSH)

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

MR AT RE L [ A R 5 2%, SEBR b <condition> M E b &M, —5
4 HIR BME Y 0 ET%%T/H\EJUJJTM? VER AT IR A ST . AT LA AR R A i $2
FRET— a2 HEREME, FEInNIPAT5E diff <filel> <file2> Ji, #H SCHFI A
[m, W $7 4 0o

Pl ek iRy [%*ﬁ%)ﬂ{”ﬁa«{#ﬁ’] T4, HSEE R IEREAMAKRRHN 1, LTl
$av -ne 1 fll 1o ZASAERAMOLIIRN o, HEEAN test fid, T LATEL G H i
man test %%Eﬁ?ﬁiﬁﬁ% UEAh, true A REM EHEHRE 0, 1 M RENS LS E P A A IR
ME, MAHELSERMET, Bl 1 diff <filel> <file2> FEM I HNZA AR 0,

FARIET ) —ne T RIBEAF, BT C BT MBI ERR AT :

-eq == (equal)

-ne != (not equal)

-gt >  (greater than)

-1t < (less than)

-ge >= (greater or equal)

-le <= (less or equal)
while HHAIKALIT

while <condition>

do

<commands>
done

while IBAIARY AT LAHE ] continue F1 break iX - MEEAEHITER] o
BanaEt 9 S HSE, BFE filel | £file9o
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a=1
while [ $a -ne 10 ]
do
mkdir file$a
a=$[$a+1]
done

Br T LAENZS, shell I8 for. case W], else TA], LAMIBHIBHEAFEIED:, XN
BAHMEBIIE T AT T e X T35 shell ZifeH A S 1E AR A, ATLAES % [ p i
shell JmFe 4 il o
0.6.3 EEM@MMNEIE

X ER A FATPRE 2 T 0T LI Limux a4 B A B RS 2S00, BARZ s 2 4~ &
G LB SR IRE . Linux € LT =Fi:

o PREHIA: stdin , B 0 FR
o PRUMERTH: stdout, H 1 FEIR
o PRMEESIR: stderr, H 2 FN

FE AR B AT AR E [0 A BRI > AT LA E A A& B bRt 2050k filin: 1s / >
filename HJLIKRAR S T AYSCPE 4% 212480 H o NAY filename Ho HZ MY, MATHE
BN >>, K >> A4 BRI HE] >> JRTER SO L DUREERBA "<,
B < JERERSCE PR BRI < BTAYAT S 2, A2 TR LA B3 F 2T ma>>n 1)
LRSS IR FE . = MR AT LARIRT B E R, 28431

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

B :
BIBMS 17 ATLOERE w4
commandl | command2 | command3 | ...

PAENAZH commandl Y stdout K% command2 HY stdin, command?2 H stdout &%
command3 ) stdin, {RKI2EHE. Fa0:

cat my.sh | grep "Hello"
R AT IRE A my . sh AT grep 4, grep EHMER AT,

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

i S EERAMEERGMEA, RN my.sh FIARNEN cat LS, cat WS
stdout &% grep i stdin, grep FEHPERERF R, BFas R th 2 output.txto
Thinking 0.5 HUTWIT &4, FEEL
e echo first
e echo second > output.txt
e echo third > output.txt

e echo forth >> output.txt

33



0.7. 28X CHAPTER 0. #iA4AE & %

FEFRFITER T (BAREER) G ENAERSUE CUFa40 test),
R QIR IZ S B PSR FFAE command U, H44 test STHFENHLAL B ST IETT, #
BITERHIH 2 result M H . 25 command SUAH result jC@#E@V§%§, Fxt i Je 4
RAATRES ] (FATLAM test SUHFIINAAT) . BARSEIIRY S AR B2 T [A]#E: echo
echo Shell Start 5 echo “echo Shell Start® iﬁﬁ%ﬁ%%???ﬁi%”;echo echo $c>filel
5 echo “echo $c>filel™ AT A X H]

echo Shell
echo set a
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
save Tilel file2 file3 to file4d

echo sa filed to ./result
cat filed==result

K 0.14: XHHE

0.7 SREMR

B Lab0 553 940K, FEVAZTFHBI SR IIOT T, RS I F R R R
SRR

Lab0 55— E %A HG AR DY@, An SRRV E S 4 e s HAE#h, BRI ER15

50 7o

1. f£ Lab0 TAEXH src HEH, fFE—14% M palindrome.c BT, 8 HNIRI=
AT HFTIHF palindrome.c, fH] ¢ 165 SLELHIBIH AL n(1 < n < 10000) +2&75HH]
TEWFRT (AR EA5E) . Eit stdin XK A — NS 0, HXMEFN
ESCEOWETHE Y, S No [EE: EseEseAE R AR [ S0

2. f£ src HEFN, HAE—IDAKRIEN Makefile U, fEBININIZEIZN) Makefile FA
ﬁ,%ﬁ%é,u%%@ﬂm&eﬁéﬁﬁmxE%T%pﬂmhm&ci#%%ﬁﬁﬁ
MIZHRE, A=A AT X # 44 °0 palindromes

3. £ src/sh_test H3¥E T, A— file /Ml hello_os.sh 3ff. hello_os.sh /&
—NARTEEIASCR , 1B FAAERD shell FafRRIATR, A5, LASLBlEE 74 bash
hello_os.sh AAA BBB, ff hello_os.sh AR HEHEE—A~4 4 BBB MI3CHE, HNAN
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AAA SCHFHIEE 8+ 32+ 128+ 512+ 1024 fTHINATEEL (AAA XU TR — &S 1024 17). [TE

& X T4 bash hello_os.sh AAA BBB, AAA M BBB F AR AL SCAFHIAAFR, fHilan

bash hello_os.sh file hello_os.c, # A hello_os.c XM, NPKEFA NAE 5]
4% J51Y palindrome. c\Makefile-hello_os.sh f&KiIX & il £ /% dst/palindrome. c

dst/Makefile, dst/sh_test/hello_os.sh [{F&: CHAFIEERMS L H ERAH ]
BORGIRESRST NG, SEGESCHI SRR R

|-- dst
| |-- Makefile
| |-- palindrome.c
| “—- sh_test
| "—- hello_os.sh
|-- src
|-- Makefile
|-- palindrome.c
“-- sh_test
|-- file
"—- hello_os.sh

#

— R SRS B SO

Lab0 28 _JEZ TG LA — 8, WRARSE R EIER, BIAIZRTSG 12 5.

1. f£ Lab0 LAEIX ray/sh_testl H3EH', &F 100 DT H¥ filel~file100, IBfF
TE—"%H changefile.sh HYSCHE, - H#P5E, ASLIIEL /74 bash changefile.sh, AJ
LAMBRZ H3R N file71~file100 it 30 DT H%, ¥ filed1~file7o it 30 T HE
HAT# N newfiledl~newfile70. [VEE: TFMIN(UALI changefile.sh HYIEHAME ]

BORIEIMESR G, MRS IT (file THRAEIR 1-12, newfile
TRAREIR 41~55)
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|-- sh_test1
[ |-- filel
| |-- filel0
| |-- filel1
| |-- filel2
I |-- file2
| |-- file3
| |-- file4
I |-- fileb
| |-- file6
| |-- file7
| |-- file8
I |-- file9
I |-- newfile4l
| | -- newfile4?2
| |-- newfile43
| |-- newfile44
| |-- newfile4db
| |-- newfile46
| |-- newfile4d?7
| |-- newfile48
| | -- newfile49
| |-- newfileb0
| |-- newfileb1
| |-- newfileb2
| |-- newfileb53
| |-- newfileb4
| |-- newfileb5

58 IR AR ST S

Lab0 28 =B UEAE LT —, anRIRSEEIER), RIFTERAS 12 43

1. £ Lab0 LAEXH ray/sh_test2 HE T, FIEE—PHRA2H search.sh M,
'{%,ﬁé%l‘%, Llif)rﬂ@iiﬁ*ﬁé\ bash search.sh file int result, ﬂ&ﬁ%ﬁﬁﬁ%?iﬁi
result XM, WAN file HEH int FRFRATENTE, AEAZTEA int FAFEH
FEATHH. [FE: M4 bash search.sh file int result, file M result H]
N EIESNEATER, int FOMEMEIETRH, HEH result XM, WEHEANAE
#, WEECH A/ NG A 20 ]

BORIEIREORSEUR, result WRINMERINT (— &R E—17):
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39
123
134
147
344
395
446
471
735
908
1207
1422
1574
1801
1822
1924
1940
1984

5B = IBSE RS

Lab0 S5 VUTE > UALHE LA P8, anRARBI e bR, RITTER1S 26 7.

1. 7E Lab0 TAEXH csc/code H3% &, fF7E fibo.cs main.c, HH fibo.c A /)
A, A — AR modify.sh UM, #H#5E, PASLHLEL T4 bash modify.sh
fibo.c char int, AJ LAY fibo.c HATA MY char FAFEREMCH int P78 DER: X T
T4 bash modify.sh fibo.c char int, fibo.c A NAEMGIE 4, char M int A
PIRATAT FAF 8 PEMAS PRI modify . sh HYIEHEM:, MIARKEMBN)S fibo. c MIIERM:]

2+ Lab0 TAEIXH] csc/code/fibo.c MBS (bash modify.sh fibo.c char
int), MO A csc/Makefile #l csc/code/Makefile, #M2PI> Makefile Cff, HIRAE
csc HFE MBI make AJfE csc/code HEHF AL £ibo. o- main.o, T csc B4
JCRT AT fibo, FHIARTS make clean g HRMMERF S .o SCHF. [ AREMBK
fibo.h Ml main.c SAFHHINE, $E3CHISCIEH £ibo. c MALREHE IEFIH) fibo.c, AJ
PATXH fibo TERRIIA— S n(M stdin $iA n), WL BERABRRESIET o T0,
F—WZ A AT il n=5, #ith 1 1 2 3 5]

BRI i A SO modify.sh BIX fibo.c, SEIMMEH make A AT LA .o XX
PRI TS, FH 42 make clean AJ LIS .o SCEFMHER, [HARES fibo A1 .c s
BRI S fibo Fl .o SCHFRIA T TC.

|-- code

| |-- Makefile

| |-- fibo.c

I |-- fibo.o

I |-- main.c

I |-- main.o

| “-- modify.sh

|-- fibo

|-- include

I “—- fibo.h
“—- Makefile

SBVIRE make J5 SCHE
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|-- code

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

I |-- main.c

| “-- modify.sh
|-- fibo

|-- include

|  ~-- fibo.h
“—-- Makefile

VY B make clean Jg UM
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CHAPTER 1

A% JE5hF1 PRINTF

1.1 SRIGB/Y

1. MIRVE RS f B FEAR MIPS fR RE5H)
2. FER IR R GG Sh AR

3. {8 ELF XHFHIZ I LIRE

4. 5E% printk HREIS S

EAZ S, HFEFEBIFHHE M, (55 MOS #/F RG] LUE W BTk, X —FT
PR JEE A ] o

1.2 BIERZRIBI

1.2.1 QEMU #l88

TR B EECE R, WROUA — DU 2 TR TE el 73—, Pt
AT AR 2 A RESCELHMN(E. AT W, BRI AR EAR AT BRI Y. N T RERR
HRVE B YRS IR, BRI ER S

IAAERARRAE R LI, FFEE AR AR W0 e ? @ i 2% >, ml AKIE
QEMU & F it BHUHIG, AL H A LML CPU SFMEfFER . SRR, fEIRIER
SRR, W5 RISHIPER Linux RS, BTSRRI TE-F 62 QEMU Billdy. 5K
Koo 5 WIHRAE RGAURSAE Linux AT Makefile RHAZ, 858 o3 4£ AT AT CHE,
B QEMU BEUEHaTIZ AT, S8 MOS #4F RZEHETT

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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1.3. LET’S HACK THE KERNEL! CHAPTER 1. W#%. /&34 PRINTF

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
JEBIVERE TR, KT QEMU A #E RS JE Shinte 5 [Fl=A 14k 2E b i T — 5.

1.2.2 QEMU HRBEENiHKIE

BEREHES R M AERE2R0E . Ak, 1T MOS #4EREH B2 QEMU AL
PUdr EisfT, XEBRBRKEN 1. QEMU BHULER R N3 ELF MU A, it ii,
QEMU B4t T bootloader 51 (JH3I) IhEE. MOS #AE RA AT E LI bootloader
AIDIRE. 1E MOS #HERFEHIBITHE —ATUWEHT, FATMCEIA — D IEH IR TFIBI T35, W
FERN—LE AN A AT LAIE R 3

QEMU X #5/n#k ELF &N, FrLURShim s @ sk N2l NG, 2 e ki3] nx
BINE, JEtoe i 7o XBEEE, ZLMESRIAA — D REBMAAET QEMU ARE 2Rl ,
S PR A AN 2 B E BB, it AR TR ZE L 48/ bootloader THIXTHIARF AL
WZERIEDL T

1.3 Let’s hack the kernel!

R, BATETHAARITIBEEANIN MOS #IERZEAE T o X1, FAPE -G
BN LIRS — 2 S LRI ThEE.

M AS R it (&

BIAVEH 1s W BEEEA ML, SEMUTXHHFEAESZ, SRAEE
SEAATRRBOS T 15 BT, B SCHEA T VE A A s e

AEBAVE WA D AEF K, W Makefile.

S KZAE 1ab0 H, B4XT Makefile A T #E W T o FIHIXA Makefile SCPEEIAHY
BRATENRAER TR TUZ Makefileo AR, TR AT LA I X A SCER R AT B 54 E
RGAT IR AR TR nTLAE, Makefile sRARIFACHIN I, A IfRIRATIRAAD LT —
B N BT AT SO o A0S 1.3.1 2 SRR E TTUZ ) Makefile, IHIPHs2E A
WURE T ARACRY PR 2 25U AR WY o (O 1 T (B BRAR , 4L 130 AT T — 28318 )

1.3.1 Makefile

T2 Makefile

include include.mk

target_dir = target # MOS M EARPTE E X

mos_elf = $(target_dir)/mos # WATEE R ELF W 34T X
user_disk = $(target_dir)/fs.img # MOS Cf 7 S fE A thmk #0854 SO 1F
link_script = kernel.lds

modules = 1lib init kern # T EE R TSR
objects = $(addsuffix /*.0, $(modules)) # i /fj % % A By H AT LI
QEMU_FLAGS := -cpu 4Kc -m 64 -nographic -M malta \

$(shell [ -f '$(user_disk)' ] && \
echo '-drive id=ide,file=$(user_disk),if=ide,format=raw') \
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-no-reboot # QEMU 54775
.PHONY: all $(modules) clean
all: $(mos_elf) # HANIW “ZEHAR"

$(mos_elf): $(modules) # F4EEE $(LD) HHFAH B AT X1
$(LD) $(LDFLAGS) -o $(mos_elf) -N -T $(link_script) $(objects)

$(modules): # HNENT HFHAT make
$(MAKE) --directory=$0

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

run:
$(QEMU) $(QEMU_FLAGS) -kernel $(mos_elf)

URAR ARG A #fi Makefile HUTE, (UUFEAH lab0 UM ERLRTARIFHIRIR, WIREEA
JELMBU ) B 352X 1 Makefileo AT, FADR AT ATHMBE. £ 317 - 11 Tl LIA
FIRATABIRAEFTS, X2 Makefile HOXARRIE SUREA), BATE L T &7 H 54
modules~ Bk I IAZ P HA T SO I B% 12 mos_elf Fl linker script HIA B, H ) wfEE
TERA S 53 72 modules Fl objects. modules & X T WAZFTELS AT AL objects
T 7R B3 N ARZ TR BT AT EARSCHE (%.0) o 11 4T — 13 FIATARHIRHLAGRIX — 478 A
G, N ATHIA RN AT AR X E T LB LR — T AR M E 2 AT
RSO B EAT AT

Note 1.3.1 linker script &M T FEEH L2 .o UHEEHE R H PR AT AT SCHF RO IA o
.0 XCHF+ linker script % NAFRNTESTE T H /N MBI PHE, R0 B S EAEIX L
ARG N AL T AL B S

16 171 .PHONY FMAFILEE 50 BVRAZAE I AR i, — Bz g,
TR make T EGwiEm AR BAIIELST, TR EBAE I, —ERIEE AT,

5518 1T L all iX—HUMAYIKH . a1l MEREEANIIH , it IRATATLARIIE , MR DT H
WA T AR AL AT TS $ (mos_elf) o A4 $(mos_elf) /MM HIALEAIE ? BEHEER] 20
FIEXLT, $(mos_elf) MIMERAKH T A A HIMI . fEMESEITERIG, HIITHE 21 FT7H94r
KT $(mos_elf) o IATATLUEE], 26 21 A7 1 HEHEEH AT S B4 I TA .o
SCHEAE linker script H9FR S MEEREE]—L, AR AN mos AIRAT S M 56 23 1748 L T A1
AR 7R PG R AR B SN 1Y Makefileo HeJR 1 26 2 30 1758 S T A {EEL T A HE A4
R A SO

Note 1.3.2 —fAEE Makefile M, JHUIGE— DN £N a11, Ul EMEETIH

MER. WRAH nake A HIREHIR, make 2 HIITHE—ABixn, FrLME a11 HE

H—NEEIAE E, ATLMEE nake fr > BRAEEANTE | BATTE.

BEIXH, A SR, RO EGSPMA T ccv LDy MAKE ZA8H:, (HZFRATEL
T KT B ST I e AR GX AR E SULE R 2

FATERIE 1 175 include M. Ak, XNTZEH Makefile 15[ FH 7 HAMAI AR
WRAPRERIXA SO, #5 B S AS 1.3.1 FroR.
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include.mk

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 -mno-fix-r4000 -march=4kc
LD := $(CROSS_COMPILE)1d
LDFLAGS += -EL -G O -static -n -nostdlib --fatal-warnings

JFORFRATHY LD AR W R 7EIX B8 L (ZF i MAKE /& Makefile HTIAE ML AYASHE, A&
BATEXH)) o FEZ X, FATEE] T — K4 ——Cross Compile (38 X4i%) « X EHA
CROSS_COMPILE A% it /& SEfp i FH 0 4 i d AN 4 a5 TR AUATER, Bl 1258 Wdm i i) 2R
N PN, ERAGSEEIREE ) LD S H A 2 “nips-1linux-gnu-1d”. BIFEK
ZAR L, AT AT (8 Mk e 5 S g 1 Y LA

Z, AT LAKECEAR B Makefile U7 T o 3% THEH make HIHIRERT MR R IT &
B, $n: WTLULE A — T make clean.

AT make 4, WRELEIEM, WESTE target H% FAEMMNZE S M nos.

5, EEEEE— T SR AR T A H SR AR b ) BB

o HHE NIAFFE kernel.1ds X linker script SCH, FRATSAE R/ N A iEANgHE

o init P EZEAP DRI start.s Ml init.c, HAEAZMIGEHAE. start.s
SCHEHEY _start HAGE CPU R CE WRZE TS — %, £ TR
WAL CPU FIEARET, 2RI NEIIA L HORE S, SaBbEeE) inic. ¢ SCPFAE LHY
mips_init MEL. fEAFF mips_init PRECURMFAAST I, M2 JRR S8 e
BT AR IIRE,  NAZ T S A B AR 10 pR B2 AR LR T o

o include H>FHFRARGEL IO A R B BIAY LSO mmu. b SCHF, XA S0P
Ak WA RIE, BAMEES linker script H BT IX A B R ELAH R 5 1Y in 2
Mokt

o lib FSRAFHC L% R RAL, AE BT TR U A pR 2L
o kern FISHFRUARZ B FMACHD, AR T b 32 A A9 2y L AH SR A BR 2R
o tests HSRHFAIF A HIBY, FAHEEFT AL 2 HEE .

1.3.2 ELF—RABRRRmFSiEE

FAVRIE RS SR BT G MR I BE, A REL ISE BT /I AT 3L R IB T AE
GG BE, BEDPOCIEREE R RS, R BARHE, AR RATEY - MR K
Y .o 30 BRI, T SE B UM A JR M R AE , BRSO R B R S 45 4 P A H F st ik
R RN B, SRR SR I BRSO A e, JRIRE BRI SEE B,
J A AT AT S0

Thinking 1.1 J5F3E B B giFasae i, 2o a2 B iy A x86 TR
%% (gccs 1d readelf. objdump %) Fl MIPS 3¢ X 4wk LHEE (A mips-linux-gnu-
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HIZE), EEHAHIGIFNAFTILRR, WS RER, HRBEHA T objdump EARIZEL
i n

PR, AMRHIRAIT R S aR@id (s 2R S B ARl ? &3t
LETAEHAR SR EE A b o A2 BARSCH, 108 TR B EARG R . Bl X 5 B
et HAR SO EEEE]—E . 1 ELF (Executable and Linkable Format) 1Fs& Unix J: (! ﬁﬁ ) — e
AR SOk HS, AU BRSO, AT HAT U2 ELF #2000, X — it
ELF HyaxpRtunl LI k.

NTHBR T % ELF X, R 3RATFHEE— SRS B DIRE LR A% =

ELF & —FH TRHITCM BARSCHEREER SO 1% . ELF #H0U2 2 UNIX ARG
Z1EA ABI(Application Binary Interface) MJFAZFIAAR], MAEH CER Linux NHIPRIER
T HNEZRTEEE WK o LR ELF Frel & B =F SO 2B b i) —Ff ) FROVATE
FENL (relocatable) S, HE PRSI 2 P HAAT (executable) SUHFAIEEZERIR (shared
object) SCHF, X PRR SRR Sk R 0 P HE LSO A T AL B A RE A A

RATLMER file A5 MARMGSCHFAYZRAL, R s :

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

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

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

82, ELF CHFHEESEN ARTER? fims 2, MEMEFHECNELEEFER, T
K 1.1 3 T ELF SCHR454

RIREIEI T ETHATEVER
ELF 3 HIRER
S
i =
AT

K 1.1: ELF F45H

W AT LARITE, ELF SO ROk S 5 Ak

1. ELF 3k, OfEREFIEAGEE, IR REWEE RS, FRES T LRMBELE
FX SCE RS i (offset) o
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2. Bk (8FEf7 L3, program header table), FEEETFH A TBE (segment) HIFE,
Br(E B eI s Th 2 .

3. 173k3E (section header table), FEASGTEF TSN (section) HIEE, TG EFE
TEFE 7 4m 3 RN A B2 I £ A

4. BELFRFIE— DRI, 05 TZBEARR AN B B ESE, 0k THTHRSMA
T INE 252515 B

5. TSkEHF MR, 05 T TR IRMEL. BORBSESMBIMNE, LRk
AR R TR A

MR 11, BATTULIL, BRI L5101 7 RFEAHT, XS PE R
P TP RLA -

L AU BEER UM, S 5 AT SO T AT SO PR R Sk . IR Sk
2. ARATRAT SR ECE AT SR 230, Bt T O I R E B Ui (T Bk

BANIEEL T T ELF SCHFRIRIRG I LU A ThRE, BI7E, TRATFRERY18 3T, 5
BE—ME S AR 32-bit little-endian ELF SCHFRIMEATREST, ARG SE il A0S, R T /% ELF
A B PEANEEAE o

TR F AT, FRATFEXTIXAFRT b B = A SRR 4 i — T AT, i
RUIE] tools/readelf Hsk, B elf.h XL ICHE, S5G UL, fF4apd e i i Aag
FERE, AEE T TSI HEEEL E tools/readelf/elf . h S !

/F XUHHHHZSMEERAEL, EREHE +/
/* The ELF file header. This appears at the start of every ELF file. */
/% ELF XYW X3k, iR ELF XX Uk AR +/
#define EI_NIDENT (16)
typedef struct {
unsigned char e_ident[EI_NIDENT]; /* Magic number and other info */
/7 BHBEHEURIHME R
E1f32_Half e_type; /* Object file type */
s 3
E1£32_Half e_machine; /* Architecture */
/7 AR
E1£32_Word e_version; /* Object file version */
7/ XAERA
E1f32_Addr e_entry; /* Entry point virtual address */
// ANE R E RE S
E1f32_0ff e_phoff; /* Program header table file offset */
/7 BRFRRFTEL G XK 1w
E1£f32_0ff e_shoff; /* Section header table file offset */
/7 FR R PS5 e U K R B
E1£32_Word e_flags; /* Processor-specific flags */
/7 ST B ATIT
E1£f32_Half e_ehsize; /* ELF header size in bytes */
// ELF XHEKEy RN (BAL N F4)
E1£32_Half e_phentsize; /* Program header table entry size */
/7 B RRFRAAN
E1£32_Half e_phnum; /* Program header table entry count */
/B RERRAK
E1£32_Half e_shentsize; /* Section header table entry size */
/7 TRFRITAN
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E1f32_Half e_shnum; /* Section header table entry count */
/7 RREFIH
E1£32_Half e_shstrndx; /* Section header string table index */

/) R FAE RS
} E1£f32_Ehdr;

typedef struct {
// section name
E1f32_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
E1£32_0ff sh_offset;
// byte size of this section
E1f32_Word sh_size;
// link
E1£f32_Word sh_link;
// extra info
E1f32_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£32_0ff p_offset;
// virtual addr of this segment
E1£32_Addr p_vaddr;
// physical addr, this value is meanless in linux 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£f32_Word p_memsz;
// segment flag
E1£f32_Word p_flags;
// alignment
E1£32_Word p_align;
} E1£32_Phdr;

L AR W LRI, ROk ELF RSOk, B —NF T KT ELF SUARE B IIE K.
B, SRR T ELF BBEL, DASIEX & — MR ELF. 4 ATEIE T iX 2D ELF 3¢
25, ERTLUER ELF SkH3ERE R, S5t ELF XU T 78 ELF Sk, #2477
TLFN DA, XA 4B BRI, 1% binary A ELF 30 kHhE ) shoff
HANCES, A8 binary + shoff RIATY L3 —I bl .

5152 tools/readelf Ht FHYJ elf.h. readelf.c fll main.c X, FH4be
readelf.c FH/ DI, readelf BRELT EHIH ELF SCHH A kb pytibbE B, X
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TRk, HHEEN %d:oxlx\n", HHY %a 1 %x 5075 bt

IEHA5ERK readelf.c ZJ5, fF tools/readelf Hik FHUAT make @4, BIT] AL AT
13X readelf, BHZ XM ZAEASHE, X ELF XHBHFTHMT. FTLAAAT make hello
A ELF SCHF hello, SAJFIZAT . /readelf hello KM readelf.

Note 1.3.3 %[#iZ E1£32_Shdr X MEEHMARNE Lo
W TSk JT B SR SL AR, RIS LR R S8 — T Sk AgHEEE (5L
FEE—TU i hE) ShFEHbHE | TR S B AR T SK I Hahk o

WA 23], HERCEXN ELF SIS A TR0 R T . RATREARE— DA
ELF RS EZ GRS, AdEXDNTECEERE T T o RNTTME 1.1 i
W AT AT readels JEAHELEFTIN, WHRAV/NOISICT “./7, REIHASLEIAT B
“command not found” R ﬁﬁ%%ﬂﬁ?yﬂéﬁgﬂjﬂ%%\, AR RNA — A g1 T H AR T
B8 readelf, B readelf [option(s)] <elf-file(s)>, ALKRMMNT— &%
> ELF SCHRE R FRATA] L i & Aok 42 i s WREEE 2o Bt , AT readelf -S
hello 14 )5, hello U1 HUIEAN(E BAG ISR AR A FRATRIR ok . FATAT LRI
readelf [ H RIGIEIRATH CE I M readels i th BI4E R 2B IER, Wl LAM#EH readelf
--help A E[ZAL 2 MGHUNHXT ELF SCHRIMEMT T2, AT T AR FRA TR T iR 5 B

Thinking 1.2 E2& T R[E]#:

o ZRMHINIIE N readelf BfF, AT ZRIFE target HE N AN ELF XX
o,

o WIFRERINBANIHRE W readelf BT MNREMAT readels LA, TRATH]
ANBIN ARG T readels T LAEAT, XA 2WE? (FR: ZRA(EH readelf
-h, FFFEE tools/readelf H3% N Makefile, M2 readelf 5 hello [HANIH])

2, AT Labl MO NNACETM, F2AT DAERE, A2 R A A2

WAE, FRATARSLNAZ I 5

AR AZ 2 ELF #0HT, #oblar AR N F. Hi, JATE BARE
ELF JZUA B A BN, FFHBITRY, AR ORI FERR AT . Wil LSRR
KT RSB IR ) i e 1 [P e AE D358 _ L8 ELF B9UEHT)E, R B Sege vh n fey
TR AR SLI R E RGERY ELF A% 3000, WVi% 17 if QEMU W LUz{T ELF R A
ELF AP USRS, BB f 97, RAIZiE&2s)id.

HAIAWRE—T, FANIZHTAB hello world FEFHIES N BRAT 4T readelf LE
R LT R ATt ELF SCHRRINES, X BBAEH ER DT RATREF . BRI -1 2
HORER RN BHIE B

Elf XH(A K EXEC (7 AT XH)
A H & 0x400e6e
*H 5 NEFK, FhETHRYE 64

Rk
Type Offset VirtAddr PhysAddr
FileSiz MemSiz Flags Align
LOAD 0x0000000000000000 0x0000000000400000 0x0000000000400000
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0x00000000000b33c0 0x00000000000b33cO0 R E 200000

LOAD 0x00000000000b4000 0x00000000006b4000 0x00000000006H4000
0x0000000000001cd0 0x0000000000003£f48 RW 200000

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

TLS 0x00000000000b4000 0x00000000006b4000 0x00000000006H4000
0x0000000000000020 0x0000000000000050 R 8

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

st ATHTFERTXFEILNEBS: 0ffset HAFIZBL (segment) HIEHRAHXS T
ELF SRS » virtAddr AEIZBURZ T ZMMBE A AR E . Filesiz ARIZEM
BARAE S P IS . MemSiz AL BUI AR LN AE P IT 2 HHIR/ N KT Section to
%@mtmwMg%%@&&%gﬁﬁm%o

Note 1.3.4 MemSiz 7KIC K T4 T FileSiz. #7 MemSiz KT FileSiz, NIIRVERGEAE Nz,
FRFPIEE, 200l SO H e s R ER INEEIX B Y virtAddr &b, 2 )5, MNGFEHIE 0
, HANZBAENFRRIR/NES] MemSiz Miko BRA A4 MemSiz BHMES KT FileSiz
Wg? JXHEAEXFE—MF: CHEE P RIHHNERER, RINITFEAESBHNAE, BE
MRTEEYAIEW A EEHR . B, ERH T30t Fid g B w2 G N (MenSiz),
(BLESC R EIC A AR N AR (R B IR TR BRI R e B o SOMAEXFENL T,
MemSiz 2KT FileSiz. XK I, N4 CIBEHERERAABIME 0. XEFEN
BAE RGBT A R I 2R T SN ES T 0 .

VirtAddr ARACANHTHEERN . BT ERNEE, BATIAMEREN, QEMU Sl fEinEk
FATHINAZIS , AR AR — AT T SO RN S f st ik, BT RZ P A ARG B 3k
FIMNALE. K CPU RIEHIREE 28 A% WERIATAZ AL H A2 AN TERRRY , FRATAY AR
FEANRENS IR IsfT. Hfiii, RERNMEBEAZMBE EROGLEL, BNAONZHRNIZA
S ey SEN

BEFNXR, AR 1L EZ R ()

L. A A MBUETRRIALE 2 2R R B A 1 R o
2. WA B2 Wk FL R I e AE g A A 1R LR I ELF SCH R, BATE A REEHENE?

FERE ORI NTI R, FRATH— s s R 4 [

1.3.3 MIPS REAE—FHKAZNERNE

FEIX—7H FRATIRAR RS T A AZ N2 A A 3R B2 1 [ A
PR v A A bk 5 A PR E% B E B AT SRR Uy AF b AR A R AN IR Y, AR v ) bk —
MFRAEE ML (virtual address). f2FHlE (program address) =iE BiEMIIE, MRS
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RIERLR AN FR S IBHEIE (physical address) o X FPHihE G @ T — M FEAL
HE AT MMU (Memory Management Unit) BJRECHSTHRTE . 4 MELAAEAE A T FE #0
HHEES B, 4T 32 LALERRR, RERAMbhE A [ B A N— N 4 GB.

ARSH R, MIPS ARG EIMAEZS BRIV 4 GB, FHFHLE TiX 4 GB izt 74)

Jre fE MIPS RRE5H, REMIMIEZS R Bk 7000 4 KK, 20 1.2 Bk

1.

1 GB kseg2
< 0xCO000000

512 MB { ksegl
< 0xA0000000

512 MB { kseg0
< 0x80000000

2GB kuseg
< 0x00000000

& 1.2: MIPS W1EA &

MAERCE A EEDE, XA~ DAY San T

kuseg 0x00000000-0x7FFFFFFF(2 GB): iX—BU&H P& FE—n] bk asm] (WS
TR X RS E]) , KN 2 GB, a2 MIPS 295 M N AEZS ). 5B
MMU (Memory Management Unit) "1 TLB P T HEAU b 27 EE bk 1928 e . XX Bt
Hohik A HUAR 83T caches

. ksegO 0x80000000-0x9FFFFFFF(512 MB): X—BoZNZA T Al HAYHE, MMU Kbk

WAL E (& OxTHRD) BRI B IE T 7. s/t X B REBHEAEES:
MBS B MU HIE RIS 512 MB 25 [H]o XX Btk A BRI caches

ksegl 0xA0000000-0xBFFFFFFF(512 MB): 5 kseg0 Z5f0L, iXBtHihlth & NZA T Y
Huhk, MMU ¥ bR & =038 % (& ox1ff££££f) BAIFRIEEHEE T U577, XB
JRE DLt R A 52 4 e ol S B B HE A 512 MB 28 [A] (EE XX B bk 9 A7 BUR B L
cache, {EAEAEXEBMAE LA MMIO (Memory-Mapped 1/0) FAK VI [R5k .

kseg2 0xC0000000-0xFFFFFFFF(1 GB): iXBibhl HAETE A M I HFFE MMU
TLB ¥ ek FE oA M B hE . XX BEbhE A9 B2 85 caches

TLB i BH/F R GEHT R EE M, FIAERANZE, HATAREEN 2 TLB #4t

F RE AR 25 ] o XA A AZ I BETIAE. ksegO B ksegl T o 1M ksegl A&ANZTE cache 1, —Bok
Ui, FIH MMIO V5N A2 ] kseglo BIMFRATIGENAZIYT text .datas .bss BABHE]
kseg0 1o 2T FICHEH ksegO T cache AMIAILHTANREM M, (HIX HIRATSUE NAZIAE ksegD
B, XAERNIERSLN ARG H, IB111E ksegl H Y bootloader 7EZA WAL R & T cache #1A
b TAE,
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f£ include/mmu.h EUHEFATN MOS #AE RGN E BN RE (FA81.3.3f7R), H
H1 KERNBASE A& #4315 16 U RE UL H AL o

include/mmu.h HH N AT 5 Bl
1 /*
2 0 4G —mmmmmmm e > b e 02100000000
3 0 / | kseg2
4 0 KSEG2 ~ -—-—- > e Fmmmm e 02c000 0000
5 0 / Devices | ksegl
6 0 KSEG1 — ----- > Ao Fommmmmme 02a000 0000
7 o / Invalid Memory I /1N
8 o R e S +---=[----Physical Memory Maz
9 0 / | ksegO
10 0 KSTACKTOP=====> #=======mmmmmmm e~ +==—=|====028040 0000~~~
11 0 / Kernel Stack / | KSTKSIZE /1\
12 o Pemmemmmososssssssssssesess= P o= /
13 0 / Kernel Text / / PDMAP
14 0 KERNBASE ----- > e +--==[-=--0z8002 0000 |
15 o / Ezception Entry I \1/ \//
16 0 ULIM - > e 028000 0000-----
17 4 / User VPT | PDMAP /1\
18 0 UVPT - > Fmmmm e 0z7fcO 0000 |
19 0 / pages | PDMAP /
20 0 UPAGES — ----- > Ao Fommmmmme 027780 0000 |
21 0 / envs | PDMAP /
22 o UTOP,UENVS ----- > Ao Fommmmmmm 027740 0000 |
23 o UXSTACKTOP -/ / User exzception stack | BY2PG /
24 0 b e 0z7f3f f000 |
25 0 / | BY2PG /
26 0 USTACKTOP ====> #======m=m==— == Fommmmmmmm 0z7f3f €000 |
27 0 / Normal user stack | BY2PG /
28 0 b Fmmmm e 0z7f3f d000 |
29 a / / /
30 @ et s OO D SR D DI /
31 a /
32 a kuseg
33 a /
34 a e e S e e e / /
35 a / / /
36 0 UTEXT — ----- > Ao Fommmmmme 020040 0000 |
37 0 / reserved for COW | BY2PG /
38 0 vcow  ----- D e 0z003f f000 |
39 0 |  reversed for temporary | BY2PG /
40 0 UTEMP  ----- > A R 0z003f €000 |
41 o / invalid memory / \//
42 a 0 ———————————- D> mm e F mm e
43 0
44 */

1.3.4 Linker Script 2l N gk ik

PRI T WAZBIERRAL BT, TR TR EA BN BB AT LA T o Z RIES>
Br ELF SCHEIS AT G EIRL, a4 ELF SCHRTEE B 21058 1515 B s Za ik 2 1
Frie [N, FATRAEIN, HARIFT AT LR b e ™R (B2 BRSO 8
FEAERAHAT IO o TR, FRATETFREM, i h et i i e A2
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BEROR, FATMEGIAN— &RV : Linker Script. S IS THE MIAE T HERERR 1)
i T ik XA — S (Al AR B ) ABI (Application Binary Interface) #8/A—#F, [EFEHCA
RESEINBEHE AR B IR, 1 EREN & D ARG 4 AT AT OB 2 T2, Wi T Linker
Scripte Linker Script HIC3% T4/ 17 Rz Al it # B, DA S BENOZ B A &, 1
THI F) i 4 P LA H B B A, kAT DAAE B SRl Elix — 44

1d --verbose

X, FATEAN S — T T ELF SUHFHT (section) HIMES . fEFEREERET, HAR SO
ERTHEES, HE AT LIRS AL Befriiud, oSk TER T B R pras
PEEE . HP RN EE =T texty .datas .bsse X =TT AGE R TEEIRR

.text PRAFAIHAT SOOI ERR 2

.data fREFCHIAHHT 2R fERSZE i,

.bss PRAFARWIIAI B2 a8 S FFE AL Bt o

A BRI A& RAF A S, IX RN PR M — 12250 . AR E — D THh A, 4
Ja AR AR AN A SR AR A B 0 A8 e M e RO ARAS (AR 1.3.4F7R) « MIEHIE1T45 R 5 ELF
SCHEHRIESEIY (texts .data fll.bss THHRERZ AL R

P H A T R RO AR P

#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;

}
SREF R AT RERYR I R

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

HATHAEFR ELF ISR DT RHRGEE Oy T REER, XERREEAIFRL
7)o

£ 29 Mk, MEHE 0x9c258 Fih -

Wk
[Nr] Name Type Adar 0ff Size ES Flg Lk Inf Al
[ 4] .text PROGBITS 08048140 000140 0620e4 00 AX 0 0 16
[22] .data PROGBITS 080d4180 08b180 000£f20 00 WA 0 0 32

YEAFBGS Lisfy, SRS A ENER
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[23] .bss NOBITS 080d50c0 08c0al0 00136c 00 WA O O 64

X2, RATRAT AEMTHIANE text BR T AIMITXHHRIKEL, data BRETEZE
BB ERTEMSRSTE, M .vss BETRMBLNERETEMNGESTE

BTk, FATEI Linker Script RER AT E . X B, FATEM GNU LD = 4515
WSOk BT B SE ARSI N R

SECTIONS

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

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

FES=ATHYS "R DNRIRRE S, ORMUE AL 40 , E R 1 B9 R/ N . £ SECTIONS
e IHIRRY R, EHMEN 0o 1_1_1;4% O RITBREE ORI ARG . T
BCRF, DCFCATA IR AT . flin “.bss - {*(.bss)}” %’%T%ﬁﬁﬁ%)\iﬁﬁfﬂﬂ’] bss T (f1
BHY oss) HRBEHIHAY Joss (Eiﬂﬁ‘] bss) o O T REMSZRIEMIL (XA AR
MELLH FHEEEIE R ) , FATREOR By Sese A et an

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

int main()
{

return O;

}
i, HERLFIRPITHES T TRIER .

user@debian ~/Desktop $ gcc -o test test.c -T test.lds -nostdlib -m32
user@debian ~/Desktop $ readelf -S test
#A 11 MK, MEBE ox2164 T -

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

FTLAEE], fE6EH TIRATH E LAY Linker Script UG, AR T, &A1 IO E bt
TR T AV ERIIE b BOE AT &MY, wE’Ji{ﬁtlt%&ﬁ*kT AR 2B 2 B A ikt
SARN AR . I, FATHE T T AT Linker Script ZE# TBINEE A A

Note 1.3.5 HIIEENGMARE, FZENIVIZEERE] . text TTHIIMEMEL T, .data
.bss A EERHEEIT . FZ(1] VB — T AT AEX 4 %ZH .data Fl .bss. TR
Linker Script SCAZwfEmT “=" PR ZSH&HE !

