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RIS EEF I TrampolineflTrapframeBl, HANKEIE,
BRPE: BIENERIY, SEHZMR, BUERENRD, UBSIHMEX,
BRPSHNAREETERVMARITEIR, HE FEHhABRNES:

1. VMA_HEAPR B P, EMRIAIERIEX G, P B ERBIEERIERNAIE,
HEAPER YA/ NET LU sbrkiX N RGTARRE,

2. VMA_TEXTHIVMA_DATARIZF IS ERFBIEER, EexecRAFBH AN AT #HITHAS

3. VMA_FILEFIVMA_ANONABFmmapR A ARMMET, 253N T XHEMERNAEFEXS, nIUER
mmapR4IAA#HITEE

4, VMA_SYACKAFFP#%X, YuanShen OSEYHIZTERRNINIB R T HBeEA—D1aY4%ZEa),
1.2 VMA (Virtual Memory Area)

YuanShen OSEFvm_area_structZEMAEIRH#IZAVMNEZEE], HENXWT:

struct vm_area_struct {
uint64 vm_start;
uint64 vm_end;
struct vm_area_struct *vm_next, *vm_prev;
int vm_flags;
int vm_prot;
struct file *vm_file;
uint64 vm_pgoff;
uint64 vm_filesz;
uint32 vma_type;

}i

Erhvm_startFlvm_endfZHIVMABIEMNAFETEE, vm_flagsflvm_protiZEFITEMNEZ B SRIPEE. M
vm_FfileRlvm_fileszREX N EMEHTER, Mvma_typeRAVMARZER, EFIITEUE:

BMMASMEREE—RVMALARRER, BTFEEEMRAFRSHAFEXE,
1.3 Generic Page Fault Handler

HR#Erisc-v privilege spec, X FRRIINZFESH12,14,15, FKf1tEusertrapMkerneltrapE# Bi%iE 7 A EBERTT
RELEERFAO:
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//trap.c

if((r_scause() == | |
page_fault_handler();

3

r_scause(

YuanShen OSHYER T = & BYAME RIAZa0 FEIFA

{ page fault at va J

va within a

r_scause() ==

2024-12-25

A

No

W

No

check

permission

E>[ kill process ]

no maich ?

check page table W
entry

Invalid
{>[ check VMA type ]

‘ VMA_FILE || VMA_ANON

VMA_TEXT || VMA_DATA

Check COW bit
J7 VMA_HEA%

J;:VM A _STACK é

¢
[ cow [ e | [t ean

P
allocate stack] [ loading ]
segment

YuanShen OS Page Fault Handling

ESORHEREHMNVMA, NRIEHRNFEmariElaHE kva, WRTERHE:

//vm.c:page_fault_handler
struct proc *p = myproc();
uint64 va = r_stval();
if(va > MAXVA) {
panic("page_fault_handler: maxva");
}
struct vm_area_struct *vma =
if(vm ) {
setkilled(p);
return;

3/19
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SRIEIRBIvmalg, ¥scausedHpagefaultAYZERY, WU Kzvmalyif Rl PR ## 1T PCAD,

1. f1RscauseE15, MERvmaBEMXIFHAE,
2. iR scause®13, MERvmaBIERIX g AT,
3. W1k scause@12, MERvmaBIERIXIEATHIT.

//vm.c:page_fault_handler

if((r_scause() == ) && ((vma->vm_prot & PROT_READ) != 0))
flag = 1;

if((r_scause() == ) && ((vma->vm_prot & PROT_WRITE) != 0))
flag = 1;

if(r_scause() == && ((vma->vm_prot & PROT_EXEC) != 0))
flag = 1;

if(flag == 0) {
setkilled(p);
return;

