BiiS#l (Copy-on-Write, COW) &1t

BSrIEH (Copy-on-Write, fafk COW) 2—MMAHIRA, EOBBRERTRIISLREH. S2140
BRE (UHEEEE) H=R—EIR, ﬁiﬁﬂaﬂﬂiﬁﬁﬂﬂ,dﬁ#,\; LHEMAAEEABNZZR
B, REASAHEE—MRYAEA, mEMRRE (AR ELRREEIER.

58 xve RYHIZCUZEH

£ xv6 BERFH, fork(O REEFTARENEER. fork(O SEEMENQHENAENEFRE
IR, WEMFxR:

o QHAESFHIEZENMERIR (WA, B, C. D) HIWEH.
o TFHIEROFTEXLERR, #HeoRRFAIAFMIATE.
BPAXFTVRIE T RFHZAR M, (B ELI GRS
1. ITFRE: WRTFHEZAEA execO BRBS, BAXBRINFENSTETA.
2. HEEHRIN: EARTFZRT, BB ITNERZEASMNE, BINTREHHE.
3. ERZMAL: RIERXTFHENE VD ELIEREREN, BN M biiEsE,

| Process Creation— fork()
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Copy the whole address space Discard the current address space
and the page table and load another program
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4. S|IRHMERE: BI5IAHEBERENHERTES, RESNEABRITAHEERN IR,

| Process Creation — Copy-on-Write

fork() copy-on-write
Only copy the page table Delay or altogether prewvent

copying of data

Ty = Ry == W
=\ N N
I:l\ : I:J\ _ /I | l\ : /I:l

2R, COW BISRAT:
1. QFHEFHARESRA A, B, C. D, FFAREIRCARIE,
2. YT WA\ B i, RAMNETHEE (Page Fault) .
3. R B — ETAOTUE B, YS/EINE B AUSUESHIEI B, RIS TSN B MOCLERRA.
4, QEFRBIAERIRTTE B, FIHTEERRIINE B,

BHfE COW RYffE=
1. KIEBERE: KAHEREAFTE, REEREEMRIA TS,
2. {RFHERE: B T EMBUISERTREN, THEFHIEER execO MEZRIORRRE,
3. IR PHER: RO TYRERBFRIDETIHE, BRRT 7 SHEF A MR,

ISEE
BITSINSEIES) (COW) , xv6 () forkO HUEIHEBEIT &M, BERTWEFH, URATH

g8, COW FIR T HEAAITURIFFOS |FBTEWLE, B—FERmaiuiieskeg, EIREBERSF 2
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1. EEX COW {R-E(L
M{%: mmu.h
iZ45:
o EEEMKRZBTRIN—MRENL preE_cow , FITFHRCRE NSNS HITRE.
BEh:

// bit 9-11 #AEwHAL, Anid cow Ui
#define PTE_COw (1uL << 9)

2. EMETIESI AT

Mf: qq3_mm.h
iZ4E:
o SIASIAITEWE, AT EIREZ=NEAYSIA.
o TE5EC. BIUEATERSIFIHEL
D
static inline void inc_page_ref(struct page *page) {
acquire(&kmem.lock); // In@ifrdr ol H T4

page->_count++;
release(&kmem.lock);

static inline void dec_page_ref(struct page *page) {
acquire(&kmem.lock); // Inifrd 51 HvHEk
if (--page->_count == 0) { // WRSIHHETy 0, NIRRT
kfree((void *)page2va(page));
b

release(&kmem.lock);

M{%: qgq3_mm.c
iZiE:

o HIRICTRIES | EFIRFEERLSM.
BN
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#define PGNUM_MAX 1024 * 128 // f KUilf%k
struct page _mem_map[PGNUM_MAX] ;

void qq3_mm_init(unsigned pa, unsigned end_pa) {
mem_map = _mem_map;

memset(mem_map, 0, PGNUM_MAX * sizeof(struct page));

for (int i = 0; i < (end_pa - pa) / PGSIZE; i++) {
mem_map[i]._count = 1; // #¥aibsI T4

cprintf("Total RAM size: %dMB\n", end_pa / 1024 / 1024);

3. EERFAL IR TAEEIR
MXf%: trap.c
iZiE:
o HEATUEIR, ¥IHTEERE cow MEBASIRHER.
° WMRZE, HEHNEAHBRERRNEANLSIESHIZFHITE.
pEh:

case T_PGFLT: { // Viffizibs
uint err_va = rcr2Q); // SFREGIRE R EDI I
pte_t *pte = walkpgdir(myproc()->pgdir, (void *)err_va, 0);

if (pte && (*pte & PTE_cCow)) {
// W cow T
char *new_page = kalloc(Q);
if (new_page == 0) {
cprintf("cow: kalloc failed\n");
myproc()->killed = 1;
break;
}
// S0 L R 205 0L
memmove (new_page, (char *)P2V(PTE_ADDR(*pte)), PGSIZE);

// TR
uint old_pa = PTE_ADDR(*pte);
*pte = V2P(new_page) | PTE_P | PTE_W | PTE_U;

