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» https://open.163.com/newview/movie/courseintro?newurl=ME1INSA351
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@ Bol3EFHello World

#include <stdio.h>

int main() {
printf("Hello World!\n");
return 0;

"‘%/\helloﬂf HIER S
ARG EH?

bash$ gcc hello.c -0 hello

# 1IZ{T7—"hello worldfEfF
bash$./hello
Hello World!

# BB T Nhello worldfEF
bash$ ./hello & ./hello
[1] 144

Hello World!

Hello World!

[1]+ Done
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> B IR (time-sharing) #R{ER %
* ZESHIT
« U—NEZFESEN, VHREEMES

& &iF & &1

—){LA’E%@E}—) 1552 —{L.J’Egéﬁ}—) 1551 —{TA’E%@E}—) ERZ —)
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s HEMHITIRS AW ESR
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IZTTHRRIER

W (TS ETERE O X
TAEF) BEIRO) HEV)
PR M NARSRICE B B FHEES RS
4% 59% 1% 0% 1%
IR wa& CPU W e RI4E GPU | GPU 3|Z
> @ Microsoft Edge (118) 0.1% 3,593.8 MB 0.1 MB/# 0 Mbps 0%
> > Visual Studio Code (12) 0.2% 431.2 MB 0 MB/#» 0 Mbps 0% I
> &) §T5T (3241 (5) 0.3% 2441 MB 0.1 MB/# 0.1 Mbps 0%
> @ Microsoft PowerPoint (2) 0.2% 164.6 MB 0 MB/Fb 0 Mbps 0%
> aa Windows &HREEE 0.1% 146.3 MB 0 MB/# 0 Mbps 0%
> Antimalware Service Executable 0.6% 144.9 MB 0 MB/#> 0 Mbps 0%
> @ WeChat (32 fu) (8) 0% 133.1 MB 0 MB/#> 0 Mbps 0%
>3 QQER, SEFSEEEE (321 (3) 0.1% 104.1 MB 0.1 MB/# 0 Mbps 0.7% GPUO -
Secure System 0% 72.8 MB 0 MB/#> 0 Mbps 0%
>k (EEETEEE 0.9% 59.3 MB 0 MB/# 0 Mbps 0%
EaEEEE 0.8% 580 MB 0 MB/Fb 0 Mbps 05% GPUO -
> & Zotero (32 fi) 0% 359 MB 0 MB/#> 0 Mbps 0%
© 5757 32 fi) 0% 334 MB 0 MB/#> 0 Mbps 0%
# Nutstore Client 0.2% 324 MB 0 MB/#> 0 Mbps 0%
L ~ BEERD) ERIESEE J

Windows R 432 Ctrl+Alt+Delete T i {15 &18L
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HIERIAS

> HREEDN HIAE T EMIRES:

o HTHS new) : FHFENIHEIEE
© FLLE ready) . #HED PDUETT, EXEBEHRIAE

s
e |
s EITAZS (running) | HEIEEAIERE Bl
o #ZIFIRFAS (terminated) : HRESEEL T T

* FAZEIRZ (blocked) @ #HBEHFHANFFRES, ENEAHET

> HEES ATHITRS IR

WIREBRIEE, TR RE-SIER

FrFoNaRE

=
ShEBE R
(/o) B =L ]

s | A /
\ iﬁ.lg

WE > BT
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> A
« H147./hello-name #include <stdio.h>
- IEE IS REEI AR

#tdefine LEN 10

int main(int argc, char* argv[]) {

: 3 ello-name hello-name.c char name[LEN] = {0};
yxsu@ell-Te401:~/0s/process$ s Fgets(name LEN stdin)'
hello-name hello-name.c : & = o’ = :
yxsu@ell-T6401:~/0s/process$ ./hello-name pl"ln'l'_'F( Hello %s\n ’ name)3

return 9;
}
[ RS
HNERER{H-5Thk FFIERE
s ¥R
g | e / g0y e |
Sy = <
2] e 1E1T

i 12
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SEER(BRIEHER, AHxR)

T

FNEREH e Rk [
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[ _ rIAasll e TR

| ]
" . " ¥+ u x%ﬁ 43 12 i
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#include <stdio.h>
#tdefine LEN 10

int main(int argc, char* argv[]) {
char name[LEN] = {0};
fgets(name, LEN, stdin);
printf("Hello %s\n", name);
return 9;