'S kernel.lds AR, £ Labl ', HFFEHH4 .text. .data
M.bss T, FNZMEEEFAIAE ERIFT,

o1


https://www.sourceware.org/binutils/docs/ld/Simple-Example.html#Simple-Example
https://www.sourceware.org/binutils/docs/ld/Simple-Example.html#Simple-Example
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FRANE — s R TR HRE P ML T IR TRAT . B HATHY S8 — 4545 MR oA A
otk (entrypoint) o FANTHILIFLAE kernel.1ds "HE L ENTRY( start) SRIXEREFALHN

_starto

Thinking 1.3 7EESIE EIRATTAER], MIPS (K K454 _E BT 5 3h A O Hihk 4 0xBFC00000
(HSLREh A O b BRI EARI S E ), mi2Ese, WA AEix bk,
— AR E L), (BECIGHRE R R N D IFRATAE LS sk, T2 4%
WA REBCE . B A 20X R N IE RECRUE N AZ A I 4% IE i k5 21 2

($7n: B Sse s shid R R W BES ) F AT T ) n

1.4 MNEFIEEE MOS

1.4.1 M make FFIR

TERTHERR T, OB T W FROTFERI TR, R TR, AR
A0 MOS Wi

WAE, AR SR, ESfTHH A nake, A make 5, EARE LA TATH4WE? TERTIH
() EE AT R IRA T BAN R T IATEI ) Makefile, IUAELEFRATRAFANAIGIIE Makefile ML
2,

targets := $(mos_elf)
all: $(targets)

$ (modules) :
$(MAKE) --directory=$0

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

E@ﬂ@&ﬁm&eﬁwﬂmé%ﬁm@Mﬂﬁﬂe$m%*45ﬁan,ﬁﬁ%%m%
all HFRIMEHHIT, Wil $(targets) . [ targets FIEE T $(mos_elf), T EKHESITIAH
# $(mos_elf) HEKHIIL, L2 $(modules) IS HZ

FEJGTHN ¢ (modules) AT HFRE LHIECITH, AFAMEATIKIIT, BTk make JFIA AT
J7, X $(modules) HHIEF HEHIT—IK $(MAKE) --directory=$0. iXH [ $e Sk /EIT N
YT HARHI AR, X R $(modules) RS, A kern 55,

WX, FAVEAZR] TP make[1]: Entering directory '/home/git/xxxxxxxx/init'
Mg, X REDIH TAEH S, 1 $(MAKE) --directory=$e HIHATRR S Fahlizitt H
S make 2&—EHI3.

mos MMEESTETESE K T FTA $(modules) HIRMIMEGITUG. MARTSHTTLAEH , X B
177 $(D) -o $(mos_elf) -N -T $(link_script) $(objects).

FEXAIFRS T, B2 $D), fRIATAM 7 fdr. BRI -o -1 25, WLl
1d --help BAZENG Ao XA A HIVERE, I $(1ink_script) ¥4 $(objects) HE#%,
2] $(mos_elf) L HE

2RE IR $C. . ) AR LITE Makefile M EHAXHY include . mk H K3

SR T B NF Makefile, JRAEREUHE, X TRA s, SMEIAKRBI, FHRITERIT
T H RS

X UGS TRATEIE M 5 RERY , TTLAE include.mk FPEEETRAME A M SEREAR MO0 o
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BETRR, WEBRNTEMAF —F $(modules) BEHIAA

1lib init kern
$ (mos_elf)

modules

targets
lab-ge = $(shell [ "$$(echo $(1lab)_ | cut -f1 -d_)" -ge $(1) ] && echo true)
ifeq ($(call lab-ge,3),true)

user_modules += user/bare
endsf
ifeq ($(call lab-ge,4),true)

user_modules += user

endif

ifeq ($(call lab-ge,5),true)

user_modules += fs

targets += fs-image
endif
objects := $(addsuffix /*.o0, $(modules)) $(addsuffix /*.x, $(user_modules))
modules += $(user_modules)

XH ) AT LAES], $(modules) 34 T 1ib, init fl kern =/ MAEHR, 43BN M HRIE
R — L ff Mz, WG ARSI PR ARG o 3X =~ B AR A AR B I BT TR 2 19X $ (modules)
AR SE R, BRI, make €393 HlliE NG JUAS H s XS B Makefile 56 BHH N O ZHAG:
iiafes

1M $ (user_modules) NIE— P ANERME IR, BRIMEEGET 1ab B HAHE. BMAKIMNE,
$(user_modules) BRINEZFN, (HEHIT 1ab-ge BRAUCHINT 1ab MIEE G K TETHME, P
HHE G BRI $ (user_modules) Ho LU, 24 1ab MMEKRTSET 5 B, #aE L
R RAD AT . TEXF ML, ifeq HYA & I H G E MW 747 B A T,
call HYE SEPIH— 1 R%L, shell W& SLEHAT 1 shell fi%, cut WK AILL ER)F
FEordle fAEokil, X BT shell A2 044G 1ab FE S R RIZEHT I A S L
HRIFHIWE AR TET L EME, IITHRE RIS BRI

w2, BATEHEIF $(modules) il $(user_modules) PRSI B A il SO IRAE 25
$(objects) , HTHREHTAMKEH H IR U/ AEX 2 )5, B $ (user_modules) JIA $(modules),
T e AR iR, HERIXELRE T $(objects), FHI%E $(modules), XA&H
N PR AN RE e BT SORTE], P AR 20 P R e A A AZ AR e A F AR SO0 o
ARG, FILE $(modules) NITA T SR HIR . IXFEHE AT LAUE R B 21 H
PREEF TR AR IR T o

2, AT AAZAE IR A8 T, FRATATLAE $ (mos_elf) NAHBIFRATHIAAZ M T o
XS FRATE /] LA A%, s T IR NAZ T o

Note 1.4.1 ZFXH | FAIEX—THFHIEH S — B AT DB RIS T. WA
CAERBEE 2 LEFRATIE 2B — F AT T 4 iy o FATZ M $Qink_script)
RAEMAINZ . FAIUEE kernel . 1ds XN, ATSKIAEH A ENTRY (_start) X
—f74A, FHENBIAL T . 84 _start AR AR ? FATSET —A/N T BEA
.
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1.4.2 _start eBBH

PR T Makefile I TARMMEZ T, ARG _start BREL, NH/Z _start BEAIIUS,
BATBATHAT I 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 */
/* Egercise 1.2: Your code here. (1/2) */

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

Note 1.4.2 AEBARSHHI EXPORT & &, B _start BHFH NS, #1545
AT LARE B ATLAMR R AT, BT — M EILHIE S P RREUE L. KT
ZHIEASCEURIZhEE, AT LAZRAPE RS X MIPS {441 C 155 # RN 4.

HAEE _start BEUNA, BEIS 2. 3 1THY .set AAVFLMAHE at a7 7dr, HAVHE
TR TEREY, % 5 T2 1 AMRA T

PR EIRN TS M2 LR EE A T AT E BT/ sp arfFanit BRI N E
BIAAEE L, BB E] mips_init PRAL. WARZHRZASRIAYHE AT LA include/mmu. b H75 £
MR, EEEARRIICT . REEHAREE, WAOTHES TIT C EF RIBAY &
P, R, R TAER AT LSSy C R T LA, 1 _start M)A, FATHM C
ARH %L, IEABEANR) C HEF -

SEAR init/start.S HAHRATERS Iﬁ%ﬁij"aﬁ/ﬁ, BRELE) mips_init BREL
AT make run IBITUIE, B4 make dbg_run KA TIZTT QEMU.

Note 1.4.3 mips_init KEEAN CIEFHAE, EREMRFRILH G, EADS

A5 .

mips_init PREAEAT 27 2 FRATTREE 2k A3 N 2R mips_init PRELIIE 2 SR
SHAT IS SO R F R e 2 i grep 2, FATTLME init/init.c AN mips_init
i

X o

ML, R jal Bl § SERkAETE S B 2 R BT S0 I AL, Rt 2aE 4
A7 At b SEBRA P PR AR R o FEREIRRT , SEERAR X BARSCHF R I S TR AL, (1L
4 R TR IR Y R AL, AT SEBRRE SCIF B RO, IR BRATTAEACHS T o i) LABS SO
FE LR

1.5 SkAX printk

TR TIEAZMNER, BAPREAT—HIM, NI printk KA. FE-FAf(E
A, URATRESETS printf RALEHIES ASIRUEN, HSAE, printf 4R C HEF IR
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SRR . T C BT MR ERE RS AR ER G S ER. Frlh, RN EBIERSR
g, AT EZI, FATKZET CBEFIRERERN S RATHFZEMBINILPIr AR, #%
HIRATH ORI

BRI NAZ AT B 2R &, T2 A =3 kern/printk. c,lib/print.c
1 kern/machine.co

BIREIM ENHREWAFA D T

1. kern/machine.c: XPIXHMATHE QEMU MM G 70F, HFHON S R — Rk
i enRes:ihii

2. kern/printk.c: PESCHEHR, ST printk, (EILFr iR, SEBn b A B R AL,
B W 282G G2 T vprintfmt 1X R4

3. 1lib/print.c: Jfbiﬁ:':f:', SEIRT vprintfmt Igliﬁ, ﬁiﬂ?*ﬁﬁ%ﬁﬂjﬁ/ﬂiﬁgﬁiﬁo

PN TAET R, AT R — T X LA SCHZ A58 &R o
kern/printk.c HUE L THRATHY printk BREL FAMEHTT AL, X RETFA H%
SLH Y, B R RINSEL, DA outputk PRAFRFHE A vprintfmt X EREH .
void printk(const char *fmt, ...) {
va_list ap;
va_start(ap, fmt);
vprintfmt (outputk, NULL, fmt, ap);

va_end (ap) ;

}

AR REXS va_list, va_start, va_end X /MBI LA RESHh = LA A=
A, BAVEN printk B AT VAR i — 70 d, AR SO DA i 24 it
e SEhr b, X CIEH R RSN IS, HHRKMNF RN A TR AT

AR IE, HEBSHIIRAKBAAW S, ZREENEEROSHE. B THEEMHERK
ZHRNEIENE, REFRESERD - PMEESH, HERKRSEDIUESEERIIR R .
stdarg.h SO FONALERAR R SAR E ST — AR AR
1. va_list, ZRSEFENE RN,
2. va_start(va_list ap, lastarg), M THIGHHERKSEERNZ,
3. va_arg(va_list ap, X&), HTHEZKSHEFE 18002,
4. va_end(va_list ap), ZiRMEHARKSEFN L.

L B SRR N RN (AR K SRR, TR U — 2RI va_list YT ap,
ﬂi)ﬁﬁﬁ va_start Z?iﬁﬁ?*ﬁ(?ﬂﬁﬁ%:

va_list ap;
va_start(ap, lastarg);

Hr lastarg MIZHREURE a2 LS A RS, BRTLME va_arg 23K

B— MRS, %A FME ap (15 F RS0 FER S B S EN T — 125 I
an
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int num;
num = va_arg(ap, int);

va_arg M5 NS HONRX TGRS AR, 0 EiAUE NS EER H U — 1 int

B

R AEZES e s, IR AT, FEMA va_end UL RAKSHEAMH .
[H22{11 LAZ7% https://zh.cppreference.com/w/c/variadic KREM T RSB

¥

SREFNIRBEF outputk X BREL, XA PRELSLER_EF2 R T — AP B Y

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

ATPAKL I, BSLhr B A T — U printcharc FYpR%L. FATW LATE kern/machine.c
HIHEE BRI E XL

void printcharc(char ch) {

*((volatile uint8_t *)(KSEG1 + MALTA_SERIAL_DATA)) = ch;
}

JEok, MibEH SR TR, LR ERNE NS T

AR T TR R AL DR, AT AN TEAREME Y printk 8?2 IC1T printk M
Hebr B AR RS EE AT vprintfmte PRACE 2 WX s ECIAE A —FB 4 AARD Bk
T, R AN

NI ER GRS LB 20 R L, RAPREGREF AN T

HIE, vprintfmt HUE ST LU BRI AY A R AL AR R T B A TR L

int width; // FRRs R E

int long_flag; // #iLR &N long A
int neg_flag; // MLREN Mk

int ladjust; // FREIE T A FF

char padc; VA 5E Z o8-8z 0

2ok, BATRI vprintfmt BREH) FAVE — ML L ZAFRITCIRIEER, X8 & AN
1, X ERATFEEA Ty o XMEIR, FEAWABEES, B0 KBS 4,
ot ting=X; 55 =85, MAEEXAF T2 R Th -

ftam B kg X FE i ihag e » AB—4, RAVEM prints HHEREN, %1d, %-b,
e SOOI A R AR B A ME, AR TR Bk R TESE—EBar T, FRATETRY
WA fmt M TR H, WREATELB S i) 7/, A B, WU T %
NFFERNLE R, RS A R, 2 IIAER; (BB R RATHGEN %, IB2mE%
M printf HJRIMEESR, JHIAMTIEXAE, atrimibigl, M bR o s TR IO 28 5 1 i
IR, IS B TR RAXTT, /A2 long B, EEAHH I EERES REHEAS
B

TSRS A, FESE A, BRI B R e B S A R AR B R T o KD
IR LR T, SRS R A M I 0 3, NEBUH AR SH P T — 128, %
Hed s = X ARk, ST SE UGS, ARSI BIRRAT L, A E TR, HEENMEAT
T ER R ARATT R HH 52 Ko

o6


https://zh.cppreference.com/w/c/variadic
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e 12 AH S AR TN T R B B 16, %M 42 1ib/print . ¢ 1 vprintfmt ()
BREL P P AL SRR R FR A R SEBL AR o BB —ALBRAEER S HB % o trimiiig=; 8242
AR WU ZEL, WiHisUH S % [flags] [width] [length] <specifier> HIE L. H
AR IEN printk &2 BRI

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

MR VR IETHSCEE T BT AT 2R 23N ES, RE7E QEMU M2 M, IXbrd
PRIBFISERL T Labl 5E56

init.c: mips_init() is called

1.7 E55E

o7



CHAPTER 2

WA EH

2.1 SEIGHARY

o THE MIPS 4Kc BV FREE S AT WL AR )=
o FERGIMYEANGERERITE (BRE)
o HRESIIMEMNGIEETE (WHE)
« 4R TLB i5kR-5EEARE

Note 2.1.1 #£ MOS HyBitH, MPTELIEA—FAREBIREET AT, AP
Fr s E5 (R REA AL G TR WLE) AR SSTRO B R TURIUE A TLB. f£ Lab2 1,
WATHIAZME S5 R PR IR 5IHE TLB.

2.2 4Kc IFFERIEHER

MIPS 4Kc AA1EGETA LI TR CPU, TS FRE A BT IR 22T TR 86 1 2
fitte NIHGENE T 4Ke BT AR

2.2.1 CPU % it

CPU iafTRE/F I B VT A1 @ AT 3R, AT AR BRI FETT S A S 1
PRSEger, CPU Ml B AR BEHAL , X8 7RI AR, 1ERZE CPU NI
BEERE . MELPRREFT, Uife B SETe & UM THERR PC A ffar T RITTfF H brit
AR ERUtE . RAMER) C BT A R B R RS R TUi 7, Hrbfadt i Ed
SN EEBAMIE , 220 G 3% e AR A L BT AR 2 o

Thinking 2.1 HRE LR, BERE: £REH C BFT, fadt i rhaekry it
BN REI AL, BB bR > MIPS LR 1w A1 sw 454 (5 Yk Bt 0 AL
Wkt B AL ? n
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2.2.2  EEHUMAERRET B ¥R b 1t

12 4Ke b, FAFD R D HE 500 MMU REPFMC 21 B hE, b6 560 Y s
Vi A B AR ML . SA SRR AR I 5 SHERUN (AT TR) T

o AHERIHHELET 0x80000000~0x9f FEEEEE (kseg0), NIHGHEAIMILE M B BALE o 3EI1MFE
otk 13T cache iF. X—EATERANZKESEEE.

o AHEMHEELLT 0x20000000~0xbE£E£EEE (ksegl), NPEELIMUIRE 3 IE 0 157
PrEbhE | AiEiE cache V. X—EBS AT AR FiFEIIME

o HREMMEEL T 0x00000000~0x7EE££EEE (kuseg), WIFFE@IE TLB #Hik b
L cache Viff. X—Es BFHERAPEFRBEBSHIE.

1 4Ke H1, 6 MMU SE5E iR HEEmesT, MMU SRS TLB k5t itk Bef . TLB
WEHREHTES, IRERZNZ AT TLB FHEHE. FrAxHE 2GB 250 (kuseg)
BN A7) [ A B4t TLB.

—
mmpst MR
ksegl
MMU
ksegd/ksegl  fREREAL s
cpu it ksego YRt
pipeline EYIRTIES
kuseg/kseg2 iRt ik
TLB cache
YIENE
SEEISIE ¥ Y

K 2.1: cpu-tlb-memory X FH

2.3 WEREFRI
Labl E£5E K T Beit 2 mips_init PR, IR ACSE LT init/init.c ‘:Pomips_init (u_int
argc, char *xargv, char **penv, u_int ram_low_size) PRAUFELH BN~ = pR%L:
e mips_detect_memory(u_int _memsize), YEAEERMEE(EATHMNAG, FEXS—LR/N A5
FRAH R Y AR A TR -
e mips_vm_init(), fEHENHNFEENGIEMER, B —HTEEN RS

o page_init(), LI T kern/pmap.c "', VEHEMIAN pages ELA ] Page S5HA1ALL
MWL . XA R BAR T RES AR IS TR 4R IA o
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Note 2.3.1 mips_init BRE{H IS4 u_int argc, char **argv, char **penv, u_int
ram_low_size 7&H bootloader f&iB25 NAZ K. 1E bootloader MEL N, BRELEIMZA L
W2 Hy, £ MIPS ABI HMZE, HXLESHIHA a0-a3 FavBENZ M. H
LB ram_low_size Z4L, f5& T M HIN G/ N,

FERE TR, R B R 2R PR AT

2.3.1 mips_detect_memory

mips_detect_memory (), SLIUNL T kern/pmap. ¢, /FHEHMIEE (0] P A7, FFX—LER/T
T BAE R (AR T A TR I o 8 TV 2 05, 19 E R i S8 S ERMEE 4 19 7T H N 77 bootloader
Sbr B O AR BIIRATERL T I, R E I, RE ] BN AZE R/ NSEOEIE ram_low_size
et N, WATATFEE LRI .

FEIZ R B P AR )AL F B

e memsize, FN SR AR I Y TR

. npage, FRMMELTIEL.

%%‘%ﬁ@ﬁ:ﬁ, e mips_detect_memory PRI%L
FESESG | ¥5E T A FHAGEK/N nemnsize, RN GEA/N nemsize JEAUEIHE
TU4L npage MIRILARTL

2.3.2 mips_vm_init BR#

mips_vm_init (), SZEULT kern/pmap.c Ho TEHMSERT NG, WEIFUGES S
FL o

AT RN E NG, BFFEHE] alloc FE, BRI T kern/pmap.co

FEFA TN A EHLEIRT, B Rt iR By — SRS ORE NG, XaW N
FIWNAAZE BB TC. alloc PRI IHRER & H T BC A28 0] (FEEE 7 T U A48 BRI 2 BT £
o

alloc PSCEUACAEHN T

static void *alloc(u_int n, u_int align, int clear) {
extern char end[];
u_long alloced_mem;
/* Inittalize “freemem™ if this ts the first time. The first virtual address
* that the linker did *not* assign to any kernel code or global wvariables. */
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;
// Panic if we're out of memory.
if (PADDR(freemem) >= memsize) {
panic("out of memory");
}

/* Step 4: Clear allocated chunk if parameter “clear’ is set. */
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if (clear) {
memset ((void *)alloced_mem, O, n);

}
/* Step 5: return allocated chunk. */
return (void *)alloced_mem;

}

XBAERE DI n 577 B S [RIFFR R0 IG A9 DL, [AIFPE % align 7%
7 (PRIE align AT DUBEERFIIG REAUMIAL) , 45 clear WEL, MIPKER RN A2 MBI 2%, SIIA

EE

%

Note 2.3.2 FEXHRFEFREA—EEMR: BERBAE L NAEHIE, IRANZREN
T4 E N AERWE 2

8 kseg0 BIHYMENT, % Bt EHY el LA 2ok it 20 B b bl | B0 E R G0l vy [A)i%
BLATHIE SR E AR E BN A7, AT A5 57 N A7 BRI o 9140 24 5 R Bl ik 0x80012340
I, HT ksego BtHIMENT, FL FAEEYHHINE 0x12340.

A LA T BT D R DAt 38 A Bk /N, HA RS, 1R kuseg BXAYREMIMLE
AR EE MMU B8RS B HEE 51517 . /E Lab2 A NS LR, &0
HERTE kuseg BN FREFRENS IEH TAE.

T THIMERER 1 il BB SE B -

e extern char end[] &M XAEZ A2 AMIA i, FEAFE—A C RS, T2
# Labl HE M kernel.lds H:

. = 0x80400000;
end = . ;

oAl 100 1% 48 BT Y RE A E 0x80400000, FE#E T N A HRAL A B, AN SEIGHE 2 i
kseg0 KT M N TF. HARMETRIIN, 0x80400000 X i A H L 0x4000000
TEPIHEHHE 0x400000 HIRTTH, (FHUEEAE RGN RIS AN 2 S 4 Jay A el kA (1_
BUAMRERR T —2e23[0]) o 82 PR MNP FHE 0x400000 FFIADBCI BN AE, FTESr

PR IN AR BR S5 44

o u_long alloced_mem /&M T “TorBCHIYIERIN 23 (B HY B k™ A2

o if (freemem == 0) {...} 1BHH, freemem & —P2JF& R, FIIHER 0, F—XHH
ZRECH HIRAE N endo
XA R E/NT freemem X Y EE M AV EE N AFHS LML T o

Note 2.3.3 #lan, 4WIAH freemem = 0x80400000 H, F n¥pHiHbl 0x400000
ZHTHII N 7258 [0x0, 0x400000) EBELHEAEE T o

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

ABFPRIEE [ 2|0 O a4 n F1 R, BOR 0 TR 2 M SUEORR . Rl

5L align 4% A SRR ARSI & UK froemen 22 HiU/NI. #

align A7 EURIAA REAMMIAL, T EAR IR A bk =S ) Bl e SEbp b3k 7 —Beas i
. fRthHiib S align X5 ITNAFZS L

61



24. MBRNEER CHAPTER 2. W #4A%

Note 2.3.4 S5ZHXH, include/types.h I8H 7 —>Z< ROUNDDOWN(a, n), B
me@@LJn«% # n FMFAF), FREESR o MR 2 MAETUEEAR.

e alloced_mem = freemem, /{% alloced_mem Wﬁﬁjﬂ 4%%“@3[3@??11% IETJE/]AiLﬁAﬂﬂiIJ:” il
W#7 alloced_mem = 0x80409000, = S MAGEL FLHIA7fift 23 [RI A BEHBYE S 0x409000.

o freemem = freemem + n, fEAIIA freemem EEHIRE N NGB B 2 B E LG
Hotk” ) R CAL I G E N n X — B R RS id 2, v id e el “Baid
IfEE S A R BB HhE” WRIEZE B0 B g 23 RIS A okt

o if (PADDR(freemem) >= maxpa) {...}, 7ESLALIY PADDR(x) s&—PiR[EREfIHBHE x fF
X P EHIAE R 722, BE XAE include/mmu.h, 1ZZZE0R x WAUE kseg0 HH Y REALLIBLL
TXFEB A3 B REAHbIE AT B S GG AT MBS 2 kseg0 BUREHAMIHEXT B H V) BEHbAE o

KBS & SCRIGE D RCR S A2 A T K E i, 2 0 g

Note 2.3.5 SN, include/mmu.h A3 —1~% KADDR(x), 1EM R[4
FHbHE x ITALT kseg0 HYRERAMHBHE, JRFRM] L.

o if (clear) {...}, WIH clear NE, NI memset PRELHIX—H 5 NFTEZE , memset
PRECH) AL T 1ib/string.c, SEHUJTHEMALT memcpy BR%L.

o return (void *)alloced_mem, H/a IR REFTIMREIRE,

2.3.3 mips_vm_init
%4, M2 mips_vm_init () AL ERRECD, 450 N A8 BEURE 45 1 1 23 [R] 73 TiC
void mips_vm_init() {

pages = (struct Page *)alloc(npage * sizeof(struct Page), PAGE_SIZE, 1);
}

mips_vm_init () X REEH alloc BRECHYIEE A AFE BT H 2 Page S5 HAMAHE TT AL
Y1, % npage 1~ Page Z5HAMKINA/NA n, —TUAR/NA m, B B eREL AT R B Yy
Ko | 2] m

2.4 YERNGEHE

MOS A A T A, SR B e B 2 N ) DR
TESLEG R, WAFE IS T kern/pmap.c o EREUW AT include/pmap.h Ho

2.4.1 ¥RE

FEJGEEH) Lab tf, A —2i y FEMBEEEL, B MOS Jli  Z20 R i T T
P, XFAEREIETE AR, SOtEI Nz, KEFEFARE A, AT .
FER M E ALT include/queue.h, HAIN T W EEERDIAE, N ECEGXS— L83 T 20k
1T AR

e LIST HEAD(name type), B — DN name FELRALFBER, A — 51 type
RBERNFRE, XM s E TR,

o LIST_ENTRY(type), {EN—THRFRMISAHIN, FIUTAT LAV a0 R i E L
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Head

1h first

LIST_ENTRY(Page) a;

CHARPURE— MR, EAETRA T — PN ICRIIEE Lle_next, VANIRIAIRI— IR ER
T le_next E"]T?’ﬁ‘ le_prev. le_prev %*/I\TE%JFE/‘JTEﬁ, EE@f@m%%ﬂﬂﬂﬁ%g/]\ﬁ%
HTJL, FHCHT— N T R R T le_nexto

o LIST_EMPTY(head), JIW7 head Fa%EHH5 1A 1Yk ABEE MM b 1Y 55 2 15 M 2 o
o LIST_FIRST(head), HiR[fl head XM AL H N ICE
o LIST_INIT(head), 1% head IV NEELMI AL

o LIST_NEXT(elm, field), iR[EIfE4l elm #8IFIAYTCE AN MGELH B R — I ICRAVTRE!

elm FREMHR I MR EA S — 4N field M F B, XA R — 45810 LIST_ENTRY (type) ,
NI field & SR

o LIST INSERT_AFTER(listelm, elm, field), ¥4 elm EFIEHEILE listeln L /o
o LIST_INSERT BEFORE(listelm, elm, field), ¥ elm ffi#l|E.fJCEK listelm ZHilo
o LIST_INSERT_HEAD(head, elm, field),  elm fi#! head XM 4N L.

e LIST_REMOVE(elm, field), 4 elm MG 557 HH MBS

le_next NULL

le_prev

le_next
data
le_prev

% 2.2: macro list

le_next
data
le_prev

CH+ AT LAMEM std: :stack<T> & X —12RAH T iR, Java H ] LA#H HashMap<k, V>

SE LA K BN v AR IR OSTZAL, C I E IR A,
M T B 2 5 R A R S AL

56X include/queue.h HZSHRAY KA LIST_INSERT_AFTER.
HIRERK— M RKIBEAZIEATTELZ )G, WTLMI R LIST_INSERT_BEFORE PR#{KSL
IIJ[—]_,O

Thinking 2.2 5B T RPN A]#:
o MHATEVERIAE, BIAMZARLIMEERTEAL .

o BESLIIMNEHN /usr/include/sys/queue.h, | fifH A HER STHIRGER 1L
W, WHENSALR A A R, 5 =F A SMERRE LR rEsE

Jto

2.4.2 TUITHIR

P P 2N, MOS T4E T npage M IUEHIR, WEE Page Z5141K. B4

DRI B — TR LA A, MOS HIIE S5 AR % DU B B A A7 B 70 i
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Note 2.4.1 npage “I> Page il npage MU —— Xt BMAKS, H—EEH
FIBOXEE Page Z5HAMK, EH > Page HUHBHEN P, N PLi] XM 0 FFEATHELAYZE 1 DEE
Ul Page -5 HUT MY [ 4 B DT 1T b hik A9 #5345 7] LA include/pmap.h H'[) page2pa Al
pa2page XM EREL.

Thinking 2.3 18 include/queue.h LA include/pmap.h, ¥4 Page_list IN&5HAMR
B, IR IETRIN RIS .

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;
} 1h_first;

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

W2 RYIER DI R H) Page AR ATIH A — MER D IZHERBFRAN S NEESR, Bl page_free_listo
M NIRRT AL, 5T S 23 TR 3R S A0 B D i ok 2 A IR — DU B4 N A 53
Ao 25, R 2 DU il e A 2s PRI SR P I 25
MU BN A s e EERfOR G, 5IHTRECH 0) I, % HO6 R B9 DUR R B BB i A
B 23 PRER L
T Page Z5H9K, EHIEXALT include/pmap.h H:

typedef LIST_ENTRY(Page) Page_LIST_entry_t;

struct Page {
Page_LIST entry_t pp_link; /* free list link */
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// 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 valid reference count fields.

u_short pp_ref;
s

o Page_LIST entry_t i X} LIST_ENTRY(Page), SEPn it /M8 HELIEE F A i 55
M R pp_link RIAXS R AO4EFI0
o pp_ref XX —TUMHEAERS I HETREL, ©%TAZ DB TG 212 H T

2.4.3 EHEXEE

1E include/pmap.h HHLAEE#E T LA page_ JFLAeREL. Hir, A XY NS
BRECA 44, S RI HRAIR A PR DTS B S BCP R DU el D ER DU S L [ D
B2 PR DA R o

EATSEIBIALT kern/pmap.c H:

o page_init(), BHAT T LLFRAE:

L E MR ZAIGE page_free_listo

2. K H AT CRERE RGN B9 25 [ B IR T BEA T O 57

3. TR O s [aD0S R A B A P B i ) s R 5 | TR TR N 1o

A, BORRERE B DU B S RECR RSO 0, A EATTRE R Y DU Bdd A 2

page_free_listo.

JASERE B T AR DU RS, T BOA T T . RIS
FEAS A, i a] UM TS A A A A DL Tar v 43 g — DO (AT
%2 TESTRHON T RAE, SRR S BN AR, &8 & AT SAL - T4 e, T
DAY EE M IE T B DUN S5 I 0x1000 B 0x1fff H—T1, AR freemem M{EALT
XA MR (B (B2 (0x1000, Oox1fff]l), ARAMLTIH freemem RIIZS[E] “E
AL, Bl S A NZEAE I 2SR . R T JESERENS I W% 514 oG 25 ),
IXHEFFERX freemem HFITHIFT .
Note 2.4.2 [FIN, FEZRE 2 freemem A i J5— XM FH o7 mips_vm_init
PRETEE G, alloc MAUASEMIAM T, I ER “SE=E" #iEmid
page_alloc @@%ﬁggﬁi, RS R T A

FERR, AR TTRME LS TR REL, SmiZ BURES 1k (AT LAl IE B s A9 0T
PRI (7)) o KA il FH 2o B DI A DO R BRI S R DT, IS 8200 Fic

5C/¥ page_init FR%L.
IR B BTN, SRR IR, IEAh, X B R

1. SRR 2 LIST_INIT,
2. ¥ freemem %R PAGE_SIZE #{TX5% ({#/H ROUND 74 freemem JHKIH).
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3. ¥4 freemem DA UTUTHIXS I A DU HIERH Y pp_ref A74 1.

4. BT A X B A T R A pp_ref ARoA 0 F{H ] LIST_INSERT_HEAD #
HIFAN S NGEE

o page_alloc(struct Page *xpp), T HIVEM/EY page_free_list & [REEF LIS Tzl
HOot i ) EE o e o B 2, NS R EER AR, RE S IR, &EIS pp
i 10 A 23 A A X A D il e bk

5EK, page_alloc RS
1F page_init HEUBITEERIE, 1£ MOS H U R AR i 70 25 ], RAR Zhmidix 1>
PRECK G0 Z R BB AR BRI, WA N -
1. AR REERBCA R AT, R A R .
2. MR REEFRAT AT, BUHEEFRLIR— 01, IR, % 0O B 5T
2 1 e A bk SR A 2 4E e T

A, VRO RERT B H4%£ 77 LIST_EMPTY 5 K%L page2kva.

o page_decref (struct Page *pp), EHIES pp X TUHEGIELAT S| FHIRE#ED 1, WRE]
MUECH 0 M THH page_free RRECIE AT b 4 HE DL HHT 18 & A 25 N DU -

o page_free(struct Page *pp), BHET % PP i 17 Y g i R R i A 2 page_free_list
Ho BLANE SR pp 48] BY DU BT B B MR 0TI 5 | BN 0.

Note 2.4.3 page_decref fl page_free HREUK R, X HAYH AT LMK
FHATUA BN PR IT e AR BB A TR, 2] page_decref i
ATUERIS I, U5 B8 0 B & B0 DL .

5/l page_free PRE.
PN %% 27 LIST_INSERT_HEAD, ¥4 DUZEFMAYE A 25 R LGS MR s

2.4.4 IEMERRTR

AT make test lab=2_1 && make run ZWiFiZfTWAZ, WU T {5 BRI EE Ay 7 1
A B TT L

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 EIHNEFEER

HITA E 242205, MOS 1A PADDR 5 KADDR X4~ Z AT AN T kseg0 MY HEFLL R AT
IASEZBE S N R AR 2
fER ) XTOLT kuseg HYFEAUMBIE, MOS H R FH I 25 01 Ze 4 At Hogb AT i A ot
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2.5.1 BRTARLEN

F—FRINTTH S (Page Directory), 2 _HEFNIFEK (Page Table)o NMERE L, T
HH —RTTFRFE Page Directory, ZZRTTFRFE Page Tableo

PR TR AR L SR DURAIL , R RS DTS- 3E— 2500 7 R 43

BHASRSE, XIT—1 32 AL Al , MIREIE A 0 FHiadn =, H 31-22 FRIT & —4)
TUERTH S i, 21-12 (R8I e TR m A i, 11-0 AER0R A2 U A% it

include/mmu.h HHEAE T P22 AR EUR AL &, PDX (va) 1T LAARIUEALLHBIE va (1) 31-22
£, PTX(va) AJLAGREUEM ML va 1Y 21-12 fi.

Yy IA]REAAHAE I, S — U R AR A — USRI R RS ik, BRI,
FFRPNS I ORI ER DTS, FRARAE 2 DURIT i A% WP I i i 19— ZROUTER I, M52
RS RT B A DT

EIfAm AR R

EE#isthht

—RIRNREE “HRIRSE IARBE

31 22 21 12 11

—IRTIREMNE | wERE | AR TURTIREMNE | wEERE | AR
1 mERS | AR 1 mERS | R
+2 wERE | R +2 mEme | KR
| ymERs |wam| mERS |$25E1ﬁ|
+1023 | wERS |wam| +1023 wERS |wm|
IRt

YgEmS RREZ

31 12 11 0

2.3: ML TTRE5HA A Mk A HATL Al

MIPS 4Kc % H ik 20 ol | BRSSP AR ) S P FE Ml | 55 et e S5 1)
P EL A R AU SR (] o X DTSRI TER R RE A A A A, R f# B 2% KADDR ARAGE:
BT kseg0 HAY READIHBIE R AT 58 Bl 46e o

£ MOS H1, ToitR—RITHRIME R, CAINEE—, ARG TURIGE R
P TUS & AT . BN TIERYI 1024 AN TURIA K, M TURTIH 32 4k, 3 20
PR TS LA 12 fidrifie He) 12 (iR & m 6 MRS SR 6 AR
& 6 SRS TN EntryLo Fiffar, ALRECE (BRI 2.6.1) (EH (FIANFREAL PTE_V.
PTE_D 705X M. EntryLo HHY Vv D ARAGAL) o AR 6 AR ARBAFA TLB H, AU
HAFER] (F1ankRENL PTE_COW. PTE_LIBRARY AT WATATRECFARENL, AL TR R R E R
BARVE RG] ) o Y TR 5B EntryLo HF4HE A TLB B, TURIAHAH 6 {7,
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B ARG, A% R 20 MEE TS LAN 6 DR EbR A TLB i . &R
A AKB, T — DB UE AR/ N

BT D DUERIAT PG I —> 32 (B RERIR, I AT LAME A Pde SRFR—R TSR
AL, Pte REIR _RIURWERA | X ME R AFHE u_long 264, BATHIZA# & AL T
include/mmu.ho

fin, # pgdir &1 Pde * KM, Fon— D —HUERA ML, IEAMH pgdir
+ i RIS R R 1 B9 —ZROURI (DUH SRI0) Hihk.

XEFE ST TLB MIhEE. MOS H, (#Rt TR bk ¥y, e H &2 TLB,
WREHLN, #iafit’k TLB Miss (TLB $R28) S, X RA)FH AL BEE FP st X TLB
PHTER. FATSAE TLB EEE BN AT E 24> ) LUK TE T i MIPS MEHlbhl
Wt ) JE . R, Lab2 HigEFREFHAHEIIGE, AT TLB EIEI R
IR IXER5 TLB MHCHTE AN A S AE TR 4.

i1 t1b_invalidate BRELH] LASCIMMN R & HESAHLHE R LG, A2 24 TURAAE 2, R 752
FHZ R ARAIE T Y07 [RIAE Y g3 HE I — 8 il TLB B, M ARIEDT fE A E 1

Britbz ob, —REEIER ST, UYE DTt (IrE NSRS, R
BLRRTE TR UL, AR 2R S — Le A N A T RO B DU B R B b R R DT R Sk
UMD DU B, B FIFO 595 LRU Hi%.

