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F125 xve LI

xv6 & — N EAE RS, T AN Dennis Ritchie il Ken Thompson FJ UNIX Version6 (v6)
R T BB, AHIEAS PR AR v6 (S5 AT XU o xve FI ANSIC SEBIL, AT x86 I RISC-V A,
R B TR 221 Ml Chttp://pdos.csail.mit.edu/6.828/2011/xv6.html) A xv6 RI¥ 2= ik i) 148
4.
FERAVG R ERE T, KR x86 17 FL A8 KL xv6 [FIg4Tid fE, RIIRATE %3 QEMU
CHIRETTELA bochs) , ARG F 223 xv6 Ui, TFHFEVERMZ xv6 FTAE A2 32 f74K%
.

1.1. i247F QEMU HJ xv6

FATLA Ubuntu20 64 i Linux A ULH xve 221 fE . 1R iZEE R Y, L QEMU
i B RS KI4T xv6 ). QEMU & —E HidAi B D157 (Fabrice Bellard) fiT4dm S AL F 28475
BAE, ZAE GNU/Linux & EfER) 72 1) GPL JFURE Y. xv6 #:1E RGin] LUigtT Tz H R 4t
k.

1.1.1. Ubuntu20+QEMU+xv6

AFTEATEF Ubuntu 20.04.5 1) 1SO i1% (ubuntu-20.04.5-desktop-amd64) K %25 K ¥R
BEMERIE R G, 2B R AN S Ho A A R AN 22 28 58 =TT 8. Ubuntu 23885,
N P A 5 B AT 5E OB Rl o A SR EAE Y root K RS, BERS AT PAFRAT sudo passwd
root SR HI NGB BT AT LL 1o a0 SR B F S, WUAE ST R AR T Cri+ALT+T /] LASLH
Ao fliH] Crl+ALT+F1~F6 A LLTE AN 2 1] 5] 4 o

I JE R AN 7E Ubuntu %238 xve S AH IS

QEMU %23

A2 2E, QEMU 2 —E WA B0 DIH; (Fabrice Bellard) Frdw S (I 4AbBRAR477 5401
sefE GNU/Linux “F-& FATHTZ 0 GPL FFIEE AT . DL B S, R4 & H BT apt-
get install gemu-system 772 B A 58 il 22 %%

BeE R X 9wk T R4

N T RS PR LoongArch FIZATIN xv6 W%, TRE N X LAEE, 1E shell hAT
wget https://github.com/loongson/build-tools/releases/download/2022.05.29/loongarch64-clfs-
5.0-cross-tools-gcc-full.tar.xz T % 1. 2% £l loongarch64-clfs-5.0-cross-tools-gcc-full.tar.xz, A5
H sudo tar -vxf loongarch64-clfs-5.0-cross-tools-gce-full.tar.xz -C /opt iy 2> fift 5 4

NS LR R B B AT X g i LRI A &, AlIE I B i/ ete/profile SCHFSEIN, TEi%
SCAF RGN TR A
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CC_PREFIX=/opt/cross-tools

export PATH=SCC_PREFIX/bin:SPATH

export LD_LIBRARY_PATH=$CC_PREFIX/lib:$LD_LIBRARY_PATH

export LD_LIBRARY_PATH=SCC_PREFIX/loongarch64-unknown-linux-gnu/lib/:SLD_LIBRARY_PATH
AINsEfE P EA cat fn & A E 2 BIMAD), Wk 1-1 fis.

1 ubuntu@ubuntu-NUCBISBEK: fetc Q =

z 5 cat profile
# [etc/profile: system-wide .profile file for the Bourne shell (sh(1))

# and Bourne compatible shells (bash(1), ksh(1), ash(1), ...).
CC_PREFIX=/opt/cross-tools

export PATH=$CC_PREFIX/bin:S$PATH

export LD LIBRARY PATH=$CC PREFIX/1lib:SLD LIBRARY PATH

export LD LIBRARY PATH=SCC PREFIX/loongarch64-unknown-linux-gnu/1lib/:SLD_ LIBRA
RY_ PATH

if [ "s{Ps1-}" ]; then
if [ "S{BASH-}" ] && [ "SBASH" != "/bin/sh" ]; then
# The file bash.bashrc already sets the default PS1.
# PS1="\h:\w\$ '
if [ -f /etc/bash.bashrc ]; then
. fetc/bash.bashrc
fi
else
if [ "'id -u™" -eq @ ]; then
PS1="# '
else
P51="5 '
fi
fi
fi

if [ -d fetc/profile.d ]; then
for 1 in Jetc/profile.d/*.sh; do
if [ -r 61 ]; then
. S1
fi

B 1-1 A cat 454 & /etc/profile LfF
Bt 4 loongarch64-unknown-linux-gnu-gec --version 1] LR I6 & 1% B N, & 2w
1-2 BIFE U B IR 3 E .
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~1 ubuntu@ubuntu-NUCB8ISBEK: ~/xv6-loongarch Q

$ loongarch64-unknown-linux-gnu-gcc --ver

sion
loongarch64-unknown-1linux-gnu-gcc (GCC) 12.1.0

Copyright e 2022 Free Software Foundation, Inc.
FEFELERNS; BSEBRBHRNERE, FRERGEMER;
ISR EHEENE—TREN TS ANE

s

B 12 % TRAERRLERE

Xv6 3k

Z JGfE github M3k https://github.com/SKT-CPUOS/xv6-loongarch-exp K #E xv6 JEAL A xv6-
loongarch-exp-main.zip, #XJ5 f unzip xv6-loongarch-exp-main.zip fr & i E46, JaHEA xve H
FHHAT make all BI AT SE i . WIER RGN A % 2% make 75 2 sudo apt install makes
FAphd, IR make RAIETRIE AR ZEL gee MIFE AT sudo apt install gee T8 UAH R K 2224

HeisE, 7E xv6 H 31 gemu-loongarch-runenv F#47./run_loongarch.sh -k ../kernel/kernel E[I
AR EEAT, W 1-frs (ERATIX— DI ] fg 4l TR G/ 1ibSDL2-2.0.50.0 F
libfuse3.s0.3 304, T LLEE 14T sudo apt install libSDL2-2.0-0 libfuse3-3 i 4> 2235 B A A0 fifE 1k,
TR HAh SV R AR L 2 e B AT ) o 75 BER 7 B AT BLSEHZ R “Crl+a”
A TG “x” REHRTE.

[l  ubuntu@ubuntu-NUCBI5BEK: ~fxv6-loongarch/qemu-loon...

SetUefiImageMemoryAttributes - Ox0000000OFEECO000 - Ox0000000000040000 (Ox0000
000000000000 )

SetUefiImageMemoryAttributes 0x00000000FEE20000 0x0000000000040000 (AxPOBO
000000000000)

SetUefiImageMemoryAttributes 0x00000000FEDBOOOO 0x0000000000040000 (OxDO0O
000000000000 )

SetUefiImageMemoryAttributes 0x00000000FECEQOOO 0x0000000000040000 (Ox0000
000000000000 )

SetUefiImageMemoryAttributes 0X00000000FEBFOOOO 0x0000000000050000 (OX0000
000000000000)

SetUefiImageMemoryAttributes 0x00000000FEBOOOEO - OxO000000000040000 (OXx0000
000000000000 )

SetUefiImageMemoryAttributes 0x0000000OFEAGOD00 - Ox0000000000040000 (OXx0000
000000000000 )

SetUefiImageMemoryAttributes 0x00000000FESCOO00 0x0000000000040000 (AxPOBO
000000000000)

SetUefiImageMemoryAttributes - 9xPOPONOAOFES20000 0x0000000000040000 (OxDO0O
000000000000 )

kernel argc: 2, argv: OxFE6F0000, bpi: OxFFFDA418.

entry kernel ...

init: starting sh

|

& 1-3 Ubuntu20+QEMU+xv6 51T~ B
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1.2. A

FE57 2] xve ARSI R, FATHZEAWHT gdb WX MEAND KTy, PRl e 75 22
A gdb WH AL HIEIR . R O ARSI (Linux GNU CIRFFILE) —4,
CHLEWHE RN BN, "REHEAT 7 gdb MK S A M I .

1.2.1. xv6 shell 74

1E xv6 H XM gemu-loongarch-runenv F#47./run_loongarch.sh -k ../kernel/kernel ¥ & 5]
QEMU 1jj FL23HI81T xv6 #1E RS, ULIPHELE RN shell SCARE R 7R xve B o Wil 1-Fr
TNo

iE v

I
“"s T ubuntu@ubuntu-NUC8I5BEK: ~fxvé-loongarch/qemu-loonga... Q =

map[13]:type 2, start OxFEB600OA, end OXFEF10000

map[14]:type 2, start OxFFF90000, end OXFFFEGOOO

SetUefilmageMemoryAttributes - OxP00OOEEOFEECAONO Ox0OOEEEER00040000 (OXx000000
0000000000)

SetUefiImageMemoryAttributes - Ox0000000OFEE20000 0x0000000000040000 (0x000000
0000000000 )

SetUefiImageMemoryAttributes Ox00000000FEDBOOOG 0x0000000000040000 (0x000000
0000000000 )

SetUefiImageMemoryAttributes Ox00000000FECEODOO 0x0000000000040000 (0xO000000
0000000000 )

SetUefiImageMemoryAttributes 0x00000000FEBFOO00 - OX0000000000050000 (0x000000
0000000000)

SetUefilmageMemoryAttributes 0x00000000FEBOOO0E - Ox0000000000040000 (O0x000000
0000000000)

SetUefilmageMemoryAttributes 0x00000000FEAGOO00 - Ox0000000000040000 (Ox000000
0000000000)

SetUefiImageMemoryAttributes Ox00000000FESCOOOO 0x0000000000040000 (0x000000
0000000000 )

SetUefiImageMemoryAttributes - Ox00000OOOFES20000 0x0000000000040000 (0x000000
0000000000 )

kernel argc: 2, argv: OXFE6F@000, bpi: OXFFFDA418.

entry kernel ...

init: starting sh

3

B 1-4 j53) QEMU i B 3$I24T xv6
VLIS 7E xv6 shell AT Is #74, A LLE 2 xv6 SCAFRGEH AT T $AT 30/, Wbt 1-1
Fr7m o
B8 1-1Is B Hi B A BG4 S0

$Is

111024
.. 111024
README 2 2 2226
cat 2 3 20120
echo 2 4 19056
forktest 2 5 11312
grep 2 6 22568
init 2 7 19808
kill 2 8 18944
In 2 9 18832
I's 2 10 21928
mkdir 2 11 19048
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rm 2 12 19032
sh 2 13 34688
stressfs 2 14 19920
usertests 2 15 127776
console 3160

$

B A2 A cat README XA README W%, mi#EH echo Wit —THEZ. BEE
I A] LR HA Linux H FHIDIRE, 9] 0 & K PR A i 2 1EHHAAT cat README |grep xv6. Xv6
X HSFERAER LA A Linux 2 ZAZ: mkdirs rm AR EBA4 cd 55,

WIRAE shell 4% T Ctrl+P U< o YIS AT MERRE B, WhE 1-2 . W AHA
BERE, HEREEON 1 B9 init HERE, S4RTALT sleep PHIEIRZS: 45 2 (UHEREE sh HERE, 400
W T sleep FHEERES . JFIEANISFE R, LHMME ESLPr 2@ WA R %L procdump()3T
PR

FE 12 A curl+p BEEBTHERE

$
$ 1 sleep init
2 sleep sh

1.2.2. QEMU+gdb ik

GDB T H %3

& dk gdb T H, 4GfE shell 134T sudo apt install texinfo bison flex libgmp-dev %% —
DA EARASL, 7 et PRI AT A DU PR AR s 2 P I IR B AR 00 AT 22 B P R O . SRS i 2 2
gdb T H, EAPIEA: 4T git clone https://github.com/foxsen/binutils-gdb 774 T % gdb Ji
ffL, 3N binutils-gdb H3%, 4T git checkout loongarch-v2022-03-10, #&J& H mkdir build iy
4B build H3%, 7E build H 3% F 147 ../configure --target=loongarch64-unknown-linux-gnu --
prefix=/opt/gdb #74 . /5 H make A &%k, WIRRFILEA %% g+ FHZSEH sudo apt
install g++2Z2 3% g++, 41 5¢ la BT make install B 0] 58 il 2225

GDB XM E

H GDB X QEMU I 7] LLEE I H AR 7r A pids, —7Fi& FH GDB il 1 QEMU J& 3l i) k&
L, BPERE R RN R E N, 7T LA ERIILE bootloader AR E BT FE, 7
— PRI QEMU A B [RARRG 1T AN A2 5 UL LS AT A ARAS o A 1ix B 75 ZE R /2 xve AXAD,
IMAE QEMU i B A% (AR .

2 gdb RN LA E H, W 1-FR. — N2 JE B QEMU 1 shell & H (42 EFD
—/ANRIEAT gdb (1 shell & 1 (F5 A o NEPEVEGIH RPN E D I2 T 2.
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1-5 | gdb JHRIZ1T T QEMU IR xv6
B, RATE D& shell hiE N xve J5A% H 5 NI gemu-loongarch-runenv 313k
47 ./run_loongarch.sh -k ../kernel/kernel -D Ji3 2l A5, SEFR L2 AT T AR S5 4% gdbserver
I, BN TCP:1234 o 1, Z5fF gdb & P i 2N, W& 1-FR.
B8 1-3 33 QEMU PR

|gm@ | gm-VirtualBox: ~/xv6-loongarch-exp/gemu-loongarch-runenv$ . /run_loongarch. sh -k .. /kernel/kernel -D
+ . /gemu-system-|oongarch64 -m 4G -smp 1 -bios ./loongarch_bios_0310_debug.bin - kernel .. /kernel/kernel -
initrd busybox-rootfs. img —append 'root=/dev/ram console=ttyS0, 115200 rdinit=/init" -vgaS

BATE T — D% B R B) gdb FFEREFNZENM 1234 b £ xv6 HEKHAT
/opt/gdb/bin/loongarch64-unknown-linux-gnu-gdb ./kernel/kernel JE 3} gdb %F xv6 1% kernel )
PR, SRIGTE gdb i AR FHUT target remote :1234 &3] xv6 HIn R4 b, W5 & 1-Fr
o TERHAHIBIARN R (kernel SR EAEUFTH R, WRAE, WFELEH ST HHAL

Ho
B 1-4 gdb X FIRBEA

|gm@|ogm-VirtualBox:~/xv6-loongarch-exp $ /opt/gdb/bin/loongarch64-unknown-Iinux—gnu-gdb . /kernel/kernel
GNU gdb (GDB) 12.0.50.20220221-git
Copyright (C) 2022 Free Software Foundation, Inc.
License GPLv3+: GNU GPL version 3 or later <http://gnu.org/licenses/gpl.html>
This is free software: you are free to change and redistribute it
There is NO WARRANTY, to the extent permitted by law
Type “show copying” and “show warranty” for details.
For bug reporting instructions, please see:
<https://www. gnu. org/software/gdb/bugs/>
Find the GDB manual and other documentation resources online at:
<http://www. gnu. org/software/gdb/documentation/>

For help, type “help”

Type “apropos word” to search for commands related to “word”..

Reading symbols from . /kernel/kernel..

(gdb) target remote :1234

Remote debugging using :1234

warning: Can not parse XML target description; XML support was disabled at compile time
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0x000000001¢000000 in ?? ()
(gdb)

RS ) gdb 1 ¢ i e, B EEHAT xve WAZAREY, FETE xve K & B R4 )5 sh F 3
1T shell 5L, WEEE 1-Fs.
JRE 1-5 xv6 B FiB1T

Entering G environment

SecCoreStartupWithStack (0x1C010000, 0x90020000)

(0x90010000, 0x10000)

&SecCoreData. BootFirmwareVolumeBase=9001FF88 SecCoreData. BootFirmwareVolumeBase=1C010000

&SecCoreData. BootFirmwareVolumeSize=9001FF90 SecCoreData. BootFirmwareVolumeSize=40000
Find Pei EntryPoint=1C011240

g, L

SetUef i ImageMemoryAttributes — 0x00000000FE920000 - 0x0000000000040000 (0x0000000000000000)
kernel argc: 2, argv: OxFE6F0000, bpi: OxFFFDA418.

entry kernel ...

init: starting sh
$

AFHRI AL QEMU+gdb IR TT 2RSS xv6 11217 .

1.3. /NG5

AL T xv6 SEK RGN, 451 T Ubuntu20 ) QEMU 223580 xve 2350 F4 .
HT T EEE, QEMU (K15 EHAE 24 Ubuntu20 A] LLZ23EFE VirtualBox BRHAM ERIHL . 4R
Ja RPN T xv6 shell BT IR ERIANE a4, WA gdb ik xve XS IE1T .



PAE R G0 E R ——xv6 20 HT 5 S

WYIRZ B i

i AR

FEIRN S S RMBE L NAZARBS AT, AT SERAE — SEANE I i RE R A

FIREFR? S QTS IET i R G, DUS A RS Se SN R 2 (O se I B ol A5 S i e B AR

Al LA https://github.com/SKT-CPUOS/xv6-loongarch-exp K #.

B eRSt—

2 WA R I £

A BT B A B BT xv6 JA BN 3515 2 . 3T IT kernel/main.c

FRI7, 1R85 17 AT AR Y if WA (T B A B ¥ IN— ) pritnf("cpuO: starting xv6\n");1& 2 E 242
AME R, BEE BSOS HARAR P A IR, W B s B 2-1 BRI —— iR EE B OO

HENFIEM xv6 BIERZ T .

PROBLEMS (2 QUTPUT
SetUefiImageMemoryAttributes
SetUefiImageMemoryAttributes
SetUefiImageMemoryAttributes
SetUefiImageMemoryAttributes
SetUefiImageMemoryAttributes
SetUefiImageMemoryAttributes
SetUefiImageMemoryAttributes
SetUefiImageMemoryAttributes -

entry kernel ...
cpu@: starting xvé
init:

s i

starting sh

DEBUC CONSOLE

TERMINAL

- Ox0000000BFEE20000 -
- Ox00000000FEDBOEOG -
- Ox00000000FECEOEOE -
- Ox0000000BFEBFOEOEG -
- 9x00000000FEBOAOOE -
- Ox00000000FEAGBDEOE -
- Ox000P0O00BFESCOBOEG -
0x00000000FE20000 -
kernel argc: 2, argv: OxFE6F000@, bpi: OxFFFDA418.

0x0000000000040000
0x0000000000040000
0x0000000000040000
0x0000000000050000
0x0000000000040000
0x0000000000040000
0x0000000000040000
0x0000000000040000

(6x0000000000000000 )
(Bx0000000000000008 )
(Ex0000000000000000 )
(6x0000000000000000 )
(9x0000000000000000 )
(Ex0000000000000000 )
(Bx0000000000000000 )
(9x0000000000000000 )

B 2-1 BRUEHESIIERE R

2.1 FW AT PATRE P

N T 4 xv6 BSIET I T HAT SCIF, 752 1 AR xve AR SO RGUR INT AL R, AR5 4 RE S
5 R AR T IE xve IR SO R G

2.1.1. BER AR B4 RR

BUERRATTSER T fF xv6 BERL S R G BT AT AR B

(1) AR NIRRT o
(2) RN FHRE 7 O R GERAR

HSETE Makefile HFA—NERHIN, AR T AT (1*.c SCAF#RE 240E
J*.0 Ao FIAME Makefile A5 — AR 48 T AT SRR ZE R, @ifths 2-1 o

AER, AR IR

4

%

BRI G5 1 A 2

RN B, X T B %.0 SCOEB 45 & S(ULIB) 2 A sl $AT S0 E_ %,  Ebaniit Is.o CRI4R
WSS K B FR A A _Is (BRI %H HARS@) - -Ttext 0 F T-48 AL A7 AE 0 Huhk R an st Ty,
—%F8%, -NZEH THH data 175 text

-e main 2445 1 LA main B4
TR A AT

bR BARISAE B 1T i 1 58
AR VUL RS 5%
ARAY 2-1 Makefile F AT AT SCHE 2L SR
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ULIB = ulib.o usys.o printf.o umalloc.o

1
2
3 _%: %.0 $(ULIB)

4. $(LD) $(LDFLAGS) -N -e main -Ttext 0 -0 $@ $*

5 $(OBJDUMP) -S $@ > $*.asm

6. $(OBJDUMP) -t $@ | sed '1,/SYMBOL TABLE/d; s/ .* / /; /A$$/d" > $*.sym

15 2-2 72 Makefile G ROV ERERL U RN 7 . HPAR 8 UPROGS B& T T Mk
E@ﬂﬁuﬁxﬁﬁ% WA A 2255 fs.img H AR T UPROGS A8 &, I FUI &4 1H1 README L4

— il mkfs B2 7 FE 4 O R G E fs.img.
fRAG 2-2 Makefile FEI B RS SCAE R SIS 5

1 UPROGS=\
2 SU/_cat\
3 SU/_echo\
4, SU/_forktest\
5. SU/_grep\
6 SU/_init\
7 SU/_kill\
8. SU/_In\
9. SU/_Is\
10. SU/_mkdir\
11. SU/_rm\
12. SU/_sh\
13. SU/_stressfs\
14. SU/_usertests\
15. # SU/_grind\
16. SU/_wc\
17. SU/_zombie\
18.
19. fs.img: mkfs/mkfs README $(UPROGS)
20. mkfs/mkfs fs.img README $(UPROGS)
21. xxd -i fs.img > kernel/ramdisk.h

2.1.2. i InfE BRAR

Rl FRATTTE xv6 PRI user B3R N, 'S — MNREFAENTRATA xve 3 10— AN AR,
WARAY 2-3 Firas . HH types.h. stat.h Al user.h 73512 kernel Fl user A% H s 1)k S F2)F
E R RITHI—4T7(5 2 “This is my own app\n” .

A 2-3 my-app.c
#include"kernel/types.h"
#tinclude"kernel/stat.h"
#include"user/user.h"

int

main(int argc, char *argv[])

{
printf("This is my own app!\n");
exit(0);

©CWLoKNOULEWNRE

=

}
SR G BATE L Makefile H 1) UPROGS 28 &, I III—NSU/_my-app . 28 5 A LLFHAT make all,

BB AT LA 2% 0 _my-app SCHF, WIBE R 2-1 Bz 28 AT gee Stk fm 2 =2 BHER LI
fil &, ZERR my-app.o. H=. P0. TAT A4S 2-1 ORI AR, e 1d R A 4
AR _my-app ATHAT SO i TR HAT SO R T T, R A T A S R G fs.img H AR

10
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AR ——55 7547 o i A€ mkfs B2 A2 fs.img REREIRE SCI, FLhal $AT 305114
R Ja — A BATHIAE B _my-app.

