|lab3 - address space and memory
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VA (Virtual Address): EE#AtasE , $FEFE R RIS B RVt HE | B DTRRGIZI IR 4t
PA (Physical Address): 4)321tihit , SCRRATFE STE DRAM BRI E,

VPN (Virtual Page Number): E#lT1S , BFIREHK,

PPN (Physical Page Number): #1251 , W NADIETIM RS,

PFN (Page Frame Number): [@ PPN , 82 TIMidR S,

PTE (Page Table Entry): TIZRIN , $R77E A D12 Y IR DIRIBRET S ANBR AL,

PT (Page Table): Ti%k , 77§ PTE BV45# , FFithhtiEik,

Pagetable_t (Page Table Type): xv6 FATE X FITIFRER |, I5@IETIR,

PGSIZE (Page Size): TIX/\ , xv6 EXikA 4KB,

SUPERPGSIZE (Super Page Size): 851K/, @&k 2MB , AT & TLB miss,
TLB (Translation Lookaside Buffer): #hiit35#4877 , MIIE VA 3| PA 3%,

MMU (Memory Management Unit): RFEIEE T , fRREIIRHFITHINENIZE,

PTE_V (Valid Bit): TIRINB MR,

PTE_R/W/X/U (Readable/Writable/Executable/User Bits): T1ZRINAPR AL,

PTE_PPN (Physical Page Number bits): TIRINFHIMIETT S FER,

SATP (Supervisor Address Translation and Protection register): {R7FiR TIRPIE I IR BIF 723,
KSTACK (Kernel Stack): #f27E AZASE R,

TRAMPOLINE (Trampoline Page): R M B FASBAARERCHA O,
TRAPFRAME (Trap Frame Page): (R TFEARZINSFSE LT,

USYSCALL (User Syscall Page): AP ASRIEMHEETD,

KERNBASE (Kernel Base Address): AZIRETECIREHAMIE ( xv6 A9 0x80000000 )
PHYSTOP (Physical Memory Limit): xv6 =] AR N 1E LBR,

guard page (Guard Page): #% F7AHRIFTT , BilEtiad,

Sv39 (Supervisor-mode Virtual Memory 39-bit): RISC-V #J 39 (I EINATFIRL , ZRTTREM,
LO/L1/L2 (Level 0/1/2 Page Table): Sv39 =R RER,

PTE Flags (Page Table Entry Flags): T1ZRINARES =615 04X R,

PTE_A/D (Accessed/Dirty Bits): "R S W IA18)s &,

kalloc() (Kernel Allocator Function): 23E2— M2IEBT (4KB) ,

mappages() (Map Pages Function): 37 VA 2l PA FIBRESFHI& ENER.

walk() (Page Table Walk Function): ZETIZ&R P E X EIEHE NI PTE,

kvminit() (Kernel VM Init Function): S R#Z TR 7S,

userinit() (User Init Function): I E— MNP #HERETIR,

proc_pagetable() (Process Page Table Create Function): #2812 ¥ AR P IR HMRET N ETTHE,
uvmfirst() (User VM First Page Function): Ja i P IIR 72 B2 58 — T1F 0% initcode,
uvmalloc() (User VM Allocate Function): J9F F = (8] 2 B FHPRET A TE DT,

uvmcopy() (User VM Copy Function): fork() B} & Sl R #FET1ER,

uvmfree() (User VM Free Function): $ 5 P TIRAN YR,
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Figure 3.1: RISC-V virtual and physical addresses, with a simplified logical page table.
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Figure 3.2: RISC-V address translation details.




