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Obtaining Process IDs

* Process ID (PID)
- FTHEE —TM—RYIEEIPID

#include <unistd.h>

#include <sys/types.h>

pid_t getpid(void); // FKENZmi#HiEAY pid

pid_t getppid(void); // 3RENZgi#iEaYi#FE0Y pid

° pid_t

— 1£ types.h FENX
— Linux AAZLE int



States of a Process

* New () . HELEWBRK
* Running (1&17) : ##21ETE CPU E#HIT
* Ready ( T4 )
- HEFFENIT, B RESHIAERIT
* Stopped ( FE)
- HEEEFEWNIT, BXKTEHBASHIAE ( FRIEEE I Ready)
* Blocked ( PHZE)

— HIEFRFINEBES (W 1/0 TRk ) MiFLERTIT, BKIZER
ASWIAE ( FRIESEHFT. %79 Ready)

* Terminated (&1t : HIEXKAFELERIT




States of a process

* HERVIRSIRS

SIGSTOP. SIGCONT. SIGTERM Z=2 Signal
Signal:0S =t —# software interrupt #ll, ZFIRFE

£ 5



States of a process

£X1F (terminate) ERELIWHIEN—YIZRIR
HAZ AR LR L

- BURE— A AR IE#HIER signal , %0 SIGTERM
— M main RFUR[E

— AR exit R
N .51' d =~-=777~°
— AHIER AL ONT i SIBSTOP_
D_esc eduled

- OS *&;EI\ZI'—J Initialized Ready Running )-SEGTERM,exit()...
Scheduled
I/0 done.: Blocked I/0 initiate...

Running RS Z SMNYHFZR] ASELR 10T 6

-
—— -




States of a process

* Stop EMREEEHITMNIEE, FBRIEUEI SIGCONT signal

Initialized i TERM  exit()...

IREZRS] . Running A& Z5MY#HAZE] LR Stop
124 ,



States of a process

* HIEFBEEEM Blocked 3 Stopped IKE#H AN Running
YN

* WIS Ready KR, FiF OSIAE
* BNHERMAIARFHAN ready BAFI, XFFBLI T OS Ay




States of a process

* HERVRAESES

Time  Processg Process Notes
1 Running Ready
2 Running Ready
3 Running Ready Processg initiates I/0
4 Blocked  Running Processg is blocked,
5 Blocked Running so Process; runs
6 Blocked  Running
7 Ready Running I/0 done
8 Ready Running Process1 now done
9 Running -
10 Running - Processg now done



Linux #2RE

R: Running or Ready
T: Stopped

Z: Zombie
(terminating)

S: Interruptible Sleep
D: Uninterruptible

S I ee p Process

Created

S 1 D #2537 Blocked
Liiux tE?Z:iFZEO,CIﬁ

ZEEIER— 1T EINVIR
=1 (idle) , H2TH
F#iZER S K

Waiting for resources and

signals

Uninterruptible Sleep

Running
or
Runnable State (R)

Wake Up on Specific Hardware Event

Waiting for resources

(D)

» Interruptible Sleep (S)

F Y

A

SIGSTOP Received

Signal / Wake Up |

SIGCONT Received

exit() or termination signals

Stopped (T)

¥

Zombie (7)




top - 22:58:04 up 9 days, 15 min, 1 user, load average: 2.26, 2.55, 2.26
Tasks: 355 total, 5 running, 350 sleeping, 0 stopped, 0 zombie

%Cpu(s): 30.7 us, 10.6 sy, ©0.2 ni, 56.8 id, 1.6 wa, 0.0 hi, 0.2 si, 0.0 st
MiB Mem : 15892.1 total, 873.8 free, 8227.9 used, 6790.4 buff/cache

MiB Swap: 2048.0 total, 0.2 free, 2047.8 used. 5454.0 avail Mem

COMMAND

20:28.09 chrome
136:46.57 chrome
140:27.72 gnome-shell
304:51.01 wpsoffice
111:46.39 Xorg

1139:36 idea
215:45.87 chrome
802:08.08 pgyvpn_svr
77:02.44 gnome-control-c
97:13.28 chrome