B 2-1 4i¥ my-app.c

1. lgm@ubuntu:~/project/xv6-loongarch-exp$ make all

2. loongarch64-unknown-linux-gnu-gcc  -Wall -Werror -O -fno-omit-frame-pointer -ggdb -MD -
march=loongarch64 -mabi=Ilp64s -ffreestanding -fno-common -nostdlib -I. -fno-stack-protector -fno-pie -
no-pie  -c-o user/my-app.o user/my-app.c

3. loongarch64-unknown-linux-gnu-ld -z max-page-size=4096 -N -e main -Ttext 0 -o user/_my-app user/my-
app.o user/ulib.o user/usys.o user/printf.o user/umalloc.o

4, loongarch64-unknown-linux-gnu-objdump -S user/_my-app > user/my-app.asm

5. loongarch64-unknown-linux-gnu-objdump -t user/_my-app | sed '1,/SYMBOL TABLE/d; s/ .* / /; /~S/d' >
user/my-app.sym

6. mkfs/mkfs fs.img README user/_cat user/_echo user/_forktest user/_grep user/_init user/_kill user/_In
user/_ls user/_mkdir user/_rm user/_sh user/_stressfs user/_usertests user/_my-app

7. nmeta 46 (boot, super, log blocks 30 inode blocks 13, bitmap blocks 1) blocks 954 total 1000

8. balloc: first 493 blocks have been allocated

9. balloc: write bitmap block at sector 45

10. xxd -i fs.img > kernel/ramdisk.h

JA3l xv6 RGAJE, AT my-app F2/7, IEMHLEH T IRATSF “This is my own app!” =

e, Wk 2-2 Fios.

-1 ubuntu@ubuntu-NUCBI5BEK: ~/xv6-loongarch/qemu-loonga...

entry kernel ...

: starting sh

stressfs
usertests
my-app
console
S my-app

This is my own app!

A |

-

1
1
2
2
2
2
2
2
2
2
2
5 -
5 -
5 -
5 -
5 -
5 -
3 -

1024
1024
2226
202600
192600
11384
22728
19920
19088
18984
22048
19168
19160
34832
20032
125000
18704

& 2-2 7E xv6 HIBITH K my-app FBF

2.2. ARG

WERBA MBS T xve BARRS, Blansghn iR, Mamt & 2A B BEME ARG
F, I B B AT PP A2 R G AT e i B o PRI 3RAT T 75 22 ST AN e 8 hn o i) R 4t
WA, AR FE S AR e 54T RGE M, J5 T A BESAIE xv6 BB DI RE .

11
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b, REREAS SEANE B B TR R AC P g T, X RT LA N R G AR SEEL
AT A ST A e £E SRR P R R LR R ST, AR B ST A0y S B _E SR FRT ) R
IR

2.2.1. RG R RBI

Al RS HHAE user/user.h HE X, FRAVERET iR BT RIAT . FRATCASRIGERE
S getpid() RS NI, 9’5 RS 2-4 BT print-pid.c AR5 .
ARFG 2-4 print-pid.c

1. #include"kernel/types.h"
2. #include"kernel/stat.h"
3. #include"user/user.h"
4.
5. int
6. main(int argc, char *argv[])
7. {
8.
9. printf("My PID is: %d\n",getpid());
10. exit(0);
11. }

Y FERTTH 71520 Makefile 3FE 4B xv6, JBENJGEE shell FHAT print-pid & Ih3T
ERiEfE S, il 2-3 Pios.

PROBLEMS OUTPUT DEBUG CONSOLE TERMINAL

SetUefiImageMemoryAttributes - @x0008000BFEBFOR0E - Ox0O0O0A0NONO50000 (OxOOAAOEAOAEOOOA0A)
SetUefiImageMemoryAttributes - 0x00000000FEBOEORE - Ox0000000000040000 (0x0000000000000000)
SetUefiImageMemoryAttributes - @x0008000BFEAGODOE - Ox0OPEOECNENO40000 (OxOOAROEAOAEDEOEOA)
SetUefiImageMemoryAttributes - 0x00000000FESCE00E - Ox0000000000040000 (0x0000000000000000)
SetUefiImageMemoryAttributes - @x00080000FE920000 - Ox000O0E0NEN040000 (OxO0A0O00OAEDOO00E)
kernel argc: 2, argv: OxXFEG6FOO08, bpi: ©xFFFDA418.

entry kernel ...

cpu@: starting xvé

init: starting sh

$ print-pid

My PID is: 3

B 2-3 $AT print-pid 1T getpid() R G iH A

2.2.2. NIMARSG A

W ARG LB W, B2 D —— R R GRS RG]
Mo A (AR RGURM 5D B2 RETMIIREM MLl kB2 ss . 535k
W RS RIS —— M TR 1% R S A Zh Be

HnRGHAS

xv6 I RS A —ADME—2%5, E AE kernel/syscall.h #1. FATTA] LLZE SYS_close [f] )&
ﬁ, HMN—4T “#define SYS_getcpuid 227 BIW], XH[%%5 22 7] L2 HAE—— R ZA

F Hi A o sl i

BimAPEAN
N VAR PSS REHHT R, 75 BRI P AN T R %L getpuid () RIAR R (3K 30

12
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B &3 user.h

T kR R RE TR A A N R L getepuid(), 77 2E4E user/user.h HUIIA—4T B R
R “int getcpuid(void);” o 1%k ST M AZ A N AR 7 B ARRE BT i F - RSB A B T Ay
PRI EM . BRI ANITE FRiE C 18 5 FEM R ECERA BRI, KA Makefile IS “-
nostdinc” Z& 14 A Linux RS, mHA “-1.7 $8H7E 400 H % :ko0fF. il
Ui xve RGEH, FFRA LEARMER) C TE S

B usysS FENHFASAO

EX T getepuid()ERLZ 5, BT ESLIL getepuid()pRiEl. FRATTE user/usys.pl HAIIAN—AT
“entry("getcpuid");” , FIATA] LLAE AN F usys.pl 25 38 1TJ5H . entry 5E ST usys.pl HIEE ILAT -
entry("getcpuid") 21 Z B I, BT “getepuid” B XN AN R4, SRJGHE SYS_ getcpuid=22 1E
NEGAR SRR a7 T 74T, e K H uinted T84T RS0 FH“ uint64  ST_SYSCALL”.
XFE, Gt P AR getepuid(), {58 uinted TN BIRFIHHAIEANDE, LLa7fENT
FRAE R G FHEE syscalls[H s ] LAH S 75 ZEPAT IR0 1% 22 G FH 10 AR AR o

X HLE LW getcpuid()EREL, & AE TR ZEHAT RGN B I P AR, (AR
A TE 75 9 TG 452 KT uint6d F52-

BT syscall.c Bk R

ERGPH AN syscall() 1, xve FARHE R 53T 70 KA. 515770 KAL)
BRI syscall() (€ T kernel/syscall.c) , 7 Kik#i2— kit aR . RATHEXMESBEER,
B EAE syscall.c 55 107 179 140 R BRI AR syscalls[]H I \“[SYS_getcpuid]  sys_getcpuid,”,
WAL FAR 22 XRIHIE sys_getcpuid() B EUbHE JSHBATS LI IZHREO - KK, hT
sys_getcpuid AR B, RULEEE TR (BIWEE 106 1T /5 THMALED IIA—1T “extern uint64
sys_getcpuid(void);”  H T4 HiZBRBURAMBRT 5 .

AU E: A Rt 22 5 R0 FH 28 P A R 2L getepuid() 5e e, Hoh R4 H
522 RARAFTE a7 1. L syscall() RGN DRGSR LB p->trapframe->a7 K13 1% 24t
VRS, IRAELE num ZBEF, T4 syscalls[num]ili /& syscalls[22] i /& sys_getcpuid(). fLi%
2-5 52 M syscall.c L syscall()&h 77

I 2-5 RS 4 KA syscall()

1. void
2. syscall(void)
3. {
4, int num;
5. struct proc *p = myproc();
6.
7. num = p->trapframe->a7;
8. if(num > 0 && num < NELEM(syscalls) && syscalls[num]) {
9. p->trapframe->a0 = syscalls[num]();
10. }else {
11. printf("%d %s: unknown sys call %d\n",
12. p->pid, p->name, num);
13. p->trapframe->a0 = -1;
14. }
15. }

13
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SEPR sys_getcpuid()

AT 1) TAEE A3 F P rT LA getcpuid VTEN RS AT, T BN KRG A1 5
RAIFE syscall() L HE IEff L N2 sys_getcpuid()BRE ., (HAZRATE ARSI sys_getcpuid()eki
o tfXES 2-6 AN, 1E kernel/sysproc.c AN R Gt H FHALEE R 2Y sys_getcpuid()——JE = E

FHIR] 4 1 P 2 R X 43 K
Y 2-6 sysproc.c IR sys_getcpuid()

1 uint64

2 sys_getcpuid()

3. {

4 return getcpuid ();
5 }

SRJGTE kernel/proc.c 1 SLE N AZ A getcpuid()RREL, 44RHES 2-7 Fias.

ARAG 2-7 proc.c HI¥IN getcpuid()
int getcpuid()
{
intid=r_tp();
return id;

}
ATk sysproc.c #1 sys_getcpuid() A& proc.c ) getcpuid(), & T EALE kernel/defs.h

HAAN—4T “int getcpuid(void); 7, FITEIZESMRIL AR getcpuid()iT I RRELE Y . defs.h & XL T
xv6 JUT-FTE I WAZE IR S5 AR 2, Bk LT Fr B AZ AR B &

v R

1. // proc.c
2. int cpuid(void);
3. void exit(int);
4, int fork(void);
5. int growproc(int);
6. void proc_mapstacks(pagetable_t);
7. pagetable_t proc_pagetable(struct proc *p);
8. void proc_freepagetable(pagetable_t, uint64);
9. int kill(int);
10. struct cpu* mycpu(void);
11. struct cpu* getmycpu(void);
12. struct proc* myproc();
13. void procinit(void);
14. void scheduler(void) __attribute__((noreturn));
15. void sched(void);
16. void sleep(void*, struct spinlock*);
17. void userinit(void);
18. int wait(uint64);
19. void wakeup(void*);
20. void yield(void);
21. int either_copyout(int user_dst, uint64 dst, void *src, uint64 len);
22. int either_copyin(void *dst, int user_src, uint64 src, uint64 len);
23. void procdump(void);
24, int getcpuid(void);

2.2.3. BEH RS H

B, FATTHBEIGUEHY RS SRR N T AT E WA . TRl 24 7E user.h
AT getcpuid()H P A RREUE AL, R AT AFEN R F TR . a5 WARAS 2-8 Fios
FIFEFE, FTENAHEREFTIER CPU 4i'5 . SIRHTTH my-app.c L4, SEMHmBELFE. IMAZIRL

Y RG (EBEEEH Makefile Y UPROGS H A5 l_E_pcpuid) -
14
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ARAY 2-8 pepuid.c

1. #include"kernel/types.h"
2. #include"kernel/stat.h"
3. #include"user/user.h"
4.
5. int
6. main(int argc, char *argv[])
7. {
8. printf("My CPU id is :%d\n",getcpuid());
9. exit(0);
10 }

AT pepuid P27, HHATENH AR IE R AL BEER S 5,  WBE e 2-2 Fows.
RE 2-2 pcpuid BITER

$ pcpuid
My CPU id is:0
$

2.3 MBHELRE

FEARBER AT, BAVTERE DRy, RE e MR kigtr, HT gL
BERE 7S AT LB BATRE my-app.c FATFIEEG IR fork()RAIEE (SEFr LR EHI A 2D
BFERE—— PR fork P ATRE — LB 4 DEtRE, @it 2-9 .

RS 2-9 my-app-fork.c

1. #include"kernel/types.h"
2. #include"kernel/stat.h"
3. #include"user/user.h"
4,
5.
6. int
7. main(int argc, char *argv[])
8. {
9. int a;
10. printf("This is my own app!\n");
11. a=fork();
12. a=fork();
13. while(1)
14. a++;
15. exit(0);
16. }

FZATH my-app 7735, RATE BRSO RGP0 my-app-fork B2/, 1817 5[]
WPt BN Cri+P F T SO A IERRRAS, Wb 2-3 Pos. ZEMRERHERPIRST, K
LS — KRR 3 EIBAT, S8 NI = IR JEAR 5 fEI8 4T, SR IUIRIHERE 6 fEia1T . 2 vl
ZH—NHRERINA cPU.

Bt& 2-3 &HE my-app-fork BT HIBERRA

$ my-app—fork

This is my own app!
1 sleep init

sleep sh

run my-app-fork
runble my-app-fork
runble my-app-fork
runble my-app-fork

oSO AW

15
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sleep
sleep
runble
runble
run
runble

DOl B W N —

sleep
sleep
runble
runble
run
runble

SOl W N —

sleep
sleep
runble
runble
runble
run

D Ol WN =

init

sh
my-app-fork
my-app-fork
my—app—fork
my—app—fork

init

sh
my—app—fork
my-app-fork
my-app-fork
my—app—fork

init

sh
my—-app-fork
my-app-fork
my-app-fork
my-app—fork

2.4, INGE

TEAR BB xv6 WIZARL AT, B e 58 P xve BN TSR, ] DA R 25 1456 31 A %
BRI R I o bR T A THRMRIG . RS RAh, ORI : m DLt — 20 5¢
JIAS B 1) T (045 5] B L 5 O S8 B RS2 IR AR R G URAR I SR IR N A (B e K =72 14
KINAED .

2

TH N xve SGIN—ASETRL AR, e B AT IR E HIhRE .
EX—ANZREREE, HTHENEZHNERN. B HEARASRG WA
read_sh_var() il write_sh_var() ] T lUAME S0 2 R EE. WS NAHET, R
F& 13 ReAE HERR A) 58 iU ) L =

L https://courses.cs.washington.edu/courses/cse451/15au/index.html

16
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%35 PRl

AREEFRA TR — AT TE L xv6 [FIEFER AR DG SLEG, N5 BIMEZ D T o AR 5 S 1) 56 B AR
i m] LA https://github.com/SKT-CPUOS/xv6-loongarch-exp K%,

3.1 FEEN

VTS T SR 2 HE A e — AR IR BB, R A IR ) A S A 21 2 AN B b
PR B AL EL D, AN IR GER A 51— SRR SR, e R4
A DO R T AR R P AT AT AR, RIS Rl R 2 — s

WS RAE RSN SR CHE, (HEfUSEIFAK. MXTFRAEE, XERgGME, WK
AR S AF X 7 LA o

3.1.1. VR A K B

HAEHRAPRZ WG — MRS AT R R R 3y N A B B R R, A
FEANHEREN PCB AN BhUHAUE, = ATRERR AN 18] 7 AR A S8 AN DI e

B hne 1A 45 2
1E xv6 FIEREFEHI L kernel/proc.h HAEL proc LA, SGNL R slot & S TE] K i
8/ tick, WAREY 3-1 Pr.
ARG 3-1 proc.h B proc GEHIE

// Per—process state
struct proc {
struct spinlock lock;

1
2
3
4
5 // p=>lock must be held when using these:
6
7
8

enum procstate state; // Process state

void *chan; // |f non-zero, sleeping on chan

int killed; // |f non-zero, have been killed
9 int xstate; // Exit status to be returned to parent's wait
10 int pid; // Process |ID

12 // wait_lock must be held when using this:

13 struct proc *parent; // Parent process

14

15 // these are private to the process, so p—>lock need not be held

16 uinté4 kstack; // Virtual address of kernel stack

17 uinté4 sz; // Size of process memory (bytes)

18 pagetable_t pagetable; // User lower half address page table

19 struct trapframe *trapframe; // data page for uservec.S, use DMN address
20 struct context context; // swtch() here to run process

21 struct file *ofile[NOFILE]; // Open files

22 struct inode *cwd; // Current directory

17
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23 char name[16]; // Process name (debugging)

24 int slot; // time slot (ticks)

25 };

26 #define SLOT 8 //one slot contains 8 ticks

SR I A BN RERT 2 B proc 45 R4 K] allocproc() R 0 ¥ BB ERER slot | 1, e ik B
9 SLOT, QiR 3-2 fw.
ARHG 3-2 proc.c K allocproc() 3¢ B i 8] Fr

1 .

1 found:

2 p—>state = EMBRYO;
3 p—>pid = nextpid++;
4 p—>slot = SLOT;

5 .

NTREEEPENA AEE, EFHELE kernel/proc.c i procdump() Bk E K 46 i E
SN — T 8] L, AR 3-3 Fw.

RS 3-3 proc.c ' procdump() &7 i 18] H 43 B
1

2 printf("slice left:%d ticks,%d %s %s", p—>slot, p—>pid, state, p—>name);
3

B TR] 1
xv6 JEAS S AR RF IS b eb KISk s R yield()ikH CcPU 3R 51 R — A . BIEE S AR
o B A TE) R A AT IR, DA R e AT R () R S e —— R B R T BT
. BEE HIACHSLE trap.c B usertrap() BB & 58 iRk A, WiACHD 3-4 FToR .
fRAG 3-4 trap.c FRER B HFRBHR

1 .
2 // give up the CPU if this is a timer interrupt.
3 // if(which_dev == 2)
4 //  yield(;
5
6 if(p & p—>state == RUNNING) {
7 p—>slot—;
8 if(p—>slot == 0 ) {
9 p—>slot=8;
10 yield(;
11 }
12}
13
BENERER

TANHE T loop.c E 7B N AR, F T & HEREI 6] {5 &, < loop.c H X T AR,
I3 BT K T PR AT B, WA 3-5 B 4midEnl, ANZSILTE Makefile [ UPROGS H #x
RN — T “_loop\” .
XY 3-5 loop.c

1 #include "kernel/types.h"

2 #include "kernel/stat. h"

3 #include "user/user.h"

4

5 Int

6 main(int argc, char *argv[])
7 { int pid;

18
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8 int data[8];

9 int i, ks

10

11 pid=fork () ;

12 for ( i=0;i<2;i++)

13 {

14 for ( j=0; j<1024*100; j++)
15 for ( k=0;k<1024%1024; k++)
16 data[k%8]=pid*k;
17 }

18 printf ("% ", data[0]);

19 exit();

20 }

G 1E loop 4TI, HiALAF Ctrl+P K& Y Er it FER R A . MBEE 3-1 R 3-2
] LU H SN BEREE P IR Cerl+P K&, BT RIES (] Fr /Y tick 114X
BRE 3-1 RE 3-2 BF loop BITHHIRERN T RIAE

$ loop

slice left:7 ticks, 1 sleep init
slice left:5 ticks, 2 sleep sh
slice left:8 ticks,3 runble loop
slice left:3 ticks, 4 run |oop
slice left:7 ticks, 1 sleep init
slice left:5 ticks, 2 sleep sh
slice left:4 ticks,3 run |oop
slice left:8 ticks, 4 runble loop

3.1.2. (R F B

T R — A BEAE OGO f 58, R RR R FE G ik 2 —— R EE e L e 2%
AR, RA 2 a2 R, MIX LeghRE (A4 I RR J7 R FE . 9 1 SR e A
1 56 e EAE AR BRI AR R 7, ARG TR EAS SO a IR B L . ORI 7R 2R 1
B BRI RG R, i R 3R e Rk 75 EA S A B LA . JRATTR TH Sk S
xv6 R4 LA RE .

Wt se B v
1E xv6 [FIEFEIEHIEL kernel/proc.h FEEK proc &5ikafk, &N, Wi 3-6 Frs.
ARHG 3-6 proc.h F K] proc L1k

1 // Per—process state

2 struct proc {

3 struct spinlock lock;

4

5 // p—>lock must be held when using these:

6 enum procstate state; // Process state

7 void *chan; // |f non-zero, sleeping on chan

8 int killed; // |f non-zero, have been killed

9 int xstate; // Exit status to be returned to parent's wait
10 int pid; // Process |ID

11

12 // wait_lock must be held when using this:

13 struct proc *parent; // Parent process

14

15 // these are private to the process, so p—>lock need not be held.

19
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16
17
18
19
20
21
22
23
24
25

}:

uinté4 kstack; // Virtual address of kernel stack

uinté4 sz; // Size of process memory (bytes)
pagetable_t pagetable; // User lower half address page table

struct trapframe *trapframe; // data page for uservec.S, use DMW address
struct context context; // swtch() here to run process

struct file *ofile[NOFILE]; // Open files

struct inode *cwd; // Gurrent directory

char name[16]; // Process name (debugging)

int priority; // Process priority (0-20)=(highese—lowest)

RESRE TR, SO R It 75 B 48 2 — ML R Bk B — N e 2 .
AR PO T HERAADL S, )52 55 B s R R AL S ) 7 % DRI L B S g R i 0 i
proc Z5 KA allocproc() 75 B 15 BT HERE ] priority B o1, HK: 10 /EAERIAC 2, anfRAd 3-7

Fr7R o
1
2
3
4
5
6
7
8
9 .
NTREEE

RS 3-7 proc.c ¥ allocproc() ¥ B BRIAIL 564

found:

p—>pid = allocpid();
p—>state = USED;
p—>priority=10; //default priority

// Allocate kernel stack

if ((p—>trapframe = (struct trapframe *)kalloc()) == 0) {

R, BATFH B proc.c I procdump()eREL, 2 GEFT ENILSE

AR, WREY 3-8 Frk. B TITERERARSESL p>priority Z4h, FERIR F A — ME,
AT BV LB S 0 A

1
2
3
4
5
[¢)
7
8

9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

24
25

{75 3-8 procdump()FHTENR LB B

void
procdump (void)

{

static char *states[] = {
[UNUSED] "unused",
[SLEEPING] "sleep ",
[RUNNABLE] "runble",
[RUNNING]  "run ",
[ZOMBIE] "zombie"

b

struct proc *p;

char *state;

printf ("\n");
for(p = proc; p < &roc[NPROC]; p++) {
if (p—>state == UNUSED)
continue;
if(p—>state >= 0 && p—>state < NELEM(states) && states[p—>state])
state = states[p—>state];
else
state = "???";
// printf ("%d %s %s", p—>pid, state, p—>name);
printf ("PID=%d state=%s priority=%d %s:", p->pid, state, p—>priority,

p—>name) ;

printf ("\n");
}

20
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26}

wEMEHR
BRSNS TR IR, T4t e EE AR BRI R G RH - TATTH 28 2 &g
ARSI RS A, X B g TR B ARG . ARG 49 chpri
(change priority) . T 5GTE kernel/syscall.h FAHT I RG A & L H S5 CUATFHADL RS
M5 AR -
1 #define SYS_chpri 22
7E user.h G AR EUREAY int chpri (int pid, int priority) BRE, SE— NS EH T8 ik
B, BASHER IR

1 int chpri( int, int );

SRIGLE usys.pl IS chpri() BREUIE m SEBRARRS (2 B TF T XS BT sys_chpri BRED -

1 entry ("chpri™)

i TR ARG A IR, 7E syscall.c ¥ syscalls[1504H F s in— it :

1 [SYS_chpri] sys_chpri,
H T kernel/syscall.c 1R & X sys_chpri B, K7 EEAE L IHIXAS syscalls[]| 504 A1 I 3G 0
—ANHMEB R A B

1 extern uint64 sys chpri (void) ;

B )5 A THE kernel/sysproc.c 1S3 sys_chpri(), W4CHS 3-9 . fil B diks 23k A2 5 A4k
SR ARENTEL, R chpri(pid,pr)di 54 pid THERRIR SR BCE Y pro B2 ATLASEIN—
AR, SEI B RAN KT 20— IEQRAY 3-6 S fm — A7 VERE B IR,

A5 3-9 sysproc.c FEN sys_chpri()

1
2 int
3 sys_chpri ( void )
4 |
5 int pid, pr;
6 if (argint(0, &pid) < 0)
7 return —1;
8 if (argint(1, &pr) < 0)
9 return —1;
10 return chpri ( pid, pr );
11 '}
T chpri() BB R proc.c HF,  WRAS 3-10 Fios.
A 3-10 proc.c ] chpri
1 uint64
2 chpri(int pid, int priority)
3 |
4 struct proc *p;
5
6 for(p = proc; p < &roc[NPROC]; p++) {
7 acquire (&—>lock) ;
8 if(p—>pid == pid) {
9 p—>priority = priority;
10 release (&p—>lock) ;
11 break;
12 }
13 release (&—>lock) ;
14
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16 return (uinté4)pid;
17 '}

BJGLE defs.h [ proc.c #87-K AN EREURE A “uinte4 chpri(int,int);” , LA A ACEL 5 7]
%R

BEUR E R
NIRRT IR S RS B G 385 ZEAE R B & B SO EAT Jy o FRATDIEEA 0T HERE 12 i B
BT ) . BEAFERE, R B A T Is AT R P i s 2e 2, S ot B0k 28 0 R At
e R R . TR T 28 B A 2 1) 5 4R IL SR PO 55 0l B K T as AT R
B e R IE IR R IR B H AT Se Gt m AR T . ARSI AnAXAD 3-11 R .
ARAG 3-11 proc.c F1EE)E K scheduler()if 525
void

scheduler (void)

1

2

3 |

4 struct proc *p;

5 struct proc *temp;

6 struct cpu *c = mycpu();

7 int priority;

8 int needed = 1; // REERTHHEEFRSHLER

10 c—>proc = 0;

12 for (;;) {

13 // Avoid deadlock by ensuring that devices can interrupt

14 intr_on();

15

16 for (p = proc; p < &roc[NPROC]; p++) {

17 i f (needed) {

18 priority = 19;

19 for (temp = proc; temp < &proc[NPROC]; temp++) //FRILATTE/THIR S H
LR

20 {

21 i f (temp—>state == RUNNABLE && temp—>priority < priority)

22 {

23 priority = temp—>priority;

24 }

25 }

26

27 }

28

29 needed = 0;

30 if (p->state != RUNNABLE)

31 continue;

32 if(p—>priority > priority)

33 continue;

34

35

36 acquire (&—>1ock) ;

37 if (p->state == RUNNABLE) {

38 // Switch to chosen process. |t is the process's job

39 // to release its lock and then reacquire it

40 // before jumping back to us.

