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struct run {

struct run *next;
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(2)s KAEN partl-4 Horb—A™ jil il

(vm.c L151) kpgdir = setupkvm();

L setupkvm PREL, B VARSI TIR . EIRA setupkvm BRELN S, B
e RS, SILAH T 2/ kalloc BB E 4K P9 EEH A7 0T R T 2

T IFRIUE KA. partl-4 FIERLHE L5 R, E4&umP /e setupkvm BRZH A H
kalloc BRI KR .
PiB:

(1) ARPEEERAENL 78 100 4, (5 RS EE] (RFED.

(2) ARSI HREN R Z R E] 2021 £ 6 H 6 H (AH) 23:59.
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(1), B2 DL
kmem Hf] freelist 84018 M = NP B PER . F R YEIER P AN run 1
%, BE:
struct run {
struct run *next;

}s

W B BIXANEAEREHRE T M R ERRX MR B2 R E R
TRAFTE L0 ?

#include "ty

#include "

#include "pa

#include "memlayout.h"
#include "mmu.h"
#include "spinlock.h"

void freerange{void *vstart, void *vend);
extern char end[]: // first address after kernel loaded from ELF file

struct run {
struct run *next:

}

struct {
struct spinlock lock:
int use_lock;
struct run *freelist;
} kmem:

M kalloc.c SCATFSLAVERE AT LAHEN, kmem £S5 freelist B 03 W2 3 A 771
NP EE N AP BE R 484 . BT 3R T GNU libe # malloc.c SRS, BT LARZE
SN A — N FE R 5RE N struct run (OTEET . BUNTE CiE ST, BTG TR
BRI RN ETEGm B B CPU I3 A M AN G PR 28 I UL (R e 1. DRI, 7EFR 4 Ak
AT IR R A B AR W), — A A T R




lock

use_lock

next next

A J

v

freelist — next

dirty

dirty

dirty

LEPREAAERAPE next + dirty BLEZRBWENEXR.

n EEIFroR, BGX freelist 1 [ 45 PR B N AE R TR OB =2 R O BB BOREE
N N ERH AN RAS I, ABSRIX AR FATHE i [ X Loy B ) R A R R
] struct run [FEEF, FRATMACEY HHHIESE

void

kfree{char *v)

{

struct run *r;

if((uint)v % PGSIZE || v < end || v2p(v) >= PHYSTOP)
panic{"kfree");

f/ Fill with junk to catch dangling refs.
memset(v, 1, PGSIZE);

if(kmem.use_lock)
acquire (&kmem.lock);

r = (struct runk)v;

r—>next = kmem.freelist;

kmem.freelist = rj

if(kmem.use_lock)
release (&kmem.lock);

1E kfree BEH, HIRREA (BAEE] GNU libe H1 free BR A0 T LAHENIZ 4L v it 45
) EORE SN A AF BRI BT o IF HAZ S B freelist (& R A SKAfiA o
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T o SRIGTEFSKAEEIE N freelist I BIE 22 3R U L 1948 .

SZBR . main BAECK WAZRE R PHYSTOP 2 [a] ) N AF#E A — IR HI 2 W
fEilh kinitl A1 kinit2 M freerange B NAFIMA T HEERH, freerange NI iEE % 4
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Virtual
4 Gig
l Device memory
W.
0xFEOOOOOO— )
RW-;
end
Kemnel data RW-
Kernel text Re
+ 0x100000 .
; Physical
RW \ .
. 4 Gig
KERNBASE :
Devices
PHYSTOP —="
§ Program data & heap
Extended memory
PAGESIZE User stack RWU
User data RWU 0x100000 — 1O soace
640K —» E
User text RWU 3 Base memory
0
D =

Figure 2-2. Layout of a virtual address space and the physical address space.
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(vim.c L151) kpgdir = setupkvm();

it setupkvm K%, BIE T RERTARNRRER. BEIRA setupkvm KA, HHErLb
BRELES, BIFHT ZDK kalloc BEAE 4K VFEHH TR AER?

B HRIBEAER/EN partl-4 (BB HS 4R, L0 PH#H7E setupkvm R H kalloc
BRBHIRE

FAVIREE setupkvm BRI

f// Set up kernel part of a page table.
pde_t*x
setupkvm(void)
{
pde_t *pgdir;
struct kmap *k:

if((pgdir = (pde_t*)kalloc()) == @)
return 8;
memset(pgdir, @, PGSIZE);
if (p2v(PHYSTOP) > (void*)DEVSPACE)
panic{"PHYSTOP too high");
for(k = kmap; k < &kmap[NELEM(kmap)]; k++)
if(mappages(pgdir, k—>virt, k—=>phys_end - k->phys_start,
(uint)k—phys_start, k->perm) < @)
return 8;
return pgdir;