FIFINERE M

\“ S

/uarﬁ
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&01/0) 1B =k ]

<

axli]
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HIERIATS Roanll 127 25ezs

x \_-?i: lud tdio.h
I #include <stdio.h>
* Mmaing& Z7HningT #define LEN 10
—> int main(int argc, char* argv[]) {
char name[LEN] = {0};
fgets(name, LEN, stdin);
printf("Hello %s\n", name);
return 9;
}
[ GE
HNERE A TERY FIFINRSEMY
. o
WE | A / e ’Eiv[ e
\ 'UE_U_E._ S —
Rl E > =17
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HEERIRS Ul faareess
>@E@
o g;F_L.\—\A};ﬁF%U)\ #inc}ude <stdio.h>

g #define LEN 10
o LI HBEALTEITIRES )
~—/— int main(int argc, char* argv[]) {
Z—Y— BA@JEP char name[LEN] = {0};
—ime®» fgetsifhame, LEN, i{stdin);
printf("Hello %s\n", name);
return 9;
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YIRS L
/?L,% L_'f—,r/lj(lb\° lud q h
#include <stdio.h>
« AP AFFEZE #define LEN 10
int main(int argc, char* argv[]) {
char name[LEN] = {0};
fgets(name, LEN, stdin);
=3 printf("Hello %s\n", name);
return 9;
}
[ e
HNERE(FFERk, FFIMEREMN
¢ s
R / (401/0) B S ]
\ -UEU_E._ )
=] e E1T

i L0
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HIERIAS Il 3 eeex
> 2% PIRTS:

3 :\I}_F_EEE:II}{-L'??;_EI—:&, IEI_Z]:SIJW*ZEFI #include <stdio.h>

2 e T #define LEN 10
* NizEBEEREXTIR

int main(int argc, char* argv[]) {
char name[LEN] = {0};
fgets(name, LEN, stdin);
printf("Hello %s\n", name);
—_— return 0;

}
[ S
HMEBEES STk ESINEPEY
s TIAY, / (#01/0) B U }
VEIES
s 7 R =
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Linux RFAABEEANRS Thwrll 7s-eess

- e > /_5"_)5% < ~N
BETASE | BEASE A ZEE]
KNS KBRS
| GEER | | PEER | gy LIRS | meER |
b A
st sE Y s
. . 545 >
([ oy
B B T B B QR
FHTRRL S K THRRHE |
[ =n | >[ w1k ]
) QTR EE

https://elixir.bootlin.com/linux/latest/source/include/linux/sched.h#L83 18
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MAERFRIRIGHES: AIMITIEHRI ELF 1820

> ELF O] #1470 9% 3 34
e
e Linux/Android 2 %t 89 o] #4473 14

? /\%E(.SO / .a)
« HIRXXf4(.0)
> ZH R}
« ELF3LER(ELF header)

« ZAFEFER(program section)
- P EFREREE—IESR ZH R
() MiEEE e IEA R

K4 BB A5 A D A B PO 77 3 P AR T

ELFLER A
ERkab&
init FIEER
.plt (fCT5ER)
.text
.rodata v
.got A
“data EEE
(BHEER)
.bss v
. comment A
.symtab ad=
.Strtab itz as
T LEBER Y

20



HISAIEELSBRELEY] : Process Control Block Il %=

s =Nl EER P ENAVEERE
%D EIJ JES= ‘|—_|- A e ZS E]
e ECoRttEE: 0x7fd98ef0000
ELF;I%_WIJ Wﬁﬂy% s | ZETRMBEF: OX7fd98f11000
HE|NFF RIR: i B
ECHAttEE: 0645373626000 ]
o T
ﬁjg = TR LY A ' it 0x6453736¢7000
St"“;; pﬁ%‘?s—"l { fES \’@t‘aﬂtiit: Ox645360087000]
struct context *ctx; i | SEERUBIE: 0x645360088000
// &R 2 [A] PR : 352
// CRLE DUEREHHE)
St'“l;\jcif?%%mspace fvmspace; FEhattl . 0x645360084000
Ll sEoRitblE: 0x645360085000
’ BUR: . $UT