Physical Addresses

. 2756-1
Virtual Addresses
MAXVA -
Trampoline R-X
Guard page o
Kstack 0 RW- Unused
Guard page st
Kstack 1 RWL-'._,\J
PHYSTOP
(0x88000000)
Free memory RW- )
Q|
Physical memory (RAM)
S
Kernel data RW-
...................................... )
Kernel text R-X
KERNBASE | b A\l
(0x80000000) Unused
and other |/O devices
0x10001000 VIRTIO disk RW- > VIRTIO disk
0x10000000 UARTO RW- > UARTO
0x0C000000 PLIC R > PLIC
0x02000000 —~ CLINT
Unused
boot ROM
0x1000 —=
0 0 — Unused

Figure 3.3: On the left, xv6’s kernel address space. RWX refer to PTE read, write, and execute
permissions. On the right, the RISC-V physical address space that xv6 expects to see.
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, argument 0
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g argument N
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heap R;‘WU address of argument N |argv[argc]
PAGESIZE tack R WU address of argument 0 |argv[0]
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Figure 3.4: A process’s user address space, with its initial stack.
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HASWREHITIHE BRI —LEEMSEMSF B — LS _Ea9ITEN

address space
£ xv6 B, B MHIZERE B C MR b 2= (8] X ANt ik 25 (8] 59 Jo K EB 53 FA =S [8] (user space) ¥ A% =2 (8] (kernel

space).
AP ZE2HIE T UE ZAOER S, MAKZ BN ZIRFRARZEITHMTS B P HIETEE R VIR AZEE).

MmE, xv6 RENFIZ SV EIMATFEEN G, XTREF N EN UL R399, 7 B RA = RITREMHITHI U
.

M LR AIAEL: va to pa MR —MEMMULIER) page table FEHRFYIIERINAYIEIRITIE.
N JE xv6 BN RIS IR A=A ER5 VPN2(B — R TIRES]), VPNL(E R IIRE
31), VPNO(%_.&D'iﬁﬁﬁI)%DD’iW{F’E(oﬁset).J_J_ﬁ_/\ﬁé|,—ILX R SIEE IR

BT M AIETTE (PPN), ATTSZI4IR 4 (PA).
HPSE page table MM TELH
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Z it YIFE BN TF page table #l addressitie BT —MNEAMEIR

(® Question

B4, page table MRt ANE?

MEEE BRARMUARR— tree BEM?

MIhEEENS EB WM page table 82— tree LM (BTE xv6 9, page table MEMAIMEBE L=/
page Bt PTE TERE BEIEL LHEHIFRE —MEFIN L kalloc #1THHEZ4096 bytes KINSEIAY—NELLA.
B page R PTE LHREY, M PTE B— uint6d KRBT E (8 bytes), FTLAEA page ARRTATEARR 512 4 PTE .

/ Note

HIIH1E— XX E PRI R, 218 E page table page EXLFE LM EEANX=3K page ,FL2181HER
page table iX/ tree struct HEH page X REEEY

BB, page table MR DIRRR N — N2 55| H4E B—RES I EER T — KRR |I8E EFIRERE— R RS
$04B18 0 SLFREDIE DT

FANEM print page table XANSLIRMEIAHER, F( 1R {Fpage tableFt R — M ENAR) IR BIRHBNET .

/ Note

ARER kernel address space if® user address space ,\E{IIEER— page table &4, BA LG L
EHBEF U — DN ARER, R R IX MR RT BEIR & Efree memoryBi&heap XLERIESR MDD —LE page table
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[\ Attention

as— B core BIEZEXA kernel page table . BBFLR,7E kernel H9, va --> pa
R R direct mapping B3,BRT trampoline page l kernel stack pages BAYh. (BRTE user mode T, 84
process E3E— process page table XMHIIE, XA Gk T

kernel address space

| kernel address space RIBIEE

1. kinit() - initialize physical memory allocator(freelist)
2. kvminit() - create kernel page table(only core 0)
3. kvminithart() - set SATP register to point to kernel page table(physical address)

void kvminit(void) {
kernel pagetable kvmmake () ;

}

pagetable t kvmmake(void) {
pagetable t kpgtbl (pagetable t) kalloc();
memset (kpgtbl, 0, PGSIZE);

kvmmap (kpgtbl, UARTO, UARTO, PGSIZE, PTE R | PTE_W);
kvmmap (kpgtbl, VIRTIOO0, VIRTIO0, PGSIZE, PTE_R | PTE_W);

kvmmap (kpgtbl, PLIC, PLIC, 0x4000000, PTE R | PTE W);

kvmmap (kpgtbl, KERNBASE, KERNBASE, (uint64)etext-KERNBASE,
PTE R | PTE X);

kvmmap (kpgtbl, (uint64)etext, (uint64)etext,
PHYSTOP- (uint64)etext, PTE R | PTE W);

kvmmap (kpgtbl, TRAMPOLINE, (uint64)trampoline, PGSIZE,
PTE R PTE X);

proc_mapstacks (kpgtbl) ;

return kpgtbl;

