What is a Process?

The X/Open Specification defines a process as an address space and single thread of control that executes within that address space and its required system resources. A process is, essentially, a running program.

Process Structure

Here is how a couple of processes might be arranged within the operating system.
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Each process is allocated a unique number, a process identifier, or PID.

The program code that will be executed by the grep command is stored in a disk file.

The system libraries can also be shared.

A process has its own stack space.
The Process Table

The UNIX process table may be though of as a data structure describing all of the processes that are currently loaded.

Viewing Processes

We can see what processes are running by using the ps command.

Here is some sample output:

PID
TTY
STAT
TIME
COMMAND

87
v01
S
0:00
-bash

107
pp0
S
0:01
-bash

129
pp0
S
0:06
emacs process.txt

The PID column gives the PIDs, the TTY column shows which terminal started the process, the STAT column shows the current status, TIME gives the CPU time used so far and the COMMAND column shows the command used to start the process.

Let's take a closer look at some of these:

87
v01
S
0:00
-bash

The initial login was performed on virtual console number one (v01). The shell is running bash. Its status is s, which means sleeping. This is because it's waiting for the X Windows system to finish.

Example:

This program runs as two processes. A child prints a message five times. The parent prints a message only three times.
#include <sys/types.h>

#include <unistd.h>

#include <stdio.h>

int main()

{


pid_t pid;


char *message;


int n;


printf(“Fork starting\n”);


pid=fork();


switch(pid)


{



case -1:




exit(1);



case 0:




message=”This is the child”;




n=5;




break;



default:




message=”This is the parent”;




n=3;




break;


}


for(;n>0;n--)


{



puts(message);



sleep(1);


}


exit(0);

}

Waiting for a Process

We can arrange for the parent process to wait until the child finishes before continuing by calling wait.

#include<sys/types.h>

#include<sys/wait.h>

pid_t  wait(int *stat_loc);

The wait system call causes a parent process to pause until one of its child processes dies or is stopped.

We can interrogate the status information using macros defined in sys/wait.h. These include:

MACRO


DEFINITION

WIFEXITED(stat_val)

Non-Zero if chid is terminated normally

WEXITSTATUS(stat_val)
If WIFEXITED is non-zero, this returns child  exit code

WIFSIGNALED(stat_val)
Non-Zero if the child is terminated on an uncaught signal

WTERMSIG(stat_val)

If WIFSIGNALED is non-zero, this returns a signal number

WIFSTOPPED(stat_val)
Non-Zero if the child has stopped on an signal

WSTOPSIG(stat_val)

If WIFSTOPPED is non-zero, this returns a signal number
Example:

#include <sys/types.h>

#include <sys/wait.h>

#include <unistd.h>

#include <stdio.h>

int main()

{


pid_t pid;


char *message;


int n;


int exit_code;



printf(“Fork starting\n”);



pid=fork();



switch(pid)



{




case -1:




 exit(1);




case 0:




 message=”This is the child”;




 n=5;




 exit_code=37;




 break;




default:




 message=”This is the parent”;




 n=3;




 exit_code=0;




 break;



}


for(;n>0;n--)


{



puts(message);



sleep(1);


}


if(pid)


{



int stat_val;



pid_t child_pid;



printf(“Child has finished: PID=%d\n”,child_pid);



if(WIFEXITED(stat_val))



 printf(“Child exited with code %d\n”, WEXITSTATUS(stat_val));



else



 printf(“Child exited abnormally”);


}


exit(exit_code);

}

When we run this program, we see the parent wait for the child. The output isn't confused and the exit code is reported as expected.
This is the child

This is the parent

This is the child

This is the child

This is the child

Child has finished: PID=410

Child exited with code 37
How It Works

The parent process uses the wait system call to suspend its own execution until status information becomes available for a child process.

Zombie Processes

When a child process terminates, an association with its parent survives until the parent in turn either terminates normally or calls wait.

This terminated child process is known as a zombie process.

Try It Out - Zombies

fork2.c is jsut the same as fork.c, except that the number of messages printed by the child and paent porcesses is reversed.

Here are the relevant lines of code:
switch(pid)



{




case -1:




 exit(1);




case 0:




 message=”This is the child”;




 n=3;




 break;




default:




 message=”This is the parent”;




 n=5;




 break;



}

How It Works

If we run the above program with fork2 & and then call the ps program after the child has finished but before the parent has finished, we'll see a line like this:
PID

TTY
STAT
TIME
COMMAND

420

pp0
Z
0:00
(fork2) <zombie>
Replacing a Process Image

exec()

#include<unistd.h>

int execl(const char *path, const char *arg0, .. const char *argn, char */* NULL or 0 */);

int execv(const char *path, const char *argv[]);

Simple examples:
execl(“/bin/ps”,”ps”,”-ef”,0);

char *myargv[3];

myargv[0]=ps; myargv[1]=“-ef”; myargv[2]=NULL;

execv(“/bin/ps”,myargv);

int main()

{

pid= fork();

if (pid ==0)

{ 
count++;

printf(“I am the Child (%d,%d)”, getpid(),getppid());

execl(“/bin/ps”,”ps”,”-ef”,0);

}
else

printf(“I am the parent:%d,”,getpid);
return(0);
}
Motivation for Signals

When a program forks into 2 or more processes, rarely do they execute independently of each other. The processes usually require some form of synchronization, and this is typically handled using signals. Job control is another important use
Data usually needs to be passed between processes also, and this is typically handled using pipes and sockets.