}

REFIZES | ARTRENEARRNCOWITE, BHEDERNREMX FRFREITTESHN—, FHRE
N RYERR T Zo

1. BNRZAiR] T COWTT, MERuvmcowcopy(va)o

2. IR ZEIH TVMA_HEAPHITIE, MIAAuvmlazyalloc(va).

3. A0 418 T VMA_FILEZEVMA_ANONKITIE, MIIAAmmap_(vma, va).

4, INRZiH18 TVMA_TEXTEEVMA_DATAEEVMA_STACKHITIE, M2iAAmmap_fSi2FERiRIEELF
HeaderVEREBEMEEMHAIE,

//vm.c:page_fault_handler
pte_t *pte = walk(p->pagetable, va, 0);
if((pte == 0) || (*pte & PTE_V) == 0) {
if(vma->vma_type == VMA_FILE || vma->vma_type == VMA_TEXT || vma-
>vma_type == VMA_DATA || vma->vma_type == VMA_ANON || vma->vma_type ==
VMA_STACK) {
mmap_(vma, va); //mmap
} else if(vma->vma_type == VMA_HEAP) {
uvmlazyalloc(va); //lazy
} else {
setkilled(p);
}
} else {
if(!'(*pte & PTE_COW)) {
setkilled(p);
} else {
uvmcowcopy(va); //Cow

}
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}

MR T REVEB A EN LB YuanShen OSTEEMIRF A ER LML RUNSEIRE, NF HRNEES
EE T RIE DS,

2.1 COW Fork

[EZFESLUBDECARRISAS, FTAB T™MIIETIDED T — T pages#ARIRIN, AT FEMIENTERITER.

//slub.h
struct page {

//COW:

int refcount;

//SLUB ALLOCATOR:

uint32 active_obj_count; //XKEIURHIITEREE

uint64 flags;

void *freelist; //HheaderEIE, HEMTIMEEIZFEL, HiE@AslabT1HEASRLEIFHY
freelistE—INRTR

struct kmem_cache *slab;

struct page *header; //the beginning page of a slab

struct page *next; //( @ T—4slab(fJheaderDl) , ZFEERMheader&EE
i

HrfrefcountRmE ZDYIR BB B WZYIE T AYBRET,

COWERHIZTE A fork ERILEN A FHIZ D ECFHIYIED, M R BIENEIRC A RIERE, FRHEXRE N
RZX A EHEB Bpage fault handleri# TR IR EL

N — i [ [ —
— —— —
l
Address Space 1 Address Space 2 Address Space 1 ] Address Space 2
Physical RAM Physical RAM
Conventional Fork Copy-on-Write Fork
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LUE S MHIZERIREST T R —MNMIEETIAIEHR, refcount/IiXLE#IZMEE, TR refcount AT 1,884 AAkKFree
NASBRRYIER, MU EIEYIETIRE|BIHEUR1.

2.2 COWHIR IR B MBS

ffusertrapFikerneltrapPREA AN 7 A0 TR NER), B R ERTIF EHIANME, checkcowpage=#iAA, KWE
5| &R EMNIANMIIRE ECOWILMIRE, NWH—FTEERTNEFREEDR—NMUIIYIETH RIS
89

SEHITEMCOWRIBHR, FAIS NI N AITIRI_ECOWIRIE(EA TTRIMA R reserve bit), TLIERY
checkcowpage TLIERICEFRICUA RIS BB E Ko

uvmcowcopySRILBI NI MZNFFARH, AAREREEDE— YRR, B REYIERS | At
#, ARERTTRIITENL

uint32

uvmcowcopy {
// printf("p->name: %s, va: %lx", myproc()->name,va);
va = PGROUNDDOWN(va);

pte_t *pte;
struct proc *p = myproc();
if((pte = walk(p->pagetable, va, 0)) == 0)

panic("uvmcowcopy: walk");
uint64 pa = PTE2PA(*pte);
uint64 new_pa = 0;
if(pages[PA2PGREF_ID(pa)].refcount != 1){
if((new_pa = (uint64)kalloc()) == 0){
panic("uvmcowcopy: kalloc");
}
memmove( (void*)new_pa, (void*)pa, PGSIZE);
kfree((void*)pa),;//reduce the page ref count
pa = new_pa;

}

uint64 flags = (PTE_FLAGS(*pte) | PTE_W) & ~PTE_COW;
uvmunmap (p->pagetable, va, 1, 0);
if(mappages(p->pagetable, va, PGSIZE, pa, flags) == )

panic("uvmcowcopy: mappages");
copyOnePageToKernelPgtbl(p->kpagetable, p->pagetable, va);
return 0;