:BIE7T kernel virtual address space , BliE:
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UARTO, VIRTIO disk, PLICEi& &5t
Kernel text (R-X#XFR)

Kernel data (R-W1XFR)

Free memory[X 15

TRAMPOLINETIH

641N FERIkernel stack

MAXVA (256GB = 0x4000000000)
:

TRAMPOLINE « MAXVA - PGSIZE (0x3ffffffoee)
(4KB) R-X, FPTE_U
Tt rapA BBk (S

Kernel Stacks < TRAMPOLINE - (p)*2*PGSIZE - 3*PGSIZE
(NPROC=64/1 1352 ) BNHER:
- 1mmkernel stack (R-W)
Process 63 stack - 1guard page (Johf&T)
Guard page H=E 64 * 2 * PGSIZE = 512KB
Process 62 stack
Guard page

Process 1 stack
Guard page
Process 0 stack
Guard page

« M ~256GB F| ~2.25GB
XE+ABPR B ST

« PHYSTOP (0x88000000 = 2.125GB)
WERNFLER

Free Memory T 1

for Allocation | Superpage Region |
(AT 5> ACX3a) | [112MB - 128MB) | « R-W

| 2MBATTith |  Identity mapped
| |

- Superpage pool
[0x87000000 - | ,
0x88000000) | Regular 4KB Pages |

| [end - 112MB) |

<« R-W

- Regular pages | 4KBTT: |  Identity mapped
[end - 0x87000000) I I

« end (kernel datazis)

Kernel Data HaEHEES E X
(.data, .bss) « R-W
Identity mapped
< etext (~0x80008000)
Kernel Text PIRZ R RLER
(.text) « R-X
Identity mapped




KERNBASE (0x80000000 = 2GB)

unused

0x10001000 + PGSIZE

VIRTIO Disk 0x10001000
(4KB) R-W, kO

UARTO 0x10000000
(4KB) R-W, ®O®RE

unused

0x0c000000 (PLIC)
R-W, rhifizdbies
Platform-Level Interrupt Controller

KRG/ HAix &

AR 5T DI,
(Boot ROMZ) |

|
|- Ox0 (WEEMIEO, PIRAHRS)

user/proc address space

| user/proc address space HIBIEE

. userinit() create the first user process

. allocproc() allocate process resources

. proc_pagetable() create user page table framework
. uvmfirst() load initcode

. exec("/init") load the real program

void userinit(void) {
struct proc *p;

p = allocproc();

initproc p;

uvmfirst(p->pagetable, initcode, sizeof(initcode));
p->sz PGSIZE;
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p->trapframe->epc 0;
p->trapframe->sp PGSIZE;

safestrcpy(p->name, "initcode", sizeof(p->name));
p->cwd = namei("/");

p->state RUNNABLE ;
release(&p->lock);

static struct proc* allocproc(void) {
struct proc *p;

for(p proc; p proc[NPROC]; p++) {
acquire(&p->lock);
if(p->state UNUSED) goto found;
release(&p->lock) ;

}

return 0;
found

p->pid = allocpid();
p->state USED;

trapframe (struct trapframe *)kalloc();

usyscall (struct usyscall *)kalloc();
usyscall->pid p->pid;

p->pagetable = proc_pagetable(p);

return p;

pagetable t proc pagetable(struct proc *p) {
pagetable t pagetable;

pagetable uvmcreate();

mappages (pagetable, TRAMPOLINE, PGSIZE,
(uint64)trampoline, PTE R PTE X);




mappages (pagetable, TRAPFRAME, PGSIZE,
(uint64) (p->trapframe), PTE R PTE W) ;

mappages (pagetable, USYSCALL, PGSIZE,
(uint64) (p->usyscall), PTE_ R PTE U);

return pagetable;

}

MAXVA - trampoline (R-X, JCPTE_U)
TRAPFRAME - trapframeml (R-W, JTPTE_U)
USYSCALL - usyscallml (R-U)

o [E) £ BB AR 5

void uvmfirst(pagetable t pagetable, uchar *src, uint sz) {
char *mem;

if(sz PGSIZE)
panic("uvmfirst: more than a page");

mem = kalloc();
memset (mem, 0, PGSIZE);

mappages (pagetable, 0, PGSIZE, (uint64)mem, PTE W|PTE R|PTE_X|PTE U);

memmove (mem, Src, sz);

MAXVA trampoline

TRAPFRAME trapframe

USYSCALL usyscall

o RBRET. L.

