&k
Lab3.AEEIE
ERHITALIRNZH, (FEEHITOXERE, BEIEER FTEAUTGRS:

git fetch
git checkout 1lab3
make clean

MNTFAFEE, RERSIMERELSBIRAE, NEEUEIYIEthl 2 BRI
TR, BSAFERNDESE, BRIEMRETRISERN. 2THoREEE, KR
ERFRFEIECRPEEIT. ERRLRTD, BNSTERETEURT, Bifk
i, BIISRETxeHRFRIBRIIAS.,

SV39RYTE(AL I

BEEECFENZEIPIRINTRE T BB TR, ETREIISEEXVORITIZERR
R, xv6BETFSVIOMFRIZTH, XMRFERR FERANEIBIANE391L,
ABAB2SMBHATER? E25(HRE TR LAHAREKRISC-VE N EZ R FIRVER R,
XBERISC-VRIRIFEZAL, 5, SV39 2 TUENAE 64 EHEHIERY [63:3911X
25 SA7RFNEE 38 MEE, BN MMU £EEAEEE— NS iERIEIUIbIE,

Bl 15 RE B SV TR TR AT IR b L AR HRRIT AR .

Virtual address
25 - .

64 | EXT | Index |Offseto|

44 10 21\27

—»> PPN ®{Flags

= —

0 Y
| | ]

Page table

44 12
Physical Address
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BRI, DRSS EEHR— 1 H2* P PTE(Page Table Entries)BRHIEIE. &
ANPTEEE— M ARIHIPPNFI—LEARRE(, TEEEHTTES, REtiE 30 AgRT27
(US|, HE—PTE, AEER—DS6NAIENE, Eai44(3kEPTERY
PPN, B12(REEIMEIAYRRS (Offset) , XMRBENRE120I, ENE
RISC-VAE—NI24KB, tBHtE4096=FT

=R/AE
=i b, SCFRATEBIRITA=RIAE.

ZRIFMRAI27MAYZRS |, SERRED AT =AFRIRS], 2801212, L1, L0, X
ENSEKIVRTISL, FAB—RIFS2’ = 512°PTE, HTREEHER274
AU (L2) TEMRDURITEAHIAIEPTE, HEM (L1) £ F—RIURREFILE
PTE, &/59i (LO) IBFERLZHIPTE. WA, HEE—RIFRAIPPNAETIERFEIRIT
%=, PERFRRIPPNBTIERSRE—RAER, MEE—RIERAIPPNELZYIEbIL
SPRIPPN, TER=HRIGEAIPTEREARNERIED:

Virtual address Physical Address
9 2 9 12 44 12
—»[EXT[ 2 | u [ w [offset] PPN |Offset |
| A
44 10
11
44 10
; 11
PPN Flags
g : 44 10
T F 511
1 PI? Flags
0 ) :
A i i
Page|D|re-:tnry 1 Ly =T
0
L > .
Page|Directory 1
| satp i
P D
Page Directory
63 53 1098?5543210

Reserved | Physical Page Number W‘

AGU XHRV

' - w-valid
- Readable
- Writable

- Executable

- User

- Global

- Accessed

- Dirty (0 in page directory)
Reserved for supervisor software

OPrOCxX=%

A TTLAERIPTERE 1 O U#IRE NinEAL,

e PTE_V: IERPTERBRFT.
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e PTE_R: EHIREBAIFESIEZENEITE.

o PTE_W: IFHIREITFESEANZIRMH.

o PTE_X: EHICPURBOILUSRHEABEREMIESHIITELN.
o PTE_U: EHIFFIEN TEYES EBRFAIFEIIRHE.

fE kernel/riscv.h AT LR EIABREEIEN.,
Hiit==[a)
HiEi=sa)

FNHESSE I ETECHEMRER, HITHEGE, thatDRmER, Exve
R, —PNHERBFRENEIMIE0FF R, ZEIMAXVA, HHFEMRxveIEKEZHIA
FRTFERS, xv6=f#F kernel/kalloc.c Y kalloc RO BCAPIRRME, AEEPTE
IIEHETRY . THEAEIENAEE:

MAXVA —> _
trampoline
trapframe
argument 0
heap argument N
3 0 nul-terminated string
address of argument 0 | argv[argc]
— Tack ; address of argument N | argv[0]
stac
¢ : address of address of argv argument of main
guard page |- argument 0
argc argc argument of main
data OxFFFFFFF return PC for main
(empty)
text
0

v

HAPRTEHAIZERY data, text, stack, heapERHh, BBEHM—LEER, guard
page FEARFIYIBFPIRENZEE @Y, trampoline #1 trapframe BI/ERTEILLS T
PSR