3.1 HIZAZDIK

XVORFAAG R FFHIZAKIAR, XERE NI ZE B A P #HIZR I ZE R R TN, XNARSAR
ZE 8] ] Y BUE RS T AR AT (Eo

TEZExv6 BB copyinBi$l, f1SIEEUEMA P #HIZRMULZE BT EIRRZER. AT SRR P B EtE R
AR, BEFHEIFOR, XSFHEBRGFRIEEREAET,
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int
copyin(pagetable_t pagetable, char *dst,

{

uint64 n, va0, pa0;

while(len > 0){

}

vao PGROUNDDOWN(srcva);
pa® = walkaddr(pagetable, va0);
if(pa®@ == 0)

return -1,

n = PGSIZE - (srcva - vao);
if(n > 1len)
n = len;
memmove (dst,

len -= n;
dst += n;
srcva = va@ + PGSIZE;

return 0;

}

uint64 srcva,

(void *)(pa® + (srcva - va0)), n);

2024-12-25

uint64 len)

HEARIERNZOBREANETAF#HEAE TR, AGBIEAFHEZENAFSHISETEN =2
BEELEMEEIARIIRF,

Kernel Address Space

MAXUVM_MAP:

UNMAPPED

UNMAPPED

User Space

Trampoline

Unmapped

LD
heap

ustack

Guard Page

.data

text

in Xv6

<

Kernel Address Space(per process)
in YuanShen OS

XIF—R, HHEEFARKSHEE, SKRIBAIUERSBFMIERSIH, RERFAHENMISTERES

ARZEBIEEE R EEE.

TR EEkpagetables | AHFZIEHILR:
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//proc.h
pagetable_t pagetable; // User page table
pagetable_t kpagetable; // per process kernel pagetable to support

direct dereference user va in kernel code

B ER copyinBEIEIN T
int
copyin(pagetable_t char
{
memmove ((void*)dst, (void*)srcva, len);
return 0;
}

FIBEANAFTERE BN copyin, @i p->pagetableFahERIXFA A It B ALt FIvFHATATENZFF
— BB H9FE P 2 [a) RS B A% BO3AEZE(E),  YuanShen OSRARIEIEHE RS 101 A9 R P 3k SR TE & 5 15 A
T,

ERRIIRIZF T, ARSERPSENSERTIZESRANER. KAX—~aRMEERETAF H#igt
HEZe 8] 5 BREY AL AIER 73 BY— B,

AT 4P, SERAFEEAMUIRG L EEEIEHR, ARIIRNRGHEEHI TR Uforkfl, 7
COW fork[ER FHIZRIBRER A £ T2, FRBRIMNUIMREFECIIHNAKRIX:

//int proc.c:fork

//promise to return 0, or panic.

copyPgtblToKernel(np->kpagetable, np->pagetable, p->sz, 0);

//since COW is supported, the kernel pagetable for both process are
expired

copyPgtblToKernel(p->kpagetable, p->pagetable, p->sz, 0);

4.1 Lazy Allocation

BMPENENET, EHERIBEheap memoryfIBH R, RIERAHA—EREX NIRRT DEYIIETIHE
ARG, MEXNEEHLRTHEL AR EREFENI R, B, MRHESELARENLICEEARAT
demand paging®E18, FEITREEMNENRHRSEIIED,

4.2 Accessing Lazily Allocated Pages

EXTESERT, FRRSEAsbrkHFRIENLHENMULZERIT R, REFESHTIE A UKHIEZTR
1], EREEEENRNEZAXENRNRNHFRIEIL. BTFHRAT IR IENEE JIVMA_HEAPHIVMARTit
HESEHE, XFFTERTIR E REHMERLAEH R R R 268 IVMA_HEAPRIVMA:
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//vm.c:page_fault_handler
if(vma->vma_type == VMA_HEAP) {

uvmlazyalloc(va);
}
Trampoline Trampoline
Trapframe Trapframe
Mapped File Mapped File
Unmapped
Unmapped —> PP
R not loaded yet
he ap B heap
> VMA_HEAP —>
VMA_HEAP ustack ustack
Guard Page Guard Page
.data .data
text text

