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void vmprint_rec(pagetable_t pagetable, int level, uint64 va){
for(int i = 0; i < 512; i++){
pte t pte = pagetable[i];
if(pte & PTE_V){
uint64 pa = PTE2PA(pte);
uintée4 flags = PTE_FLAGS(pte);
printf("[[");
for(int j = 0; j < level; j++){
printf("  [|");
}

if((pte & (PTE_LR | PTE_W | PTE_X)) != 0){
printf("idx: %d: va: %p -> pa: %p, flags: %sksksks\n",
iJ
(va << PXSHIFT(1) | i << PXSHIFT(®)),
pa,
(flags & PTE_R) ?
(flags & PTE_W) ?
(flags & PTE_X) ? "x"
(flags & PTE_U) ?
}else{
printf("idx: %d: pa: %p, flags: %s%sk%sks\n",
i)
pa,
(flags & PTE_R)
(flags & PTE_W)
(flags & PTE_X)
(flags & PTE_U)
va = va << 9 | i;
vmprint_rec((pagetable t)pa, level+l, va);

)

]

c X = 3

.
J

)
)

)

)

VoV VoV
c X =
1



—

b. T/ESEMvmprinteRzy, RFEFTENERALEBEIEARvmprint_recHNISEIIFTENRIRT

void vmprint(pagetable_t pagetable){
printf("page table %p\n", pagetable);
vmprint_rec(pagetable, 0, 0);

}

C. ExfaftexecREFHTERRNRT

if(p->pid == 1) vmprint(p->pagetable);

1.1.2 SEEAEESR

== Test pte printout ==

$ make gemu-gdb
pte printout: OK (2.
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void indep_kvmmap(pagetable_t pagetable, uint64 va, uint64 pa, uint64 sz, int perm)
{

if (mappages(pagetable, va, sz, pa, perm) != 0) panic("kvmmap");

}

pagetable_t indep_kvminit(){
pagetable t indep kernel pagetable = (pagetable t) kalloc();
memset (indep_kernel pagetable, @, PGSIZE);



indep_kvmmap(indep_kernel_pagetable, UARTQ, UARTO, PGSIZE, PTE_R | PTE_W);
indep_kvmmap(indep_kernel_pagetable, VIRTIOQ, VIRTIOO, PGSIZE, PTE_R | PTE_W);
indep_kvmmap(indep_kernel_pagetable, PLIC, PLIC, ©x400000, PTE_R | PTE_W);

indep_kvmmap(indep_kernel_pagetable, KERNBASE, KERNBASE, (uint64)etext -
KERNBASE, PTE_R | PTE_X);

indep_kvmmap(indep_kernel pagetable, (uint64)etext, (uint64)etext, PHYSTOP -
(uint64)etext, PTE_R | PTE_W);

indep_kvmmap(indep kernel pagetable, TRAMPOLINE, (uint64)trampoline, PGSIZE,
PTE_R | PTE_X);

return indep_kernel pagetable;

}

b. M/EERprociniti’E], HBFUEREERIMZZIAER, FRLATERvallELskstack,
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void procinit(void) {
struct proc *p;

initlock(&pid_lock, "nextpid");
for (p = proc; p < &proc[NPROC]; p++) {
initlock(&p->lock, "proc");

char *pa = kalloc();
if (pa == 0) panic("kalloc");
uinté64 va = KSTACK((int)(p - proc));
kvmmap(va, (uinté4)pa, PGSIZE, PTE_R | PTE_W);
p->kstack pa = (uinté64)pa;

}

kvminithart();

}

c. AfFiEKallocprocBiE], MMAZEIRIZ AL ITERIAN BRGS iz AIIITE



p->k_pagetable = indep_kvminit();

uint64 va = KSTACK((int)(©));

indep_kvmmap(p->k_pagetable, va, (uint64)p->kstack_pa, PGSIZE, PTE_R | PTE_W);
p->kstack = va;

d. fEscheduleri#g, BT IR PIRTREE, FTLUBH A EAT
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w_satp(MAKE_SATP(p->k_pagetable));
sfence_vma();

swtch(&c->context, &p->context);

kvminithart();

e. EFEBEE M freeproc REVAEHRERITREIIINAPRIIAZAER, (BEHTAZE

YRR boot B D ECHIEIEMMIL, FTLAKGHERM. WRFESLI—

free_indep_kernel_pagetableX3IB37 A TR TR, (BRI AISSRR7IE Y

Z R E S RBfreewal K REGHITSCIN

void free_indep_kernel_pagetable(pagetable t pagetable) {

for (int i = 0; i < 512; i++) {
pte t pte = pagetable[i];
if ((pte & PTE_V) && (pte & (PTE_R | PTE_W | PTE_X)) == 0) {

uint64 child = PTE2PA(pte);
free_indep_kernel_pagetable((pagetable_t)child);
pagetable[i] =
¥
}
kfree((void *)pagetable);

