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BE&FKE, YuanShen OSHIATFKIARIE H IR ERIR TV AT LA AR ER 7
RIS BRI TrampolinefiTrapframenl, EHAZEE,
RPE #HENERES, SEHIZRMR, BIREHENE, USRI,
ARSHREFEERVMA#ITERE, HE LEFHERNER:

1. VMA_HEAPR B F KX, ENiriBERERE, MR IRBERBIBERNERNAIE,
HEAPERHYA/INET LUEE sbrkiX N RS TEH SR,

2. VMA_TEXTFIVMA_DATARTERF BB ERFIBUIRER, EexecRAFRHA AT HI1THED

3. VMA_FILEFfIVMA_ANONAFmmapR A FHARMRET, 2RIFN T XEHMERNRNEXT. vJUFEH
mmapRAARHITEIE

4. VMA_SYACKA B F1%X, YuanShen OSHIHZTERNATER F REEE A TR 8,
1.2 VMA (Virtual Memory Area)

YuanShen OSEFvm_area_structE A EIEHIZAVMNEZEE], HENXMT:

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;

+

Hrhvm_startFlvm_endiZ=HIVMABIEMAFEE, vm_flagsflvm_protZEFITENEZBESRIPFEE. M
vm_fileRlvm_fileszREX N EMISHITER, Mvma_typeRIAVMARZER, EFIITEUE:

HMNABSTHERE—SRVMALRIIER, BTEERTAFSHRERE,

1.3 Generic Page Fault Handler
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1B#Erisc-v privilege spec, X FRRTIMIZESHE12,14,15, Ff1fEusertrapfkerneltrapBti BigE 7 M IBFRTT
RELEEFHNALO:

//trap.c

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

}

r_scause() == | | r_scause() == )){

YuanShen OSEYERTI = & BV AR R 20 N EIFA~:

{ page fault at va J

va within a No

W
No
E>[ kill process ]

no maich ?

check
permission

entry

[ check page table W

Invalid
{>[ check VMA type ]

Check COW bit ~ VMA_FILE [[VMA_ANON

VMA_TEXT || VMA_DATA

VMA_HEAP

J/VM A _STACK J7

{ COwW } [ mmap ] [allocate heap} allocate stack] { loading ]

segment
YuanShen OS Page Fault Handling

Fig2. YuanShen OSEYEATI 7 & SN IRFE = (R 61)

BARBABEREHRMNAVMA, NREHZRFIEvmah &R A EZva, NRIFEZHTE:

//vm.c:page_fault_handler

struct proc *p = myproc();

uinté4 va = r_stval();

if(va > MAXVA) {
panic("page_fault_handler: maxva");

3
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struct vm_area_struct *vma = find_vma(&p->mm, va);

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

}

SRIEHEIvmalg, fFscauseiIpagefaultBYZERY, LU Kvmaliif el A pE#1TIChT,

1. f1RscauseE15, MERvmaBIENXIFAE,
2. iR scauseE13, MERvmaEERXIH A5,
3. iR scaused@12, MERvmaEBERXIHAIH1T.

//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;

}

2024-12-25

REFIZES | RRIRENEARRACOWITE, BHEDERNRNEMX FRFREITTESN—, FRE

POYIVA:R): 97 g8

1. fNRZE A8 T COWDT, MiEAuvmcowcopy(va)o
2. MNRZA TVMA_HEAPHITIE, NIAAuvmlazyalloc(va).
3. A0 A18] T VMA_FILEZZVMA_ANONKITIE, MIIAAmmap_(vma, va).

4. INRZIHIB TVMA_TEXTELEVMA_DATASLEVMA_STACKMITIE, MIEIERmmap 2R ERIRIEELF

HeaderVEKREBE MR EEMHAIE,

//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);

}
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} else {
if(!(*pte & PTE_COW)) {
setkilled(p);
} else {
uvmcowcopy(va); //Cow
3
3

XS TR R EE M A YuanShen OSTERERIRNEF S AN/ ML ARURSEIRE, NFERNEES
T TRV DRI AR

2.1 COW Fork

[EIfZFESLUBBCEREIAS, FlTAE MR EC T — T pagesBANRIN, BT FMEYIERENITER.