To allocate or deallocate heap memory, the YuanShen OS simply modifies the
vm_start & vm_end of the vma in process's vma list

FANRZ B — RGBS EHNNE, —MRIRESEME, ZNAFEERNRE L ENIHREILEXN
RZBIBRESENAT, FEUZBIBAIFREY BT SEURTIR &~ ERti R B 2R B B BRI TUE,

BINRFERE YA R TN NS D ECRYIEDR, INEREEERFNflag,. —BRERTIIARESESE,
BAFRMNRFENZOE IS — MR BVIE T RIBRET RN A,

void
uvmlazyalloc {
struct proc *p = myproc();
char *mem = kalloc();
if(mem == 0) {
p->killed = 1;
} else {
(mem, 0, PGSIZE);
if(mappages(p->pagetable, PGROUNDDOWN(va), PGSIZE, (uint64)mem,
PTE_W|PTE_X|PTE_R|PTE_U) != 0){
("lazy alloc: failed to map page\n");
kfree(mem);
p->killed = 1;
}
copyOnePageToKernelPgtbl(p->kpagetable, p->pagetable, va);

}
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}

5.1 X RTFIRET

X—/\FI3tRzZYuanShen OSHIFR N R EB:

sys_mmap ATFBRET S 4
sys_munmap BUB XX 4RI A 77BRET

RE IR BB XA FTE MBI ZE B RY S BRGY IR B — T BV R AVMA_FILERIVMA, HEHEFPIKENX
HRXNETHEYE, UREIRNFERENRR, RIVMEEFEIEERNXERET SR AP I ZEER N
REMRGFEINMG, BLEFRREII—THHIVMA):

Trampoline Trampoline
Trapframe Trapframe
> —>
Mapped File

S8 Mapped Fie

T VMA_FILE Unmapped -—> d

VMA_FILE Unmappe

heap heap

To create a memory-mapped file, the YuanShen OS-will create
a new vma (not shown)in the mapped-file area.

//in vm_area_struct, in vma/vma.h
struct file *vm_file;

uint64 vm_pgoff;

uint64 vm_filesz;

Hrbvm_file A X EMAIEE, JEATLGHITEMIORIE, vm_pgoffRIRVMAFSKBINLE 3 MR PR
#2, YuanShen OSERvmadHIFEklen, vm_pgoffiaZid 7554096,

mmapRIMTHEE+ 2R, BREBANXGRIIFNVMA, Rid, FihZd, FE#HIT-BXHENRMRE,
FIEMMAERERG | BT, WRIEEHIERHETEEREITE R o

//sysfile.c:sys_mmap
struct proc* p myproc();
struct file* f p->ofile[fd];
if(f == 0)

return P

if((!f->readable && (prot & (PROT_READ)))
10/19
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|| (!'f->writable && (prot & PROT_WRITE) && !'(flags & MAP_PRIVATE)))
return ;

filedup(f);

return do_mmap(&p->mm, addr, len, offset, len, flags, f, prot, VMA_FILE);

do_mmapfA ST SEMVMATE AR HTZEIFFIVMARER S, YuanShen OSER IR HVMA_FILEBFvm_start R
BERRAFIRE, MEUTIERITEMEE:

//vma.c:do_mmap

if(vma_type == VMA_FILE) {
end_addr = mm->lower_bound;
start_addr = end_addr - PGROUNDUP(len);
mm->lower_bound = start_addr;

Hemm->lower_bound@# M FEEMmMAEIFHN— 1 EM, RANXGMSXNRE I, SXREHIXHEIRES
THEFE, YREMNVMAunmap/a, YuanShen OS&ISFE #HITENAE,

HFEXERNTEZRSTASSI _ EFRIIEERE T lazy allocation®IBAE, mmapHAELENMHIEE, MVNER
IN—HFEVMA, BREIETGIRRSCHIREITIRY, RFMREIREIL, Rt &ZERTIRRT, FHIXIRNIEBHEM
XHERTTERN. MBIEIRANENZERMmap_ER5EMK:

//vm.c:mmap_
int mmap_ {
struct proc *p = myproc();
int flag = 0;
if(vma->vm_prot & PROT_READ) {
flag |= PTE_R;
}
if(vma->vm_prot & PROT_WRITE)
flag |= PTE_W;
flag |= PTE_U;
void *pa;
if((pa = kalloc()) == 0)
panic("mmap_: no free pages");
(pa, 0, PGSIZE);
begin_op();
ilock(vma->vm_file->ip);
readi(vma->vm_file->ip, 0, (uint64)pa, vma->vm_pgoff + PGROUNDDOWN(va -
vma->vm_start), PGSIZE);
iunlock(vma->vm_file->ip);
end_op();
mappages(p->pagetable, PGROUNDDOWN(va), PGSIZE, (uint64)pa, flag);
return 0;
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ROZEMERLEESEIHRNRIIAERE, ARERreadiliBMNNBIRERE EIRIEIE,

munmapRYiZiE R MM, IR TEER—ERDHIVMA, BBLAMEBEETHIZEESEE, YuanShen OSER
unmapBIX Bl AT AREEENVMAR FE], MREEN N ENHFRSELE RIS

//sysfile.c: sys_munmap
if(addr == vma->vm_start) {
vma->vm_start += unmap_size;
vma->vm_pgoff += unmap_size;
} else if((addr + len) == vma->vm_end) {
vma->vm_end -= unmap_size;

}

BRT SR EERVMA, BITEFZERIBEVMANflagiAENIHEHELEN, EREERRIXM, XE7i1ZiE
FHunmap_mmap_areaiti. MRERUEER, BLAMENEEERXH, FARKINRASRANIEREL free
=,

unmap_mmap_area(myproc()->pagetable, addr, (unmap_size >> ), vma);

INR—PVMABHEMIFBIR T (vm_start == vm_end), BBAECIEIZHWIBHRHHIZENVMAGER, FEEY, 419
LLE I FileclosetB 3t BRI &5 /R AY 5 | R 1HEURL1:

//sysfile.c:munmap
if(vma->vm_start == vma->vm_end) {

fileclose(vma->vm_file);

if(vma->vm_next != 0)
vma->vm_next->vm_prev = vma->vm_prev;
if(vma->vm_prev != 0)
vma->vm_prev->vm_next = vma->vm_next;
else

myproc()->mm.mmap = vma->vm_next;
kfree((void*)vma);

HHEBEIHERBAER, KNFERANERFRNNEIVMA, FIRIEHIRR HHHMERRIEA:

//vma.c
unmap_all_vma(&p->mm);

XM EBIEFERNIERIEESESLKRE, BBHERMENVMALERER, HEEEmm->lower_boundfr
P& TR {E R HFZ R BHE PR Z MtrapFramefE N1 XA BRETX,
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EEHIZAAexec, BILFTRIMIALZEEIFVEME, F(EREelBNEILEFTHVMA:

//exec.c
int
exec(char *path, char **argv)

{

struct proc *p = myproc();
unmap_all_vma(&p->mm);// unmap all vmas

...//fN%inode , {E#Eelf headerfVE2I5IZFAY. textH.data segmenthlE AthtiE=S(E],

p = myproc();
uint64 oldsz = p->sz;
sz = PGROUNDUP(sz);

do_mmap(&p->mm, O, sz, O, O, MAP_SHARED, O, PROT_EXEC | PROT_READ |

PROT_WRITE, VMA_TEXT);

uint64 szi;
if((sz1 = uvmalloc(pagetable, sz, sz + (USERSTACK+1)*PGSIZE, PTE_W)) ==
)
goto bad;

//stack area, also not lazily allocated
do_mmap(&p->mm, szl - USERSTACK * PGSIZE, USERSTACK * PGSIZE, 0, O,
MAP_SHARED, 0, PROT_READ | PROT_WRITE, VMA_STACK);

