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� �®�å¨ ©� � �¨��© é¤

� �á�� � �¨��©å� ©«¦ Unix â®�  â¤�¤ �¨ �£æ «�¬«æ«�«�ª (PID), «¦¤

¡é� ¡á «�ª, «� ���¦£â¤� «�ª, £å� ©«¦å�� ¡��éª ¡�  ¡á§¦ � á¢¢�

®�¨�¡«�¨ ©« ¡á

� � �¨® ¡ã � �¨��©å� �å¤�  � init (PID=1)

� � £æ¤¦ª «¨æ§¦ª ¤� ��£ ¦¬¨����å £å� � �¨��©å� �å¤�  ¡á§¦ � á¢¢�

¤� �¤�§�¨��á��  «¦¤ ��¬«æ «�ª, ��¢��ã £å� � �¨��©å�-§�«â¨�ª ¤�

��¤¤ã©�  £å� � �¨��©å�-§� �å

� î¢�ª ¦  � �¨��©å�ª �å¤�  �§æ�¦¤¦  «�ª init

� � ¡é� ¡�ª, «� ���¦£â¤� ¡�  � ©«¦å�� «�ª � �¨��©å�ª-§� � ¦ç �å¤� 

�¤«å�¨�� �¬«é¤ «�ª � �¨��©å�ª-§�«â¨�

� � «�¬«æ«�«� «�ª � �¨��©å�ª-§� � ¦ç �å¤�  � �¦¨�« ¡ã �§æ «�¤

«�¬«æ«�«� «�ª � �¨��©å�ª-§�«â¨�

� �å� � �¨��©å�-§� �å £§¦¨�å ¤� �¤« ¡�«�©«ã©�  «¦¤ ¡é� ¡�, «�

���¦£â¤� ¡�  «� ©«¦å�� «�ª £� �¬«á �¤æª �¡«�¢â© £¦¬ �¨®�å¦¬,

� �¦¨¦§¦ é¤«�ª â«©  «¦¤ ��¬«æ «�ª �§æ «¦¤ §�«â¨� «�ª
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� �¢ã©� ©¬©«ã£�«¦ª exit

{ void exit(int status)

{ ��¨£�«å��  «�¤ �¡«â¢�©� £å�ª � �¨��©å�ª

{ � �¡â¨� ¦ª status ¦¤¦£á��«�  ¡à� ¡æª �¥æ�¦¬ ¡�  �å¤� 

� ��â© £¦ª ©«� � �¨��©å�-§�«â¨�

{ ��«á ©ç£��©�, � « £ã 0 � � «¦ status ��å®¤�  �§ «¬®ã

«�¨£�« ©£æ

{ �¦§ ¡ã £�«��¢�«ã status «¦¬ ¡�¢ç¦¬ª C

� �¨ã©� «�ª ¡¢ã©�ª exit

/* File: exit_code.c */

#include <stdio.h> /* For printf */

main()

{ printf("I am going to terminate with exit code 23\n");

exit(23); }

% exit_code
I am going to terminate with exit code 23
% echo $status
23
%
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� �¢ã©� ©¬©«ã£�«¦ª fork

{ int fork( )

{ �¤�§�¨á��  £å� � �¨��©å�, ��£ ¦¬¨�é¤«�ª £å� á¢¢�

§�¤¦£¦ æ«¬§�

{ �«� � �¨��©å�-§�«â¨� �§ ©«¨â�  «�¤ «�¬«æ«�«� «�ª

� �¨��©å�ª-§� � ¦ç ¡�  ©«� � �¨��©å�-§� �å �§ ©«¨â�  0

{ �§ ©«¨â�  ¢á�¦ª (-1) ©«� � �¨��©å�-§�«â¨� �¤ ��¤ �å¤� 

�¬¤�«æ¤ ¤� ��£ ¦¬¨����å � ¤â� � �¨��©å�-§� �å

� �¢ã©� ª ©¬©«ã£�«¦ª getpid ¡�  getppid

{ int getpid( )

{ int getppid( )

{ �§ ©«¨â¦¬¤ « ª «�¬«æ«�«�ª £å�ª � �¨��©å�ª ¡�  «¦¬ §�«â¨�

«�ª �¤«å©«¦ ®�
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� �¨ã©� «à¤ ¡¢ã©�à¤ fork, getpid ¡�  getppid

/* File: fork_a_process.c */

#include <stdio.h> /* For printf */

main()

