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Overview

e fork ()
e exec ()
e wait ()

« Separation of fork() and exec|()
« 10 redirection

> pipe



Creating a child process

 Create a child process
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Usage of fork()

pl.c

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

#include <unistd.h>

int main (int argc, char *argv[]) {
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)
printf ("hello, I am parent of %d (pid:%d)\n",
rc, (int) getpid()):
}

return 0;







fork(): parent vs. child

pl.c

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

#include <unistd.h>

int main (int argc, char *argv[]) {
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)
printf ("hello, I am parent of %d (pid:%d)\n",
rc, (int) getpid()):
}

return 0;




Result (Nondeterministic)

prompt> . /pl

hello world (pid:29146)

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

prompt>

or

prompt> . /pl

hello world (pid:29146)

hello, I am child (pid:29147)

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




Create the dependency between the processes
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The usage of wait() System call

p2.c

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <sys/wait.h>

int main(int argc, char *argv([]) {
printf ("hello world (pid:%d)\n", (int) getpid());

int rc = fork();
1f (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 we = wait (NULL) ;
printf ("hello, I am parent of $d (wc:%d) (pid:%d)\n",
rc, wc, (int) getpid()):;

}

return 0;
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The wait() System Call

Result (Deterministic)

prompt> ./p2
hello world (pid:29266)
hello, I am child (pid:29267)

hello, I am parent of 29267 (wc:29267) (pid:29266)
prompt>
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Running a new program

e SEXPIFAADCIE T2 O3S MBS AR S [ (Fork () )
* Launch an editor
e 3 1s -1
« OS needs to load a new binary image, initialize a new stack, initialize a new heap for
the new program.

* two parameters
« The name of the binary file
« The array of augments ez *euegiy (121

“eChO";
“hello”;
0;

exec (“/bin/echo”, argv);

printf (Y“exec error\n”);
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Usage of exec()

p3.c

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <string.h>
#include <sys/wait.h>

int main(int argc, char *argvl[]) {
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()):;
char *myargs|[3];

myargs [0] = strdup ("wc"); // program: "wc" (word count)
myargs|[1] = strdup ("p3.c"); // argument: file to count
myargs[2] = NULL; // marks end of array

execvp (myargs[0], myargs); // runs word count
printf ("this shouldn’t print out");
} 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;




When exec() is called,...
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Usage of exec()

Result

prompt> . /p3

hello world (pid:29383)

hello, I am child (pid:29384)

29 107 1030 p3.c

hello, I am parent of 29384 (wc:29384)
prompt>

(pid:29383)
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Why separating fork() and exec()?

« Why don't Wejust use something like “forkandexec (“1s”, “1ls -17)"?
* fork ()2t exec () & Lot AELCEM MER Z2OWHS FASH| 20| CHY
S5t M2 xEHS —’F QXS (9: 10 redirection, pipe 7+3 7+5)
- 10 redlrectlon

% cat w3.c > newfile.txt

* pipe

% echo hello world | wc
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|O redirection

$ we w3.c > newfile.txt

o 'wo' = 'w3.c OIUO| word ZHFE M= =2

e Save the result of ‘'wc w3.c' to newfile.txt.

* How?
- E(Shell, e.g., bash)Z command2} augmentE AFE3}0] fork () 2t exec()E HHYSE ZE

H
O

e %5 1s -1 =» shell calls fork() and exec(“1s”, “1ls—1") ;

I

« Before calling exec (“wc”, “wc w3.c”), the shell closes STDOUT (close (1)) and opens
newfile.txt (open (Ynewfile.txt)).
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Details of 10 redirection

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <string.h>
#include <fcntl.h>
#include <sys/wait.h>

int
main(int argc, char *argv[]){
int rc = fork();
if (rc < 0) { // fork failed; exit
fprintf (stderr, "fork failed\n");
exit (1) ;
} else if (rc == 0) { // child: redirect standard output to a file
close (STDOUT_FILENO) ;
open ("./p4.output", O CREAT|O WRONLY|O TRUNC, S_IRWXU) ;
// now exec "o
char *myargs|[3];

"

wC

myargs [0] = strdup ("wc"); // program: "wc" (word count)
myargs[1l] = strdup ("p4.c"); // argument: file to count
myargs [2] = NULL; // marks end of array
execvp (myargs[0], myargs); // runs word count
} else { // parent goes down this path (main)

int wc = wait (NULL) ;
}

return 0;




|O redirection

Result

prompt> . /p4
prompt> cat p4.output
32 109 846 p4d.c

prompt>
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File descriptor and file descriptor table

* File descriptor

= A

File, pipe, directory, deviceE LIEtL= H=

Process= f|Iel'fd|rectoryE 7| 2I3H, "File descriptor"E 0| &

Z} process 173t file descriptor table2 %S

lF=_|Ie Tlefcrlptor table2 02 HE&F ®3(standard input), 12 &
= 2[0

&3 (standard output), 2= BEE 2 f(standard error)
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File offset
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File descriptor and System Calls

* open()
- MEZ2 I 2K (file structure)E I, A 22 file descriptorE Yot 5|, MZ Y= file descriptort 22 It
o AHE 27| =8 2

« MZ file descriptorgE €& W, file descriptor tableO| A 71& 2 "AL& 75T (free)” file descriptor H2 & AHE
* close()

« File descriptor ‘fd" S |

- offd MY MK E EZRSt= file descriptor/t I Olef Rl H, Mt ZHK| & off A|

 fork ()
« Parent process2| file descriptor table2 child processZ S A}

* exec ()
« File descriptor tableg /X
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fork() and file descriptors
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/O Redirection (input)
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/O Redirection (output)
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7\

% echo hello world(l }vc

pipe
-« O processl| H&F &3 (STDOUT)O| C}E process2| & 2 H(STDINN2E T
* Implemented with dup() and pipe()

« Key innovation of UNIX shell

Pcmm'k \)L\*Q/ Ot

\Wo 0SS

w ke, o 2129
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dup(fd)

« dup(n) system call: find an empty slot from the beginning of the file descriptor table
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(\)

int p[2];
char *argv([2];

argv[0] = “wc”;
0;

argv([1l]

pipe (p) ;
if (fork()
close (0) ;
dup (p[0]) ;
close(p[0]);
close(pl[1l]):;
exec (“/bin/wc”,
} else {
close(p[0]);

close

[11);

—\ W

\4[ouﬂ ]

v oM

A

N3

== 0) |

(p
write(p[1l], “hello world\n”
(p

echo hello world | wc




int p[2];
char *argv[2];

argv|[0] = “wc”;
argv[l] = O;

pipe (p) ;
if(fork() == 0) {
close (0) ;
dup (p[0]) ;
close(p[0]) ;
close(p[1]);
exec (“/bin/wc”, argv);
} else {
close(p[0]);

close

[11);

(p
write(p[1l], “hello world\n”,
(p

echo hello world | wc

C.\oSe (o) ,

dup (PLD);

close (PLaY,;
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int p[2];

pipe (p) ;
if (fork()

} else {

argv([0] =
argv([l] =

char *argv[2];

\\wc V{4 ;
0;

== 0) {

close (0) ;

dup (p[0]) ;
close(p[0]) ;
close(p[1]);

exec (“/bin/wc”, argv);

close(p[0]) ;
write(p[l], “hello world\n”,
close(p[1]);

12) ;
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close (L4,

et

o

% echo hello world | wc

i)

close (0);

durp (142);

close (PLaY);

32



