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Chapter 1

oA

1.1 &GN

A #0%E8z - https://www.aliyundrive.com /s/XbZ2ZcZtp3E

A FTHIE U S, nTRAERIWH HE run.sh SCEE, AT R IERIT
%8s N .
1cd <IH H x>

2 chmod +x ./run.sh

3 ./run.sh

WA IR asfT WG, 1a1T s B2 A run-all.sh SCOF, AT R
- KF H AL A 1 R GE 1A

1 sh < run-all.sh

TN IZAR D AR GV A SE AT


https://www.aliyundrive.com/s/XbZ2ZcZtp3E

M4

ot
Z
Ty
E:

BRI () HEoR)

brk
chdir
clone
close
dup
dup2

execve

FD fKAE 100, i JEAR S E N 16

exit
fork
fstat
getdents
getcwd
getpid
getppid
gettimeofday
mkdir
mmap
mount KRFEL
munamp
open
openat HSRAFAE, T ARG, AR TahalaE
pipe
sleep
times
read
umount KRIE,
uname
wait
waitpid

write

SN N N N N N N N N N N N N N N N N N N N NIEN

yield

% L1 RGN 5 E




1.2 RgGEiEM

N T SE IR B, RN S ) R ST AR

1.2.1 SYS_ getcwd 17

o PREFEIH: syscall(SYS_ getewd, buf, size);

o ThhE: FRECH AT LAEH SRS

o Input:char *buf: —BZEAFX, T ERAFZH AT LAEH R FATH . 24 buf &%
N NULL, HRGERDECEATIK . size: buf ZA7 AR

o Return: W#hAT, R 417 TAE H B A AR fa st R, iz (el

NULL,
B RS

M1 SO R G AT SO 4, F HBA M file ] path RURR%EL, ik

FEIN— 5 inode F4K path [ pREX

SRS TP, S8 BRI ST , ARE ST, 5k
PH M ER, H HACsk H k2485, W& AR inode 45 & FINTE A AL 4%

B X5 R A SO

1 int

2> namepath(struct inode* ip,char* buf,int size)

3 {

10
11
12

13

15

16

struct inode *dp,*temp_dp;
struct inode *1ist[10];

struct dirent #*name_list[10];

char *name = buf+size-1;
*name = '\0';
name = buf;

int top = 1,count = O;
memset (1list ,0,sizeof (1list));
1ist[0] = iget (ROOTDEV, ROOTINO);
if (ip == 1list[0]){

*(name++)= '/"';

return O;
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30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

46

47

48

49

50

51

52

elseq
while(top !'= 0){

dp = list[top-1];

if (count == 0){
*(name++)= '/"';

}else{
int len = strlen(name_list[top-1]->name);
memmove (name ,name_list[top-1]->name,len) ;
name += len;
*(name++) = '/';

}

top--;

uint off;

struct dirent de;

for(off = 0; off < dp->size; off += sizeof (de)){

if (readi(dp, O, (uint64)&de, off, sizeof(de)) != sizeof
(de))
panic("dirlookup read");
if (de.inum == 0)
continue;
if (de.inum == 1 && ip->inum != 1){
continue;
}

name_list [top] = &de;
temp_dp = iget(dp->dev,de.inum);
if (temp_dp->type == T_DIR)
list[top++] = iget(dp->dev, de.inum);
if (de.inum == ip->inum){
int len = strlen(de.name);
memmove (name ,de .name, len) ;
name += len;

return O;

return 0;
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10

11

12

13

14

15

1.2.2 SYS_ dup3 24

o e BHISCHRGARR, R TR SCHRARLRT
o Input: old_fd: ®&HIM SCIRGEAST, new fd: Hri) SCAFREIAST
o Return: BT, RIEGHHY d. R, &Fl-1,