8:12.98 wpp

43:56.32 chrome
121:25.29 feishu

0:05.72 top
139:36.07 fsnotifier

7:38.06 chrome
137:54.45 mysqgld
140:35.68 ECAgent

0:09.98 tracker-miner-f
58:08.66 java

35:30.57 feishu

0:53.43 chrome

0:09.60 kworker/1:0-1915-unordered

6:55.77 ksoftirqd/1
12:49.69 irqf133-iwlwifi
14:38.74 dbus-daemon
16:25.33 NetworkManager
28:43.47 EasyMonitor
63:18.84 vpn oraysl

767419 hank 20 1398.7g 759912 191123
110148 hank 20 33.49 183740 115332
109450 hank 20 5303048 210960 52729
603122 hank 20 1496348 B8B676 46689
109127 hank 20 1569316 90932 36375
203285 hank 20 8564208 2.3g 202704
110102 hank 20 32.99 464756 231432
108819 root 20 230728 3728 3455
118627 hank 20 2000992 48788 18384
615808 hank 20 1392.09 232280 123015
703759 hank 20 3136368 575252 231315
118152 hank 20 32.4g 110272 72828
392515 hank 20 1363640 16948 6492
779752 hank 20 17112 4608 35814
283375 hank 20 5928 2176 1403
614426 hank 20 1396.99 221768 109692

1325 mysql 20 2441348 9420 4864

1053 root 20 184192 7296 6912
109935 hank 39 652360 25020 12172
204533 hank 20 4195384 224856 5983
392426 hank 20 7239132 213072 46392
767095 hank 20 1398.79 384108 156423
775825 root 20 0] :

24 root 20 e

400 root -51 0]

740 message+ 20

745 root 20

1836 root 20

2478 root 20
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Thread

* ER—NHIET a?E’J%’vNE’v\/ﬁ (=557
* HERZHIEZRR, T=rLIEEAIA
* PR ERN

* BiE ‘H1T BBIFEHANE

* Linux ER&ZIZE @ EE =S e HIZSCINAY, &A=
MET lightweight process , #RZIFAE

12



Linux Thread BJfEFhscIf

* pthread (POSIX Thread) & Unix-like &4EIHR

HELLFEEO, 1B Linux XESCIN

* LinuxThreads
* Linux 2.4 (2000 &£ ) Zgig9scin

&

* XJ pthread WFERBRE, getpid() REIRE pid
* NPTL (Native POSIX Threads Library)

* Linux 2.4 &UUEEYSEI

* Xt pthread A EY, XH thread group F&—i#

ENZENER—4AH, getpid() &

O

Ai#HIERY pid

13



SnfrI el IatLiRIE?

* B EWEGESEY, BIERS

- 5% (RZinit #iI2EFAE HENE L,
pid=1)
— fork()
* QIEITHIE (FHIE) , HRHIEEHIMEK
* WPHZEIM fork 1R[T]
— RHIER O] QIR F#AZ PID
— Fi#FEIR[0] O
— exec(...)

* BHPUEHF— program , B LFIHIEN code ] data ,
HITIEHFR program 5<%

14



Fork

* A parent process
— creates a new running child process
— by calling the fork function

#include <unistd.h>
#include <sys/types.h>

pid_t fork(void);
Returns: O to child, PID of child to parent, -1 on error

15




Fork

* R HEHIEFMFTRIZENFHIZE AR PID
* itz
— BE— R HEBEE MU T BN e N

BFE text, data, bss segments, heap, #1 user stack
- AEMNFEREN, FEREABEIEN

* XFHIEMAFREARKAE copy-on-write , FHEHARIR
- ENWFEIACHZEEITABNXGERTT ( file
descriptors ) H5EE¥EN
* RREFHETUERE / BAHEPBE LT HAIMERISH

16




Fork

R 153122 R/
— In the parent process
* IR[EIFIR
— In the parent process
* Return the PID of the child

— In the newly created child process.
* Return O
* The return value provides an unambiguous way

— whether the program is executing in the parent or the
child. 17



Fork

* Concurrent execution

— The instructions in their logical control flows
can be interleaved by the kernel in an
arbitrary way.

— We can never make assumptions about the
Interleaving of the instructions in different
processes.