41 p—>state = RUNNING;

42 c—>proc = p;

22
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43
44
45
46
47
48
49
50
51
52
53

swtch (&c—>context, &p—>context) ;

// Process is done running for now.
// 1t should have changed its p—>state before coming back
c—>proc = 0;

}

release (&—>lock) ;

needed = 1;

}
}
}

BAIER ek 1
TATRIEE AT, A gon 5, REEFE IR RE . SR 3-12 fix
HFEF, FHAE Makefile 1) UPROGS HH¥As N “_prio-sched\” , /5 make all 588 4m 1%

0NN AW N -

A D OWWWWWWWWWWNDNDNDNDNNDNNNDN=22 =2 2 2 A a0
. OV OO NOCDOOPNMNWN-_LOVONOCCOODNMNWN—_,LOVONOOPMWN=—-O

ARAG 3-12 prio-sched.c
#include"kernel/types. h"
#include"kernel/stat. h"
#include"user/user. h"

int
main(int argc, char * argv[])
{
int pid;
printf ("This is a demo for prio—-schedule!\n");
pid = getpid(;
chpri(pid, 19); //Z%BIAKELZAZ 10

int i =0;
pid = fork(Q;
if(pid == 0) //F AR

{
chpri (getpid(), 5);
i=1;
while (i <= 10000)
{
if(i / 1000 == 0)
{
printf ("p2 is running\n");
}
i+,
}
printf ("p2 sleeping\n");
sleep (100) ;
i=1;
while (i <= 1000000)
{
if(i/100000 == 0)
{
printf ("p2 is running again\n");
}
i+,
}
printf ("p2 finished\n");
lelse // KA
{
23
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42 =1,
43 while (i > 0)

44 {

45 if (i/1000000 == 0)

46 printf ("p1 is running\n");
47 i++;

48 if(i > 1000000)

49 break;

50 }

51

52 }

53 exit(0);

54 '}

1GAT xv6 R4, FF HAE shell F1# N prio-sched 4, HATMRAFEF S5 BB & 3-2 Fis.
PATVE 2| pid=3 & prio-sched — T UHIFFE S, 1ZBFER AT E ML) 19, FtFHEREL
Jedm TACHAE . JE I fork HIRMIA pid=4 MEEFEILESCN 5. A VEH A% cPu L E, itk
B AT IR & FRFFE S BT, ARG FIEEE sleep, SCHEFEIAT, & FHERE U6 ST, &Ja
TFRRRES R, AR EPIT. NTETX5r, BFE 3-2 AR 1% H K .7 SohraR

B & 3-2 prio-sched R ZK HEHATE R

init: starting sh
$ prio-sched
This is a demo for prio-schedule!
p2 is running *n
p2 sleeping

pl is running *n
p2 is running again *n

p2 finshed
pl is running *n
$

Rz rid fEdy, JEik ctr+p AT LLE B SERDIRAS, BB 3-3 45 1 241 pid=4
FIHEREAEIEAT, T pid=3 FIHERE R e R AAK Cpriority BUEEN) KEEZRTT CPU.
& 3-3 prio-sched # pid=3 1 pid=4 [ EERBIT

PID=1 state=sleep prio=10 init
PID=2 state=sleep prio=10 sh
PID=3 state=runble prio=19 prio-sched
PID=4 state=run prio=b prio-sched
MR pid=4 FIERESTR )G, A Ctri+P BA RPREZRAT A0 5F & 3-4 P, 7l LG 2
LER pid=4 3R A4 T zombie JRZS LR EAPAT wait() RA T FHZE) , 1 pid=3

FIEFE O AN RGP e doim m i RE, R IEEE T4 T run HEDIRES.
Bt . 3-4 prio-sched W pid=6 1 pid=7 KR AL R, pid=3 M pid=4 KHREIEFIEST

PID=1 state=sleep prio=10 init
PID=2 state=sleep prio=10 sh
PID=3 state=run prio=19 prio-sched

PID=4 state=zombie prio=5 prio-sched
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A PAT IR T DA A 5 FATHI R B RIR T RE LW o i SRR P AT I [ 3 bR o A 1
ARITFHEE, B W] DL BAT I B BLI AR R CASRAS e (AR I R

32. LUEFE

EIR xv6 St 1 E RS T RS R R, B PSR IR RS TB . AT
X B S — AR RS S 2Lk A PR A E 2, NS B R AR N E
sz b——hn b 7 FH ZEHERR K A /0 A TTEE G 055 (1 i)l

H T xv6 WA TR AR L N XA A L = B, FRATHE R G & L — ML B &
sh_var_for_sem_demo, i#id sh_var_read()fl sh_var_write()#f4T 155 8. PAMAE ARAL(E 5
= TAEIER IR R .

3.2.1. L EZE K HH

2T E

RS 5 B Ik 75 B AL Lo E, R FRATE LT sh_var_for_sem_demo &R,
7E kernel i sem.h XXHEFFARIN:  “uint sh_var_for_sem_demo” . HIT W% as Al AN itk
TP L=, DRI AR 5] DAY e AT R T R

WHLERER

RTINS, FFERE A R RS O B AR . W R A T VAR
%2 b, XHEER RS BRI R AL 2R, 78 syscall.h KEIGAPAT “#define
SYS_sh_var_read22” Fl “#define SYS_sh_var_write23” , NIZHEEEN KRG IHHMITHR S . %
E1E user.h F A “int sh_var_read(void);” F1 “int sh_var_write(int);” Pi/NH P ASREUESY,
FHAE usys.pl KEFHEAEIT “entry("sh_var_read");” Fl “entry("sh_var_write");” PLSZHL EiR P
MR THICEBR RGP R, W syscall.e HH syscalls[[BAH——F MR D It R
“[SYS_sh_var_read] sys_sh_var_read,” Al “[SYS_sh_var_write] sys_sh_var_write,” . [FJH 0%
£ syscall.c [ syscalls[] % 20 w7 i A5 B b 3K B9 A o8 K2 Ah EB B8 B ¢ extern uint64
sys_sh_var_read(void);” Fll “extern uint64 sys_sh_var_write(void);” -

i J5 W& 1E sysproc.c FHSLH sh_var_read()F sh_var_write(), #f%HY 3-13 fron. SRTTHIZE
2 BN SHI RGP AF, X 575 AR RS2 IRBR) 178 o Z BRI B AIE syscall.c
g S, AT T LA FE A argint() RIRDCEE S . v T #EV5 A 2 sh_var_for_sem_demo %%
&5, I8FELE sysproc.c TELE sem.h k0.

ARHG 3-13 sysproc.c F13#E A sys_sh_var_read()H sys_sh_var_write()
uinté64
sys_sh_var_read ()
{

return (uinté4)sh_var_for_sem demo;

}
uinté4
sys_sh_var_write()

{

0 NN WN -

25



B RGEA——xv6 71T 5 L5 WYIRSE BT ARl

9 int n;
10 if(argint(0, &n) < 0)
11 return (uint64)-1;
12 sh_var_for_sem_demo = n;
13 return (uinté4)sh_var_for_sem_demo;
14 '}
THFHIF R

BN T IEA R R VTR ARG 2 G, BATATUAE R R 2 0t & Ui e G

5 sh_rw_nolock.c, U7~ o [A] i B 2 535 ZA8 250 Makefile [ISUPROGS, s lT—~_sh_rw_nolock\”s
ARHY 3-14 sh_rw_nolock.c

1 #include"kernel/types. h"

2 #include"kernel/stat. h"

3 #include"user/user. h"

4

5 int

6 main(int argc, char * argv[])
7 {

8 int pid = fork();

9 int i, n;

10 for (i = 0; i < 100000; i++)
11 {

12 n = sh_var_read();
13 sh_var_write(n+1);
14 }

15

16 printf ("sum = %d\n", sh var_read());
17 if(pid>0)

18 {

19 wait (0);

20 }

21

22 exit(0);

23}

YR fEiaAT, WPARBIHEGE RIFANIERS C(IERA{E A 2000000 , W15 3-5 FTzs .
BE 3-5 B RLRY T _sh_rw_nolock 45 R KT 4 E

$ sh_rw_nolock

sum = 122709
sum = 133382
$

3.2.2. F S BEIREH

NTSEBUE TR, BRI, B, Py v IRIES, IETRERIMBT B WIRLE
. I wakeup MR ERIESE .

R T EEAE S ERATE struct sem Z5MI1K, HA resource_count A% 7 H T (5 S &=+
PRI HECR, lock W% B REIR N 1 1E1E S B BRAE ORI 71, allocated Fl T FRi%(E %
B OA N EH .

BN RGN —AME 5 R4 sems[128], a2 Ui 7 HERE B 045 5 R S BORH
i 128 o FATTHEX LAY B kernel/spinlock.h 77, AH N K EHE & X WARAY 3-15 AR

=
==X

26



B RGEA——xv6 71T 5 L5 WYIRSE BT ARl

RHG 3-15 FWEIESEF ARG

1. #define SEM_MAX_NUM 128 VIAERER 958

1. extern int sem_ used_count ; /AR E S & 45E

2. struct sem{

3. struct spinlock lock; //PI% E et

4. int resource_count; [/ BRI

5.

6. int allocated; RGBS 1 248, 0 ROE
7. b

8. extern struct sem  sems[SEM_MAX_NUM]; //&SiA]4A SEM_MAX_NUM Ms 5 &

3.23. B S EHEN ARG AR

NTSEIETE, NFEGMUANRGHA, 7502685 5 & sem_create (), HZ4L
RETERNYME (I FENH LENHE » BREMERZESER RS, BNZZERE sems[]
BRI TR sem_p() X HEEH 5 1S 5 ERT p #1E GE—#H1E. down #H1E) , &k
sem_v() U2 XTHEE id 15 5 BT v #80E O8—34E. up 8:4F) , XMW MRIERRIE RSH
WIRE TR AT N —5, AR S B AR 1 R IR B R B4 A - sem_free() 2 R — ME 5 & -

(1) intsem_create (int n_sem) Z#{ n_sem 2¥{H, REIFZESENRS, -1 NHE

(2) int sem_p(int sem_id) A, YN 0 B PHZERERR, 10343 sem.procs[]H . iR

B 0 TR IEH, R EME-1 WA,

(3) int sem_v(int sem_id) W—HAE, WA o B\ F FpBERE, 5 BR
sems[id].procs[]X NP RE 5 . IRIEMEA 0 Ko, -1 Ron .

(4) intsem_free (intsem_id) BfaE id WE5E. REMEN 0 KR, -1 RN

5 5 BZ% O
BATEE 5B A% O IR AL kernel/spinlock.c H, TASE ALK € S0, AT 8
G N Makefile b I&E TAE .

B seminit()

ARG R BN seminit()JXE 5 EIATHIE . seminit()5E A TAEIR B 5., B A2 5E ik
=S EAUAN BRSO . FRATTHEZ pR B AR D 4 A\ 2] kernel/spinlock.c H,  EARGIARAD
3-16 fiwo

f87G 3-16 seminit()
1 int sem_ used_count =0;
2 struct sem  sems[SEM_MAX_NUM] ;
3
4 void seminit() {
5 int i;
6 for (i=0; i CSEM_MAX_NUM; i++) {
7 initlock (&(sems[i]. lock), "semaphore");
8 sems[i].al located=0;
9 }
10 }
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SR JEFRATITE kernel/main.c 1] main()"F 3 A —4T “seminit(); //semaphor” (41 userinit()
ZHD o ATk main.c B2 seminit (), & FFELE defs.h HHHE A seminit ()ERER L,

B sys_sem_create ()

sys_sem_create()¥3 4t sems[|EZH, &F B allocated br&i, KINAHFINIHEH: allocated
B 1, BB S . WA — e AR K, R RS RS o R KR AR I 75 XS
sems[i] AT INEIHRAE, KA 56 BUS HEAT B R A o

1
2
3
4
5
6
7
8

9

10
11
12
13
14
15
16
17
18

int

ARAY 3-17 sys_sem_create()

sys_sem_create() {

}

int n_sem, i;
if(argint(0, &n_sem) < 0 )
return —1;
for (i = 0; i < SEM_MAX_NUM; i++) {
acquire (&sems[i]. lock) ;
if(sems[i].allocated == 0) {
sems[i]. al located = 1;
sems[i]. resource_count = n_sem;
printf ("create %d sem\n", i) ;
release (&sems[i]. lock) ;
return i;
}
release (&sems[i]. lock) ;

}

return —1;

B sys_sem_free()

sys_sem_free()F ¥8 & id 1E N TN ARSI sems[id] 3K 15 L A1 {5 5 & sems[id], %A J5 Xt
sems[id].lock Jin4,
RAEH, MIMBEBUESE, &JEX sems[id].lock 81 .

int

HE 125 5= R G HEIRPEZE 3 RE,  TPKF sems[id].allocated bri& i B N

ARHG 3-18 sys_sem_free()

sys_sem_free () {

}

int id;

if(argint (0, &id)<0)
return —1;

acquire (&sems[id]. lock) ;

if(sems[id].allocated == 1 && sems[id]. resource_count > 0) {
sems[id]. al located = 0;
printf ("free %d sem\n", id);

}

release (&sems[id]. lock) ;

return 0;

B sys_sem_p()

AN

sys_sem_p()K4a € id 1EA FArUIA sems[id] 315 4 AT{E 5= sem, 28GR acquire()X)
sems][id].lock 0%,
X W& sems[id].resource_count< 0 MHEAR ., FoAthiF L T N B R B FRIR5E K p #:1E.

I JE %) sems|id].resource_count --, %% ] realease()fif4iiR Hillf 7t
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TERAE sleep()IHFE, 2B sems[id].lock 74 AT sched() V) #—— 70 V1 HoAth 1R T2 4% 2L,
1T PEREE V #4E . 1 sleep()iR BRI, &FIXEFA sems[id].lock——BRI{#i G 2 NEERFSERE Y7 M
B, tHHH— AN R R R TR AR T ZE RS

1
2
3
4
5
[¢)
7
8
9
1
1

0
1

ARAY 3-19 sys_sem_p()

int sys_sem p()

{

int id;

if(argint(0, &id) < 0)
return —1;

acquire (&sems[id]. lock) ;

sems[id]. resource_count—;

if(sems[id]. resource_count<0) J/BRFN, RARBZN, TRARL

sleep (&sems[id], &sems[id]. lock) ; //8&R&k (&34 sems[id]. lock # [ %)
release (&sems[id]. lock) ; // a8 (RBR R LA, T A sems[id]. lock)
return 0; /IR IRIFE T E TR

B sys_sem_v()

sys_sem_v()KHE € id /E N Fhrvi i) sems[id] 35453 I {5 5= sem, ZRJ5%F sem.lock fni,
N R Th 5 %t sem.resource_count+=1, W15 K& FI sem.resource_count>=0, NIf#4l sem.lock,
Ml 1% (5 5 = L BHFE R IR AR . 5 B R (A

ARAY 3-20 sys_sem_v()

int sys_sem_v(int sem_id)
{ intid;
if(argint(0,&id)<0)

return -1;

acquire(&sems[id].lock);

if(sems[id].resource_count<1) /76 BH FE 45 A2 R VR O HERR

}

wakeuplp(&sems[id]); [/ IZ BRI 1 A ERR

release(&semsl[id].lock); /R

1
2
3
4
5
6. sems[id]. resource_count+=1; //38 1
7
8
9
0 return O;

1

{&1E wakeup #AE

HT xv6 R4 H I wakup BAE 2K B S5 A0 [F) SR g REne i, DRIl AR S —
ANFT wakeup #AEBRE wakuplp(), MBS E (E 5 RN — AN ERE, ARG “ HEd
R FRATTHE wakuplp() B EURTE proc.c W, HARWIREY 3-21 ATuR. 534k, 1675 BAE defs.h
I Z R AR T “void  wakeuplp(void*);” .

0 NN WN -

- A a oo
w N = O

ARFG 3-21 wakuplp()

void wakeuplp (void *chan) {

struct proc *p;

for (p = proc; p < &proc[NPROC]; p++)
{
if(p != myproc() {
acquire (& —>lock) ;
if (p—>state == SLEEPING && p—>chan == chan) {
p—>state = RUNNABLE;
release (&p—>lock) ;
break;
}
release (&p—>lock) ;
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14 }
15

16}

17

ARG 58 B AURY

B 1 EIRDYAS RGP A A% O SRS ), A KRG S HWE. P AR R R4
B R IIB IS TAE, —IFfEge DU Ao A 2 .

1 syscall.h KEHH A VY1T “#define SYS_sem_create 24” “#define SYS_sem_free 25” “#define
SYS_sem_p26” Fl “#define SYS_sem_v27” , NEVHIVUAN RS HBTH S . 25 7E user.h
A H “int sem_create (int);” “int sem_free (int);” “intsem_p (int);” A1 “int sem_v (int);”
VUM PSR EE R, FEE usys.pl REBHIADUAT “entry (sem_create)” “entry (sem_free)”
“entry (sem_p)” Fll “entry (sem_v)” CLSEIL_FIRDUASpREL . IS EAZ RS H Bk %R,
Bl syscall.c "1 [ syscalls[] £ 40— — ¥ i VY /> Jo 2 “ [SYS_sem_create] sys_sem_create, ”
“[SYS_sem_free] sys_sem_free,”[SYS_sem_p] sys_sem_p,”F1“[SYS_sem_v] sys_sem v,”,

[F] I 38 22 P syscall.c 1) syscalls[1%5 25 71 i 75 B _F 3k 9 A o8 2502 4030 e 210 “ extern uint64

» o« » &«

sys_sem_create (void); extern uint64 sys_sem_free (void); extern uint64 sys_sem_p (void);”

F1 “extern uint64 sys_ sem_v(void); ” .