{ int pid;

printf("Original process: PID = %d, PPID = %d\n",

getpid(), getppid());

pid = fork();

if (pid == -1) { /* Check for error */

perror("fork");

exit(1); }

if (pid != 0) { /* The parent process */

printf("Parent process: PID = %d, PPID = %d, CPID = %d\n",

getpid(), getppid(), pid); }

else { /* The child process */

printf("Child process: PID = %d, PPID = %d\n",

getpid(), getppid()); }

printf("Process with PID = %d terminates\n",

getpid()); } /* Executed by both processes */

% fork_a_process
Original process: PID = 24079, PPID = 19518
Parent process: PID = 24079, PPID = 19518, CPID = 24080
Child process: PID = 24080, PPID = 24079
Process with PID = 24079 terminates
Process with PID = 24080 terminates
%
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� �¤ £å� � �¨��©å� «�¨£�«å©�  §¨å¤ �§æ ¡á§¦ ¦ §� �å «�ª, «æ«� «¦

«�¢�¬«�å¦, ©�¤ ¦¨�¤ã (orphan) � �¨��©å�, ¬ ¦��«�å«�  �§æ «�¤ init

/* File: orphan_process.c */

#include <stdio.h> /* For printf */

main()

{ int pid;

printf("Original process: PID = %d, PPID = %d\n",

getpid(), getppid());

pid = fork();

if (pid == -1) { /* Check for error */

perror("fork");

exit(1); }

if (pid != 0) { /* The parent process */

printf("Parent process: PID = %d, PPID = %d, CPID = %d\n",

getpid(), getppid(), pid); }

else { /* The child process */

sleep(2); /* Delay child in order to ensure

that the parent terminates first */

printf("Child process: PID = %d, PPID = %d\n",

getpid(), getppid()); }

printf("Process with PID = %d terminates\n",

getpid()); } /* Executed by both processes */

% orphan_process
Original process: PID = 24321, PPID = 19518
Parent process: PID = 24321, PPID = 19518, CPID = 24322
Process with PID = 24321 terminates
% Child process: PID = 24322, PPID = 1
Process with PID = 24322 terminates
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� �¢ã©� ©¬©«ã£�«¦ª wait

{ int wait(int *status)

{ �¨¦¡�¢�å «�¤ �¤�£¦¤ã £å�ª � �¨��©å�ª £â®¨ ª æ«¦¬ ¡á§¦ ¦

§� �å «�ª «�¨£�«å©� 

{ �§¦�â®�«�  «¦¤ ¡à� ¡æ �¥æ�¦¬ «¦¬ §� � ¦ç, ��¢��ã «¦¤

�¡â¨� ¦ «�ª �¤«¦¢ãª exit, ©«¦ �¨ ©«�¨æ byte «¦¬ status, �¤é

«¦ ��¥ æ byte �å¤�  0

{ �¤ «¦ §� �å «�¨£�«å©�  �¥ � «å�ª ¡á§¦ ¦¬ ©ã£�«¦ª, «æ«� «� 7

«�¢�¬«�å� bits «¦¬ status �¤« §¨¦©à§�ç¦¬¤ «¦ ®�¨�¡«�¨ ©« ¡æ

�¨ �£æ �¬«¦ç «¦¬ ©ã£�«¦ª

{ �§ ©«¨â�  «�¤ «�¬«æ«�«� «¦¬ §� � ¦ç §¦¬ «�¨£á« ©� ã ¢á�¦ª

(-1) �¤ � � �¨��©å� ��¤ â®�  §� � á
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� �¨ã©� «�ª ¡¢ã©�ª wait

/* File: wait_usage.c */

#include <stdio.h> /* For printf */

main()

{ int pid, status;

printf("Original process: PID = %d\n", getpid());

pid = fork();

if (pid == -1) { /* Check for error */

perror("fork");

exit(1); }

if (pid != 0) { /* The parent process */

printf("Parent process: PID = %d\n", getpid());

while (wait(&status) != pid); /* Wait for child to exit */

printf("Child terminated: PID = %d, exit code = %d\n",

pid, status >> 8); }

else { /* The child process */

printf("Child process: PID = %d, PPID = %d\n",

getpid(), getppid());

exit(72); } /* Exit with a silly number */

printf("Process with PID = %d terminates\n",

getpid()); } /* Executed by parent only */

% wait_usage
Original process: PID = 25569
Parent process: PID = 25569
Child process: PID = 25570, PPID = 25569
Child terminated: PID = 25570, exit code = 72
Process with PID = 25569 terminates
%
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� �å� � �¨��©å� §¦¬ «�¨£�«å��  ��¤ ��¡�«�¢�å§�  «¦ ©ç©«�£� £â®¨ ª