T

L. ZRHC old fd XIS, #v ok Mk [a]-1
2. 2R BEHUE ERY new fd B HORH R SO

3. WERBEEAY new fd AFFEEOK, HAIREFTRERA X CEE T, &
[]-1

4. Gk new fd &AM (GRE 0), WPRFEA SCHX, 48 new fd $§
[T G B S, 5 S5 | s

5. 2R new fd A A M (RE-2), EHMAIER:SCIET | UL

B Ry

uint64 sys_dup3(void) {
struct file *o0ld_£f, *new_f;

int new_£d;

struct proc * p = myproc();
if (argfd (0, 0, &old_f) < 0)

return -1;

switch(argfd(1l, &new_fd, &new_£f)){
case -1: return -1;
case O0: fileclose(new_f);

default: p->ofile[new_fd] = filedup(old_£f);

return new_£fd;




1.2.3 SYS_ rename 26

1.2.4 SYS mkdirat 34
o PREGEMH: syscall(SYS_ mkdirat);

o UIfE: AIEHR;

o Input:

1 dirfd: ZUEWNH AN E XMW XHHERF.

2 path: FE R E M H XMW LK. W Rpath BB RZ, T EAH
X TdirfdH XM % W . W KpathZ Mt B %, Hdirfd#
{4 A AT_FDCWD, N © EM4 T LUMBAMTMET W. W Fpath
F et B2, Mdirfd# A B

3 mode: XMW Fr A M #A. # Wman 7 inode .

o Return: AT, &M 0. KK, &MF-1,

B Ry

1 uint64
2 mkdirat (int dirfd, char* path, int mode)
3 {

4 struct inode *ep;

6 if ((ep = create2(path, T_DIR, mode, dirfd,0,0)) == 0){
7 return -1;
s}

9 iunlock (ep);
10 iput (ep);

11 return 0;
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18
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20

21

22

23

24

25

26

27

28

29

30

31

32

uint

64

sys_mkdirat(void)

{

char path [MAXPATH];
int fd, mode;

if

}

(argint (0, &fd) < 0 || argstr(l, path, MAXPATH) < 0 ||
argint (2, &mode) < 0){

return -1;

begin_op () ;

if

(fd < 0 && fd !'= AT_FDCWD) {
printf (" [sys_mkdirat] Invalid file descriptor %d\n", £fd);
end_op () ;

return -1;

int t = mkdirat(fd, path, mode);

end_op () ;

return t;

1.2.5 SYS_ unlinkat 35

1

2

PRECAERH . syscall(SYS__unlinkat);
Uige: FERRTE w SCF R (rT TR SO ;

Input:

dirfd: E M bR ENE X

path: EMBRHEEN L F. W Rpath ZHAN K E, U E LM
X FdirfdE FWE W. W Epath E M & B AF, Hdirfd#
f 4 AT_FDCWD, M v A T LW &2 W= . # Kpath
eI B A, Ndirfd & .

flags: 7 & & 4 0= AT_REMOVEDIR.
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o Return: W4T, &M 0. KK, &E-1,

B Ry

static int unlink(char* path,int fd){

struct inode *ip, *dp;
struct dirent de;
char name [DIRSIZ];
uint off;
if (*path == '.'&&*x(path+1) != '."){
nameiparent (path, name) ;
dp = myproc()->cwd;
}
else if ((dp = nameiparent(path, name)) == 0) {
return -1;
}
ilock (dp);
if (namecmp(name, ".") == 0 || namecmp(name, "..")
goto bad;
iunlockput (dp) ;
if ((ip = dirlookup(dp, name, &off)) == 0){
ilock (dp);
goto bad;
+
ilock (dp);
ilock (ip);
if (ip->nlink < 1)
panic("unlink: nlink < 1");
if (ip->type == T_DIR && !'isdirempty(ip)) {
iunlockput (ip);
goto bad;
}
memset (&de, 0, sizeof(de));

if (writei(dp, O,

))

panic("unlink:

writei");

(uint64) &de,

off,

sizeof (de))

—= 0)

sizeof (de



36

37

38

39

40

41

42

43

44

45
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74

bad:

if (ip-
dp-

>type == T_DIR) {

>nlink--;

iupdate (dp);

}

iunlockput (dp);

ip->nlink--;

iupdate (ip);

iunlockput (ip);

return

0;

iunlockput (dp);

return

uint64

_1;

sys_unlinkat (void)