Attt 2=1E)

fExve, RE— P HNZTBENIRER, AT Nz EEIbE YR N EAI S FhaEt
RIE. kernel/memlayout.h FEEHTY xv6RIZHNERBEE, HIERESAIEX
SEM T E PR —E—E,
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Physical Addresses

. 2756-1
Pt Virtual Addresses
Trampoline R-X
Guard page ',
Kstack 0 RW-, Unused
Guard page
Kstack 1 RW‘ o
PHYSTOP
(0x86400000)
Free memory
Physical memory (RAM)
Kernel data
Kernel text
KERNBASE
(0x80000000) |
Unused
and other 1/O devices
0x10001000 VIRTIO disk RW- 2 | VIRTIO disk
0x10000000 UARTO (AW 3 UARTO
0x0C000000 PLIC RW- e PLIC
0x02000000 __ CLINT RW- CLINT
Unused
boot ROM
0x1000 —
0 0 s Unused

=L b, FEAFHRoMEERREETEREERITERE, ENRIIZBIHERE
hARIL, ERAERFTMMIEHE0x80000000FF4AIETT, X MBITESCth RIS
REM, EXE, HAIRERT QEMUSEE T IXHE—EITEN. MNYIIEiEtE
0x80000000 FFIAFFZ/DE 0x86400000 £55RAIRAM  (MIIBAITF) |, xVOFRESERIELE
I PHYSTOP , QEMUEHUAEIEI/ORE, W#EREO., QEMUKBIREZOEANTE
BRETSHI ST e BREAI, XS FRs U TR ENEZS(E] 080000000 LA, FI#%
o LAUBIT SRR/ B NIX LSRRI 518 B3 E, XMEEFNIE N SIREE L
TERAMB(E,

Pt (E R M  TURENAE N R ST iR B 551788, RiRN, BERRIRETE

STYIEAAYEEIE, BIa0, AEARSEEEUZEFIIERAFPEM T
KERNBASE=0x80000000 , E#zIRETE{Y 71BN E NI AFHIARZAE.

IR, NERTR, BESSHAZEMEIAS BT EERS, XEERNAEHY
2.

EZIxvepyiBa, BRERFUAIRIE— M HbiEZSE)?
“ESER], TAME, B NEEERMFEFERRE, BaRxvelINEEENF,
@ FE!

FEFAETEMNSGIZE], BIRIEREENS 7 FTEASEHSEHIIREE T
BEARAIAIR:



e kernel/memlayout.h: Bk s RENEE.
e kernel/vm.c: BEARISHEMHNEFEXAILE.
e kernel/kalloc.c: B&DEMFEMIIERFIILE.

& YIRE

THRELN—MERNTE, HBIRTH=RIREIE, DIRGEITREE0H
1T TERABRAYEIL.

£ kernel/vm.c L vmprint () , BN ZEW— pagetable_t {ENESEL,
Hr kernel/riscv.h REMBXHNAEX SIFEERL. NRIFAMNEEA
SCINZERZEL, ATLAS®E freewalk( .

FTENTERASTUN T :

page table 0x0000000087f6e000
..0: pte 0x0000000021fda801 pa 0x0000000087f6a000
. ..0: pte 0x0000000021fda401 pa 0x0000000087f69000
. ..0: pte 0x0000000021fdaclf pa 0x0000000087f6b000
. ..1l: pte 0x0000000021fda00f pa 0x0000000087f68000
..2: pte 0x0000000021fd9clf pa 0x0000000087f67000
..255: pte 0x0000000021fdb401 pa 0x0000000087f6d000
. ..511: pte 0x0000000021fdb001 pa 0x0000000087f6c000
. ..510: pte 0x0000000021fdd807 pa 0x0000000087f76000
. ..511: pte 0x0000000020001cOb pa 0x0000000080007000

FE—1TBRF/"'page table"FIEBNRERNAFSRIL. ZBFEHETUR—
PTE, EaMPIEMRERRAIPTE. B NPTETEE—L . "HNFE A RBEEN
HRE, BANPTE TR REAERERTPHIPTERS|, PTELLIH LA MPTEIRENA
YR, REFTEDTHAIPTE, T LEAVRAIF, TRKREFREBEB0F
255F9RkET, SZBO0RYT—RRMETTZERSI0, 1ZZR5 0B T—RETT£H0. 1
2,

Bk, $£217, " Fr R ENER, BEY 0 X —1MBMRERIE L2
KRB RFHESIS,; “pte ” fREHAY 0x0000000021Fda801 F 7= Y 2 % PTE

Bbits{d ; Ti“pa”fSEHAY 0x0000000087F6a000 , F~HIRIZAFEITFTXT AT
YITEMuE,

F=17, . SERFNE L KRNER, EfbrOF_ LERIRAER.