}

A LAE setupkvm BRECHE ], BEE J67E 134 47T A — K kalloc 73 AL — MR TR
P 72 6], FAFBOZ AL B pedir R &, LA —ANIMNE TR 2 pedir g
] ) X 4k T kalloc BRECHTIR A RESE T HNE RN S+ N B IRR A 4L
%% by R1iE mappages J& 151 N JZE TR0 BCRIBRES 1), RATRE B XA R4
static int

mappages (pde_t *pgdir, void *va, uint size, uint pa, int perm)

{
char *a, *last;
pte_t skpte;

a = (charx)pPGROUNDDOWN( (uint)va)
last = (charx)pPGrRounDDOWN( ({uint)va) + size - 1);
for(;;){
if((pte = walkpgdir(pgdir, a, 1)) == @)
return -1;

if(xpte & PTE_P)
panic("remap");

*pte = pa | perm | PTE_P;

if(a == last)

break;
a += PGSIZE;
pa += PGSIZE}
}
return @;

}
F—X WA walkpgdir KMZBESE—ANMNERRT . BRI walkpgdir




WRTCHT RS 5 2 R 22 H— 1K kalloc, FF H. tH R [\ E T 7E I AE 2 44 pte( page table
entry) FJLAHENN . PRIb A TR 2% A T 2 /0K walkpgdir BT .

VR mappages BB 2. 3 B4, KIS HUER T X UB A
P JE 4 T B R ) e PO A T 0 S A T Wit — A R T
4096 M, A 4 AT, BRBIIE 1024 AN H L TR FE R — Y
1FUUE, A 4096 5.

FrA—ANP B TR AT /42 1024 * 4096 B = 4 MB KA 7F.
BT ASRAN ] R B 1T B AT 2 /0 N A7 2 i BT Y, SRJE R L BR DL AMB, mAETS 21
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static struct kmap {
void *virt;
uint phys_start;
uint phys_end;
int perm;

} kmap[] = {

{ (void*)KERNBASE, @,
{ (void*)KERNLINK, V2P({KERNLINK), vzrp(data), e},

{ (void*)data, vzp(data), PHYSTOP, PTE_W}, //

{ (void*)DEVSPACE, DEVSPACE, a, PTE_W}, // more devices

§ H

EXTMEM, PTE_W}, // 1/0 sp

FATHEE kmap XA ER/EMEA, A 4 DR, X 4 D RIENE TR
TN I X3 Setupkvm 33— for JEFAE 7 kmap (17 4 TR, AR HAE M
P AT $2 2 H) mappages BR#073 BC TR HEAT WU -

// Memory layout

#define EXTMEM @xleaeee // Start of extended memory
#define PHYSTOP @xE@00000 | op pny
#define DEVSPACE OxFEG@R@e8 // Other de at high addresse

// Key addr for addi S ap in vm.c for 1
#define BAS %8 1 ir
#idefine KERNLINK (KERNBASE+EXTMEM)

#ifndef _

static inline uint (void *a) { return ((uint) (a)) - KERNBASE; }
static inline void *p2v{uint a) { return (void *) ((a) + KERNBASE); }

#endif

#define V2P(a) (((uint) (a)) — KERNBASE)
#define P2v(a) (({void %) (a)) + KERNBASE)

#define V i0(x) ((x) — KERNBASE) ame ut without
#define P2V_WO(x) ((x) + KERNBASE) // same P, but without

gh4 defh XfF+ EXTMEM, KERNLINK PLK V2P )% 5 X A PA%1iE : kmap[0]-
kmap[ 111 kmap[2]FT 8 7~ B A7 X 3R 7 2211, K/ Z A2 PHYSTOP =75, i
0xE000000 B =224 MB; fij kmap[4] M 0xFE000000 #| 0x0 #£% 0x2000000 B = 32MB




T2 BB N AR X IR /N A 224 MB + 32 MB = 256 MB; 5543 FL ) 4 J2 1
KIEEN 256MB / 4MB = 64. f1_ANZ TR —IX kalloc, AT CLEIEEH 651K
kalloc PREIZHC 4K PSR TFHERARI .

T A 96 LT R S5

C vm.c

#include "param.h"
#include "types.h"
#include "defs.h"
#include "x86.h"
#include "memlayout.h"
#include "mmu.h"
#include "proc.h"
#include "elf.h"

W oo ~ o n B WM

=
=

extern char datall; // defined by kernel.ld

11 pde_t *kpgdir; // for use in scheduler()

12 struct segdesc gdt[NSEGS];

13

14 f int schedkallocount = 8; // stats for sched proc kalloc's times

For b, WATRFZENIR— R setupkvm KR FREH B 1HR A T 242K kalloc BR%L

AT LLT o 7E setupkvm FTLE K41 #.IT vim.c 8 X —N 4 A48 & schedkallocount K
THHE—IX setupkvm i FH BT FH 1T kalloc B £ AIREL