0x1000 ESUS)

0x0000 - text (initcode, R-W-X-U)

Yinitcode#h T exec("/init") B:

int exec(char *path, char argv) {
struct proc *p = myproc();




pagetable = proc_pagetable(p);

for(i=0; i<elf.phnum; i++) {
if(ph.type ELF _PROG LOAD) continue;

sz = uvmalloc(pagetable, sz, ph.vaddr + ph.memsz,
flags2perm(ph.flags));

loadseg(pagetable, ph.vaddr, ip, ph.off, ph.filesz);
}

Sz PGROUNDUP (s2) ;

Y4 uvmalloc (pagetable, sz, sz (USERSTACK+1) *PGSIZE, PTE W);
uvmclear(pagetable, sz- (USERSTACK+1)*PGSIZE);

sp SZ;

stackbase sp USERSTACK*PGSIZE;

for(argc 0; argv[argc]l; argc++) {
sp strlen(argv[argc]) 1;
sp sp 16;
copyout (pagetable, sp, argv[argc], strlen(argv[argc]) 1);
ustack[argc] sp;

}

sp (argc+1) sizeof(uint64);
sp sp 16;
copyout (pagetable, sp, (char *)ustack, (argc+l)*sizeof(uint64));

p->trapframe-=>al sp;
p->trapframe->epc = elf.entry;
p->trapframe->sp Sp;

oldpagetable = p->pagetable;
p->pagetable = pagetable;
p->sz = sz;

proc_freepagetable(oldpagetable, oldsz);
return argc;

MAXVA (256GB)
4

[ 1
| trampoline | « MAXVA, R-X, FPTE U (N#Z{ER)




RERTEE

trapframe < TRAPFRAME, R-W, JLPTE_U (P#%{&f)

« USYSCALL, R-U (getpid&syscall)

< PHYSTOP (0x88000000)

heap « R-W-U, #Eidsbrk()iEk

(TREEE {FFsuperpagefitft.(2MB)
superpages)

guard page JCPTE_U (kAR )

R-W-U, USERSTACKT
M K

stackbase

R-W-U, ELFNZ

R-X-U, ELFjnzx

¢/ Note

ZJG process address space RIBIE, FAToT BAEIE fork iIXANRAENE, MRS EHIRIFETE
(/user/init.c B sh ZEME ZMNHIEFMB XM page table AR FHIZMRXHEHE

The relationship of physical memory, kernel address space and user
address space


af://h3-9

XakE F RIFHE physical memory, kernel address spacefluser address spacelx R BT HR. MAE, XBIE
REITEXFmappingfI X A.

| Optimize

1. Pages Are Allocated On-Demand
Key Principle: "Don't allocate memory until you actually need it, otherwise you'll run out of memory."
&) Tip
xv6 NMEA2MBMZEA4KbZE o, BATTUES TLEGPRURIEL page table page HiXLe BEAiE

AN ERRBEUR AR ER(E AR SHBR2/NEERRE)

« Growing Process Memory (uvmalloc)

uint64 uvmalloc(pagetable t pagetable, uint64 oldsz, uint64 newsz, xperm) {
mem;
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uint64 a;

oldsz PGROUNDUP (oldsz) ;
for(a oldsz; a newsz; a PGSIZE) {
mem kalloc();
if (mem 0){
uvmdealloc(pagetable, a, oldsz);
return 0;

}
memset (mem, 0, PGSIZE);

if(mappages(pagetable, a, PGSIZE, (uint64)mem, PTE R|PTE_U|xperm) 0){
kfree(mem) ;
uvmdealloc(pagetable, a, oldsz);
return 0;

}

return newsz;

Process calls sbrk() to grow heap
Kernel allocates pages one by one
Each page gets mapped into page table
Only allocates what's heeded!