B, HTexec/a#ZpyMNEZEEIMRHES:, HItIIFZunmapRIFIARVMALRA:

struct proc *p = myproc();
unmap_all_vma(&p->mm);// unmap all vmas

ARRRNMNAATUATENEIEIRERERIVMA:

//exec.c:exec
do_mmap(&p->mm, 0, sz, 0, 0, MAP_SHARED, 0, PROT_EXEC | PROT_READ |
PROT_WRITE, VMA_TEXT);

do_mmap(&p->mm, szl - USERSTACK * PGSIZE, USERSTACK * PGSIZE, 0, 0,
MAP_SHARED, 0, PROT_READ | PROT_WRITE, VMA_STACK);
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6.1 exec

2024-12-25

YuanShen OSHY#IEE 1 TexecRGHARG, HASIENEFEFHY.text,.dataZEprogram segment# A #HFEi
ntZeiE], MR A RZBIVMAIG AR B— D 8RN, A0 T EFR:

O

VMA_STACK

VMA_DATA

VMA_TEXT

B

VMA list (per process)

not loaded

Guard Page

not loaded

not loaded

UVM address space

SNVMARE T MRMASEEMTER, FIIN2EVMA_TEXTHVvmaR iR — MileEMARIES, XHRREE
LUK textEg IR HHRHNZDNFT, HAATHTEIE —MEENVMAKIRE—T, Ush7fl, 20T EFR:

init: starting sh

name: init, pid:

VM Area Struct:
Start Address: 0x8000
End Address: 0x9000

Flags:

Protection:

2
=

File: 0x0000000000000000

Page Offset: @

File Size: ©

VMA Type: 0x8 (VMA_ STACK)
VM Area Struct:

Start Address: 0x2000

End Address: 0x7000

Flags:

Protection:

2
=

File: Ox000000008002a968
Page Offset: 3000

File Size:

10

VMA Type: 0x32 (VMA DATA)
VM Area Struct:

Start Address: 0x0

End Address: 0x2000

Flags:

Protection:

5

File: Ox00000000B002a968
Page Offset: 1000

File Size:

lelo

VMA Type: Ox4 (VMA TEXT)
page table 0x0000000080Tb7000

..va 0x0000003fcO0EEO00 :
..Va 0x0000003fffe@EOOO :
..Va 0x0000003fffffe000 :

..va 0x0000003ffffffe00 :

14 /19

idx 255 pte 0x00000000203ee401 pa 0x0000000080Tb9000

idx 511 pte 0x00000000203ee801 pa 0x0000000080ThadoO
idx 510 pte 0x00000000203ba807 pa 0x0000000080eeadnO
idx 511 pte 0x0000000020002cOb pa @x000000008000bOOO
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BATAIUBRRZEFshERNMBINAEFRR, 8 TVMALHR T N AHET, XHRBEUREBRIKE, R
AL EI WS TENHRH AR LUEERE], EXMIHERShIZFHY.textf. datafRH 2B ERREHANE,

BEMNRXNMER, REEMPRexec.cexecm FE/LITHER:

//exec.c:exec

("name: %s, pid: %0----------“"-““““““““““ e \n", p-
>name, p->pid);
print_vma_list(p->mm.mmap);

\n");

AT EexectR A AR EMtIgEVma, & TELFX4Bspec[3], 20 FEFr:

Figure 2-1: Program Header

- ™

typedef struct {
E1£32 Word p_type;:
E1£32 Off p_offseti
E1£32 Addr p_vaddr;
E1f32 Addr p_paddr;
E1£32 Word p_filesz;
E1f32 Word p_memszi
E1f32_Word p_flags;
E1f32_Word p_align;

} E1f32_Phdr;

. /

Hrp vaddr&Rsegment#ZEFH AN RE#ILE, p_ fileszRTIZEBREXEFTHKE, Mp_memszRTIZERIER
FHHR/IMKE, YuanShen OSEENAEM T TAXMTTHIRNIE, Mip_flagsN R4 B Fi& & TEAYAHIRIIER.

