Processes and Scripts
The basic program unit apparent to a programmer working in a UNIX environment is the 'process'. An understanding of how processes are handled is fundamental to the effective use of UNIX.
So far we have considered a dialogue with a UNIX system as being a sequence of commands entered by the user, and the system taking action at each command. We now explore the mechanisms with which UNIX implements commands.
When describing an operating system, we need to remember that the computer system on which it is running contains electronics that run only machine code. Any command that a user types in is either translated into machine code directly by compilation, or interpreted by another program that is already in machine code. A machine code program is known as a process. Every command given to a UNIX system, and every program run on a UNIX machine, relates to a process — either it creates one or more processes, or it is interpreted by one that is already running. A UNIX shell has a mechanism for controlling processes that appears to the user to be independent of the electronics inside the machine.
Process status
Within a UNIX system there are one or more processing elements (which we will refer to as processors) that can only run a single process at any one time. At any instant, that process can be described completely by a sequence of bytes — some representing the memory contained within the processor, some describing the precise current state of the computation. It is possible to copy these bytes to memory, and replace them by a sequence of bytes from elsewhere in memory. Thus a partially completed process can be temporarily suspended (or stopped), and completed at a later time, and in the meantime another process can be run on that processor.
The kernel manages a large 'pool' of processes, most of which are not running at any specific instant, and moves them to and from the processor (or processors) as required. Much of this movement is automatic and hidden from users — for instance, when there are several users on the machine each with a program which is running, the relevant processes are moved in and out of the processor so that each is allocated a fair percentage of the time. However, users do have a certain degree of control over their own processes.
A process can be in a number of states, normally either running (currently being worked on by a processor), or stopped (not being processed, but available to continue evaluation when instructed). When a process completes its execution; it is removed from the system entirely and killed. Not all processes will have been invoked by a user — some are so-called system processes, and are constantly running while the system is operational.
When you initially log in, you invoke a program that is a copy of the shell, and known as your login shell. This program forms a process which must be present during the whole time you are logged in. Any subsequent process that is created by you is controlled from the terminal (or window) in which you were typing the command that created it.
If you type in a command to a shell, it can be of two possible types. Either it is a 'built-in' shell command, which is interpreted by the shell process directly, or a new process is created for it. In the latter case the binary code for it is copied from storage, and forms the process to execute that command. The process that is the current shell is suspended and the process for the new command is run. After that process has finished running, it is destroyed, and the shell process is resumed.
You can find out which processes you have, either running or stopped, by means of the command ps. This displays a list of your processes, by default in a format similar to the following:
$ ps
PID      TTY 
   TIME 
COMMAND
10312 
   p7        00:02:23  
sh
14277     p7        00:00:00 
ps 
Each process is given a unique identification number, its process-id or PID, which is indicated in the first column of the output from ps. The second column displays the name of the terminal from which that process is being controlled (normally your own terminal or one of your windows).
The column headed TIME is the amount of processor time the process has so far consumed while actually running, a measure of how much work the computer has so far done for that process. In the final column, the name of the command that the process is running is given. In the above example, the user has two processes running, the login shell sh, and the ps command that is being used to display the list of processes. The login shell (PID 10312) has already consumed 2 minutes and 23 seconds of processor time, whereas ps (PID 14277) has used less than 1 second (rounded down to 0 in the output from ps). The PID number is used internally by the kernel, and is not normally needed by the user.
Another very useful utility is top, which will display in order the processes (including other users') which are taking up the most system resources. This can be useful if your machine appears to be slowing down, and you need to diagnose the problem. It is an interactive utility (press q to terminate it) which combines most of the functionality of ps and kill (see below). In the following sample output, the main system user is Sam. with a program gen taking up 249M of RAM, which has been running for over 18 hours. Chris also has two small programs running which have been active for several days. For the moment you do not need to be concerned with the details of the output of top.
5:21pm    up  1 day,   23:02,     2 users,   load av:   1.00,   1.00,   1.00 150 processes:   146 sleeping,   1 running,   3 zombie,   0 stopped CPU states:     0.17, user,     0.7% system,     0.0% nice,   99.07, idle Mem:     128808K av,   120728K used,       8080K free,     37432K buff Swap:   152248K av,       9812K used,   142436K free    618980K cached
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Foreground and background
When running a command interactively — that is, when you type in a command and wait for the system to respond — the command is being run in the foreground. You can instruct UNIX to run a program in the background instead. This means that the program will begin to run but you will be prompted by the shell for the next command without waiting for the program to complete — your login shell and the background program are effectively running simultaneously. In order to instruct UNIX to run a command in the background, follow the command with an ampersand (&) — try the following:

$ date  &
A line will be printed confirming that the command has been sent to the background, and then you will be prompted for your next command with $. Meanwhile, date is executing, and shortly after its output is displayed you will be informed that date has completed running:
[1]   7293 
$ Fri Dec 7 18:29:04 GMT 2005
[1]+ Exit 0 date
Process control
To illustrate how we can control processes, we use as an example the command sleep. Followed by an integer, sleep suspends execution of the current shell for that number of seconds, so:
$ date
Fri Dec 7 17:22:21 GMT 2005
$ sleep 15
(there is a delay of 15 seconds at this point)
$ date
Fri Dec  7  17:22:36 GMT 2005
So sleep is a command that essentially does nothing, but a process is created for it nonetheless. So we might have:
$ sleep 300 &
[1] 16403    
$ ps
PID 
TTY     TIME 

COMMAND
10312 
p7  
00:02:25 
sh
16403 
p7  
00:00:00 
sleep 300
16425 
P7 
00:00:00 
ps 
After 300 seconds process number 16403 will terminate. The system confirms that the command has been sent to run in the background by printing a line containing jobnumber (enclosed in square brackets), and the process ID number (16403) of the command.
Signals
The kernel controls many processes, created by possibly many users, and including many that are 'system' processes, necessary for the system to function. The kernel allows these processes to communicate by sending 'messages' to each other. Any process in the system can send a message to any other process, and because there could be many processes and many messages being sent, UNIX restricts the messages to being very simple.
These messages are known as signals, and each takes the form of a single byte. They are instructions to processes, such as kill (cease running immediately) and stop (become a suspended process). Signals are concerned with the scheduling of processes, that is, when and in which order they are executed. The command kill is provided for a user to send a signal to a specific process. A detailed discussion of signals is beyond the scope of this chapter, but one particular signal is important at this stage.
The signal SIGKILL, when received by a process, causes it to be destroyed immediately. For example, to kill the sleep process above, you could type
$ kill   -s   KILL   16403
where kill with option -s ('signal') causes the signal named after -s to be sent to the process whose PID is given as the final argument to kill. Note that, although this signal is referred to as SIGKILL, only the word KILL is passed to the command kill. This is because all signals are called SIGsomething, so the SIG is redundant in any context where the name of a signal is expected. 
This raises the question of why you might ever wish to destroy a process. It sometimes happens that a process that is running in the background is left there by mistake, for instance if the software that created it was poorly written. It also happens sometimes that you send a program to run in the background when you think it will run for a long time, and later on discover that because of an error in the program it is failing to finish.
It is important to remember that UNIX uses processes as its most basic concept of a 'program'. 
Environment
Another communication mechanism employed by UNIX is that of the environment. If you are already familiar with a programming language, the environment is a collection of variable names together with an associated value for each one. Unlike most other languages, variables in UNIX are usually regarded as character-strings, and only interpreted as numbers (or other data types) in specific circumstances.
Environment variables
A variable in UNIX is a name associated with a value. For instance, there is a name LOGNAME whose value is your own username. Variable names are by convention formed of upper-case letters, whereas names of files are normally lower-case. The value of a variable can be referred to by prefixing the name with a $:
$  echo   LOGNAME
LOGNAME
$  echo   $LOGNAME
chris
Some variable names are set by the UNIX system for you; other names you can set for yourself. The syntax for assigning a value to a name is name = value, for instance:
$ ADDRESS = "1  High  Street" 

$ echo  I  live at  $ADDRESS
I live at  1 High Street
If the value of a variable includes whitespace (Spaces or TABs) or symbols known to the shell (such as & and | ), the value should be enclosed in single or double quotes. For the moment, just think of the value as being a string; if it contains numbers, they are still just sequences of characters, and you will not (yet) be able to do any arithmetic on it. Check the values of the predefined variables listed in Table 1 using echo as above.
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Table 1 – predefined variables