}s
AEROEEEE 2L
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int process create(char *path, char *argv[], char *envp[]) {
// BlE—AHH PCB, HTEEFHE
struct process *new proc = alloc process();
/] RENAFRIGEN: WIaa 4k s bl ik 2 18] f va e R b ik
init vmspace(new_proc->vmspace);
new_proc->vmspace->pgdir = alloc new page();

/1 PRI

proc->stack);

/[ IRECAT AT A
struct file *file = load elf file(path);
for loadable seg in file.segs
vmspace map(new_proc->vmspace, loadable seg);
[/ WERBATIREE: G IFMLS PR
void *stack = alloc stack(STACKSIZE);
vmspace _map(cur_proc->vmspace, stack);
[/ EFIBITHEL: K SHAAE R SRR
prepare_env(stack, argv, envp);
/] B XHTIEA
init _process ctx(new_proc->ctx);

// R[E




O it

int process create(char *path, char *argv[], char *envp[]) {
// BlE—AHH PCB, HTEEFHE
struct process *new_proc alloc _process();
/] RENAFRIGEN: WIaa 4k s bl ik 2 18] f va e R b ik
init_vmspace(new_proc->vmspace);
new_proc->vmspace->pgdir = alloc_new_page();
/] WIZEEAIIE1E
init_kern_stack(new_proc->stack);
/[ IRECAT AT A
struct file *file = load elf file(path);
for loadable seg in file.segs

vmspace map(new proc->vmspace, loadable seg);
(/] WERIBATHRES . B W T o bR }
void *stack = alloc_stack(STACKSIZE);
vmspace _map(cur_proc->vmspace, stack);
/] HEFIBITHE: KBS BN E AR B Rk L
\prepare env(stack, argv, envp);
/[ LEF3CesEtl
init _process ctx(new_proc->ctx);

// R[E

i
K

!

)

—
54
=L
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HIRTEFHB

)
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NULL

envp[..]

envp[@]

NULL

argv[argc-1]
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argv[@]

envp

argv
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HIEAIEEEUESST: Process Control Block

> FRUHEEHEXNETER

' i‘%iﬁlj* \-l»/\’f_."\ Wﬁ\ :J:TJZI:EIIJX
CHEREVIRE RS (FTX
context)

Sy

> 7ELinux A F#FE N task

) Ja .
fﬁ]H%i. struct process v2 {
V[ B
structseontext *ctix;
// JEFHREAE(R] (AL AR )
struct vmspace *vmspace;
/] WIZEK
void *stack;
/] R AR
int pids

jik

https://elixir.bootlin.com/linux/v5.16.16/source/include/linux/sched.h#L723

struct task struct {

}s

1924-2024 ————
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unsigned int __state;

void *stack; :
struct list_head tasks; LInux H&
struct mm_struct *mm;

struct mm_struct *active_mm;

pad:t pid;

pid t tgid;

/* Real parent process: */

struct task struct _ rcu *real parent;

/* Recipient of SIGCHLD, wait4() reports: */
struct task struct _ rcu *parent;

struct list head children;

struct list head sibling;

struct task struct *group_leader;

u6s utime;

u6s stime;

/* Filesystem information: */

struct fs_struct &S

/* Open file information: */

struct files struct *files;

/* CPU-specific state of this task: */
struct thread struct thread; 24


https://elixir.bootlin.com/linux/v5.16.16/source/include/linux/sched.h#L723

HIE Tl 7oxsuons
=[Y_E T3 Tomll 72458

> HEBE NS RSGIERHEA T 2 BIERSE
N %
U RS 1
5 i FTS{REEIPCBL
v
> F TR EFEENNAPCBH P —
« WiIEAER. MPCBHEY FTX : 3
FmE £
ARG \
: : L TARZFEIPCB2
v
REPCB1H_ETX

:
s .
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> HREBIT PSR RIAREAN 2 BERSE
A% 5

RUTELRSAR !
ERMREFEIPCBL
/] HERRARFRAR 1T SO R A I ; § v
struct context { : : =l
/] B i i VX&PC?EMFI

LOd oAl s 3 0y
/] FPIRE AT

ue4 sp_ele; Elﬂliﬁﬁlzg%ﬂﬁg ]V

/] RAFH
ue4 elr _ell, spsr ell;

TR FEIPCB2

v

EPCB1H_ETX

:
v 5 26
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LT3 PLENPIZS Thrll <% %eex