SRIMAE MOS ', X—i R SCELE i, — B TT 5B e, BEF 73 i 4 B 0 45 i
FEARS AT B DU B, 12 BRI AR, RITEXT M. page_alloc PRALHTIR[] -E_NO_MEM.

2.5.2 S5TiRMBEXHIEE
TNHAAFILA 5 TR I R AL

Note 2.5.1 HiE—7, FATTHEE]: TR 12 MAREMHTEN EntryLo FAFAwHI
MYEHF (MEntryLo AFfrdy), & 115 A1 HL b i A BRIV E A -
SE A RSN TURITAUR L. R, X245 EntryLo A fFée P HIMAFAE—E
4ZES, W, EntryLo "y D, SEERXTRE AL B TURIUBRAL PTE_D.
FEIRERSER R, St T AR L TERIAER , Br LU B R 41— 283 AR A A9 B

L
PTEV AR, EAETFRIMIAGIN 1, WEBTHRIAAL, Hofits 20 Rl Ry
ZEVER

PTED AL, HRIFMATAI GO 1, MRIFL Mg TOT IR IR T 5 8 F

PTE_G @ Jmfi, AR A RMN 1, W TLB OIS HE -5 DERCRI, 1A ULAC
ASID, ¥FE Lab3 " H T W pages il envs I 250 A Lab H Al LAZHE o

PTE_C_CACHEABLE FJZE (7N, Mo & X M DL IH V5 (o) )@ e A A 25 . XTI Y e
TUH, #OBHECE NS4, LAY CPU ] cache HRIE X L BT 135 £E5 K -

PTE_COW SRfEHIAL, #4E Labd FHE], MT LI fork MG EHHLH . A& Lab

HRT LA
PTE_LIBRARY HZETUHI(L, 4AE Lab6 HHE], HTLIMEENIG. A Lab A LIZL
H]% o
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ZRTTERERERE

int pgdir_walk(Pde *pgdir, u_long va, int create, Pte **ppte),i%%@%{%*é&ﬁ
FIEMIE pgdir XM AR TR T va REMMIEFTAE A — TR IR 766 /E ppte 1
M2 E Lo W15R create A8 0 HATR ) —HITF AL, WSEH page_alloc BRI —
OB NAF T A — 06, IR BE R U3 [0 B35

R E R AR I E 2. 4 I A (F R, WEEM T walk Fil map. insert ZR¥IMK
5, KA valk, BEAF9/E maps insert).

RIS W
PDX - Page Directory indeX (FIERZE3I)

PTX - Page Table indeX (BIRZE3|)
PDBase - Base address of Page Directory (71 H FE i)

bt PTBase - Base address of Page Table (TAZEME)
______________________________________________________ VA - Virtual Address (EE3M3hiE)
VPN PA - Physical Address (#JIE3biL)
3 » 2l TRt o Perm - Permission (#XPR)
VPN - Virtual Page Number (FEIMBIS)
PDX PTX 0 ‘ PFN - Physical Frame Number (#J32TUES)
$E1: HRITER (Walk) £ (Perm & PTE V) == 0 then

if create then H

// BRE—TUHE BB LUMMRAL |

: else :

Stk PDBase(VA) | PDX | 00 }7 // FEIBEZRTR, BH

endif

I NATZRIRH—RTIRT (R 38T kseg0 3REY)

11 FE4DIBHIALFE L HT ksegd TEYEIMIE roseaneeeas f
HRESE ZRTRB dthhk !

(#27R: fEM% KADDR(pa)) :
& A% PTBase(PA) | Perm 0

Stk PTBase(VA) | PTX | 00 }7

F2: EEIKRMN (Map) 111 ¥ BARMIRE TS AR S NFTRT

’ PEN | Perm ¢

¥ 2.4: walk & map(insert) ZRAIERELE ffmRE

SEK pgdir_walk PR
REHIVE R 2 — RSl RS Y UT H SR PR I R AU Xt R A DT
I, ¥ HHUES A *ppteo
o JSRIX— RE AU Y () R DURAFAE, WIRE *ppte NiX—TURTI AL ;

o ISRIX— REAHBRES R T GURANAFAE (B — MEADULAE X B 1 0T H S BUERD)
M create AN 0 FSGEIHE "R IGEHAR IR, N 0 BINEKE «ppte BEAZ
faits

R, XEATRESTEHRIICHH. create NEM, i page_alloc Al —1 113,
SO R 259 RSS2 R DU pp_ref F-Bto
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Y& fin st $1E AR S5 R 4

int page_insert(Pde *pgdir, u_int asid, struct Page *pp, u_long va, u_int perm),
VR ZAG — R ITFRFEM L pgdir XA TS REDMBEE va WRETRITTIE IR pp X RLAY
PRI, FFR DRI BN perm.

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

/) MTEEY pp AR T E va, EERERTE va CEFAET BE?
pgdir_walk(pgdir, va, 0, &pte);

// WMREEFET WA, ZRHZEHK?
if (pte != 0 && (*pte & PTE_V) != 0) {
// RGEEWBRA R RN, BAARHE A FEFNNTRE 7
if (pa2page(*pte) != pp) {
// MR, W2 xBBRIAFHBRE, FELFH/ATHI,
page_remove (pgdir, asid, va);
} else {
/7 R, BRFEEH — T WA AR RAL,
s/ BRER TIB ¥ &AM UERTME, REEFHNFTW
/) TERR, BHETRME va TETE, TLB 2EHNAR
// REMERX— TR, HNTRE & BB EE,
tlb_invalidate(asid, va);
*xpte = page2pa(pp) | perm | PTE_C_CACHEABLE | PTE_V;
return O;
¥
}

/*TOD0 : */

return 0;

}

SCIN page_insert PREL (#h4 TODO #843)

SRR ST B M0 3R S I R 2L

struct Page * page_lookup(Pde *pgdir, u_long va, Pte *xppte), VER IR [l —2%
TR pgdir XN P2 TR G T REAIL AL va IS AP BE DT B9 DTRERIER [ RE
ppte fiF 7] 4 25 (BN 0T I B — 20 DU Ik o

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

/) ERFREEGHFREE—TRA?
pgdir_walk(pgdir, va, 0, &pte);

// WMRTBFEX—TRI, ZARIALK,

/7 BRE R4, KREAEXE

if (pte == NULL || (*pte & PTE_V) == 0) {
return NULL;

}

/R EEHBHTER, WRBRX—AHR
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// VU B T | B 35 4+

pp = pa2page (*pte);

// W R 7 B — TR T ek

/7 CENT R T A58 TR 69 = 8 09 H3k)
/7 M TR T 3k 4

if (ppte) {

*xppte = pte;
}

// AR T2 R T B T R

return pp;

BYiH 31k RR 5 £ 25

void page_remove(Pde *pgdir, u_int asid, u_long va), TEFZ&MIBR—Z iRtk
pedir XTI PR TR LS R RE A HE va X FRHIEE A LS o QSR AEAEIXFER LT, AR 2 B
P DI Y 5 | R 98— K
void page_remove(Pde *pgdir, u_int asid, u_long va) {

Pte *pte;
struct Page *pp;

/7 BR va 3R YT H %
pp = page_lookup(pgdir, va, &pte);

/7 WRERKY, WATHFER — B4,
// FRERH, HERE
if (pp == NULL) {

return;

}

/7 WRERET, MWHEREH ve WA,
page_decref (pp) ;

/7 R BB TR TR B
*pte = 0;

// EREBRAE TLB ¥ AR

tlb_invalidate(asid, va);
return;

2.6 HIEIAES TLB EiE

2.6.1 TLB HH*aIar&5iH

HEN R E SRR T 274104 TLB WITHREFIREESCEL, (EX) TLB AYE R 5
W o N TETEMR, NG H L dKe FIR RS- ETH,
4Kc FEHNAAEHEI RN CPO T i
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BT T AT 44 i

8 BadVaddr PRAFT | ik S 15 (9 RE DL

10- 9% 3 EntryHi. EntryLoO. S TLB Y45 AE#E IS X

e EntryLol =P A, FEW R /N

0 Index TLB %5 KRR Z N R e
FENLELS TLB RN 752 H 2%

1 Random R
EREE

TLB 48R

£~ TLB RIHESA AR5, BHE—4] Key A4 Datao

EntryHi. EntryLoO. EntryLol

EntryHi. EntryLoO- EntryLol HE CPO Y E (e, IR EZS X RE TLB B Key
5#4 Data, 4= TLB &5

HH EntryLoOs EntryLoil #iIA 58 &MFMIALESH), EntryLo0o f7A Key AR FHAH LI
EntryLol {7 Key X HI#T ULo

Note 2.6.1 4Kc H/7 TLB RAFMITA#T, FIEH VPN RS 19 25 ASID /4
Key, —XR&EHLFIP Data (—XSHHLETUEIFGMD DRI, JFH VPN HR5AK 1 A2 A2
A Data HUIEFMH LR FIILAEXT TLB #74E (ot FiH) B, BRT4EBErs
DUH, (AR TR EE4ES B AR DU 28 JE DU .

EntryHi. EntryLoO. EntryLol HIfZZ5HLNT :

31 13 12 8 7 0

VPN 0 ASID
EntryHi Register (TLB Key Fields)

31 30 29 6 5 3 2 1 0

0 PFN C |D|V|IG
EntryLo Register (TLB Data Fields)

¥ 2.5: EntryHi & EntryLo

e Key (EntryHi):
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— VPN: Virtual Page Number
«+ H TLB 8k (CPU Kl EEMIMbNE, TLB A Hon w4 s (AR 2 5)) I,
EntryHi B89 veN B3 (HEEH) EFRAXEERIEAERS.
« UTEHHFEEG R TLB RIN, BOET 20K VPN BHEFE X B REA L -
— ASID: Address Space IDentifier
« T XOAFE AR A. B TLB RIS, BT HERME vey, £FERH
ASID ([A]— R fAHbIEAEANIR] At i 2 ] mo el o st 2N 8] 9 4y B ) o

e Data (EntryLo):

— PFN: Physical Frame Number
 BHEIIETS pFN, EHEER TLB 5#E%, A IELE EntryHi R/ Key
5 EntryLo F#J Data EA TLB.

— C: Cache Coherency Attributes FRIXTIHIF cache 75 [7]J@ME. PTE_C_CACHEABLE 5
PTE_C_UNCACHEABLE %] FH THE751Z Bt o

— D: Dirty. L FRASA. MiZoN 1B, MRS A AR R 0TS
BAEERIG S & TLB 59

— V: Valido WRIZALA 0, WHEATHT RN DTG ERVERRISG S| & TLB R4 o

— G: Globale AARIZALN 1, W CPU % H A e HE A 7548 53R Y ven DTG, R
A5 TLB BUEECK ) R 24 ASID 2 ILAD)

Note 2.6.2 TLB F3: EE T — S < VPN, ASID >——25< PFN,N,D,V,G >«

Note 2.6.3 TLB 44T

1E 4Ke ", —/N5E%) TLB # Joint TLB (JTLB)+ Instruction micro TLB (ITLB)
fil Data micro TLB (DTLB) —#44k. HH JTLB & TLB MEZEH K HEIT, R
BAER G AR EOGE I JTLB FIARZ TR —8E; ITLB 5 DTLB W g {44
CAE JTLB Z [ —2, AT 2 R01,

1F 4Kc M B3, MREERHKIAE, ESHREM TLB 193 JTLB.

Thinking 2.4 158 T H A& :
o 1B EEA R TLB R, WM AN SR RIE RSN SLBLAE, ik ASID
A EE A
o IFEE MIPS 4Kc Y «MIPS32® 4K™ Processor Core Family Software User’s

Manual» I Section 3.3.1 55 Section 3.4, £ ASID EBHIMZL, WiMH 4Kc HFRI 9N
AR M A R S

TLB X%

o tlbr: DA Index FF Fas M HIME NS, 32 TLB HO AR EntryHi 5 EntryLoOs
EntryLol.
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o tlbwi: LA Index ZF{farHIMENZSI s b Eglielsny EntryHi 5 EntryLoO- EntryLol MES
FIZRGHRER TLB K.

e tlbwr: ¥4 EntryHi 55 EntryLoO. EntryLol HYUZUHEFANLE £]—1> TLB FHir (SLALfE
M Random #F{7deok “BENL” 5L, Random AFffas APt E& M AMFIafTRITEERTAL

1=}

) o

o tlbp: R4 EntryHi H11Y Key (34 VPN 55 ASID), Z&4k TLB W52 XM AR, 4
RIZESAFAN Index Aiffay (AAAIKEIUTHCI, W Index HmEifi#iE 1)

(M%) BHRE TLB B2
WA 4d CPO 5 TLB 52 H., HIHAE TLB MRS AW
1. 5 CPO 7 f##t.
2. [l TLB HK1E4

2.6.2 TLB #%iPinig

R B SRS, RS AT RES SRR AR (R A A R AR A BTk, i & TR AW )2 F -
PFEMH RIS, FrAa RS BRI ITE ksego B, TOTRIEIS DUFR B 16 il B HER
PR o PRI AR YR S T T e BRI AAD , R R e SEBRHR Ak O, AR A —
LN A T R SRS A BRI BAEAE o B T N AR [P 2 5 SE 8 PR AN 2, FEIK
SEAG RN, A WA B P AR T (M AR R RS A, BEREFS B 2 IR HSEE, th B A
RS R

ARG A MIPS 4Ke B MMU ##H 2UF TLB, £EH A bk Z= [y EnE, bk
P FE b 1 A0S0 TLB 357 U5 IR 7 B e i) RE 0L N A7 kA, ey S AR T
SFYHTFERA ASID 1E TLB H A iz bbb 6 B AP E 015, AR i D15-F0 ASID A i) Key
£ TLB FAAEX A TLB I (BUETUSAF TLB FFFEAEX Y TLB I H LT R AL 1
G fih 1) B, NWATEASE L WRARER R, N=4: TLB Miss 7%, REMEEI S
WCERFEFY RN R PR DRSS Hp R B B A B b bE ) X TLB i 7 E I

FRAE R G0 0] LIME S e P RO I ke 1 4 0TS B P BUSRA2 SR TLB HEE T
DU PR — R X B TR TN 2%, 2 JE R E R G T LRI, (ESRCA T TLB, W
V7 IR1Z e AU B HE I SR AT RE S 15 () 2 A IR AP EL T TE « BT AR 49 TLB HYZRI, 1524
TLB REA% A iR 2 HE UMb AR B Y TS B, BRAS A P BE D05 FIABR AR 2 5 SEBRAE P AZ T3 H o 17
AR —2

HARAA, 4E4P TLB s

L. BT DU A REALL I S R Y DOERIAY RIS, #5 TLB AR R A [H R TBUTCR
2. £ Ui FZREANBIERT , BEfF 2% TLB B, MIRIE RSN TLB BH7THIA

TLB [HEM LML

FATET LT kern/tlbex.c I tlb_invalidate BRZCSEINMIKG:E: & EIIALE TLB
W IRERTN, PRALH) EER BT kern/tlb_asm.S HHY tlb_out H%EL. 4 tlb_out #f
tlb_invalidate T, a0 A fids PAFBUE L AL, HAE NIRRT Key (HiREFATTS5H
ASID #Ji%) o FAVHEH mtco F544% Key E A EntryHi, B/EHEH t1vp 184, R EntryHi
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(1) Key BHTM 1 IHERIT, BRI RS FA Index. MREFMEKTET o (A TLB HF474E
Key X ZT0) , FATA EntryHi Fl EntryLoO. EntryLol HE A o, F/Ffi A tilbwi 54,
¥ EntryHi il EntryLoO. EntryLol HHIMEE AZKSGFHERRIL. MM IHERIL) Key M Data
BAEE, LR HTCRAL

5EA kern/t1b_asm.S FY t1b_out AL, ZREURIRE ANNSE (TLB 1Y
Key) #EIXRA) TLB R, HH4HF=.
BRI, T EAEPI DAL ERA MRS, P — My BN tlbp, 75— TMIEN tlbwi.
PRI KL 2G5, t1bp 482 TS ER &40 A —1> nop LM IREE B o

Thinking 2.5 15EIZE TIR= A:
« tlb_invalidate Fll t1b_out AYHHIER?
o 15 MH—AIESE t1b_invalidate FIFE .
o BITRTE t1b_out T

TLB =&

TLB W EHEITEH kern/tlb_asm.S FI do_tlb_refill PREIFEH. BT 4Kc FHEEN
AHERTISOE, ZI R EEAUL R RO, SRR DU o P DTN R TR TR S A
EntryLo %7 {7, FHEA TLBo

NESTED(do_tlb_refill, 0, zero)

addi sp, sp, —24 /* Allocate stack. */

sw ra, 20(sp) /* [sp + 20] - [sp + 23] store return address. */
addi a0, sp, 12 /* [sp + 12] - [sp + 19] store return value. */
jal _do_tlb_refill /* (Pte *, wu_int, u_int) */

1w a0, 12(sp) /* Return value 0 - Even page table entry */

1w al, 16(sp) /* Return value 1 - 0dd page table entry */

1w ra, 20(sp) /* Return address */

addi sp, sp, 24 /* Deallocate stack */
mtcO a0, CPO_ENTRYLOO /* Even page table entry */
mtcO al, CPO_ENTRYLO1 /* Odd page table entry */

nop

/* Hint: use 'tlbwr' to write CPO.EntryHi/Lo into a random tlb entry. */
tlbwr

jr ra

END(do_tl1lb_refill)
TLB BN B R TUEN LG T, BARN do_tlb_refill AR KE N
T
1. M BadVAddr FHUH G| A& TLB sk i s AL

2. M EntryHi [ 0 — 7 fZEUH 4 FTUEFERY ASID. 1F Lab3 MU, SAEDERE DI E 1
EntryHi F1/] ASID, DAMRIRTIEITIE R Hihk 23 A

3. Jofetk EOMIRIEIMhE AFIE TLB B9 TR LN SRS AL s T RS 23 0], FRAE AR Bl i o
PAFEAf A DRI Mk o S B9 READUHAE AT ASID 9248, A _do_t1lb_refill
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PREL. LA TLB B RRAIRL,, HIDRE RS R UAE AN ASID BT, KXy
J57 () 77 A8 DRI [0l L2 — DS AU E WL

4. ¥ DURWIAEN EntryLoOs EntryLol , JFHUT tlbwr FULHS Y EntryHi 5 EntryLoO-
EntryLol 5 AZ| TLB H (fE4/E TLB HKH, EntryHi DEMEEHE AN T ERIITS5%
R, B8,

FATEEAE TR BB C 1IBE HETE kern/tlbex.c Y _do_tlb_refill() PRELH:

void _do_tlb_refill(Pte *pte, u_int va, u_int asid) {
tlb_invalidate(asid, va);
Pte *ppte;

VA
ZREMFF A 'page_lookup 'AER E WA va
75 Y HT AR TR AT R B TR R "*ppte’
R 'page_lookup 'R 'NULL', =Y '*ppte '3 F 2|, (#/ 'passive_alloc’
K ove FIENENTESRNERE,
HZE 'page_lookup '3 B A 'NULL ' 3R H 78 3R,

WA UERR BB, EAEREE cur_pgdir EALF LS
*/

ppte = (Pte *) ((u_long)ppte & ~0x7);
ptel0] = pptel0] >> 6;
ptell]l = pptel[1] >> 6;

}

cur_pgdir /& —ME kern/pmap.c & X AR, HAFEAE T YT — g iR A b
AT kseg0 4 R LB o

Note 2.6.4 f£ Lab3 H, WSAEBRRYIMAS M cur_pgdir HIH, (EZIRZIEIA A
BERR ) — U R A bk

24 page_lookup () FRELTE TTFRHHRENS M RN, AT passive_alloc() BREHAT
QAbFEL AHZE ML & AT LA SR AL B — DU (page_alloc), FHo¥4mE
Hohik i ST 21Z L DU (page_insert), RPUEfT#EZN 0TI 5 HC -

5E/% kern/tlbex.c HHY _do_tlb_refill PR%f.
SERK kern/t1b_asm.S HH do_tlb_refill FR%l.

Note 2.6.5 7EZJ5HJ Lab 1, 1817 MOS W25 HELH too low F4HIR(E MBI 1
—AERR I SEA HE RZARE AR TR A AT FARENG (=R BFRED)
R, BB ICR B RN kseg0 A REAUMLALL Y 7] o

. S A A BG5S A S, IRAE R G R AR R kA, BT 5L
Yoo 1k AR E 4Ke FEAARSLEDS ] A A7 I Y A RS RE AT

76



2.7. LAB2 #& MOS ¥ ¢ #0 CHAPTER 2. N 4%

2.6.3 EMZERRER

HERBEMNFEHE, W7 nake test lab=2_2 && make run ZiIFzfTA, BT
{5 B BE T LN S B B e, (HP bk 3ffe000 EARESEHN N AME R REASTH])

va2pa(boot_pgdir, 0x0) is 3ffe000
page2pa(ppl) is 3££e000

start page_insert

pp2->pp_ref 0O

end page_insert

page_check() succeeded!
va2pa(boot_pgdir, 0x0) is 3£fe000
page2pa(ppl) is 3f£e000

start page_insert

end page_insert
page_check_strong() succeeded!

FE5ER TLB IG5, W4T make test lab=2_3 && make run ZWiFB{TAZ, TN
TMEERER TLB FHE W ST

tlb_refill_check() begin!
test point 1 ok

test point 2 ok
tlb_refill_check() succeed!

2.7 Lab2 £ MOS HHI#ER

TEER T Lab2 HHEE AR MOS REHHEN (EAHDHE Lab2 N RS2t
HITIRE) o B —IREZEHATE — DI, B bR RE ] (EREOH) , X
(55 TEIZE R (R %) HIAFR. AIERFE— DR (8% B8 (BURM) & T 1 E
LTI (BR%D) |, WAEZPER (BE%) AT “BL + 57 iEUFkk. .
passive_alloc &Ji/F 4 T page_alloc il page_insert XM PR%L, 1M page_insert S
A7 tlb_invalidate XA AL

EEH, el T2 AR RAR , NG e R JR B ASEIERR . [R5 1158 i Lab3
JEFTLARGE, 55—k hrh Wk 5 P R IRIS A, e PRIt il iR, 23 i
s CnER AN ET) TREAN, WA R A T R L.
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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 HAMAKRZLEM PR GE R CHAPTER 2. W #4A%

2.8 EHftARLEHHHRNEFERE

ARSI MIPS R 2450 FAEERE R G, RIS BENLE] 5 MIPS FrtER G 8. £
HAbR— ek ReERgh, NIEEHEATRES T MIPS AR KIIZER . AR REHE 55 2=
MMU, B3 Y RIES TLB, MAGA LY R A4Sk 'S TLB.

Thinking 2.6 M FiR =4 AIEHEEE—EZ:

o AR T ARFHFRUA X86 (K RLEMH N A ERALE], bR X86 Fil MIPS 7EN A& I
B X531

o AR T fRHAGLE RISC-V HHINAEHEMLSE], LI RISC-V 5 MIPS ZEHNFEH I
X 51 o

o fAIH T ARIFAUA LoongArch HHINAEEENIM, AL LoongArch 55 MIPS fENfF
B ERX A

2.9 {EFHHE

2.10 SCIGRBE
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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

PR P2 A Bk

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 'enu_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

1F env_init BRENESG, 1 page_alloc BREUAMIMR T base_pgdir 7 AC | — T2
WAF, B A NAZ R AL JF ] map_segment BRELTEIZ IR HEG N ZEA pages
envs MLBTE] T P23 [A] 1) UPAGES il UENVS Abo 752 J5 1Y env_setup_vm BEH, BATEHKX
FB AR DTSR B AR R DU

BHuER S K%L void map_segment (Pde *pgdir, u_int asid, u_long pa, u_long va,
u_long size, u_int perm), DIRERAE— U Bk pgdir 7 PR T R 254 v B
WS, 4 RERUEEE [va,vat+size) WRETEIVIHLHINEEL [pa,patsize), KINAIZ UGS, HiK
size WU TURIR/INRER o A A HHOC DRI AN R DI BN permo. ‘EAEIX LA 24
WA Page M1 Env ZHR&sHIMus 21 M P ik, DAAEA PR st

WIREE S env_init THIMEATTE, 58/ map_segment BFAL.

3.2.3 #HEAIFRIE

WA FEN ARG P AT GRS FRFEN AL, FDHREPITAR IS, SN2 &
BMHEYME. 85, IRARERGZ AR R ?

TESLIS AR FEPE AR IRAF RS e struct Env SFEEIEHIELA) env_id B, A EHE
M—TC HIFRIRRT, T AR G A IR T

env.c AP EEEL T — I mkenvid EV]IZI@Z, VER AR A B — SR R env_ido

MOS RS, A —1 env_asid B SRR ASID, X &P RERLHIIE 2 7]
HIFRIN .

env_id CARLAME—FRiRgERE | G HERR MR 23 [/] ) it 4 MOS B 7755 | NEAM)
AR RE A hE 2 B ) B 2

RGP I RPATZ A AN E MR 2 R AR, BAARIRTIER. M CPU B MMU fff
M TLB A7 5C R, AR UERITA AR AL s, AR, N [E HERR A4 R 0L bk
AT LA AR [E] 4 REAU DT 5o 24 CPU P33, TLB FPR ] REZEA7AT 2 1 DU 1 R JUL s T e 8 5
R, IXLEEMLU O RV RE S L RT TUR T E A —EL, AT LU EFCA IO X R AT # 4 TLB
GEAT I TORIME G K R AL TUR DI 5 3 IR LR R 4, R E R & SLEE CPU k)
HRUTERIN, TCRALI A TLB R0,

HXFPLH S FEHNER TLB Miss, sMbIavErE. BRH CPU MEERS, R
ASID ffdk BRI . ASID M TAR IR I 2= 8], BN L PATHIZ D B AR E ASID LA
JifE TLB #riR HREHIE 2] o

TEA0 Lab 2 "42%5], TLB S2fft B8 T—4 < VPN, ASID >—=25< PFN,N,D,V,G > HMht.
TLB fEE 3R ASID, 154 Key B9—&843, FT XIS [F] (4 R FUA bk 25 [a] o g iedgt o A4 T4
— R EOA O EMMEE =SR] (] ASID #Ri) FHY—EMS, TLB 2647, fRPItnisk
b5, BEREALEES A TLB £,

BT ASID W E A MR, FESC50 H BB EL TLB #ig=hf, H AsID AAJ
DI Fe 25 HoAbgEFE . MOS SLEGH CPU MH-S- 2 MIPS 4Ke, H TLB 451 Key Fields
(it EntryHi FHF&) FHET AsID, WK 2.5 AR,

82



3.2 #A2 CHAPTER 3. ##5%%

ATLAVE Y, Horp asID #840 H i T 0-7 3k 8 > bit, Wil ASID FHERAFRAY, FEM
F—E MR IRAE H7 $oR 0 [EIIL ASID. MOS SEH R A T AL LA FE 256 1 FHAY ASID,
WA ASID FERMMBEOIEBERE, NS L4 /it (panic). FILAZ% env.c 11 asid_alloc B
B ARG SR LR S AR

Note 3.2.3 SZBrAY Linux RGEHEIE ASID AL A5 7] B s 47 B R RN 2 A 4
ASID AATRR ], SR AT RI2E7T AIFEIRE R T ##— T Linux BYSCEUHLE]

3.2.4 IXEHEIEHILR

SERER ] 3.1 5, BT IEFI H S RIEFRSER env_free list QUEIHE. NHEEMAKANF
A — R
prig el pEA TN e e

$—% HIE—1TZHE PCB (LEI& Env ZHK), M env_free_list FEI—1=W
PCB B, iXHHMER PCB sigik 4t—+.

BIY AT TATE TE DR AR EIETT, TR, FrL R
ARG BMET TIERE. MEERAEE ST R f et fr AR 2T 1ol
PEREAZ Al R

S=% UREH PCB M BIEBHAINER, st A il k=5, Frik, 204
e =) G AVNE B

FMY WA PCB EAHIRSE TIRZAT, A —ikE4, NS RaERERH,
LA

Note 3.2.4 HFHEFEM SIS BCHT

BPRIE R B AR R, IR T g & ERA B B

e e

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

/* Step 1: Get a free Env from 'enu_free_list' */

/* Step 2: Call a 'env_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_td' (lab3), 'env_asid' (lab3), 'env_parent_tid' (lab3)
*
* Hint:
* Use 'asid_alloc' to allocate a free asid.
* Use 'mkenvid' to allocate a free envid.
*/
e->env_user_tlb_mod_entry = 0; // for labi
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20 e->env_runs = 0; // for lab6

21

22 /* Step 4: Initialize the sp and 'cpO_status' in 'e->env_tf'.

23 *  Set the EXL bit to ensure that the processor rTemains in kernel mode
24 * during context recovery. Additionally, set UM to 1 so that when ERET
25 * unsets EXL, the processor transitions to user mode.

26 *  Timer interrupt will be enabled by setting (STATUS_IM7 | STATUS_IE).
27 */

28 e—>env_tf.cpO_status = STATUS_IM7 | STATUS_IE | STATUS_EXL | STATUS_UM;
29 // Reserve space for 'argc' and 'argv'.

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

31

32 /* Step 5: Remove the new Env from enu_free_list. */

33

34 *new = e;

35 return O;

36 }

env.c HY env_setup_vm BREUMEAEER 0 B AYREL, ZRBAUVE AR 3T
BERRR M IEZSE], JXERMEST L Lab3 HUMERZ o

Mokt =S [ R IR 1L

1 /* Overview:

2 *  Initialize the user address space for 'e'.

3 */

4 static int env_setup_vm(struct Env *e) {

5 /* Step 1:

6 * Allocate a page for the page directory with 'page_alloc'.

7 *  Increase its 'pp_ref' and assign its kernel address to 'e—->env_pgdir'.
8 *

9 * Hint:

10 * Use 'pagelkva' to get the kernel address of a specified physical page.
11 */

12 struct Page *p;

13 try(page_alloc(&p));

14 /* Exercise 3.3: Your code here. */

15

16 /* Step 2: Copy the template page directory 'base_pgdir' to 'e->env_pgdir'. */
17 /* Hint:

18 * As a result, the address space of all envs is identical in [UTOP, UVPT).
19 *  See include/mmu.h for layout.
20 */
21 memcpy (e->env_pgdir + PDX(UTOP), base_pgdir + PDX(UTOP),
22 sizeof (Pde) * (PDX(UVPT) - PDX(UTOP)));
23
24 /* Step 3: Map its own page table at 'UVPT' with readonly permission.
25 * As a result, user programs can rTead its page table through 'UVPT' */
26 e->env_pgdir [PDX(UVPT)] = PADDR(e->env_pgdir) | PTE_V;
27 return O;
28 3

TEHIASER env_setup_vm ZHT, AT BFX D ERECT LI DIRE, 5600 FHER:

FESLEG ) RERIHE ULIM /2 kseg0 5 kuseg M9 ALk, & RG4 1 BERE S L 1Y) Bt i
Hko uLIM LA ERIHLTT, ksegO I ksegl PIFRA W AFHIVIMIAREIT TLB, &5 NAFHNZE
. rA R 78 MOS #/E R AR RS — Lo N B 25 2 H P ), SRR TR 2
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DI W AAEDT ], 1X /2 MOS BPE 1T, £ Labd Al Lab6 S HEIILHLA] . X B Ik
1ERE 2 uToP 7 L5 uveT Z R A SRR 21 H s as i), Ul & X o3 P AE AT B 1 N A%
15 base_pgdir #% WEIPHFE TR H . M uveT A 2] uLIM Z ARV H C Tk,

SERL env_setup_vm PREL
1N B3R SC AR /N B AR — R RE AU IR 25 (R B 0 A, ARAE R S R AR, SEERLA)
Ut — At e bk 2 TR A T E o

Thinking 3.1 345G MOS HHTIUH 5% B B b H RIS e->env_pgdir [PDX (UVPT)]
= PADDR (e->env_pgdir) | PTE_V & Yo n

125> 3.3 5eilE, FAT T LAERAE env_alloc % i env_setup_vm [ o FAIFH
IR T B CATE env_alloc BEUITERETZGH, XA E SAE T RATC AL AT
MEAE e->env_tf.cpO_status = STATUS_IM7 | STATUS_IE | STATUS_EXL | STATUS_UM . X}
IREAR L, RN E ARG S . THAAE N EREM.

Figure 6-12 Status Register Format
31 282726 25 24 23 22 21 20 19 18 17 16 15 8§ 76 5 4 3 2 1 0
CU3.CU0 |[RP[FR| RE| MX | PX|BEV| TS|SR|NMI| 0 | Tmpl | IM7_.IMO [KX[sX]UX| UM|RO[ERL|EXI] IE|
KSU

K 3.1: 4Kc f Status Frfras A

3.1 2FAT MIPS 4Kc B Status Zi(7as &, AT IFE env_tf HAY cpo_status.

IE Mgn 2GS IFE, 8 L Fondba, SUATEE . BATHENG 1B & M7 1IREH 1, #
RHWTERE, H o7 Sl (R BT AR R o

AN, 4Ke W Status FFFEAF T EXL LAK UM FoR T ACEREE M T 1B F RS

2 HAY EXL B E N 0 H oM g ER 1, AERS AT R, HErafn T, &
MBI T NIRRT . 4555 LA, EXL S8 HSNEERN 1, HbSE a8y i
TURBAL

M4 HIT eret 1840, EXL S HNEE R 0 o« IROTMALAE M, HECLHNE,
THX—BANEEN N #HEES — XA ERSSMITA, L+ RESTORE_ALL £2—1%, H
TIEW IR T ARSI, TF HICEH Status ZF74REN4 4 7E RESTORE_ALL
BB NALPEERH) Status T3 F4r. (EFFFarE 2MTEHIG, eret XKML ST,

RESTORE_ALL
eret

BUAEAR AT RERL I F N AT 2L B Status A7 & AT UM AT EXL A7 1 MR Status
{7 EY EXL L, /£ RESTORE_ALL K& Status Zrfr v/, ABE GRS RIZEA 5
A, AT RAWE. B, P RNEIEE, PUTRRUE S, ARSI SRR, A
FEEIAT . Hisfrdt i, /7 LIARIEE] eret AR, #io¥ EXL WEN 0. JEHY
Status Y UM. IE B EHREN 1, FORFEM PR BT E il 2558 — Bt LU
FOREGEAT, X IR R G AT LUEH IR T 1

BIRBATMNERRER T, SBVULER TR E cp0_status LISh, T B EMARS . £
MIPS H, HRFFAEH 29 S Fdr, EEXENEEMNIR, HSERZk.
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SE{ env_alloc FR%L,
env_alloc BRASCEL T HIFIAIIAML— 1 FERESE BB ThEE . X B H A MR

1. [{Z Lab2 W43 LIST_FIRST. LIST_REMOVE, SLIfE env_free list H1H
B2 R

2. M env_setup_vm R ERE A ik 2 (] o
3. AFABEERT S XS Lab3 MHICHYEAIN 48, HE IR TE 24 i lH.

3.2.5 MNEHZHFIER

FEIX /NI, JRATRR AR e I R B e A ik == [
fE£ Labl HEATE %> T ELF 30, ERIAE=F, @& EEM, Ak
FI3CHt, =RATBEL AR G AT A R 2 fE AT A T 3O
FIERE 1 ELF SUEEIALE, AR ELF U T AT ZmE AR P B (program
segment) ANEE]S R RELIIBHE ERIFT . ATEAS 4 7 AT ELF SCHAARD H B
TPNAE, PRATEAECESRH AR R R EORI ELF SCPERIATIUE S, R Umaad A2 O sRARIZE
AR AR
// lib/elfloader.c
const E1f32_Ehdr *elf_from(const void *binary, size_t size);

int elf_load_seg(E1f32_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 Wi Bt, FATEEA LI MRS, FTCEEERE#A TR ELF
X FEXBERMEEN ELF XHNARELK T C MAMFE X (TLSE nake FEFH
user/bare/loop.b.c M), XA LAB I 413 2 A% Hh 58 O # .

load_icode PRELMTTIMEL T HAT M binary EIEFE e BN H . BN elf_from bK
HESER T f#AT ELF XL BIEB9, elf_load_seg M TiH ELF SCHFI—1 segment NHZE]H
o

T IRRX—H AR ,elf_load_seg BB S WSRO T2 — A B @ SCHY 1 pR 2R map_page,
DAN TR B 25 R R L) B D24 datae R4 elf_load_seg BREUMATH| — FREINEEIAN
FER DR, 24 A R EE BAE NS EULIS LS R AL, I i 8 S8 B DU A Inaod 2, X
% load_icode_mapper #l/E map_page HJE/RSZI,

load_icode BR¥{Z M ELF SCHFHENT HIEF T segment HIEESL ph, AN HEGRENZH I
8 A bin, P elf_load_seg PRECIS 28R € IR P B (program segment ) IR R
F ik 23 [

elf_load_seg HAIS M ph HAREL va (ZBIRFEMMBE N EHIHL) « sgsize (ZBIEN
FHEIA/N) bin_size (ZBUAEHFHEIA/N) Ml perm (GBI B TTHRIALR) , FEARAE
SISV SN &

E—% MEZBHIAEEE (bin) THIIAALEING (va).
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BZF MR BAE SR A A IR NE A BN G BEA 258 4 BC Y DU A, B3 E
THH A EBCREEGH (0 bss XIE), ABASRTFEIER ] 0 SRIEFE.

mE 3.2 frvs, BRI R REECAE AR, TNz s i el vas 2B HIEATN AF
KT sg_size VAN TFERE WIMAHEK Y bin_size AL REAZ TN KMo elf_load_seg £ 1L
A FRIXLCH I B T E RS, X TR TR EINE R DU, TS SR BB va DLRGZ DT A B
I [ ek 4L map_page, P [ BRI AR 58 R DT I e X RE T AR i elf_load_seg K
ELF BZhH), A AR B S BRI R G SC R DURN I 20

va va+i
PAGE_SI:ZE PAGE_SIZE PAGE_SIZE PAGE_SIZE PAGE_SI:ZE PAGE_SIZE PAEGE_SIZE
: text & .data ; .bss
offset ¢ e >
: bin_size :
: sg_size :

A
Y

K 3.2: F1> segment BYHIZEHIHEA 5

?"37%@6%%5@@5, PR T SE AR A R pR AR load_icode_mapper @;ﬁ}(, Hrp s
B 5 B DI, AR DR S I o 47 sre %S, IRIETREGZALRY ELF dEHs DY)
P DUTH A o

5E/ kern/env.c HHY load_icode_mapper PREL.
FeOR: FTREME R R A page_alloc, page_insert, memcpyo

Thinking 3.2 elf_load_seg PABREUREI BB, 2N E & LY R R 4L map_pageo
WRHB S ZHKRE data X —SEEMALEISRIR, HHEZEEHIER . WAEXDNSHETAT]
LLh? At 42 n

Thinking 3.3 %56 elf_load_seg HISENSLIL, 5 iz ok 45 e S A0 FH W 46 O ThI Nl A 1
“{E;O |

AN ELSER T MEK ELF iR A% 0L, BA NSRSV, MRERE IR
SLIAE ELF SR fEss 7o

g

SERINEG R

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'.
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* 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) {
E1f32_Phdr *ph = (E1£f32_Phdr #)(binary + ph_off);
if (ph->p_type == PT_LOAD) {
// 'elf_load_seg' is defined in lib/elfloader.c
// 'load_tcode_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. */

}

X EREUEIT A elf_load_seg MUK ELF SCHFE IFMEEI A7, ¥ load_icode_mapper
XA BREAE NS AL N

MRIEEREIIHE N, 588 kern/env. ¢ 1Y load_icode BR%L.