{

char path[MAXPATH];
char h[MAXPATH];

int dirfd, mode;

struct

struct

file *f = NULL;
inode *dp = NULL, x*ip;

begin_op ) ;
if (argfd(0, &dirfd, &f) < 0)

if

dp
} else

dp
if

(dirfd '= AT _FDCWD) {
end_op () ;

return -1;

myproc () ->cwd;

f->ip;

(dp->type T_DIR) {
end_op () ;

return -1;



75

76

T

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

110

111

int len;

if ((len = argstr(1l, path, MAXPATH))

) < 0){
end_op () ;
return -1;
}
char *s = path + len - 1;
while (s >= path && *s == '
s--;

}

/') A

for(int i = 0;i < MAXPATH;i++){

h[i] = pathl[il;
}
if (s >= path && *s == '.'

printf ("sys_unlinkat",

&& (s ==

path

argint (2, &mode

k——g ==

WADDER!

"illegel path %s\n", path);

"illegel mode Ox%x against Ox%x\

== AT_REMOVEDIR) {

{

end_op();
return -1;
}
if ((ip = ename( path,dirfd)) == NULL) {
printf ("sys_unlinkat", "can namei %s\n", path);
end_op () ;
return -1;
}
if (ip->type == T_DIR && mode '= AT_REMOVEDIR) {
iput (ip);
printf("sys_unlinkat",
n", mode, ip->type);
end_op () ;
return -1;
} else if (ip->type != T_DIR && mode
iput (ip);
end_op();
return -1;
}
ilock(ip);
if (ip->type == T_DIR&& isdirempty(ip) != 1)

10



112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

}

3

iunlockput (ip);
printf ("sys_unlinkat", "dir isn't empty\n");
end_op () ;

return -1;

getcwd (ip,path,128) ;

int

ret ;

iunlockput (ip);

if (h[0] == '.'&&h[1] == '/"){
ret = unlink(h+2,dirfd);

}

elseq{

ret = unlink(h,dirfd);

}

end_op ) ;

return ret;

1.2.6 SYS_ openat 56

o PREEM: syscall(SYS_ openat);

o ThhE: FIOTERIE A3

o Input:

1

2

fd: XHHREE XH XHHAF.

filename: EIT ARV EW X 4. Wy B X B 7, U Zwkfd
o A A 42, HfdZAT_FDCWD, M| filename & #f % T
VW IEEZRAG. AT EE, HfdRE — N XHH
i FF, M filename B AH X T EdfT 36 W M1 B K K 3L ¥ .

flags: A & 4w T35 A # X 2 & — F: 0_RDONLY,
O_WRONLY, O_RDWR. £ ¥ DL & & X &l E iz £F X RS
&

mode : 3 {f B BT A M A o

o Return: WIIAT, REGHTH)SCHREIAST. R0, & [El-1,

B Ry

11



1 static struct inodex*

2 create2(char *path, short type, int mode, int dirfd,int major,

3 {

4

10

12

13

14

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

37

int minor)

struct inode *ip, *dp;

char name[DIRSIZ + 1];

if ((dp = enameparent (path, name, dirfd)) == 0)
return O;
ilock (dp);
if ((ip = dirlookup(dp, name, 0)) != 0) {
iunlockput (dp) ;
ilock (ip);
if (type == T_FILE && (ip->type == T_FILE || ip->type
== T_DEVICE))

return ip;
iunlockput (ip);
return O;
}
if ((ip = ialloc(dp->dev, type)) == 0) {
iunlock (dp);
iput (dp) ;

return O0;

ilock (ip);

ip->major = major;

minor;

1;

ip->minor

ip->nlink
iupdate (ip);
if ((type == T_DIR && !(ip->type == T_DIR)) ||
(type == T_FILE && (ip->type == T_DIR))) {
iunlock (dp);
iput (ip);
iput (dp) ;
return O;
}
if (type == T_DIR) A
dp->nlink++;

iupdate (dp);

12
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39

40

41

42

43
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48
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53