CPU
L= EDE :
TE{EAF
X0 X1 X30 P1 PCB
ctx
PLETY &

e vmspace
stack

PC ——>» ELR EL1

PSTATE —>» SPSR_EL1

ctx
P2 /

TTBRO_EL1 vmspace
stack
SP_EL1
P2 PCB
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ET3DiE: PLETNRTE

—
LEMWESF

CPU
------- (306 SEEEST I
1
|
X0 | X1 X30 |, P1 PCB
: \ 4
' ctx
: PLEFY &
SP_ELO | vmspace
.| A
|
PC ELR EL1 = stack
)
|
: V),
PSTATE SPSR_EL1 - / ox
|
! P2ETX
TTBRO_EL1 | | MALSRERAS
|
: stack
SP_EL1 !
I P2 PCB
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ETFXDiR: R ESEiR

—
LEMWESF

————————————————————————

PC

PSTATE

SP_ELO

ELR_EL1

SPSR_EL1

TTBRO_EL1

P1 PCB

Ctx

vmspace

stack

Ctx

vmspace

stack

P2 PCB
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PC

PSTATE

SP_ELO

ELR_EL1

SPSR_EL1

TTBRO_EL1

P1 PCB

P1ET g

Ctx

vmspace

stack

Ctx

P2 LT g

vmspace

stack

P2 PCB
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FF3ini: P2 ETFXIRE

—
LEMMESF

PC

PSTATE

————————————————————————

SP_ELO

ELR EL1

SPSR_EL1

TTBRO_EL1

P1PCB

P1+FT3Z g

Ctx

vmspace

stack

CtX

— P2LETFX g

vmspace

stack

P2 PCB
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ET3niE: P2iROARS | A

CPU
I F e R TR L R S SR 5 1 |
P = =k I
TEMWESL .
: .
! : ctx
: : P1 LT rd
; SP_ELO : vmspace
I |
I |
! PC  («— ELREL1l |, stack
: :
|
. | PSTATE |l€«—— SPSR EL1 | ,
I I / CIX
. : P2 X
|
! TTBRO_EL1 | , vmspace
! N
| |
! : stack
I SP EL1 |
: I P2 PCB

32
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> HIERIE: fork (spawn, vfork, clone)
> BEIEfALIT. exec
> gizE|E . wait

> H#HFEIRH . exit/abort

34



HIZCUER: fork() Tl gesens

#include <sys/types.h> TIL/REA:
#include <unistd.h> int main () {
while (1) {
pid t fork(void); fork();
}
}

> BN AFEARRERE— IR
- AR HEEE, %ﬁljfjj% =
 EOEE, TETEISH

> fork g I R DR AT 7 37
AR TR
. Eflx)(?':ﬁm?_ ET:FTJILL (BRAEFEHSENEND)
s LHBENFHESHER(DEIEEN (RF. XHFE)

35
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HIZEUFE: fork() Tl g% ven

#include <stdio.h>

#include <stdlib.h> int main() {
#include <unistd.h> int x = 42-
— int rc = fork();
int main(int argc, char* argv[]) { }
int X =42;

ey | 1 BCS= FORIC( )
if«(rc < @y {
// fork KW
fprintf(stderr, "Fork failed\n");
} else if (rc == 0) {
// THRE
printf( Child process: rc isy %d; The value of x isd %d\n’, rc, %)}
} else {
/] R

printf("Parent process: rc is %d; The value of x is: %d\n", rc, x);

36
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HIZEUFE: fork() Tl % zess

#include <stdio.h> Eo g RETER RRD. KRR
ﬁ}nciuje <stq113.:> int main() { int main() {
include <unistd.h> int x = 42; int x = 42;
—> int rc = fork(); —int rc = fork();
int main(int argc, char* argv[]) { } }
il el . 18 FforkBgmy R 72 R AN T it
I (;; ;O?I)( ;iﬁ'ﬁl M — By 2= FieforkayiR [E1E :
fpr‘%ntf(stder'r', "Fork failed\n"); QR B forkiR ] T2 B forkik [0
L s e FHEHPIDE
E
printf("Child process: rc is: %d; The value of x is: %d\n", rc, x);
} else {
/] itFE

printf("Parent process: rc is %d; The value of x is: %d\n", rc, x);