XHEA env_tf. cpO_epc FBHEN TR E 21T P WAKE B RIAE . FRATEIZ THIE
PR BT EH AR TNAF, HEFALON e_entry, HJFNTBITHRRN, CPU ¥ H3
M PC FriRRIALE T M AT .

Thinking 3.4 A% LHX—BAE, JHRHEH C/E Lab2 AR, [E%Z:
o MRINNIXHEN env_tf.cpO_epc (71 I & ERMbE AR AL hE?

B, TN IR AR 1.

3.2.6 G|EHE

RN, QR RIS R RGN AL B G BERR , A2 AE T fork
RGP ARAIERE . 18 Labd FENA fork X — Rt REAIERA T Q1R I FEAR A
B R S BRI RIR A ER, SE—1HE Env SR, IREHRIEGIR, FEER
BB %2 At =S 18] AR 5E A

SEI% env_create BRI,
WRPEHE/N, BRAFFFAE 24 (8 FH AT E S LAY R 4L, 5K kern/env.c H env_create FR%K
MRS, SEELAIE—AS R R IhRE .

YIMREICIEIRR, ADET EHRE BB R A%

#define ENV_CREATE_PRIORITY(z, y) \
£\
extern u_char binary_##x## start[];\
extern u_int binary_ ##c##_size; \
env_create (binary_##c##_start, \
(u_int)binary ##z## size, y); \
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7 }

1 #define ENV_CREATE(z) \

2 £\

3 extern u_char binary_##c##_start[];\
4 extern u_int binary_##z##_size; \

5 env_create (binary_##z##_start, \

6 (u_int)binary_##z##_size, 1); \
7 }

Br, VRTEAE init/init.c I NGRS, £E ARG L G MR .

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

X user_bare_loop M T AR 44, X AIH AT user/bare/loop.S. it
ENV_CREATE RHIPHE S ,fgfﬂlj‘]&':f:' £ binary_user_bare_loop_start B binary_user_bare_loop_size
Ak, FRATATLAFE make A4 Y user/bare/loop.b.c XAFHHREIEATHIE Lo

FEQVEESERERT, IC15 8 env_init FIIRILIEREE FH,

3.2.7 HBIEIT5E

BREAEAT

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
15 * 'curenv->envu_tf' 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
26 * address space.
27 */
28
29 /* Step 4: Use 'env_pop_tf' to restore the curenv's saved context (registers)
30 * and return/go to user mode.
31 *
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* Hint:
* You should use 'curenv->env_asid' here.
* 'enu_pop_tf' is a 'noreturn' function: it restores PC from 'cpO_epc' thus
* not returning to the kernel caller, making 'env_run' a 'noreturn' function
* as well.
*/

3

paid

env_run ;e RIS T B EAR KA, BAIEWHES
o PRAFMETIFRE B R (MRHFEBESITHHRERREX—5)
o REEJHEIBREN LTI, REIE TR

Note 3.2.6 B2 LT USRI TIN AT 35 2 48 HIRAS o B4R L2 RS Y Trapframe.

HEEATX BB T DR s &R, AR SRR RETT. SEReDI,
Joign L, R Y TR N LAE, 1 CPU SRis T 7 AN R . A8 A BRI DI, R4
IRERTE R DT KRG T ML 2,0 SEFR LR DRI A5, AT RIE T — ik N X A iR
AIIHMEIRATA S INSRIL”, RGO BT T BT 5 E, TR —2E R,
A2, TRt 2GRV ? FE b, RATAFERGFEHEN LI UE R, B4 HI
LO fl cPO ) Status, EPC, Cause fil BadVAddr Aif7#n. SHEEIEHIEER T env_tf HABKF
B Y 5 1A R B A JE AN R gERE s il e rh ) FRAS AR, I TR EORAE

{E Lab3 H , JRATEASLES B AT Fae RS ORAE A )T /& KSTACKTOP LA NHY—1> sizeof (TrapFrame)
KN IX I

curenv->env_tf = *((struct Trapframe *)KSTACKTOP - 1)
T curenv->env_tf M/ HIEEARAY_E R SO AT X 5. FRATHAHE KSTACKTOP Z T Y
Trapframe % WU E| M FTHFEN) env_tf o, DUBEICRAFIFRE LR SCUMRCR .
EEFU BB, FATAMER ) env_run FPRATHRAE :
RS RTEERR E TSR R
2. Pl curenv NEPKIZTTHIHERE
3. WHEARRZR cur_pgdir NYRETIRE I H ML, /£ TLB BEEMPKEHIRZ 4R b

4. WH env_pop_tf PR, IEI . IR

—_

X EIN env_pop_tf /E2E XAE kern/env_asm.S H— ML REL X4 BRELHL TR
TIRATEOCER BN, R RSB THT — ESPUTHY eretiLIntE %o

-
SER% env_run.

FFEMREERT SCHAR , HEARMEERIE'S kern/env.c HHY env_run PR%L.
2, B TIEECLTE.

3.2.8 LWIFMRER

ST make test lab=3_1 && make run HiIFIZITNZ, T Mg ERIET env_init HY
FRTTI
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peO->env_id 2048
pel->env_id 4097
pe2->env_id 6146

env_init() work well!
pel->env_pgdir 83f£fb000
env_setup_vm passed!

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

AT make test lab=3_2 && make run HiIFBITNH, WRUl MEERIE load_icode
H BT

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 HH5RE

IR SR SRS PT ARKIR, A RMERAE S P7 ORHHL, CO
M OS BT Y T— DKM DB B, s M S i i I 7 B A
TS RESS SR USSR, BUAEAE R Goth TR R0 Ol AR {4 b = 3 7R P 4k 5 4b 2

EX Bt P7 AR TR A . CPU AMULATRATH WL 32 MEH 7R, A
RS 2 BRI SRR T A A RS CPO. NE BRI A T S
12, 13, 14 1= CPO af7ar M EAKINRE.

AR ENES | CPO P fidndns | ik
AT, BIETWEERE, HM CPU #i5%
Status 12 N
ik
Cause 13 ICR TR YR
EPC 14 SRR ERFIE P TR E

Note 3.3.1 FATEREYAFHRREH—Fh, FHFERAN—FRLRE.

Status ZF{Far: K3 1({EREHIEEHIIREL 245 H) /2 MIPS 4Kc ' Status Register %7 7
g, 15-8 P IETBEAr , B AE— DA R PG Zh, v 15-10 (o ERERECFH BT, 9-8
fLiE Cause AF A7 ar P A5 HY AL

Cause 7 {7#n: [E13.3/& MIPS 4Kc H' Cause Zifiar. HHRIFE CPU Hll—Lerplbioi &
FRHOCAERE. 15-8 FLRFAFEM Lol 4 T, Hrp 15-10 Aok BAEF:, 9-8 (A LA E
N, 4 Status A fFEes PR O 1) B, Cause ZFFaHX —MLiG sk & S830H W . 6-2
fii. (ExcCode), IR AAETA AR

MIPS CPU AbFE—A™ 54 B R BCE 58 i Y T T A -

1 #%E EPC IR R | A itk .
2 WE EXL A7, M CPU BEANEES (T SHAE) FEE5IE .
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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 &7 {ias

3 WHE Cause Wffar, ML A LR RIA .
4 CPU JMI S AL ERUSS, ME— DIt b

MiXf] “—UIBPAEA L, R BT RT55 1T A6
FRATAT LA i P 3 A BR gt S 3 7 R R el

VAV EaE A PR
Rl Lo 4 S
XHERAE P
next ﬁﬁ%fg
SR B (ATE)

\/

A 3.4: S ALELER

3.3.1 REHNRA.

YRASTN, BGPTSR WARR, XM AR A I A 2 T W
FhH, MR A SR LB R . — ORI, S0 R R P 2 BRI [ E WO 3 2
BEF CRYBOIREZ X AAG FASIF) , DA UEAL FRES SEAEAG IS 5 I I A b Bk A 2R B o 3X A
I RREFF ] LA ARG —HB70

NIRRT KA, BATCE T AUSIETEE] entry.s H, AR AT IHLIIRE

.section .text.exc_gen_entry

SAVE_ALL
mfcO t0, CPO_STATUS
and t0, t0, ~(STATUS_UM | STATUS_EXL | STATUS_IE)

mtcO t0, CPO_STATUS
mfcO t0, CPO_CAUSE
andi t0, O0x7c
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1w t0, exception_handlers(t0)
jr t0

#MFE kern/entry.S.
B SH 2 AR, IR K AISHE kern/entry. s tHHAIES

BB R R VR A

1. 80 SAVE_ALL 704240 LR SUORAFEIP A S e

2. Wil Status AFAFAE I UML XL 1B £, LURFFATEIM TIEA (UM==0)+ 3]
LA PSS

3. 4 Cause HERIAEHINE 0 H{FHT

4. T Canse FFEPIG 2-6 £, (RLRARIN SAT, IORICHITFLR 4 TS,

5. LB EIH RATSIERZSIE exception_handlers HCALHFHRENM M I ASEmE, 7
SRS K

6. BRECEIRHIHO IR ALIORBCR , WTTIOARE T S, TS A Acs T M B 53 AR M
g

EE I T — B2 SAVE_ALL, IZZZAEJSIE ) Lab 2 H, HTH 247709 CPU M
7 (B0 RESINENSERT, FATTAE include/stackframe . h XA AEIX N ZEH]
FE Lo

£ SAVE_ALL Wi Ferr, FROTE SR AfAEI N T R T RIENZSHMA R (RHEN).
FATE STATUS FfEasHIMEIRA k0 A ffde, JFEIL UM L2 0, WA 0 MAFRSAE
S RIENZSHMAR, ERFEANEN. M TREBEANEN, sp aFFarif ErtRE
FrEMENZRER, M TIEREREANEL, RINTGELE sp TR NEZ R, 4
B MIPS HAIERRERLA , FRATESE B B ARIBT A Bk e S BB % sp T A EAE
HilE] k0 A fidw, LHL T X sp FAFaHIORAE

.text.exc_gen_entry Bl .text.tlb_miss_entry By Sifi i ia il B R e E. 15
4Ke ", XA B ISR E i HE 0x80000180 FHl 0x80000000 4k, BT S AL FRFE ST YA
Fbhk . AT RS T, CPU K4S (B 7 A8k TLB Miss 5#9) b=, w2 H sl
FHhE 0x80000180 4b; KA H bR TLB Miss S I, £ H 3Bk itk 0x80000000
fbo JTIAIRET

TTHFRAIE kernel.lds HHE MU NS, B . text.exc_gen_entry JXZE| 0x80000180
A, .text.tlb_miss_entry iE] 0x80000000 &b, K AEANERGEIE T 53K IGE

. = 0x80000000;
.tlb_miss_entry : {

*(.text.tlb_miss_entry)
}

. = 0x80000180;
.exc_gen_entry : {
*(.text.exc_gen_entry)

}
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#M kernel.lds.
TRYERT SO kernel . 1ds AAGHM 215 50 A& 2B 5 W LABKE S0 43 A A o

3.3.2 REm=E4

S KRR iE exception_handlers AL E S H KT CEEAR T
il exception_handlers ﬂ:%{@ﬁﬁﬁﬂ%?ﬂo

THIATKRE—T kern/traps.c F1 exception_handlers £{&H, K T4 A el B
FECT AT 2o

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

void (*exception_handlers[32]) (void) = {

[0 ... 31] = handle_reserved,
[0] = handle_int,
[1] = handle_mod,
[2 ... 3] = handle_tlb,
[8] = handle_sys,
g

FERRAEFEHT GNU C BIHHBIEY: [first ... last] = value BXEHIEANXIE _ERY
TR E—ME . Z$FR UG,

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

X ) ST T AR

int arr[5] = {1, 1, 2, 2, 2 };

TE O 7 A PR R AR Mo AR B0 S B I AT T 7

HIALFRERECN handle_int, K/NHPWT, HHEMERRWT. 45800 & ol S v b ik
HIALHE KA handle_mod, FNAFAESTH, HATAAMHIRVENNZ IR IC A H ik

55|
]
HIALPEERZ N handle_tlb, F/n TLB load JH
5]
]

o
Jjo
30

Jjo
0

M AL 7
H AL PR R ET handle_sys, %%%éﬁﬁﬂ%, FH P R A T syscall 84K

#0°/ handle_tlb, 7~ TLB store S

30
Jjn
30

Qo [\V]
djn Ji
30 Rl
CoHE M HE A HE

>
=
N

Thinking 3.5 Rk 04 1. 2. 3 SRR NI EALIUME. 8 5RE (REFA)
WA do_syscall() HREUHTE Labd H13LH. m

—HARLETR, A5, IRAHXT N A B R B AR BT FNTFEAR Lab H,
FEMM 0 S5E, B asms OFT 20 3 55%, fELab2fHKRNAEH AN
) o MFATEE FREMA), HoR ™ AT BRI by, FHIIS o b WA 740 R

94



3.3. PR 5 RFw CHAPTER 3. ##& 5% %

3.3.3 B ARET

FERITE AU 2P RATELHIE Cause A fran A 8 MHSLAIH M. Hih 6 ALZREFEH
Wr, 7oh 2 CLREAE T, BAR PR B S A ER B MESE X — i WA 2T, 3K
MTESERI T T AR o

1 B RE A&, FIRTH YRS E AR R, S PR R R W R T . 7E MOS
HIXIR handle int PR

2 fEFR WAL EAR e it HIMT Cause F A7 & Pt f LS IS A RO I, SRIRIHEAA
[F] P BT 57 B B 55 PR

3 Wb HESE R, i ret_from_exception PREAUKE MY, REEHNIT.

T R F ) R EUE AL kern/genex. S 1o

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 t1, 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

95
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BUILD_HANDLER reserved do_reserved

A PEFE A E— PSS, A4 MOS RGETR M s

ek S MOS RGN [A] 7 Fe i 0 R R A R Y o I [B] e 3 R e — P g
JERW, BRI — IR, FREERINRL R, BRZE R Ry i TRIM (Rl QR AER [H]
AR HRIAAEET T, WHZIHERAS R, DI ) — D RIS T . IRz R eI (1) 7 &5 T
PHIERIA S50, MIS7 BRI 2] 55— iR 7.

MOS A& AN R — S FERE B I 18] Fr 25 R A We 2 3l A i it 1 1) 45 77 26 B P b b e A
MOS Hr, FFA] R AR A A b AR R e o B B8 R A ) R R 200 131
TIMER_INTERVAL (HF#hdrirallg), #8424 MOS it 2 HZ R ST & 4T 200 4NEF 8
I, MOS BhAIGEIZBERE AN B 2551 T

LR WA YRS TR, MOS FFEAEE A R — SIS 1 R
JEY S
4KC HH CPO WE T — 0 P54 Y Timer, MOS B FHIX AN B HY Timer 774 i oh
Hilf. include/kclock.h HAY RESET_KCLOCK %52/ I % CPO ' Timer HIACE .

BRI CPO HAAE W THE 6 B Timer 1374745, B Count 7 /7#+5 Compare &f
fidio Hr, Count ZF(7as & MRS b BRI /K AR AH X BOIRE AT H 4, 1 Compare
TR UERF RS o 2 Count ZAA74R MEHS Compare A (7 EARSE HAE 0 I, Bshep &
Rif %

RESET_KCLOCK 7244 Count #7724 Compare (7 L B AFRATITIAE 111 25 F
%L, X Timer SERL T HLE . (EIENIFRPEIIAE, I Wi fin %k o

MOS H, i W R da 10 & AR AR B TR — R AT MRS B, B2 AE env_pop_tf
HiEFH T %% RESET_KCLOCK, Fififi X AE%: RESTORE_ALL K& T Status & fFae, a1 HH.

— EIp R AR s il AKC BEAR Y S T AL PR . RS PC 4RIF 0x80000180,
BEHFEF] . text.exc_gen_entry RSB T, XM THAISIEATHEr, Hil. text.exc_gen_entry
REGBEN K, A2 handle_int BRECHH/TALHE.

handle_int BERAE Cause A7 IEHFIMIZ /& Timer MM 7 5 H WL & BYh
HbE, IR, TIPTS5 R AL timer_irq, Bk#%%] schedule HHfTo XA EREUHL AT
MG 58 B PR L

#MNFE RESET_KCLOCK 7o
W FHEAHEA, %P8 include/kclock.h HAY RESET_KCLOCK %o

Thinking 3.6 [ entry.S. genex.S fll env_asm.S X JLASCHE, FES2{0 H I iy
FEMRLEIHBIT S, A MRLE 15K ] o n

3.3.4 HIBAE

handle_int FRELI 552 T schedule PREL. IX P PRELAE kern/sched.c HTEN, B
SRR TR T AR R LS B 5 5 VA B BRSPS AT B BRI (R R R A B . B SR
MOS H s T] e B B I e el d ) RIS ) 4 R 3846 N < TIMER_INTERVAL.
BEAKW, env RS GET X BT N, BUE TIZ R R 5K . At SRR
AR I A AR, TR — MEAESRGEIT A (isf7) 1R, B— DR
FEL 2 HACY X AR R4 (ENV_RUNNABLE) CIRZSHY. 24 P AZ G B bR | K =6 AR
FEREFRALAS, fEHATSE (BPHIE) BORMAS, MM ERER TR,
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U%E@?ﬁ schedule %ﬁﬂaﬁﬂﬁ, %WEE@FIE@L%*%Z‘&@%‘E%%?E% curenv EP (K‘E/Egﬁ
A BERERE RGN NULL) , HRIR A (R 7 KB S B count HYe RATHEETT
SR TR IR, AL N LRME L

o WA ETMHE (curenv NFIHEED);

o UETUHFEC A THIE A

o URTHFEAFIRLA (WRFHIESGR) ;

o yield ZEHHELNR E V.

Ter BT UGS, BT ZRETRIR I 7KL count 9825 1, ZAR M env_run BREL, 4k
s T HRE curenve FEAEYHRAVIEILT, FATETZEHIWT Y aT st 2 S h9hmt 2, Wk
FE MR HAS ShEJH R R R RR e 25, FRATe i FE A3 B iR RE R A AT, KR AR [R]
PR E N HA e

Note 3.3.2 55— Fh&BELAYSLBLRAHIT 4 BIEERR FIa T IRES, Bk s A S & BT Y
BERESRIM S, [ A 7 B HL RS ShE R BERA 51 FE 7B o

HeAh, I AL A N R

1 #FAE count PN AFRA 4 BT HERE R A& UTAITIREL

2. WM T EERREENAMY CRAHN ENV_RUNNABLE) MUubfe, Heph 75 Ea45IE
TEIBTT R ;

3. W K%L schedule DS HHE L H I env_run. env_pop_tf i ret_from_exception
PRECHGEARIRE (noreturn) HYRREL, #E TS 2 P AZ kA SR B gE R i) T P AR e o
PAT. AE MIPS HUEF M § 1841 3E ja1 WHARREIEEL, FRHEMIASTFRE ]
HMA

5E/% schedule K%,
TETEE%%, 5 kern/sched.c FH schedule @%ﬁiﬂﬂ]ﬁ%iﬁ%ﬁ%%ﬁ%, ISR
REAS A IE R o

Thinking 3.7 BB, BERIERGREE AMRIEN S B IR 1 . m

Zt, FATH Lab3 SEZ R TM T .

3.4 Lab3 £ MOS HaJ#E5R

TEERT Lab3 FHEHNATE MOS RAEHHINER, WARMEFIIBENFDZ Lab3 A
RERULDIRE. TR ER (SRR M) a7 Lab2 «

EE, A T2 WA AR (BAEAIERR S IR) , AR R RE TR
2 (PSR PR IR AR AR R 2o ), PR R W 4TS Lab3 KA 5 AL B
AR, AR B 3T 2 m AN B Fe i 1 & A AL B AR o

WNEAIIA e R JE P ABEIRER, 5458 — RN ph b ok e, e i S i AL ORI BE CL 26 R
B PR IEt T, E R e =51 A Timer Interrupt MELRFTRN, ML A RES A
U Timer Interrupt ZLAYSEETERSEN . (R BRI TR, Wb RS, K
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AT A5 AASE SR, B4R R TLB F#r TLB Load Miss fil TLB Store Miss, FA
N EFE T Timer Interrupt, R A& A G4 E R G SLBL T RE D6 .
AR LT IR SE R PC kL I RE .

user process

kernel init

O ..................................................

memory management init

schedule list

env_init

handle_int P

init env_free list .
(i _free list) Timer Interrupt

l map_segment

(init mapping at UPAGES & UENVS) schedule I

env_ create l
- envirun

(create some "pre-existent” process)

p env_alloc

b env_setup_vm handle_tlb 2

TLB Load Miss

b mkenvid do_tlb_refill

p load_icode ret_from_exception

elf load seg D - ———
handle_tlb

1 loadiicodeimapperi

b TAILQ INSERT_HEAD swrreens .

(insert env into schedule list) ret_from_exception

‘.
|L Timer Interrupt

p kclock_init
(enable 4Kc Timer)

TLB Store Miss
p cnable irg
(enable CPO. SR[IEc] & CPO.SR[IM4])

Timer Interrupt

K 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

T3 Cause AAEar FIWHET N 7 5B (RIS BRI, FHARYE Status A7 (Fan HIKT 7
SHWESITE. R _EARPRIEECA &, WA schedule BKi%{. schedule PREUHEST
W, JFHH env_run KisfTiEFRE.

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+

HIRIEIAEHRE . env_pop_tf ERALIHR AT
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mtcO al,CPO_ENTRYHI # WE EntryHi FHEW ASID B,

move sp, a0 # %E sp ¥ 7%, WA RESTORE_ALL %
RESET_KCLOCK # A T

# 4 ret_from exception A EWNE, XERIH ret_from_ exception MK
RESTORE_ALL # WEHE ETX

eret

BAE env.c FHIFEEHIPLN env_tf.cpo_status #IUGHLN STATUS_IM7
| STATUS_IE | STATUS_EXL | STATUS UM. iXFEIRE 2N T 1k MOS AT LAE 3 i
PR e T, AT RT CAZERT S b & A2 B, 5 90 K F2F A handle_int BR%L, 4

it timer_irqg. schedule. env_run K 58 PFE R BE

5. TLB Miss S {4 e/ gk b2 ?

M BT AATE , BERGAER S P IRsN T, @i [a) F e Ak SC B R A I
RATo ATUFALLTE TLB Miss 58, R AREIERIBT.

PR] S 1 A BRI B8 B 4 I I 38, 43 58 2 th— A P it 5 T A2 1) R 0L k25
MMU , B MMU $3X A RE Uk 5 400 A ek 7 (9 0 B8 ok | 75 DA 6 0 11 470 8 b 4R
TV 7R E

1M 4Kc ) MMU, XT° KUSEG BHIHibERIE, (Ll TLB 58 &N, TLB
fr L, iR S A AR e, BIERSIFAS S H . (H2Y TLB 7Efik
I % 30 TLB I3 A b iz e bk i s I H A8 4 bR &7 42— TLB
Miss 5o I SFTRIICIE GRS TRIVTAARAE, A AN S TE R EE B THAE R G vt
MR ALY (t1b_miss_entry) , HERIERZGEK TR, HAMAR TLB Wi, 2
JE R SR IR L BT KN T IR 37 47

TLB Miss X ) 55 AL PR kern/genex.S /) handle_tlb,iljI% BUILD_HANDLER
fHET do_tlb_refill MRACKSEK TLB HFi. £ Lab2 FINTELE> TTLB HIHEA
ghh, fETERR IR TASEERR B [F — A il , 256 ASID AHRERAME AT LAE 2 £
AR b . RTHAYE TLB Miss 5 &4 51 (4Ke CPU) A (MOS &%)
53 IR T A

WLE: fE%& /4 TLB Miss S WIS, 4Ke CPU 4405 % TLB Miss [k
A% BadVAddr 2 f7geH HE U5 AE] EntryHi 27 /74% 10 VPN | ¥ Cause 2717
Y ExcCode IS A TLBL (3£1%>k TLB Miss) 8 TLBS (5% TLB Miss) o

Bt M BadVAddr ZFf7eeHARELT | % TLB Miss HREAHBYE, #251E cur_pgdir
AL AV I X B B P e SARAL SRS DT S AR A A2 EntryLo
FHFER) PEN BFIARAZH B t1owr (TLB Write entry selected by Random) ¥
EntryHi 1 EntryLo 2if725 () VPN+ PFN. ASID. BRI RIS AF] TLB ', &
Ja M ret_from_exception MFHHiR[H .

3.7 EHFE
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3.8.

e

CHAPTER 3.

i

55t

’%'%4_

Exercise-5Ef{ load_icode_mapper BR#{

Exercise-5ef load_icode HR#{
Exercise-5Ef env_create
Exercise-5E, env_run EH#
Exercise-5Ef entry.S
Exercise-#P&E kernel.lds
Exercise-5tf RESET_KCLOCK 7%

Exercise-5ef schedule EG%{

SRIRE

BB X 0 FE b1k A0 R H0 b bk 2R AR
B%_qata HI{EMA

B %_e1f_load_seg MIAREIE:
BE_EpCc HIEX
BE-SELERYHEANE
BE-IHAIRE

BEHRREAE
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CHAPTER 4

A& Y FORK

4.1 EIEE/Y

HAR RGBS SR
2. SLILHERE B AL

SN fork EREL
4. FERETUG N0 1AL F AR

FERFET, MPEREARET M RGN, Wl E BRI A
AR, AREI A R, X — fUE AR RESMORIIERY . ST, M P BEREERr Y 5 M E
R EPITLE A RE l N SE IR ERAE, IERAERERE ShASnBCN A, LA HAlBERE B T2l (5
o AVFAEARASI TP R BLR BAGR A 220, NI E RS 7 — RIS
[A] P YRR AL, 24 1P SRR AR B T Se AR I, 5 IR E M) e AR A IAZAS el A3 PR X
I ETEREL, AT % 2t P g RESR 32 BRI RGP AF, FRATTEX MBIy REE A -

£ Labd W, FAIRFZSLI_ BB A RGeRAPLE], FEAEEA ESCIBERREE (IPC) Hl
AR — N EE AR ENIH] fork. /£ fork ARIMAYSEIRA, FRATIEI 28— P Hhr NS Iy A2 il
(COW) M, DARSHAMCH TS A S H AT

4.2 R%RFAA (System Call)
ATih, FATEEHE REWAER, JF5e i s,

4.2.0 APE5RES

Note 4.2.1 In kernel mode, the CPU may perform any operation allowed by its architec-
ture; any instruction may be executed, any I/O operation initiated, any area of memory
accessed, and so on. In the other CPU modes, certain restrictions on CPU operations are
enforced by the hardware. Typically, certain instructions are not permitted (especially
those—including I/O operations—that could alter the global state of the machine), some
memory areas cannot be accessed, etc. User-mode capabilities of the CPU are typically

a subset of those available in kernel mode, but in some cases, such as hardware emula-
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42. %%AMA (SYSTEM CALL)

CHAPTER 4. #%AM 5 FORK

tion of non-native architectures, they may be significantly different from those available in
standard kernel mode.
—”CPU modes”, Wikipedia.

Note 4.2.2 A modern computer operating system usually segregates virtual memory into
user space and kernel space. Primarily, this separation serves to provide memory protection
and hardware protection from malicious or errant software behaviour.

Kernel space is strictly reserved for running a privileged operating system kernel, kernel
extensions, and most device drivers. In contrast, user space is the memory area where
application software and some drivers execute.

—”User space and kernel space”, Wikipedia.

FEZ RIS Lab B9, MERZS AP A AP 2R WESERSTEARE T . b
H MOS #AEARGAERIARBEE , FATh G B e SKsE Bm P P, IXl it E R 4
R S A AZ A T AR B S EAL —— RS

FRATE ST JLAHR S

L AP MRS (AR FIRZEED) - B41E CPU s TRYIFRZS . #ldE Lab3

HEEH, 76 MOS ##4F RG LM AT A 4Ke CPU i, RS 1 CPO SR A f7ar
UM(User Mode) fVfll EXL(Exception Level) fH{HbRE

- A E] N AR BRIV AE (BERERT RS [E]) A AP 40 DX AR Lab2 HY
Vi, MOS H Y 23 (B335 kuseg, AL ZS B FEALHE kseg0 Il kseglo A PMHEREIN
FH P 23 [ 180 18 i DU S AN ] A A R DL, T A A 2 [ DU el S 389 [ ) 4 BB L LA
MANBEEE A . CPU AENRZA TR AT FEMT AR XIS, X P A 7 S R i & A 58
AR, TR 2SN 0 R R vs A - =50

SRR R AINAL: BERRR IR A R AR AL, A s B hE s R], T A
TETE ARG R R, (EREREREAE T AT SRTPIIAAR, RN

ARXSSLHIAFAE, AT LA N RAFAE T FrAT g s ik =3 (8] A A — B o

4.2.1

ZotifE A

puts O FHUE C TR PE I THIth— SRR EA, BATAE Linwe FHHITITR
MO, R S R T

Step 1 | A puts BREL

Step 2 | fE—RAHIREAHIG, HLWHT write AL

Step 3 | write MREEAFAFar HIE T XN RG-S ASARAN NS5, HHHITT syscall 84
Step 4 | BEANRZAS, WA Y R EEIR 55 B A T

Step 5 | [MIZEIHFZASHT write BRELT, KERMMHICAY A Aras TPl FFaz[A]

Step 6 RGN — ZFPRE R R, FE T puts PRI

Step 7 | puts PREUR A

UX B2 T kseg2 HIE O o
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f£ MIPS ', syscall & — &M THATREFEAI A KRS, BRSHFREB AR N
WACPRR T, l AR R GTI AT A B R OSCHI TR B R R AR, SE ORI B DO RE, FFmes
B F] syscall BYJE—44E%. MEALEBER, AT LA

L AR RE N A BORSE IR E (e 5 s QIR 10 5%).

2. C bR — e R SEBR GO T B E R SE (CFA TR FEH puts BRED)
3. BT PIT syscall 54, MR LABAZINRAS, RN RS .
4. ARG ABAR NS, fFEER S ARSZ R TEER S-S R

ZEa UL ENA, IAOTRTLARIIE, W2 A CRrRERs SRt AI IG5 LLR Sei A Ry U ke i P
ZS0], DM PR P e i 2B R R GHRAE . BT P R HAER IR G5 MG N2 RS TR AE
ARG B ERGIAT, AL T IrA R R R EZ B E R AR, X LB E PR T AT
B A TE R, I RGO HRIIE T RER L2t

B2, T BRI L RGBT, T T — RS 2SR APT E S, W
POSIX I C #riEESE, CAE RGO M RVZERTE, SEOUE 2 i W I ShRE, (675 M 459w
GRS AL B LL BB 20 R IR A, T2 B I 2Ky APT RRESE L%
MIhRE. X R RIS, MRRTHE N RN, WA THEFA B TR
Frokii, HEH ORI APT AL, TCIRRER RGO e, #RALXTE S,
BOTAEARMRGE RS BANEUNERALLITR

% 4.1: APL. RS FMERSEH

F P 27 User Program
MR FHFERE O API | POSIX, C Standard Library, etc.
25 H read, write, etc.

4.2.2 REABVHIAZH

KT ZGRAR ARG, BATVREE FAERANA MOS #/F R LB KRG I
7o AT AR R A SEELEE T, X EEATE R Lab3 B A 57 AL AT

1. ACHRER B B 54 & ARG AL
2. PEANFHDEET, IR cause ZF(FaS(EHIWT T3 JERII - Bk 21060 b7 (1) AL HEAR 7
3. WFESE, FHRE

RE—ERILAF R RIARHATH 8 SR, Bl ERNAEAN RELH R G AT
. AT E ARSI 7S user/1ib/debugt.c Y debugf PREUK: > HEMIR

T

1. debugf HRELAFBAIEIR AT NI, — M NSO SEURIT A7/ 8, — B oTh
FrPERHIH (debug_output ERZEL)

2. debug_output PR T H 25 [AIH syscall_ BRAL

3. syscall_x HREUMH T msyscall K%L, RFEHMMBANES

4. WEESHK R LE handle_sys l%&%l, ¥ RS FH It RS R (Eﬁtﬁ%%%ﬁﬁxﬂ
FAFH s) R AN
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5. WIEZBURER, SATAR A NAZZS RIERGEH TR AL (sys_x)

6. AZFMTEM, FHREIHE, FRPEREE L B

7. WA REGR R, B2 PR debugt HHIAL

I B R SRAR RE R T, MERCERI T R RRE (WE41R) .

user/lib/syscall_lib.c: syscall *

user/lib/syscall_wrap.S: msyscall

l syscall instruction

[ kern/genex.S: handle sys ]

Y

Kernel Space [ kern/syscall_all.c: do syscall J

v
[ kern/syscall_all.c: sys * }

K] 4.1: syscall SFERAEA

R P 2 E R, RAEL T2 RIEEL, LA debugt MEUNHI, X mRESLEr LI
X%%i‘%i&lﬂ%‘]@%&, ERESMH—T2N syscall_print_cons EI"]IZI?&, XA PRELAE
user/lib/syscall_lib.c H'.

bR b, AEFRATHT MOS B RG LI, JXLE syscall_x HIRRES WAL T B9 R Ge i T R 4L
(sys_* WIERED f2—— XA syscall s HYRRECRIRNTAE 7 25 ) h e 4 i N AZ I BR R, 1
sys_x MEREGE N T KRGV B BARSEELER S o syscall_* HIBRACHSEEL A, 2 TC ] oM
T msyscall PREL, T H BRI — 2SN S AE R ZE SYS_print_cons),
FEFATH MOS 1 RFELI THEX N SEUFR N RERAS, ENIHUE LAE include/syscall.h
Hro

AT 5 1 2R AN [R] S 865, ARG 5 AU X 20 AN TR 2R e Y R T — A A o
msyscall —3tf 6 N2H, BRAGIHH T2 msyscall BEILA 5 MSE, XUSHE RS
P T 2L NI 2EL, N2 2800 RGO AT Z I 2880 (syscall_mem_map
AT 5 120 .

BE YRR, XS HGT TR AT N P S AZASHIIE 2 X B s 2L MIPS HY
PRI T o

£ MIPS HII FHRTE T, BEA BRI Sl e fig B M08 (R M7 Aoz s%e &
HREREE. IREIME. R RBES RO 20, ER B SR e 2t fig sk
(k) RBEHOX Ao 23 [8], FATHEIXE > 25 [AFR M (stack frame) o T 1E H S FRITAY I
FRT A M P SR AR IS B s 18], o D7 A T A A Fh s S A
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BE—2, MIPS Affan i HATEfet, T Fdr $a0-$a3 F T Bk 08 1 1Al Y124
(EAERR AT E N H AR 2 ), FROSEAFEBRAAERKS . LIRATH MOS #1/ERS5 hl,
msyscall PREL—2LE 6 D2EL, 7T 4 DSEEH syscall_x HIREUTAIFEAN $a0-$a3 AFfEde
(FHEAL 2B ) RO EE 16 I RIZESR] (AESREASEWIE), J5 2 25
SWHANEPE = EZ B 8 FHERWN (AT FaES), TRELRI 24 FHHZERMHATS
ik o C AN X LE FH IS FE & i B Shdm i AT gm A Cns , 3R A 7 A% )55 2 i X
HMCRAERI P BRSO ARBR AU 28U HEE S WE4.2:

Stack Registers

param_6 $a0 (param_1)

param_5 $a1 (param_2)

param_4 ({{FREAZ(E])
param_3 ({FREA=IE)
param_2 ({XFREE=[A])
param_1 ({{FREAZS(E])

$a2 (param_3)

$a3 (param_4)

Stack Frame —>

K 4.2: FfrmfEErEl

24 user/lib/syscall_lib.c H & LAY P4 KEL syscall_* V8 msyscall I, e
PLERS AT, W EERA NI RG-S LA HAAS M E AW L E. N REKMA
i B 5 P 23 [ Y msyscall BREL, XM eREBCA R A i, ol Ui 4> R EUR T 2
SRR, RFBEHATHEES syscall RFEAWZSIFAEA IR AR5 IEHIRE RIAT . 3EER,
syscall 84 @A VFAEIERRY T FHAY

1’5 user/lib/syscall_wrap.S ' msyscall BREL, fif5HF#310 RS
LA AT LAIE W T4,

FEIIL syscall RSP ANEA)E, WA Pe A frdrfi i — > N P E 1) 57 0 b
A Rk, R —FERUAAEA DN handle_sys HEL, BRAE
kern/genex.S HE AN do_syscall PRELHTELEL , FRATTFEE L kern/syscall_all.c
i}% do_syscall @é&o

B EAR, A NSHEREFEAZ N DR 2] 17 55— s, AR A tkds
B $sp AN ER P IHAR . RGN EVHEINESE, AREAFTERERPEREN
BITHIARFEIMZZE (fF kern/entry.S il SAVE_ALL Z5¢)K) , WG AERFEEH IR
RAFH Trapframe, [RIMFATIEARME B RAF AV EEHARAARIBUT 7 2 AL R (E (B :
FAFAT $a0 A et EMAFAEMNZEEN TF_REG4 (sp) 4b) o 4 NAZLE handle_ JTLAGELHE pE
HOh R SERRib AT S AL R C eRERR, XM EARE PRV E NSRRI X A C AL, AL EAT
ATLME C 1B F HIEd X struct Trapframe * SKARHUH S H 124
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WA RS AL B

void do_syscall(struct Trapframe *tf) {
int (#func) (u_int, u_int, u_int, u_int, u_int);
int sysno = tf->regs([4];
if (sysno < O || sysno >= MAX_SYSNO) {
tf->regs[2] = -E_NO_SYS;
return;

/* Step 1: Add the EPC in 'tf' by a word (size of an instruction). */
/* Egercise 4.2: Your code here. (1/4) */

/* Step 2: Use 'sysno' to get 'func' from 'syscall_table'. */
/* Ezercise 4.2: Your code here. (2/4) */

/* Step 3: First 3 args are stored at $al, $a2, $a3. */
u_int argl = tf->regs[5];
u_int arg2 = tf->regs[6];
u_int arg3 = tf->regs[7];

/% Step 4: Last 2 args are stored in stack at [$sp + 16 bytes], [$sp + 20 bytes] */
u_int arg4, argb;
/* Egercise 4.2: Your code here. (3/4) */

/* Step 5: Invoke 'func' with retrieved arguments and store its return value to $v0 in 'tf'.
*/
/* Egercise 4.2: Your code here. (4/4) */

Thinking 4.1 855381 T Ta) Y (@] -
o NAZAECRAFIIIA) Y I3 A2 T 0 3t 6 T VA0 FH 27 A7 ) 2
o RGN PNAZIH S T LA S B $a0-$a3 ZHCEAAa H15 2 H P 8 msyscall

BT HIE R ?

o AMTREAMENLL sys HLATREL “UN” FAFAE T A I H nsyscall BRI
HIZEHY 2

o WA ARG HNIEREX Trapframe i T WFLETE 2> XFE BSOS B Y H P 2S94
W42

FR#E kern/syscall_all.c HHHEN, 58K do_syscall BR%L, fH1FHIZES
530 R8I AL AT LAIE & AR

e 8, BRSO RIALE 4 al AR TAE, 8P RBATERTILA BAAR) 258
P

107



4.2. A2%WEM (SYSTEM CALL) CHAPTER 4. #%AM 5 FORK

4.2.3 EMRGABERHY

TE T RGNS, B FORATEIMIL D RS« kern/syscall_all.c HESNL T —
RYNRGTEA, BN MOS ARG MEMAGHA, [FLLM IPC 5 fork HLHIHLLAXLE R4 1H
MVER A

HRKNTA sys_mem_alloce XAERELMNEEIREE S RLNAE, FIRAI0L, HARFA]
DL I IX A R G0 25200 e T R VR R RE DL A2 23 [ R 29 M S PR M BN A 6 TR AR
FFARIMANE, 2RANME T ENAFT R T — =6 e THRERZNZ R, &
N RERRIE SO LB AT A3 [R] S B R S SE R B A A AT, AT AT DA 3 R A DT
SRR N A AT A (Al o PAZIG B I A8 AN HERRAR IR 240 (envid) SR E A HE 3% K 1432
FEo AT [F] 22 AT 1B JSUBERE R 0L DL T e St AL A BN A FRIE AL . FRATTIG T page_alloc,
page_insert RICELAFS BOMMLGT DU « 58 BT S & DL A& 2 [ RE
T NB REAUHBIE Y 22 A R 7 ik, SR TN A B, R B A RS -E_INVAL.

sys_mem_alloc #52 PRI IRAF (envid) EAZEL, B envid2env BREURTS
7 B IR

2P kern/env.c Y envid2env PREL.
SEILE T — AR id ARBOZ R HIH A ThEE. 278 ATLAFIA include/env.h
H 22 R 2L ENVK Q) o

Thinking 4.2 % envid2env FK%{: Af1 4 envid2env FFHEFIKT e->env_id !'= envid
HE I 2 IR XL A & & A AT A8 L 2 n

SCHL kern/syscall_all.c 1 int sys_mem_alloc(u_int envid,

u_int va, u_int perm) PRZ{.