}

static void freeproc(struct proc *p) {
if (p->trapframe) kfree((void *)p->trapframe);
p->trapframe = 0;
if (p->pagetable) proc_freepagetable(p->pagetable, p->sz);
p->pagetable = 0;
p->sz = 0;
p->pid = 0;
p->parent = 0,
p->name[0] = ©

p->chan = 0;
p->killed = 0;
p->xstate = 0;

p->kstack = 0;
if(p->k_pagetable) free indep_kernel pagetable(p->k_pagetable);



p->k_pagetable = 0;
p->state = UNUSED;
}

f R LNEFE, BTkvmpaRgiiR e el it IRt RS E, B
LURRE S E S inpaRz AiziikmiFEBRZRER. FEBT
kernel/virtio_disk.crfivirtio_disk rwsp{FERT1ZREL, FRLUAEEEH AP ERIZREL
ShFHITEIERIES

uint64 kvmpa(pagetable_t pagetable, uint64 va) {
uint64 off = va % PGSIZE;
pte_t *pte;
uint64 pa;

pte = walk(pagetable, va, 0);

if (pte == 0) panic("kvmpa");

if ((*pte & PTE_V) == 0) panic("kvmpa");
pa = PTE2PA(*pte);

return pa + off;

disk.desc[idx[@]].addr = (uint64)kvmpa(myproc()->k_pagetable, (uint64)&buf9);

1.2.2 SEREMIHE SR



$ kvmtest
kvmtest: start
test_pagetable:
kvmtest: OK

$ usertests
usertests starting
test execout: OK
test copyin: OK
test copyout: OK
test copyinstrl: OK
test copyinstr2: OK
test copyinstr3: OK
test truncatel: OK
test truncate2: OK
test truncate3: OK
test reparent2: OK
test pgbug: OK
test sbrkbugs: usertrap(): unexpected scause 8xee0000000000000c pid=3235
sepc=0x0000000000005476 stval=0xE000000000005476
usertrap(): unexpected scause ©x900000000000000Cc pid=3236
sepc=0x0000000000005476 stval=0xE000000000005476
(0]
badarg: OK
reparent: OK
twochildren: OK
forkfork: OK
forkforkfork: OK
argptest: OK
createdelete: OK
linkunlink: OK
linktest: OK
unlinkread: OK
concreate: OK
subdir: OK
fourfiles: OK
sharedfd: OK
exectest: OK
bigargtest: OK
bigwrite: OK
bsstest: OK
sbrkbasic: OK
sbrkmuch: OK




test kernmem: usertrap(): unexpected scause 8xe00000000000000d pid=§

usertrap():
usertrap():
usertrap():
usertrap():
usertrap():
usertrap():
usertrap():
usertrap():
usertrap():
usertrap():
usertrap():
usertrap():
usertrap():
usertrap():
usertrap():
usertrap():
usertrap():
usertrap():
usertrap():
usertrap():
usertrap():

usertrap():