3.2.4. F P A

BAVEH RS — A5 2N HET, JEEN EESEME RS, o 3-22
Firs. 1B Makefile 9 UPROGS s I—~ “_sh_rw_lock\” , HEHigmiFA MRS
ARF 3-22 sh_rw_lock.c

1 #include "kernel/types.h"

2 #include "kernel/stat.h"

3 #include "user/user.h"

4

5 int main() {

6 int id=sem create(1);

7 int pid = forkQ ;

8 int i;

9 for (i=0; i<100000; i++) {

10 sem_p (id);

11 sh_var_write(sh_var_read ) +1);
12 sem_v (id) ;

13 }

14 if(pid >0) {

15 wait (0);

16 sem free(id);

17 }

18 printf ("sum=%d\n", sh_var_read());
19 exit(0);

20 }

ARGRHN)E, 81T sh_rw_lock &7, B LLE B PEN F R HERE G BUE 1 2o a] PASE
15 IER T 5045 3 200000, 405E & 3-6 s
FE 3-6 sh_rw_lock % I IE# &R

$ sh_rw_lock
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create 0 sem

sum = 200000
free 0 sem
sum = 200000
$

TR RE IR I, 55— RE T AE 2 EE 200000 B /N — R

3.3. LB R RIE S F L L

PATIEBOEZ AL T 2 B PRHBERE (A1 A5 A E AT 1S5

3.3.1. JEERNFRISEH

BATB— MR FEZ R, ZIAARE Linux SN AR E AT, (HdptEn
RO BRI K. AL e IR A1 B RGERABE A T IENAFX #HEA
FEVERE— DI A DR 21 F QA7 22 8] REARIR I B SR PRI 2B (et
AEERBRIS RS 5+ L AR XA iR f i (4 22 TB) AT 3E S5 v SRR sbrk #&
TEAHPRSE . BRI R0 LRI = A RS I 3-1 P

Px
Py
] —
P
KERNBASE 1

]
P

[
o

=(0x80000000)1
’TTTT
proc. sh S
s S i S~o - <«
! | ! l
proc. sz —> 1

<«—proc. sz

<—proc. sz

o
\
N
N

.0

il P2

- 0—>

Pz

B 3-1 —F xwe BRERFEFRREE
K 3-1 JB/R T Px Fl Py JEEPUANTIMI, Px Al Pz LN TUMIIE N . BT ARG —IhH
8 MLENAX, KRG PN LN A5 T BCREVR SR H . B 2R
H—A 8 AL#EiS (shmkeymask) BLE — M5 (key. i %) RfmHp—/Xg, He
shmkeymask F Tt e A BEFE XX S 3L 2 N AE XA J3 A L, 1 key FIORAE H — ML ENAX
g, T i AEAE PR P 28 PN A7 XN R AR
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L= N AF T B AS R RE U 1) 2 [F) — SR B 9 A7, FLRZ WL R EAR AL B pte TR
A B GO CHIBE A3 5 AT 452 T AN [ ERE rh A Tl LA

B DR S

T R AR RGN A RE 8 MHENAFX, H shmtab[8]ids%, R ZE—
sharemem Z5 644, LA R 53 A0 45 51 FH U480 (REERERE LS IR IRED  AIL LN AR X TR R /s (R
TR, HABIE 4 « ARXE S B m. HT 2 — R Rg, R rRR
RGBS AT L B AT R R LR ] FRATTHT A sharemem.c XA (IEfHEE4E Makefile
HORAZ SO g PR S kernel) € UM REAR 51, WS 3-23 Bk

ARG 3-23 HEM kernel/sharemem.c

#include "types. h"

#include "param. h"

// #include "mmu.h"

#include "loongarch. h"

#include "spinlock. h"

#include "proc.h"

#include "defs.h"

#include "memlayout. h"

#define MAX_SHM_PGNUM (4) //HANEFNAERT 4 RNAE

0O NN WN =

Rl

10

11 struct sharemem

12 |

13 int refcount; J/BREFTAAEII RN, B3RN0 AEEENK
14 int pagenum; // & RE T H (0-4)

15 void* physaddr [MAX_SHM_PGNUM] ; / /3 5 A T8G9 4 B2 Ao kb

16 };

17 struct spinlock shmlock; // BT IR 5 e 69 4%

18 struct sharemem shmtab[8]; J/BENR GRS BAEENG

Btz A, BT EALE proc 458 (kernel/proc.h) HshN 3 NS & shm, HIRFridiEfEH

P _ERR, JRAJE KERNELBASE, {HIL=Epy 7 3 ELfe - 23 [ TR, it 50X A IR sl Rg
%ﬁﬂﬂ sbrk(); shmkeymask & —/MES, 1 H 8 fikric, EH 75 I ENEHES LA E
1; shmva[8ic kBRI N AF bk

1 uint shm; [/ REALEF N F KB T AR

2 uint shmkeymask; [/ ARG ANEFANAR S5 RNEL (ZH)

3 void*shmva[8]; [/ RHAZ LT A A (Bxa) P&
SEELAHAT

2% linux MR, BATHE —DNRSGIHH void *shmgetat(id, size). HZ% id [AE
shmtab[8]) ~#x, HTFEERE 8 NMLENFX FHIHE—; size REILZEHNF KA. ZRS
R FH A TR0 I 52 P A7 1 RSO L

R shmgetat(id,size)itf, AR N AE RS CEAFET 73 M M - LR AL 22

(1) il shmtab[id]A B L2 A LEIXE R B, WHRYE size HI464L shmtab[id], 73 FCxT
SRS B A A S ST DT R WS I 3R [ 1% PN A 1 R UL 3

(2) 4R shmtablid] 2 N AF X O EAF7E, WHTE TR T pte 455 shmtab[id].pagenum 4~
DT L, R (D6 B READL L, I AR NI size 24
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Al FRAT1IE T EHSRIF L= AN A5 FHEUY) shmrefcount(uintid), 75 Z 3L NAFX W)
AL ERE R L sharememinit() SR E R RVIBRE. X EHER NI R ETISLHLAE sharemem.c
i, [FIRS T2 defs.h RS, DUEHABARIS A, WS 3-24 Fos, BATEZEA T,

fRHG 3-24 7E defs.h FHITIN3ERE AFFHESR K R 375 A

1 eeenn

2 struct sharemem

3 e

4 // sharemem. ¢

5 void sharememinit () ;

6 void* shmgetat (uint, uint);

7 int shmrefcount (uint) ;

8 int shmrelease (pde_t*, uinté4, uint);

9 void shmaddcount (uint) ;

10  int shmkeyused (uint, uint);
LIl =

1E sharemem.c T II1— sharememinit J712%, X 1 228 S A 7538 shmtab[[3E4T W] 464K, -

ARAG 3-25 sharrmeminit()

1 void
2 sharememinit ()
3
4 initlock (&hmlock, "shmlock");  //#14540 4%
5 for (inti=0; i<8; i++) // #1454 shmtab
6 {
7 shmtab[i]. refcount =0;
8 1
9
10 printf ("shm init finished. \n") ;
11}
SRJGTE kernel/main.c F main() 77 A WAL R L, 1145 R 503 S RE e it =
A HERS TAE.
ARG 3-26 main.c ] main()3 i sharememinit()
1 void
2 main ()
3 {
4 if(cpuid() == 0) {
5 consoleinit();
6 printfinit(;
7
8 kinit(Q; // physical page allocator
9 //printf ("kinit\n");
10 vminit(); // create kernel page table
11 //printf ("vminit\n");
12 procinit(); // process table
13 //printf("procinit\n");
14 trapinit(); // trap vectors
15  //printf ("trapinit\n");
16 apic_init(); // set up LS7A1000 interrupt controller
17  //printf ("apicinit\n");
18 extioi_init(); // extended 1/0 interrupt controller
19 //printf ("extioi_init\n");
20 binit(); // buffer cache

33



B RGEA——xv6 71T 5 L5 WYIRSE BT ARl

21 //printf ("binit\n");

22 iinitQ; // inode table

23 //printf("iinit\n");

24 fileinit(; // file table

25 //printf("fileinit\n");

26 ramdiskinit(); // emulated hard disk
27

28 sharememinit () ; / /X B IR
29  //printf ("ramdiskinit\n");

30 userinit(); // first user process
31 //printf ("userinit\n");

32 __sync_synchronize() ;

33 started = 1;

34 } else {

35 while (started == 0)

36 ;

37 __sync_synchronize () ;

38 printf ("hart %d starting\n", cpuid());
39 }

40 scheduler () ;

41 '}
bR T RGZH MGG TR, A3FER PCB HR A MG B R EES . & TIES K
W20 5E i, BB R AE D PCB 11 allocproc()if ¥ p->shm #JUEALAT p->shmkeymask 7E 2 ; H
UORAE fork() IR 1 HERR I 3 =2 A2 A5 BN SCERE IS B 4% DLad >k . R iR ATIJ64E proc.c H)
allocproc() X 7E proc.h Hrds i@ MR UG, UME fork()iS A PAE— 0% & .
RS 3-27 A proc.c F11] allocproc()3 I3t 5 I AEWI G Th R

1 static struct proc*

2 al locproc (void)

3 |

4 struct proc *p;

5

6

7

8 found:

9 p—>pid = allocpid();

10 p—>state = USED;

11

12 p—>shm = TRAPFRAME - 64 *2 * PGSIZE; // 45 shm
13

14 p—>shmkeymask = 0; // #1454 shmkeymask
15

16

17

18

19

20 returnp;

21}

proc.c 1 fork()™d', FAVE TR FEMILE NG X MNACHRE R KR, B850 fork()anfXas
3-28 7R
A5 3-28 7E fork() P EHILEHFEX KE R

1 int

2 fork(void)
3

4 inti, pid;
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26
27
28
29
30
31
32

BREARZ RAA 8 MNAFX, HIATHIARSFE DL “ M7 AT LA AR 75 L,

D] 35 5 B4 7 A 26 A A7 X 75 8 i ——shmkeyused(), ‘& F T #IW 477 2 A2 2 B HREA A

HENL.

0 NN WN -

struct proc *np;

// GCopy user memory from parent to child.
i f (uvmcopy (p—>pagetable, np—>pagetable, p—>sz) < 0) {
freeproc (np) ;
release (&np—>lock) ;
return —1;

}

np->sz = p->sz;

shmaddcount (p—>shmkeymask) ; //fork AL, FrVAE| B e 1
np—>shm = p—>shm; // B X A2 shm
np—>shmkeymask = p—>shmkeymask ; // B %] X HAZ G shmkeymask
for (i=0;i<8;++i) { //E%])U\&Q’J shmva %k 48
i f (shmkeyused (i, np—>shmkeymask) ) { PHENCERAGETANER

np—>shmvali] =p->shmvalil;
}
}

returnpid;

}

int
shmkeyused (uint key, uint mask)
{

i f (key<0 | | 8<=key) {

return0;

}

return (mask >> key) & 0x1; //XZHBH WA ALETIAAERRLLELLE R
}

S R R A
T ORTREAE sharemem.c SEILFE LT A7 X St BIERE 2 [R] K] shmgetat(). i T &7 FA 4
Fid, HBH key NILENE—ANTHE (0~7) , num NFEEHETEH, REFLZENERH

bk BARPAT I 75 =R R T 18
(D ﬁﬂ% LENIEX

SRR

WYIRSE BT ARl

ORISR BT, W ERR EZMAE. WAt R RATA
S A XA [F] — AR K 2 LA

(2) ﬁﬂ% LN ARANE, W20 RSN shmtablid] 51 HIH 58 0, 7524
EZWNAF X (A5 5 B TUMTRN e v T R Wi ) ——allocshm()F11 allocuvm() TAEJREAHE, X 3]
TETIATH A7 FH 22 A ey b ik A AR k77 1) 43 B

(3) WRRGCEAX PN AE, T BRI 23R 2 (R BRI AT
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0 NN WN -

A DAMDBABDMDEDNDNOWWWWWWWWWWNDNNDNDNDNDNNDNDDN=S =22 22 a3 aa a9
OO WN—_0V0ONOCCTOAODNWN-_,LOVONOCGDOOPNMNWN—_LOVOONO O NMWN=O

1oL 1 10 2 ]
(&M CRAIED (ORI
A5 ) Do e S b el allocshm() mapshm ()
kal lo:c O %= mappages () ‘J
v AL TR WG

deallocshm() addshm () AR R R
Bl 3-2 BREFIEE NI =PI

void¥
shmgetat (uint key, uint num)
{
pde_t *pgdir;
struct proc* p;
void *phyaddr [MAX_SHM_PGNUM] ;
uint64 shm = 0;
i f (key<0||8<=key| | num<O| | MAX_SHM_PGNUM<num)  //#% 3 % 3%k
return (void*¥)-1;
acquire (&shmlock) ;
p = myproc () ;
pgdir = p—>pagetable;
shm = p—>shm;

/RN RS RC N T Z key WEFT AL, AHEBRTA
if (p—>shmkeymask>>key & 1) {
release (&shmlock) ;
return p—>shmvalkey];

}

/) 2. R R AT ARG E N key R EGEFT RN G, WHBLA G54t
if (shmtab [key]. refcount == 0) {
shm = al locshm(pgdir, shm, shm — num * PGSIZE, p—>sz, phyaddr) ;
// #3849 al locshm () 9 BL N A5 B st, H/R3ZA= allcouvm () 48 ]
if(shm == 0) {
release (&shmlock) ;
return (void*)—1;
}
p—>shmvalkey] = (void*)shm;
shmadd (key, num, phyaddr); //F# 1N 4 X153 838N shmtab[8] % 4
lelse {

J/ER S e RABH LCE A G S B key 3B FAA, W A4

for(int i = 0;i<num;i++)

{
phyaddr [i] = shmtab[key]. physaddr[i];

}

num = shmtab [key]. pagenum;

//mapshm 7 ik #7 3 w4t

if ((shm = mapshm(pgdir, shm, shm—num*PGS|ZE, p—>sz, phyaddr) ) ==0) {
release (&shmlock) ;
return (void*)-1;

}

p—>shmvalkey] = (void*)shm;

shmtab [key]. refcount++; // 5] Bt #+1
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47
48
49
50
51
52

}

p—>shm = shm;
p—>shmkeymask |= 1<<key;
release (&shmlock) ;
return (void*)shm;

}

Horh BT allocshm () TG — N NAEX, BT xve 1R A7 75 18] 2 B A4 3 5 )
ARG FRTE RN, R UEAFAE AR SRR 2], AR allocuvm () [R] 3 75 22 [R) I 1384 T
kalloc()F! mappages() A M EE1E, BRI W48 3-29 Arw.

w

0 N o O~

10
11
12
13
14
15
16
17
18
19
20
21
22

23
24
25
26
27
28

ARAY 3-29 allocshm() F) 21

// EZANTr ikFe al lcouvm I E A —#F
uinté4
allocshm(pde_t *pgdir, uinté4 oldshm, uinté4 newshm, uinté4 sz,void
*phyaddr [MAX_SHM_PGNUM])
{

char *mem;

uinté4 a;

if(oldshm & OxFFF || newshm & OxFFF || oldshm > (TRAPFRAME - 64 *2 * PGS|ZE)
|| newshm < sz)
return 0;
a = newshm;
// int count = 0;
for (int i = 0; a < oldshm; a+=PGSIZE, i++)
{
// count+t;
mem = kalloc(); // 5 B4 LT
if(mem == 0) {
printf ("al locshm out of memory\n");
deal locshm (pgdir, newshm, oldshm) ;
return 0;
}
memset (mem, 0, PGS|ZE) ;

mappages (pgdir, a, PGSIZE, (uint64) (mem), PTE_P|PTE_W|PTE_PLV|PTE_MAT|PTE D) ;
/1S
phyaddr[i] = (void *) (mem) ;
printf ("allocshm : %x\n", a);
}
// printf ("count:%d\n", count) ;
return newshm;

}

mapshm()H T3 allocshm () ek B LGS DhRE, HATZXT kernel/vm.c H1 ) mappages()
B, HARSZIL S 3-30 Fros.

a b wN =

fXF5 3-30 mapshm()
uinté4
mapshm (pde_t *pgdir, uint64 oldshm, uinté4 newshm, uint sz, void **physaddr)

{

uinté4 a;

if(oldshm & OxFFF || newshm & OxFFF || oldshm > (TRAPFRAME - 64 *2 * PGS|ZE)
|| newshm < sz)

return 0; /] B
PEAHK
a=newshm;
for (int i = 0;a<oldshm;a+=PGSIZE, i++) / /% TR AT
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9
10

1
12
13

{

mappages (pgdir, a, PGSIZE, (uint64) physaddr[i], PTE_P|PTE_W|PTE_PLV|PTE_MAT|PTE_D) ;
}

return newshm;

}

shmadd() BR 2 S I HT A7 X A5 B IEN shmtab[813ZH 1 ThEE, L SEILWnfRAS 3-31 As.

0O NN WN -

- a a0
W N = O

ARG 3-31 shmadd()
int
shmadd (uint key, uint pagenum, void* physaddr [MAX_SHM_PGNUM])
{
if(key<0 || 8<=key || pagenum<O || MAX_SHM_PGNUM < pagenum) {
return —1;
}
shmtab [key]. refcount = 1;
shmtab [key]. pagenum = pagenum;
for (int i = 0;i<pagenum;++i) {
shmtab [key]. physaddr[i] = physaddr[i];
}

return 0;

H T fork() ARG, BT FREFEXT LN AE XAT 7 — RS, PR 20 He 5| Ao
1, IXJEiEit shmaddcount()5E A, FHSZBLWARAY 3-32 Fiw.

0 N0~ WN -

0

10
11
12

ARAY 3-32 shmaddcount()
void
shmaddcount (uint mask)
{
acquire (&shmlock) ;
for (int key=0; key < 8; key++)
{
i f (shmkeyused (key, mask)) {  //*F B AT#AZAF A 5] A 492 3 1 44951 A 4w 1
shmtab [key]. refcount++;
}
}

release (&shmlock) ;

}

7 allocshm() Bl 2 22 9 A7 X B G 2R (R O R g 20 T 21470 22 00 it g 2 o, 7 220
deallocshm()#+ 2.2 43 e F P #E T i3I8 . deallocshm() LA 5 FEAN deallocuvm()AH ], EARARHD

ARG 3-33 Fiass
fR7Y 3-33 deallocshm()
1 uinté4
2 deal locshm(pde_t *pgdir, uinté4 oldshm, uint64 newshm)
3 |
4 i f (newshm <= oldshm)
5 return oldshm;
6
7 i f (PGROUNDUP (newshm) > PGROUNDUP (oldshm)) {
8 int npages = (PGROUNDUP (newshm) — PGROUNDUP (oldshm)) / PGSIZE;
9 uvmunmap (pgdir, PGROUNDUP (oldshm), npages, 1);
10 }
11
12 return oldshm;
13}
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B RBRIEE N X R

shmrelease() ] TMEBRILZZ N AE RGBS, PTLLR EBRAT, AT DURLEREABERER H i i
H. shmrelease()4 a2 o 5] FH L Z N AFEH refcount 5k 1,  [RIBS A deallocshm () A Ut
T A ILZENAEX ) refeount 2204 0, IEZF shmrm (VBB B A A7 AN AT EEA4H 55 1%
L PAF B ARACRS S ANARAD 3-34 Jrr, Hrb ) deallocshm() i SE L% 2 WL AT AR HS 3-33,

oA WOWN -

7

8

9

10
11
12
13
14
15
16
17
18

AR 3-34 shmrelease()

int
shmrelease (pde_t *pgdir, uinté4 shm, uint keymask)
{

//cprintf ("shmrelease: shmis %x, keymask is %x. \n", shm, keymask) ;

acquire (&shmlock) ;

deal locshm (pgdir, shm, TRAPFRAME — 64 *2 * PGSIZE) ; //RERR P
= 1A oG M

for (intk=0; k<8; k++)

{

i f (shmkeyused (k, keymask) ) {

shmtab[k]. refcount—; VIZANE- QRN
i f (shmtab[k]. refcount==0) { //EHRO , BT AR A G
shmrm (k) ;

}
1
1
release (&shmlock) ;
return0;

}

shmrm() 453 AF B DO [0, AT BRI A7 X ——RI ] kfree()iZ4>
RO AR LI BE GO, A AXHY 3-35 FTas .

0 NN AW N =

pe]

10
11
12
13
14

ARHG 3-35 shmrm()
int
shmrm (int key)
{
if (key<0| |8<=key) {
return —1;
}
//cprintf ("shmrm: key is %d\n", key) ;
struct sharemem* shmem = &shmtab[key];
for (int i=0; i<shmem—>pagenum; i++) {
kfree ((char*) (shmem—>physaddr[i])); //BAS T E L
}
shmem—>refcount = 0;
return 0;

}

WARERE A LRI A ARSS , IS A AERERR 45 RN SCHERE wait() 35 1 8 R 45
LU AT RE IR i or,  anARY 3-36 Fran .

00 NN WN -

ARAY 3-36 IEBUBHI kernel/proc.c wait()
int
wait (uint64 addr)
{
struct proc *np;
int havekids, pid;
struct proc *p = myproc();

acquire (&wait_lock) ;
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9

10 for (550 {

11 // Scan through table looking for exited children

12 havekids = 0;

13 for (np = proc; np < &proc[NPROC]; np++) {

14 if (np—>parent == p) {

15 // make sure the child isn't still in exit() or swtch().

16 acquire (&np—>lock) ;

17

18 havekids = 1;

19 if (np—>state == ZOMBIE) {

20 // Found one.

21 pid = np—>pid;

22 if(addr != 0 && copyout (p—>pagetable, addr, (char *)&np—>xstate,

23 sizeof (np—>xstate)) < 0) {

24 release (&np—>lock) ;

25 release (&wait_lock) ;

26 return —1;

27 }

28 shmrelease (np—>pagetable, np—>shm, np—>shmkeymask); // f&4EF A Ak
Eh

29 np—>shm = TRAPFRAME - 64 *2 * PGSIZE; //3 shm £ &

30 np—>shmkeymask = 0; //4€ shmkeymask £ &

31 freeproc (np) ;

32 release (&np—>lock) ;

33 release (&wait_lock) ;

34 return pid;

35 }

36 release (&np—>lock) ;

37 }

38 }

39 }

[FH, 75 exec() S gt FEMUE IS, 7835 BRI A 3t REFE WUAR I 1 75 B AR B2t == A7 I B
BEHUE ) exec() unfURY 3-37 s
ARAG 3-37 BBUS K kernel/exec.c exec()

1 int

2 exec (char *path, char **argv)

3

4 L.

5 safestrcpy (p—>name, last, sizeof (p—>name));

6

7 // Commit to the user image.

8 oldpagetable = p—>pagetable;

9 p—>pagetable = pagetable;

10 p—>sz = sz;

11 p—>trapframe—>era = elf.entry; // initial program counter = main
12 p—>trapframe—->sp = sp; // initial stack pointer

13

14 shmrelease (oldpagetable, p—>shm, p—>shmkeymask) ; //EKEFE N A
15

16 proc_freepagetable (oldpagetable, oldsz);

17

18 p—>shm = TRAPFRAME - 64 *2 * PGSIZE; //EE shm
19 p—>shmkeymask = 0; //%E & shmkeymask

20 returnO;

21 ...

22}

40



B RGEA——xv6 71T 5 L5 WYIRSE BT ARl

23

B shmrefcount &4 H
shmrefcount R4t IR R N A5 FHEL. B SGAE sharemem.c ¥ shmrefcount()
(AR

1 int

2 shmrefcount (uint key)

3 |

4 acquire (&shmlock) ;

5 int count;

6 count = (key<0||8<=key)? —1:shmtab[key]. refcount;
7 release (&shmlock) ;

8 return count;

9

}
B FEEALE sysproc.c TR sys_shmrefcount()fCAY, 5 F3CH) sys_shmgetat()—# A .