54

55

57

58

59

60

61

62

63

64

68

69

70

71

72

73

}

if (dirlink(ip, ".", ip->inum) < O || dirlink(ip,

dp->inum) < 0)
panic("create dots");
}
if (dirlink(dp, name, ip->inum) < 0)
panic("create: dirlink");
iunlockput (dp) ;

return ip;

uint64 openat(int dirfd,char* path, int flags,int mode)

{

struct file x*f;
struct inode *ep;
int fd;
if (flags & O_CREATE) {
ep = create2(path, T_FILE, flags, dirfd,0,0);
if(ep == 0) {
return -1;
}
} else {
if ((ep = ename(path, dirfd))== 0) {

printf (" [sys_openat]No such file or directory!! %s\n",

path);
return -1;
}
ilock(ep);
}
if (flags == O_DIRECTORY){
ep->type = T_DIR;
}
if((f = filealloc()) == 0 || (£fd = fdalloc(£f)) < 0){
if (£f) {
fileclose (f);
}
iunlock (ep);
iput (ep);
return -1;
}
if (! (ep->type == T_DIR) && (flags & O_TRUNC)){

13
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76

T

78

79

80

81

82

83

84

85

86

89

90

91

92

93

94

95

96
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98

99

100

101

102

103

itrunc(ep);

}

f->type = FD_INODE;

f->off = (flags & 0x004) 7?7 ep->size : O;
f->ip = ep;

f->readable

I (flags & O_WRONLY);
(flags & O_WRONLY) || (flags & O_RDWR);

f->writable

iunlock (ep);

return fd;

}

uint64

sys_openat (void)

{
char path[MAXPATH];
int fd, flags,mode;

if (argint (0, &fd) < 0 || argstr(l, path, MAXPATH) < 0 ||
argint (2, &flags) < 0 || argint(3, &mode) < 0 )
return -1;
begin_op () ;
if(fd < 0 && fd '= -100) {

printf (" [sys_openat]Invalid file descriptor %d\n", £fd);
end_op () ;
return -1;
}
int ret = openat( fd,path, flags,mode);
end_op () ;
return ret;

3

1.2.7 SYS_ sched_ yield 124

PR - syscall(SYS__sched_ yield);
Sk LR
Input: Z2&E A ID;

Return: &4t 1D;

14



1

2

3

4

10

12

13

14

15

T

HAEM xv6 1 yield p&ERITT

1.2.8 SYS_ times 153

BB syscall(SYS._ times, tms);

ifig: PRHGHERR ] ;

Input:tms Z5HAFEE, THTHRIURAT 24 BIZERR s 47 ) [A) B8 5
Return: BRI 2453 AR EEL, KR El-1;

LI

TE proc ZEFA RSN user time kernel time, 43 HIFE ] P ASEHEP W AT
ASEF R T B IC L, SN cutime,cstime, FERRR KA PP A omB, KRR T
HREREA TS &, oE X proc_tick %L

void proc_tick(void) {
struct proc* p;
struct proc* np;
for(p = proc; p < &proc[NPROC]; p++) {
acquire (&p->1lock);
p->user_time += 1;
p->kernel_time += 1;
np = p->parent;
while (np){
np->cstime += p->kernel_time + p->cstime;
np->cutime += p->user_time + p->cutime;
np = np->parent;
b
release (&p->lock);

1.2.9 SYS uname 160
o PREEI: syscall(SYS_ uname, buf)

15



o g FRLEELMAN T
o Input: utsname Z5HRFEE!

o Return: Wik 0, JMR [A]-1;

BRI

IINEER AR E SC, (] memmove pRECRE N E il B 250 R Ry HBIE Y B
¥ B kernel space % il %] user space
1.2.10 SYS_ gettimeofday 169

o BEFE: syscall(SYS gettimeofday, ts, 0);

o DIRE: ARHLMITE];

o Input: timespec 5 FAFEET AT 245 M TA)E ;

o Return: 3RE 0, JMaklnl-1;