// FEHEI T

acquire(&kmem.lock);
dec_page_ref(pte2page(old_pa)); // IHuLifs| Hit-Zk—
release(&kmem.Tock);

// Wl# TLB
Tcr3(v2P(myproc()->pgdir));
} else {
// Ak cow TUEHRE
cprintf("Page fault at %x\n", err_va);
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myproc()->killed = 1;
3

break;

4. "B fork ¥F cow
Mf%: proc.h

Zig:
e EX xfork ZHERBEOFIY EAY copyuvm_ex ,
P
// EX xfork g
#define FORK_POLICY_OLD 1 // 4 fork
#define FORK_POLICY_COW 2 // Copy-On-write

#define FORK_POLICY_THREAD 3 // #&fiit=

int xfork(int policy); // ¥ &% H
pde_t *copyuvm_ex(pde_t *pgdir, uint sz, int policy); // ¥V IEM{FEH|

5. 320 copyuvm_ex

M{: vim.c
iZi5:
o TRIESEIRIGIREEA cow FEERENAR.

o Xt cow TUH, RE PTE_CoW IREFHBIREINIR.

w5

pde_t *copyuvm_ex(pde_t *pgdir, uint sz, int policy) {
pde_t *pgdir2;
pte_t *pte;
uint pa, i, flags;

if ((pgdir2 = setupkvm()) == 0)
return 0;

for (i = 0; i < sz; i += PGSIZE) {
if ((pte = walkpgdir(pgdir, (void *)i, 0)) == 0)
panic("copyuvm: pte should exist");
if (! (*pte & PTE_P))
panic("copyuvm: page not present");

pa = PTE_ADDR(*pte);
flags = PTE_FLAGS(*pte);

if (policy == FORK_POLICY_COW) {
flags & ~PTE_W; // HkREtnE
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flags |= PTE_COW; // ¥E cow Fri&
inc_page_ref(pte2page(pa)); // sl H il
} else {
// 1RGP VR
char *mem = kalloc(Q);
if (mem == 0) {
freevm(pgdir2);
return 0;

}
memmove (mem, (char *)P2v(pa), PGSIZE);
pa = V2P(mem);

// WS L

if (mappages(pgdir2, (void *)i, PGSIZE, pa, flags) < 0) {
freevm(pgdir2);
return 0;

3
return pgdir2;

6. 3£ xfork RFER
Xf%: proc.c

iZi5:
o FF copyuvm_ex GliEFHIEAMBLEZSE],
oEh:

int xfork(int policy) {
struct proc *np;
struct proc *curproc = myproc();

// ECHT RS
if ((np = allocproc()) == 0) {
return -1;

// RS S AR Hh ik = (]
if ((np->pgdir = copyuvm_ex(curproc->pgdir, curproc->sz, policy)) == 0) {
kfree(np->kstack);
np->kstack = 0;
np->state = UNUSED;
return -1;

np->sz = Curproc->sz;
np->parent = curproc;
*np->tf = *curproc->tf;

// TR 0
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np->tf->eax = 0;

for (int i = 0; i < NOFILE; 1i++)
if (curproc->ofile[i])
np->ofile[i] = filedup(curproc->ofile[i]);
np->cwd = idup(curproc->cwd) ;

safestrcpy(np->name, curproc->name, sizeof(curproc->name));
np->state = RUNNABLE;

return np->pid;

7. i ¥ ESRFEA
Xf%: sysproc.c
B4
o A xfork ¥, LIRIKIERE,
e IR
int sys_xfork(void) {
int policy;
if (argint(0, &policy) < 0) {
return -1;

}

return xfork(policy);

MXf%: syscall.h

iZi5:
e 5 xfork DEREFERE.
oEh:

#define SyS_xfork 22

Xf: syscall.c
iZiE:

o HERFEFARFIEM xfork.
BN
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extern int sys_xfork(void);

static int (*syscalls[])(void) = {

13

[sys_xfork] sys_xfork,

8. Mzt A

X

B4g:

e M

w5

testfork.c

AR SRERAY T, WIE cow BEERL.

#include "types.h"
#include "stat.h"
#include "user.h"

#define DATA_SEG_SIZE 1024 * 1024 * 128 // BB/

char data_seg[DATA_SEG_SIZE]; // TR 5E

void walk_pages() {

int

te

char *p = data_seg;
for (int i = 0; i < DATA_SEG_SIZE; i += 4096) {
plil = 1; // BBSOTINE

main(void) {
printf(l, "Test xfork with cow:\n");

int pid = xfork(FORK_POLICY_COW); // fiifil cow St it
if (pid == 0) {
printf(1l, "child process\n");
walk_pages(); // f&dcdt=nim
} else {
waitQ; // FfFrstfEsem
printf(1l, "Parent process\n");
3
exit(Q);

BrZIEInFR4S:

1. Y. PTE_cow #R&fl,
2. 53| \5|Fit#, EEREHLE.
3. AR, QbR COW Z4E,


af://n908
af://n909
af://n917

4. R fork 32FF COW %HE.

5. 3CHL copyuvm_ex , BlFESZRF COW AYitBiZS[A],
6. 3L xfork R,

7. EMERGER.

8. WS M FFIEIE COW 174,
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