37
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fork ) BI7-61

AT EEHellosHT 7 &k, 8RaBIES

##tinclude <unistd.h>
##include <stdio.h>

void main() {
int av==0;
iptebe. = Faticl):
a++;
Rarc ==88) {
rec.i= foblk);
a++;
1 else {
a++;
}
printf(Hello pids: 6d I'\n, rc);
printf("a is % d\n", a);



fork ) BI7-61

#include <fcntl.h>
#include <stdio.h>
#include <sys/stat.h>
#include <sys/types.h>
#include <unistd.h>

ehar str 1Ll = {0}

int main(int argc, char* argv[]) {

int fd = open("test.txt", O RDWR);

1t (fopls() == 0) %
ssize t cnt = read(fd, str, 10);
printf("Child process: %s\n", str);

} else {
ssize t cnt = read(fd, str, 10);
printf("Parent process: %s\n", str);

}

close(fd);

return 0;

1924-2024 ————
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> test.Xt X FF R E:
abcdefghijklmnopgrst

> BERERFETHNGR:

Child process: abcdefghijklmnopqgrst
Parent process: abcdefghijkimnopqrst

Parent process: abcdefghijklmnopqgrst
Child process: abcdefghijklmnopqgrst

Child process: abcdefghij Parent process: abcdefghij
Parent process: kimnopqgrst Child process: kimnopgrst

39



fork ()R9Il
> IR — R — e

> BEE: ANHRERLET
E—/I\?E 8] S A4 Y 2544

FE R
E 0L O e R e
#F (File Descriptor, fd)
<

fork

https://elixir.bootlin.com/linux/v5.16.16/source/include/linux/sched.h#L1068 ?ﬁ*%fd%

[ [ ] — "1924-2024 ————
"—1 " ¥l K Bt

struct task struct {

}s

unsigned int » istate;

void Fetacks

struct list head tasks;

struct mm_struct *mm;

/* Filesystem information: */

struct fs_struct *fse

/* Open file informatiop. */

struct files struct *files;
MAHTEREH

WEE ——>» test.txt

40


https://elixir.bootlin.com/linux/v5.16.16/source/include/linux/sched.h#L1068

- L) 1924-2024

fork() &M | e

int fork(void)

f
// BIE—/NFH PCB, AT EEFHE
struct process *new proc = alloc process();
/] BN AERIGE M : a4 0T R It bk
new_proc->vmspace->pgdir = alloc new page();
/] BN : B4R SGHEFE) PCB H TR FEHEHE Il —17
copy vmspace(new_proc->vmspace, cur_proc-»>vmspace);
[/ ERXHIE: HBACHFE PCB R TN SC SRR L1
copy_context(new_proc->ctx, old proc->ctx);
/] WRZERATIEH
copy_stack(new _proc->stack, old proc->stack);

// RIA]

41
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WindowsH1H$26l3E: CreateProcess Thnll 1<% 5es

> ML el HEE

> fEE BRI TR _H Tz
=

BOOL CreateProcessA(

> ﬁg@ﬂ%g/\\ //[ 2 75& [in, optional] LPCSTR 1pApplicationName,
[in, out, optional] LPSTR 1pCommandLine,
[in, optional] LPSECURITY_ATTRIBUTES lpProcessAttributes,
[in, optional] LPSECURITY_ATTRIBUTES lpThreadAttributes,
> ttforké’gﬁiﬁﬁﬂm 'fElgr'_ [in] BOOL bInheritHandles,
= = L Tk [in] DWORD dwCreationFlags,
iﬁ%§¥{£§{7jt [in, optional] LPVOID 1pEnvironment,
[in, optional] LPCSTR 1pCurrentDirectory,
[in] LPSTARTUPINFOA 1pStartupInfo,
[out] LPPROCESS INFORMATION lpProcessInformation
);

https://docs.microsoft.com/zh-cn/windows/win32/api/processthreadsapi/nf-processthreadsapi-createprocessa 42
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@ WindowsH1H$26l3E: CreateProcess

##include <windows.h>
##include <stdio.h>
#include <tchar.h>

void _tmain( int argc, TCHAR *argv[] ) {
STARTUPINFO si; PROCESS INFORMATION pi;
ZeroMemory( &si, sizeof(si) ); si.cb = sizeof(si);
ZeroMemory( &pi, sizeof(pi) );
// Start the child process.
if( !CreateProcess( NULL, // No module name (use command line)

argv[1l], /o
NULL, T
NULL, v/
FALSE, el
0, //
NULL, [/
NULL, //
&si, A
&pi ) //

) { printf( "CreateProcess failed (%d).\n", GetLastError() ); return;}
WaitForSingleObject( pi.hProcess, INFINITE ); // Wait until child process exits.