18



Fork

{

©CoONOOCOAL,WNEER

#include "csapp.h"

int main()

pid_t pid;
int x = 1;

pid = fork();

if (pid == 0) { /* child */
printf("child : x=%d\n", ++x);
exit(0);

}

/* parent */
printf("parent: x=%d\n", --x);
exit(0);

19



Fork

* Duplicate but separate address spaces

— Local variable x has a value of 1 in both the
parent and the child when the fork function
returns in line 8

—Any subsequent changes that a parent or
child makes to x are private
— not reflected in the memory of the other process

20



Fork

* Shared files

— Like stdout

— Communication between child and parent

21



Fork

o0 N Y Ul R W N =

[ S S L T S Sy
© W0 N oUW NRR O

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

int

prompt> ./pl

hello world (pid:29146)

hello, I am parent of 29147 (pid:29146)
hello, I am child (pid:29147)

prompt>

main (int argc, char xargv([])

{

printf ("hello world (pid:%d)\n", (int) getpid());

int rc = fork();

if (rc < 0) {
fprintf (stderr,
exit (1) ;

} else if (rc == 0)
printf ("hello,

} else {
printf ("hello,

// fork failed; exit
"fork failed\n");

{ // child (new process)
I am child (pid:%d)\n", (int) getpid());
// parent goes down this path (main)
I am parent of %d (pid:%d)\n",

rc, (int) getpid());

}

return 0;



Fork

oo N oy e W=

N N N B =2 =2 = e e e e
N = C© O 0 N U e W= o

prompt> ./pl
hello world (pid:29146)

#include <stdio.h> hello, I am child (pld:29147)
#include <stdlib.h> hello, I am parent of 29147 (pid:29146)
#include <unistd.h> prompt>
#include <sys/wait.h>
int
main (int argc, char xargv[])
{
printf ("hello world (pid:%d)\n", (int) getpid());
int rc = fork();
if (rc < 0) { // fork failed; exit
fprintf (stderr, "fork failed\n");
exit (1) ;
} else if (rc == 0) { // child (new process)
printf ("hello, I am child (pid:%d)\n", (int) getpid());
} else { [/ parent goes down this path (main)

int wc = wait (NULL) ;
printf ("hello, I am parent of %d (wc:%d) (pid:%d)\n",
rc, wc, (int) getpid());

}
return 0; 23



Fork

#include "csapp.h"

int main()

{
fork();
printf("hello!\n");
exit(0);

0O NO O~ OWODNER

(a) Calls fork once. (b)

__hell ,

fork

4

Prints two output lines.

24



Fork

1 #include "csapp.h"

2

3 int main()

4 { hell
5 fork(); 1 far

6 fork(); ATjL;LL—*
7 printf("hello!\n"); fork f;ﬁi%l_*
8 exit(0);

9}

(c) Calls fork twice. (d) Prints four output lines.

25



Fork

#include "csapp.h"

1

R —hell ,
3 int main() | fﬁrE]

4 { ;

S fork(); | fork fgrk

6 fork(); m—ﬁell—*
7 fork(); _bhell
8 printf("hello!\n"); | Fﬁ'e'll_.
9 exit(0); hell ,
10 } fork fork fgrk

(e) Calls fork three times. (f) Prints eight output lines.

26



IR EHR ]

code/ecf/forkprob0.c
1 #include "csapp.h"
2
3 int main()
4 { ’
5 int x = 1;
G
7 if (Fork() == 0)
8 printf ("printfl: x=Jd\n", ++x);
9 printf ("printf2: x=J)d\n", --x);
10 exit (0);
11 } '
code/ecf/forkprob0.c

A THEHBEREMAA?
B. X2 ehs i B4

i)#&%i‘ﬂﬁﬁﬁtﬂﬁfﬁﬁ ? (RigBiT—ExER 27



IR EHR ]

EMEF LR S DA “hello” Hy #4772

code/ecf/forkprobl.c
1 #include '"csapp.h"
2
3 int main()
g A
5 Ant 4
6
7 for (i = 0; i < 2; i++)
8 Fork();
9 printf("hello\n");
10 exit(0);
1}

code/ecf/forkprobl.c

28



IR EHR ]

ZENMEFLBE Z D “hello” 477

10
1

13
14
15
16

W 0 NN i A W N

#include "csapp.h”

void doit()

!

int

Fork();
Fork();
printf ("hello\n");
return;

main()

doit(); ,
printf("hello\n");
exit (0);

codelecf/forkprob4.c

code/ecf/forkprobd.c



Zombie

* Kernel AN EEHBERIEFUZIKEH SRR

* BRIFNFEIE—RESHRIFT terminated IKE,

BEEI#HE parent 82l (reaped)