TR

N time JLZRACAS, FEH rdtime.d SRAGEROAE S R GEH YN

1.2.11 SYS_ getppid 173
o FBEM: syscall(SYS  getppid)
o UifE: FREUCHERE pid
« Tnput: void

e Return: AR pid

T

A AR IR A SRR, SRR XS pid

16



11

12

13

14

1.2.12 SYS_ brk 214

o Thfe: BUERERERUN, RSB, HT R N AS ]
o Input: YENFuhk g N FEHbIE

o Return 0 F/RBEUET), -1 FnBi kg

J

W) addr, A growproc BT

1.2.13 SYS_munmap 215

o PREEM: syscall(SYS munmap, char* addr , int len);
o ThEE: BOH—ASCHAE N I ;

o Input: addr ZBSHBIE, 24 addr 5 0 BF, W#EAERGORULE e ALY
Asbhl (ASEEH addr 502 0 ); length R HINARSE;

o Return B E IR 05 SRR [A]-1;

ST

uint64 sys_munmap(void)

{

uint64 addr;
int len;
if( argaddr( O , &addr ) < 0 || argint( 1 , &len ) < 0 )

return -1;

struct proc* p = myproc();

struct VMA* vp 0;
for( int i=0 ; i<VMA_MAX ; i++ )
if ( p->vmal[i].addr <= addr && addr < p->vmal[i].addr + p->

vma[i].len && p->vmal[i].valid == 1 )

17



16

17

18

28

29

30

31

33

34

35

36

38

vp = &p->vmalil;
break;

}
if( vp == 0 )

panic ("munmap no such vma"

if ( walkaddr( p->pagetable ,
{

)

addr )

if ( vp->flags == MAP_SHARED )

filewriteoff( vp->f , addr , len , addr-vp->addr );

uvmunmap ( p->pagetable , addr

return 0;

if ( == (vp->mapcnt -= len)
{
fileclose( vp->f );
vp->valid = 0;
}

return O;

)

len/PGSIZE

Hrpr write back F#1 filewriteoff pREE— X filewrite $EATHUT B —
ANEREL, xv6 JFAERY filewrite HFEM idx=0 AbF UGS

int filewriteoff (struct file *f, uint64 addr, int n , int off)
{
int r, ret = 0;
if (f->writable == 0)
return -1;
if (f->type == FD_INODE){
int max = ((MAXOPBLOCKS-1-1-2) / 2) * BSIZE;

int i = 0;

while(i < n){

18



12 int nl = n - i;

13 if (n1 > max)

14 nl = max;

15 begin_op () ;

16 ilock(f->ip);

17 if ((r = writei(f->ip, 1, addr + i, off, nl)) > 0)
18 off += r;

19 iunlock (f->ip);

20 end_op();

21 if(r '= n1){

22

23 break;

24 }

25 i += r;

26 }

27 ret = (i == n 7?7 n : -1);

28 } else {

29 panic("my filewrite");
30 }
31 return ret;
32 )
fork&exit

FE frok PAK exit WX HTERER) vma PRI TS MR, LA fork
LT A

3 int fork(void)
+

7 np->maxaddr = p->maxaddr;

8 for( int i=0 ; i<VMA_MAX ; i++ )

9 if( p->vmali].valid )

10 {

11 filedup( p->vmali].f );

12 memmove ( &np->vmal[i] , &p->vmal[i] , sizeof( struct VMA )
)

13 }

19



14 return pid;

15 F

16
17 void exit(int status)

s {

19 struct proc *p = myproc();

21 for( int i=0 ; i<VMA_MAX ; i++ )

22 {

23 if( p->vmali].valid == 1 )

24 {

25 struct VMAx vp = &p->vmalil;

26 for( uint64 addr = vp->addr ; addr < vp->addr + vp->len
; addr += PGSIZE )

27 {

28 if ( walkaddr ( p->pagetable , addr ) != 0 )

29 {

30 if ( vp->flags == MAP_SHARED )

31 filewriteoff( vp->f , addr , PGSIZE , addr-vp->

addr );

32 uvmunmap ( p->pagetable , addr , 1 , 1 );

33 }

34 }

35 fileclose( p->vmalil].f );

36 p->vmal[i] .valid = O;