130 pde_tx*

131 setupkvm({void)

132 {

133 pde_t #pgdir;

134 struct kmap *k;

135

136 schedkallocount = @;

137

138 if{(pgdir = (pde_tx)kalloc()) == 8)

139 return @;

140 memset{pgdir, @, PGSIZE);

141 if (p2v(PHYSTOP) = (vodid#)DEVSPACE)

142 panic("PHYSTOP too high");

143 for(k = kmap; k < &kmap[NELEM(kmap)]; k++)

144 if(mappages(pgdir, k->virt, k->phys_end - k->phys_start,
145 (uint)k—>phys_start, k->perm) < @)
146 return @;

147

148 cprintf("call kalloc times: %d\n", schedkallocount);
149 return pgdir;

150 b

1t setupkvm BRI ER XN L EEF, RGEEEIT setupkvm Z HTFTED H 1%
B ENME. 1E kalloc %L ¥ schedkallocount i3




C kalloc.c

W oo~ WA

= e
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// Physical memory allocater, intended to allocate
// memory for user processes, kernel stacks, page table pages,
// and pipe buffers. Allocates 4896-byte pages.

#include "types.h"
#include “defs.h"
#include "param.h”
#include "memlayout.h"
#include “mmu.h"
#include "spinlock.h"

void freerange(void #vstart, wvoid *vend);
extern char end[]; // first address after kernel loaded from ELF file

Kalloc B A setupkvm bR ECAE R — M TC N, BTARIH extern KT 1#EAT 4
WE| 4 mA e, FHAE kalloc BREUIN_E—4TRASEI AT,

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96 |
97

// Allocate one 4896-byte page of physical memory.
// Returns a pointer that the kernel can use.

// Returns @ if the memory cannot be allocated.
char

kalloc(void)

{

struct run *r;

if (kmem.use_lock)
acquire(&kmem. lock);
r = kmem.freelist;
if(r)
kmem. freelist = r—=next;
if (kmem.use_lock)

schedkallocount++;
return (charx)r;

2 xV6:

root@cd691b@4d3cd: /home/xv6-public# make gemu-nox

gce —fno-pic -static -fno-builtin -fno-strict-aliasing -Wall -MD -ggdb -m32 -Werror -fno-omit-frame-pointer -fno-stack-protector -c -0 vm.0 vm.cC
d -m elf_i386 -T kernel.ld —-o kernel entry.o bio.o console.o exec.o file.o fs.o ide.o ioapic.o kalloc.o kbd.o lapic.o log.o main.o mp.o picirg.o pipe.o proc.o sp
inlock.o string.o swtch.o syscall.o sysfile.o sysproc.o timer.o trapasm.o trap.o uart.o vectors.o vm.o -b binary initcode entryother

objdump -S kernel > kernel.asm

objdump -t kernel | sed '1,/SYMBOL TABLE/d; s/ .* / /; /°$/d" > kernel.sym

dd if=/dev/zero of=xv6.img count=10000

10008+0 records in

10008+0 records out

5120000 bytes (5.1 MB, 4.9 MiB) copied, 0.0341814 s, 150 MB/s

dd if=bootblock of=xv6.img conv=notrunc

1+0 records in

1+0 records out

512 bytes copied, 6.598e-85 s, 7.8 MB/s

dd if=kernel of=xv6.img seek=1 conv=notrunc

265+1 records in

265+1 records out

136048 bytes (136 kB, 133 KiB) copied, 0.000930101 s, 146 MB/s

gemu-system-x86_64 -nographic -hdb fs.img xv6.img -smp 2 -m 512

WARNING: Image format was not specified for 'fs.img' and probing guessed raw.
Automatically detecting the format is dangerous for raw images, write operations on block @ will be restricted.
Specify the 'raw' format explicitly to remove the restrictions.

WARNING: Image format was not specified for 'xv6.img' and probing guessed raw.
Automatically detecting the format is dangerous for raw images, write operations on block @ will be restricted.
Specify the 'raw' format explicitly to remove the restrictions.

gemu-system-x86_64: warning: TCG doesn't support requested feature: CPUID.@1H:ECX.vmx [bit 5]

gemu-system-x86_64: warning: TCG doesn't support requested feature: CPUID.@1H:ECX.vmx [bit 5]

xv6. . .
cpul: startin

9
call kalloc times: 65
cpud: starting
call kalloc times: 65
init: starting sh
call kallec times: 65
call kalloc times: 65




gemu-system-x86_64: warning: TCG doesn't support requested feature: CPUID.@1H:ECX.vmx [bit 5]
gemu-system-x86_64: warning: TCG doesn't support requested feature: CPUID.@1H:ECX.vmx [bit 5]
XVB. s

cpul: starting

call kalloc times: 65

cpud: starting

call kalloc times: 65

init: starting sh

call kalloc times: 65

call kalloc times: 65

s
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