1 uint64

2 sys_shmgetat (void)

3

4 int key, num;

5 if(argint (0, &key) < 0 || argint(1, &num) < 0)
6 return —1;

7 return (uinté4)shmgetat (key, num) ;

8 1}

9

10 int

11 sys_shmrefcount (void)
12 |

13 int key;

14 if (argint (0, &key) <0)

15 return —1;

16 return shmrefcount (key) ;

17 '}
HEA 5 55 2 SRR MOV I RGER T HE, TSRS ST RIS ART, BT
T

TR I6HIE
MR R Bl — AR, SRR S 508 1 AL AR, . TR SR
HENEENE LTS, BRI RATEHR, JFITEERE pid AL AR
15 %, A8 RPN AR UG ) 31 7] — A X 30X — A D fg e 120 RS 1) SR 43
15 3-38 Fizm .
AR5 3-38 HEFR A AL 2 I8 1R R BIARES

#include "kernel/types. h"
#include "kernel/stat.h"
#include "user/user.h"
#include "kernel/fs.h"
int main(void)
{
char *shm;
int pid = fork( ;
if(pid == 0) {
0 sleep(1);

= 0 00 NO O DM WN =
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11 shm = (char*)shmgetat(1,3);//key # 1, KA I AWEFAA

12 printf ("child process pid:%d shm is %s refcount of 1 is:%d\n", getpid(),
shm, shmrefcount (1)) ;

13 strcpy (shm, "hello_world!");

14 printf ("child process pid:%d write %s into the shm\n", getpid(), shm);

15 } else if (pid > 0) {

16 shm = (char*) shmgetat (1, 3) ;

17 printf ("parent process pid:%d before wait() shm is %s refcount of 1 is:%d\n",
getpid(), shm, shmrefcount(1));

18 strcpy (shm, "share_memory!");

19 printf ("parent process pid:%d write %s into the shm\n", getpid(), shm);

20 wait(0);

21 printf ("parent process pid:%d after wait() shm is %s refcount of 1 is:%d\n",
getpid(), shm, shmrefcount(1));

22 }

23 exit(0);

24}

G VE R AT, SCHERE I IE T HERE S N IR, AT R 1 AT ERE IR A P S A
SEME IS DI RE
B 3-7 LA E N TIEBE

$ test

parent process pid:3 before wait() shm is refcount of 1 is:1

parent process pid:3 write share_memory! into the shm

child process pid:4 shm is share_memory! refcount of 1 is:2

child process pid:4 write hello_world! into the shm

parent process pid:3 after wait() shm is hello_world! refcount of 1 is:1

3.3.2. 1§ B BA B B SE R,

ARHEAE RGBS P I8 A THETH BB S SEDUFE B, gl 2 A8 B A HERE A RSB —
AMERAE, AT LA HARE R AR R A R . X B SCHL T AR SRS, EIERE proc
AR FAE S BB T RN H 1, —MH RSN E KN Z D, #H]
—ATWONRAE B, BT R IR ERE, ERETERP KR,

RBHAES

N T 4 xve BEREHEINE B NS IREE RE F1, 7 E A EAE BB\ B SN & 3-3 i
NHIRGE. BRI msg SR RRIE —NEE, HE CAMts 3-39 Fror,  FrfvH B A
—AMEER . HAPS MR, MU NERSR—BAAE, IFARAEH S

HIF R AL se B, B RGAMT 8 MHEBS masIMQMAX],  &ENH R BB
key BN B bR IR——AN[R] A EERE R ER TE A R key {ELRIL A58 HTAH ] AV 2 BA 112,

2 XA B LI R E T key A2 S ME—, Linux 8% 8 H ST R 513 A5 ke A ME— AR iR
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mgs [0] mgs[1] mqs [MAQMAX]
key key key
status status status
Pkmsgs msgs ~ [T kmsgs T (1™
axbytes ) axbytes /,’/ axbytes . .
curbyt i curbytes” curbytes”
refﬁgaﬁi// rgﬁcﬁﬁnt rgﬁdéhnt
I// I’/
. S>> S>>
struct msg fknext ——~>

type

kdataaddr

dataszi®

: D KB (1AM
struct msg frknext

type
kdataaddr
dataszie

B 3-3 —F xv6 FITH BRI R
B TR E 0, IUAE A malock BRI RS LAUHERAIE, 53 rqueue[NPROCIH
waqueue[NPROC] 7 It Biisk 5 PHLEEFA S . 7E kernel H :Hid—1 messagequeue.c U T4
B EREAE S, RS 3-39 iR
ARG 3-39 ¥ 5 msg G541

1 struct msg { /7 B MK

2 struct msg *next; [/ @ T —ANH &

3 long type; // e EA

4 char *dataaddr; //FAERAE, IR EE 5 msg+16
5 int datasize; //HERKE

6 1

7

8 struct mg { /7 B3

9 int key; //3¢ 49 key

10 int status; /0 RERER, 1 KRETAER
11 struct msg *msgs; // 3 msg 4k

12 int maxbytes; //—AH B R & KA 4k

13 int curbytes; // LR R ST

14 int refcount; /751 A% (GEAZRE)

15 1

16

17 struct spinlock mglock; //H &

18  struct mqmqgs [MAMAX] ; //BINFR GRS 8 ANH BT
19  struct proc* wqueue [NPROC] ; // B ML EAF]

20 int wstart=0; // B M E D) 3T T 4%

21

22  struct proc* rqueue [NPROC] ; / /T E D)

23 int rstart=0; //ETRE I T T 4R
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[FJI 7 defs.h @ INTH S AF A ek K, anfaY 3-40 Fras . Herp mainit()FH T R 485 shint
XTI B BTG, maget()FH T~ H 5 138 FHYH S BA B, msgsnd F T a7 S BA B < HAVH 5, msgrev()
ENED YR LT E RS

1RG 3-40 I B BAFUHIERIER %

1 // messagequeue. ¢

2 void mainit(Q; // A5 B G0 E BT

3 int maget (uint) ; /AR R RN BT

4 int msgsnd (uint, int, int, char *); // RIE I E

5 int msgrev (uint, int, int, uinté4); //HENHE 8

6 void releasemq(uint) ;

7 void releasemg2 (int) ; Vo : & -8/

8 void addmgcount (uint) ; / /¥ B 69 5] R T 4

SRJGAE proc.h [FIEFE PCB proc G5 MIAH R II—~ mamask i, PAFERS IR id AR

Bt F )78 B A F

1 uint mgmask;

B¢ J5 FFS N int mgget(uint); int msgsnd(uint, int, int, char*);int msgrev(uint, int, int, uint64);iX
=ANRGWAH, RERHANGBINCEES 2 mhifitid, AHEER.

LIS
BB SEELE RATaa At AN BB . VB R AOE MR SR AT, T I
BEAT 73T

B s
B 56 7 BAE messagequeue.c SEILTH S IS AT UG4K R EL mainit(), 5 E2 5 54N B RS
BB N WA msqlil.status=0, LSRR

void

mqinit ()

{
cprintf ("mginit. \n");
initlock (&mqlock, "mglock") ;
for (int i =0; i <MAMAX; ++i) {

mas[i]. status =0;

1

1

T B AT I EAC I AE RS S B0, B kernel/main.c 1 1#) main() B8 B0 T, 150205 1 main()
WS

O 00N O WN -

1 void

2 main ()

3 |

4 if(cpuid() == 0) {

5 consoleinit();

[¢) printfinit(;

7

8 kinit(Q; // physical page allocator
9 //printf ("kinit\n");

10 vminit () ; // create kernel page table
11 //printf ("vminit\n") ;

12 procinit(); // process table

13 //printf ("procinit\n");

14 trapinit(); // trap vectors
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15  //printf ("trapinit\n");

16 apic_init(); // set up LS7A1000 interrupt controller
17  //printf ("apicinit\n");

18 extioi_init(); // extended /0 interrupt controller
19  //printf ("extioi_init\n");

20 binit(; // buffer cache

21 //printf ("binit\n");

22 iinitQ; // inode table

23 //printf("iinit\n");

24 fileinitQ; // file table

25 //printf ("fileinit\n");

26 ramdiskinit(); // emulated hard disk

27 //printf ("ramdiskinit\n");

28 mginit () ; // mainit #7450 78 8 A7)
29 userinit(); // first user process

30 //printf("userinit\n");

31 __sync_synchronize () ;

32 started = 1;

33 } else {

34 while (started == 0)

35 ;

36 __sync_synchronize() ;

37 printf ("hart %d starting\n", cpuid());

38 }

39 scheduler () ;

40 |}

FrdeFE O 2 FE A AT allocproc()BS, 75 E X proc A IVE B BA B B O E B W) AE, B

p->mgmask=0, FoREARMEHHE SRS, Y 3-41 Fros.
R 3-41 BHS ¥ kernel/proc.c allocproc()

1 static struct proc*

2 al locproc (void)

3

4

5

6 found:

7 p—>pid = allocpid();

8 p—>state = USED;

9

10 // Allocate a trapframe page

11 if ((p->trapframe = (struct trapframe *)kalloc()) == 0) {
12 freeproc (p) ;

13 release (&—>lock) ;

14 return 0;

15 }

16

17 // An empty user page table

18 p—>pagetable = proc_pagetable (p);
19 i f (p—>pagetable == 0) {

20 freeproc (p) ;

21 release (&—>lock) ;

22 return 0;

23 }

24

25 p—>mgmask = 0; // #1%5 4% mgmask
26

27

28 returnp;
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29 '}
A8 fork() B IERRINS, FERE )T S BAFIRE 4k K B AR, DRIt 55 AR AH B (B 24,
ARG 3-42 FizR s
ARHG 3-42 BTG K kernel/proc.c fork()
1 int
2 fork (int back)
3 |
4 ..
5 // copy saved user registers
6 *(np—>trapframe) = *(p—>trapframe);
7
8 // Cause fork to return 0 in the child
9 np—>trapframe—>al = 0;
10
11 addmgcount (p—>mgmask) ; /AR 6 B IAF 5] B A 3 A 1
12 np—>mgmask = p—>mgmask; // B %) X HEAL 69 mgmask
13
14 // increment reference counts on open file descriptors
15 for(i = 0; i < NOFILE; i++)
16 if(p—>ofilelil)
17 np—>ofile[i] = filedup (p—>ofilelil);
18 np—>cwd = idup (p—>cwd) ;
19
20 o
21}

HITH] fork() & Hil A HEFE W S BAFII 3 T addmqcount(), ‘& F T 3CHERE mamask Fr7s
WRBAFIS 0 1. Hrh MQMAX %275 37E kernel/param.h H15E .

1

0 NN~ WN

9

10
11
12
13

void

addmgcount (uint mask)

{

}

//cprintf ("addcount: %x. \n", mask) ;
acquire (&mqlock) ;
for (int key =0; key < MQMAX; key++)
{

i f (mask >> key & 1) {

mgs [key]. refcount++;

}

1

release (&mqlock) ;

m ABEEETI

EREEAE RN Z AT, 75255 M maget()RIEH SRS th T BRI 21,
PRI FT REERE A HE B R AR I, T R SR RT G R 4 1% SV S A, X B B
Bmr. frmse R, HERAFIME key FEOPRIR, PRI G AR R A7 2245 Y key {H . maget()
AR key (EAE mas[IEZL &R, AIRIKBIVLACHT, BT B S LA HAb Bt AR G,
KPR EEMAHITT. B0, #id newmq()7E mas[[HH— A2 N BUEEH Z

int

oA WN =

mgget (uint key)
{

struct proc *proc = myproc();

acquire (&mqlock) ;
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7
8
9
10
1
12
13
14
15

16
17
18
19
20

int idx = findkey (key) ;
if(idx 1= -1){

if (! (proc—>mgmask >> idx & 1)) {

proc—>mamask |= 1 << idx;
mgs[idx]. refcount++;

}

release (&mqlock) ;

return idx;

LllE=2

}

idx = newmq (key) ;
release (&nqlock) ;
return idx;

/7 Fm R key 3 A9 B AT L2 4] 52
// e R AT #ALE ARAE R %K & AT
// FRITAHAZAE B % IH & A

/7 BT B 5] R T EH

// 3t key H & AP KA N newnq
// BV BT

// BEZH &P mas [1F 89 T 4R

maget() " F 2 findkey() & HCSEIUARF a7 80, L&D mas(1 20, EEX2 S A AR key
15, MIMIEAE NN key BT 2> mas[1IE4LH T 5.

int findkey (int key)

1
2
3
4
5
6
7
8

9
10
11

{

}

int idx=-1;
for (int i =0; i<MQMAX;++i) {

if(mgs[i].status !=08&&mgs[i]. key ==key) {

idx=1;
break;
1
}

return idx;

FEN, HEAKEE key ULACHITHE B BN, 75 ZHH newmq() B ZH SRS, HATHS
nAHY 3-43 Fros. WA PRI AE H, R 17— D IR R A BT E S, &
I MQVIAX ANEEBAF, BRI — 3L T MQMAX AN TURAFH BN RGN 4T R .

0 NN WN -

= 0
o

11
12
13
14
15
16
17
18
19
20
21
22
23

ARG 3-43 newmq()

int newmqg (int key)

{

struct proc *proc = myproc() ;
int idx=-1;
for (int i=0; i <MQMAX;++i) {
if(mgs[i].status==0) {
idx=1i;
break;
}
}
if(idx==-1){

printf ("newmq failed: can not get idx. \n") ;

return-1;
}
mas [idx]. msgs = (struct msg*) kal loc () ;
if(mgs[idx].msgs==0) {

//E % mas FKAFAEEHTIAA

/7 ERT AR, AR K

/R BT E] (1 AR
/7 B0 4% o2 1A S Ak 9 NULL

printf ("newmqg failed: can not al loc page. \n") ;

return-1;
}
mgs [idx]. key = key;
mgs [idx]. status =1;
memset (mgs [idx]. msgs, 0, PGS|ZE) ;
mas [idx]. msgs —> next =0;

// % B PR B key 1H
/AT AL A

//F A

/BT RA R AL B AT
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24 mas [idx].
25 mas [idx].
26 mas [idx].
27 mas [idx].
28 proc—>mgmask |=1 << idx;

29 return idx;

30 }

B HEAEEREE
FEANH S AF RE R — AN TR N A S ], T S ERAE A T1Z 00 4kB S 18] 1 o VS BA 1
HH S A 7 R 3-4 B, 455 A0 3-39 FH struct msg SR T HAFMEE B . —/NH B4
P4k msg B A next. type. dataaddr Fl dataszie, LA 'SEREHL 5 HOECHE X 4R, Bt XK/

next
type
dataaddr

(Ta’ta?z?

+—

next
type
dataaddr

<::’35¥5§;;;

+—

next
type
dataaddr

<:;’H§ﬁi;ﬁgf

+—

msgrev () 5

=

msgs —> datasize =0;
maxbytes = PGSIZE;
curbytes =16;
refcount =1;

/ /155 5 AT AL 49 mamask, E4EH P

.............

next next
type type
dataaddr T— dataaddr T—
atasize atasize
next
type
Wy dataaddr T—
atasize
reloc ()
— k¥ G
next
type
dataaddr T—
atasize
I.__._.____._: IL ___________
B 34 HRENAEESEE

L ST LD R P I R bR AT R A Bkt A BAS A (A T S I, G A AR
W 3-4 FE AR . N RTERF S B, #SEH —IK reloc() 7%, ST BRI ZIE
AN CGEAL jvm (1) GC bR IC-BE38) , FIB4 0T DAFEIX 4B 1175 [H] N 59N 5 2 IFVH KB reloc()
IR A S BLAARED 3-44 BRI RS, ALK reloc() R 1.

{

= = 0V 00O N0 dMNWDN-—-

0
1

int reloc(int mqid)

fRAY 3-44 reloc()

struct msg *pages = mgs[mqid]. msgs;

struct msg *m = pages;
struct msg *t;
struct msg *pre = pages;
while (m 1= 0)
{

t = m>next;

memmove (pages, m, m->datasize+32);

/1 # B H

% B AR AL
/IS F) I R

[/ RATRA T —NESF H & 693 ht

//FF A E (LIERAHEN)
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12 pages—>next = (struct msg *) ((char *)pages + pages—>datasize + 32);
/] AEBCTFANH &84
13 pages—>dataaddr = ((char *)pages + 32); / /45 B S B AG AT
14 pre = pages; //FE S AT B AR 4T
15 pages = pages—>next; J/TFAEEM BARMEE (B8)
16 m=t; /I TF—=AEHHiEE (R
17 }
18 pre—>next = 0; // )G —ANH B89 next #54FE 0
19 return 0;
20 }
21
B OREAE

FIEH EAEH] msgsnd(), 7 ESE AR EBASL JHESRA B g2 X E bk AL
HEKENANZH, Wil 3-45 Fios.

O N O O &~ W N

11
12
13
14
15
16
17
18
19
20

21
22
23
24

25

26
27
28
29
30
31
32
33
34
35
36
37
38

int

ARAG 3-45 msgsnd()

msgsnd (uint mqid, int type, int sz, char *msg)

{

KA

struct proc *proc = myproc();
if(mqid<0 || MQMAX<=mgid || mgs[mqid]. status == 0) {

}

return —1;

// char *data = msg;
// printf ("data:%s\n", data);

if(ngs[mqid]. msgs == 0) {

}

printf ("msgsnd failed: msgs == 0.\n");
return —1;

acquire (&mqlock) ;

while (1) { //— BT A B RE R

if(mgs[mgid]. curbytes + sz + 16 <= mgs[mqid]. maxbytes) { //4= FH| & =4

struct msg *m = mgs[mqid]. msgs;

while (m—>next != 0) { /I BREBNERE —ATREER
m = m —> next;
} //iE B AAIREE, monext==0 4R 2 R

m—>next = (void ¥)m + m—>datasize + 32; //itE R T A H & 69451

m=m -> next; //m A KE BB S AL B
m->type = type; //35 KM & type
m—>next = 0; VI S DS B N=E 2B
m->dataaddr = (char *)m + 32; //#¥ERX

m->datasize = sz; /KR

memmove (m—>dataaddr, msg, sz); //# WK EHKIE

mas[mqid]. curbytes += (sz+32); // B = 18 45 8

for (int i=0; i<rstart; i++) / /"B BT A i P K kAL
{
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39
40
41
42
43
44
45

46
47
48
49
50
51
52
53
54
55

7

}

wakeup (rqueuel[i]) ;

rstart = 0; //E RN E =

release (&mqlock) ;
return 0;

} else {

printf ("msgsnd: can not alloc: pthread: %d sleep. \n", proc—>pid);

// AR, #HALRE IR £ wqueue [E A

wqueue [wstart++] = proc; Vs 3183

sleep (proc, &mqlock) ;

return —-1;

PO B msgrev() B AL, 75 2248 I S BASIRY id. T B SR T B g2 XA 2R
H AR R B AEL AR, HEZ T HERER AR ——AT NI 821 reloc().

int

ARAL 3-46 msgrev()

msgrev (uint mgid, int type, int sz, uinté4 addr)

{

struct proc *proc = myproc();
if(mqid<O || MOMAX<=mqid || mgs[mqgid]. status ==0) {
return —1;

}

acquire (&mqlock) ;

while(1) {

struct msg *m = mqs[mqid]. msgs—>next;
struct msg *pre = mgs[mqid]. msgs;
while (m !=0)

{

if (m—>type == type) {

}

// B ZiR B H 8 XA
copyoutstr (proc—>pagetable, addr, m—>dataaddr, sz);

pre—>next = m—>next; [/ TR BRI B AH 8 TA T M Ik
mgs[mgid]. curbytes —= (m—>datasize + 32); //#HE &= W
reloc(mqid) ; [/ EREEA G

for (int i=0; i<wstart; i++) //"BL5 [ E AL
{

wakeup (wqueue[i]) ;

}
wstart = 0; //ETRENRINE S

release (&mqlock) ;
return 0;

pre = m;
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35 m = m—>next;

36 ]

37 printf ("msgrcv: can not read: pthread: %d sleep. \n", proc—>pid) ;
38 rqueue [rstart++] = proc;

39 sleep (proc, &mqlock) ;

40 }

41 return —1;

42}

msgrev() i FH 211 copyoutstr () PR ESE I FE ZEAE kernel/vm.c FRENIN, [FII A 75 ZEAE defs.h
I IZ R EUREY “int copyoutstr(pagetable_t, uint64 , char *, uint64);”

1 int

2 copyoutstr (pagetable_t pagetable, uinté4 dstva, char *src, uinté4 len)
3

4 uint64 n, va0, pa0;

5

6 int got_null = 0;

7 while(len > 0) {

8 va0 = PGROUNDDOWN (dstva) ;
9 pa0 = walkaddr (pagetable, va0);
10 if(pad == 0)

11 return —-1;

12 n = PGSIZE - (dstva - va0);
13 if(n > len)

14 n = len;

15 char *p = (char *) ((pa0 + (dstva — va0)) | DMWIN_MASK) ;
16 while(n > 0) {

17 ifCksrc == "\0") {

18 *p = '\0;

19 got_null = 1;

20 break;

21 } else {

22 *p = *src;

23 }

24 -n;

25 —len;

26 pt+;

27 srctt+;

28 }

29

30

31

32 len == n;

33 src += n;

34 dstva = va0 + PGSIZE;

35 }

36

37 if(got_null) {

38 return 0;

39 } else {

40 return —1;

41 }

42 }//todo

UL H XA AL SE LR B BSOS AR R R T AR, B3 A DUHZ LR
R, BN RJE R R AR EELS RE . S34h, B AT Ok S A 1 s BLUT sUE O

LTI EEBIAERIH rstart/rend 1) E RBgEH T NESGBGZ .
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WHIETHEERR], i (A Bk WAZ S EE P DLBI M - A=, At s s
RS EEATH, BE W LAATHEN Lk A,

B ERAS

AT BB, o] DR S BAF . 75 AE B refcount SRAEHGIH, 51 HN 0 i
IS A A 5 DTSR O B T 2 BB PR P9 A 2 ) Tﬁfl’fﬁi‘ﬁfﬁﬁﬂ releasemq() 1 57, HARWIAHS 3-47
Firos, SR AR R B AS, W — Bl rmma( R H N FE. 53 releasema2()H
TR — AR R B FH 0 43 S A S

ARHY 3-47 releasemq()/rmmq()/releasemq2()

1 void

2 rmmq (int mqid)

3

4 //cprintf ("rmmg: %d. \n", mqid) ;

5 kfree ((char ) mgs[mqid]. msgs); //CILHIZR 5
6 mas [mgid]. status =0;

7 }

8

9 void

10 releasemq(uint key)

11 {

12 //cprintf ("releasemq: %d. \n", key) ;

13 int idx=findkey (key) ;

14 if (idx!=1) {

15 acquire (&mqlock) ;

16 mas[idx]. refcount—;  //3| A% B 1
17 if(mgs[idx]. refcount==0) //31 A% BH 01EE ZCIHENG
18 rmmgq (i dx) ;

19 release (&mqlock) ;

20 }

21}

22

23  void

24  releasemqg? (int mask)

25 |

26 //cprintf ("releasemq: %x. \n", mask) ;
27 acquire (&mqlock) ;
28 for (int id=0; id<MQMAX;++id) {

29 if(mask>> id & 0x1) {

30 mas[id]. refcount—;  //31 A4 B #& 1

31 if(mgs[id]. refcount==0){ //3IH% B A 0B1%EEE=RKMWEAH
32 rmmg (id) ;

33 }

34 }

35 }

36 release (&mqlock) ;

37}

b 7R B A, FHAR P AN R L B RE A RN A exec BEAREREBG IS o X T
ARG, SOHEREAT wait(V BRI, 75 Z0R - 3ERE 45 FH v B A B8N -
RIS 3-48 BB kernel/proc.c wait()
int
wait (void)

{

AN =
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Ty Kb T RS T S BB A B e T 2 exec() S EFEMUAR IR %, anqRED 3-49 FTR .