REYB I g A RS T EERNA R, & B EFNEMEIENE

=,

fEexec.c M return argc ZBIFEN if(p->pid==1) vmprint(p-
>pagetable) , BILAFIEDSE—MATRRITAZR, BaxveRf el LASGIHRAVERES
1F5f.

/



{85 python3 grade-lab-3 pte BJLUNI{RASFERR.

SeRk THIEDTRER, SR VeRI=RIGRIGIE T — RN THE, B TRI(IFERE
Avmprint O {FATE, REXveHEIZAZII=ENAT, BERKETEILE
NIRRT EIIERFRY.

%, HERER vmprintTEIERIRE, Thl/a, RIBE=HKIERIIE,
BT TENTURPHIPTERS, X—E R LRI BgdbrIFTENINRESS
B

RIS

PEFRIEE~ET , BAVELEINIS TR, MIAINE, WRHAIFERINAE
YIIERETR, MERERTEE (page fault) . [EEKNR, BERENTAENG
BoERFELERER, Mxve—MIERBERERS, EBREN, BrILERS
NHAFEEER: MRAPTZETERERE, RRGRIEHEHE. MRARPRER
®, Nz EER.

EMRITEN S, EEHRTREETLAMERHlazy allocation, copy-on-write fork,
demand paging, memory mapped filesZ&FR AR, FREEIISITHEHE
xv6sCHilazy allocation, XE2—MRAEERAIGIEGT.

Eifitlazy allocationZgl, BE—T, HIBELEHRTEE, TAGEREEEN?
B, BIOFTEMEHBIOELUBLE, BRRBENEE, URMERIIESENIESH
ok,

Lazy allocation

BAEE—NEENZRRERA: sbrk. sbrk Exvei2HNRFER, SEEBPLMA
FIfERFeEy KB heap, B— M AEFEIHIAHE, sbrkigmAEheapiIEx
i, ERftEEstackiRTRR.

fExved sbrk BIFEEINEER M kernel/proc. c FHIEREL growproc SLELHY,
growproc fR1E n RIEANAE5HYER uvmalloc 8¢ uvmdealloc, uvmalloc 3
kalloc DECHIIEARTF, FFmappages IFPTERIIZIFFIRERF. uvmdealloc M
uvmunmap , uvmunmap {5EFH walk SEEHIIMAIPTE, FHEMH kfree SREEWPTES |
HYIEERTE. ERNEDILISEREH TEE,

FTLA, = sbrk SEERAERERBARINR, ARanE—EMERE, FEXER
FIRGIZIR A N FREFPRIMEIEZSE], ARRBREREMRMNA0, BiRE] sbrk RE
M. X, NEEFILUEITSIX sbrk REEAKEINEHREENRF. ML
BY, NFERERLUETLS sbrk ENGREFASEL, FRDEE EFEErItEiE
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8],

B2, BriRIxv6h—EIERT sbrk, ARSI RISEMN FAEFTEEAIERN

7. ELhrt, YTNBAEFRREETIECEEZORE, ABEEFRR, NARE
FiETHESTECHRERENRE. XERE, #ENRTEERSEINTS, B:
BEbm KT AN RE AT ERE.

milazy allocationZEf#RAVEIRA, FEEVEM sbrk i, (UXZRICHIEK, BERDE
YIENTR, HZENRERERE T FHERBIIESsNE, BARIIEZEDEA
7, L SHEHRREE, TRXMER(IMIUSEAT, FEEFEFNITT
*.

1E kernel/sysproc.c FRIREL sys_sbrk O , FEERFFER sbrk Rignnst
BAFENX)N, BERSBERNE.

1EGEmkia, Exve RN : echo hi, {RERIIHIN TIRFE.