HUE sys_mem_map. X MEREINSHIRS , (B RERE: SR bl 23 (7] o A
IV PN A7 B 3] R R 1 A B bk 2 [ R R R LN b o iR, I R S — T
BN A2 BARANEE . B8 HERIER AR, HUOR B AR B JE 40 DT T80 b
MSChR YR UUTA, B Jm % P PR U TE S H bR g A N bk 5 i S RO RT BT RE 2 A R AL
page_insert, page_lookupo 3¢/ IETT EAGA REMLHIIE I GIEE : & AR RERLHBIE B 24 A
R P b, SMASEEAT DUH WO 4, 1R B85 A0S -E_INVAL.

SCHL kern/syscall_all.c HHY int sys_mem_map(u_int srcid,

u_int srcva, u_int dstid, u_int dstva, u_int perm) ERE

KTWNAHAIEA 1 EEL: sys_mem_unmap, 1X1 ARG A DI RE AR BRIE A PEAE bk 25 8]
PANAEAY BN A Z (B HI LS 5 R o FTREFH K%L page_remove.

SEE kern/syscall_all.c Y int sys_mem_unmap(u_int envid, u_int
va) FR%.

B T SRR AR EON, 5B REHHREUE sys_yields X REHYIIAE
RESCBUH RS CPU RYRLFE, MR H A gERE . T LARI AT 3T E 459 5 I 1 R AL

schedules
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4.3, #ARBEIE (IPC) CHAPTER 4. %%iAM %5 FORK

SEI kern/syscall_all.c H'HY void sys_yield(void) BRZ%{.

2, FATREMSHE— L ELRRIRE S R R A5G R FFARXS AL - AR AR AL LR AL 1Y AR e iR
i, FAPFBA DR 2SR (D0 H sttt , AT E2ERE £ 3L (Trapframe) fRAFE| R
R, JORUHRBINZAST, AT T Lo A ARD . ATLA, AbTR AR GE R A A R
REELRTBRRRY, X RARGAM . TLB ShACEE R 5 5 I op 0y 4 5 20 S B AR 0 X1

SUAGHME, WAL UGS IHatr PR, R R PR P S 6
SO T

4.3 EREBEEHLEHE (IPC)
BEREALEE L] (IPC) 2N I EZEAHLH L —.

Note 4.3.1 _EMZER, WA EHRN T — M. MBI EREESRIERS
RIS S RGP 2 RSB ThRE, BB AAZ, 1RO P R ok
S X, BIGEEAIAE, AR RERIFSE . HALR HIRE s BhAR (R 1 (R
KGRI R G AT ST . B, FEMAZF IPC 22—+ EEAHLFH.

IPC HUHI Y SEBLEE B AT GATAREMRL, Rl AN ML 7R MOS #/F
REH. IPC HUR SEEBUEAFIRNT RS P SRR 2 WA 7 ML B ARE ), e 2Esiil
fork. SUPF ARG EEM shell BIAERKRR I RIEZATHISIE, FATREWSHHERTZ:

o IPC MY H YRR AR )R] LUE{E

o IPC W2t RGP AR SLEL

o IPCIESFRRAYESE. TS FEEA X

Frigil s, fEMA— PR AR S e . AR TRER I 1L — DR RE I B (L
B M RRE, LR R EARA T HEBERRES ot T X LegERE By Mkt =5 [A) 2 A2 A
Mz, BEARLEEE, AT EATMEIE— = B P R R AR 4R S — k= E] .

FATRGE, Fra R AL S E AR (EEEN kseg0) o B, AHEAEA[FZS[E]Z
RISt , FRATHAT LARE BT NAZ 2SR SE T A0k 7 BEAR W] LUK St AR GE 3 T A9 TE A il
FEBERR PRI A, BT BERR R AR AR GE R A 5 AR BERR A i B rp B B O i, OB
[l o

struct Env {

// lab 4 IPC

u_int env_ipc_value; // data wvalue sent to us

u_int env_ipc_from; // envid of the sender

u_int env_ipc_recving; // env ts blocked receiving

u_int env_ipc_dstva; // va at which to map received page
u_int env_ipc_perm; // perm of page mapping received

I8

FEFERRE R P RATEE] T RATEERY N
env_ipc_value biR e B i) E/]/E:M@Eﬁfﬁ
env_ipc_from KIETTHIHRE 1D

env_ipc_recving | 1: SFfFEZEMRET; o AR[HEEZAHRE
env_ipc_dstva | FRUREINY DU TR 25 H B 1) WA HEA0L 0T T 52 i ke
env_ipc_perm 2358 1 DT THT AN R 14
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HIE T X2, FATHAMELIL IPC HLA T NIRRT -

SCHL kern/syscall_all.c HY int sys_ipc_recv(u_int dstva) PRZFI

int sys_ipc_try_send(u_int envid, u_int value, u_int srcva, u_int perm) BX BRI

TE BB SO R APRAS )G, RLE e BERA S o
sys_ipc_recv(u_int dstva) BREUHTHZIHE . fEIZRET:

1. HHRZEE S env_ipc_recving IKHEN 1, RUIZHRIERSHAZ LIXTTHHE
2. ZJ5% env_ipc_dstva JMH, KWIH CEMHEZ IR dstva 58 HUET

3. PHZESETEERR, RUE S ArgtR AR BN AN AT 1247 (ENV_NOT_RUNNABLE)

4. FJFEE CPU CGHMIARR RECE R AT, S A0 ks Akt K

sys_ipc_try_send(u_int envid, u_int value, u_int srcva, u_int perm) PR T

RIEIHE:
1. R4 envid HEHN IR, RS EIHFEA PR (B8 env_ipc_recving), Mk

2. 0, BRECRIR-E_IPC_NOT_RECV, R/~ HIREFRRAAL THAZRAS

3. THERFRCIERR B RRORES , R AH BRI N FERE A I, 308 Wy DT Y B 5% %
4. BHBOHREE S P AR, (RS2 Bifa A BERE AT AR 2R121T (ENV_RUNNABLE)
IPC HUREGRE S A5 AE 4.3 K
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4.4. FORK CHAPTER 4. # %M L5 FORK

user process A (send) kernel user process B (receive)

© O Q

ipc_recv
(user/lib/ipc.c)

syscall_ipc_recv
(user/lib/syscall_lib.c)

sys_ipc_recv l
(kern/syscall_all.c)

set process B status to
ENV_NOT_ RUNNABLE

...................... schedule
PR oneae

ipc_send
(user/lib/ipc.c)
1

| syscall ipc_try send \

(user/lib/syscall_lib.c)

N

sys_ipc_try send
(kern/syscall_all.c)

set process B
status to

ENV_RUNNABLE

eturn value is -E_IPC_NOT RE

K
h—i
g
E=1
g
5 A
< \
s .
£ '
g .
°. !
7 H
:
=4 1l
:
'
H
'
.
'
:
.
.
.
'
,
:
'
H
'
.

T schedule .
R 1

K 4.3: IPC Fife&

EF—RE, ATERMIHP R, SKEMEH srecva B o BT HREER AL
value {H, IMATEEHBPBLIE, AT, 2 srcva AN 0 B, FATA LA BERER
TUIATRGT IC R o INAESR 5 AR % BR BN R 20 SR O«

Thinking 4.3 B2 NHEIA R, FFRHXA AR RAR B3R . 35 kern/env.c X

W mkenvid () BRELHISEIL, ZEECALIRIE o, WHEG ARG WA IPC FARILH Y

envid2env () BRELAIFT N BEATIRRE o m
4.4 Fork

£ Lab3 FATHRENE, WZET env_create RALOIE — e, (HARELL— P BRG]
AR, RATHFREET R, 5L fork ML T .
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4.4.1 ¥ fork

fork, EEMIEIFERENXTHIEE, MAERERZEPEERS XHEE, S — &)
, BE—DMXO, SEREAT—HE, fork SR N fEEIERAEY, —DiFFREAEH
H fork () BREUS, M XECHPI N BRRIE T, HH# ™ A RO AR R FERR o &)
THAERS, THREIFRBITI BRI > B R SCRESS FHREAER, AFERFH fork IBITHAY
M (RLFEEH A A AR P TS PC 45) o TEBTHYBEREH, X — fork () WWHHIRIRIMEA o,
MAEIRRE, Wt &g e AR, [F— B RHE R T3 env_id (env_id —xE KT
0) 2o fork fEACF-BEREF A A AR MEX —Fetk, LEFRATREASAEACHE T fork Jim MK 4 Hif
FEACH RIS & PR, DIST AR 2284, th AR Ree 5 R gt T il (5

RATRES M, fork PATITR N ARNERE K — DAL, A — LR —
ME— R IR AT 2 e ? 5L L, fork /& Linux #E R H Al Frib s F 28 77, M
S IRIBAT RO P BERE , A T-REREAIAIB G E T 2 o KA 7 HERR T BRI T Ak
FEREB R, AGHEREALTT LURYE fork ARIPIAYFHERE ia, it HHAM Rgei: 0 isH HAT .

1E Linux 11, 5 fork &% —lHE), 2E&HN exec M —RIAAMH. BLMElFRIF
WAEWRFFEITNG, BT DHHRET . GEERET I exec, HFRERIMbEZSR] (PRI
WA R ESEE) MRS, e i —otfsGob s g s A B, Amik—MMN
SBEFTRI R FT R HUMNARZ o fork HY P WA HEAEFRIE fork-exec, 1H7E fork AT
P exec, MIMAEGIE AT HIZEI T — DT

AT LA fork RN RAF AR 2, FRATFHRM— A/ NEss, SRy
Linux ¥ Fiaf7— R,

fork test.c

#include <stdio.h>
#include <unistd.h>

int main() {
int var = 1;
long pid;
printf("Before fork, var = %d.\n", var);
pid = fork(Q);
printf("After fork, var = %d.\n", var);
if (pid == 0) {

var = 2;

sleep(3);

printf("child got %ld, var = %d", pid, var);
} else {

sleep(2);

printf("parent got %1d, var = Jd", pid, var);
}
printf (", pid: %1ld\n", (long) getpid());
return O;

}

i gee fork_test.c && ./a.out iBfT— I, RIGFEIHHIHNIZW TR (pid ATREA
[[):

*fork RMAITEILT, TRERALHAIHE, HAQHFEHRE/NT o AR EIHE.
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FRATAIX B {45 1A AT LARIREIR Z HE S, FEan AR LA
o fork ZHI R AL,
o fork ZJ5, T HRRFEIMNIFHEIAT fork 2 JFHIMALEL .
o fork TEARFIMFEREHIREMEAR—FE, £ HREFIREMES o, FEAGHREHIREEARA 0,
MR pid (Linux F#RELEN id, KLIT MOS Y envid)o
o SOHRERFIERE BAMR G EAHE], AR S SO R AR Y.
M ETER/NSEEG RAMBRER ok, IR SLRR bt 3 A RE A AL BE S N 40, ARt
T BT SCERRISVE AR T FEB R 1 o (HRDAEQNLL, A 7Rt R AR 2 ANH BT -
Thinking 4.4 KT fork HREHIMMREME, NHEHBEERTE:
A fork FEACHEREFBEW PR, 7AW R FHE
B. fork fEM MR RHIBEHA—X, AR FERR EHE
C. fork HAEACHREFHIA T —k, EWDFERFE4E— 1R FE
D. fork RIEFHREPHIAA T —k, MWD& E— R IENE u

FATEEMAE— TR fork LML P AT REFR 2L H e SL LR SO, A4
e kern/syscall_all.c:sys_exofork PREL ,8ys_set_env_status PREL ,8ys_set_tlb_mod_entry
PR FRA TIX T EE 58 I PR o

e kern/tlbex.c: do_tlb_mod @éﬁﬁiﬁ%ﬁkgETE%M@E@E’J*H%&E, @%&Tl]ﬁ/ﬁ%ﬁ
& SpANIEE e

o user/lib/fork.c: fork PRAUEFRA X RS 1Y E T PR AL, FRATE 22Tk 58 X 1
PREL.

o user/lib/fork.c: cow_entry FREAUESHTEHIAFEA KL, tLEANEZE S do_tlb_mod
R EI B %L, AT PTE_COW AR DURIFATAL T, R FRATIX 7 2258 i ) T2 22
PRELZ —

e user/lib/fork.c: duppage BRSO AR XS 1B DT 2 R A T e AR AR KRR R 1
MR, RBATXR T E S M FE R —
o user/lib/entry.S: HIFVHFRRRIAL, 2IRANTIXIRFTE TR RECZ —

o user/lib/libos.c: FASTHREALN C BT T, MITEAEATH I REF nain BIEH
WERFIEHE TR, R2FATXRTEE T MR —

« kern/genex.S: W ICIFSLIL T MOS WS AL, BIAAZHNTFELIMNEL, H
SRR PO AT 152, PR T AL A AR

ARSLHGH MOS REEH) fork BRAURAR KRN 4.4 Fron, HAr BRI R AL 2 X AR
LRHMESS, SRS 4.
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parent process

O

fork
(user/lib/fork.c)

\ 4
syscall set tlb mod entry
WHEACKH TLBMod 5 AbHE o 45
(user/lib/syscall_lib.c)

A4 child process

syscall exofork |
(user/include/lib.h)

Y

ff/ duppage EHHhEZEFFrid cow
(user/lib/fork.c)

NOT Runnable

\ 4
syscall set tlb mod entry
BEFHEFL TLB Mod 538 Ab 3 R 4%
(user/lib/syscall_lib.c)

Y

syscall set env status
(user/lib/syscall_lib.c)

syscall set trapframe
IEHIBAT WE 7
(user/lib/fork.c)

A

TLB Mod cow_entry TLB Mod
(user/lib/fork.c)

A

do tlb mod
ST UXSTACKTOP Ji¥ EPC WE N curenv->env_user tlb mod_entry
(kern/tlbex.c)

K 4.4: fork MfEHE
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4.4.2 SHEEHEIHE

BISCH, FRATHNE TR fork J5, TSR AR HINEZS (] - A1 CRS BRI S B 2%
WA HTLE fork Ja, A0 T-HFRER O B W AR DRI S ERE T T =N &k
N Z A2 BRI o

WRIRAIE fork BPIGACIHERRE IR [A] 1 A N 25 2B E R BIHT IR UL, S IBRE R
LN AT XS 7, IRAD B S, ARl H RS K T 5 o X TR AR DU
BAIAERE R T C AT TR S, AR LI SN 17

SEERIL, AT A TR LR AT REZ MR N 1T, TR E5I A —Fh B RtE #l (Copy-
on-write, COW) #liilo 7E fork I}, FRATH TR Hbk=s [ o pirf Al 5 TURR I A5 I & il DT
A AR Bl R 5 I I T UE AT B AR, RES Ak — R RE. BMERSAE S F AL
B, 24 e R i ] 5 N 0 RE R R B A B DT, RS E B RN A, S FRE R P
FEFF, X EC A B DU 75 N o IXFRMLEIM AT A KB T A B N A7, Wb T
ASAEL A ] o

TSI E ISR, AR EAE B R S £ MIPS H, YRR F 22 E AR
PLTOF. A TLB W% H PTE_D AR, &% TLB Mod =4, #AZGHAZINEZ . BT
o7 F) S AR FE BRSO FH AR Y, BRI TR ATT 0T DA P 2 R SR 5 1) 2 AL o

FATAT LUK 5 2 ) SR PTE_D AR BN 00 MR SEX NI, A4 B, (224
PREEIAE XA TUER, BT PTE_D 4 0, FrLA&filk TLB Mod F# . UL, FRATHLATLATE
S AL PR R RE A DTSR B TR TT, SRR (H AP TR N 25 A SR R T
Ho JXFE, PR ERR I AT 45 F e BN 93 0T 1o 2 SR ERE BRI AN IR DU T
o, A HEMEET .

W, AT XAEIER “Hi” T “SHE6” T, RAFZEFH TLB TR
B0, BIABHIFRENSL PTE_COW. 7£ TLB Mod F952H AbERBRECrF | A i 12 5 (4 LT 1Y)
PTE_COW A 1, FRATHLTRZIAT LIRSS HILbEE, RIS EC— 0B B 0T, 445 I ) T
TP 2578 DLEX — BT, SR e B2 223805 % DU T 530 R

ERATH MOS #IERZ L, SRR fork I, FHEXTH A MRS AN A7 T ,
WE TR &AL PTE_cow HEUN A G AL PTE_D, PASLELGHEHIE . EXFERETTT,
FIREF AT LR EUCH fork B AR N AF MRS SE B E TR T b, LR TR
AL B E R H N

4.4.3 fork AR E{&E

TEFRATHY MOS #AE RS LH, FEMRM A — SUERATEIH fork £ PMHFSREL,
fork BALPFFEAS T 7B RGP R e T AR R ThaE . Hrh BiZ ORI — 1 RGE I T e
R 1) syscall_exoforko

TE fork HYSEHLH, FRATEEITHIM syscall_exofork MR [EMERIRE fork IR [HIELL
MIGEEEE, A A ARSI

envid = syscall_exofork();
if (envid == 0) {

/7 TR
} éi;e {

/7 XatfE
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BESA fork MY H HIRAHFF AR T LM FE ANafTIRAS, AT LA AEIR | P 2S
i, AFBRERIZ D T FRER IR S TR, RO T AR 2 A AR G810 P Hh o [l Fisf
WE B, AT RN R AL RO R E B . AEBGWRE G, AT R # 2 NN IR
M%) msyscall BRELH, TSRS HRAFMHE AR IEME (P $vo FFas1IE) AR X—iR
W] {H B J5 T [ 2 syscall_exofork fll fork R, i fork BRAULEEX P PAE o

T SEIX R, RATREFESE LI sys_exofork HYJLIMESS, FfEEHEL—RniRE
FERIE, ETREN — S Y HT R A5 B AR RRORE 781X 2 il B

BT ZEH i SATeE RN T (R T30 Trapframe 217 RE R BERE T2 ]
ﬁ%qjo

REMEAX XTREWAARSRFE MR EER, B R RGN ZASIR R
envid HAEEBLACHERE, X 7itfe, WFHERHIG TR vo FAEGESH 0.

R BRATUIAARELL TIHRRAE QRN syscall_exofork i[85t ELEE#E I JE
AIX i B I B T FE o eSS, BT LAFRATT 75 204 & AR A48 ENV_NOT_RUNNABLE H.
WG E AT FEBAF

HMER ME Env SHRRILEN, B MO WL BETR B TRIIa M, XS B #)
URE N Z kR B A B IA A (e, MR F B AWtk & a4 5% (.

env_pri)o

IHIRE LIRS IR ACKE R 7~ , JHS kern/syscall_all.c HHY
sys_exofork %,

ﬁﬁ@%%@ﬁ”ﬁ B/J l‘ﬂ%ﬁZE , QE??E@E"‘U%%\EU% 5 M syscall_exofork ‘:Plfi 1)

4.4.4 MU ERES

MOS AR 0] B B A SRR E | T/ user/1ib/1ibos.c AISEELH, F PR EAES
AN T2 — P 23 [B) R 9 H8 4T AS it struct Env *env 18 F) 24 ATEERE 426 . XFF fork
JEFRE, CRAT N SCERREIM BRI BRI R S — R B I (448
IXIIEARAE fork BRALH) TFEXT env FREFUHTHRT, B4R 1A Y AT RIS T . X —3E0T
RSB AN env f8EH AR IA LIS REAHR], ELAEERAT

1. BN RGBS E M envid, SRS s i L= syscall_exofork y A IR
0 1H.
2. WRIRHAFH envid, THEXT M BFEREIS TR T AR, X0 07 B9 3ERE I TR A FE 51 RZS envo

PO, AR TR ZoG it 2 R S E S FRt iR R Z M TTE M 45 iR, X TR IR TR
SCHFE RERY P8 B, i AL duppage PRACK 56 X —1d#2 . duppage I, *f
TR LA AR DU B ORI, fFERFZMFHZMEZ N L pTE_cow iz, FBTELE PTE_D
FRA&GAL, DASCHLE &R

Thinking 4.5 FATHARIZX AR P 2RI duppage #EATHEST . R4 5 HE

%)ﬂFé[EﬂﬁFjoHﬁ%%ﬂ', R LEAS Y 1 W 2 i%éld:l:/ﬁ\ kern/env.c H env_init @éﬁlﬂ‘ﬁtﬁl’]ﬁ

ML include/mmu.h B P FAT 5 B LR AN EE 1 J5 SE R 4T 2% n
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Thinking 4.6 &3 i bhk 2 (B BT RIIN RFFEAE S vpd F vpt XWMEE, #S
% user/include/1ib.h FFRYMHRE XL, I BIZX LA AL :

o« vpt Ml vpd HIEHI @42 EFEMEHEAN]?

o MBI B — T AT AR RB IS I IR T ORI B B TSR ?
CATRAREL B W3 2
o PEREREMS I X7 ORI B O TR ?

|
£ duppage PRELH, ME— 2RI Ay — 2, B EATAN R RO B9 DT FIAN R 9 7 gk
FTAbEE . PRATRES BRI LFHME DL :
RigEmmE T AEA PTE_D BMURNMLIITE, 4 MAAFEIER (Hik) Bbgrss FotRaim.

SMEHTE MEA pTE_cow FUPRAZATIUA. X TUAEZHHT fork I duppage MI4E
R, HAEARK fork BIIRAM G ANid.

HETE HAA PTE_LIBRARY AR AT o XK TR T B L W SRR A, HIFE

AR R I B AH R PR DT, O H B T M S R 0] e £ S0P RS0 B 5K
Korp, BATEE I EIRHEAY DU -

AISTUE HIEA PTE_D BUFRAL, HASTA LA LER IR 0 DU o 33X 28 DA 7 SR AC BERR
TR IR R d ) PTE_cow AUFRAL AT -4

EGMIER LA _LiRHRR , ¥HE user/1ib/fork.c H'H duppage ER%EL.

Note 4.4.1 TEFP ALK fork HAE—DMETFHIEFRE, FrilsBEl—BIHE (Mg
1t duppage Z BIHIMSA]) FRATEA HRAT M AAR A2 # TR B S A #I A IR AP, 72X
— BRI R AME S (& A& 7 HAMB R EOR ) , S FEM B4 syscall_exofork
BRECR FH AR Mt o R [T ik BT 25 o X — (RO T A RE R U S BT Y AR, SRTIXS T 7
RSk UL, X SN RNZEFEM syscall_exofork iR B I Bk 21— /R0 HUAT
ALEEK panice HJAVRIAERA 2 AR O it — MERER I goRIEF XA R 5H
ARG RECAT], syscall_exofork & —1WHK (inline) HYRREL, HLmiRiiix K%L
FASHIRIEN—REL, MEEZENKEIE fork KEAUN. ATLA syscall_exofork )
M AL T, msyscall RECEEARIPIZE]T fork KA, WX RIEEARFLT .

FESE RS R FIRIERPHLEL S, EARELL 7 BERR AL T RESOM L ROIES, OB AR EIRA
HALRITHE—— NG R EHIFHE R TS N E PN %

4.4.5 MEANRE

WAZAEAH RS — AR ER T T (TLB B ) AT, BRI 2] 0 20 ek £
handle_tlb 1, XL 4aRELHI SLHLTE kern/genex.S 11, 1HITTHH do_tlb_refill BR%L, 1E
TUERH T, B HBIEE A TLB JHR R 2 H PR B S bk, BRI 2854 .

RISCHIRNTERE] T S E 6 (COW) Rtk , IXFRptE &0 TR A3 i . YHP RS
A—AE TLB HHARIC AT S A (JE PTE_D) WY BUAIY , MIPS 2 AREANFE (TLB Mod),
FATES T A P M T — 1 B4 handle_mod, iIX— RIS B %] kern/tlbex.c
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FHY do_t1b_mod BRELH , IX A BRAIE R AL EL IUE NS TN AL R AL XS TR B 5 I E I (COW)
W, FATATHBEEH PTE_D fric, FIMTAEEANIHE Atk do_tlb_mod H1HIALRLE 4 .

RATRES KB, do_tlb_mod FRAUILT-H AT I MG COW HILLEERIE. 3L b,
FATAT MOS #RAF RGN Z R BETT B, ST REMCRE DI RESEINAE ] P as (el Horprh fdh
TIEARFAAE, RS AE B RE AR AT 58

INRTEAM P S PR E AW A, 2 AREE R EREIL NP (K2
KAETUGN SRR REE IEFARAI TR, Br AR SRR 28— B Y HoR P T AL BERE Y
FAHEX AR RELIREE, ERIERTIU B A A A R Y UXSTACKTOP. IHA1, PZIE
BB E Q%Eﬁﬁfigéﬁﬁﬁﬁ:i@ﬁ, Eﬁﬁi@ﬁtﬁfba:ﬁﬁiﬁﬁﬂﬁ%m env_user_tlb_mod_entry
b, XAt R R AR I RGP i

R, #EE— T BN, AT MOS #ERGEH, ALH TS A5 W B RERRE il LA
M

1. ARk TS NS, FAFINEZ YA handle_mod, FFHE#4%] do_t1b_mod PR%H.
5

=)

2. do_tlb_mod FRZLMATTIG 2 1 L R 7 AL 2 b AR b, JFIXE a0 M EPC A fFar i

i, 5N REE R LS B R R AP IS (Trapframe) NESEL, BhHL %
env_user_tlb_mod_entry I (7 P& R B Ak

3. MSHEERIR A, BRI S b F e 8o, P R e o0 1l B I A 4604 1 SLA
M,

AP COW I, FRATFZLENHY DTS A5 5 P AL B R A UE fork. ¢ HE LI cow_entry
PR ﬁﬁ@%ﬁiﬁﬁ%ﬁﬁ%ﬂé&fiZE, 5 25098 H syscall_set_trapframe TREZ SR AT
TR, HrbtEds sp M1 pC T EasIE, 15 H P BRFIKERIT.

FRAE_ iR HR 7R AN ACASIERE ) SEAL kern/tlbex.c I do_tlb_mod FRZL,
WEFRFR B EPC A fd HIMH.

Thinking 4.7 TE do_t1b_mod BRELH , VRATREIERER] T — 1A F i AL BRAR S 1l Trapframe
BITISRERE, 15 B R 2 LA (A8
o XHII T ASFFEAT “BEEANT MMM, MAEM A ES HBLIX R R E
N2
o WENHATFEH R FHIIMY Trapframe & 2| /25 08]
[
TEFRATE R fork PREL, FEH syscall_exofork Z i, FAIFE(HH syscall_set_tlb_mod_entry
@?ﬁ%&ﬂﬁ 5 %H@ﬁgﬁﬁﬁﬁfﬁgéﬁ , ’@»?}E%?Xﬂ]ii?&?” E]/] env_user_tlb_mod_entry ﬁz
T 1A A P AL B pR AR X B AR T R S RN A SRR TR cow_entry. MRIDTTE
TELNAZ T R FHALBE R AL sys_set_t1b_mod_entry, {4 FIEHIERE] env_user_tlb_mod_entry
BN NHIZEL

SERE kern/syscall_all.c HY sys_set_tlb_mod_entry PR

FANTIAERTE T B NS AP 2R B2 P25 B cow_entry BREL, FRATFRAXD
PREL AL 4o
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static void __attribute__((noreturn)) cow_entry(struct Trapframe *tf) {
u_int va = tf->cp0_badvaddr;
Y/
int r = syscall_set_trapframe(0, tf);
user_panic("syscall_set_trapframe returned %d", r);

3

MR, WS — D SECR NI ER, AT R esited, Bam—"7rhnZ
y=Riilk $3:0 Trapframe SERR I EER . L REN Trapframe HSEHL T cp0_badvaddr TR,
XAMEWIER CPU WER KA TS AR WAL va, FRATATLMRIEIE ki 25475 i A2 i 4k
Mo fEREUNES, HHARZMH syscall_set_trapframe K& | AFHIHL.

Thinking 4.8 ZEHASUAEREARY, HETENESOEEE T 4LH m

PEIXE ) FRATER LI cow_entry HHEIEUATERAIERD T o MRFR EE58 X LEAT-55
1. MR vpt B va IIAE DAY DRI, FIBr HAREM & A6 S PTE_COW, A&7 F—2%, &
W user_panic() 4.
2. A BC— B B I PR O G ek ucow, {8 memcpy ¥ va TURYELHEFE ULE MR 5 BC
T
3. KA ATV N SR bl va WS EIGH DU b, R SOE G ) T AR RN (RIZBR
PTE_COW JFKE PTE_D), SAJSAARRIGM Mkl ucow AP 7RG o

'S user/lib/fork.c H] cow_entry BR%{,

Thinking 4.9 EEEIFEZ LT LRI
o M ATEEW syscall_set_tlb_mod_entry FA) R FH i A syscall_exofork ZHI?
o WMRMEASNE R IEI TR G SA BRI ?
m
RN THFEME A syscall_set_tlb_mod_entry, % E TN I1E AN FH AOH KELCH
cow_entry. mo, SCUHFEIEIT RAATIH syscall_set_env_status WE FUEFE A A LUSTTHY
KA NP
sys_set_env_status @?ﬁﬁj,ﬁﬁ%%lﬁﬁﬁ*ﬁﬁ%ﬂﬁ%m env_status tﬂ/i,ﬂz%"%ﬁﬁ env_status
M. ENV_NOT_RUNNABLE #%#§i°f) ENV_RUNNABLE 442 BRI A 1] SR b, ez )
MEER T B o

JH'S kern/syscall_all.c H[1 sys_set_env_status FFi%f.
YEENX IR FR R — T B, fork HACHIEAE syscall_exofork )iy i XM i i1
A:
L. Jm AR Mkl 2 ), HETT duppage.
2. BB TR SR RE, BRSNS R AT AR A
3. WHE TR env_status, FLYFHMIHE.
B EG T URER envid 1R[], fork BRAGRTEM T -

119



4.4. FORK CHAPTER 4. 2%#AMA Y5 FORK

S user/lib/fork.c FH] fork EHHL,

K 4.5 ZIUEAFHACHREEE, Al /A EEE AR CIH S N 2% .

kernel init /

user process\

O On Kernel Stack On User STACK O
p init exception handlers
except ;01'17handle:s [1] = handle_mod
exception_handlers[2] = handle_ tlb
exception handlers[3] = handle tlb syscall set tlb mod entry
O (cow_entry)- P fork
]
4 syscall
I »
env->env_user tlb mod entry = cow entry 0
duppage
Page Table P
D Vv |COW . (mark some page COW and
0 1 1 do_tlb_refill remove their PTE_D) X
R }

N
TLB
i— 5 -E v E first 1w/sw one COW page }
Lo o - - = I
o N
do_tlb mod \ les
copy trapframe to UXSTACK save regs sw this COW page

@dy in TLB but not writable)

f cow_entry ‘r \ TLB Mod

check page's PTE_COW ¢

. p finish sw
Copy and Map COW page to a new physical page ¢

SET PTE_D, REMOVE PTE_COW § restore regs with syscall set trapframe

/
\ On User UXSTACK / \ /

A 4.5: T A S A E R

4.4.6 {FEHHAPRERFHTUR

BT LIS user H3E T tltest.cy fktest.cs pingpong.c M, MWEH TR
Fr, MRS H. IPC Fl fork FIhAE:

1. £ user H3# FEI# zxx.c, A #include <lib.h>, 45 B CRINLLIZ
2. N user/include.mk WA HFR INITAPPS N L zoe. x
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3. £ init/init.c 7 ENV_CREATE Ei# ENV_CREATE_PRIORITY €I A #HfE, S%CH

user_zrz

4. make && make run, IR 3] zax. ¢ HIB{TLER

4.5 SEWIFFRER

AR N A2 MR, S @ i el envid2env_check (), FE5E/K envid2eny
J&, % envid2env_check() JIA init/init.c BPAIIEL, tHAJLA#H make test lab=4 1 B
Betgiit. KMt

envid2env() work well!

PSR — R 2 user/tltest. o, fE ARGV FHEB 2 5 U5 , ¥4 ENV_CREATE (user _tltest)
A init/init.c, /] make && make run BRI, SN T

Smashing some kernel codes...
If your implementation is correct, you may see unknown exception here:

panic at traps.c:24 (do_reserved): Unknown ExcCode 5

SEH fork E, FOM fork HITERFA user/fktest.c, 7T E b HE2HEHH
i

this is father: a:1
this is father: a:1
this is father: a:1

this is child :a:2
this is child :a:2
this is child :a:2

this is child2 :a:3
this is child2 :a:3
this is child2 :a:3

Horp =R SR BN Y 328 I B I
H— P IMKFEY user/pingpong.c FEM fork FIPEFEHIE(E, SF MW :

000QGsend 0 from 800 to 1001
1001 am waiting.....
800 am waiting.....
1001 got O from 800

@@Q@00send 1 from 1001 to 800
1001 am waiting.....
800 got 1 from 1001

00Q0Gsend 2 from 800 to 1001
800 am waiting.....

1001 got 2 from 800
QQQ@Gsend 3 from 1001 to 800
1001 am waiting.....

800 got 3 from 1001

@Q@@Gsend 4 from 800 to 1001
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4.6

800 am waiting.....
1001 got 4 from 800

@Q@0@@send 5 from 1001 to 800
1001 am waiting.....
800 got 5 from 1001

QQ@0@0send 6 from 800 to 1001
800 am waiting.....
1001 got 6 from 800

@@Q@0@0send 7 from 1001 to 800
1001 am waiting.....
800 got 7 from 1001

©Q@QQ@send 8 from 800 to 1001
800 am waiting.....
1001 got 8 from 800

@QQ0@send 9 from 1001 to 800
1001 am waiting.....
800 got 9 from 1001

@@0@0@0@send 10 from 800 to 1001
[00000800] destroying 00000800
[00000800] free env 00000800

i am killed ...

1001 got 10 from 800
[00001001] destroying 00001001
[00001001] free env 00001001

i am killed ...