//slub.h
struct page {

//COW:

int refcount;

//SLUB ALLOCATOR:

uint32 active_obj_count; //XKEIURHIITSREE

uinte4 flags;

void *freelist; //HheaderEIE, HEMNIRNREZFEL, HiEM A s labTliH AZBEIFRY
freelistHIE—PTHERT R

struct kmem_cache *slab;

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

struct page *next; //iBETFT—“ slab(Mheaderml) , ZFEERHheader&Ei
Iy

HrfrefcountR A S VYR HIZE B WZYIE T AYBRET,

COWESR#IZTE IR Afork/Ia R BN N F#HIZD ECHBVYIIEDL, M R Z L ITEARE A RIERT, FIHIENE NN
AEXIEREEB B page fault handler# 1T TIRY D EC,
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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

Fig3. Copy-on-Write Fork[RIZ(E )

UEZMHIZERSY T RE—MIETTIEHME, refcount XL HIZMEE, 1R refcount AT 1,384 ABkfree
NASERYIED, M{EIEYIETRI5|BitEuR1.

2.2 COWHIER T = 5 AN BT

fEusertrapfikerneltrapPRFEA VAN T A TR NIE R, B R ERTIRERIBR, checkcowpage=#iAR, KE
5| AR EIARMIE T ECOWILMIRE, WH—FSEEETNAPH#HIES I — MR YR HEIL EM
89

SERITEMICOWRIBHR, AT I A TRRIM _E COWITIZ(ERRRIMA LM reserve bit), IMEHY
checkcowpage TLIF R IO EFRIC ARSI BB E Ko

uvmcowcopy LI A RLENIFFTifAY, Atk FENHIZSE— D HIEDR, RO RYIENRSG 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");

b
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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 HIZARZDIR

XVORFAG A FFHZAKIARK, XERE Rt Z2 8 B P #IZA Nt R XXM, XARKSHR
ZE 8] ] Y BUE IS T AR AR,

TEZExv6 BB copyinBiEl, H1SIEEUEMAF #HIZRMULZE BT EIRRZERE. AT SRR P B E R
AL, FEFHIIXTIR, XSBEERGERNRERAET.

int
copyin(pagetable_t char

{

uint64 n, va@, pa0;

while(len > 0){
va® = PGROUNDDOWN(srcva);
pa® = walkaddr(pagetable, vao);
if(pa® == 0)
return ;
n = PGSIZE - (srcva - vao0);
if(n > len)
n = len;
memmove(dst, (void *)(pa® + (srcva - va@)), n);

len -= n;

dst += n;

srcva = va@ + PGSIZE;
}
return 0;

HEREARIERNZOBREANESTAFHEAE— TR, AGBIEAFHENAFSHIBEEN =82
EESIMRBBIARIIERT,

7/21



virtualMemory.md 2024-12-25

Trampoline
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LR
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Guard Page

MAXUVM_MAP data

UNMAPPED

UNMAPPED

User Space text

<
Kernel Address Space Kernel Address Space(per process)
in xv6 in YuanShen OS

Figd. ¥ F P RTFIRG —ER D B #HAZA LTI (R 1)

XIF—R, HHEEARKSHIE, SKRIBAIUERSBFMUEESIH, RERFAHEENMISEERES
ARZAMISEE R EESE, RITRFEEkKpagetables | ABIZERIR:

//proc.h
pagetable_t pagetable; // User page table
pagetable_t kpagetable; // per process kernel pagetable to support

direct dereference user va in kernel code

S fER copyinEI BN T

int
copyin(pagetable_t pagetable, char *dst, uint64 srcva, uint64 len)
{

memmove ( (void*)dst, (void*)srcva, len);
return 0;

}

AEFENMHAEERZE IR copyin, Eidp->pagetableFohENiF A it RIZMNE, EAFATRTRENIEF
—ER 5 RO AR P 28 8] RS B AR EE ZE[8],  YuanShen OSEARIEMETE R SR A P #htk )R E R 55 AW
OIS
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EARIIRIZFF T, ARSERPSENBERTIZEF/RANER. KAX—~RRRmMEERETAF Higt
HEZE 8] 5 BRET AL ATER 73 BY— B,

AT HEPEE, SR HERIMIIRET R EIERBUBMER, NRTTRBIBRATEEHITIES, MUforkAfl, 7£
COW fork[E R FHIZHIBRETER A £ T2 ZT, TR REFECIIHNAKIK:

//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

BN EMNENET, Ei#ERIENeap memorylIBHR, IRIERFAHA—EMEXNIHEAN TR EYIETTHE
ARG, MBS IEHEREHAIZSLPRiA R B X LERNFNEHR, B8, MMESEMREFENRCEERT
demand paging®I 18, FETREEMNENRHRSEIIED,