TRNERLIRIFERITEIER, BT scause HFRAE, HIILIERIERY
BE215, BFRISC-VFEMaILAAIIXE— Store page fault, 3L, 7ERISC-V
i, BIFEREGLoad page faultfiStore page faultfifd, 3BIXIMAY scause 2
FeAYER13F015,

BBAEINAIRRRX MRITRE? MRRRFERIFIED, TJUERERHIFENR
usertrap() , XBIEHAMIE scause HFEHEN 15T, FEKNIEMEIREL
usertrap() , AJLAEER, XEH scause FFaAEASHEIXTRFAARNEIE, FrLA
BIEEERINRIE S ERIE:

else if(r_scause() == 13 || r_scause() == 15){
// page fault
uint64 va = r_stval(Q);
printf("page fault %p\n", va);
uint64 ka = (uint64)kalloc();

if(ka == 0){
p->killed = 1;

}

else{

memset((void *)ka, 0, PGSIZE);
va = PGROUNDDOWN(va);
if(mappages (p->pagetable, va, PGSIZE, ka,
PTE_W|PTE_X|PTE_R|PTE_U) != 0){
kfree((void *)ka);
p->killed = 1;
}
}



}

BAHNSHE—EENER, ElMEEIDRE TRIUEE. ARINREYEE
REJLUSE Y, HMNSFRILHE, WRBMEANT, BASBREFERTIRENO,
Z eI TE R AP A S BRI AN, Bk, BIETEMN
HEAEE) TEVEE, BRI IREEE 2 [RRUEIM AUt RO R R INE RS, X3
RHIPTEREIRE R AR BRIRGAL

BHIRfEXV6HIE T echo hi, REERMFARBIEETIE. XBEHIN TR NMRITRE,
BS5 F—3$—HM2, uvmunmap EiREE.

& BRX4 panic
EMEUCIEPRIX A Npanic, BE—TXBEIEMENANEEHAARF. L

L, XM paniclIEBEREA IR 7 HAFEMET X RKIRE, E8lazy
allocationBY#/l#l, ABNEREAIEIX{ panic,

fERRXpanicZfa, MNRIUEHEIAFE, B echo hi EEAJLUEET
157,

FXE, 8& T —NERMRARazy allocation, M, XBEFZBREMATR
TUERAYEIEHE VT sbrk O D ECRINFEAR/NITRYIER, tHiREEEUNER sbrk O
EEHNAERERSAIER. B8E, RBENNERREEKRETA?

& FeElazy allocation

BREET HARNIE, 43 sbrkO BRHIBRIRFEERGLEHRIER, IKRIIRE N
BEST sbrk O HEHYHERELAEI L EHINERTTSE, NhIbZi#E,
AP TENESE EAENSEREFIEHE, TRREE
kernel/proc.h X4, XHX—EREHEE.

WERFTERERARAFEMAERpanic, BRGAM_ EEIpanic2—H/, iE
B, & forkO FREIFARFENHHEIZEE,

SEIEXFRIBR . HIEM sbrk O MARFEA (M readBgwrite ) EBAERUD
tE, (BERDECZIBUAIATE. FHERZT read #lwrite RIS, MEEER
THAREHTRPSHMRZESIERRE N, EENAYRE PRI HRIT S
FHTREERAIANE .

{#/ python3 grade-1ab-3 lazytests #python3 grade-lab-3 usertests
SR TIRE, GNERMNUHEEIE T, IEBMRRIRRT S =2 EHRY.

CJ #TREFiE: Copy On Write Fork

FXL L, BRREFRFERSERCOW ForkiX ML,



COW Forkd5ixRiILR F R Z=FEYEERE, EREIMEINREE,
I, HBFRFLRXEPITEEIESH, CPUSIRHTIRE. ATHALESE, W
ZEH T OSREMUNRE. SEFRMIEZESRET— MR/ S
BIE, ERRAVHEIZSERIRET S — MR/ SRIBIAR. BHERE, A%
SESEHIERES MRESRAERINT. BTRZEZEHN 7 HEXRIPTELL
BN, FrLEIRE SIS IERIT.

SENUEEN, FNFENTE—MERFRENS I BT, SFAR
PUREIATRERS, B HSYIEAFIRERTS |FBEURT, MR3|IBHEFT0, BAK
1A RERE U IR,

HKERIEZ, ATLATEXVEFRSCIICOW ForkgTRE, XR—MREAHKERR
BEBAYES.
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