HElt, Tl EexecEEHPIAT MNRZLE, AET:

if(flags2perm(ph.flags) & PTE_X){
if( == do_mmap(&myproc()->mm, ph.vaddr, PGROUNDUP(ph.memsz), ph.off,
ph.filesz, MAP_PRIVATE, f,PROT_EXEC | PROT_READ, VMA_TEXT)){
panic("seg mapping fault");
}
}

else
if( == do_mmap(&myproc()->mm, ph.vaddr, PGROUNDUP(ph.memsz), ph.off,
ph.filesz, MAP_PRIVATE, f,PROT_WRITE | PROT_READ, VMA_DATA)){
panic("seg mapping fault");
}
f = filedup(f);
szl = PGROUNDUP(ph.vaddr + ph.memsz);

BERBELAEZR, LML IRKEph.flagsE B A THITHNR, tNRENERdo_mmaplIlEVMA_TEXT
H8Hvma, RARLEIERVMA_DATAZEE!IMJvma, Ftt, YuanShen OSHI—NERRME FEENRE XIFIASHE
##89.dynamicERZEHITHEE,
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ZIEFEA M STACKE B — /A E:

do_mmap (&p->mm,
MAP_SHARED, 0,

szl - USERSTACK * PGSIZE, USERSTACK * PGSIZE, 0, O,
PROT_READ | PROT_WRITE, VMA_STACK);

MNFE R, BTFE—FmaHrERTexec, HMNFEFHCIE—TEEIVMA_TEXTHVMA:

//proc.c:userinit
do_mmap(&p->mm, 0, PGSIZE, 0, O,
PROT_WRITE, VMA_TEXT);

MAP_PRIVATE, 0, PROT_EXEC | PROT_READ |

HIEF MexeoREIFEMEAERNERE, HALBRHNEHEITRE LR ARE, MmmaptIsIGE—
¥, ROIFEREREFSREVMA, ARRMNNAIBRMEHAE, N TFEFR:

not loaded not loaded

Guard Page Guard Page

struct file VMA_DATA not loaded not loaded
Ish

VMA TEXT # g
\T Touch this page!

VMA list (per process) UVM address space

text

UVM address space

PEERRFIIIT, HREZHNEDIRWINEHNE, RERSERHIZa0UEZEE) T gel—fMiEsR, TE
Ph:

ustack
VMA_STACK
Guard Page
not loaded
struct file | VMA_DATA .data
I?M E not loaded
VMA_TEXT
text

VMA list (per process) UVM address space

FLE, WFPENFCREEAINN, HITERELELCIIMBEARE,
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7.1 M5t
7.1.1 FHLAUR

REZARBE, BI3EMSTiEAmake gemuitTHN. BITERN TEFRR:

gemu-system-riscv64 -machine virt -bios none -kernel kernel/kernel -m 128M -s
false -drive file=fs.img,if=none, format=raw,id=x0 -device virtio-blk-device,d
0, hostfwd=udp::26999-:2000, hostfwd=udp::31999-:2001 -object filter-dump,id=ne
tdev=net0, bus=pcie.0

xv6 kernel is booting

hart 1 starting
init: starting sh

Y |

RN LUEMBYE R YuanShen OSERINBYHTT 7 F#lo
7.1.2 forktestilliz

FAEkAforktest, ZMAZFR#HTT1000Kfork, RFEERSFRFHIZBRHEF B, BIHTHT &9
BYIAIRE 2RERE, forktestBYMIIRNEER I T EFR:

$ forktest
COW page detected sh at Ox0000000000008188
COW page detected sh at Ox0000000000002010
lazy allocation happened: sh at Ox0000000000009008
lazy allocation happened: sh at Ox0000000000018f48
fork test
COW page detected forktest at Ox0000000000002Ta8
fork test OK
COW page detected sh at Ox0000000000008188
$ COW page detected sh at Ox0000000000002020
Ls
COW page detected sh at 0x0000000000008188
COW page detected sh at 0x0000000000002010
lazy allocation happened: sh at Ox0000000000009008
lazy allocation happened: sh at O0x0000000000018148
. 1024
1024
5678
53256
52144
16544
56600
52576
52136
51944
55168
52216
52192
3 70296