Command line

Process handle not inheritable

Thread handle not inheritable

Set handle inheritance to FALSE

No creation flags

Use parent's environment block

Use parent's starting directory

Pointer to STARTUPINFO structure

Pointer to PROCESS_INFORMATION structure

CloseHandle( pi.hProcess ); // Close process and thread handles.
CloseHandle( pi.hThread );

https://docs.microsoft.com/zh-cn/windows/win32/procthread/creating-processes
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HiE SHiESH Ml gaeeses
> fork ARz B 7 X FENFHENX R

W AT T MBI Sy ]
 Linuxo]{f fpstreefip & &E id:1

bq o

Network Manager sshd
gid:1438 gid:6805

1d:1438 id:6805

> i AR TRE—EER

® %iﬂ:.ieiﬁiA"—ﬁﬁaiﬁ%E}%qzlﬁl_/l\iﬁﬁigﬂ dhclient ) bash
+ BT AN [ —HAZLA P A ETR IR KX %%[ gid- 171 [ L7005, ]
« FEHTFshellfZEH s -
suao
 LinuxT]{& Hps -exjf i S &EF gid: 7768
% Id: 7768

.

gdb
Qid:7768
id:7773
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HIEMSHIEE

> pstree UBHIREEHS
RIHEMKR

1924-2024 ————

yxsu@lg:~$ pstree ﬁTﬁ LY RT-ET
systemd——2*[agetty] S 5N AT SEN UNIVERSITY
—containerd——10*[{containerd}]

—Cron

—dbus-daemon

—dockerd——11*[{dockerd}]
—init-systemd(Ub——SessionLeader——Relay(1496)——fsnotifier-wsl
—SessionLeader——Relay(34363)——ion.clangd.main——7*[{ion.clangd.main}]
—SessionLeader——Relay(35886) sh fork_demo fork_demo
—SessionLeader——Relay(40323) bash pstree

—init—{init}

—2*[login——Dbash]

—{init-systemd(Ub}

—networkd-dispat

—packagekitd 2*[{packagekitd}]

—polkitd——-2*[{polkitd}]

—rsyslogd——-23*[{rsyslogd}]

—snapd——13*[{snapd}]

—5*[shapfuse 2*[{snapfusel}]]

—snapfuse——5*[{snapfuse}]

—2*[snapfuse——4*[{shapfuse}]]

—subiquity-serve——python3.10——python3

L—{python3.10}

—2*[systemd——(sd-pam)]

—systemd-journal

—systemd-logind

—systemd-resolve

—systemd-udevd

—unattended-upgr——{unattended-upgr}
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> ps -exif EF#EH

fork demoiz{TEY%E

Parent process: rc is 35888; The value of x is: 42
Child process: rc is: 0; The value of x is: 42

yxsu@Ig:~$ ps -exjf

PPID PID PGID SIDTTY TPGID STAT UID TIME COMMAND

40318 40323 40323 40323 pts/5 41276 Ss 1000 0:00 -bash HOSTTYPE=x86 64 LANG=C.UTF-8 PATH=/usr/local/sbin

40323 41276 41276 40323 pts/5 41276 R+ 1000 0:00 \_ps -exjf SHELL=/bin/bash WSL2_ GUI_APPS ENABLED=1

35885 35886 35886 35886 pts/4 35886 Ss+ 1000 0:00 /bin/sh -c cd /mnt/c/Users/suyux/Documents/GitHub/sse202_internal

35886 35887 35886 35886 pts/4 35886 S+ 1000 0:00 \ /mnt/c/Users/suyux/Documents/GitHub/sse202_internal/fork _demo

35887 35888 35886 35886 pts/4 35886 S+ 1000 0:00 \ /mnt/c/Users/suyux/Documents/GitHub/sse202_internal/fork _demo