30



Zombie

© NHIEWEIBLX LR FHAZRT

- ARMFELFRIERHTE

* BRIERWUEIFETENRA zombie #HiE

31



Zombie

* NRHAREIRHF B WE] zombie Fi#iE
— X%t zombie M init FHEHTULEY
°* 1nit process
-PIDA1
— HAREREEeIE
— BR3E OS XiF, BNKIZA=LRLE

32



Zombie

* KEBE1TRITER ({5190 shells 3 servers )
Wiz =W EIfM{ 1B zombie FH#HTE

* BME zombie REiz1T, &BHME CPU &BIE,
B3 T RAENREFERER

33



IR EHR ]

* HIZHERIRE

- A. Bia] /i
- B. F#&F1/0
— C. #*E sleep
- D. HFFEM

N EfE

34



Wait_pid

HEIMAIFGFFHERLLE?

#include <sys/types.h>

#include <sys/wait.h>

pid_t waitpid(pid_t pid, int *status, 1int options);
Returns: PID of child if OK, O (if WNOHANG) or -1 on error

35




Wait_pid

pid_t waitpid(pid_t pid, int *status, int options);

Wait-set:
* pid > 0

* F7F pid HZENTFHIEZRIEHEWE!
°* pid = -1,

* FEZHERPIE FHER L HRULE!

36




Wait_pid Function

pid_t waitpid(pid_t pid, int *status, int options);

* options =0

— waitpid WIARFEEFANERRES, HEIER wait-
set FAY— child process Z&1E7T;

— N wait-set PR —PHIEEHTT waitpid VA FEHY
B2 2L1ET, ABA waitpid IZZ/R[o

— Waitpid iR[E|B 422X 1ERY child process E’J PID

37




Wait_pid Function

pid_t waitpid(pid_t pid, int *status, int options);

* options=WNO
— YN wait-set H

iZ Bk

O

, 1R

O

HANG
AR FRREENE R B, A

{EX O

—~ MREFFHFFHAEZUENIRENFEE, EHREMES

AR IE,

XM= E B

38




Wait_pid Function

pid_t waitpid(pid_t pid, int *status, int options);

* options=WUNTRACED
— ¥ waitpid BUHTEIERE, BEE wait-set FAY—
NMFHIZELTMELILNEWE L, REIEZL1ED

E{F 1LY F#3Z PID
— Default option X & Fi#IZL | EAYIR[o

39




Wait _pid Function

pid_t waitpid(pid_t pid, int *status,

int options);

* options=WCONTINUED

— ¥ A waitpid BUHIEIER, BE wait-set ARY—

PMEEEITHFHIZZ L, (& wait-set F

Eiipag's

(FLERHFEWEI SIGCONT {55 E

yAN

Ho

A— MR

40




Wait _pid Function

pid_t waitpid(pid_t pid, int *status, int options);

* options=WUNTRACED | WNOHANG :
— Y zZhR[El, MRFEEESPHHIZAN LB RIFLLIE
IE, MBR[E O ; WMRE—MFLLEIRLE, NhR[EZ#
2/ PID

41




Wait_pid Function

pid_t waitpid(pid_t pid, int *status, int options);

* ATFEEWRWE|FHAENRIORES
— status ¥ non-NULL
—wait.h RRENX T —LEEBIAREMT status BN

42




Wait_pid Function

pid_t waitpid(pid_t pid, int *status, int options);

* WIFEXITED(status)
— Returns true if the child terminated normally

* via a call to exit or a return.

* WEXITSTATUS(status)

— Returns the exit status of a normally
terminated child.

— This status is only defined if WIFEXITED
returned true.

43




Wait_pid Function

pid_t waitpid(pid_t pid, int *status, int options);

* WIFSIGNALED(status)

— Returns true if the child process terminated
because of a sighal that was not caught

* WTERMSIG(status)

— Returns the number of the signal that caused
the child process to terminate.

— This status is only defined if WIFSIGNALED
returned true.

44




Wait_pid Function

pid_t waitpid(pid_t pid, int *status, int options);

* WIFSTOPPED(status)
— Returns true if the child that caused the return
IS currently stopped.

* WSTOPSIG(status)
— Returns the number of the signal that caused
the child to stop.