æ«¦¬ ¦ §�«â¨�ª «�ª �§¦��®��å «¦¤ ¡à� ¡æ �¥æ�¦¬ «�ª ¡�  �å¤�  æ¢¦

�¬«æ «¦ ®¨¦¤ ¡æ � á©«�£� £å� �à¤«�¤ã-¤�¡¨ã (zombie) � �¨��©å�

/* File: zombie_process.c */

main()

{ int pid;

pid = fork();

if (pid == -1) { /* Check for error */

perror("fork");

exit(1); }

if (pid != 0) { /* The parent process */

while (1) /* Never terminate */

sleep(1000); }

else { /* The child process */

exit(37); } } /* Exit with a silly number */

% zombie_process &
[1] 24409
% ps
PID TT STAT TIME COMMAND

24410 p1 Z 0:00 <exiting>
19518 p1 S 0:00 -csh (csh)
24409 p1 S 0:00 zombie_process
24411 p1 R 0:00 ps
% kill 24409

[1] Terminated zombie_process
% ps
PID TT STAT TIME COMMAND

19518 p1 S 0:00 -csh (csh)
24412 p1 R 0:00 ps
%
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� �¢ã©� ª ©¬©«ã£�«¦ª «�ª ¦£á��ª exec

{ int execl(char *path, char *arg0, char *arg1, : : : ,

char *argn, NULL)

{ int execv(char *path, char *argv[ ])

{ int execlp(char *path, char *arg0, char *arg1, : : : ,

char *argn, NULL)

{ int execvp(char *path, char *argv[ ])

{ �¤« ¡�� ©«¦ç¤ £å� � �¨��©å� (¡é� ¡�, ���¦£â¤�, ©«¦å��) £�

�¬«á «¦¬ �¡«�¢â© £¦¬ �¨®�å¦¬ §¦¬ �å¤�«�  ©«¦ path

{ �  execl ¡�  execv �§� «¦ç¤ �§æ¢¬«� ã ©®�« ¡á

¦¤æ£�«�-£¦¤¦§á« � ©«¦ path

{ �  execlp ¡�  execvp ®¨�© £¦§¦ ¦ç¤ «� £�«��¢�«ã

§�¨ �á¢¢¦¤«¦ª PATH � � ¤� �¨¦¬¤ «¦ �¡«�¢â© £¦ �¨®�å¦

{ �  execl ¡�  execlp �â¢¦¬¤ ©«¦ arg0 «¦ æ¤¦£� «¦¬

�¡«�¢â© £¦¬ �¨®�å¦¬, ©«� arg1, : : : , argn «� ¦¨å©£�«á «¦¬ ¡� 

«¦ «�¢�¬«�å¦ æ¨ ©£á «¦¬ª NULL

{ �  execv ¡�  execvp �â¢¦¬¤ «¦ æ¤¦£� «¦¬ �¡«�¢â© £¦¬

�¨®�å¦¬ ¡�  «� ¦¨å©£�«á «¦¬ ©«� argv[0], argv[1], : : : , argv[n]

¡�  NULL ©«¦ argv[n+1]

{ î¢�ª ¦  ¡¢ã©� ª «�ª ¦£á��ª exec �§ ©«¨â¦¬¤ ¢á�¦ª (-1) �¤

��¤ �¨���å «¦ �¡«�¢â© £¦ �¨®�å¦, �¤é ©� �§ «¬®å� §¦«â ��¤

�§ ©«¨â¦¬¤
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� �¨ã©� «�ª ¡¢ã©�ª execl

/* File: execl_demo.c */

#include <stdio.h> /* For printf */

main()

{ int ret;

printf("I am process %d and I will execute an 'ls -l ..'\n",

getpid());

ret = execl("/bin/ls", "ls", "-l", "..", NULL);

if (ret == -1) { /* Always true because of failure

to execute /bin/ls -l .. */

perror("execl"); } }

% execl_demo
I am process 25637 and I will execute an 'ls -l ..'
total 4
drwxr-x--x 2 takis 512 Sep 15 13:31 bin
drwxr-xr-x 2 takis 512 Nov 15 11:14 c_progs
drwxr-xr-x 2 takis 512 Nov 10 15:09 mails_sent
drwxr-xr-x 2 takis 512 Nov 10 15:08 sh_scripts
%
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� �¨ã©� «�ª ¡¢ã©�ª execvp