4.2 Accessing Lazily Allocated Pages

EXNMERERAT, AARSKIARsbrkHFASIENL#EMNMITERIT A, REAEZHNTIE ] UABHIZES
i, ERETCEIEARNEZINXETRNMNFAREIT, FKiITFAIMNRE2ESRSEE AVMA_HEAPHIVMARY it
WSEE, XEEHIR MR e BI R SR AVMA_HEAPRIVMA:

//vm.c:page_fault_handler
if(vma->vma_type == VMA_HEAP) {
uvmlazyalloc(va);

}
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Trampoline Trampoline
Trapframe Trapframe
Mapped File Mapped File
Unmapped
Unmapped > PP
o not loaded yet
heap 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

Figs. #RTFRIIBMHEDE - RfEKvma (FREY)

FEANRZ L — RGBS EHNNE, —MRIRESEME, RAFEERNRE L ENIHREITEXN
RZBYBRESENAT, FEUZBIBA IR EY BT SEURTIR &~ Rt R B 2R B B S BRI TUE,

BINRFELE YA R TN NS D ERYIEDR, IREREEARFNflag, —BREZTIARESESE,
BAFRMNREENZOE IS — MR BIE 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 XFRTFIRET

X—/\FI3tRZYuanShen OSHIFR N R EB:

sys_mmap

sys_munmap

RTFBRETSI I
BUHEX A TFaREY

2024-12-25

RS BRAY RV XA FTE AL ZER B AU S BRI B — T BV R AVMA_FILERIVMA, HEHPIKENX
FEXHEMEN, UWREISRIRELENNER, RIVGERRFREIEERIXARE SRR ZER G

KRB, BLEPERREII—THHIVMA):

T VMA_FILE

**“c//in vm_area_struct, in vma/vma.h struct file *vm_File; uint64 vm_pgoff; uint64 vm_Ffilesz; ***

\ A

Trampoline

Trapframe

Trampoline

X80

Trapframe

Unmapped

Mapped File

£ 8

Unmapped

heap

heap

To create & memory-mapped file, the YuanShen OS-will create

a new vma (not shown)+in the mapped-file area.

Fig6. mmapBYiE X - BT FHMIvma(SER R B FIvma) (RE)

Hrpvm_fileAX HE1aRigst, WEAFHITEMIOERIE vm_pgoffRRVMAFFSKRIE X MBI F R

#2, YuanShen OSE:RvmaHyFEklen, vm_pgoffiAZiit7T55I4096,

mmapSEMAIIEE+E R, FBMEBAXMEFRIFFNVMA, R, Fitzr], FEHT -EHEXHNRNKLSE,

FHEMM ARG i, WRIEEHERH SRR BRI 4,

//sysfile.c:sys_mmap

struct proc* p
struct file* f

if(f == 0)

return ;

if((!f->readable && (prot & (PROT_READ)))
|| (!'f->writable && (prot & PROT_WRITE) &&

return ;

filedup(f);

return do_mmap(&p->mm, addr,

myproc();
p->ofile[fd];

I (flags & MAP_PRIVATE)))

len, flags, f, prot, VMA_FILE);
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do_mmapf T F S ENVMATR AR HIZEIFFIVMARER A, YuanShen OSERFER HVMA_FILEBFvm_start R
BEEAFIE, MAXTIETEMER:

//vma.c:do_mmap

if(vma_type == VMA_FILE) {
end_addr = mm->1lower_bound;
start_addr = end_addr - PGROUNDUP(len);
mm->lower_bound = start_addr;

Hrfmm->lower_bound@#EMNFEEMmMAEIFH— 1 EM, RN XNRE I, BRGNS
TIAEE, YREMNVMABunmap/a, YuanShen OS&IFE#HITENAE,

BFEXERNTEZRSALI ERIIE#EREB T lazy allocationlBA8, mmapHARELENHIEE, MNER
M—NEFHVMA, BERHIZFRRISAIRETIRY, BTFMEREY, RS ERTIART, HIEXRAEEEMN
XHEBEREN. FEIEEATTENZERmMmap_R5EMK:

//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, (uinté4)pa, vma->vm_pgoff + PGROUNDDOWN(va -
vma->vm_start), PGSIZE);
iunlock(vma->vm_file->ip);
end_op();
mappages(p->pagetable, PGROUNDDOWN(va), PGSIZE, (uint6é4)pa, flag);
return 0;