— This status is only defined if WIFSTOPPED

returned true.
45




Wait _pid Function

pid_t waitpid(pid_t pid, int *status, int options);

* WIFCONTINUED(status)

— Returns true if the child was restarted by
receipt of a SIGCONT signal

46




Wait_pid

pid_t waitpid(pid_t pid, int *status, int options);

® Error conditions
— MR SFIHIEEE FHIE
* R[E] -1, H#i&E errno 73 ECHILD
— WRZ K ENEVHITHE signal FRirT
* JR[E]-1 , HIZE errno /A EINTR

47




Wait_pid (Nondeterministic)

#include "csapp.h"
#define N 2

int main()

{

int status, 1i;
pid_t pid,;

©CoOoONOOCOA~,WNEER

/* Parent creates N children */

10 for (i = 0; 1 < N; 1i++)

11 if ((pid = fork()) == 0) /* child */
12 exit(100+1);

13



Wait_pid (Nondeterministic)

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28}

/* Parent reaps N chds. in no particular order */
while ((pid = waitpid(-1, &status, 0)) > 0) {
if (WIFEXITED(status))
printf("child %d terminated normally with exit
status=%d\n", pid, WEXITSTATUS(status));
else
printf("child %d terminated abnormally\n", pid);
}

/* The only normal term. is if there no more chds. */
if (errno != ECHILD)
unix_error("waitpid error");

exit(0);

49



Wait_pid (Nondeterministic)

» exit(10
0 0)
i= i= waitpi
0 1 df)
i= _
1 » exit(10

1)

50



Wait_pid (Nondeterministic)

unix>./waitpidl
child 22966 terminated normally with exit status=100
child 22967 terminated normally with exit status=101

* There Is no reaping order, every order is
correct

— Nondeterministic behavior for concurrency

51



Wait _pid (Deterministic)

#include "csapp.h"
#define N 2

int main()

{

int status, 1;
pid_t pid[N], retpid,;

©OoO~NOOG LA WDNLER

/* Parent creates N children */

10 for (i = 0; 1 < N; 1i++)

11 if ((pid[i] = fork()) == 0) /* Child */
12 exit(100+1),

14 /* Parent reaps N children in order */
15 1 = 0;

52



Wait _pid (Deterministic)

15 while ((retpid = waitpid(pid[i++], &status, 0)) > 0) {
16 if (WIFEXITED(status))

18 printf("child %d terminated normally with exit

19 status=%d\n", retpid, WEXITSTATUS(status));
20 else

21 printf("child %d terminated abnormally\n", retpid);
22 }

23

24 /* The only normal term. is if there are no more chds. */
25 1if (errno != ECHILD)

26 unix_error("waitpid error");

27

28 exit(0);

29}

53



walit

#include <sys/types.h>

#include <sys/wait.h>

pid_t wait(int *status);
Returns: PID of child if OK, 0 (if WNOHANG) or -1 on error

* wait(&status) & waitpid B98I 1bhk, HHHTF
— waitpid(-1, &status, 0);

54




IR EHR ]

Consider the following program:
int main() {
int status;
pid_t pid;
printf("Hello\n");
pid = fork();
printf("%d\n", !pid);
if(pid!=0){
if (waitpid(-1, &status, 0) > 0) {
if (WIFEXITED(status) != 0)

printf("%d\n", WEXITSTATUS(status)); }

}
printf("Bye\n");
exit(2);

} A. How many output lines does this program

generate?
B. What is one possible ordering of these output ™
lines?



HIER

A.  Each time we run this program, it generates six output lines.

B.  The ordering of the output lines will vary from system to system, depending
on the how the kernel interleaves the instructions of the parent and the child.

In general, any topological sort of the following graph is a valid ordering:

gyt FEGRE sl ERQEE oy SN Byn® Parent process

/
‘‘Hello'’

\
—gy RRQEE —ap SERSST Child process



Putting Process to Sleep

#include <unistd.h>
unsigned int sleep(unsigned int secs);
Returns: seconds left to sleep

int pause(void);
Always returns -1

* sleep
- EiE— 1 #HE—EREYE,
- MNRIFKWHEIZESEE T, MRE O ;

- TJHULIZ’_IEIJTJ‘FLT;EﬁkHEE’ﬁ 5
* R sleep H#FHE— M55 PHIMI RREINY, =&EKREEEIEHIBTEIM
EaR[ol

57




Putting Process to Sleep

#include <unistd.h>

unsigned int sleep(unsigned int secs);
Returns: seconds left to sleep

int pause(void);
Always returns -1

* pause
- IDAREESREHIRAE, HEZHERE—MES

58




IR EHR ]