/* File: execvp_demo.c */

#include <stdio.h> /* For printf */

main()

{ int pid, status; char *argv[2];

if ((pid = fork()) == -1) { /* Check for error */

perror("fork");

exit(1); }

if (pid != 0) { /* Parent process */

printf("I am parent process %d\n", getpid());

while (wait(&status) != pid); /* Wait for child */

printf("Child terminated with exit code %d\n",

status >> 8); }

else { /* Child process */

argv[0] = "date";

argv[1] = NULL;

printf("I am child process %d", getpid());

printf(" and I will replace myself by 'date'\n");

execvp("date", argv); /* Execute date */

perror("execvp");

exit(1); } }

% execvp_demo
I am parent process 25825
I am child process 25826 and I will replace myself by 'date'
Mon Nov 15 11:37:39 WET 1993
Child terminated with exit code 0
%
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� �� �¨��å â¤� §¨æ�¨�££� C §¦¬ ¤� ��£ ¦¬¨��å â¤� �¬�� ¡æ

�â¤«¨¦ �§æ � �¨��©å�ª «¦ ¦§¦å¦ ¤� â®�  ���¦£â¤¦ �á�¦ª N. �á��

� �¨��©å� §¦¬ ��¤ �å¤�  ç¢¢¦ «¦¬ �â¤«¨¦¬ ¤� �¡«¬§é¤�  «�¤

«�¬«æ«�«á «�ª, «�¤ «�¬«æ«�«� «¦¬ §�«â¨� «�ª ¡��éª ¡�  â¤�¤

�ç¥¦¤«� �¨ �£æ ©ç£à¤� £� £å� §¨é«� ¡�«á §¢á«¦ª � á©® ©� «¦¬

�â¤«¨¦¬.

/* File: process_tree.c */

#include <stdio.h> /* For printf */

main(int argc, char *argv[])

{ int i, depth, numb, pid1, pid2, status;

if (argc > 1) depth = atoi(argv[1]); /* Make integer */

else exit(0);

if (depth > 5) { /* Avoid deep trees */

printf("Depth should be up to 5\n"); exit(0); }

numb = 1; /* Holds the number of each process */

for(i=1 ; i<=depth ; i++) {

printf("I am process no %2d with PID %5d and PPID %5d\n",

numb, getpid(), getppid());

switch (pid1 = fork()) {

case 0: /* Left child code */

numb = 2*numb; break;

case -1: /* Error creating left child */

perror("fork"); exit(1);

default: /* Parent code */

switch (pid2 = fork()) {

case 0: /* Right child code */

numb = 2*numb+1; break;

case -1: /* Error creating right child */

perror("fork"); exit(1);

default: /* Parent code */

wait(&status); wait(&status);

exit(0); } } } }
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% process_tree 1
I am process no 1 with PID 4025 and PPID 25507
% process_tree 2
I am process no 1 with PID 4028 and PPID 25507
I am process no 2 with PID 4029 and PPID 4028
I am process no 3 with PID 4030 and PPID 4028
% process_tree 3
I am process no 1 with PID 4036 and PPID 25507
I am process no 2 with PID 4037 and PPID 4036
I am process no 5 with PID 4040 and PPID 4037
I am process no 3 with PID 4038 and PPID 4036
I am process no 6 with PID 4043 and PPID 4038
I am process no 7 with PID 4044 and PPID 4038
I am process no 4 with PID 4039 and PPID 4037
% process_tree 4
I am process no 1 with PID 4051 and PPID 25507
I am process no 2 with PID 4052 and PPID 4051
I am process no 3 with PID 4053 and PPID 4051
I am process no 4 with PID 4054 and PPID 4052
I am process no 5 with PID 4055 and PPID 4052
I am process no 8 with PID 4056 and PPID 4054
I am process no 9 with PID 4057 and PPID 4054
I am process no 10 with PID 4058 and PPID 4055
I am process no 11 with PID 4059 and PPID 4055
I am process no 6 with PID 4068 and PPID 4053
I am process no 7 with PID 4069 and PPID 4053
I am process no 12 with PID 4070 and PPID 4068
I am process no 13 with PID 4071 and PPID 4068
I am process no 14 with PID 4072 and PPID 4069
I am process no 15 with PID 4073 and PPID 4069
%