5755k

122
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4.7 LIGBRFE

BE- RGREANZEH
B % _envid2env HJSEH
B % _mkenvid FREMATT
BF¥-fork MIREIZER
B PRTE B RP
B _ypt HIER

BE-TIEARE-NZLE

BENMEARE-HPLE-1
BETTEANRE-HPLE-2

123



CHAPTER b

ARG

5.1 SEIEERY

L TRESCHE RS R EAE AE R -

2. TR ARSI B S T
TR KB T

BB H SIS RIS B

5. TN RS BB ZE .

FEZ BTSSR A, AR AT AR Fe AR AR A L A7 o ZRTT PN A 23 [ B R/ A IR
Y, T HEA A A RE AR B AL R AL LE R AL IR AP AR A e G MR A i
|, BRLESNAT A B A REAS A IR R BV, RO TR B B AN R BERE () P 1723 [T AT
Sz, O 7T BT RIS A A VRO, FEBRER SRS T SUE RS 1EL
ERGEH, S REAR A RE AT [ FEA AL XTFHITE , SCPERGERT LRl 7] S Eds

M 2kt

- w

5.2 XHRZEHE

AN RS e — P AR EER A T, BT UM EREdE. SO RS
TR AL H SR A B G BRI 2R BTG 3 S M PR 28 B T B g A T A T 7 (7] Y 2
PR ASLFR R L PR R AFAERE R, (B 6 a) MR B, Ao X seim) s B
SERICHE %o (RS NHEARZRT, B AN OME S E RSB 22 R, 4 b g 2 h)
BB U RGBS TER, W A SRR EEER S AR TS SO EET

LA SR R G A T RS IS SEAEAE as, JTLE SO RIS T R B ;T
PEAN ) FREE ST RGN — Py [ B 4 10, SERR AR AR N A7 P il i W 2 Bl (an
NFS. SMB. FTP %) ##ft,

o b, —URERRIRI . AR A SRR ST R SR AT LA SO . U RGeS
T TR BRI R A S, AT R LAGE— & B AN i 4, SEI AR A g . A2 Dy AE
SRR FEARSEEG T, ATV — DR RSO Ry, Hh @R =M & i Ta 5,
RIScfeidess (file, BIBRSCHY “SCHE”) #5616 (console) FIEIE (pipe). HAT, FWEGIET
—NSEEG B Shell” HRETE
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5.2, XAk AR SR

CHAPTER 5. X# 4%

5.2.1 NXHERZREITS5EM

AR SR, AR ZSE— MR S BB S R S AU RSB IR LA

SEULN .
nBJJ :
ARiE
FFEO(fd.©
“read)
-write() VPT
-close()
fstatO
1 B
[Y‘*§§<f"1e-()] [Eis%ém(pipe.c)] [E%U/a(consme.c)] INDEXZDATACFA) | |32°PDUAP
I FILEBASE
fHEE —
-pipeO -opencons () )
.open() -pipe_close() .cons_close() INDEX2FD(fd) ¢32 sars
-file_close() -file_read() -pipe_read() -cons_read()
-remove ) -filewrite -pipr_writeQ) -cons_write()
e File_statO “pipe_statO) -cons_stat()
)
FIPMHREROLFIRS (Fsipc. ©) T
~Fsipc_open()
-fsipc_map() - N ; —
e [dﬁﬁﬂ@?@@%ﬁl, @gmmgs@mm@]—
-fsipc_remove ()
A
ipc_send ) ipc_recv()
FEFXRESS /. o
BEEFREER SRR
R ::] 3
FSREQ_OPEN
FSREQ_MAP FI %
FSREQ_DIRTY l& ﬁ mg
FSREQ_REMOVE E E
- sys_read_dev()
; |—> ksegl
sys_write_dev()
ipc_recv() ipc_send()
y
FISIRSHIZNAL AERERFHRIEN L
L
.
MRS R serv. ) X RFRBHE
-serve_open()
-serve_map()
-serve_dirty() s
-serve_remove ()
DISK
PRSES (Fs.) 0x00000000
“File_open()
-file_get_blockO BRI RIS
“File_dirtyQ
-File_remove()
iSRRI (s . <) BERREFNEE (5.0 BEEERRERLE, &
R e A ocblockO T U B T em—
-dir_alloc_fi -map_| o BRI de.
“Fi7e_nap_block() read_blockO HEEFFEITR L skaddr (b1ocknoy | BAEES G5

-file_block_walk()

~write_block()

DISKMAP
0x10000000

REQVA

K 5.1: ARG

e R E R
AR R TS ERER

1A

]

Bz

ide_read()
ide_writeQ)

L SMERFRRRIR B IREN A, P B E N B B B T A, RSCBURT AN A B
VEo N TRIXPHERAERAL N BATIE . BARGIE SCAYS 0, W USE AR B A BRI Y o AEAR
oy, FATHELEL IDE @A P SRS, IZRSh e et i R G i 5 A

WZ, XSGR T SRR

Note 5.2.1 IDE (Integrated Drive Electronics, #EmIKz%s L FiX%) AidEFiR

ATREZE3E o

2. XHRFLEH AR, T LI R IKEIRE e DL R EAHRAE R GeHh Y3
P RGEEEH, FE LB RGIRIF AR R A FERANTAIRIER S, £ HSR M ERAYE
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RGNS FEF A ; T user/1ib H3EH'HY file.cv fd.cv fsipc.c FF3CAFNIAT
TS RGP, XA et — R RE PR T, vk PR
R BORIRAE SO RS SCHE RGUIR ST BEREA HoAl ] P EREZ [RIE Labd R SCELAY TPC
PRI REA T 15 o

Note 5.2.2 MOS HHIICHF RGN SRR SLbr 2 —MafTEM P AT
IR, FOCTREN SRR 8 fE A SO R GRS AR R ALY
IPC BTN, DO BBREREREN U RS -

3. XHERGERIAPED AT, BRI ORI (A5 Ry REAS 66 F S0 i
e, REZEE SRS ARG IR LI [, FATPRE S IS RlA AT 22
TRAM SR — DRI TITHISCH, TIANLIRD S SERR Y B

AT RGBS S B2, AR TRATHEEE A 21— A2 RS SO Y E BT RE,
v AT B T BRSO RS S AMED o X LEARD SEINAE =~ H o -

o tools HEH A EMEN B THAAN . fEZHTHT Lab 11, FRATEI T ##T ELF
SCHEH) readelf T.H; & Lab W, FATKGAEHRF LI fsformat TH, FHEBIEREEH
B THIER, tools H FHUARMMUNT MOS MMgE, fEfdE Linux P (IMdE
MIPS #llds) HizlT, WAL EHR MOS BN A s R

o fs HogTEBIE M RG MG HRRIRD . TAE £5.c PRI RE R EAR DI HER
B, 18 ide.c il RGN SRS H BT o ZHRN T T REAE serv.c 1, il
L IPC il F S5 H P HFE user/1ib/fsipe.c WHIEEEREGH T H .

o user/lib H3& N7 T P FEFHIERE. fE4K Lab 1, iZHE TN fsipc.c LM TH
X RGRGFHERISCH., file.c LM T RGN HH; £d. ¢ WPl 7 SCiHAlA
fF, RERP RPN %D, MR ERE AU R h B, DUAER e e
TS REFLLA SO

ARSI T MOS BN, A8 T =180

L BESRERGN S RER M, B PS030 R GRS e LA — RSB
JERSLEL. RIEEMIARSL, WASHE RN NEZNRRE. HoAH R R [l
(IPC) HIFRICIE RGN RIR ST - HIHL, A PERREE (IPC) 2o EE
B o

2. BIERGRLE AN EE BB BT 23 (8], SRR TR B2 WAL REDT 7. MOS
P PERE TR B 23 (8], AR SO RGEMR 55 BEAR U5 ) B S ERE DU RIVR] F W il 252 A7
HOR A AERS [ o

3. KRG ARG GRS N, TEA P REFR B NAZAIE, AR
R ORISR B YR L ) RS A -

BRI TR X LR B SE B

5.3 IDE #EIE5)

T AERE TSR AN I A LSO RS, FRATTA AU IR SN I 2 I B IR BRIy o SEBs |,
MOS BE47E kern/machine.c HEZEL T — ARG SRR 7, HAPENZE FEH TH
LT 1/0 (MMIO) AR, il G seB8 7 F 44 R A o
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AR KBS RE AL SR SR 7 5 B4 SEHAY B D3R8, #R A MMIO ARSIk, ARHZ
WAET, FRATT BRS¢ —IDE W DhREE N 2%, I H AR E 05 SRS R 7 52 4
IEATAE 23 ]

NEFRATE AN BNGIE /0, ZJ5F T IDE MESEMEEREE, BN AaKsh
PP nS o

5.3.1 HEREST 1/0 (MMIO)

16 AR S2rh ) JRATEE TR T MIPS fEtsasbhl it i B AR N 25 JLP4—Fhoh
WA IS e ERI A AR R TR S, NS et 1/0 im0, 2RI
1/0 &% . M FamiBE AR Fan WS A AEIR AT (14, IXLCar 72 ot 245
SER NI ZS[R]. a1, £ MALTA ', console A #E 2] 0x180003F8, IDE 4l #s
LBt 2] 0x180001F0, 24,

SEEG R Y MIPS AR REEFFHEAE 2400 1/0 5 O WS, 1egs—EH N ERE 1/0
FORSHR . fE MIPS AN HIEZS A (ksegO T ksegl BY) SEBR 1 425 1) 4 A B b 1k R A A% 1
PUHbIE AR AL, o, X ksegl BEHIBERYIRE AL MMU Mt , HAVE S f7, ix
IERINR IS T T B o T RATRAE LIS EIE RS, 1/0 B4 HhE 2 5¢
R, PRI FRATT AT UG I fA] B 152 55 R 2 [ 2 1 P A R DL 1k R S IR B2 7 ) B BE o

TEZ TR SEseH, FRAT1G £ ] KADDR ZZ4— BRIt 55405 ksegO BB N AZ RE UL 1
bk, SEBR RS YEE AN _E kseg0 MRAZME (HI 0x80000000) o TMA1ES S 1545 RS 11 i |
BT ENG YR ksegl BN ERIAE, it 28 Ei bt N I ksegl HYfmEAE
(0xA0000000)

Thinking 5.1 WIFREIT ksegd 5 X%, LM TREHNEASEFE] Cache 1o X2
—FREEIRAIAT A, TELFR S AAD BRI 204 5| AT AR (A, 1585 X4
XL AT AR X TARMER RS (NRAHERI R OIS IDE #4) riRiEs
B2 v DONGAT I RN 28 47 5 0 A SR R % & o n

PATRATI4 5 58 A HR 43RS 6], MALTA #24EAY console #4542 — 1B ) NS16550
Wi, HIEEHNE A 0x180003F8, WA fFan Mgt inzE 5.1 frn.

% 5.1: MALTA NS16550 1445 N A7 it

Wt | BOR

e ARBHZERVSE AT, ARBOA AR BRI A5 IR (] _E eI 4
5 R — T4 ch

0x05 | BE2: FREUREIRTS, 1R 1 SRS & BA RS AR 2 T

0x00

BAE, FATEL AR (0x180003F8+-0xA0000000) Hihk 5 N FAF | AELE shell H 5 £
XSS 57 F i o

kern/machine.c "] printcharc ERELHISCELUT T AN :

void printcharc(char ch) {

*((volatile char #*)(KSEG1 + MALTA_SERIAL_DATA)) = ch;
}

AEA RS H, A9 55 5 1Y IDE AL IKEhRR Fe i T P 25(8), P Aty /e B %
B NG 2 A B AR5 % — kSR (ADEL/S) o Fr LU T34 B9 5 /it it
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%?ﬁﬂ%ﬁﬁﬂéiﬂlo ﬁ%ﬁﬂﬂﬁ/\? sys_write_dev gl sys_read_dev ﬂﬁ’l‘%éﬁﬁﬁﬁﬂéif%&%
HE S A IX P R G0 FH DA P gttt 3% & RS BB EFISE S 18 (B2 1080, 1
NEBHL, AN SER 1/0 #4E.

BRI kern/syscall_all.c HINTHA, 5EK sys_write_dev BRELLLK
sys_read_dev PR SEEL
U B XIS RS0 I A B R B b S P A R Lt 2 ] e
[ s IR A AT Yy B M M R A R, AR SRYE Hh VR (Al A bk YA
console: [0x180003F8, 0x18000418), disk: [0x180001F0, 0x180001F8), 4 HiBLH A i
JSZIR [T AE F S iR T o

{E user/lib/syscall_lib.c TS8P ASHIMH N REH HHIHEE A

5.3.2 IDE ;&

ALK, MALTA $24L1 “#i#:" & —1 Intel PIIX4 IDE #&#i#%, H_Li%#H IDE
WA E R Z M. BEAEX T IDE #&0(EE, WTEAZ% Intel 82371AB PCI ISA IDE
Xcelerator (PTIX4) (58 192 T1 9.2 ). FEMIEAL E, FATH AT LA MOS WU RAE T .
Tk, FATE T RS IDE B R RERR AT

MR MIR S5 4
NI RS A S R AR OR EEARIR R L AR

1. BIX (sector) : LA R 7 IAR 22 BT R DXIRR T 28 DI et DX o o DX AR T
B REERAL, — B2 512 F e B KR/ INE— AR RS

2. WiIE (track) : #A _ELZE R HOOABEDL, AFEAAEEFRDGE -
3. HEA (cylinder) : R, ANFIZE R A R4 AR Fir 4L A B9 15 FE T

4. Wk (head) : HAWEAWAM, SIEHA ML, AW TRERIER, W%
KA R EPERS B

ST L BRI 5.2 B

IDE ®#EiRE

BISCH MR ES, BIX (sector) EM#EIEE HIEARAL, MALTA LR PIIX4 g ft [
X Fp KA TR AT o IS PIIX4 NRFE AT A7dn, FRATAT DASEIR LA RS X8 fe/ N T
125 . MALTA ~F& b PIIX4 B0 ds il 0x180001F0, J 1/0 HHSCF XS
TIZHHE B A% R B T REANZR 5.2 iR .

18 MOS ™, FRATAT LA IDE #E#: (S50 0 A 1), HERR EFRATHAEHE] T
W5 N 0 W—Hefd o

YT RERESE, BT LA BBAET - k- B X (Cylinder-Head-Sector, CHS) W7 = RAENL
— X XPFUETT A A AR LS, (R BRSO T FHEE e . TR
X, PIIX4 I/O MZF A& 5% 5.2 FORSERMFE, BAMART LAS25 515040 H 1S .

T CHS B MA@ T4k, RIS 3R AR B iR T4k (Logical Block Ad-
dressing, LBA) W7 RokHATRIX T4k, 7€ LBA #:UF, IDE & B G 1E— ik 7

128


https://www.intel.com/Assets/PDF/datasheet/290562.pdf
https://www.intel.com/Assets/PDF/datasheet/290562.pdf

5.3. IDE IR CHAPTER 5. XH &%

féi 1850

FE1M10
————— | | [t

/
/<
AN

>
oy N
<

D\
/ﬁzj\ﬁ
NN\ S/

/

\

K 5.2: LR =

F 5.2: PIIX4 1/0 4 A 7 # it

fWts | Arfraniae G ETHA
0x0 | B2/%5: WM&/ 5808, N o FIIHRBE R /SN | 477
Ox1 | 332 WRAEIRER,; 5. XHE IDE A MRc S8 (Sh | 150

A R)
0x2 | 5 BRI B XA 154
0x3 | 5: WEHIFFXEM [7:0] i (LBAL) 15
0x4 | 5: WEHFFXEM [15:8) £z (LBAM) 15
0x5 | 5: W HFEXE [23:16] £ (LBAH) 150

0x6 | G: WEHIREX SN [27:24] 7, BlEHX AR | 157
(CHS/LBA), BRI
0x7 | 32: REUZAARE; 5 BUERS TIERES 15
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TRFA, A XEAA D ME— T, AFRERE BRI S, BT LASE i Sk 1R
AT LgE T, B SA 28 AL, WMHRZTLIFAE 228 P EIX, B 128 GB W& =W %
B, MERARI S HON A A g 1958 R0 5.3 TR

Subgst @S .
(3 bits) (1 bit) BXHS (28 bits)
,_JH’Lr pu -
e |IREWRS LBAH | LBAM | LBAL | BSIX#K |#imes B
1B \1B \ 1B | 1B / 1B / 1B /1B 5
MoHwE | 0x7 [ 0x6 | 0x5 | 0x4 | 0x3 | 0x2 | ox1 [ 0x0

0x180001F0

K 5.3: LBA #x NS5 ZF G 5¢ R A

5.3.3 RHIEFRS

WX} printcharc BT SLILIGHT, RATOEESE T 1/0 BAEMEAT B, B4, 3
5 IDE Wi#%BIAE AR A NE SR 1 o

IR VAERE AL 18 2 7 B 5 AN — D X, T8 read_sector PRZCEH 2 TPt
i X BRI R A v X | Bl write_sector BAEURZEMIX FIEIEE AR, HE, 5
GG B O, #ESERIEP A R R (e E S E A 4 IR M E 46 B HU AL o E AR A Bt
HEXT R ksegl Y NAZEIHIIE A 0xB80001F0. HAKIREREMATMAEAIE 5.4 FT7Ro

RS RRAET, RITTFENERSE IDE BELGCEME . X&MT IDE 4ME— %
ASRESZRDSE AR EAE, TE CPU & IDE WS EFRIET K ARG T —
IDE RZSHIFE TR wait_ide, T4 IDE ERERIERZ: .

u_int wait_ide() {
u_int flag;
while (1) {
flag = *((volatile u_char*) (MALTA_IDE_STATUS + 0xA0000000));
if ((flag & MALTA_IDE_BUSY) == 0) {
break;
}
}
return flag;

}

£ IDE WA, FATH AT LI Hgt e 544E 7o

B, WEBRERKOKEE, XEERORETREX, BILREN 1.

TR, BAMRKBLERE RS AR EH IDE #ETE RIS AN RERXS,
R BB B XS Y B e i, FEIREARE B X5 [27:24] AR, BT BRI 3E
J XSS R 2 5, IR 2Ll e B A EAL S, IF 7 B A kL.

T RINRE G, SR IDE st et )n, @il RERAERE S A
Bl ARSI PR IDE AR MUREEIE S 4 717, Rt 2 — B E
BB X R EE A, RIS AR A s BN 4 775

W5, K2 IDE B iREs, BiiA s XS 5 A ) o
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I ERIEEX BEANZRIEX

' v Ve v N
1% IDE iREME 1% IDE 8B
A\ A\ J
' % Ve % N
REBEBXEE REBEBXEE
A\ A\ J
' % Ve % N
REBREBXSR [7:0] i BERMEBXSH [7:0] i
A\ A\ J
) v ) v .
REREBXSH [15:8] i REREBXSH [15:8] i
A\ A\ J
' % Ve % N
REREBXSH [23:16] i REREBXSH [23:16] i
RESMEBEXSH 272410 | [ REBMEERSHRT24IM |
REBXSUHE REBXSUHE
L REWRRS L REWRRS
4 6 N\ ' 6 N\
RE IDE iREMETIRE ZE IDE iIREABIRE
%1% IDE iREHE %1% |DE BB
. 6 J . 6 J
EEEEE =PN6i
. 6 J . 6 J
& IDE RIS &8 IDE IR
. J (S J

K 5.4: BEELR XL B AR A
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FUAHb, BTEBURK, AT LASIEL read_sector Bi4L, L diskno S EHY secno
SRXE] dst $E 1AL

void read_sector(int diskno, int secno, void* dst)

{
wait_ide();

*((volatile u_char*) (MALTA_IDE_NSECT + 0xA0000000))
*((volatile u_char*) (MALTA_IDE_LBAL + 0xA0000000))
*((volatile u_char*) (MALTA_IDE_LBAM + 0xA0000000))
*((volatile u_char*) (MALTA_IDE_LBAH + 0xA0000000))
*((volatile u_char*) (MALTA_IDE_DEVICE + 0xA0000000))
((secno >> 24) & 0x0f) | MALTA_IDE_LBA | (diskno << 4);
#((volatile u_char#) (MALTA_IDE_STATUS + 0xA0000000)) = MALTA_IDE_CMD_PIO_READ;
wait_ide();

1;

secno & Oxff;

(secno >> 8) & Oxff;
(secno >> 16) & Oxff;

for(int i = 0 ; i < SECT_SIZE; i += 4) {
memcpy(dst + i, (void*) (MALTA_IDE_DATA + 0xA0000000), 4);
}
}

ALY, FRATE AT LASEIE write_sector PREL, 14 src $5 1A A — s X AUEE S A\ 21 diskno
G secno 5 X o

void write_sector(int diskno, int secno, void* src)
{

wait_ide();

*((volatile u_char*) (MALTA_IDE_NSECT + 0xA0000000))
*((volatile u_char*) (MALTA_IDE_LBAL + 0xA0000000))
*((volatile u_char*) (MALTA_IDE_LBAM + 0xA0000000))
*((volatile u_char*) (MALTA_IDE_LBAH + 0xA0000000))
*((volatile u_char*) (MALTA_IDE_DEVICE + 0xA0000000))
((secno >> 24) & 0x0f) | MALTA_IDE_LBA | (diskno << 4);
#((volatile u_char#) (MALTA_IDE_STATUS + 0xA0000000)) = MALTA_IDE_CMD_PIO_WRITE;
wait_ide();

ig

secno & Oxff;

(secno >> 8) & Oxff;
(secno >> 16) & Oxff;

for(int i = 0 ; i < SECT_SIZE; i += 4) {
memcpy ((void*) (MALTA_IDE_DATA + 0xA0000000), src + i, 4);
}
}

ZHE U LN AL N ESHAEIREN LI, SHRFEHHEM £s/ide.c THY
ide_read il ide_write BR%L, SLINA P PRSI SE S H4E . ZOREH IR B3RSl R4 -
REISTT TS, fRifs 28 R Ge F Y J5 2R SEELHON B Y FH R 23S« Bl wait_ide
PRECHIH PSR £s/ide.c HH) wait_ide_readys

SEBL T AR , BATAT AZE O A T S M . QEMU VRl I R 32 H0KTEE IDE
W% . I K I REE B UL T target/fs. img, FATTLAEIZ T2 H 0L -drive
id=ide0,file=target/fs.img,if=ide,format=raw F£FIZWEFG . LI P FATHZ T
WS, P — RN ARG, 5 M EENHESER, eBaSuT:
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gemu-system-mipsel \
-cpu 4Kc \
-m 64 -nographic \
-M malta \
-drive id=ide0,file=target/fs.img,if=ide,format=raw \
-drive id=idel,file=target/empty.img,if=ide,format=raw \
-no-reboot \
-kernel target/mos

WO ~NO Ol WN =

FATEN Makefile 4L TiX M2, AT LAE$HEIT make run RPUT Lida4.

5.4 XHRZFEH

ST IDE WERLAISRBE, BATMAT T AERES ESC SO R R AL . 3R ORI A
S RGERIEHE, FEAERE AR E RGP 2 I SEBUR B H S5 o

5.4.1 HMEBXHER%HRE
Tl 3% 23 (B A S AAT R 5.5 Frowo

Block N-1
File/Directory
Data Blocks
\4
N Blocks
A
Free Block Bitmap
Size: enough to hold N bits
Block 2
Super Block
Block 1
Boot Sector and Partition Table Block 0

A 5.5: wEELS A JER B

EI I Block A2 AFETHIX, #ATUE—DEUMES, BEIERSESHEE
5/ N R E RGO AHAS R X G A, TE RS R TR, N T IR X 2
R AT UL, WA R/ N E R E, —h 2 RIS B XA e 1T DX LS
FEAER, MR REARRL, SEIERSTCK.

M 550 LB, MOS #E R GBI IAH)— ME AR (4096 F17) Y1EL]I T
XA XA o T RAT— DTN NI (Super Block), JHRIR S RGEHIHASF
H, W Magic Number B A/ NN B BIALE
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MOS $#AERGE MR AL T

struct Super {
u_int s_magic; // Magic number: FS_MAGIC
u_int s_nblocks; // Total number of blocks on disk
struct File s_root; // Root directory node

I3

Hrp AR B SR

o s_magic: JEEL, N— R, HTRIRIZSUE RS

e s_nblocks: IUEAMRGEA L DI, FEARIIERGEH N 1024
o s_root: MRHEE, H f_type & FTYPE_DIR, f_name # “/7.

T H R P PR RAR S5 A R A B ] FH RO PER . BERFNAL o 1E Lab2 “NAFE I Tl Lab3 “i
RS Surh, ROV 18R P s NN A SRR S B A3 R, AT
AL (Bitmap) AR BAS R AR IR, 1 0EHI0L bit ARIREEREHAY— AR Y
RO (1 2RI, 0 FRm b M) -

XBIATZTE tools/fsformat.c KN ARG HRIC TS NELIIMLE] . tools/fsformat.c
M TEIERF & RATE LIS R BRI TH., AT LIS 2 SO IR T € LI SUHE R 5
HANBIRAGG . TEITERE tools Hat TR ZISFT/E Linux 5 EAL_LIMAE QEMU
PR

ZEES)\jiﬂ#Ziﬁﬁ, tools/fsformat.c [ init_disk E@%ﬁ, V4R A PR R 2 R

nbitblock = (NBLOCK + BLOCK_SIZE_BIT - 1) / BLOCK_SIZE_BIT;
for (i = 0; i < nbitblock; ++i) {
disk[2 + i].type = BLOCK_BMAP;
¥
for (i = 0; i < nbitblock; ++i) {
memset (disk[2 + i].data, Oxff, BLOCK_SIZE);
}
if (NBLOCK !'= mbitblock * BLOCK_SIZE_BIT) {
diff = NBLOCK 7 BLOCK_SIZE_BIT / 8;
memset (disk[2 + (mbitblock - 1)].data + diff, 0x00, BLOCK_SIZE - diff);
}

nbitblock /A T FNLEIAR N EE MR b A P F S 0 r s B R R 28 (bitblock,
(LB M. BE, FAOTEH nemset AL HPIE— DT (Byte) AR oxff, HI¥
FRA L B A — e 1, FRRESE T2 RS . R A FIA, ASREk e —H
(LR AL I ) — B N AARIC A S IR, R Sy fioi] B R SO AN AR AR, AN E A
Ft, GRS N 1 25, BT ERESEPRIE I, O E R 15
2 06

MR, 75 MOS #AERGH, SUH R Gt 75 BAR R AL BRI R bR e 28 1 A% 0
fs/fs.c Y block_is_free PR MK I b (7 B Hp (45 8 (6 R HI T HE A 1A 1l S DO 45 4
Mo

int block_is_free(u_int blockno)

{
if (super == 0 || blockno >= super->s_nblocks) {
return O;
}
if (bitmap[blockno / 32] & (1 << (blockno % 32))) {
return 1;
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}

return 0;

X RG T E AT BRI BRI, AR — LR, RS
B AR AL e AR B — DAL BN free, RFREDMALE P B AL HIX B
N1 BIAl. E5ERL £s/fs.c HHY free_block K%L, SLIIX—IhEE. FIEEHE AT 2245
blockno HIEAREN 0?

// Overview:
// Mark a block as free in the bitmap.
void free_block(u_int blockno) {
// You can refer to the function 'block_is_free' above.
// Step 1: If 'blockno' is tinvalid (0 or >= the number of blocks in 'super'), return.

// Step 2: Set the flag bit of 'blockno' in 'bitmap'.
// Hint: Use bit operations to update the bitmap, such as bln / W] [= 1 << (n [ W).

5.4.2 MHEHRSIEMEN

BRI AGEAVE B R0, AU R AV EURE A o XTRlARE B SCARRE, — B
PRI (File S5HAK) o HIE LR

struct File {
char f_name [MAXNAMELEN]; // filename
uint32_t f_size; // file stize in bytes
uint32_t f_type; // file type
uint32_t f_direct [NDIRECT];
uint32_t f_indirect;

struct File *f_dir; // the pointer to the dir where this file is in, wvalid only in memory.
char f_pad[FILE_STRUCT_SIZE - MAXNAMELEN - (3 + NDIRECT) * 4 - sizeof(void *)];
} __attribute__((aligned(4), packed));

G5 CHERIIA R EE 5.6, RO M T##3E: £_name NICHFAFR, U HIHK
)% MAXNAMELEN {54 1280 £_size N CHHIA/N, BAI AT o £_type AT A7 5L
f+ (FTYPE_REG) Ff1H 5% (FTYPE_DIR) Wiff. f_direct[NDIRECT] A SCHFHIBLHEFRE, A4 CH
ERBA 10 DNEHSRE, AR S MR RAE RS BRI B . B RS/ NN 4KB,
WU, X ERR ARSI R K 40KB HYSCHE, T4 SO A/INK T 40KB I, b2
MENAERR . £_indirect fIA— DHFERLELIE, FRAFGEARIA U N A REEL A TR . A
TR, FATAE A AR AT+ 485 . £_dir F51ASCHEATE A9 SCH H %o £_pad M1
SN TR ST 2R o — R, e s R rh R N B

Note 5.4.1 FATEISCH ARG H MO RIS MR T —HRIA BRI, WAF—1. MifE
ERRHSCHE R, N T IR RERRSCH, W &S A RS, s 2 g
HAEH . MOS BERGAMALX — m_EM T HCRRYfRIfE .

XA SO, HAR IR AR S A SCP RN A, TR H S0P, HAR I A A Bk
FEEEZ H 5% A SOHEXS R SCF il R IR TEA PSR, B S AR s U
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AHEEHIR (256Bytes)

f_direct

HRR
H AR
HRR
AN
HRR
[ZAEES
HRR
AN
R
v [7AEES
10 RIS : B

NDIRECT(10) ~

| f_indirect

10244 > R

4] 5.6: SRR

FISRATSCI RIS, SVRIE B Rig e, SRAER 01 H R a8 iS55 T —Z B AR
45, WG REEH B S H AR S0

Thinking 5.2 EHAMPIHERENL, REE PSR RE EFHL DD
e —PHFETREZEEAL DM BATSCE RGBT HRARNZ K2 =

N T EINANEC T RS RGN TREE R FRATiEL fsformat (H tools/fsformat.c HiiF
M%) A2 7 A O — NS B4 U target/fs. imgo BT MESL AT tools/Makefile, FAl
AILVEH, tools/fsformat.c H)Zmiid ey HASCHEARTAE, HATHIA)Z Linux TR gee g
AR, MAESE %4 - dni A i fsformat 17T Linux 16 EAHL L, L TH T OIS
o A B G S £ img AT LISALL S B S ARG SRR A B3 B 1B 12 tools/fsformat. c
T fs/Makefile, HFEARUMIG SO H FAL O AR AT AW, TS RELEHHY
BARATT, Foishn B E SO AR BR o (£sformat.c I EREL 70 RYE, A LU E
A A TSEOR A AN R ) 545 S0

%ﬂﬁifﬁf:,z%éﬁﬂﬁlﬁﬂ“, SEA fsformat.c HHY create_file @?ﬁ, I 5] 152

write_directory HR%l (RAGEFEWHFHLEH, AMENFE L), LIE—D s &
H s T RS2 IR B 5505 A\ E) target/fs. img HIZRE.

5.4.3 HREE

PG AT W 5 B RE 100 N A7 R SE B R R G2 (7 13T MOS #RAIER G, X RSN SS
AR BETXNR) , DR LA 4GB WM 7258, 4% DISKMAP
DISKMAP+DISKMAX iX—BHE A7 il 23] (0x10000000-0x4FFFFFFF) 1E ALK, Ml # I A
FEI BT FHSS Y T, DISKMAP 1 DISKMAX WI{HE XAE fs/serv.h H':
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1 #define DISKMAP  0x10000000
2 #define DISKMAX  0x40000000

Thinking 5.3 8%, £ ERESREEIITRIRTIR T, FRATSCI6 (0 A PRS2 45 B
KuGERNEZ D2 .

N T RS R b 2 [ RN SRR R A bk 25 A 2 [RI A et , FRAIR BB 5.7 fr

Sl

0x50000000
Block N-1

ARG
pii
Hihk#2 [H)

Block 1

Block O
0x10000000

K 5.7 HReEfFoREE

Exercise 5.6 fs/fs.c HH disk_addr ERECHRITE R E WA W A bE. 525K
disk_addr HEL, MWRIE—DHREIFS (block number), 8 IX—MEELHXT B B RE A7 B 1R
Hihl. (F7R: fs/serv.h H% DISKMAP 1 DISKMAX i€ S T W L Mei jE 7 Btk 25 (6] ) o w

MDA BN A TFEAZ RN N A, AR X
—TERLIRT | T EREON M N A LA B E RS W5 £s/fs.c Y map_block BRELFN
unmap_block PRECREL 1 X — T RE.

Exercise 5.7 SZI map_block HE(, f&ETRENMMIE S CAMSBINGE, WRKA,
B TN AR PRAF B RER . M HE, 58K unmap_block BRAL, JHTARERELEE A
WP AZ A R R BT (B TER S Rl Py ok 2 (R RN e TR1 Y
KRR o n

read_block BRA(F] write block MREUH T 15 M. read block HRECKTEESm= M
MR AB| N, ERREXIHMAPERCEAENGTT, WRAE, S —TUWENT,
IRJG A ide_read PRECRISZHUMERL I A 20T b7 14 Mg A7 Hb kb Ak

file_get_block PR THILANHEE N SCIAHRIA MR RIEA N7 HEES N 2 M
B\ AR AR D T BN A7, SRS read_block BRECIGRELEL MZ LI
FANLE AN I B R o X PR SRR B Y R BSCE R B T AR Be T R SE ko

TETE IR Z Ja BRATH P ASE B SO R A —LE SO A T
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M4 dir_lookup BREL, BRI HF TG EN S
(ffif] file_get_block FR%N)

XEEAVGE N T N RGO R ECTRER 2% (I 5.8) , A BRI TR AR
FASCE REHIERIZ AR5 R

\ fs/ \

fs.c ide.c

syscall_mem_alloc «— map_block

ide_write syscall_write_dev
syscall_mem_unmap <— unmap_block X

ide_read syscall_read_dev

file_get_block <«— dir_lookup

tools/ ‘

fsformat.c

— create_file

|

make_link_block

&l 5.8: fs/ NP BREUH HC R S2%

Thinking 5.4 fEARSLIGH | fs/serv.h. user/include/fs.h EXHHHM TIH L EE L,
PRI BN E AR E S, R TIRRE, e H R R 22 AL n

5.5 XHZRZHAPEO

S RGN 2 R, EFRZR R ARG . MOS BMERZGNAT &1 i
RNAZRE, S RGEE TSR, ORGP U gt i i . X, A
(U R TR ERE 2 [ A5 B (R, ) K7 SCPE R GEan PR B iR = B SCHE RSB, Tk
AR R B, BATSIASHHEIAST (file descriptor) EMH PR B #RAFSCHFE
AOEERL o

5.5.1 IR
Note 5.5.1 fd HJ File Discripter, & RZt25 FH P IRALATEEAL, T HA AR % (Descriptor
Table) HHITEREl WAMEVENRNERZHIEHEHITXM 1/0 HFEnf, (] open 7EH
IRNFFR BVHEE LB A FT T S B S ; A close MR IR ¥ EALE I SUHE B
FEHL; 1E write M read MMEUINIARFRISEME N HERE . XEE “WEME” RISCH
HIRFF fdo X —ITH, RIIENRIERE RIS, ReaMS SRR E G
HIRE T 454

P BRI AT I — A SO, SO R GEAR 55 2 RE 5 2 SCHH R R A5 R A7 i SO A 2
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AT B PR T 5 T SO APIRAS A, SOPRFR ARt 6 SR PO T SO RV E T
4 PR R SO RGE R IEFT IS IIE R I, SO R X LA BIC RN A7,
NG R RGO TP SRR SR A bkl s 2 [F) — DA T SUH R R L B (AR
LT serv.c Y serve_open PRELN) , K — P SCHHHIASRF 2 /DR 2 — UM 25 6] . 24 H
JUBEREARICT SCAF K/ NEREAME BJR, FRIRIAI SO 3R G0 A IR 3 SRAG SO A 2 i 2148 8 A A7 25
LS
%1% user/1ib/file.c I, NS KR L KA AW —1 struct Fd = BUYFRFH %
N struct Filefd * MAHREF, XRET CiBF Po- THET ARG RA LRSI o 3228
BT BCARR AT IME, AUSCERE P b A B s (AR 5 =0 (DR 2RAY) o WD S5 MR SE
SAF
struct Fd {
u_int fd_dev_id;
u_int fd_offset;

u_int fd_omode;

I8

struct Filefd {
struct Fd f_£fd;
u_int f_fileid;
struct File f_file;
g

ATLAVEE], Filefd S5HMRMIEE — A st & Fa, RILIRIA Filefd PUFEEFEAEFR XA Fd
HIFCIANIE, BT AR T o bl i T 5 #0045 AR B0 AR T3 5t 0 — BE N G B iR RE 5
Ko
15 5E% user/lib/file.c H1H open BR%L. ($27R: A RLINFTHF LM, NEZEEUR

B SO AR I ST

MBI RS R — /N NS, — TR AR R MK IR A 4 (BRI T
R WA, EZ YGRS Rl — U HARF IR, FoA A BERE A S Al — s 5 52 B R Az
B, RSB HGE. Kb, SRR h B gi— a5, DSBS C e ; 1o
ifjﬁl read. write fl seek %%&VFET, &%EE%?WZTE%I“EME,

Z% user/lib/fd.c I write BRAL, 5EiK read HFAL,

Thinking 5.5 7E Lab4 “RFEMHS fork” HISLIHIRATLBL TN EER] fork %L R
2, fork HiJGHYALT-BERE R B S IHRRFF FUE LIS T8 2 IHE5e il il 4k > RO EEAlh b
5 — MR TRAE. n

Thinking 5.6 15f#F File, Fd, Filefd Z5MM N HSANMEM . HLInSA SRS 1ERR
SRR PR, RS R REA  R YR SO R R B N RS . P e, B
SKENHIT, AT KB A H S R BRSSP SL AR B B 56 RS RTHHESE n

5.5.2 NHRZRSE

MOS #AF RGeS R GEI i IPC RE BB RER ] , BT 3R 3 AE. B
AL, ERRZITIRIEITRY, BUE3h 7 3 RGeS HERE ENV_CREATE (fs_serv) , JH/TiEREr
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%‘&ﬁfﬁyﬁ:ﬁ%f/ﬁﬁ, i H ipc_send. ipc_recv 5 fs_serv Lﬂ‘ﬁ‘?@ﬁ, SEREAE. £s/serv.c
MR 55 BRER) E R B SET M T serve_init RECERIF 2 RIS TIFIC RS opentab, AJETH
M fs_init BRECKAIAN M RS £s_init PRELE SoiE i 132 UM S0 I N AR R 485 ) B A
%‘E\, %E*ﬁﬁ@éﬁ%?ﬁﬁ@gﬁﬁﬁg, i Ja A read_bitmap PRER B G R b Ar B2
Efie PIT5ESHERGENIRIAI T, I serve L, U RGIRSFHIHIETT, ST
IR

K 5.9 LL UML B E AR AR Z MR LR 17— AR 3 RO R 55 R A
(LA open M) o HH user_env FTNzEk IIFE F A AT L& SLE IS B 25 H ) fstest.c , tHAT
PURHABLL main WA A RELH AR, AT LI i 75 206 SO RGEIR S5 EA Tl . o
IPC RGP MM TITESH Labd BIMHK N (ZMEEOAX D = DAFENRER, Wonit
RESRAT B AR AETRAT TR ARAE RGERBN N A T AL ) S )

init/ fs/ user/

init

| ENV_CREATE(user_env)

> user_env
E ENV_CREATE(f:
® = 8- fs_serv open()
fd_alloc()
fsipc_open()
serv_init()
fs_init() fsipc()

IPC ) E‘ ipc_send(fsreq)

ipc_send(dst_va)

wait_f_serv

4 5.9: SCPF R GRS I P A

Thinking 5.7 & 5.9 HEZMAREAXF L, EHRXLARTLIER, HEHHAN]
O3RN E R G R AR T SEBURT B 2T R (B AR Y o n

M RGESCHFIIE K EALE AT user/include/fsreq.h F1, & LIT LR

enum {

FSREQ_OPEN,
FSREQ_MAP,
FSREQ_SET_SIZE,
FSREQ_CLOSE,
FSREQ_DIRTY,
FSREQ_REMOVE,
FSREQ_SYNC,
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MAX_FSREQNO,
I8

M P REFPAE R S RGBSR, 38 SR B N AT 7 (4 S5 A A v R 79 S G 8
fs_serv MFFRIE| HALPEATHY IPC 1E3K)G, IPC LHEHEAL S T iR A A AL 1) 2
B, HUHRESRA B AT IR B SCP A (COPRRIEE T 2o &5%) , HEE REFEE IPC [
Brza PR

S user/1ib/fsipc.c HAE X TiE R RS H HEIY IPC #4F, user/lib/file.c X
T ELT PSS ERANHE ST I o SE AR, SR fig e B 12 Y
I TIRE -

SEN £fs/serv.c HHY serve_remove R

SE user/lib/fsipc.c FRI) fsipc_remove PRI

5B user/lib/file.c HHY remove PAZL,

XA TS RGP O R mACTRERTIA 2% (1 5.10), A 2FRZEA1A
SERECZ B R R B SCPE R e rp P B 0 R SE Bl AR

user/lib/

file.c fsipc.c

— open i: fsipc_open ——
\
fsipc_map —

—  remove
N fsipc_remove —

Kl 5.10: user/1ib FHBABREUM K RS%

> .
—> fsipc
/

5.6 ERZERRER

Note 5.6.1 {#f make run i&fT-

ARSI A =AW BRI RT DU 3 VR SEBL Y SO R GERY IE WL -

5.6.1 IDE #;E%XEH

SE T Exercise 5.1-5.2 J5, £ init/init.c TUHZ) devtst #HEE, X Console 1 IDE
WSS B TIR

141



5.7. 1E47 & CHAPTER 5. X# 4%

ENV_CREATE (user_devtst) ;

A LA H make test lab=5_1 B % cmake run )i, Ml A—TF/H 01234567890123
Fg R4 g B

devtst begin
01234567890123
syscall_read_dev is good
end of devtst

dev address is ok

5.6.2 XHRZNIR

SER T Exercise 5.3-5.7 Ji, (R3S RS IR, iR BTG IRSS |, ST
fs/check.c FHIFAICIMIL .