* Write a wrapper function for sleep, called
snooze, with the following interface:

unsigned int snooze(unsigned int secs);

* The snooze function behaves exactly as
the sleep function, except that it prints a
message describing how long the process
actually slept:

* Slept for 4 of 5 secs.
(Z/5% sleep AJGENEIE S HEFIR[D])

59



HIER

unsigned int snooze(unsigned int secs) {

unsigned int rc = sleep(secs);
printf("Slept for %u of %u secs.\n", secs
- IC, Secs);

return rc;

60



IR EHR ]

© — IR — MR n BT arr

ARRIE—1 AT,

AR (G4 NEEZ) , SHHRITEIRA

BRI EHR 1/4

g FiRERSEE

(RE

55, BRENNAFTRT

P, ARBZETHIRF; Rk n BEIZHK 4 &

fR) o

© S A / R

61



g/x fork I5:

Fi#f2h start+=Ilen/2:len/=2;

GI)EE Ri#tiEd len/=2

start=
6
len=2
n=
8 start= start=
4 4
len=4 len=2
start= start= start=
0o 0o 0
Ten=8 len=4 len=2
start=
2
len=2
YR EIEHIFTENIN >

g2

= O WS

OT

NC



£ waitpid FFFHIEZLER

BB
start=
6 print...
len=2 P
n= 3
8 start= start=
4 4 print..
len=4 len=2 > g
start= start= start=
0 0 0 print...
Ten=8 len=4 len=2 g 8
start=
2 print...
- — - p
len=2 >

REEMRIE print B|EF p3->pl->p0; p2->p0

an{mfR.R?

63



RittfE S Fittie

* RHREFEFFHES
— Waitpid()
* FHRHEFEFXHES
- 18 (polling)
* While (getppid() '=1)
— sleep(1);

* getppid() IR[E]AC#HEZ PID , KizpIhR[O]
- PID=1: ?

— ERANXESHNES G

64



SEM

FHIEMHAES MY — N FRTEH
static void charatatime(char

*);
int main(void) { /l char at a time
— pid t pid; static void charatatime(char
— ! *
~ if((pid=fork()) < 0) { I o
* err_sys(“fork error”); int c: ptr,
~ relseif (pid == 0) { setbuf(stdout, NULL);
y chgratetlme(“output form for(ptr=str; (c=*ptr++)!=0;)
} |Ch'[{d\n ); putc(c, stdout);
— }else }
* charatatime(“output form _
_— unbuffered, block buffered, and
— exit(0): line buffered
exi ' http://man7.org/linux/man- es

} man3/setbuf.3.html


http://man7.org/linux/man-pages/man3/setbuf.3.html
http://man7.org/linux/man-pages/man3/setbuf.3.html

BSEMH

© AR
— #./a.out
— ooutput from child .
— utput from parent AT A?
P P ELBGHER? F-> R; R ->
— #./a.out F
— output from child B8 ELUTE
— output from parent TELL_PARENT(pid t)

WAIT PARENT() : [HZE
TELL CHILD(pid_t)
WAIT _CHILD() : PHE
REHIBE

66



RFFMH

FFaX

Int main(void) {

— pid_t pid;

— if((pid=fork()) < 0) {
* err_sys(“fork error”);

— }else if (pid == 0) {
* charatatime(“output form child\n”);
* TELL PARANT(getppid());

— }else {

* WAIT _CHILD();

* charatatime(“output form parant\n”);
-}
— exit(0);
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7T

KaF

Int main(void) {

pid_t pid;
if((pid=fork()) < 0) {
* err_sys(“fork error”);
}else if (pid == 0) {
* WAIT_PARENT();
* charatatime(“output form child\n”);

}else {

* charatatime(“output form parant\n”);

* TELL CHILD(pid);

}
exit(0);
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S0

X3

FHIEE G FRER, B $./a.out Bidi— XS EH

. BE2ATYIAIHITEZR, WEMAERT .
$./a.out;./a.out;./a.out
output from parent
ooutput from parent
ouotput from child
put from parent
output from child
utput from child

IR

A

EftAa? BEAET e

—/-_-l;t\:l?