37 }

38 }

39

1.2.14 SYS_ clone 220

PR . syscall(SYS_ clone, fn, stack, flags, NULL, NULL, NULL);
WeE: Bl —ASHRy AR

Input: flags: A FRE, 1 SIGCHLD; stack: $&E Bt mks, ok
0;

Return: INiR[A clone WHERE pid, 2R H]-1

20



T

LRGSR SEBLRE fork, FrPAYE fork BRACRYEEREZ b, WSINRTRR A S EE
THHAE proc.c HENAN clone B, KAKSLEL LI fork

1.2.15 SYS__execve 221

o PREEIH: syscall(SYS_ execve, name, argv, argp);
o UIRE: execve NNBEHERGVIN, AT

« Input: 24 name FHFER TR FEMCHEER, 55 A B4 ) AR
STtk IR IT M,  ELAREDA A4 (NULL) 55, S5 2401
B AT SR PR T

o Return: sRECPAT RIS B IR I, AT 2 IO AR e -1

T

ZAG R SEBLA exec, ARG ERF S MM Frasa) i 2] R 5848
], SRJSHE exec.c SCPFHPENIN execve pREL, FLASCHIA exec MHZEAK, R =
SRR B RIS B R AL P E tramfram 1) a2 AL A BT AT

1.2.16 SYS_ mmap 222

o PREYAEHH: char® mmap( char* addr, int len, int prot, int flags,int fd, int
off);

o Tifi: P momory-mapped files TIfE, WAL ICPERBUTEIA
1

» Input: Pt adde RWSHHIHLE, 24 addr 5 0 B, HRIERSRUE R
WAL (A3 addr B2 0 ): length SEMUSH 7K FE: prot J2bk
SPRPIZROAUR (read fwrite ) flags JEMUHAGSAL, 4324 shared Fil private
AR shared , IBABAK SIS SIIMT: fd SCHHE
15 off AR (A5 off 812 0).

o Return 1 [m] RS 1) i Py 7725 8] () ik

21
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17

10

11

12
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14

15

16

SHLE

//proc.h
#define VMA_MAX 16
struct VMA{

int valid; /] AL
element

uint64 addr; /78 X #&
int len; /K E
int prot; /7B (
int flags; // X 3k
int off; /% &
struct filex f; /] B g
uint64 mapcnt; /7 (% R

}s

struct proc {

// ...
struct VMA vma[VMA_MAX];

arr
// ...
+s;

LEH 0 HERTF AR, WA empty

¥ A

read/write)

Al (shared/private)

5

HiE) DABH A& E

// virtual memory address field

XERIEY, FAT T BRI AL AR A I R0 AR AL UERE Y vina, P —LB{5 B

//proc.c
static struct procx*
allocproc(void)
{
/] ...
found:
/...
//to init the vma field
for( int i=0 ; i<VMA_MAX ;
{
p->vmal[i].valid = 0;
p->vmal[i] .mapcnt = 0;

}

i++ )

p—>maxaddr = MAXVA - 2xPGSIZE;

return p;

22
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11

13

14

15

16

17

18

19

20

21

22

23

M trapframe B AR, FATFHZAE struct proc HHAEF— 4Bl AL

FORICSR heap X AT HIAR > e Kk

struct proc {

struct VMA vma[VMA_ MAX];

uint64 maxaddr;

}s

mmap 5L

uint64 sys_mmap(void)

{

uint64 addr;

int len , prot , flags , fd , off;
if ( argaddr( O , &addr ) < 0 || argint( 1
argint( 2 , &prot ) < 0 ||
argint( 4 , &fd ) < O
return -1;
struct procx* = myproc () ;

struct filex f p->ofile[fd];

if( ( flags == MAP_SHARED && f->writable
PROT_WRITE)) )
return -1;
int idx;
for( idx = 0 ; idx < VMA_MAX ; idx++ )
if ( p->vmal[idx].valid == 0 )
break;
if( idx == VMA_MAX )

23

, &len ) < 0 ||

argint( 3 , &flags ) < 0 ||
|| argint( 5 , &off ) < 0 )