ENV_CREATE(fs_serv);

FS is running
superblock is good
read_bitmap is good

5.6.3 MXHRZRZNIK
SER AT Exercise E, Jas—> fstest YHRERISCH RGER S UERE |

ENV_CREATE (user_fstest);
ENV_CREATE(fs_serv);

SLRETT A SO RGERIR I, 81730 RGEMSS , SN R AIER . TR AT 2
IFH S RGEEREAE N A RE SR B, R IR BRATAE user/1ib/fsipe. ¢ HUE LAY &
4t IPC 3R H R EE N A B AR

FS is running

superblock is good

read_bitmap is good

serve_open 00000800 ffff000 0x2
open is good

read is good

serve_open 00000800 f£fff000 0x0
open again: 0K

read again: OK

file rewrite is good
serve_open 00000800 ff£ff000 0xO
file remove: OK

5.7 {EFHE
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S5ERX free block

S5ERY create_ file

SR disk_addr

5EA map_ block # unmap_ block
SERX dir_ lookup

STH open

ST read

5ERY serve_ remove

SR fsipc_remove

;bl:ﬁk remove

R RE
BRERIESEEER
BAXHEHRAER. — M HERESEFHINXGESRE—1TBERRL TN
HERKEE
MR iR T R E SRR
MRS fork HE
X4R SR FEZEORBERE
fRErFE, BEHEERE
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CHAPTER O

EiEY5 SHELL

il

RN S R
SHVEERIRE
3. EREETAE R
SEINEEA shell
5. S shell H¥b K8 TE 555

6.2 EiE

£ Labd 1, FATC A —Fh it EEAE (IPC,Inter-Process Communication) 777
— BN S RBENE LR EE, H R R Er— .

6.2.1 #¥IEEIE

P BB AR (R B B A0 T 5 A TE A A E BT E A TE R, A TE L RE
fEEA AR R, BB E A A2 F]. 75 MOS H, FRATEILIMIEZE
He AFEEFEE, AR, BieEAEHE.

1E Unix H', FIAH int pipe(int £d[2]) PRALAIEE, MINEIEEERI 0, ZE0PH £4
FARARATE S S SO RAAT, £d[0] X Iises, fd[1] R 5 o

R A M PRAR A SN R, AT — A N LIRS — TR

test_ pipe.c
#include <stdlib.h>

#include <unistd.h>

int fildes[2];

LS ARAG 275 http:/ /pubs.opengroup.org/onlinepubs /9699919799 /functions/pipe.html
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char buf[100];
int status;

int main(){
status = pipe(fildes);
if (status == -1 ) {

printf ("error\n");

}

switch (fork()) {
case -1:
break;

case 0: /+ T 12 - ENEHMWIEHE »/

close(fildes[1]); /x RAF AWM Es */
read(fildes[0], buf, 100); /x WEBFEHEAE +/
printf("child-process read:%s",buf); /% TR 2| B FE +/
close(fildes[0]); /x WRER, KAEE +/

exit (EXIT_SUCCESS) ;

default: /* X3 - EABENEE */

close(fildes[0]1); /* R FF AR +/
write(fildes[1], "Hello world\n", 12); /* HEHEFER{E +/
close(fildes[1]); /* BNER, KW 5H */

exit (EXIT_SUCCESS) ;
}

PRATELREZR BIARS E 4 E) Linux #1095, (#1674 gec test_pipe.c && ./a.out KT

AR SEEL T WACHERE A E 5 ATHE. Hello,world, F-IEREM A TE i3 AT +T
EVE R Lo EBUR T B TR W F A QRS pipe MEZ A, HH
fork KA TR, ZJEAE TR & B PUT AR AR K H S AR 8,
SRIE AT A 4R E e AR BRI , ACHRERRVE S, T T2t REdR R 1 o

WA B, BB A AR T A RSO #2 UNIX LR MOS 1, ACEEFEM A pipe
BRELS , SFTITPI BT SCPHERRE . — I aon R, 75— Mo S5, MR Ay
B TH— R AFXE £ fork WECE T, FHEREEHIACHRERT I SCHHIERT , TITAEAL 12t
RERDERE A (R7#A—35) 15AE A DR SR RY, 27 BERE T =R
ZORHE H AR A, M7 RE R B BRI 1, X R A E R AERATR
G R ZR 2R R 208 £ ) S A o

Thinking 6.1 7RI F, SORREBREEEN G, TEHRRIEEEN . WARIER
IEACBERRME DN “Be”, AR iz e m

6.2.2 mos H pipe BIFER 53N

£ MOS ', BRI UNIX RERRPUCESZEEMHE . MOS H A B s B AR
N user/testpipe.co

AP A S R L pipe (int pl[2]) BV THIE, Besm A SCHHIATT (fd) 4458 plo],
GG SR g5 plile ZEMEA fork() Gl FilfE, TEXMRXFHEERACH
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plol #1 p[1] IFREIBIMAERBE—EB. )5 F#HEXH THCH pl1], M plo] #3%; Ak
MR THCH plol, AN pl1]l 5EAEIE,

EEEREE HE T, FATHZRIES SX 8 5 AR W, dt 2 RIEAC T3k
TEED R NAEAE R . NTEIFRA B X user/1ib/pipe.c HIY pipe BRALHEARSZIIR A2
AT LXK o

int
pipe(int pfd[2])
{

int r, va;

struct Fd *x£d0, *fdi;

// allocate the file descriptor table entries

if ((r = fd_alloc(&fd0)) < O ||

(r = syscall_mem_alloc(0, £d0, PTE_D| PTE_LIBRARY)) < 0) {
goto err;

}

if ((r = fd_alloc(&fd1)) < 0 ||
(r = syscall_mem_alloc(0, fd1, PTE_D | PTE_LIBRARY)) < 0) {
goto errl;

3

// allocate the pipe structure as first data page in both

va = fd2data(£fdo0);

if ((r = syscall_mem_alloc(0, (void *)va, PTE_D | PTE_LIBRARY)) < 0) {
goto err2;

}

if ((r = syscall_mem_map(0, (void *)va, O,

(void *)fd2data(fd1), PTE_D | PTE_LIBRARY)) <

0 {

goto err3;

3

£ pipe ¥, EESEWADCHRIASF £d0 F1 £a1 IENHAELAS 0], SRIG4, £40 KTV
RELHIE AL — T HE N AT, R £d1 X B0 HE FL I e B 245X — DU EE A A7

FATEAE Labd 55 duppage PRAUN A X e A, B “HZEmE”. =00 EHEAR
R PTE_LIBRARY HYDUHI, Ty fpfptb=n] SRR, 154 7R HgH TE ) 45 R 5
AT YA PR S L= DA Y, EEEAEZ U _ B T SRR .

FURMEE pipe HHHIRAALIRAL PTE_LIBRARY , IR¥%_LiA$E /NG & /RAE Lab4 SEIHY user/lib/fork.c
H] duppage PBREL, PRIUEEREARYEAC U AR FIALBRAL, AT DUEBSEE AT R AR AL, AKX
53 5EBL Labd Frs (5 BT HIHLHI S Lab6 8B Aris L= DU L] o

THEFRAMETE 6.1 RERACTHRESEENERZMIXHILR:

Sbr b, FERXTFHETSE close HAFHMMMM /G, KPR SEEZMWXAIRMN
Kl 6.2.

TFHRIFENTEIE—T struct Pipe, JHIHUGE FHEEHAEE EL 1K EL

6.2.3 EEIEES
FATATLATE user/1ib/pipe.c HHkF| Pipe ZEMMARRIE L, BHIE LT :
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SR THE
Sim Ein
1EiR Fim
BRI
()
HETIF R HFEFI R

M 6.1: Rr RS EEZEMNIX

KRR THE
EEXt
(&)
HEFTI XM R BEREFTH X #aR

4 6.2: RPN 5 S
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struct Pipe {
u_int p_rpos; // read position
u_int p_wpos; // write position
u_char p_buf [PIPE_SIZE]; // data buffer
};

1 Pipe %Wﬁ-ﬂ:‘,p_rpos é%HjTT#M%EM%E&E@%&%E@@%, 1] p_wpos BT
— A BN EES AR E . A A T UUEHT p_rpos, FFE, HAGHE T LIEH p_wpos,
B NS &l X P R A E A TS A A

—/MEIEAH PIPE_SIZE(32 Byte) K/NWZEITIX . IXA> PIPE_SIZE K/NATZEMIX A ERIIE
MM TIVZ R, LA N — D2 S HALE § b b2 i%PIPE_SIZE.

AR N TE SRR, B p_buf [p_rpos%PIPE_SIZE] HIEETE VE, SRGiktrE!
H¥E 1. (HEFET R, FiENZH X I i ge I A 85 ANEdE. BT AR E B8 =S,
R4 p_rpos >= p_wpos B}, WIZUHRR SIS HIETT,

KT, SEANEESALURN, WSKEdEEN p_buf [p_wposkPIPE_SIZE], A
EEE A 1. TETEEENZM XA RE IR RIE I, PrLAS & LS E p_wpos -
p_rpos < PIPE_SIZE U7 H[ifT, MNIE—HiEE,

FTHNX LGSR RN ARIE S 5 — & REIRI 58 AU IR . BSXERIE 5: HIES WO AL
TR, SRR B v AR AR, WA p_rpos = p_wpos. &M _LIHINMGE, FATIX
B G YRB) 55817, HEEHEHRECAGH, HRRTIIE R 7 ALIEER, X gEREan
HITEN IR T We?

AT ARV BT B RE, FRATLAREE ER S RS DA K. MR REETRESE

BERR, FRA AR EX B 55— Im ARSI THIWT . 24 b XS SO RO DL, BRI 55—
FEATRPRFIW AT BRI ARSI E kM, SRR 0 RIVRT; JRBEA KA, MYkt
FEIBATo

Note 6.2.1 EERIKAYW LBILLTJLD RS £d.c HHY close, fd_close PAM pipe.c
Y pipe_closeo

Note 6.2.2 UIREE G ¥ tHK A B SCHHIE AR E LA, A0 2 B E i & 15
BICAREERFIRIE 00

TEMOS H, FAHEM static int _pipe_is_closed(struct Fd *fd, struct Pipe *p)
ERECRFIWTE B R 7 e 5 AR A XTI, JU& N ESAE S S5
FEZHTHIE 6.2 FhERATBOE BB H SCPH AR 9 0T, HSEhR B, W T EAEE
M5, FAIRR T =T — SUR BRI SCEARF red, — TR G AR SCHHIASRT wid,
T — TR SIS R BT X pipeo BEAME TEERZE i DAL A SCIF
AR, AV EMHARES 2 — Nk A 1 M, 115, BB
51 2 % (IEWE 6.2 i) o pageref BRELHESSEI DUAYS AL, Fr LA N DX A58 07 -
pageref (rfd) + pageref(wfd) = pageref (pipe)

Note 6.2.3 WIZEX] pages FALK AL — W5 HAHE pp_ref HICRIEFIZWEL T

I HE DU pageref SEBR LR i) ESUME XS B AT SEPRA B 0T, SRS 1R 01 H: pp_ref 42

HA{E.

AT TRHAE BX ESE A B B 7 — It 5 D a R Mo (BURBEH R IEAEIslT, &
EEAEHBROEG KT, AN Z A pageref (wfd) = 0. JTLLELA pageref(rfd) =
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pageref (pipe) o I, HEEHIWHX A 2R By nT DM RISt 1556 P o X5 ok i [m] 3

e EiRfR R 5SAMPRER, HE user/lib/pipe.c H'HJ pipe_read-
pipe_write. _pipe_is_closed RO testpipe AR o

Note 6.2.4 JERAEARKLL T XM RS e B AN 1 SR (RIGUEHE
N0 SRERE), MRS H SO REEFEER ENV_CREATE (£s_serv) f£ init.c FHY
{jﬁo

6.2.4 EEXFHIIERFIET

MOS #AE RGeSk I (0] 3e 550 B ERE R BE R, BRI A, IRIVAE Lab3 Haf ik
AT XRME ERE R E HERE, P R P RES BT .

MR, WRGEREERALET, BERHTIThBA R AR (A2 PRI R F— MR, A
HIRERE AT A T REF LR SE AN RIS IR, OB T RAATIENE o TR (5 7 B[]
—HNE (NMEREEERILZNE), FrUBRAMNEX R S A R i 3 G A L8 = i
']Ejo

IRLLE , RA B S A B B S sV o, A 2 BT AN I B fil S 00, TCH AR IIE _pipe_is_closed
FTF B 55— 5% P BT — S A& [ IE A ) 25

BERRIELL pipe_close PRNURICHIE BN M, 1R B S IR B Mk R unmap
R SCAHIIRTT £a MIEHRZZAF X pipe HIMUT . (HU2 T HEREUMHRAYAEAE, FEARESRIEM LR
G R LAER]— BERERT R) 7 IR AT, PR R GE A JH 2 8] AT BE A DA BERE IR ITTAR AT Wi o BT LA,
£d AIXF pipe MY pp_ref WABECRERIZEHIE A, RORGE2 MBA T 18 /2 15 5< I A9 IR R

Note 6.2.5 FEFAIA MOS BIERGH, Af syscall_ JFLMIRGERA R T #H
Y, HAFrAERE fork XL TH#HE T RES BB +T W

25 4y T SO, BT st

pipe(p);
if (fork() == 0 ){
close(pl[il);
read(p[0] ,buf,sizeof buf);
Yelsed{
close(p[01);
write(p[1],"Hello",5);
}

o % fork ZAnT, FHFREHUT. BHEEI™ELE close(pl1]) 5 read Z[H], A
PRI T o

o JUHFELE close(p[0]) itHEr, TAMEE T plol X pipe HIMLES (unmap), IET%A KI5
FfgBERt plo] AYMeGT o MBIIXI I ey ) SRR R S T R e AT

o HEIH TGN : pageref (p[01) = 2(F AR UEREER A fEERXT pLol (hsk
9,1 pageref (p[11) = 1(FATHFRCERKME T pl1])[HIERE, I pipe ] pageref
J& 2, THHRET plo]l 5IH T pipe, FINACHEFEH plo] WIEERX pipe HIMLGT, FrlATE
ACHEREH A pl1] B3I T pipeo

o THFREHUT read,read HEIGHIMIE HEM KM LK pageref (pipe) 55 pageref (p[0])
ZIERIWENTEZ 2, MHEWMOEKH, TE RN
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Thinking 6.2 _ETHXFMRFEZAEN pp_ref M FEWHETES MBIAE user/1ib/fd.c Y
) dup BRECHIAFAE. IS G ARSI R =, 20— TR dup BRECT A 24 H
AR SR 15 2 .

M EiR s al LU I, i T () b & AR 7R ACHEFE unmap pipe A unmap fd Z[H], T
MR pageref (pipe) == pageref (p[0]) X AR S & KM FIN, A
WAL, i pipe_close HIIBITIEMEE/oMNE pipe HIMU, FHMRER £d RIMLES. (H
FATE pipe_close EREUTIHHE unmap HIT, RIESEMERR £d MURRSS, FIfRBR pipe YL,
A LA S EIR SR BIEER GO, 2 Nk, AT AR BN 5w TR A .

Thinking 6.3 FBE EAMRIFEESS : N ARG —ERIETBIEYE » WRIRERARZ
PR B R GER AR R T80, B4R A BRELS SRR T AT A - n

_pipe_is_closed PREUR [HIIEAEE R 1 4/ 25 H 2

o G R HALY pageref (p[0]) == pageref (pipe);
o EUHFE Y HAYY pageref (p[1]) == pageref (pipe);

P 56— 5, S kMR, M4IKH pageref(pl0]) == pageref (pipe). [Hi&MHT
PRI AR, FRATICETIIR 2 pageref (p[0]) == pageref (pipe) Bf, Bifiki. IEMH
WRAGFR R AR, FRATRT LA BN Hi el T, RIFRATEERAOR . 45 Ui ok A i
pageref (p[0]) # pageref (pipe)o

TATH & Z R Z SM S 5, BB R T . pipe HI5IHIREURLL £d
Himo UEIEN close BHTE|—2f I, HEMIR pipe HIME, B fd KIS, wiodl
13 pipe SIHRELN -1 &7 fdo XELFEAEM T unmap FIEIEE, &I pageref (pipe) ==
pageref (fd) M1HHL. &Vt fd Al pipe /£ close I unmap JIT/F, 1% fa 51 HXE -1
6T pipeo fEM unmap HIAIPR, pageref (pipe) > pageref (£d) 1ihkar, RIEIGIN A& 4 rh
T, AN B M T 5 O P R LR A

Thinking 6.4 {F40H5e EHEXBE, FHEZE T (A
o FHR LiATii45 ] pipe_close H fd il pipe unmap HIMT, &5 1] LAEHE LAy
SRR TR R ? 28 HARKI AT i 7R

o BAMHGHT close WHITEIE, 75 £d.c TAH > dup KL, HTEHISCHHIALT .
AR, WREE IS e —EE, BARERHIE close ZKMUATH]
2 SEEAT_EEARE S R AR o

e EH BRI L CLRBEH 550 &6 fd 5 pipe i map/unmap 4 I

A LA DR 5e - SR R 2 B (IR
AR 2 AR R R i S8 2% 1 A AR A T S -

B4 user/lib/pipe.c 1 pipe_close AL H unmap JitJ7 LAKE 6 _FikfE 5
R HERESEFHE Lo
fe7n: HETERECT Y unmap #AFS{E pipe/fd HITFIHREL -1 -
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B2 user/lib/fd.c ' dup BRALTHY map JF LA G Fdb i 5 b B9 3ERESE
G Lo
R YHTEREP Y map BAESE £d/pipe HIGIHIREL +1 .

TAES I HIE R pp_ref HITTEINT S T AR LS5 AR )8, (HZIRA TSRS —
AR 132 pp_ref YR [A)EL,

IR LA 6.2.4 T AIACHD, FATEAS N wH R

o (BIX fork Z5W)E, T-HFREEHAT PUTSE close(pl1]l) &, AT read, M plo] #EHL
Bdfmo HlETICIEEEARSMIX AZS, LA read BRECELAIMACHERE H B 5 b & 5 K A,
JEANZF] _pipe_is_closed K%, pageref (fd) {H N 2(SCH M FHRHFTH T plol),
LH s o o BT 7 2

o WIRZDHREISCHREIAT, RIHFE close(pl[0]), Z/mMEEZ M X EHE. 5 HEREE
%, TR PR A, SRR S DS RIS AT .

o TIERMZEELT, RIE pageref(pipe) HN 2(HRATIF T p[1], FEEREITIT T
pl0]), SIMMEMS, TRINRXHRENEGmOLEKA, FH~RIEH.

fd B PP A R BRI pageref (£4) WA REACHEFEXT £4 ME LM
F25, KRG R T TIF RS pageref (£4) N T MR A 7 ORIESHIELS I, T2
MY EHT I pageref (£d) Fil pageref (pipe), JfHETEIAFRIZEZE#HEZHRG,
j‘ﬁﬁ]ﬁ@ﬂfﬁﬁ E/]zﬁ:%o 7’7?%%@*!5\ ’ &Ti]&“&ﬁﬂ%iﬂZﬁﬁ*E%ﬁ&ﬂ% F) H’]E% env_runso.

env_runs 105 | MR env_run PREL, XFEFRATH AT LMRIE RN ERE do O BTG IR
env_runs {EHAGMHE, KAWIE do() HIFEEELAT Uik,

TR _ B A B0 _pipe_is_closed BRAL, M B & “[FI2E1E” WK JER env_runs
A e T AR 1 o

6.2.5 HHXEH
THFENINE 6 T E5EEHRIT R

HREERY
user/lib/pipe.c 'Y int pipe(int pfd[2]).
XA R E R BIE—EIE. KRECTLA N =2
o G, BUEFFDECHA SRS £d0v £d1, FEOXBASCHERGASE B B B B 25
] o
o SRJRE £40 XRLAEHE DX L — DUASTR), IFHG £ X R AN R DX G 2 ] A
—DT, XTI AR pipe LERAA
o A, RAENEERAY £a0 AURRBEEDN HBE, NS 5AY a1 AABRIEE NS, JF
1 BREL A NSRRI A SCHF A AT I 2 53R 1] o
EAFERERR, HATEAT 00 7 =i, AR F E41E PTE_LIBRARY, XA
DRI L UL BN T A B L= 1Y, B 2Ol I AN i B IR A A XA RE R Y A
AR (A AR o
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AT ERAEESE XA EE

user/lib/pipe.c 'Y static int _pipe_is_closed(struct Fd *fd, struct Pipe *p)
5 int pipe_is_closed(int fdnum)o

X R R L R T A o ], o AR 22 AR A7 £ T _pipe_is_closed
W, pipe_is_closed &X T _pipe_is_closed HYE#Ef4E.

WIS AR ERS, B DR LAS B R AT, SCHIAR FTE TURT rfds wid BB 5
i 5% H WS I, BB TUE pipe Micised S Al T WAST , AW P, RIINAT I 45

pageref (rfd) + pageref (wfd) = pageref (pipe)

YETER SO E , IX S A DR R R, IR i3 22 A P 0 o A R DAy st
P, Bk, W pageref (wid)=0, MRTHEREN T PERERI ML, Fib, Y E D Ik A,
LA 2 AUAT

pageref (fd) = pageref (pipe)

?%%5%3%?3@%%, 1 _pipe_is_closed q”, FAT T E R H PR pageref PR BIAREL £d
F pipe XTR DU AIS AL, HTXMRERAEARIE T/, Z B AT RERI B AP EEFT I, S8k
pageref (£fd) Fll pageref (pipe) AEFIZEIRHL, JeiREUAIE LR 0 T I DIX AT, FAI 1772
TR IGRIL pageref IFHFRESCA DI, WAL IR pageref Hi/5H env->env_run 4%
RIAAN, PR ACHIW B S IR RO . AU, W BEE S — I D4k
M1, R 1) ANGRLE 0.

IEEE R

user/lib/pipe.c 1Y static int pipe_read(struct Fd *fd, void *vbuf, u_int n,
u_int offset)o
XA BRI E R £d X AVETERRZE P IX T, SEEZ o FE] vbus XA HEDL
ik, IR PR E A F T 4L
AR 2B B WS AT REA L -
o ZEIPXANES W3 X AN AY, BEEIZnP X O 28 sl A B s ERR , FFR el
BRI AL
o ZZPPIXAZS: NIMER _pipe_is_closed PREUE S E I 5 T B4 KH, HELKRMA,
NI BE A SERG, BREGRIE 05 ABCARM, N syscall_yield) BHATAEF, EZI
BRI EGEP XAN 2 o

SEEAH

user/lib/pipe.c 'l static int pipe_write(struct Fd xfd, const void *vbuf, u_int
n, u_int offset)o

SEEERECEL, XA REIERRA vout XA R REMBIE, 7] £d X R R TEEESE
TXHFEHAN n P, FREAREG AR T4

BB ZE 0 SEBETAFTAFE, 2oRHE5E G o D51, AR X ACE ERR. [/
I, FESERATE 0 DFEIHE AN, AEEZ X O, WHZEMEH syscall_yield) #H7
SEAE, TEAERRTR W, H R ORI B E A .

KA EE R

user/lib/pipe.c H static int pipe_close(struct Fd *fd).
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XA PREL AV E R A TE A — o R ARr SR AT B — 3 Xt B ) SRR A Ae N, FF unmap X
PEHIATF B SR U DA K. unmap X1¢Tiﬂi@%}x¢ﬂﬁ/‘]§ﬁﬁiﬁﬁipipe ZERAA, SE R ER .

6.3 shell

FEVTEAUR A shell 248 N IE S AR R M (Arfpras) . E R~
e, SRIETAHIAER AR FEFY . B B shell 73K

—ZE A shell (Graphical User Interface shell Bl GUI shell) » #il40: W HA{HN 12
HI2MI Windows RFERVE RGEH) Windows Explorer, AN AMM Linux BAEREH
XWindow Manager (BlackBox fl FluxBox), AN IJRER 58 K1) CDE+ GNOME. KDE 1 XFCE
o

TR 1TH shell (Command Line Interface shell , Bl CLI shell), tEEIEFANT MOS #

VER G5 RIKE S LAY shell £

6.3.1 3EE spawn ERH
spawn HIVE TG BIFR AT FI SCHE R GeH AT 30 T S0 IR T
spawn HJLRE AT LA REATT
o MICHERGAT I A SCHE (— 3 ELF, 310 0S B2 *.b) ;
o FHUIEHTHIERRE IR
o G EARREFINEE] ORI A R R B B A DI

o N TUERENIIA L HbEAS R XS TARZS], BT spawn w5 B A 1TSS AL PR,
Fr L B S H 5 AN AR

o WHE TR AL (Hdsdt sp MR AL EPC);
o PR ACHERR AL DU ST £ BEAR A ik 2 R
o XEEEM TS, BT T,

Thinking 6.5 B LI = 0]/,
o NEIFE Labb X RGN, FEEFT T OB
o [Aliil Labl 5 Lab3, BEAEM2EFF Nz ELF X

o fE Labl HIRAINAT data text bss BN BRI X, data BN
JaAE & bss BUPIAMIAL I 2R it KT memsize M filesize , F/AIME Note
L34 PBARRE T EATHI& LSRR KT Note 1.3.4, EEHAKT “bss BIFALEX
P SR R Lo [BE Lab3 Jf /875 :e1f _load_seg() il 1load_icode_mapper ()
BRECR IR R %L ELF SCHERY, bss BOEURALES NS E AN 725 /. bss B
£ ELF "4 52500, 15 ELF MEFNAEE, bss BIRIEURE S 7250, JFEAL
fEH#RZ 0. 1T e1f_load_seg() Ml load_icode_mapper () MJSLHR, EHiX— ik
AR SEEL Y ?

FIHIZE 2 T BRI R, DA K SR SR S AR 0 5 N AZ BERE A INA A AR Y
XAISHER, KIS, spawn BR%L.
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KTH M, 1€ Lab3 A0SR, Jf Hiljd ENV_CREATEC...) fEMZZSIN
BT RIRHERE, TIRATH spawn BREINEEE RIS R sc B, BUS SO IA, e
F| ELF 1 “BEfL” AE, HEmsei

KTHEZAME, FACELE Lab3 HIHE T load_icode K%L, SLELT ELF WH#UAT
SO BRI B N F S, HAE A e1f_load_seg BRHCKIME SN FEF B
TE Lab3 HIM1EIHE load_icode_mapper [FIHREL, TEHNA FINE ELF £ 2N 17
Z56); AN HE, 7E Lab6 H spawn PR TFEAE AP A N RS WA N ELF 8R0S
[E8 m

Bf s —Asifm), AT AR B R PR IR 6.3.1 Labl. Lab3 BEZHHYNZEY, 9T bss B
TEREIAN RIS ELF SCUF A A o 4 28 [A)IX — [A)

KT Ry 7R RIIA AR 23 [] 1A 4A0E 1% init_stack BRAL.

KA FRATTC i B E PR AR =S 18], BT DAIZE BRS04 T M & ) S B OH 7E B AR R
(] UTEMP IX/TUIEIAL , SKJ544% UTEMP M 21 7 ER A2 1]

B arge DT HRIERIRE b IF EALESICAES TR RREBE I E N0 FREEH,
NG arge+1 MREHEEIRE L, 8 arge+1 TREHRINE — B PR BRI R SEN L

w4 arge fl argv EEE ) argv BIR AL arge+1 7R85 -

X HZAH—iK spawn HER IR ZS R R EIE

USTACKTOP

] |

argc(int) |argv(char **)[ argv[0] argv[1] argv[2] "string1" \0 "string2" \0

| f [ f

K 6.3: TR RIRZIA

MRPE AR U RS, 458K user/1ib/spawn. c H'H] int spawn(char

*prog, char **argv).

6.3.2 f#%E shell 7%

TE Labb HHIRATEIL T X RS, Lab6 HIATE user HE FHRAET 1s.cv cat.c echo.c
FEJVPHARET, BT Linux FAYAE A4, 1 Shell #27 sh.c M 7 _ L2 2] spawn BF
B, HRBESIUE N R AT BT, IR B Is T 112 fs/Makefile 5 Exercise
5.5, BIEIRATE A L8 H PR dn 105 B AT TS0/ “Resk” 2] MOS B SCHE ARG

BTk, BATTFEAE shell HEAE B SLIINEE AT E M A ARREDIRE. R shell Ay

1 WERRRIFEE RS < 5 ST M — 8, FIFX D IR RN, A
FHE Flgs bR A\ sl bR
2. WARREEIETEMS ) WEETHREE EIE pipe, A5 forke.
o XTACHERE, FFEAGEENGEERAMERL, ANE RGN EEMEE ) 15
71 K4, R5EH, AESEGTHRIET.
o XTFHERR, EER R E G PRIER , WEE TSGR, S8JE O R Y
EEME, k808 N — i,
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FEIX BURT LAZE — AN A A5 B R 5 RS %, A Lab0 7, A4 T Linux
(A4S cat my.sh | grep "Hello" XL HEIEMHI T, cat my.sh LS4 my.sh
HHINAIE SIS NBIETE, 1 grep "Hello" N TREEHUT, MEE T HINA L HIFERN
grep MU, PHTEHCFRF BRI 1A Hogh Redan th BIhRHERI 1 -

MR LA _E3IA, #MFE5E K user/sh.c HHY void parsecmd(char *xargv,
int *rightpipe), SEPILXYELE M AIE TERYREDIRE.
fen: TERH REEE MARAHIL (LS REIERIFTITRY, BE5E 7T 5 AT A ar & /N
*}’FL/T—T]:)O

1 spawn BECR B PTE_LIBRARY AUBRAL, ¥ AQHEREFT A N L2 TR 25 T T0ERE.

AR, PR ) PR A R A 7 B £

TERRLASIR, SO, B B G LA BSOS R LU= ST 7 A AE R . A LA
it spawn A HTHERL A (LR

A init.c
ENV_CREATE |
ENVS[0] ENVS[1]
user/ e
free icode.b fsiftiz
ENVS[0] spawn
Y
ENVS[2]
opencons ()
.us.er/ > dup(o’ 1)
init.b
spawn
A for(; ;)
ENVS[O0] fork ENVS[3] readline() spawn ENVS[4]
> —3 parse_cmd ——>»
«——
user/ : runcmd () dupO user/
sh.b exitQ) commands.b

I 6.4: shell JoshifTidfe

o WK 6.4, NIZJEBIATIRE user/icode. b W | spawn, (1 | init.b #H. init.b iF
FREFTHAZEH G (console) 1EN 0 M1 1 SOCHHEIART (f4), Ml /EsERE A bR IR AR HY
SNJEIH spawn G T sh.b FEFE, WELEIRATHY shello 1EiTHL=2TA] (PTE_LIBRARY)
HLHI, fork Fl spawn GIEH T-IRRARE T ACHFEFF AR fd, FrLA shell SRR REE TR
e ANt RSl e, SR TR .

Thinking 6.6 i B2 F BUYEREBATANE , RebnEf A Bl HUE M 2130, 7%
AT dup 2 0 B0 1 SICHHHARF (fd)o ABAMMEIR T . FEWE, 0 F1 1 8 “ZHE” A
PRIER AR HE I 2 IF AT AREITHUR, B R =

o T shell FREDTTIEMT AT AT, FFIL spawn AR PATRRFPIERE (KSR *. o 3CF) o
FEMAT A ATHI A/, 7 shell S0 HE R BYSCHE L TESF dup 21 shell AUARIERIA
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ot , P85 spawn IPRATRIERT A AN L@ = N AR 28 T TR, it AR PR T RE
FrT LA & SO RIS, 8 S5 o B A ) H 200 -

Thinking 6.7 £ shell T2 AW BTN S o FEHITH E 20T shell A

T fork — 1 shell, # Linux REH ] cd s EHITIMNBaTSHT shell T fork
—F shell, #AJ5F shell ZHITIX AL

PEULHIMWT, 7E Mos THERATHEIN shell v &2 W B S22 HEFE A4

]

Linux [ cd 742 A EB a2 A &S MR a2 2

paid

Thinking 6.8 7E/RHY shell ¥ Afi4 1s.b | cat.b > motd.
o IHRWRATLAZERAY shell LSS JLIK spawn ? 53 %S BRA3ERE 2
o THEWRFTLAFEVRAY shell LSRN LIHEREEHER 2 2070 B2 RS A 2

6.3.3 FHXEH
THEANINAE 8 5 shell HHFRIIEEL.

WA Lk = 8] R 45

user/lib/spawn.c F A int init stack(u_int child, char *xkargv, u_int *init_esp)o

XA R T A G4 R AR 2SR, Gk B [ B RR 1 E R AUE B 2 B . BT
AR TC I FLAR B R A S B) RS 2 2 RAR e 2 i ERE A TMPPAGE DUIIAL, K
TMPPAGE Wi 2 T RE AR 28 (] o BUA SR 727 7] LAS % 6.3

spawn ER#

user/lib/spawn.c H/] int spawn(char *prog, char **argv)o.

XA RES fork AL, HZRURAR L — it , At fork BREALAFIAIE,
spawn EREU A B TR T S AR M F AR, R ETHY ELF SCHF, S TR AoRE
J¥o

spawn ERELHRBORBATT

1. S RGR B open BREFT IR EERH) ELF S+ proge

2. RS syscall_exofork ERECHFIEFE HI3E — Mt REd i .

3. i/l init_stack ERECH FHEREMIIGICIR S H], KR BAL RV ZEL argy AN THERE.
4. {fif] elf_load_seg ¥ ELF SUIFAISABom#it b,

5. WE RIS TS 74, ¥ tf->cp0_epc WENREIT AL N, tf->regs[29] W&
REEESEUG TR Er, AR 7R MR N LU R AR ST IR T o

6. AR I VTR 25 73/, 5 fork ARAYRE, X BB Tm .,

7. {EHARSIAH syscall_set_env_status T ol o

Hif, 1 %3 BRI 4 BRI fork BEHMATIEG, % 5 B 6 55 fork
WEAEANE, 56 2 2BFEE 7 25 fork R ERILF—

156



6.3. SHELL CHAPTER 6. ¥i# 5 SHELL

sh.c FRIEERH

user/sh.c 1Y int main(int argc, char **argv).

5 pipe.c iﬁsﬁﬁﬁﬂﬂ)ﬁ'ﬁxﬁ, sh.c %*4%%5@)1%)%%?, 2 shell, ﬁi@%ﬁﬂp
HNIEDN shell PERERTER —LHEANMIRARL. BRELH) LA —DAEIEEN, PRERT RERAR T

o VM readline EAM AN @IS .

o fork H—" T,

o FRERESATHF B, PUTERR TIRE R AQEREAEIL A b RE o
SRR R TR AR, R EIEHITS, AP RN .

LIENEH

user/sh.c 'l void readline(char *buf, u_int n)o.

XA RV E R MAR R (EHI ), SEA—ATH ARG S, (RIF/E char* buf .

& FRT R 45

user/sh.c H[) int _gettoken(char *s, char **pl, char **p2) fil int gettoken(char
xs, char **pl)o

gettoken PRI readline AN @ FAFEENE ASEL charx so XD BRAL
VERRA T AT R, SRl & PEARIL— RS8R E, Fdis A v . L,
gettoken /EXT T _gettoken HYEEE, W] gettoken M, AR HIAR [H]_E—ykid FHA#AT 2 Y
HAHRIT, FHT N — T EARIC.

RS B EERMS <M > FEFT | RS, M g

cmd BT SMITHRE

user/sh.c H[) void parsecmd(char **argv, int *rightpipe) il user/sh.c H1¥ void
runcmd (char *s).

void parsecmd(char **argv, int *rightpipe) iX I BREUI/EFZMAT H P i A fr 4o
WIS gettoken, FHATSMHT MR NITAIENTT, RAFME argy 1, FHAEBEIEER . HIES
FRIRAG 5 I SR I R R AL B . b 58— S S LS YT B IRE BAIT R, 459K parsecmd B
, WA runcmd PRECHI AR HATINBL. Fenltth, ManS S EEIRIER, NIFEaIEEE
Jf fork tH—"1>7 shell. THFRVHAH parsecmd PRELAKSEMAENTE TEA MY @4, ACHFRIR [H]
runcmd @?ﬁﬁﬁ?%ﬁEWﬁé, jlndliny rightpipe IESE TR R RSt B AT JF A T 1
A SRS, T2 0N o S R SRR A ) iy SRR PR T 5 B 5 PR

void runcmd(char *s) X EREIMEZPITINTINE —Sf S B argy FIWar$
Hurh2k, P spawn P2 AT HEREFFR B AT ORI K ELF SCHF, TR TAr &, SCHEREAELILAL
SRR, SRR, e, ESCRFINAE main MG RGN, Mgt
ACHRERY SRR, SRR, IRIEIRETITG, AT —1Tar S BRI Z 08 2] LIZ R
6.5

shell HHXBEIFAXFR

I 6.50
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CHAPTER 6.

i85 SHELL

icode.b

—> init.b

Loop /J i spawn

|

wait

>» sh.b
Loop / E readline
| read
return
< _______
fork
sh.b<child>
i 4 | runcmd
gettoken
return
o
ER
=, spawn _ _|~argv[e] .b
Ll
ot execute
M
=)
E exit h
exit S Gl bbbyt
“i-------------------ﬁ

& 6.5: shell tHCRRELR FHC R
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6.4 SEIEFBLR

AT LE I P BT Shell FIERAYE, FIRFES HY T RS2SR AEAE, F2#A]
TLAEATRON o
6.4.1 EEMR

EIEMEO B A RN tests/1ab6_t, MlHA =30, 7 5)/& user/testpipe.c -
user/testpiperace.c il user/testelibrary.c , LG &R Pt i i iR e, 12 testpipe 6]
Wb HH L pipe tests passed RT3 B .

testpipe AHBMIAF B T4 KU -

[00001802] pipecreate

pipe write closed properly
pipe tests passed

[00004005] destroying 00004005
[00004005] free env 00004005

i am killed ...

pipe tests passed

[00001802] destroying 00001802
[00001802] free env 00001802

i am killed ...

1E testpiperace EF‘, THBRZREREERGRA MAHHFEAEH AT dup @%ﬁ, dup
AL ZAE TR, BRI HAREAHETE (close ) HLKEIH ST mbt 27 SO
(EFE ST R NSNS o IRIE P MRIE P A ER M A5 S, KTRE ST iR
INHE NHGK o

1E testpiperace MM H Y 24 I race didn’t happen /&Il . testpiperace AHil
BRI TERUNT o

race didn't happen

[00002003] destroying 00002003

[00002003] free env 00002003
i am killed ...

1E user/testptelibrary.c MM, WIER fork Ml spawn XTI Ul A ALER R, W
A AR IS
6.4.2 shell iz

fE init/init.c HHZMRATFIT IR IR D) shell FISCHFARSS :

ENV_CREATE (user_icode) ;
ENV_CREATE(fs_serv);

W IEHE S BRI N RUR.

fE AR S A A FRRCR |
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o PUT 1s.b, R EESHATHERA.