0O NONO A WN =

[N Gl G Ve
N0 WN—=O

19
20
21
22

for (5;) {
// Scan through table looking for exited children
havekids = 0;

for (np = proc; np < &proc[NPROC]; np++) {
if (np—>parent == p) {
// make sure the child isn't still in exit() or swtch().
acquire (&np—>1ock) ;

havekids = 1;

if (np—>state == ZOMBIE) {
// Found one.
pid = np—>pid;

if(addr != 0 && copyout (p—>pagetable, addr, (char *)&np—>xstate,

sizeof (np—>xstate)) < 0) {
release (&np—>lock) ;
release (&wait_lock) ;
return —1;
}
releasemq2 (np—>mamask) ;  //EACH & TAF
np—>mgmask = 0; //E B 3t 4% 49 mgmask
freeproc (np) ;
release (&np—>lock) ;
release (&wait_lock) ;
return pid;
}
release (&np—>lock) ;
}
}
}
}

ARAG 3-49 BBUS K] kernel/exec.c exec()
int
exec (char *path, char **argv)

{

oldpagetable = p—>pagetable;
p—>pagetable = pagetable;
p—>sz = sz;
p—>trapframe—>era = elf.entry; // initial program counter = main
p—>trapframe—->sp = sp; // initial stack pointer

proc_freepagetable (oldpagetable, oldsz);

releasemq (p—>mgmask) ; VZA=E ) & - 9881
p—>mgmask = 0; //E F #4269 mgmask

return argc; // this ends up in a0, the first argument to main(argec, argv)

return0;
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D 3-50 45 T IR IR AR ST B AR A, B BAT S S e B AR it

AR

00 NN WN—

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

AR5 3-50 JaRIE B BAF RE R 2 T REIARHD
#include "kernel/param. h"
#include "kernel/types. h"
#include "kernel/stat.h"
#include "user.h"
#include "kernel/fs. h"
#include "kernel/fentl. h"
#include "kernel/syscall.h"
// #include "traps.h"
#include "kernel/memlayout. h"

struct msg{

int type;

char *dataaddr;
}s1,s2,g;

void msg_test ()
{
int mgid = maget (123); //1E R & AT
// int msg_len = 48;
// s1.dataaddr = "total number:47 : hello, this is child process.";
int pid = fork(;
if(pid == 0) { //F AL
s1.type = 1;
s1.dataaddr = "This is the first message!\n";

msgsnd (mqid, s1.type, 28, s1.dataaddr); //&Ki%H & 1

sl.type = 2;

s1.dataaddr = "Hello, another message comes!\n";

msgsnd (mqid, s1.type, 31, si1.dataaddr); // K% & 2

s1. type = 3;

s1.dataaddr = "This is the third message, and this message has great many

characters!\n";
msgsnd (mqid, s1.type, 72, s1.dataaddr); // K %748 3

printf ("al| messages have been sent.\n");

} else if (pid >0) [/ AT AKX #AR
{
sleep (10); // sleep FRIETHALH & B A
g. dataaddr = mal loc (70) ;
g type = 2;
msgrev (mqid, g. type, 31, (uint64)g. dataaddr) ; /)N E 2
printf ("receive the %dth message: %s\n", 2, g.dataaddr);
g type = 1;
msgrev (mqid, g. type, 28, (uint64)g. dataaddr) ; /)N A
printf ("receive the %dth message: %s\n", 1, g.dataaddr);
g type = 3;
msgrev (mqid, g. type, 70, (uint64)g. dataaddr) ; //ENEE 3
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52 printf ("receive the %dth message: %s\n", 3, g.dataaddr);
53
54 wait(0);
55
56 }
57 exit(0);
58 }
59
60
61 int
62 main(int argc, char *argv[])
63 |
64 // printf(1, "4 &FAFIMK\N") ;
65 msg_test () ;
66 exit(0);
67 '}
JA BN RS JFIEAT msg_test MAFET, R1GWI5E I 3-8 Frs i H
R 3-8 ORI TR M BRSO R
init: starting sh
$ msg_test

all messages have been sent.
receive the 2th message . Hello, another message comes!

receive the 1th message ! This is the first message!
receive the 3th message: This is the third message, and this message has great many characters!
TR sleep JE AR AMEARACHEREAE TREFRIEBA 5 2/ 1E, FreAPHoE, &1 ities e A g
fn o
B 3-9 AR T HERH B CHMEIRER)

init: starting sh

$ msg_test

msgrcv: can not read: pthread: 3 sleep.

all messages have been sent.

recelve the 2th message: Hello, another message comes!

receive the 1th message: This is the first message!

receive the 3th message . This is the third message, and this message has great many characters!

34 ATFEHEERE

PAVIX B2 A S8, 55— SEHLERE ] P 22 (B AR ESE ) 73 X 70 e (SEFR B ATy iR
NI » 35 AN SR HERE ) A A7 A1 S5 73 AR AN P AN S PR AN R 1 B, AT R AR
WA Z B RAMES . T AN AL 75 BRSO R GERI SRR, DR L R A7 ) S 00 RE TR ) e 4%
K IR

3.4.1. 323l myfree() 1 myalloc() R4 A H

AT 23 xve ERE LR AE I 77 20, R xve R A VirYT RAIUS 4 dE R 27 a) .
RRE, xv6 HEFR A A B A7 E BT V%

(1) M kernel/sysproc.c H ] sys_sbrk() R ANTF, 7] LLE T sys_sbrk() ¥t — A H

growproc(n)iFEAT A7 25 (A A %2 . kernel/proc.c 1] growproc(n)R 4 n i IEFAANE, 49 750 H

allocuvm()i479 B 5 deallocuvm ()E1T UL 4E
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(2) kernel/vm.c H ] allocvum()F1 deallocuvm () U] & 352 25 (0] 8 B (R A% O R . 22 ST HERE
S HE N AFI allocvum ()T deallocuvm ()], VEREEBARAIX 43 P)ELTIMI. TUR . A HHEYE
DL =F 2 AR R HA kalloc() s 7 Be— MIER UL, kfree()BHRE— N T1MT; mappages()
FH 44 2 37 R A7 o A7) B U ot - T 8 D3R Bl 53

X oxve FIEERE AT A A TG, nTRUEE W sEIl Linux 77201 alloc() !
free(), DACA'EATTAT BEE BN A7 25 [RIH FLIA, T xv6 4R FEAS SCREXFE ) N A2 AT =)

A2 (R

AT NFEE A T — e PR ], LLEE myalloc()/myfree(VHLiI AT sbrk HLHIAH 9 ——
H vma WAFXIEZ 5, ARV sbrk & H AT RIER . BT, myalloc()/myfree() %
FAE SRR N HARMG S RALE, HE proc->sz 2 LIAF[E], a1l 3-5 s,

PN A% 2 ]
KERNBASE
= (0x8000-0000)—>

:|, vm[3]

vm[0] (UAERZELD

FH P23 [
vm[1] e
\” myalloc () /myfree () & B
proc. sz —>
sbrk &
L 0
B 3-5 —Ff xv6 [ vma BEFTEREHE
m /& PCB

xv6 [IEFE 2 0] A — NELEX A, R vy ARG A, R AR E—A sz il
AT LIRS . SRR Linux #AE RS A7 23 L alloc()FURE K free(VER1E, B4 mI RELE
HEFE AR [E) b 2SR, X AN S 1) 2 (8] 75 B A A ME BRI

AT L— N ES WA 2 A ST vma (virtual memory area) 5444, FEFER)SS vma
PR — AN FER I v GEARTEIA o vma SERIARIT) E L UiARES 3-51 Fis . iX BN 148 -F S,
PATHE AR R KRR

A5 3-51 vma Z5ta4E
1 struct vma{
2 uinté4 address; // W GkAZIEHE
3. int length; // W&k K
4 int next; /) FT—3AAEE3], 1 ATASER, 0 AF&AT—A
5 }

SRIGAE PCB MRS v [1 804, @04RHS 3-52 Fios. FEVEEIE, AT vml[01/E N

SKIREHE A, BEHAEHENFX . vmOWENEER L — B GeREFEAE vma Z T A7

WAZ X HE) , 24 vm[0].next=0 F-EAE G vma WIFEX . HBEIE vma NAFEX )G, vma 5544
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R next Tt MR =P8 2%, JF B vmx].next=0 %7 vm[x]2 8% b e —
A vmid.next=-1 75 v KR A
RS 3-52 A proc #il vm R

1 struct proc {

2 struct spinlock lock;

3

4 // p—>lock must be held when using these:

5 enum procstate state; // Process state

[¢) void *chan; // |f non-zero, sleeping on chan

7 int killed; // 1f non—zero, have been kil led

8 int xstate; // Exit status to be returned to parent's wait
9 int pid; // Process |ID

10

11 // wait_lock must be held when using this:

12 struct proc *parent; // Parent process

13

14 // these are private to the process, so p—>lock need not be held.
15 uinté4 kstack; // Virtual address of kernel stack
16 uinté4 sz; // Size of process memory (bytes)

17 pagetable_t pagetable; // User lower half address page table
18 struct trapframe *trapframe; // data page for uservec.S, use DMW address
19 struct context context; // swtch() here to run process

20 struct file *ofile[NOFILE]; // Open files

21 struct inode *cwd; // Gurrent directory

22 char name[16]; // Process name (debugging)

23 struct vma vm[10]; // vm[0] A4k, #e 9 ATH
24},

FIEI) vm[] AZEAE kernel/proc.c ] allocproc() T #IEEAL, Wnan FACHS,
for(int i =1; i <10; i+) { // vma #947d54L
p—>vm[i]. next = —1;
p—>vmli]. length=0;
}
p—>vm[0]. next = 0;

a b wOWwN =

B BEFEvmafZR
&4 procdumpl(), I P AEBAG Ffar X FELE Cerl+P FRSH 5t AT LUK AN HERE 4% vma

AR HE K E BoR ok, (FEE G B IEA)
1. for(p = proc; p < &roc[NPROC]; p++) {

2 if (p—>state == UNUSED)

3 continue;

4. if(p—>state >= 0 && p—>state < NELEM(states) && states[p—>state])
5. state = states[p—>state];

6 else

7 state = "??7?";

8. printf ("% %s %s", p—>pid, state, p—>name);

9. printf ("\n");

10. for (int i = p—>vm[0].next; i !=0; i = p—>vm[i].next) {

1. printf ("start: %d, length: %d\n", p—>vm[i]. address, p—>vm[il. length);
12. }

13. printf ("\n");
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SrHC5 ECRAE

N myfree()f] myalloc() RGEAFT, AR, FHE (1) EEE&EKHNIEERE, JF
B vma BEATHEIA: (2D ZH Kalloc() 7 FiC 2 % F B T, - mappages ()44 1 L6 7T i St
EIFTHEE M AEHbE o PEREHCE IR, (1) FF BB K oo, BN TUR U (2
IR vmao AT B BOARERON 4775 8], #BLATT (4KB) HIHEE A RN, DA/ G R 4015
AR R e TR & .

Horb alloc() M T mygrowproc() K58 BGEFEZS [B 43, FEFHAHRI vma SRidsg 2 TRME
B, free() 1AM myreduceproc() SRBEBCGHFEZS ], FHREMBOM I vmao KEIX P > B £ S B
JAAE proc.c 1, WifLES 3-53 fis.

ARA 3-53 mygrowproc()F myreduceproc()

uint64
mygrowproc (int n) { /] FRAREAFE R HE L
struct proc *proc = myproc() ;
struct vma *vm = proc—>vm; // B FRAE R T
uint64 start = proc—>sz; /) FRAEHBA B
int index;
int prev = 0;
int i;
for (index = vm[0]. next; index != 0; index = vm[index]. next) {
if(start + n < vm[index]. address)
break;
start = vm[index]. address + vm[index]. length;
prev = index;
}
for(i =1; i < 10; i+ { /) FR—HIEA A vma RRATE A H R
if(vm[i]l.next == -1) {
vm[i]. next = index;
vm[i]. address = start;
vm[i]. length = n;
vm[prev].next = i; //7¥ vm [ ] R R BER
myal locuvm (proc—>pagetable, start, start + n); // R vmli]l 5B A
5
return start; // REHELGY AL
}
}
return 0;
}
int
myreduceproc (uint64 address) { // #73% address k9 &3k
int prev = 0;
int index;

struct proc *proc = myproc();

for (index = proc—>vm[0]. next; index != 0; index = proc—>vm[index]. next) {
if (proc—>vm[index]. address == address && proc—>vm[index]. length > 0)
{ [/ REB5F R A AR
mydeal locuvm (proc—>pagetable, proc—>vm[index]. address
proc—>vm[index]. address + proc—>vm[index]. length) ; / /IR B
proc—>vm[prev]. next = proc—>vm[index]. next; // R AR
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41 proc—>vm[index]. next = -1; /AR A AR
42 proc—>vm[index]. length = 0;

43 break;

44 )

45 prev = index;

46 }

47 return 0;

48 |}

HAEH 2] T myallocuvm() 58 B 48025 [B] 20 BE DTS, T mydeallocuvm() 5ER%
READLZS (8] 2 DO R . X MBS SEIRAE vm.e H, WiAES 3-54 B
AR 3-54 myallocuvm()Fl mydeallocuvm()

1 // start A= end A EHiHLAE

2 uinté4

3 myal locuvm(pagetable_t pgdir, uint64 start, uint64 end) {
4 char* mem;

5 uinté4 a;

[¢)

7 a = PGROUNDUP (start) ;

8 for(; a < end; a += PGSIZE) {

9 mem = kalloc();

10 memset (mem, 0, PGSIZE) ;

11 mappages (pgdir, a, PGSIZE, (uint64)mem, PTE_P|PTE_W|PTE_PLV|PTE_MAT|PTE_D);
12 }

13 return (end-start);

14 '}
15 // start #= end #RZ & ixbhk

16 uintéd

17 mydeal locuvm(pagetable t pgdir, uinté4 start, uint64 end) {

18 i f (PGROUNDUP (start) < PGROUNDUP (end)) {

19 int npages = (PGROUNDUP (end) — PGROUNDUP (start)) / PGSIZE;

20 uvmunmap (pgdir, PGROUNDUP (start), npages, 1);

21 }

22

23 return start;

24}
IR T S 43 BE ) A 1AL R/ BRI 9 DT ) B R, SRR AN RO A X AR B .
WHAARES

Y 5 N AT anARAY 3-55 B, A ECIESE 5 AN, AAERERaL R 2/4, (1) BEN
AR EATR:; (2 REIBANFETRARXE, &5l RERIFERIEmREE. T
WA mygrowproc()F1 myreduceproc()d 24 ik R G A FH OARES, E15E HATHN R 523,

fRAY 3-55 myallc.c JURARTE

1 #include "kernel/types. h"

2 #include "kernel/stat.h"

3 #include "user/user.h"

4

5

6 int

7 main(int argc, char *argv[]) {
8 // int pid = getpid();

9 // map (pid) ;

10

11 char* m1 = (char*)myal loc (2 * 4096) ;
12 char* m2 = (char*)myal loc (3 * 4096) ;
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13 char* m3
14 char* m4
15 char* m5

(char*)myal loc (1 * 4096) ;
(char*)myal loc (7 * 4096) ;
(char*)myal loc (9 * 4096) ;

16

17 mi[0] = 'a';
18 mi[1] = "\0";
19 m2[2] = 'b";
20 m3[2] = 'b";
21 m4[2] = 'b';
22 m5[2] = 'b';
23

24 printf ("m1:%s\n", m1) ;
25 myfree ((uinté4)m2) ;
26

27

28 // 2RXAZTREHE
29 // m2[1] = 'p';

30

31 myfree ((uinté4)m4) ;
32

33 // map (pid);

34 sleep(5);

35 myfree ((uint64)m1) ;
36 myfree ((uinté64)m3) ;
37 myfree ((uint64)m5) ;
38

39

40

41 exit(0);

42 '}

HEA xv6 RYFIEIT myalloc, SEffit ml WIEIX 07 RF, SRJERRF S RHR— Bxint i,
SRR HNAAFAX SN, b 3-10 frx.
B8 3-10 myallc By%H

S myalloc

ml:a

X% Cerl+P m] LU B0 B AR A

1 sleep 1init

2 sleep sh

3 sleep myalloc

start: 12288, length: 8192
start: 32768, length: 4096
start: 65536, length: 36864

IR TR R AU IR, S A A B S e, S T4 R
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S myalloc
ml:a
usertrap(): unexpected trapcause 200080 pid=3

era=0xnNee000000000009Cc badi=29cO6061
panic: freewalk: leaf

LB SRS SRR WY A T S RE AR I, 8 T AR B3 P A7 X HEAT 125 45 A Bl A
PRI

3.5. NG

AT LA LIRS BT T (AR A B REARIE A A B R AT TR . 3.1 50
3.2 WHSERACH L2 T A ERA Y, R SR g T ARE O I AR, X T
FE R G0 P R B R AR AR PP 109 5 L AR/ B o Gl 2 5] SRR MR AACRS (19 e 352, 1328 %t
xv6 1% Lot L A1 ) i L ST s 2 A R WK

Forp g i R SRS, 35 R LB AT B AL SR AIAN L, JFREATY R o SERR T
Arh, WRBFRZ MR, 1335 AT LAIRBRIX LE IR A4 A S (1 T RE4h it 21 B & BEAIRES

25

1. T EAT RO I SEIL T R AR, R RGIHH A TR E R E RN
B 8] 7y K ——setslot(int pid, int slots), S pid 25 B HEFE S, slots /&%
HERE IS TR) R BE

2. HENFLE T EREE [ shm A5, HEIFEALE sbrk()Fkaiilik 7t m 8. 36 22
IS sbrk() HHIE N AF TSR AT MR I, JF45 H e fE A SRR AL
AT VBRI BE AN AL, 58S N A7 XA P ST (R B A A s ) b e B — AN ROk R R 4

3. BEIEARED S Bt — 5, FIH vma iR PEJE AR, FEE TR
SN RS SE U g v, AR BT

4. VFSCILHERRRI T A B AR, RS [E P ) R SE .

5. 8% (1D WMRAVFHFEAERE RS E, Flansie 1T 16 S5 32 7T
PRANZEE], TR ARAE AN TR BRE B4, I8 R — AN TOWERBUREA1? - (2)
R —A TR IX 48 N1, B2 AT Ab 3, IR AEFR AL —AN H i e B 1
i R T7 SAE AT DU AR 2 TR ) FH 2R A 2
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FAT BFRLE

2317 xv6 HIATBIRARIY LA SE R T WIR A R s2 e 2 J5, ARZEHR T LA L
0, T M ZAEE IR o AS B S0 ) SE BEARAE T PAM https://github.com/SKT-CPUOS/xv6-
loongarch-exp F#X.

4.1. 2P xv6e WIZLLE

QLR AT CLE R REZ )N, 2R ] DU bR 10 2B —— B AR 11T
MRS A4S, FE xv6 ESEBLZRRE P K i) £ B AR AR

(1) LI clone() RGTHM, T I PNZLRE.

(2) SEHL join() RGN, T B DHZLRE.

(3) B P &R, HARTFRRME R, A R ERE R O R

(4) Setiaked], Bt ERREm . 2LRIFT.

11X B S AR AR 75 22 alloc() AT free () A7 AL, DA UM 7 24 Wi T 20 S 30 1 2
filiz EREAT.

41.1. /5% PCB

N T SCRE AL AR, JA PR ERE B PCB ehrid R AR P il B TCB——XSUid SRR ANt AR
SHRHERI, £E proc S5 HATHAINPI DN ASE LT«

1. struct proc *pthread; // Parent thread
2. void *ustack; // User thread stack

PERE A o R 7R BN FE 8. 7E proc.c ] allocproc()H ¥ pthread #J4a4k A 0.

I I O AE B T il Sk SRR AR LR B O AR, TR ASRERE TR . 18
NAZAT, SREMAIIEH PSR E T EBEPATIE S (PRIEIRE) PC /5D | LIS
HE

FEIX B R 2R 77 Zerb, AT E JUFRIE . AR R BT AR, 5 E —
1T, FRNELRBEECEAE: el IT RN T4 . FEREME R MAAE, T4
ARG L E R ENE, H HAELRRE IR TR (R .

4.1.2. sys_clone F1 sys_join &4t1AH

sys_clone()

LFEMAIEH clone() KRGS, clone() MISLILFN fork() FISZHELAHARLL, AN+
ARRILTE [ ACLRR /T 2R R AR AR R R 2 A BR U . A clone() IBZE A ST HIaa 4L P
e, FELRERRIHPSEREERININD . P RKEER L% exec() K. clone()
HISZHLAE T kernel/proc.c, WHARES 4-1 Fi7R.
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M T E AR N AZAR trapframe BLH) era #EICE AL NS HL fon (HIEAZRRED , P

It clone()iR [B1 B A5, HHAT fon FHRERIBREL. FIP S RLREARNIHS T XN 2 e
BRI S HOA SR el . X L A SEI T, EORAFREGERAL L AUE A exit(). oA
ALK IR [AIhEIE E exit()dbdil, AT AN 5 3R A

() 5 43 T AR R 0

wNR

0N VA

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34,
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.

A 4-1 clone()
//VAF clone()H 7% B4y BCUT R FEAR I W AZ 28 [F], JRIlIT stack Z4Uf& AN

int clone(void (*fcn)(void *), void *stack, void *arg) {

struct proc *curproc = myproc();  //it3E K H clone (W&
struct proc *np;
if ((np = allocproc()) == 0) [/ FE /TR PCB/TCB

return -1;
np->pagetable = curproc->pagetable;  //Z&FE A1 3L [ —ANTUFR

if((np->trapframe = (struct trapframe *)kalloc()) == 0){  //Z HC£RFE P A% AR 25 1]
freeproc(np);
release(&np->lock);
return O;

}

np->sz = curproc->sz;
np->pthread = curproc; // exit B FH T 4R B S 282 - mi Ji
np->ustack = stack; /] B H LR

np->parent = 0;

*(np->trapframe) = *(curproc->trapframe);  //4£7K trapframe

// W& trapframe 5T
if(mappages(np->pagetable, TRAPFRAME - PGSIZE, PGSIZE,
(uint64)(np->trapframe), PTE_NX | PTE_P | PTE_W | PTE_MAT | PTE_D) < 0){
uvmfree(np->pagetable, 0);
return 0;

}

/] WERIEE
np->trapframe->sp = (e)(stack + 4096 -8);
// BEGREME a0

np->trapframe->a0 = (uint64)arg;

/] EBGR AL

np->trapframe->era = (uint64)fcn;

/] SRR
for (inti = 0; i < NOFILE; i++)
if (curproc->ofilel[i])
np->ofile[i] = filedup(curproc->ofile[i]);
np->cwd = idup(curproc->cwd);

safestrcpy(np->name, curproc->name, sizeof(curproc->name));
int pid = np->pid;

release(&np->lock);

X BRI SIS v IR TR A 5 I BEAT THE 2R R 2R AR SR AT 45 AR TN A2
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50.
51.
52.
53.
54.
55.
56.