0 && (prot&



24

25

26

27

28

29

30

31

32

33

34

35

36

10

11

12

13

14

15

16

17

18

19

20

panic("no

empty vma field");

struct VMA* vp = &p->vmalidx];
vp->valid = 1;

vp->len = len;

vp->flags = flags;

vp->o0ff = off;

vp->prot = prot;

vp->f = £;

filedup( £ )

vp->addr =

3

(p->maxaddr-=1en) ;

return vp->addr;

SR AL, LAY loongarch A S FAFSEEL.

else if ((r_cs

== PIS) {

uint64 addr
struct VMA

for( int i

r_estat() >> 16) == PIL
= r_csr_badv();

* vp = 0;

=0 ; i<VMA _MAX ; i++ ) {

(r_csr_estat () >> 16)

if( p->vmali].addr <= addr && addr < p->vmal[i].addr + p

->vmal[i].len && p->vmal[i].valid == 1 )

vp =
break;

}
if( vp !=
{

uint64 mem =

memset (

if( -1 =

, PTE_U |

&p->vmal[il;

0)

(void*)mem , O ,

(uint64)kalloc();
PGSIZE );

= mappages( p->pagetable

PTE_V |

panic ("pagefault map error");

vp->mapcnt += PGSIZE;

24

addr, PGSIZE , mem

( vp->prot << 1) ) )



21 ilock( vp->f->ip );

22 readi( vp->f->ip , 1 , addr , addr-vp->addr , PGSIZE);
23 iunlock ( vp->f->ip );

24 }

25 }

1.2.17 SYS_ wait4 260

o PREEIH: syscall(SYS_ wait4, pid, status, options);
o DIRE: SRR BURIRA;

o Input: pid: F§EHAE ID, 0] R-1 FERHEAMFUERE; status: FRBCIRESHIFE
%5 options: ¥E3i: WNOHANG, WUNTRACED, WCONTINUED:;

o Return {2 [a] gEAE 1D ; ﬁﬂ%? & T WNOHANG, H#FFEA AR AR
&, HFRM 05 MR
T
L 42k pid AEYE, R ME-1
2. Wk pid AT ribAe, i&[E-1
3. A THREE AL, KRR R M

4. FARGR, # options % WNOHANG BHEI, ML cpu.

DU

1 int

2 waitpid(int ch_pid, uint64 addr, int options)
s {

4+ if (ch_pid == 0 || ch_pid < -1) return -1;

5
7 struct proc *np;

8 int flag;

9  struct proc *p = myproc();
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26
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39
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41
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43

44

int ret =

_1;

// hold p->lock for the whole time to avoid lost

// wak

acquir

for (;;

eups from a child's exit().

e (&p->lock);

)1

// Scan through table looking for exited children.

flag
for(
//
//
//
if

if

//

ac

if

}

=O;
np =

proc; np < &proc[NPROC]; np++){

this code uses np->parent without holding np->lock.

acquiring the lock first would cause a deadlock,

since np might be an ancestor,

lock.
(np->parent != p) continue;

(ch_pid > 0 && np->pid !=

if (np->parent
//

acquire ()
//
parent.
quire (&np->lock) ;
(np->state == ZOMBIE)({
// Found one.

flag = np->pid;

ret = np->xstate << 8;

if (addr != 0 && copyout2(addr,
)) < 0) Ao

release (&np->lock);
release (&p->lock);
return -1;

}

freeproc (np);
release (&np->lock) ;
release (&p->lock);

return flag;

else {

26

because only the parent changes it,

and we already hold p->

ch_pid) continue;

p && np->pid == ch_pid){

np->parent can't change between the check and the

and we're the

(char *)&ret, sizeof(ret



45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62 }

63

flag = 1;
+

release (&np->lock);

if ('flag || p->killed){

release (&p->lock);

return -1;

if (options & WNOHANG) return O;

sleep(p, &p->lock);

64 sys_waitpid(void)

65 {
66
67
68
69
70
71
72
73
74
75
76

T

int pid, options;

uint64 status;

if (argint (0, &pid) < 0){

return -1;

}

if (argaddr (1, &status) < 0){

return -1;

}

if (argint (2, &options) < 0){

return -1;
}

return waitpid(pid,

status,

options);

27
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