Creating Page Tables On-Demand (walk )

pte t *walk(pagetable t pagetable, uint64 va, int alloc) {
for(int level 2; level 0; level--) {
pte t *pte pagetable[PX(level, va)l;
if(*pte & PTE_ V) {

pagetable (pagetable t)PTE2PA(*pte);
else {

if('alloc)
return 0;

pagetable (pde_t*)kalloc();
if(pagetable 0)
return 0;
memset (pagetable, 0, PGSIZE);
pte PA2PTE (pagetable) PTE V;

}
return &pagetable[PX(0, va)l;

Lazy allocation




Copy-on-Write COW
Demand Paging

xv6 ZBMMEEEENX S & real world R &R 2iEid — M@ A SEILEY
TE xv6 R FANERRIBIE sfence vma 35S KRIFT PAA.
ERZ=:

thikpage table
trapdYET (&
#I21AE (scheduler)BYRT &

| Experiment Questions
Question 1
BRI AR BB 8 3R R copy paste(f&{f tranpoline page B1T), FTAER R BITERIN B
| SCELB B
SRETE proc. c Fll proc. h FEH{THINALHT

FEprocEMARRRINI— struct usyscall *usyscall FARIFRIZIIE

struct proc {

struct usyscall *usyscall;

+i

ERIEHAZINIIEDR , RIF—MPIEDR , &Ftrapframe.

static struct proc
allocproc(void)

{

if((p->usyscall (struct usyscall *)kalloc())
freeproc(p);
release(&p->lock);
return 0;

usyscall->pid = p->pid;

ERIETIRATE ZMIETIMRET B B3It USYSCALL |, IPRALIRE R PTE U | PTE R.
|
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pagetable t
proc_pagetable(struct proc *p)
{

if(mappages (pagetable, USYSCALL, PGSIZE,
(uint64) (p->usyscall), PTE R | PTE U)
uvmfree(pagetable, 0);
return 0;

FR R D1AR AR 5 B H BRET

void
proc_freepagetable(pagetable t pagetable, uint64 sz)

{
uvmunmap (pagetable, TRAMPOLINE, 1, 0);

(
uvmunmap (pagetable, TRAPFRAME, 1, 0);
uvmunmap (pagetable, USYSCALL, 1, 0);
uvmfree(pagetable, sz);

TEHBARRAIEHR | FZTTAFR

static void
freeproc(struct proc *p)

{

if(p->usyscall)
kfree((void*)p->usyscall);
p->usyscall (0H

Question 2
XA, BETSIEE L EM XM AT EAM T UNIER MBEARFEER

L page table 2—1 BUBRABTRE pte

SCIREN®].
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&) Tip

A XB—HFEHEAREBATLE—ITE—MENRRE—MEESR—HH, AR direct mapping 3?2 —F
WBHEHISERTFIEE LEMATMESRA LMD, X &E—ME pa B pte AT — index
page HY pte B¢#& data page BY physical address . &R, pte ARMIFLRIF va Fll pa SCELFEIRAT— A FP(E]
TE FrUAtEEEIEZ pte BIF—RH pa B—MENIZFMRBXNEABN pte BN va ,TTEM pa Mizth
BiXME

| SRIR B B

#ifdef LAB PGTBL
void vmprint level(pagetable t pagetable, int level, uint64 va base) {

if (level 0)
return;

for (int i 0; i 512; i++) {
pte t pte = pagetable[i];
if (pte PTE V) {

uint64 va va_ base ((uint64)i PXSHIFT (level));

for (int j = 0; j (2 - level); j++) {
printf(".. ");
}

printf("%p: pte %p pa %p\n", (void*)va, (void*)pte, (void*)PTE2PA(pte));

pagetable t child pagetable (pagetable t)PTE2PA(pte);
vmprint level(child pagetable, level - 1, va);

void

vmprint(pagetable t pagetable) {
printf("page table %p\n", (void*)pagetable);
vmprint level(pagetable, 2, 0);