2,

o

acquire(&np->lock);
np->state = RUNNABLE;
release(&np->lock);

/] R EH L FE pid
return pid;
}
P LRI O EREL clone() 2SR G sys_clone(), WifXAY 4-2 fis.
ARHY 4-2 sys_clone()
uint64 sys_clone(void){
uint64 a;
uint64 b;
uint64 c;
argaddr(0,&a);
argaddr(1,&b);
argaddr(2, &c);

return (uint64)clone((void (*)(void *))a,(void*)b, (void *)c);

sys_join

FEIX B AT e, bR AN 2R 10 4 N 1 B [ WO AR A AN IR

(1) FHEREM pCB HACHEFERA wait() I

(2) TLFEM PCB/TCB HIALIHAR/ELFEWA join() [HIUKL.

T HEZERB/DN, HIE join() HISZILAT wait() BEAHLL. join() FIEAE clone() it
H AT AR FOIRAS Y ZOMBIE W F4ifE. TAMERERA exit() 42 ZOMBIE £

join() FISEILUNACHY 4-3 FroR . B AARRIR HOFAN T EUH BERE IR, DRIEAN R 2R wait()

H I ASFEAT freeproc().

G 4-3 join()
int join() {

struct proc *curproc = myproc();
struct proc *p;
int havekids;
for (;;) {

havekids = 0;

for (p = proc; p < &proc[NPROC]; p++) {

if (p->pthread !=curproc)  // HIWiRARH T2

continue;

havekids = 1;
if (p->state == ZOMBIE) {
acquire(&p->lock);
if(p->trapframe)
kfree((void*)p->trapframe);
p->trapframe = 0;
if(p->pagetable)
uvmunmap(p->pagetable, TRAPFRAME - PGSIZE, 1, 0); // Bl N 1A%
p->pagetable = 0;
p->sz =0;
p->pid = 0;
p->parent =0;
p->pthread = 0;
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24, p->name[0] = 0;
25. p->chan =0;
26. p->killed = 0;
27. p->xstate = 0;
28. p->state = UNUSED;
29.
30. int pid = p->pid;
31.
32. release(&p->lock);
33. return pid;
34, }
35. }
36. if (!havekids || curproc->killed) {
37. return -1;
38. }
39. sleep(curproc, &wait_lock);
40. }
41. return 0;
42. }
B EIRKZ O R clone() B 2SR G sys_join(), WiAXES 4-4 Fiios.
ARAG 4-4 sys_join()
1. uint64 sys_join(void){
2. return (uint64)join();
3 }

ATLLEH, WRFZLEMA join()FIEHE, FRIBERIAT exit(), IHLARRE R
ZOMBIE FZ&FE, FLRFOK I NMEIRIRAS . DRI 2R RE I8 t A% B 8 75 B g o B F 32 26 o
FATTEAE proc.c M exit() FHIGHIMLEE £ LRRE M TNRE, EARRID W .

1. // Parent might be sleeping in join().
2. if(p->parent==0 && p->pthread!=0)
3. wakeup(p->pthread);
4, else wakeup(p->parent);

P &R

sys_clone() 1 sys_join() A~ £ Ge 1A F ik 75 B4 28 il FH P A& nl A r e 8, ) 4anm] DL [F 44
] clone()F1 join(), Z8id g iPRaE e E B (LN AR R R o R G000 a2 s B P A5 vl
PRI N BN IS ARG FET Cartieid, WAAREER,

4.1.3. LRFEPER)SEBL

clone() Al join() NI 7 WL, N7 T EH AP . JRATIE 7R Z B N
JVEREEE, T B P AR AR W R . FHP FEDY uthread.c, 752K AN Makefile 1)
ULIB A8 &, HP thread_create() I thread_join() +& & &4 H P FERE 1.

thread_create()F TG ZHE, 77 ZIRMILAFHAT I EFL R EAIZ T 4L thread_create()if
It clone() B ZAE, 75EHERTH malloc() A — M 2FEkL, &JEfEhT add_thread()# £ F2id
SEAEA LR TCB $4 threads[NTHREAD]H'. XA — thread_join()H T2 /5 Lk fE4s o,
BB join() RGtiAH R E 245 1L ZFE, SRJFIEIT remove_thread() W\ A HEFE 1) 2k F2 £ 2
threads[NTHEAD] 5%

ARAY 4-5 uthread.c

1. #include "kernel/types.h"
2. #include "user/user.h"
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49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.

#define NTHREAD 4 /] — PR R KL (MEEELR)
#define PGSIZE 4096
struct {
int pid;
void* ustack;
int used;
} threads[NTHREAD]; //TCB %

// add a TCB to thread table
void add_thread(int* pid, void* ustack) {
for(inti=0; i < NTHREAD; i++) {
if(threads[i].used == 0) {
threads]i].pid = *pid;
threadsl[i].ustack = ustack;
threads[i].used = 1;
break;
}
}
}

void remove_thread(int* pid) {
for(inti=0; i< NTHREAD; i ++) {
if(threads[i].used && threads]i].pid == *pid) {
free(threads|i].ustack); /] REBH %
threads]i].pid = 0;
threads[i].ustack = 0;
threads[i].used = 0;
break;
}
}
}

int thread_create(void (*start_routine)(void*), void* arg) {
// If first time running any threads, initialize thread table with zeros
static int first = 1;
if(first) {
first =0;
for(inti=0; i < NTHREAD; i++) {
threads[i].pid = 0;
threads[i].ustack = 0;
threads[i].used = 0;
}
}
void* stack = malloc(PGSIZE);  // allocate one page for user stack
int pid = clone(start_routine, stack,(void*)arg); // system call for kernel thread
add_thread(&pid, stack); // save new thread to thread table
return pid;

int thread_join(void) {
for(inti=0; i< NTHREAD; i ++) {
if(threads[i].used == 1) {
int pid = join(); /] BT &R

if(pid > 0) {
remove_thread(&pid);
return pid;
}
}
}
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64. return 0;

65. }

66.

67. void printTCB(void) {

68. for(inti=0; i < NTHREAD; i ++)

69. printf("TCB %d: %d\n", i, threads][i].used);
70. }

T B 2R (P I I B R B T 2R R 4 2 75l NTHREAD LR, DAL R EL A RS
FATEIE X NIE . 1535 0] LUA thread_create() 3G X MG £ .
T EVERE RN ANZS R RIS, 7 2R proc->pthread FRAFXS MY trapframe.

HAR T EAZ kernel/trap.c ] usertrapret() L.
// jump to uservec.S at the top of memory, which
// switches to the user page table, restores user registers,
// and switches to user mode with ertn.
// userret(TRAPFRAME, pgdl);
if(p->pthread == 0){
userret(TRAPFRAME, pgdl);
telse{
userret(TRAPFRAME - PGSIZE, pgdl);
}

4.1.4. PAEER

MEAFEG N test.c, WA WA 4-6, e HA A ASEF I clone() A join()o X ANIIHAFE
Fe T #4740 R IR W join() A1 clone() 2 HUe M A% i s SR [a] & 75 3 S HERE 7% [
TEAER B T FERER SRR ((HAILTD o M P Ak S E IER (AT LLRRHARHS
4-1 55 4 ATIVERE LA NI AT AT ER AR AR a5 M join() 4330/ pid G4 T
clone() B3I/ pid (FEANLRE) 5 A wait() FIBRHELFE fork(), AH join() M fiz kb 3E
clone(); PRIEARFEA = ENAFMR A (AR IS RO 5 WRREARR A (R
WREHD « HEIENHA exit(), SZRAAEHbEE B TS FE A E AR 1R 2 A
KRR

LR NOUAEWNE

ARG 4-6 LRFENARIG test.c

1 #include "kernel/fentl.h"

2 #include "kernel/types.h"

3 #include "user/uthread.h"

4 #include "user/user.h"

5 volatile int global = 1;

6 int F(int n) {

7 if (n<0)

8 printf("input a positive integer\n");
9 else if (n==1 ]| n=2)

10 return 1;

1" else {

12 return F(n = 1) + F(n - 2);

13}

14 return 0;

15}

16 void worker (void* arg) {

17 global = 100;

18 printf("thread %d is worker.\n", *(int *¥)arg);
19
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20 global = F(15);

21 write (3, "hello\n", 6);

22 exit(0);

23}

24

25 int main( {

26 intt=1;

27 open("tmp", O_RDWR | O_CREATE);
28 int pid = thread_create (worker, &t);
29 sleep (10) ;

30 thread_join();

31 printf ("thread id = %d\n", pid);
32 printf("global = %d\n", global);
33

34 exit(0);

35}

IBATIRE 5 4-1, TRUE DB T AR S L N, ARl i AT EAR B 1 2E K
TR FH AWM IER, global A8 & )AH FH 25 B IRIE | AR L AL S, KA tmp U]
DL BIAH R 735 8 o B2 AT PSSl AR B8 A T i, 9 sl = 2R AN AT thread_join() M
B LY B DU S S e
B 4-1 RN

$ test

thread 1 is worker.

thread id = 4 i &iES

global = 610 # RIEHETE global ICRERIZHFEITE

4.2. X R G LR

ARG BAVLHE T =588, — R xve SCIF R GG S AR, 55—
AN SIS I I B (0 SCAE 28, B8 =AM R IR A AT R IR AR IR 1 S

4.2.1. SUHFBUR

ASLIIGAE SRR ) xv6 ARG b, BEINSCAR R S AR ], BARPIRAN R
(1) 7£ inode IS B PRAR &

(2) RABEE SRR RS .

(3) BUAIN LS RGEH, BINESARAEE.

(4) TR RS o

0 iR A R AL

xv6 1] inode Z5fJIEE XFE kernelffile.h, i —#E B BELAMEEM A FAY, 1IXEo
N H dinode (GE XAE kernel/fs.h) i I T HERAT R ARAR =M, Fr DAZE A A 1) R/
AT R xv6 W RIHIR SR AR B2 short ZRAY, ) 1IN SCHAL R DR, HAE
W A 2 GiAn s, FATHE short ZREAREAA char KA, —DNHRUAE mode Kfiid U
PR, UERFHTH dinode 5 ANMRED 4-7. [AIRT kernel/file.h 7] inode 45K A th B At [RI B ) &
Mo
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ARG 4-7 V5 R ALREY dinode

1. // On-disk inode structure
2. struct dinode {
3. char mode; /] SRR
4, char type; // File type
5. short major; // Major device number (T_DEV only)
6. short minor; // Minor device number (T_DEV only)
7. short nlink; // Number of links to inode in file system
8. uint size; // Size of file (bytes)
9. uint addrs[NDIRECT+1]; // Data block addresses
10 |5

PRI 58 S LR ST A IR B N B T U RS, BT type [RAYARAY, RATTZERT
B K type KA E AR (] grep -rn "short type" *.c *.h T LAPIEE A1) ©

(1) 7£ mkfs/mkfs.c o, XFeREL ialloc() BEATIEN HZEHH type A uchar 2K
B, FHEREWIIEN mode N 3.

(2) B2 kernel/fs.c H' ialloc() FZ4 type BN char KA, FHAERECH WL L
mode N 3. [RINEIAE defs.h FHIEH].

(3) 1824 kernel/sysfile.c Hi create() BE, FKHSE type RN char.

(4) 1£ kernel/fs.c H1[¥] ilock() H', ¥ dinode->mode f%i$%5 inode->mode

(5) 7E kernel/fs.c H[f] iupdate() ', ¥ inode->mode f%i#%; dinode->mode

(6) fE kernel/stat.h "1, B stat 54K, ¥ char S8R mode, FHE type 121K
A char 2,

(7) 1E kernel/fs.c [ stati() #, ¥ inode->mode f£i#i%; stat->mode

(8)1E user/ls.c H1, B JLAL printf i tH 5 ), 4SBT EDSCAF R VT AR modes

el HBSE, 1217 xv6, PUT Is w4, 45T

$ Is

. 3111024
.. 3111024
README 322 2226
cat 3 2 3 20272
echo 32419272
forktest 325 11464
grep 326 22792
init 327 19984
kill 32 8 19160
In 3 2 9 19056

MEEEA 735l A4S DI TR, R Rl TR/

REN R RGHA

xv6 HSCAFA 3 RS, Jphili B, SO e FRAT RS SO s S AR,
B T_FILE RIS S A 2 3080, 10 B4 mode MIBARNIAE NN, UARNAE NS AL,
RS
3 FoRAIEA S,
2 FoRAE,
1 LR
0 FHARATEATE,

et
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Btk R E A ——xv6 ST S5

WYIRSE BT ARl

BEERR . AR EE (IR

1.

int chmod(const char* pathname, char mode);

kernel/sysfile.c A =2EL, Y 4-8 s

uint64
sys_chmod(void) {
char *pathname =
int mode;
struct inode *ip;
if(argstr(0, pathname, 20) < 0) {
return -1;
}
if(argint(1, &mode) < 0) {
return -1;

}

n,
’

begin_op();

if((ip = namei((char *)pathname)) =

end_op();
return -1;
}
ilock(ip);

ip->mode = mode;

iupdate(ip);
iunlock(ip);

end_op();

return 0;

}

S AT
F2 R ORAT UASE B 18 (B BR R BR 1 5 H 384 17 SCIF 015 S B Ly /2 fileread() AN

filewrite(), ‘EAINLT kernel/file.c

CoeNOU A WN R

{RAD 4-8 sys_chmod()

=0){

AR5 4-9 EFMREEN fileread()

if(f->type == FD_INODE){
ilock(f->ip);
if((f->ip->mode & 1) ==0) {
iunlock(f->ip);
return -1;

}

}

/] SCAER
1 E B A T
/] Rl

JFEREARAER I

55 4-10 EFBUIRRKEN filewrite()

if(f->type == FD_INODE){
begin_op();

NT L CHAUR, BRSA xve [0, BATETSZIE 11 R G00R F R S0 S

%2 link() RGHAERE, FATH R sys_chmod() K524 inode->mode, iZ % n] LU ]

Hrr fileread() T AELHR 7 WiAEY 4-9, AT IIRAEZ HTHEAT mode RUPRIGHE .

filewrite() HHME A7 i0AAD 4-10, 2 75 Z BT R BRI T .
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3. ilock(f->ip);
4, if((f->ip->mode & 2) == 0) { /l FI RS
5. iunlock(f->ip);
6. end_op();
7. return -1; /3R B BRI
8. }
9. iunlock(f->ip);
10. end_op();
11.
12.
13. }
X, RSER TS BIALBR T
AR

1o, BANESLI—AH R chmod, FILATE shell " ELFEAS SRS SO T ALBR
AARWARHS 4-11.

ARG 4-11 chmod &%
1. #include"kernel/types.h"
2. #include"kernel/stat.h"
3. #include"user/user.h"
4.
5. int
6. main(int argc, char *argv[]) {
7. if(argc <=2) {
8. printf("format: chmod pathname mode\n");
9. }
10.
11.
12. chmod(argv[1], atoi(argv[2]));
13.
14. exit(0);
15. }

BT ORI UG S BAEBR 6] M. e E BN S AR (AIE+7] 5D 10U T, H echo
hello > content #4514 5 A\ 3| content X1, I Is TF content U N7 AR A 3 (£
NCIRES I RC DI

$ echo hello > content # FIBAEEM4LER content 3T

$ Is t BT content XM
content 32186 #3 REANEAIE

$ cat content # 3 content HIAE
hello # RCTIEER

$ echo world > content # &2k content A

$ cat content t BENE, KIUSHAT
wor Id

RJGEE LIAERAE, ERHE XS hello Ji [ chmod i 2K content BN AT AT 5]
R, REHATEE —IRE AN world. 1T 5 IR GHEAERT M 5 AR, Bk 1 553
NG, R RS IFBA S, B2 EORKIHESE hello.

$ echo hello > content  # Bl content

$ cat content # &HE content AE
hello

$ Is # &% content XHEM
content 32186

$ chmod content 1 # 1&thk content HOIFAIALE
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$ Is t EEEIEHMXIERENE
content 12186

$ echo world > content  # &% content RE

$ cat content t EEANE, RIMEHAW
hello

B, TATSHK hello 5 A\ F content, 285 chmod 7 2% content ¥ & N ] 5 AN A] LR
PR, TR cat fir2i2HL content U4 28I 2 HH 4 2R I

$ echo hello > content  # 4R content X4

$ cat content # R

hello

$ Is t BEEXHEM
content 32216

$ chmod content 2 1t 1EseinaR R

$ Is t EREBEHREHNXHREGE
content 22216

$ cat content # IERMAREM

cat: read error

WREEERNATTEATTEHEA, HFWAT chmod pathname 0 EIF] .

4.2.2. PRI W IR B ST

PAT MR — AN SCF IR, MR8 AT SO B A B, R R . T xve FEMHBR 3L
fFiS, inode WA BARTERRE 1, (HRBURRIEATERR, FILERE inode {5 B HAT LMK E
S o BAU— SRR, FERTR R SE B ORAF TR, SRR MRS, 355 BRI A
ARSI R U R IR AN R L A

(1) £ rm a2 WIER— SR, H B R GURHRIC S inode R G1RE]—4

I i S
(2) P rm BBERSCIRIE, AR SO b ORAF IO R 51 R AR B SO A2
WWRRGIR

T inode 1R EMMALR, WK inode WAEMERR T, M4 RMERIEIRILE, W
ToiEsnE B ARRAS R , WE A T SO

B EXT2 U RS, BRSO AR FOR M R R 5105 R S E N TR, A ET
Hinode WZF, RIMIEHARZR 175 AR, KIS RAMB IR 51 RAA WA IR 51715 R
AR, R RE AR BTN B ) SO —— R R B AT B B HOE BAA HUS - B2 xve [ RS
DA% Linux [ EXT3/4 5304 R GECE MR SO BB AR 22K inode N AT 2, BRIl o A 2
PRI IR EAE B —— P AAR S50 h S5 B0 ST inode 5 BORAE oK.

N T SRS, FATEIC I TR ZEM BRI SR GIR NG, ARG BRI R T R E g —
ANSCAF o BT DAFRATIAS SEIUAH B ARG RAC K I 48 € SCHFI inode,  DAMEMNBR SIS BERRYE inode
2R 51 RAREN P R PIEIR S AT
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BAVEFERIN— shell fp 225, SCHE S (a0 README.md) [ inode %
Gl RARHFF] temp XMEF. BN, UTFHE(RSE README.md LA H inode &R 51 &I, 8 K6y
kg R

savei README
FEFFIEARAS N saveic, HANRMWAREY 4-12. B TFRATERH LT RIT xve X RSGEH)

RO, ACHS A B A A4k
ARHG 4-12 savei.c

1. #include "kernel/types.h"
2. #include "kernel/stat.h"
3. #include "user/user.h"
4, #include "kernel/fentl.h"
5.
6. int main(int argc, char *argv[]) {
7.
8. if(argc < 2) {
9. printf("format: savei filename temp\n");
10. exit(0);
11. }
12. uint addrs[13]; /] FEAEER 51E B
13. geti(argv[1], addrs); [/ FWARSWEA, ATHRRERIMEE, LT
14. int fd = open("temp", O_CREATE | O_RDWR);  // HZESIEEE 3 temp X L
15.
16. for(inti=0;i<13;i++) {
17. printf("a:%x\n", addrs[i]);
18. }
19. write(fd, addrs, sizeof(addrs));
20. close(fd);
21. exit(0);
22. }

Horp geti0M TR SR, & T WZIIRE T Z A —ME I RS0 77 AsEil. fEf R
PR G R B — DM S temp H, HAZOARBGIIANY 4-13. Z RG0SR ZAEH] A&
H1LL geti) R TE I, AT AT LARE savei B FHAR T AT A . 2851 RICRAE addrs[1504 1,
HoAr addrs[13]1H SRid & SCAR RN

ARAG 4-13 sys_geti()

1 uint64
2 sys_geti(void) {
3 char *filename = ""; /] X4
4. uint64 addrs = 0; /1 K2R 51 =¥ VUE N FE HdE addr 4b
5. struct inode *ip;
6 if(argstr(O, filename, 100) < 0)
7 return -1;
8. if(argaddr(1, &addrs) < 0)
9. return -1;
10. begin_op();
11. if((ip = namei(filename)) == 0) /] BB R 5] A
12. {
13. end_op();
14. return -1;
15. }
16.
17. ilock(ip); // [El35 inode F dinode
18. inti;
19. printf("dev:%d\n", ip->dev);
20. for(i=0;i<13;i++){
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21. printf("%x\n", ip->addrs[i]);
22.
23. copyout(myproc()->pagetable, addrs +i * 4, (char *)(&ip->addrs[i]), sizeof(uint)); // # N2 5|
24, }
25. iunlock(ip);
26. end_op();
27. return 0;
28. }
M A
SRS RGI T AE, HH xve BN rm 28 SO -
rm README

SCAEMBR G, DAORIEZSCIF IR SR SR A E A IHER 5 SRR P A 98 AE, (Hf 2
B AT AR SO S ERAE, 75 DR X S e 5 B EH 70 Fio 2 FoAh SO M A1 f b Y el S
BT UL RARYR A S, 6 ZE IR SO Ja R RT e Rt P SRS A

R HHE
T RATEBGRA 7 X R 5138, Rk n] LB 37 R B —— 3% SO 22 B 152
FHEIR], WEREFN recoveri.c, WAWARHY 4-14,

ARAY 4-14 recoveri.c

1. #include "kernel/types.h"
2. #tinclude "kernel/stat.h"
3. #include "user/user.h"
4, #include "kernel/fcntl.h"
5.
6. char buf[1024 * 256]; /] PG PIX
7.
8. int main(int argc, char *argv[])
9. {
10. if(argc < 2)
11. {
12. printf("format: savei filename temp\n"); exit(0);
13. }
14. uint addrs[13];
15. int fd;
16. fd = open("temp", O_RDONLY); // M temp SCHERENER 51K
17. read(fd, addrs, sizeof(addrs));
18. close(fd);
19. fd = open(argv[1], O_CREATE | O_RDWR); /] WRIER GG BB R
20. inti;
21.
22. for(i=0; i< 12 && addrs[i] != 0; i++) {
23. recoverb(addrs][i], buf, 0); [/ R B AP buf
24. write(fd, buf, 1024); /] BEHCAF
25. }
26.
27. i=0;
28.
29. if(addrs[12] !=0) {
30.
31. int ret = recoverb(addrs[12], buf, 1);
32.
33. write(fd, buf, ret);
34, }
35.
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36. close(fd);
37. exit(0);
38.

39 }

b recoverb() ZHIMIIARGIM, 1FAEIRIEIA D . 204U LR

uint64
sys_recoverb(void)

{

uint blockno;

uint64 addr =0;
int indirect = 0;

if(argint(0, (int *)&blockno) < 0 | | argaddr(1, &addr) <0 || argint(2, (int *)&indirect) < 0) {

1
2
3
4,
5. // char* buf = 0;
6
7
8
9

. return -1;
10. }
11. struct buf *b = 0;
12. if(indirect == 0) { /] HERG
13. b = bread(1, blockno);
14.
15. copyout(myproc()->pagetable, addr, (char *)b->data, 1024);
16.
17.
18.
19. return 0;
20. }
21.
22. struct buf *a=0;
23. inti=0;
24, a = bread(1, blockno);
25. uint* addrlList = (uint *)a->data;
26. while (addrList[i] != 0) // TR EEE
27. {
28. b = bread(1, addrList[i]);
29. copyout(myproc()->pagetable, addr, (char *)b->data, 1024);
30. addr += 1024;
31. i++;
32. }
33.
34, returni * 1024;
35.
36.
37.
38. }
IR
SCPLTE BT ThRe S, AT A — TR Pk D R
e
$Is t EEHHBRXEMERE
README 2 2 2226
$ cat README t BEEFHRXEHRE

You will need a RISC-V “newlib” tool chain from

https://github. com/riscv/riscv—-gnu—-toolchain, and gemu compiled for

riscv64-softmmu. Once they are installed, and in your shell
search path, you can run “make gemu”.