$ 1s.b
testarg.b cat.b pingpong.b testbss.b newmotd testpiperace.b testpipe.b
motd init.b num.b testfdsharing.b 1ls.b echo.b sh.b halt.b testptelibrary.b

o PUT cat.b FHRIMERETHR, 2AREHEHI, %1 Ctel-D AIZHEA

o AT cat.b motd, 2 /A XH motd I HZY.

$ cat.b
aabbcc

$ cat.b motd
This is /motd, the message of the day.

Welcome to the MOS kernel, now with a file system!

o AT 1s.b | cat.b, Fl 1s.b MEHRN Y4 —E,

$ 1s.b | cat.b
testarg.b cat.b pingpong.b testbss.b newmotd testpiperace.b testpipe.b
motd init.b num.b testfdsharing.b 1ls.b echo.b sh.b halt.b testptelibrary.b

6.5 {EFHE
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wz A

FPFEATIR

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

A.1 shell &iE 58 =15 RH

ERASWHSHES

XA BRI AR URTER F 22, — e ST TR A S5 5 PV in_E 25k, /e
shell Zfe A VRETE U B9555 PHLEC A REA RS, XA RES LERR D [ 2 E N 28 X TP A
LS R L g et 5 BIRLTEHAN R Y 66 T LSRN shell B S BIZHREH A HYFTESR T 1E shell
L2, H AU RES i fr & S IR E RSB T2 E., T shell Fp— % dn 4 95
AKEAHN <command> <arg0> <argl> .... WHIIRFAIEGH a = 1 XFEH “WEEBR", ©
2Bl shell ST AT — D8N a S, HAEERASE =N 1, NT2EEHREE conmand
not found: a (HIKATHIFRIEHALELE a X DFHATRFIT) o [AMAE shell H— 2 MREIER] A
REGTE a=1 XFERY S5 P REA A8 AP

L BPESHME
£ shell HANFIAYAE 5 3 0T RES AW A8 8 A/ NI IR, TR TR -5 B BEAR ) 35 it
FHE B

o EFHB/NGS. k515

1 FETCAF L B NS5 T R S A T i &, FF0 ot B e 2 )54 o B0 IR shell 72
JEr, {8 $(diff filel file2) 133 diff AR P Z R AL | IS N n<diff
output>" WRITGE] diff M HI S RIFAEN—DFRFE, JIWZ 745 B2 15 o 25 Ry )
filel 5 file2 AR fEIZMAHIN $(diff filel file2) MUNMH X515 ~diff
filel file2 W AEMIAAIRCER .

#!/bin/bash

if [ -z "$(diff filel file2)" ]; then

echo "same"

else
echo "different"
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A2, A EBARZRRY NERR FFER M A, Ab IR

fi

o BUNMES
MUNES AT EARGFRIEA YRV TT AP R IAE) , 0

#!/bin/bash

a=1

b=2

c=$((a + b))

echo $c # 3

((a = 10))
echo $a # 10

((b++))
echo $b # 3

a=$((a + 2))
echo $a # 12

echo $((a * b + ¢)) # 39

o FHES
S test MR, AT HMFMAEER . KRBT 1s /bin REABIH LD
ZN [ FHATRERF, F5 EXD [ R RMSARB AT [ Xttt A1
FIWTZ5F [ <condition> 1 Bf—EFFEA K, BIIEAE [ $a —-ne 2 1, SEBr L24 a,
-ne, 2, ] TENSEULLATPATRERE [, MAEK EA RGOS thiE 56 88 1 HIWnEH]

$a -ne 2.

o RS
W FES FEIRE R T AW 2, (B R A 384 T SR E i — L ThpE. Bl e $g
S LI EEMAPHEIEE: [[ $a -gt 1 & $a -1t 100 11, WfEfAFHES LGS
A $a-gt1] & [ $a -1t 100 ]

A2 HIXEERGZHARREENFRE

B ARG R EREA TR B E RGN, PO TR B SR SR B R,
1A FARE P A DO RED P BERRSR BUIR ST o N T SR ShiRtE R G, el B R R P AR T AL LiadT
Bk —MEFFEREWISTT, HOAREWH CPU BEEUI N, At LURBERCERESS b, A28 CPU TC
REEV MR 73— 70, WNAF RAM 2SR, R eRRLeamids, FriiAnEe
KN AR RAFAEN AT o FTLAEM_ERTLGAIRE : #EEAREE DT, JF NS K,
1, WA RERCE R AL E R AES CPU RERS BELHEVT MY AR 2 K MEAF i & ——ROM 5 FLASH
Ho

BRE, HEEURIE RGN EEX RS KA d b af L8 [mR

1. JXFh CPU REELHYS AR By K MEAF A A O A2 S (8] — 2 BT R CPU Al Ak 23[R Y 3
I, XSRS ER . AR IR/ INEATIRAY, AR I REHL AR F A
PAE RGO RER U, X TFRK A MR E AT IR -

2. WARBAERZENEAE CPU MR ERE 3D, BIRE MR LA — M RIERSE,
RXHE A BRI AR TAT B A 2207
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A2, A EBARZRRY NERR FFER M A, Ab IR

3. {ERPERE AR AU A B E R SR AR T B E R S A LA

T ERERE, Bt N R — RERSAG R B SC TAEMESS “bootloader” &7 AETE
SRAEE AR, TS EAE RGN RAERERE T o XFE Y M A] 78 R e L3 14 [ 7 -

LR REERI AR B ARG TAE IRAE R Ze b il HHBUE bootloader HSEHL, BRE ML IXFH T
S TR SR SRR I BB S e RIS A R SR SRR AR RS, fE
SR B IRAFAE A /NI ROM B FLASH s

2. bootloader fEREVFRIIAISE )T, FAE N IE 3 (HIIRAVE RFNIZRITIRE) BOH R A4,
LN ES NG G M A Es (Lhnmgsh) Hi3 RAM F. B4R bootloader 77
BOSNZESIEBRINFET, I8t I — D N B G g, FPSiiiL =
THLHIDIEE. 8 bootloader Ji, FATELREGAL—MEM; HIEFEITAFEBIERSE T .

3. bootloader FENTTHFFJHEIIHR TAE, [FIS#1F RGN AL NGRS L 1E T8 55 3 LR
FF RS B AR, AIFEAR 7 RE PSRRI PR AR S RS YRR G B, A B T #AE &
GRS 5 bootloader S5 T WM 5 SAIEA: FEZN AL T, (EAE RS Sl
P BRI R AR T, IR T #AVERGERIT SRR T A

A.2.1 Bootloader

MABAE R G R AR, bootloader HHARELE IEFIHIE B A RIEMEIIAT 7351, HIT boot-
loader HYSLEUKHHT CPU MK RZE, KIAKZEL bootloader #7534 stagel il stage2 P
53

1 stagel I, DU ERIGCAE 1445, tFE watchdog timers HHWT. Mg, IS, T2
FEREA—IT R, WG RAM MAMGHSER, H stagel 151 THT bootloader T2 /7 E 1%
MAEZ JefPifids £ (Ledn ROM B FLASH) ndk. i T 48iB BOAREEN 7 RAM HisfT, H
H BB T2 2 IR, IR KA fd: (ROM) ARE, HI{ERFAI 51 FLASH t
At AR o X N AT stage2 YRR FTLL, stagel BR 7RI EA IR 5 4
PAGN, & Mhn#i stage2 #ER RAM Z5[H], SRJ54 stage2 MICASEHIE] RAM =5 [A], Jf HiX B
e, SEPkEE] stage2 WA K%L,

stage2 IBAT(E RAM ', IWIHA R HNSAT IR LA C 155 RSB E A1 IRE
X BB AR, BRI — W Beds S0 A RE (150 s LA A I RE , AR5 N AZ B IR A7
g s] RAM 1, AN E RS, Bk CPU 184 F eI E AN M K
Bk, RIADEHEHIAUN bootloader 343845 E R AN

M CPU _EHZIRIERGANBNZ A JE S LR A PR

T EERZ, LAE bootloader HYM TAEN B M IIRE IRk NAZ NS AT R, /ER
RSN BRI B R AT REA BT 2200, 10 B TR A AR R PR 2 A 2EAR ] o AEFRATH WA x86
PC HfE s, HetATHYZ BIOS HHRIARS, T 258 il (R0 e LA S 1 AR, #8405 BIOS
2 ) MBR (master boot record, FFHUREZEEAEE—A X)) HIEROFHUE S o 78 Linux HH Y
GRUB 7 LILO X PRI AL B Fefl 2 PR A4 MBR o

Note A.2.1 GRUB(GRand Unified Bootloader) /& GNU i H 1) — 12 #/E R4 H shfs
Fro fIERREE, SR LATAEZ MEMERZHNES L, ERIFFHRREERE—MRER
G751 S MRLZEL Ubuntu — 2B RATIRAYIE, —ITHLH BRI I64E RS HY%
Hgt/E GRUB #2419,

(X HE L GRUB M) BIOS fin#k MBR HH) GRUB AU 5 54 CPU %645 T GRUB, GRUB
1 TAERE— 2k B3 S5, MRS RS, A5 R S R G i N AZ B4
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A2, AFBAE R R NMBE N EM M A, Ab IR

CPUfNE, ENIESEFREMURIEE(E

Stagel : ROMELFLASH (FiEEAIE A =5/

JMStage2 | |3 AStage? BRI

FikFeR|
FAtRAM FIRAM Stage2 \[J

EHat

Stage2 : RAM (RA[iXE , ZEX)

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

L Azl S KR E TF
BERFRINFTRL

K AL JEShREEAC R
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A3, HiFEL5EEFR M A Ab Zf iR

S IMERI N, RS CPU B HIBIE S A E R BN .. XA K, HSE BIOS A1 GRUB
B BT —HR AR T 1A stagel HYTAE, T stage2 1 TAENESESETE GRUB 52T o

Note A.2.2 bootloader A WA EAERZ: JE Bz A Eiil. XAERTE Sl
A TP N EG S R SRIE R GRT, T E& & B 0 e UK M4l S T BUkiT
i B N AZ R T 2B Ao

A3 HmEFESEEIER

—MEHE C R

#include <stdio.h>

int main()

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

}

FATEMCHBA 3N B, FHEFATXATCRAIEER . BATE LR FFE1 C
AR T2 R A RIE R — 1 AT X HRT?

XBAAR MG R RAE T, ARRABAEEEIL XA/ NAT : printf B9E AEW
o VAR, C HEE HREUIUT E A RERO], AR4 printf HYRE CAEWRELIE 2 /R—
ERK KL, AR T, AHE stdio.h F? FATERTFILiEIL include 5IH TEM. 4
MESLE AR FADPRIELF—F stdio.h BERATLM 40

stdio.h HET 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, ...);

ERABA.3H, ST T MM AT R4EHT stdio.h TR printe HCHIERS. TLL
Fa, A3 stdio.h HEVARH], IHBA prinst 0 L. sH M, HWA princt
PRSI, TR BRI SN, Fefl1503 TR prints AOUE? FRA1E 4 REASTFE— 1%
CERITEL Y

RADK—H—BHI, prinst WSIGCIEMNA T, XLIESERAL TR AFIH 018
FRRFA. 226, BATERAEE R (BId-E M50, MA%%. Linux i

'printf ML THRIERES, MAERANIN C RAGF . FHIRMEREFIKNTE OIS 1 C SCHgmIER— Tk
R, 5% C U gRIER— DA AT SR SRR 0 . I, FROTEIEHRSE printf AATH
FTATH) C CHgmiFs—e, RERENTRE,
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A3, HiFEL5EEFR M A A SR

gee -E BRA X4
PRAT LA B E T i 46 1 B [ 230, DME T 004 1 0L

/x HTRAHEAK, ZEREYE TRIRD o —Hn. +/
typedef unsigned char __u_char;

typedef unsigned short int __u_short;

typedef unsigned int __u_int;

typedef unsigned long int __u_long;

typedef signed char __int8_t;
_uint8_t;
typedef signed short int __intl6_t;
typedef unsigned short int __uintl6_t;
typedef signed int __int32_t;

typedef unsigned int __uint32_t;

typedef unsigned char

typedef signed long int __int64_t;
typedef unsigned long int __uint64_t;

extern struct _IO_FILE *stdin;

extern struct _IO_FILE *stdout;

extern struct _I0O_FILE *stderr;

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

{

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

3

FILUEE], CEF BB LSO N A RN E T IRSCHE, AR AR 2], X
BB printf 1X—RREHE Lo
2, BAE gec WI-E WeIiN -c 1601, REIFMARERE, 74 DA .o BRI,

AT
gee —c FRRH X4
FATHBEAT A H? , FACgm 45 R T 2 30RO R a2 0T
objdump -DS ERIL4HW BR X4 > Sl UAXHA
main BRECHRIN UG 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

9 e8 00 00 00 0O callqg e <main+0xe>

T EFRER, AT ERAIEE MIPS, THEF TERITH x86-64 & RE5H_Fub 7. [FIRT,
T x86-64 Lg% 2 CISC Lg%, Fitlkar s Aibi—L,
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A3 %hiF 5B IFR M A, Ab IR

e: b8 00 00 00 00 mov $0x0, %eax
13: 5d pop %rbp
14: c3 retq

PATATEE P EAA] callq RIF], X —H &M HRERE . XML, H
H e8 J& call 1EAHIHAEM. RYE x86 L HIFER, e8 FHIMIZIH)/Z printf HIHIHE. 7]
TEX HRANTAN LI, KiZIEE printf MU E EHIES T —& 0. A MbEBIAA T HEZ
printf MUHbbE. Wt BEFIX—2, printf BJEARSZEUKIAAERNTINE T H .
&, AT gec BHTHERE, L2 IEEMARIFH TP K5, A objdump i
FTRAC R a2, Ho—o BT THEE R T HARSU4, IERARERTEBIAN a.out
gee [-o S HATXHA] BRE X4
objdump -DS #ril T HAT X4 > FHXAXHA
FACHmEs R

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: ff 35 fa 04 20 00 pushq 0x2004fa(%rip)
4003d6: ff 25 fc 04 20 00 jmpq  *0x2004fc (Y%rip)
4003dc: 0f 1f 40 00 nopl  0x0(%rax)

00000000004003e0 <puts@plt>:

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

00000000004003f0 <__libc_start_main@plt>:

4003£0: £f 25 £2 04 20 00 jmpq  *0x2004£2(%rip)
4003£6: 68 01 00 00 00 pushq $0x1
4003fb: e9 do ff ff ff jmpq  4003d0 <_init+0x28>

0000000000400400 <__gmon_start__@plt>:

400400: ff 25 ea 04 20 00 jmpq  *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, %edi
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400419: e8 c2 ff ff ff callg 4003e0 <puts@plt>
40041e: 31 c0 xor %heax,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 %hrdx, %r9

40042a: e pop hrsi

40042b: 48 89 e2 mov hrsp, hrdx

40042e: 48 83 e4 fO and SOXEELFEFELFEFELFEO, Yrsp
400432: 50 push  Yrax

400433: 54 push  Yrsp

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

40043b: 48 c7 c1 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: 4 hlt

400441 : 90 nop

RAMERTIR, R TR BOEHRIR T CRZEA 100 KAT) .

BURETIZER) “hello world” HURITRLANL “WEfh” HUARD, FIREAZEM. (HEAIZ,
MDA ABEF BRI, Xk, AT ENES], EREEI—A callq J5
HOAENFEH 0 7o ARRCABIENT — ik WEAEA S P 3T LUR ], 53X
HERRAEIX A AT SO B, SRERPRIC N putseplt BYBRMALE bo BTG BAR AR RAT
2, AR RIRARHE TN AR printf AYRAASEL T

R, FRATAMEHEWT, printf AYSCELR/ESEE (Link) X PERAPHHRA R RAA AT AT
IR A8, TREEX AT AT AW AN EREL, printf BOKRATREFETE
o TRIL, BRUCHUR Gl SCAE KRB (8] 1o printf AYSEELH SRR A 7 k4]
o (EIERT, printf HRFEHEEFEF T, CHPIRSSTANTF M -c LB 4 /) hello.o {7,
HRILAL T AREEAVIRE . AR IR IR, HEHAT (Linker) SR B B HARSCHRGESAE 2, 5
ZHTASH G F R S5 B, TR R R AT T3, Xl e i R Y I e

MFIAELZA ¢ TR, MiFRSE ST AN ¢ SFLSU AL, FiiFmM. o
e BRHRITAR . o SO LAM BRBURSERAE &, JERERL BT IO B R
FA 28R -

EAN S

BAFRITIN | LA B |

. R
|

B A2 Gtk SRR
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A.4. PRINTK #% X EAR3L A M A Ab Zf iR

A.4 printk #&XEKiERA

TR AT ST printk @?}(E/‘]Eﬁgiﬁ%, CEZREINYE =4 cppreference HAX C
HE printf AR EEE C++ UMY, X printf ERECHATEITEANNT 1 %o
PR -

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

ZH fmt BT AT UE S EERENFERS, BT LVEAR A (format specifiers) , 25
printf FHMERFERFER, (HEMIEHIE T —Lme. M0 AN

%[flags] [width] [1ength]<specifier>
HH specifier 5E 7t AR RAZERL, ZITFEAL:

%% A.1: Specifiers 15

Specifier T 1)1
b 0 i 1 4 110
dD Rpiai ke 920
00 TerF5 )\t AL 77
uU TefF5 T HEHEL 920

X TF S+ NskhEL, FR/NE  1ab
X TR T %, FHRE 1AB
2o fofy

c FIF a
S FAFE sample

R T specifier Z Fb A& A AT DL S — S H B A A fIAE AT (sub-specifier), A flag(%A.2):

2% A.2: flag i

flag Eiipuy
- EAEMTERE (width) BT, BRAE T
0 4% H 95 RIS 8 T8 FEAS R PR, A AL E T 0

1 width(5£A.3):

Z A.3: width Wi

width ik

B R T EFTHECE RN, M MER T B e AT
T X2 B R FE A, AH 2SI AME/ N T B AL
S ) ISP AN S 0 B A T T

3https://zh.cppreference.com/w/c/io/fprintf

“https://www.cplusplus.com/reference/cstdio/printf
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75N, ERTLMER] length KA B EARA AR, £ C RRATATLMEN 1. 11. n %5, H
XHEEATAMA 1, 26 TERAA4

£ A.4: length 1JiHH

Specifier
length
d D boOuUxX
| long int unsigned long int

A.5 MIPS iC%5 C iES

FERRIERGEHAE D, ANAE Rt BB g iE = RAARHEMN C HF P20
it E S A RAL, BeE ROk, LA BRELE] C mEL. O THBIRSEEA A T c TBE T
ICom BIAICR , FATEMT R AYIX T kbse T MIPS ILAATHRAIR, @ T IR C 1S
HEIE ST MK R A HEEGIADAS, SR C 355 T ATTE A B A St A o

FEBIRE
int fib(int n)
{
if @==0 [l 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.5.1 B SH R

RBERATRES R T, PR EIUETRIAN R T 2 RWnERIE 2 558, BT MIPS
ICG P BRI PRX PRI B b1, B I TR R FEHIT B TR A SEERA, B AT T PR 3R
ERRCRWE A A I R T BOVITBLRIE 2, S B IRIAE Ry, HF
AN BREE T A B, AUEALSSE 13-15 fTAVIEIAER), HEL R SBaT REAt i N Y C
(NEEHEZN RIS

i= 0;
goto CHECK;

sum += fib(i);
++1;
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:if (i < 10) goto FOR;

FREBIRE o8, IROTUEEHFG g A0 o 0 IR A AR RN A TRIA i 204 HE R Y C AT
FAVEATAEB R AR AIRT R R X B, FAPERT AT C AR TSI g AR A o

400158: sW zero,16(s8) # sum = 0;
40015c: sW zero,20(s8) # i=0;

400160: j 400190 <main+0x48> # goto CHECK;
400164 : nop # -- S
400168: 1w a0,20(s8) # FOR:

40016¢: jal 4000b0 <fib> #

400170: nop #

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 AREXT L [E AR C A0hS, FRATHLRER KEUIEE:— 414w 5 A It 1 9 )i
URHT C AR RAT 4 7o TLAAH, FIBAIEIAEZORA] s1ts sled FIBTPRALEIATR/ NG R, 5
255 b RIUFE MR B Ak o LUXLEIR NS 1, FRATHUREREOR B IR EE M 7
SCESHAT

A.5.2 HEHEAH
Note A.5.1 TEZE X4 BR B A A7 FORE FH 77 S0 4347 R B P o

XA AFEBIRE T AT £ib 3X A SRR W R B AR A A 2o XA BRSO i ) bR
, Bk, EREOR SRR L, FIRGRIEE . BATRT LA A RE R i ] — 1 eF
B, LA A R BSOS, 24 e A 2 T A

AR A RO AR s 20t S oksm — .

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, Z R HTL AR RIS, BT AIARS C IBF AR HRIART. f
W, AREOTL, A KREBH sw, G5RAAH—RHBH 1v. LRI RAMLE 2R ?

50T Az R R BRI g ACAD , FRATR M T -nostdlib -static -mno-abicalls iX =" xS
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004000b0 <fib>:

4000b0: 27bdf£fd8 addiu  sp,sp,—-40
4000b4: afbf0020 sw ra,32(sp)
4000Db8: afbe001c sSw s8,28(sp)
4000bc: afb00018 sW s0,24(sp)
# PEYHFEE, RXE—RF sw fo 1w Hi1E
400130: 8fbf0020 1w ra,32(sp)
400134: 8fbe001c 1w s8,28(sp)
400138: 8£fb00018 1w s0,24(sp)
40013c: 27bd0028 addiu  sp,sp,40
400140: 03e00008 jr ra

400144 : 00000000 nop

FAPREMZ—TF CIEFHEIH. C EF® LR X AR A & B EE,
BRI A B R R A MR [ RE , i AR AR A SG Y o T ELAE— 0 VA Rt 07 B 24 R R ALY
PP AZAIRAS BN T — e, FRENR S F s R, D17 #RRFF AR ©

T, EUZE TIEAT, BOTFRAERILGAE. fERBITL, s a3 Tmm T —
A osw BAE, BT L ET RO E R R A s A BER R AR T T TR SR
[0, GiEdi UM T4 1w 84F, R ERR R A7 e 2 IR E N A B {E

TN ET A G e A PR AOR A RIS M AT T —4UEAR (push) F15#% (pop) HY
BAE, NBARAE T BB S HPIRES . BREHOITLG, diFds B0V sp fREHRIE, AKRAED
8] FEREFT SO A CEAE AR . YR LR I, FiiF BN sp FESTRYE, BT
B [, WREZAIORAF R B A RE . XN C 35S B E0H A B IR AR
FRULPE BN - FERR RO RS R, e FOTO BRATTAES T — ke IX R IRISAITT %t AR R
fitt, 2SRRI IR RGOS Z 2 SRR B, WatR TR IR M

Note A.5.2 ra FFffarfril | BRELHTIR mI bk 8756 i P 1) R 0l AR A5 LARR [1] 21 3
MEHRRERMTT . EUREBEE, FOTHAT LLRIX & B S & Bl B R B I [
AT % AR IR [ I B TS — A R, AR EZEIE A R — D REoRH 17
—AEREL, THRERS, GREEE = AR, RARME - FRANER ST 2 w0
RARKT MBS R, FTLAT fF— N B4R T H) Continuations HIMEA (H#EFF Functional
Programming For The Rest Of Us IX{@XF), TEREZHNIEMATREKIES S, #H5IATHE
LA -

HEHANTER) T — A REA B A& CT WL TR R, IONTERER, 1E8 R &
FUEAT 22 W R g @28 SN RBOR I 2 iEFRAITRE T, £ib
HOMH fib(n-1) F fib(n-2) I, AeiEds R4 A it Chse

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;

CIXE RARRHPIRA” RN RRMC, AR ORAE T % R RO 1R [ LA R AR

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

SHTIHEGRT i H O FHILAIN RS ERS, RATE— IR, AR RAC gD X BE
&, fp MLEMESICHwHAT s8 HIGRF—arfrdr, ARAMW AR LTME
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A.5. MIPS iL%5 Ci#EF Mk A A IR

1w
addiu
move
jal
nop

addu
sW

$2,40($£p)
$2,$2,-2
$4,$2

fib

$16,$16,%2
$16,16 ($fp)

# v0 = n;

#v0 =n - 2;

# a0 = v0; // B a0=n-2
# v0 = fib(a0);

#

# s0 += v0;

#

FATRAC R Xt BLEYTE SO C TSR M. FTEVER], WA — Rl 2 8
£ a0-a3 A rantt (MNEHATODSHAR Z MRS AE) , SARMER ja1 fE< Bk
SN A BRECT o BREUIR EE S PARAFAE vO-vi AFfFan e FRADEIIX A7 77 3 I E R R

HGR [

A5.3 BRAFHEHRERAE

N T Mg F R B S, RATFEEIE L2 XLERE SR, MRt
AR A BB T 2% IXEERUE RN T LA R B 2 145 AR R AR T il 5 1Y o
MIPS H—384 32 Ml 77 /748 (General Purpose Registers), HHHEWZRA 57N,

% A.5: MIPS 2 {5es

Tifrandmy  Bhic/F Hig
0 zero fHEAZHN 0
at (L E A7 rar) — M iCgmasVE o Ini e frds i H] o
2-3 vo-vl  JHTAFIERIA XA EE R AL REIE  fRE 2RI [l{E
4-7 a0-a3 T HREUE S . HAEAEREON A AR SR AR
MBI %, 2 HMRNSE R AR TS
8-15 t0-t7  MTAFBERIE A R E A I i ar £, HAE AR R 0k A
FRSBRAT
1693 s0.s7  (RAFATIFAS; BOHR 1 AR (AR B A
24-25 t8-t9 M TAHBERIEA MBI a7 A7y, HAEAE R 20k M Ay
HORSHE AT ML ETC K BRAL (position independent
function) I, 25 525 FFaw AU E N FH R L) bk o
26-27 k0-k1 U R
28 gp 2 IR N A TRET
29 sp R
30 fp 8 s8 fRfFEAFfFar (IF s0-s7). WA HIMEWiEE .
31 ra BRI ZI0UR [ ik o

Hrpr ) HU 16-23 52774811 28-30 527 f7-an HEAE R ZOM H R BT fE A2 AR o KT 28 5
T A — ] LA EIC KA (position independent code) B, 28 577 {4 I {H 2

TEIER, XREMALIAEWRE CNREEREOA N A R A RERCE . RS E NI (EAE R 20
G A oA B TR — 20
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AHARTTH o

B TSl F A N, A MR A g PC A A AR XA AR AR T T
LPATHHE S 1R MIR7E QEMU (T E & BN, FTLIBRE — TR fFar. Wit pC
AOME, FATHLRENS RIS 4 BT ARSI T RUACRD 2 R 2%, sl il I A ARG 2 R — 2 S5 5

A.5.4 LEAF. NESTED #1 END

R ELEEF, ATLAE init/start.S B4K%] LEAF(_start) XFEAGAHS, HA ) LEAF
HEE—MEH .macro & LB 7% ABAERILIKNIK T f#— N LEAF. NESTED Al END iX =%
N,

Note A.5.3 [f1E LEAF % 75E LAYIHR, AR BIXLEZRHIE SR —RFILL. TFLH
58 IXLEFFSAR MIPS IL4wE4, /& Assembler directives(Z% https://ftp.gnu.
org/old-gnu/Manuals/gas-2.9.1/html_chapter/as_7.html), ‘BN 1HFEVEH L A5
iR TSR, DA Bh A B AR

W grep M TER, LIV LAE include/asm/asm.h 1A IE =4 Z50E Lo
HE1ERATRE LEAF M1 NESTED HIZIE L, PINERINAREA -, (UEkF—fraX

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

s s~

symbol:
.frame sp, 0, ra

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

s s S S —

symbol:
.frame sp, framesize, rpc

NHIEATIBATA BRI L2 E L

AT LEAF ZHE S, JEHEE SR symbol RENT RIS, fE2E LRI
KL, FmIENTEZ P symbol BNy SEhRfE AR SUAR

FATH, L globl RIVEMR “MFRSISHEEEAR AT W, PRI AR B SRt m] LAS ] 2
symbol FR%%, TTSAT H & SCHF H T LA FH AT FH 7 2 SO I 1) R

BEATH, Lalign HUVEATE “6f N AVEUREETHBERS ST, X AT IEA (15 N Y symbol
PREEHL 4 Byte BETXIFT (B o AERLL 27 FAX5T), MIMEERIATATLAER ja1 598k
FIIXAREL CREJHEPINL 0) .

FVUATH, . type HITEZILE symbol ARZFHIZEA], FEIXBIANLE T symbol FRZEN R
bt
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A6, ZHBTARET A KA WA M A, Ab IR

BIATT, .ent FEARRICE N REMIH L, FEY  end BUXEH . IXLEFRICHETS AT LA
1t Debug M5 W FH%%E
FEATHIISLE 2 symbol #7451, JSIHIFY . frame AT

.frame framereg, framesize, returnreg

F—NZE framereg &N TV AIARMIAY A7 A4S, 1B AT TARE (47 sp, TEGIEETRMI
N, sp Zifrar B, H2sBIAMRHBIEIE— B A7 F T AR i 77

B ANSE framesize RIS HE B AFAE 23 RN,

BABH revurnreg RIFHEEINTSE AR 5. BHBAUEA 0 KR
o] bkt AE AR AR I S [, A I AR TR BEIR B R AP AT SN $ra Fam iR Al b 774 72
$ra A fFar T ($31).

Note A.5.4 7E.frame YIRS, HBLTHES “Hemi”, & MR E —RESITEN
BRI AR RAF T IZ PR LAY IR (B e AN iAo A2 E— 709 “BREORA” N Ha R
Ao

WAL, B VE A EAR T A R R Bk« A28 T B I A i
HIEJSESR AR T R 25

WX, FATTLALZ I LEAF Z5F1 NESTED 72X BIBRAET LEAF 758 I PRECEMEH H
WA S BCRM 25 A% O “ISfPIRA”, NESTED ZEAEM IR FHI 4B 7 ARt iy 23 [a] I Fid
SEHOH “BIRE.

TIELERATRE END Zio

#define END(function) \
.end function; \
.size function, .-function

E—AT/EXT END ZHIE X, 5 LA LEAF 5 NESTED Z5{Pl.

% AT .end &N T 55EHT LEAF 5 NESTED A HAHY . ent BOXT, #7107 symbol BRELAY
&

B=ATH  size ZIRICT function FF5 di HIAZEME MK/, 4 function £F5 A7 I
ZBE K/ NEEHN ~function, . AAF T YETHEE, METAE MR L function FREEALATHE
HERIAT B AR I 2SR/

A6 BRTIRSTHF BB

A.6.1 MOS HHTIBFEBME N

1 Lab2 W, SEBUT NAAEHE, @7 7 IR .

TR Y B R SR A4 S DT 2 M B DU 2 (AR MR SC 2R B AR N A7 o 384 E R GRS
TR A Rt e SR BT o IX AR, DURFIRShEdP 1 B S T AL A R L i 21 5K
oy B D T 2 ] R SR 2R

TR RO . e READUA - 2 (R AP DR T DU H st 2 R 28— F MOS HER ATHY
CEM”, B TR UL H SR BRIk =S TR B SE BT 50 AR, — N ERERT 4GB
Mok =S RIS WL PV BRI A7 3%, AR AL 22 AMB RAFHITER (1024 1U1ER), 4KB RAFHITH
5 UARUTFRAITT H S HRAE BERE A i 23 [ FPAS BIBRES , IXEREAE 1024 IERH, B—I]
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RITATRZH 4AMB ZEFEX 1024 MRERG A 4MB T8 X — MR TR TTH 5%,
B 1024 DERILEFENX 1024 DT KL ATEE AMB 125 R R 28490 AT H 5% .

I MOS ', 4 TR H Mgt 2] 7 H 28 B H E) 0x7£c00000-0x80000000 (3 4MB)
DX, XM MOS HARVEE A Nl uveT U7 (A 4 57 1 A H 5.

A PTBase: Base Address of Page Table
0xFFFFFFFF PDBase: Base Address of Page Directory
4KB PTBase+0x400000
T 4KB
PDBase+0x1000
PTBase+0x400000 4&B
4GB PDBase+0x1000 — 5
/
PDBase :
4MB ‘ s PDBase
— PTBase
PTBase
A J

P A3 TUH S W

TR E M AP, T MOS T H SR R A

0x7£c00000-0x80000000 jX 4MB 73 [A] A IAAIE (WA — > JRUTRATEM L) XTI
W TTHSER S — NI H SR FEHET IM A TURTUN 4GB Mtk 23 R 2R et i, AU
H 0x7£c00000 3X—4 kbt W [ W 1% /2 55 0x7£c00000 >> 12 PTUIFRIN (GX—ATTEI 5L
AE-DIHFI) . HT—PIERE 4B 25, KIHEE 0x7£c00000 >> 12 A TUERIAHNT
TURIEHHE RS 4 (0x7£c00000 >> 12) * 4, Bl 0x1££000. FZBIAI153 5T H 5 bk
0x7£df£000.

A.6.2 HTiRWF

FEHAM RS, M = RICRERE LS TR S HRERSHIEIRATERIR,
AHIHFRTOR, [ MR

Thinking A.1 fEIARHY 64 fL ARG, #2E4ET 64 MAIFI, (HEFR EAE 64 LTI AE
ARG BAE 64 MLARZGEHRM ZRITRIE], TWHA/N 4KB. T 64 fLRZEHTFRA
8B, HITHZFW M —TT, FRITTHFESA 512 MTUHRI, FMEEHEIERHTE 9 .
FIAE 64 MRS T, SILFRE 3 x 9+ 12 = 39 (gt v] AL = ITRMA, FFATRE 64

AN

Lo
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B & ik 39 (LI =OIF R SE, BN 512 GB, # =HUUEHIHEH
1K PThase, T

o SHRUGRIH SR .
o BREFEITTH S E SR 00 H FI (H AT -

A.6.3 EMRNEMEEZSR ELF X&
AP — LB, R vss BIEEIN GRS ELF X2 b 3 28 [R)IX —[R]

testbss ﬂﬂ”ﬁt

#include <lidb.h>

#define ARRAYSIZE 0x1000000

int bigarray[ARRAYSIZE] = {0};

int main(int argc, char **argv) {
int i;

debugf ("Making sure bss works right... \n");
for (i = 0; i < ARRAYSIZE; i++) {
if (bigarray[i] != 0) {
user_panic("bigarray[/%d] isn't cleared!\n", i);
3
}
for (i = 0; i < ARRAYSIZE; i++) {
bigarray[i] = i;
}
for (i = 0; i < ARRAYSIZE; i++) {
if (bigarray[i] != i) {
user_panic("bigarray[/d] didn't hold its value!\n", i);
}
}
debugf ("Bss is good\n");
return O;

}

A LLZ% Lab4 W pingpong M fktest HI4miFSMBIRMEE, 5E testbss HIMEL: 78
init/init.c "PEIEAHN ORI PERE, ARSI IR « IAREEIERAIZTT, WU FA] Lab3
SENH load_icode FRAPREEMIHISE K T FEWAZ A INEL ELF I bss BLIRILGRLL

IEFZER RN

Making sure bss works right...
Bss is good

IHE T bss Bi# load_icode RANREUEMI#IIGIL)SE, FATT LK user/testbss.c 4
JEUH bigarray UL =FORFEBIRIAICALEE ) 5300 make clean && make JGXf —IXHJ bss.b
BEAT A A AT -

o AT size user/testbss.b %, size A HIHTIUSZE KRB N BRI EIR, 2 RCFE
text B\ data Bt bss Bt SBZAIAUN, RSN GES I ARLEE. ST
ZIREERY] data Bt bss B/, BEEE.
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. :HW:I ls -1 user/testbss.b uAﬁ/v‘/\, ﬁﬁ:ﬁfﬁuy1¢ﬁqﬁééﬁﬂg%, %ﬁaiﬂéﬁ%ﬂPE’J%ﬁﬂ’@
SR A M ETIARSEL T, CFRN UGB PRI RN, AT L = IR R R SR A

IEHREE R RN

o testbss.c % —f74 int bigarray[ARRAYSIZE] , RIAXS 4 A ®Iiaibhy

text data bss dec hex filename
14280 13851 40964 69095 10de7 user/testbss.b

-ruxrwxr-x 1 git git 41761 MMM dd HH:mm user/testbss.b

o testbss.c 5 —~f7°M int bigarray[ARRAYSIZE]={0} , R4 JRAFimdliait A 0 I

text data bss dec hex filename
14280 13851 40964 69095 10de7 user/testbss.b

-ruxrwxr-x 1 git git 41761 MMM dd HH:mm user/testbss.b

o+ testbss.c % —fT4 int bigarray[ARRAYSIZE]={1} , RIX{& /R bffpliaibns

text data bss dec hex filename
14280 54811 4 69095 10de7 user/testbss.b

-rwxrwxr-x 1 git git 82721 MMM dd HH:mm user/testbss.b

MELLEAEE IR, FRATAT MEH LA =4
o MEH ZRA ARG, R THE AR, data BIEINT 40960 F
97, bss BB/ T 40960 F 7. bigarray ZUANIR/NA 10240 1 int, LA 10240%4
Byte=40960 Byte. VLHILEMEIINFAT RS, AL HT 2 RE IR data B, ARG
T2 A FAR(FTE bss Bto
o M TIRAREMIANHA 0 I, HEHE—IAWIRHRIEER T L BT RGN
TR, 0 )4 mAs ks, — e P 28 (Al bk v A B0 A B O A7 AT, 397E bss
Bt
o SBEUAIAN AR RN, ELF SUHEREERTR/IN R 82721 770 T4 R A8 B (R AFAE bss
B, ELF SCHTERERL I K/INA 41761 7717, 82721Byte-41761Byte=40960Byte, iiiHH
bss BONFERE SO HHEZS 1]
bss B (Block Started Symbol, &N “DAMFFSIFIGHIIRT ), FEHUA ARG /AHEHE A 0+
FRSARAI G /AR 0 YA, FUR MR B gEdrtbhil 2= (i rh R IR FNEE R A bk, 7R SEBRist vt
PAE XA s 2 R AT

Note A.6.1 25=IK testbss.c TUNFE ARG 2ELE, bss B 4 FHAFHLHY
ft 238 H e ?

FATATLAE A objdump -t user/testbss.b | grep .bss & ILImEH L T4 M
A E, BRCREERAENEE, fMikPrts “pss” FIAR.

ATLAMREIN T Joss BEMY—4545R : 00412000 g 0 .bss 00000004 enve

env A HIFATE testbss.c FE Lo FAFTIF user/Makefile, AF testbss.b MK
WO, entry.o H user/lib/entry.S ZiFIM K. user/lib/entry.S B _start: 5k
%) 1ibmain() %L, libmain BRELA. T user/lib/libos.c H, B NAEMIAIH] env 22
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HIREEEE] main() KL, WEERNTE CF user HFE NS5 BT L RS
env ZZIHRAE user/1ib/libos.c FHIE Lo
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