}

#endif

Question 3

XA super page FISEIR BT (RERIFIERE T memory layout BAKRFAR virtual address space F9—EAR
B(Bl¥EpageMItI#8, 5 physical address/physical page RIBRESFD pte AIXIMHE)

AN AR R T & &
| SCEL BB
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B FHRE |, TS EMNYIIEAFRINE H—RX %A Fsuperpage

#define KERNBASE 0x80000000L
#define SUPERBASE (KERNBASE 112*1024*1024)
#define PHYSTOP (KERNBASE 128%1024*1024)

1&tkkallo.cHRAYRES , ZEFIAML kmem BOBHEFIER K —EYIEZ 8)45superpage

void

kinit()

{
initlock(&kmem. lock, "kmem");
freerange(end, (void*)SUPERBASE);
superinit();

}

HEIN—A supermen 3R , AT EEMBZAKIsuperpage , FEITHMBIHIEL TF (Elskmem )

struct {
struct spinlock lock;
struct run *freelist;
} kmem, supermem;

void

kinit()

{
initlock(&kmem. lock, "kmem");
freerange((void*)end, (void*)SUPERBASE);

initlock(&supermem.lock, "supermem");
superinit();

void
superinit()
{
char *p;
p (char*)SUPERPGROUNDUP ( (uint64)SUPERBASE) ;
for(; p + SUPERPGSIZE (char*)PHYSTOP; p SUPERPGSIZE)
superfree(p);

M0 superalloc F superfree RE , BFHEEMFEMsuperpage

void
superalloc(void)

{

struct run *r;




acquire(&supermem. lock) ;
r supermem.freelist;
if(r)
supermem. freelist r->next;
release(&supermem. lock) ;

if(r)
memset((char*)r, 5, SUPERPGSIZE);
return (void*)r;

void
superfree(void *pa)
{

struct run *r;

if(((uint64)pa SUPERPGSIZE) 0 (char*)pa (char*)SUPERBASE (uint64)pa
PHYSTOP)

panic("superfree");
memset(pa, 1, SUPERPGSIZE);
(struct run*)pa;
acquire(&supermem. lock) ;
r->next supermem. freelist;

supermem. freelist r;
release(&supermem. lock) ;

BFEIRR sbrk R4 IBEEMRHE , EFRAEIBEA uwnalloc R, Bt , RAOTEEIEHK uvmalloc R,
RIBSHFITARMNDEREE, B8, HilkoEiEEBEpage , BB TFEI T2MBIIE L |, A
BEEANIRTgES M ECsuperpage , RGBSR T —EEENEMNARE , BRAE— superpage , 3%
ERMNE L% Bsuperpager] it T , Fi#E:HicE B Ipage , BEEIFEEAFERX,

uinte4
uvmalloc(pagetable t pagetable, uint64 oldsz, uint64 newsz, int xperm)

{

char *mem;

uint64 a;

int sz;

if(newsz oldsz)
return oldsz;

oldsz PGROUNDUP (oldsz) ;

for(a oldsz; a SUPERPGROUNDUP (oldsz) a newsz; a sz){
sz PGSIZE;




mem kalloc();
if(mem 0){
uvmdealloc(pagetable, a, oldsz);
return 0;
}
#ifndef LAB SYSCALL
memset (mem, 0, sz);
#endif
if(mappages (pagetable, a, sz, (uint64)mem, PTE R|PTE_U|xperm)
kfree(mem)
uvmdealloc
return 0;

(pagetable, a, oldsz);

for (; a SUPERPGSIZE newsz; a sz)
{
sz SUPERPGSIZE;
mem superalloc();
if (mem 0){
break;
}
memset(mem, 0, sz);
if (mappages(pagetable, a, sz, (uint64)mem, PTE R|PTE_U|xperm)
superfree(mem);
uvmdealloc(pagetable, a, oldsz);
return 0;

for(; a newsz; a sz){
4 PGSIZE;
mem kalloc();
if (mem 0){
uvmdealloc(pagetable, a, oldsz);
return 0;
}
memset (mem, 0, sz);
if(mappages (pagetable, a, sz, (uint64)mem, PTE R|PTE_U|xperm)
kfree(mem)
uvmdealloc
return 0;
}
}

return newsz;