34360 34363 34363 34363 pts/2 34363 Ssl+ 1000 0:04 /tmp/clangd728fd33ac8de77780dd7b6e2be737d6b8369db07/clangd --clion
1513 1845 1845 1513 pts/1 1845 S+ 1000 0:00 -bash HOME=/home/yxsu SHELL=/bin/bash USER=yxsu LOGNAME=yxsu
1484 1496 1496 1496 pts/0 1496 Ss+ 1000 0:00 ./fsnotifier-wsl HOSTTYPE=x86 64 LANG=C.UTF-8 PATH=/usr/local/sbin
1o A 713k 13 17137 -1Ss 1000 0:00 /lib/systemd/systemd --user LANG=C.UTF-8 PATH=/usr/local/sbin:/usr/local/bin
1713 1724 1713 17137 -1S 1000 0:00 \_(sd-pam)
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HIEAI1T: exec Tl 7527 sees
> AHIEIEE RTINS 4L

TN E LTS HRZRE

#include <unistd.h> J J l’

int execve(const char *pathname, char *const argv[], char *const envp[]);

> 7eforkz J5 18 FF
c exXeCEB A HITXHESEE/II [

yxsu@Dell-T6401:~/0s/process$ |strace ./a.ouEJ
execve([./a.out", ["./a.out"], @Ox7ffe7/c7e50f0 /* 26 vars */) = 0

Ilrnll

brk (NULL) = @x560913b5d000
arch_prctl(0x3001 /* ARCH ??? */, Ox7fff39bed4a50) = -1 EINVAL (FLXXHIZE)
access("/etc/1ld.so.preload", R_OK) = -1 ENOENT (#&B M EF)

openat (AT _FDCWD, "/etc/ld.so.cache", O RDONLY|O CLOEXEC) =
47



exec iyl

/* myecho.c */
#include <stdio.h>
#include <stdlib.h>

int main(int argc, char *argv[]) {
for (int j = 0; j < argc; j++) {
printf("argv[%d]: %s\n", j, argv[j]);

}

exit (EXIT_SUCCESS);
}
ik

gcc execve _demo.c -0 execve_demo
gcc myecho.c -0 myecho

Fia1T:

yxsu@Dell-T6401:~/os/process$ ./execve_demo ./myecho
argv[0]: ./myecho

argv[1]: hello

argv|[2]: world

i

eeesssssssss  SUN YAT-SEN UNIVERSITY

/* execve_demo.c */
#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>

int main(int argc, char *argv[]) {
char *newargv[] = {
NULL, Thellol,: "world”, aNULL };
char *newenviron[] = { NULL };
1 (argc: t=12
exit (EXIT_FAILURE);
}

newargv[0] = argv[1];

execve(argv[1l], newargv, newenviron);

/* execve() returns only on error */
perror("execve");
exit(EXIT_FAILURE);

48
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forkBLER = 2t

> fork L =
s EOEEEGF

BB BRI RN (exec) I, BB T REE
. ZE '

THEZENRNAERR (HEER., B

|

E4H)

> fork Ay R =
« STEEINIITHE (Fuiclone)
- MEEE. O BMEHEZE (huivforkFispawn)

2 Al

AEM (g fork() + pthread())
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fork BIEHMCIRO

7\£j:\% t:[:_IJ:/\IEﬂ
c LR EMRFEATEFEN,
B
* RS
- REeFH 7 fork + exec’BYim=
« HEMIET[E)FELEM

> vfork: £ Ffork, {EIER

o 1
MEsE

1924-2024 ————

[ ] [ ]
il 7243 %er

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
int tmp =

int main() {
pid t res = vfork();
if (res < 0) {
printf("vfork failed");

exit(-1);
} else if (res == 0) {

tmp =

printf("Child process: res = %d\n", tmp);
} else {

printf("Parent process: res = %d\n", tmp);
}
return O;

50
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fork BYEHCIELO: viork==EECI il A

int vfork(void)

{

// BIE—AHH PCB, AT E B R
struct process *new_proc = alloc process();
/] EWANAEIIEA: BT ACH R TSR

new_proc->vmspace->pgdir = cur_proc->vmspace->pgdir;

PIERE SRR

| S i |

[/ BRI BACHRE PCB I B R SRR D — 1y
copy_context(new proc->ctx, old proc->ctx);

// BHZESCHEE, BRI THMBHEINA exec

block process(cur _proc);