Of these, PATH and PS1 deserve further discussion. When a UNIX shell encounters a command that is not built in to the shell, it looks at the variable PATH — as you may have noticed, the value of this variable is a sequence of pathnames, known as pathname components, separated by colons. UNIX then examines each of these pathnames in order, assuming each to be a directory, to see whether there is an executable file whose name is the same as that of the command. If it finds one, it is executed, otherwise an error message is generated when all the directories in PATH have been examined. Typically, PATH will have been set up on your system so as to contain the directories the system administrator knows you will need; a typical example might be:  
$  echo   $PATH
/bin/usr/bin:/usr/local/bin
If you want a variable's value to contain the dollar symbol, prefix the dollar with a backslash, or enclose the value in single quotes:
$ X = 'This is a $' 
$ echo   $X
This is a $
The variable PS1 controls the prompt the shell gives you; you can safely play with this variable:
$ PSl = "Type in a command: "
Type in a command:   echo   $PS1 
Type in a command:
The concept of a variable is understood by any process; a variable can be assigned a value by other utilities, not just by the shell. However, the value of a variable is not automatically available to other processes.
You can list all the variables set for you by use of the command env ('environment') with no arguments. Try it - you may need to pipe the output through a pager, since your system may have set many variables for you:
$ env  |  more
Change your prompt from $ to your first name:
Solution: The variable PS1 contains the prompt; reset it.
$ PSl = "Robert:   " 
Robert:   
Another method for assigning a variable a value is by means of the command read. Followed by one or more variable names, this reads words from the standard input and assigns them to the successive variables. The following script requests the name of a user and sends them a greeting by mail:
echo "Whom do you wish to greet?"
read RECIPIENT
echo Hello |  mailx -s Greeting $RECIPIENT
Generally you will read one variable at a time, but it is possible to read several at once from a single line of input. In this case you must be careful if the number of variables and the number of words on the input line are different. If there are fewer variables than words on the line, the initial variables will be assigned one word each, and the final one the rest of the line; if there are more variables than words on the line, the final variables will be assigned the null string. If a script testread has the following contents:
read X Y Z
echo  "X=$X Y=$Y Z=$Z"
i.e. create this script (shell program) in vi and run it as follows:

$ sh  testread 
hello  there  chris
X=hello Y=there Z=chris
$  sh  testread
hello
X=hello Y= Z=
$  sh  testread
hello  there  chris  jo  and  sam
X=hello Y=there Z=chris jo and sam
Write a script to prompt the user for the name of a file and then print the file on their terminal. 
Solution: Use echo to prompt the user, read to get a filename into a variable, and cat to display the file: 
echo Type  in a filename  

read FILENAME                                                                                                  

cat $filename
One use of read that is not apparent from the above discussion is that it can be used to allow the user control over the speed with which a shell script is executed. Try creating a file (say cat2files) containing the following:
echo Type in 2 file names
read FILE1 FILE2
cat $FILE1
echo Press Return to continue
read X
cat $FILE2
Now execute that script - it will print out the first file on the screen, then pause for you to press Return before displaying the second file. The second read assigns a value to the variable X (which is not actually used for anything else), but waits for you to type in something before moving on to the next line.
Suppose file myprogram contains
echo What is your name?

read MY_NAME

echo The emperor is $MY_NAME
Now try

$ sh myprogram
What is your name? Julius Caesar
The emperor is Julius Caesar
Executable scripts
Suppose you have written a script, called (say) mypfile. In order to execute the commands in this file, we have indicated that they must be passed to the shell. Now, using
$ sh myfile
a copy of the shell command interpreter is created for the sole purpose of executing the commands in myfile and, when it has finished with them, the new shell terminates. Typing sh each time can be tedious, especially if you have written many scripts; if you change the permissions on myfile so that you have execute permission for it, then it can be run as any other command:
$ chmod  +x myfile
This is the same as
$ chmod a+x myfile
which gives execute permission to all users. You can now type just the name of the file and it will run:
$ /cs/ugrad/chris/myfile
For example, if you create a file called mydate and containing
echo The date and time is: 

date
then you could run the script by
$ $HOME/mydate
Alternatively, give it the name relative to the current directory:
$   ./mydate
Finally, examine the value of your PATH:
$  echo   $PATH
If there is a dot as one of the components of PATH the current directory will also be searched, and you can then simply type mydate
$ mydate
Exercises:
1. Write a script to write your username, your home directory, the type of terminal you are using and the date of this information.

2. Write a script which will 
i) prompt you for your name, address and telephone number,  then
ii) pass these details into a personal file e.g. myinfo, then

iii) print the contents of myinfo on the screen.
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