OEEMERILERTENPNRIAEFIRE, ARERreadiliBM N BIRRE SRR,

munmaphUiZiE 2 LA, NRBENEBER—BOBVMA, BBLAMEBRAREHZEEEE,. YuanShen OSER
unmapMIX Bl AR RETEE NVMARI 8], TREEX N EHF AT &L RED:
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//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;

}

(R T SEREEERVMA, BITEFEZRIBVMAR laglETEHEHEZMNEN, EREFORIXM, XEDEHE
Funmap_mmap_area5thllc. MRBAIUEMER, BLMERETEXH, FARIMNIZRANEREL free
1o

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

MR—NVMABHERFEER T (vm_start == vm_end), BBATFMNIZHIEREHENVMAFER, FEiY, K18
L@ fileclosedBxt B B 5/ ARRY S | A1+ E8UR1:

//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);

HHREIHERBAEMR, HNFEERANERRNREIVMA, FIRIEHIZR HHMERIEA:

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

XY RNTERIEZESOEE, BERHEEMENVMAZRE, HEEEmm->lower_boundfk
P& TR (E 2RV EHMRETIFAZ Merapframe E FEIL XA IRGTX,

BT 2 Fexec, EILFTRIMUEZEERIAHME, Tl IBIRIEeFRINUEIIEFHIVMA:

//exec.c
int
exec(char char
13/21
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struct proc *p = myproc();
unmap_all_vma(&p->mm);// unmap all vmas

...//MNEinode , {R#Eelf headerBEEIFFIZFEY. textF.data segmentlEk AHEES|8],

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

do_mmap(&p->mm, ©, sz, O, O, MAP_SHARED, 0, 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, BTexeca#iZpytiZEEIRES, FitF(IFEunmap/RIFiEKIVMALER{A:

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

RRBFNTHAUAT RN EIRIZERERIVMA:

//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, O,
MAP_SHARED, 0, PROT_READ | PROT_WRITE, VMA_STACK);

6.1 exec

YuanShen OSHY#HIZEE I TexecRAHARG, HASIENIEFH.text,.dataZprogram segmentZ A 1z
ntZeiE], MR A R BIVMATGE AR H AP — D 8ERN, A0 T EFR:
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O

VMA_STACK

VMA_DATA

VMA_TEXT

VMA list (per process)

2024-12-25

not loaded

Guard Page

not loaded

not loaded

UVM address space

Fig7. exec - (B4 MEBIZFHIRZFER (FRE!)

SPNVMARE T MRMISEEMNTER, FIN2EVMA_TEXTHVvmaR P —MfileEMARIES, XHRREE
DRz textEg IR HHRHNZDNFT, HAAGHTEIE —MEZNVMARIRE—T, Ushfl, 20T EFR:

init: starting sh

name: init, pid:

VM Area Struct:
Start Address: Ox8000
End Address: 0x9000

Flags:

Protection:

2
=

File: 0x0000000000000000

Page Offset: @

File Size: 0

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: Ox000000008002a968
Page Offset: 1000

File Size:

lel0

VMA Type: 0x4 (VMA_TEXT)
page table 0xQ0QEEEEE80THb7000

..va 0x0000003TcO0EOO00 :
..va 0x0000003fffe0O000 :
..va 0x0000003fffffeo00 :

..va 0x0000003ffffffooe :

idx 255 pte 0x00000000203ee401 pa 0x0000000080Tb90EO

idx 511 pte 0x00000000203ee801 pa 0x0000000080Tbadoo
idx 510 pte 0x00000000203ba807 pa ©0x0000000080eeafO0
idx 511 pte 0x0000000020002cOb pa 0x000000008000b0EOO

Fig8. MBI EREHIZRI AR U Rvma—5i
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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;

. /

Fig9. ELFAZFFERME V(M E)

Erp vaddrRsegment#iEFH AR E LI, p_fileszRTRIZEREXEFMKE, Tip_memszRTIIZERIEAN
FHBR/MKE, YuanShen OSERIAEM T D13 7FEIIE, Mp_flagsN &2 4 Fi%E T E Y5 R R,

R, Tl EexecEBFMAT MNEZLE, ET:

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");
b
}

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");

filedup(f);
= PGROUNDUP(ph.vaddr + ph.memsz);
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BEERBEAEZR, LHFRLEFAIRKEDPh.flagsEB A rTHITHNER, tNRENEFERdo_mmapliEVMA_TEXT
HKA M vma, FAFEIEVMA_DATAZEE Mvma, &k, YuanShen OSEY— N ERRMET EHIRE IFISHE
##89.dynamicEREFHITHEE,