Signals are usually generated by

– Machine interrupts

– The program itself, other programs, or the user (i.e. from the keyboard)
Introduction to Signals

A signal is an event generated by the UNIX system in response to some condition, upon receipt of which a process may in turn take some action.

For eg. Ctrl-C will result in the SIGINT signalbeing sent to the foreground process. This will cause the process to terminate.

We can handle signals using the signal library function:

#include<signal.h>

void (*signal(int sig, void (*func)(int))) (int);

The signal function itself returns a function of the same type, which is the previous value of the function set up to handle the signal, or one of these two special values:

SIG_IGN
Ignore the signal

SIG_DFL
Restore default behaviour

When a C program receives a signal, control is immediately passed to a function called a signal handler. The signal handler function can execute some C statements and exit in three different ways:

– Return control to the place in the program which was executing when the signal occurred
– Return control to some other point in the program

– Terminate the program by calling the exit (or _exit) function
signal()

A default action is provided for each kind of signal, such as terminate, stop or ignore. For nearly all signal types, the default action can be changed using the signal() function. The exceptions are SIGKILL and SIGSTOP. 
The handler is defined as follows:

typedef void (*sighandler_t)(int);

To change the handler:

sighandler_t signal(int signum, sighandler_t handler);

For each process, the OS maintains a table of actions that should be performed for each kind of signal. The signal() function changes the table entry for the signal named as the first argument to the value provided as the second argument. The value that was previously in the table is returned. The second argument can be SIG_IGN(ignore the signal), SIG_DFL(perform default action), or a pointer to a signal handler function.
#include<stdio.h>

#include<stdlib.h>

#include<signal.h>
#include<unistd.h>

int i = 0;

void quit(int code)

{

fprintf(stderr,"\nInterrupt (code=%d, i=%d)\n",code,i);

exit(123);

}

void main(void)

{

signal(SIGINT, quit);

signal(SIGTERM, quit);

signal(SIGQUIT, quit);

for(;;)
{
printf(“Hello World”);
sleep(1);

}
}

Kill Shell Command

kill –TERM %+

– Sends the SIGTERM signal to the previously created process

kill –l

– List available signals

kill –s signal pid

– Originally a BSD command … see man page for details

kill –9 pid

– REALLY kill the process: “To kill a process dead”
Extract from /usr/include/bits/signum.h

/* Signals. */

#define   SIGHUP 1 

/* Hangup (POSIX). 


*/

#define   SIGINT 2 

/* Interrupt (ANSI). 


*/

#define   SIGQUIT 3 

/* Quit (POSIX). 


*/

#define   SIGILL 4 

/* Illegal instruction (ANSI). 

*/

#define   SIGTRAP 5 

/* Trace trap (POSIX). 

*/

#define   SIGABRT 6 
/* Abort (ANSI). 


*/

#define   SIGIOT 6

/* IOT trap (4.2 BSD). 

*/

#define   SIGBUS 7 

/* BUS error (4.2 BSD). 

*/

#define   SIGFPE 8 

/* Floating-point exception (ANSI). 
*/

#define   SIGKILL 9 

/* Kill, unblockable (POSIX). 
*/

#define   SIGUSR1 10 
/* User-defined signal 1 (POSIX). 
*/

#define   SIGSEGV 11 
/* Segmentation violation (ANSI). 
*/

#define   SIGUSR2 12 
/* User-defined signal 2 (POSIX). 
*/

#define   SIGPIPE 13 

/* Broken pipe (POSIX). 

*/

#define   SIGALRM 14 
/* Alarm clock (POSIX). 

*/

#define   SIGTERM 15 
/* Termination (ANSI). 

*/

#define   SIGSTKFLT 16 
/* Stack fault. 



*/

Signalling between processes

Sending Signals

A process may send a signal to itself by calling raise.

#include<signal.h>

int raise(int sig);

One process can send a signal to another process using the misleadingly named system call:

int kill(int pid, int sig)

• This call sends the signal “sig” to the process “pid”

Signalling between processes can be used for many purposes:

– Kill errant processes

– Temporarily suspend execution of a process

– Make processes aware of the passage of time

– Synchronize the actions of processes
Signals provide us with a useful alarm clock facility. The alarm function call can be used by a process to schedule a SIGALRM signal at some time in the future.
#include<unistd.h>

unsigned int alarm(unsigned int seconds);

Example: An alarm clock

void ding(int sig)

{

printf(“Alarm is off\n”);
}
int main()

{


int pid;


printf(“Starting…\n”);


if((pid=fork())==0)


{



sleep(5);



kill(getppid(),SIGALARM);



exit(0);


}


printf(“Waiting for alarm to go off\n”);


(void) signal(SIGALARM,ding);


pause();


printf(“Done\n”);


exit(0);

}

When we run this program, it pauses for five seconds while it waits for the simulated alarm clock.
$ ./alarm

Starting…

waiting for alarm to go off

<5 second pause>

alarm is off

done
This program introduces a new function, pause, which simply causes the program to suspend execution until a signal occurs. It’s declared as,

#include<unistd.h>

int pause(void);

How It Works

The alarm clock simulation program starts a new process via fork. This child process sleeps for five seconds and then sends a SIGALRM to its parent.
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