[a=]

README
cat
echo
forktest
grep
init
kill
ln

ls
mkdir
rm

1y

1
11
2 2
2 3
2 4
25
2 6
2 7
2 8
29
21
21
21
21

7.1.3 mmaptestillid
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mmap AR S RARBMEZIED, FRIPAREITHMRAX Y, FHHITIREIRERIEMmapEERE1IERH
B SR AR AN ZE B S EAIE. i1 iFpage fault_hanlerBiENBIAIRE BITEHD, BIESEITERN
TEFrT:

mmap
test fork: OK
test munmap prevents access
cow
mm->Lower bound : 3ffffefo@Ommap
mmap
cow
mmap
mmap
VM Area Struct:
Start Address: 0x3ffffedooo
End Address: 0x3ffffee000
Flags: 1
Protection: 3
File: 0x0000OOOOBOO2a828
Page Offset: 0O
File Size: 8192
VMA Type: 0x1
usertrap(): unexpected scause 0xd pid=5
sepc=0xa30 stval=0x3ffffeedOo
cow
mmap
mmap
VM Area Struct:
Start Address: 0x3ffffeed00
End Address: 0x3ffffef0eo

Flags: 1

Protection: 3

File: 0x000000008002a828
Page Offset: 4096

File Size: 8192

VMA Type: 0x1
usertrap(): unexpected scause Oxd pid=6
sepc=0xah8 stval=0x3ffffeddoo
cow
cow
test munmap prevents access: OK
test writes to read-only mapped memory
cow
mm->lower bound : 3ffffed0@Opermission not correctVM Area Struct:
Start Address: Ox3ffffebooo
End Address: 0x3ffffedoee
Flags: 1
Protection: 1
File: 0x000000008002a828
Page Offset: 0
File Size: 8192
VMA Type: 0x1
usertrap(): unexpected scause Oxf pid=7
sepc=0xbfe stval=0x3ffffebooe
test writes to read-only mapped memory: OK
mmaptest: all tests succeeded

7.1.4 E b5
ATMEACHWNIREREZREM, BITHNEIE#HTT —FBNiX, LUtestCFSHR, MMNXTER 4 R EI7E20

THITRERELINACFSIEERN AT, HIMERERE—TEIEELRFRIRE S HIZIIR TOREMS.
ML E5 R 40T BRI
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T

COW page detected testCFS
4, 1510000, 3655408
COW page detected testCFS
4, 1500000, 3631200
COW page detected testCFS
4, 1510000, 3655408
COW page detected testCFS
4, 1520000, 3679616
COW page detected testCFS
4, 1530000, 3703824
COW page detected testCFS
4, 1600000, 3873280
COW page detected testCFS
4, 1580000, 3824864
COW page detected testCFS
4, 1670000, 4042736
COW page detected testCFS
4, 1630000, 3945904
COW page detected testCFS
4, 1610000, 3897488
COW page detected testCFS
3, 1610000, 3134187
COW page detected testCFS
3, 1560000, 3036852
COW page detected testCFS
3, 1570000, 3056319
COW page detected testCFS
3, 1590000, 3095253
COW page detected testCFS
3, 1600000, 3114720
COW page detected testCFS
3, 1590000, 3095253
COW page detected testCFS
3, 1610000, 3134187

0x0000000000008fa8

0x0000000000008Ta8

0x0000000000008Ta8

0x0000000000008Ta8

0x0000000000008fa8

0x0000000000008fa8

0x0000000000008Ta8

0x0000000000008fa8

0x0000000000008fa8

0x0000000000008Ta8

0x0000000000008Ta8

0x0000000000008Ta8

0x0000000000008fa8

0x0000000000008Ta8

0x0000000000008Ta8

0x0000000000008fa8

0x0000000000008Tas8

FaAEE#ETfork, HEFHERTARTEENKIES, STERGITNE CHIEMY

[

B17

SKPRE1TRYIEl, Ff1ERItest CFSMIRALINRIAL A T COWRVERTIR 1 A IBAE R H 455 IE B BYISTTo

BERE
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