=8 Eda]ER?

e =N 5K

/

MRFEFEX, 21
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° JR[Al:

= Shell —1TlITZ @<, SXHELER, MHABRIT
1<, FEFHIERSHRITR

— [tk child EHES S parent BYFBH13IX

- FEXK, FERX
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* int main(void) {

— pid_t pid;

— if((pid=fork()) < 0) {
* err_sys(“fork error”);

— }else if (pid == 0) {
* WAIT_PARENT();
* charatatime(“output form child\n”);
* TELL PARENT(getppid());

— }else {
* charatatime(“output form parant\n”);
* TELL CHILD(pid);
* WAIT_CHILD();

— }

— exit(0);



Loading and Running

#include <unistd.h>
int execve(const char *filename, const char *argv[],

const char *envp[]);
does not return if OK, returns -1 on error

* EIRHEREPERIE—TIIEFRHIZT:
— AT filename

— argument list argv

— environment variable list envp.

- SN ENAIR(O
* HlAaNFiE3El filename.

The Execve IS called once and never
returns
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Loading and Running

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

argv|]
argv »argv[o] — "1s"
argV[l] \ II_'LtII
argv[érgc-l]
NULL \\\\\\\\‘"/usr/include"
envp
| |
envp =envdfb] » "PWD=/usr/droh"

envp(l :
p[1] [ "PRINTER=iron"

envp[n-1]
NULL \\\\\\\\* "USER=droh"




Loading and Running

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

execve Eff set-up user stack HIGEHRER— 1 ERAY
main ER#X:
int main(int argc, char **argv, char **envp);
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{2k environment variables

#include <unistd.h>

char *getenv(const char *name);
Returns: ptr to name if exists, NULL if no match.

int setenv(const char *name, const char *newvalue,
int overwrite);

Returns: O on success, -1 on error.

void unsetenv(const char *name);

Returns: nothing.

76




prompt> ./p3
hello world (pid:29383)

hello, I am child (pid:29384)

- 29 107 1030 p3.c
Exec famlly funcs hello, I am parent of 29384 (wc:29384)

(pid:29383)
prompt>
1 #include <stdio.h>
2 #include <stdlib.h>
3 #include <unistd.h>
4 #include <string.h>
5 #include <sys/wait.h>
6
7 int
8 main(int argc, char =*argv([])
9 {
10 printf("hello world (pid:%d)\n", (int) getpid());
11 int rc = fork(); . _
12 if (rc < 0) { , // fork failed; exit we it XFITE. FH FHH
13 fprintf (stderr, "fork failed\n"); — I EFEHEXHHTH. HRIRTT
14 exit (1); FAHARRFA S
15 } else if (rc == 0) { // child (new process)
16 printf ("hello, I am child (pid:%d)\n", (int) getpid());
17 char s*myargs[3];
18 myargs[0] = strdup("wc"); // program: "wc" (word count)
19 myargs[l] = strdup("p3.c"); // argument: file to count
20 myargs[2] = NULL; // marks end of array
21 execvp (myargs (0], myargs); // runs word count
22 printf ("this shouldn’t print out");
23 } else { // parent goes down this path (main)
24 int wec = wait (NULL) ;
25 printf ("hello, I am parent of %d (wc:%d) (pid:%d)\n",
26 rc, wc, (int) getpid());
27 } 77
28 return 0;

N
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Why? Motivating the API

* NHtAFKA fork 1 exec FIH & KO HFE?
— 7 shell 1 web server FEFHREEN
— 7 Unix Shell f2FH
* Shell #1E (AO#HTE) 4% fork H—"1NFiH1E
. 9*}:¥19Hz exec MITRFPRANGS | 12F
. ﬁﬁz wait , BRI FHIZEER (FiimED)
HIEAR wait , AJUBREIAE MRS (FiRRET &)
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Unix Shell

* An interactive application-level program

that
— runs other program on behalf of the user

* Variants: sh, csh, tcsh, ksh, bash

* Performs a sequence of read/evaluate
steps and terminate
— Read: reads a command line from the user

— Evaluate: parses the command line and runs
programs on behalf of the user
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Parsing command line

* The first argument is assumed to be
— either the name of a built-in shell command
* that is interpreted immediately

— or an executable object file

* that will be loaded and run in the context of
a new child process
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Foreground and Background

* If the last argument is a “&” character

— indicating the program should be executed in
the background

(the shell returns to the top of the loop and waits for the
next command)

* Otherwise

— Indicating the program should be run in the
foreground
(the shell waits for it to complete)
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homework 1 & 2

* EREE: —AR

* obe.ruc.edu.cn LfEE

3 Fhix
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