(pagetable, a, oldsz);

£ uvmalloc FERBERNEZE  BINEEEIIRFPRINNMITIRD, superpage REEE—RIIKRPFIZE
BNl , ER— N —RITRMNN5124N0T , BI2MB, At , FAVEZELY mappages BREY , RFITERNAIIRET,
BAMRIEpatERX 9 HaikEti Rpageif Esuperpage , FEBANTEEMMAY superwalk FRIKEY
superpage MWRBYDIFRIN , walk JREHVTIRIZORIIZRAREY , superwalk FREFIRIIFRAPHITIRIL,




pte t
superwalk(pagetable t pagetable, uint64 va, int alloc)
{
if(va MAXVA)
panic("superwalk");

pte t *pte pagetable[PX(2, va)l;
if(*pte PTE V) {
pagetable (pagetable t)PTE2PA(*pte);
return &pagetable[PX(1, va)l;
} else {
if('alloc (pagetable (pde_t*)kalloc()) 0)
return 0;
memset (pagetable, 0, PGSIZE);
pte PA2PTE (pagetable) PTE V;
return &pagetable[PX(1, va)l;

int
mappages (pagetable t pagetable, uint64 va, uint64 size, uint64 pa, int perm)
{

uint64 a, last;

uint64 pgsize;

pte t *pte;

if (pa SUPERBASE )
pgsize = SUPERPGSIZE;
else
pgsize = PGSIZE;

if((va pgsize) 0)
panic("mappages: va not aligned");

if((size pgsize) 0)
panic("mappages: size not aligned");

if(size 0)
panic("mappages: size");

a = va;
last va size pgsize;
for(;;){
if(pgsize PGSIZE (pte walk(pagetable, a, 1)) 0)
return -1;
if(pgsize SUPERPGSIZE (pte superwalk(pagetable, a, 1)) 0)
return -1;
if(*pte PTE V)
panic("mappages: remap");
pte PA2PTE (pa) perm PTE V;
if(a last)
break;
a pgsize;
pa pgsize;




}

return 0;

}
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void
uvmunmap (pagetable t pagetable, uint64 va, uint64 npages, int do free)
{
uint64 a;
pte t *pte;
int sz;
if((va PGSIZE) 0)
panic("uvmunmap: not aligned");
for(a va; a va npages*PGSIZE; a sz){
Sz PGSIZE;
if((pte walk(pagetable, a, 0)) 0)
panic("uvmunmap: walk");
if((*pte PTE V) 0) {
printf("va=%ld pte=%ld\n", a, *pte);
panic("uvmunmap: not mapped");
}
if (PTE_FLAGS (*pte) PTE V)
panic("uvmunmap: not a leaf");
uint64 pa PTE2PA(*pte);
if (pa SUPERBASE) {
a SUPERPGSIZE;
Sz;
}
if(do free){
uint64 pa PTE2PA(*pte);
if (pa SUPERBASE) superfree((void*)pa);
else kfree((void*)pa);

AT fork BIRHESENRNTE , AMNR uvncopy , BEEHRIESHITHENNER, EXHIBBHRHIEZR
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int
uvmcopy (pagetable t old, pagetable t new, uint64 sz)




pte t *pte;
uint64 pa, 1i;
uint flags;
char *mem;
int szinc;

for(i 0; i sz; 1 szinc){

szinc PGSIZE;

if((pte = walk(old, i, 0)) 0)
panic("uvmcopy: pte should exist");

if((*pte PTE V) 0)
panic("uvmcopy: page not present");

pa PTE2PA(*pte);

flags PTE FLAGS(*pte);

if (pa SUPERBASE) {
szinc SUPERPGSIZE;

if ((mem superalloc()) 0)
goto err;

)

else if ((mem kalloc()) 0)
goto err;

memmove (mem, (char*)pa, szinc);

if(mappages(new, i, szinc, (uint64)mem, flags) 0){
if (szinc PGSIZE) kfree(mem);
else superfree(mem);
goto err;

}

}

return 0;

err
uvmunmap(new, 0, i PGSIZE, 1);
return -1;
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