ZIEFEA M STACKE B — /A E:

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

MNFE R, BTFE—FaHRERTexec, HMNFEFHHCIE—TEEIVMA_TEXTHVMA:

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

HIEF MexeoREIFEMEAERNERE, EALBHNEMEITRE LR ARE, MmmaptISIGE—
¥, ROIFELEEFSREVMA, ARRNNAIBRMBHAE, N TFEFR:

not loaded not loaded
VMA_STACK
Guard Page Guard Page
struct file VMA_DATA not loaded not loaded
Ish
VMA_TEXT h g
T Touch this page! Page Fault text
VMA list (per process) UVM address space UVM address space

Fig10. EEIERTIZ E B MHFIEFER(RE!)

PEEERFRINTT, RSO SWIMEHATE, KRERNRERHZAMIEZEE])TEERN—MiEsR, WTE
P
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VMA_STACK
struct file | VMA_DATA
Ish X
JLJ
VMA TEXT

O

VMA list (per process)

N

ustack

Guard Page

not loaded

.data

not loaded

dext

UVM address space

Fig11. &3 —ERBY{al A 1T/ Ryt A2t 22 8] (R El)

EX L, WFRPENFKBERING, FMERELELBENMBEARZ,

7.1 Mhs

7.1.1 FHGR

REZARBE, BI3EMSTiEAmake gemuitTHN. BITERN TEFIR:

gemu-system-riscv64 -machine virt -bios none -kernel kernel/kernel -m 128M

2024-12-25

-5

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 |

RATATLUEMBIE R YuanShen OSEIHHIHTT 7 FFilo

7.1.2 Forktestilllix

FrAEkAforktest, ZMIAZFR#HIT1000Kfork, RFERSFRFHIZBRHEF B, BIHTHT &9
BYIEIRE 2RERE, forktestBIMIIRNEER I T EFR:
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$ forktest
COW page detected sh at 0x0000000000008188
COW page detected sh at 0x0000000000002010
lazy allocation happened: sh at O6x0000000000009008
lazy allocation happened: sh at 0x0000000000018f48
fork test
COW page detected forktest at Ox0000000000002fa8
fork test OK
COW page detected sh at 0x0000000000008188
$ COW page detected sh at 0x0000000000002020
ls
COW page detected sh at Ox0000000000008188
COW page detected sh at 0x0000000000002010
lazy allocation happened: sh at Ox0000000000009008
lazy allocation happened: sh at Ox0000000000018f48
: 1024
1024
5678
3256
52144
16544
56600
52576
52136
51944
55168
52216
52192
3 70296

e

README
cat
echo
forktest
grep
init
kill
1n

1s
mkdir
rm

Sy

1
1
2
2 3
2 4
25
2 6
2 7
2 8
2 9
21
21
21
21

7.1.3 mmaptestilllix
mmapliHAT S RUARRNHZER, FRIPFAEREITANEXY, FHF#TRERERIEmmapE S HEER

B SR BIR AN ZE B S E I B, Fi10iFpage fault_hanlerBiERBIAIRE BITEHD, BEEITERN
TEFrT:
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mmap
test fork: OK

test munmap prevents access

cow

mm->Lower bound : 3ffffefo@Ommap

mmap
cow
mmap
mmap
VM Area Struct:

Start Address: Ox3ffffedooo
End Address: 0x3ffffee@00

Flags: 1
Protection: 3

File: 0x000000008002a828

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: Ox3ffffee000
End Address: Ox3ffffefoeo

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

2024-12-25

NTMEHEWNREREZREM, FMNNEIH#HT 7T —FNiR. UtestCFSHE, LLMIRIZRF S R EIE20
THITRERELONRCFSIEERN AT, HRIMERERE—TEIEELRFRIRE S HIZIIR TOREMS.

M L5 R 40T ElFfrR:
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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

(1] #TI K. (2024). IRERFALIIEF . BYE https://zju-sec.github.io/os24fall-stu/lab5/#_8

[2] Columbia University. (n.d.). W4118: Linux memory management. EX B

https://www.cs.columbia.edu/~junfeng/13fa-w4118/lectures/l20-adv-mm.pdf

[3] Carnegie Mellon University. (n.d.). Executable and Linkable Format (ELF). EX &

https://www.cs.cmu.edu/afs/cs/academic/class/15213-F00/docs/elf.pdf
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