// RIA]

fork() % & kB9ZR 5
/1 BT SRR COER) PCB RS )

: copy_vmspace(nhew_proc->vmspace, cur_proc->vmspace);

J
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» posix_spawn: 1823 Ffork + exec
- L Y RM. MR
2 ﬁk,‘ﬁ: ZiﬁﬂfOrki‘;ﬁ #include <spawn.h>

int posix_spawn(pid_t *restrict pid, const char *restrict path,
const posix spawn_file actions_t *file actions,
const posix_ spawnattr_t *restrict attrp,
char *const argv[restrict], char *const envp[restrict]);

pid~t -child<pid;
int ret;

ret = posix _spawn(&child pid, "/home/yxsu/process/a.out", NULL, NULL, NULL, NULL);
if (ret != EOK) {
printf("posix_spawn() failed: %s\n", strerror(ret));
return EXIT_ FAILURE;
}
printf("Child pid: %d\n\n", child pid);
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fork BUEF{CIZO: posix spawnZ=ZE3L Ml g cec

int posix _spawn(pid t *pid, const char *path,
const posix_spawnattr_t *attrp,
char *const argv[], 5 char *const envp[]) {
/] ZEAT vfork BE— TR
int ret = vfork();
LE(retia== @) {
/] TiHFE: f£ exec ZHI, WRIWSEN HLHITEHE
prepare_exec(attrp, ...);

// PAT exec

exec(path, argv, envp);

1} else {
/] SRR BIHIER pid WEIAEARNSEH
*pid = ret;
return 0;

}

53
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fork BIEHMCIRO

> clone: forkgy“#lhk”, B DUREE MM AEE NN F

- L SETE, JREFKEE
® fRE ifalilttforkEm, EEMENEZHE

#include <sched.h>

int clone(int:(*fn){void 2), void *stack, int flags, wvoid tape, ...
frhipnd ot tpavent tid; sveoid ttls - pid & rtehild Lid &/)3

RAMTHEE, BERETERGIMHE:
54
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fork B9EMCIEO: clone&EIR Tl g% xen

inticlone (7., Jdntitlaegs, Gie)id
// BIE—AH PCB, AT EEE
struct process *new _proc = alloc _process();
// BREE T CLONE_VM NI E A FACHFER) TR, &% IL—1p
if (flags & CLONE_VM) {
new_proc->vmspace->pgdir = cur_proc->vmspace->pgdir;
} else {
new_proc->vmspace->pgdir = alloc_new page();
copy vmspace(new_proc->vmspace, cur_proc->vmspace);
}
// LRIt B PCB R TR SO DL — 1y
copy_context(new proc->ctx, old proc->ctx);
// MR ET CLONE_VFORK JUIBHZE A Bt FE
if (flags & CLONE_VFORK) {
block process(cur_proc);

}
// RIA
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#include
#include
#include
#include
#include

waitpid: RIS RS fid
(st > {RIT % — R BIR R T
<sys/types.h>

<sys/wait.h>
<unistd.h>

int main(int argc, char* argv[]) {
LREcrer= Bork();
if(rc < 9) {

fprintf(stderr, "Fork failed\n"); // fork R

} else if (rc == 0) { // Ti#HE
printf("Child process: existing\n");
} else { // it#E

it

nt status = 9;

if(waitpid(rc, &status, 0) < 0) {

}

fprintf(stderr, "Parent process: waitpid failed\n"); exit(-1);

if(WIFEXITED(status)) {

}
}

printf("Parent process: my child has exited\n");
else {

fprintf(stderr, "Parent processes: waitpid returns for unknown reasons\n");

1924-2024 —
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@ waitpid: SEIR

void process waitpid v3(int id) {
/] R TR, EEIRE
if (!cur_proc->children)
return;
while (TRUE) {
not exit = FALSE;
[/ FAREAZIBIRESIER, TN R
for proc in all processes {
not_exist = FALSE; // #HRILZHFEICEHFESIRF, B ARIBH
if (proc->is_exit) {
*status = proc->exit status; // BHERNIZHECLIBH, e HEHIRS
// BEIBOEFER PCB IR [H]
destroy process(proc);
return;
} else {

wait_in_kernel(); // MREAEH, MEAER, &NWEARME
}
}
/] WRINRPAGFAEZIRE, W E AR [

if (not_exit)
return;

)
)

—
54
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