$ savei README i FREFHERXEHESHER
$ Is t EERSIERXHREN

o WL TR T, SR(EHZAE shell

75



B RGEA——xv6 71T 5 L5 WYIRSE BT ARl

temp 2 19 52
$ rm README # #HB& README.md

$ recoveri newfile # P temp HhENFESE RITEVEHIR & X, RIUEFE newfile
$Is
newfile 220 3072 # ATLLBRAHF X EATERSITES 2

$ cat newfile t EENA, IRERD

You will need a RISC-V “newlib” tool chain from

https://github. com/riscv/riscv-gnu-toolchain, and gemu compiled for
riscv64-softmmu. Once they are installed, and in your shell

search path, you can run “make gemu”.

B LA E L xv6 1) itrunc(), AR SCA FHRRIRIN type AR, (HERBE R 5175 AU
KEME o X, TEMIBR SRR W] LLE I R 51705 53R, K bR 00 28 51757 s st sk 4h H
F, B PR T BRI E . T IR LR B R A 2R 51 s AR S
%, AR P Bk AR .

4.3. BT

FAVBO R A HER S T CErdthl) 1) sbrik() 0 FCHZSA),  FovFHett, HEMR AT
WEAH (exec() PAMMBERRASIA]) o AN AF TR ZEAE R 0 WL &, B AFEAEH Hi
PN ER UM BT, RGEASBEAT P BCERAE , B30 AR S 5 W, I8 R AR L S o TR e HEAT 20T

NTEHMH xe MR, RATKIAMEH xve XM RFEENZREEAS . BX
kernel/memlayout.h H1f{JZ% RAMSTOP A RAMBASE + 300*4*1024. SZi&rh, W3 ik
BT RAEMYE TR 300 Mt

ARG ST 7 MEO AL 3 DMHT kernel/vm.c HPSEIER GURHE AN H, 2
AT kernel/fs.c HSELELRINZMED, 437072 ballocd() I bfreed(), 73 4 HUEZifith. &
J5 S A FR U MR AL R KBS R e, fE kernel/bio.c FSZ I read_page_from_disk() Al
write_page_to_disk()

1 pgfault() // BRI EEE, A swapout() Al swapin()

2. void swapout() /] B — AN 3 T

3. void swapin(char* mem, pte_t *pte)  // tR#EHRIT pte BE ABLHE] mem 45 7 (1) TL T

4, uint balloc4(int dev) /] EEE A AT T A — AN T

5. void bfree4(int dev, uint blockno) /] BET A AN ESLE R L

6. void write_page_to_disk(int dev, char *va, uint blockno)// M va FF- UG 11 P9 77445 5 2] blockno i£4% 4

T
7. void read_page_from_disk(int dev, char *va, uint blockno)//i¢ blockno JF4f FIZES: 4 ANGALER

N TGRS TR E, FEAZ kernel/kalloc.c FI] kmem Z5k4A, i E— count it
Bl (=freelist KJF) , &K kalloc()Fl kfree())i AU M AS L

4.3.1. R HAHLH]

ARSI ST ) RS AT A $ AL B TP, 36 1R Ot ) R PR AT B R SO R S ad S
BARX, A RAZ Linux ASEEAE B2 1) 58 353 X SRAZ H SO o 460 B 1R D i BT 7 R B 5 B
RAFAEH: pte FIENL, H: pte MK 12 A4 FH fbr & i
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AEHALA FAE FH YV FEAY PR T A BER2 1 sbri()< ERIEE G, 1 H— i dF A a4 h
Hot e AR 3 . FRATANILAE proch F) proc S5 a4A TR IN— N8 & uint64 swap_start,
FRICT sbrk() MIARaGHbE. swap_start DLN )25 (] fe R QR IS @ ST 1) 5 A],  BATTEAR 5K
B R RASH AR X ] B xve AREE, 7E exec() F1 fork() "X} swap_start #EATHI4A
b,

ASEE R HOR — MR G, A NS BT REFRR N SRR, 2
BLRIAHERE A BB A B o ARSI IF A SEIL — A58 BE A 1 1) SR AR AC e Dl e

BHTHE

e th A HERR () — AN UM 7702 -

(D) FEZHX EIEHNE proc->swap_start 3] proc->sz X [8], & F45 BT (walk)
iR TR LR s 9 1 B A R DR 5 WL, AT A walk() &S R pte T, S35 FH (*pte)
&PTE_P! =0 fuie @5 A WL . SR — AR nT e g o, &4 T — AN RE .

(2) HoI A A SNBSS R G . TS E TUm i NS T 4 S, AT
BUYRCIELLN 4 B, A 4 IR bwrite ()5 ARITAT,

(3) g H T L, DR SR AT DA N K4 th 0 A 5 e SR TSR I PTE 1.
IEAS PTE () SWAPPED fi7=0 ((*pte)r PTE_SWAPPED) , At 20 f7ic 5%1% Ui iide xS R4 b
A HS . SWAPPED 2304 15E SN 0x200 ) —AME, Hhfe N tHbR & . DA i i) 2 0
Wi PTE A 0; WHBIELRPIRZ PTE_SWAPPED £74 1, & 20 f7ids% blockno; 75 MLETH
PTE P A 1, JIrRAIX = b DX IELF % S =P 0L o

A WL TR I PTE P25 ‘ Page physical address H Page flags (PTE_P=1) ‘
e DRI PTE P 2% ‘ Block number in swapdisk Page flags (PTE SWAPPED=1) ‘

HIFJATTRIAL 7 ASHLH], BeAT W E IR A A He X B A B T A& BLARAE S R G
Bl XA RO T U, H s (10 Y AR B RO A A8 S R ST S AR
AN DT LGESE 4 AN EHEE I

TR S

BRI R i) B ARSI . bio.c SO EEM SIS, FEIX BRI
write_page_to_disk() A1 read_page_from_disk()E{F H T A48 it 4 i GRS SR E,
{01 4-15 Fizn . 1E write_page_to_disk()H F | ) DMWIN_MASK 7% 5€ X 1E kernel/memlayout.h
L BT LG ELAE bio.c LS memlayout.h.

{R#G 4-15 write_page_to_disk() F1 read_page_from_disk()
// blockno HZAAIES: 4 Y HEdEH NH] va A YER T

1
2 void read_page_from_disk(int dev, char *pa, uint blockno)
3. {
4 // printf(" \HEEL e AN\n");
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0 N

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24.
25.
26.
27.
28.
29.
30.
31.

struct buf* b; // xv6 LS 4T 2547 B
for(inti=0;i<4;i++){// VTIN5 4 FEN 4 DM
b = bread(dev, blockno +i); // k2% 5dE 5 B 2 17
// cprintf("iF KM ? :%d",b->data[1]);
memmove((void *)(pa + i * 1024), b->data, 1024); // ¥ ZEAFHEHE S5 N4 H 7 i
brelse(b); // FEIMZEAFH
}
}
/] ¥4 4096 MBS 5] blockno ARIAIIESE 4 Bt Herh
void write_page_to_disk(int dev, char *pa, uint blockno)
{
begin_op();
// begin_op();
struct buf* b;
for(inti=0;i<4;i++)
{
// printf(" 5 H B REF\n");
b = bread(dev, blockno +i); // $KEXL# % 1 L5 blockno+i AM#itR
memmove(b->data, (void *)((uint64)(pa + i * 1024) | DMWIN_MASK), 1024); // ¥ ¥ sh 3|
A7 L
// memset(b->data, 0, PGSIZE);
bwrite(b);
// log_write(b); // Stk
// log_write(b);
brelse(b); // BEINEAEIR
}
end_op();
}

RIS, FHBCH T TR, T BRIl S X R BESE 4 DM O

NN, 3L 4KB) RAFAE— /M H I TTMT . xv6 fE 155 & i AR A O 2 o Bl i il |,
Ft CAFRAT 1B A7 57 2 A7 H A 0 Bo AR5, & ] bfree() A1 balloc() SEELP S EREL bfreed() F
balloc4(), NEIEAZHAT ML TN 4KB I AEH, EARWICHS 4 21 AR,

0 Nk WN R

ARA 4-16 balloca()F1 bfree4()
uint
balloc4(uint dev)
{
for(uint b = 0; b < sh.size; b += BPB) { // &1 i iz
struct buf* bp = bread(dev, BBLOCK(b, sb)); // B3 —Hfr &
for(uint bi = 0; bi < BPB && b + bi < sb.size; bi +=8) {
if(bp->data[bi/8] == 0) { // ELE 4 PRAEL (1 F19)
bp->data[bi/8] = Oxff; // #ZArHUR, 41
bwrite(bp); // SEHT {7
// log_write(bp);
brelse(bp); // FEMEAAALEIZ A

return b + bi; // IR[FES: 4 HLEE—Hk
}
}
brelse(bp);
}
panic("balloc: out of blocks");
}
void
bfree4(int dev, uint b)
{
for(uinti=0;i<4;i++)// ZEANHAH bfree BiHf
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24, bfree(dev, b +i);
25. }
26.

XAE—oR, PR GUMURIE B A RS HA DR S8 T .

4.32. AR RHE

P T A 1K DU A B R S, BERE R Mk e R AR TR T, FRATT S BT S6AIE
—F xv6 [GRTTH WS . FRATEIEAE sys_sbrk() EREH 2 growproc(n) K H &4 P 7T i,
AP AR R, FHEHIZT xv6, PATHEANTTHATH (Bl 1s ) JEE BN R iEH].

% 1s
usertrap(): unexpected trapcause 280088 pid=3

era=0x0e80e600080813be badi=29c86061
vm=16392
KRNy sh Cshell) FEHATIMEBAT2 Is FIRHES W sbrk (R BCNAEFFAEH, (H
TIATEREEL T growproc()JFRA AZ A ELNAE, U S EUR TUR 5 . R 1 B ik ot o
Wi Je 2, Is R PR DT T 4 Y o
LR LS e N A AL, FRATD 2R 1 ST AE AR 43 P A2 B U i ——sys_sbrk() RAS 0 FE 2
[E) DR ZINTIT AN BEAT ) 22 TP 53 O AN DTSR Rt sl i SR oy DURISE 2 . TR,
Bt FEHAT I exec, exec FREAEEH sys_sbrk(), 2B NHHFER ELF ATHUT
PR FEA S AFRA T LA, KA sys_sbrk() BEA 2 “fB3” AT (R
proc->sz) , AW RIRATILIZZHA L] . X T sys_sbrk() 7 BLRINAF, B2 EIEV A0 N A 17
X AR fig A4 TRl pte A A7 RS T 51 B BR UL, 3 FY R O T A Fp AT 20 e B A
B kernel/trap.c ) usertrap(), S HNERTT AL F

uint32 rcause = @x1@060;
uint32 wcause x20080;
if(rcause == r_csr_estat() || wcause == r_csr_estat()

pgfault();
else

printf{"usertrap(): ause Ax pid=% ', r_csr_estat(), p->pid);
printf{" ra=%p r ~ eral ), r_csr_badi());

printf{" v n",r_csr_badv());

p->killed = 1;

BRI AL HE pgfault() BREUE XAE kernel/vm.c ([RIN# K mappages()) » HITAESBRUTF:
(1) WG TN R T sz MIFoRARE bE CROED , & IEFEF?,
(2) WSHht/NF proc->sz HKT swap_start, WA VER A2z #ekthhl, 75 BTN,
T Sek A E R TTE) PTE H SWAPPED fir, I8 1% U2 M A 1 HE A7 o o SR gt th ) JE 3l 22
Bl WA, WK kalloc() A m— MR I ML . Wik kaclloc() ¥#&H 77 Ed 2
Vs I, W NHEFE A swap_start~sz Z A3 —/ M) B GO G AL . WiiR AR AT
B A DT, R AN R
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SRUTI R EAR B — S OG5, T XN IIRERR AL pagfault()FHdEFE S [A]
AR, AT pgfault(VFRESE] vm.c o 75 AT TUWES DI RER, M swap_start FF 46k
P, B —AEERE, WS pgfault() LIS 4-17 Froxs.

AREG 4-17 pgfault()

RN

A 3

2. void
3. pgfault()
4, {
5, uint64 addr = PGROUNDDOWN(r_csr_badv()); // FRHRF:E0h Wr it e v ik, B
6.
7.
8. struct proc *proc = myproc();
9.
10. char* mem;
11.
12.
13.
14. if(r_csr_badv() > proc->sz) { // &St
15. printf("kalloc out of memory! %p %d\n",addr,proc->pid);
16. proc->killed = 1;
17. return;
18. }
19.
20.
21.
22. mem = kalloc(); // 43 L —He4) 3 5Tt
23. while(mem == 0) { // &A Tl 1
24. printf("HAT 4 R AE\n");
25.
26. swapout(myproc()); // A AR TLT 2%
27. mem = kalloc(); // ForEE—ik
28. }
29.
30. pte_t* pte = walk(proc->pagetable, addr, 1);//2F va [ T Iji
31.
32.
33, if((*pte & PTE_SWAPPED) == 0) { // ZH—IX4 I
34. memset(mem, 0, PGSIZE);
35. }
36. else {// T BoH i 3 H 0T
37. printf("F P03 TR A I AE\");
38. swapin(mem, pte); // R4 pte FIELELS B E PR B R
39. }
40.
41. *pte = (*pte & (YPTE_V));
42. /] B JE AL
43, mappages(proc->pagetable, addr, PGSIZE, (uint64)mem, PTE_PLV | PTE_P | PTE_W | PTE_MAT | PTE_D);
44, }

pgfault()" FHEIH r_csr_badv() 75 E7E kernel/loongarch.h HH¥INSEZER o

1. static inline uint32

2. r_csr_bady()

3. {

4. uint32 x;

5. asm volatile("csrrd %0, 0x7" : "=r" (x) );
6. return x;

7. }
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Horp g d A4 N ZhRE FE swapout() F1 swapin() 5157, AT EAISZIE vme H, HAK

WARAY 4-18 Fiian, RIS 35 BAE vm.c 5 spinlock.h T proc.h. AL swapout()#e H B 3,
TN HEFE ik B v AR A R bRk F34,  EL 3 proc-> swap_start. Ji [HIBHAT S0 UE OB, FRATD
2 RO SR AR BIA R A e E R 2 7

WWINNNNNNNNNNRRRPRRRPRRRER
FOOLOINOUAROINPLPOOLRINTRWNELOW

32.

w
w

O N U WN R

AR 4-18 swapout()Fll swapin()
void
swapout(struct proc *p) { // e — Ny FE 7T
pte_t *pte;
pagetable_t pgdir = p->pagetable;
uint64 a = p->sz-1; // il
a = PGROUNDDOWN(a); // [l T Hi#&

for(; a >= p->swap_start; a -= PGSIZE) {
pte = walk(pgdir, a, 0);
if(*pte & PTE_P && ((*pte & PTE_SWAPPED) == 0)) { // $RF|— M i1, 7F H35A e th

uint64 pa = walkaddr(pgdir, a);

uint blockno = balloc4(1); // Hi&E 4 HLk
write_page_to_disk(1, (void *)pa, blockno); // 5 Nk&#%
kfree((void *)(pa | DMWIN_MASK));//F Ot B ) 5Tt

*pte = (blockno << 12); // kRS
*pte = (*pte | PTE_SWAPPED);// 4 swapped 7 & 1

return;
}
}
}

void

swapin(char* mem, pte_t *pte){ // £ttt TR
uint blockno = ((uint)*pte >> 12); // BHi#5
read_page_from_disk(1, mem, blockno);

}

swapout() E& 0+ F 2 # PTE_SWAPPED % 7 2 1E kernel/loongarch.h H15E 3,
#define PTE_SWAPPED (1L << 5) //swapped to disk
FH T AT 7 2EIR 50 FE N A7 PA . swapout() BRI HHE 0L T ¥ HH 1T pte 19 PTELV Anid, B

AR ZE4E uvmunmap() FFE0E B, %S R GUIES

void
uvmunmap(pagetable_t pagetable, uint64 va, uint64 npages, int do_free)

{
uint64 a;
pte_t *pte;

if((va % PGSIZE) != 0)
panic("uvmunmap: not aligned");

for(a = va; a < va + npages*PGSIZE; a += PGSIZE){
if((pte = walk(pagetable, a, 0)) == 0) {
continue;

}

// panic("uvmunmap: walk");
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15. if(*pte == 0) {

16. continue;

17. }

18. // if((*pte & PTE_V) == 0)

19. //  panic("uvmunmap: not mapped");
20. if(PTE_FLAGS(*pte) == PTE_V)

21. panic("uvmunmap: not a leaf");

22. if(do_free){

23, if((*pte & PTE_SWAPPED) == 0) {

24, uint64 pa = PTE2PA(*pte);

25. kfree((void*)(pa | DMWIN_MASK));
26. }

27.

28. }

29. *pte =0;

30. }

31. }

4.3.3. THEe A

B BA AT W BB AE TAE, w5108 4-19 PRI T swap-demo, 3B/
LA
(1) T AETSEIMEE, AL H RGN VP TN, ERF T 1M
BT
(2) a0 HE 4 DI T RAESER 73T
(3) AFHIAIE 4 DATE—F N ENEUE a~d. Vi 4 DTS —F 1 IT I,
SRR VIR 125 4 DTS — 7 IF R, SRUESR T ThREMAC D) fE .
HA [ bstat() 5ITEIRGRI ARV B TOWECRE, Wl AT IREI kmem Z5H 451 ()
count.
ARAS 4-19 swap-demo.c

1. #include "kernel/types.h"
2. #include "kernel/stat.h"
3. #include "user/user.h"
4,
5. void
6. mem(void){
7. bstat();
8.
9. char *addrTable[11];
10.
11. for(inti=0;i<4;i++) {
12. addrTable[i] = sbrk(4096);
13. }
14.
15. printf(" \n");
16.
17. for(inti=0;i<4;i++) {
18. addrTable[i][1] ="a' +i;
19. bstat();
20. }
21.
22. printf(" \n");
23.
24, printf("Ui W S DU T, H A%, ANRAFRTTFH\n", addrTable[3][1]);
25.
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26. printf(" T [ &/~ B 0L 3 FI S # D) BE: \n");
27.

28. for(inti=0, cnt =1; i < 4;i ++, cnt++) {
29. bstat();

30. printf("£5%d TP 2 &2 %c\n", cnt, addrTable[il[1]);
31. sleep(3);

32. }

33.

34, }

35.

36. int

37. main(void)

38. {

39. bstat();

40. char *s =0;

41.

42. [/EAE TR D, (TSRS
43, for(inti=1;i<=238;i++){

44, s = sbrk(4096);

45, s[1] = 1;

46.

47. }

48.

49, bstat();

50. mem();

51. exit(0);

52. return O;

53 }

A5 4-19 HISAT A5 R WIBF R 4-2 FvR . RS HHEE DUECE 239, FA1J65R0 7 238 ML
D7 148, R SR s R 1 AT sbrk(4096) 73 BiC 4 ST, Ui 20 AR proc->sz
MBI, JRRA SERRI L. B VI 4 NTURE T2 I 4 k0T, HTIeE 14
25 RAER UM, B LSS — IR U7 ) B 2 Bl 25 N A B 0L, (HOR ST 3 IR U7 R T RG2S N B
TN 0, FrULst sl 3 gl BB VIR EE 4 UL, PROAWIRIE 5 U5 0] 12 568 4 AN 00,
PLEES 4 AN TURE R 8RB AE AT, FERA et SR, TR A2 R AR SR T . B35 Vs Il 26
1~4 TUREFN, WS RAERTURT, FHRRE IS H 3R E.

RE a2 BHRIAEDIRRIE

YRS 236
PETIREC 0

PIE T

clk
=
o

HATIRH R 1E
MIERNESE: 0
HATHR G B 1F

YETIEE: 0
HATIRH R 1E

YIERNEE: 0
HATIRH R 1E
EEIISE

o

HiEEEA TR
TEHERRIAR
WIS

Al
=F
Xt o
S
g
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RITIRERE
FYETMEREANE
FIITUHRER : a
METEE: 0
HATHRH B 1E
FYETMBEREANE
E2ITWHABTR : b
PETEE: 0
HATHRH B 1E
FYETNMERRANE
EIITTWHABTR : ¢
PETEE: 0
RITIRHRE
TYERIMERRANE
FATTIHMABTR - d

AR swapout() R FE, M EHbE proc-> proc-> swap_start 3| E ik proc->sz 77
) 2 A H 0T, A IR A I 0 BC Y 4 AN DLMUER — K 1n) B DYIR SR L, (HEE k7 el i A 2= 5
AR SR T ——[K] e b PR B 7 18 70 C 1) I S e S5 B b bk A D . SRR 25 SR BE 2 4-3 Pl

& 4-3 150 swapout()# i Bk 5 1 virtualMem #iy i

$ virtualMem

MBS 236

SUTHRHR

PATIRE B 4E

METIEEC: 0

YT

Ik
=
o

HATIRHRE
PETIREC 0
HUTHRHR(F

WMETSH: 0
HATIRHRE

WMETSH: 0
HATIRH R 1E
EYEEPA ST

o

WAEEAIT, HNEZR Jd FTRERIEE
TER TR KRR -
YIETIEE: 0
ERROD:OISE
YIETUIREC 0
FE2ITWHABTR : b
YETIEE: 0
FEITTWHABTR : ¢
YIETUIREC 0
FATTUHREZ : d

o
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4.4. NG5

AT UL T ELR S 2 7 AR A RETE R, 18 S LR seie it 5, 4
TSR SRS SR T SRR R T R R AT B, BB E AN A BT
DT B CREE, KIUEA I BAT#T 58

FEMIRE B SERR T 2RSS, Al 1 xve SEIIRFEBURIF IRIGHRATE R G LR RE ST 1Y
$eTt!

2

1. NSRS RIS 587 SKIRE G, 15 2 48 ] DUERH D7 A I 5 5%

2. FEMFRGERHIRK PRSP A EIE, B EIE.

3. BHUMEERS, {113 scheduler()ig4T T4 ATREREM BN 3C, ZRLT Linux AL JC 7R Bk
() — N B ER AT I

4. KR id FSCH VT BRI RS, SR Linux I 1SR IR BCSR A EE T AE

5. SEWARRRILE IR, WEAT IR R REAF A e A 8 ST A HE X A% B T
MIRERE 73 X b, AT ER S RGeS — /MG SE
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