sepc=0x0000000000002048 stval=0x0000000080000000
unexpected scause 9xP0e0e00000000000d pid=6216
Sepc=0x0000000000002048 stval=0x000000008000Cc350
unexpected scause Ox000000000000000d pid=6217
sepc=0x0000000000002048 stval=0x00000000800186a0
unexpected scause 9xP0eee00000000000d pid=6218
Sepc=0x0000000000002048 stval=0x00000000800249f0
unexpected scause Ox000000000000000d pid=6219
sepc=0x0000000000002048 stval=0x0000000080030d40
unexpected scause ©xoeeeeeeoeoeeeeed pid=6220
sepc=0x0000000000002048 stval=0x000000008003d090
unexpected scause ©xoeee0eeeepeeeeed pid=6221
sepc=0x0000000000002048 stval=0x00000000800493e0
unexpected scause ©xoeeeeeeeeoeeeeed pid=6222
sepc=0x0000000000002048 stval=0x0000000080055730
unexpected scause ©xoeeeeeeeepeeeeed pid=6223
sepc=0x0000000000002048 stval=0x0000000080061a80
unexpected scause ©xoeeeeeeoooeeeeed pid=6224
sepc=0x0000000000002048 stval=0x000000008006ddd0O
unexpected scause ©x0eee00000000000d pid=6225
sepc=0x0000000000002048 stval=0x000000008007a120
unexpected scause ©xoeeeeeeoooeeeeed pid=6226
sepc=0x0000000000002048 stval=0x0000000080086470
unexpected scause ©xoeeeee00000e00ed pid=6227
sepc=0x0000000000002048 stval=0x00000000800927c0
unexpected scause Ox000000000000000d pid=6228
sepc=0x0000000000002048 stval=0x000000008009ebl0
unexpected scause ©9xP0eee00000000000d pid=6229
sepc=0x0000000000002048 stval=0x00000000800aae60
unexpected scause ©x0000PPPPOPOLPPOd pid=6230
sepc=0x0000000000002048 stval=0x00000000800b71b0O
unexpected scause ©9xP0eee00000000000d pid=6231
Sepc=0x0000000000002048 stval=0x00000000800Cc3500
unexpected scause Ox000000000000000d pid=6232
sepc=0x0000000000002048 stval=0x00000000800cT850
unexpected scause ©xoeeeeeeeeoeeeeed pid=6233
sepc=0x0000000000002048 stval=0xee000000800dbbad
unexpected scause Ox00000PPPOPOLOLOd pid=6234
sepc=0x0000000000002048 stval=0x00000000800e7ef0
unexpected scause ©xoeeeeeeeeveeeeed pid=6235
sepc=0x0000000000002048 stval=0x0000000080014240
unexpected scause ©xPeee0e0eL0Leeed pid=6236
sepc=0x0000000000002048 stval=0x0000000080100590
unexpected scause ©xoeeeeeeeooeeeeed pid=6237
sepc=0x0000000000002048 stval=0x000000008010Cc8e0




unexpected scause

usertrap(): unexpected scause Ox600000000000000d pid=6246
sepc=0x0000000000002048 stval=-0x000000008017a6b0
usertrap(): unexpected scause ©xP00000000000000d pid=6247
sepc=0x0000e00000002048 stval-0x0000000080186200
usertrap(): unexpected scause ©xP00000000000000d pid=6248
sepc=0x0000eeeeee82e48 stval=-xe000000080152d50
usertrap(): unexpected scause Oxeeeo0eeeeeeeeedd pid=6249
sepc=0xe000ee000ee02e48 stval-0xe000eeees8015teae
usertrap(): unexpected scause ©xeeooeeeeooeeeedd pid=6250
sepc=0x0000000000002048 stval=0xee000000801ab3fe
usertrap(): unexpected scause ©xP00000000000000d pid=6251
sepc=0x0000000000002048 stval=0x00000000801b7740
usertrap(): unexpected scause ©x000000000000000d pid=6252
sepc=0x0000e00eeee82e48 stval-0xe0000000801c3290
usertrap(): unexpected scause 9xP00000000000000d pid=6253
sepc=0x0000e00000002048 stval=-0xe0000000801ctded
usertrap(): unexpected scause ©Oxeeo000e00000000d pid=6254
sepc=0xe000eee0e0e02e48 stval-0xeeeeeeeeseldcl3o
oK
test sbrkfail: usertrap(): unexpected scause @xeeeeeeooeeeeeeed pid=6266
sepc=0x0000000000003ec2 stval=0x0000000000012600
oK

sbrkarg: OK

validatetest: OK

stacktest: usertrap(): unexpected scause @x©eeo0eeeeeeeeeed pid=627@
sepc=0x00000000000021b6 stval=0x000000000000TbCO

oK

test opentest: OK
test writetest: OK
test writebig: OK
test createtest: OK
test openiput: OK
test exitiput: OK
test iput: OK

test mem: OK

test pipel: OK

test preempt: kill... wait... OK
test exitwait: OK
test rmdot: OK

test fourteen: OK
test bigfile: OK
test dirfile: OK
test iref: OK

test forktest: OK
test bigdir: OK

ALL TESTS PASSED
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