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Preface

Shell programming was not something I wanted to do from the start, it kind of crept up on me over
the years. You know how it is, you do something regular enough that

it gets boring and you try to find short cuts. Well after my first UNIX training course I went back to
the office and started to look at the support requirements and it soon became obvious that to do a
good job something had to be done regarding the overload of administration on a detailed level as
the system grew. Initially my scripts were small and dedicated , and to do the same thing for several
users I just copied the script into their home directory and edited a few lines and off it went. After a
few weeks, I spotted the error of my ways and created a directory for scripts that could be shared. I
put the directory into everyone’s path and started moving scripts into this central place. By editing
the scripts and putting in variables, instead of hard coded values, I found I could make them generic
enough for anybody to use, as long as the user’s environment contained enough background
information for the script to pick up and use.

A few months down the line and I saw another opportunity as I was aware there was a lot of
common code in most of These scripts. Why keep copying all this code when I could call it from
another file? Two things sprang to mind initially, one was the .profile, which I was already using to
store users environment variables, the other was functions, which I had seen one of my friends use in
a long script suite. I dug out the man pages for the shells and spent the next few days looking at sh,
csh, and ksh in detail, trying out short test scripts to make sure I understood what was written. I had
a look in my local book store for books on shell programming generally. Alas the only books
available were very basic and covered what I had already learned. What I did pick up at this time
was that there was a general disliking for the C Shell in most books I found. It was pointed out on
numerous occasions how many bugs there were. I must admit, even the man pages themselves
highlight several pages of bugs at the back. I was also aware that to fully support a networked
system there were several files you had to be able to edit and fix when things changes. These are the
basic system set up files and spool daemons etc. All of these files are of course written using the
Bourne Shell. You become quite good at the Bourne Shell when you set up printer drivers for a
networked drawing archival system with distributed printers and plotters.

What I started to see here was a language that was very succinct - terse, but to the point. It had few
bugs - certainly no one remarked on them. It was also very portable in that all UNIX systems support
it and make use of it exclusively for low level set up scripts and installation suites. I found this a bit
of a nuisance because I was a C Shell programmer and I liked my cosy environment! But when I saw
these functions used, I started to see real benefits - C Shell does not have functions. I converted a
few scripts, it’s not too difficult - just a few key word changes, the if syntax, etc. Then I put in a few
functions to replace some common code. Well, look at that! The scripts is now only half the size and
still does the same thing! What’s more, if I change this function, all the scripts that call it are
immediately updated too! This is neat! The rest, as they say, is history.

(c) R. H. Reepe Printing Services Limited 1996
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Introduction

This book is aimed at those UNIX users who find themselves looking after more shell scripts than
they can comfortably shake a stick at. These will be System Administrators or Specialists looking
after a legacy system or even a brand new development team that is subject to constant changes. The
scope is indeed broad, as is the application of what is contained within this book. Be on the lookout
at all times for opportunities to simplify. Always look for a generic solution, which will always have
wider application than the dedicated solution.

An understanding of UNIX will be helpful, but the reader need not have any shell programming
experience. In fact to possess any existing bad shell scripting habits may hamper progress.

The conventions used in this book are very simple. The main text is in the same font and style as has
been used here. Any examples of code will be presented as either one line or a numbered listing in
Courier 8 point bold which looks like this:

Example code segment

# Example Code Example
echo “Hello World”
echo “The time is [ date +%h%m%s%p" ] by my clock”

When required, screen output will use the same font as code but in a regular type instead of bold
which looks like this:

Example screen output

user@system$ my_script argument
Hello World
The date is [12:37:42pm] by my clock

UNIX Command words, like 1s or cp will be picked out in the text as bold, while variables used
within the text body will be in italic text. Examples of UNIX command lines will be printed in Arial
10 point bold text which looks like this:

Example Command Line

cat *.log | sort-u > filename

And finally a Health Warning for Real Programmers: Real programmers may get upset by some of
the constructs used here. I make no apologies to the incensed reader. Just remember, there are no
correct ways in shell programming, just ways that work. I hope you have as much fun trying out the
concepts used in this book as I had while writing it.

(c) R. H. Reepe Printing Services Limited 1996
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The Basic Shells

Why Use Shells?:

Well, most likely because the are a simple way to string together a bunch of UNIX commands for
execution at any time without the need for prior compilation. Also because its generally fast to get a
script going. Not forgetting the ease with which other scripters can read the code and understand
what is happening. Lastly, they are generally completely portable across the whole UNIX world, as
long as they have been written to a common standard.

The Shell History:

The basic shells come in three main language forms. These are (in order of creation) sh, csh and
ksh. Be aware that there are several dialects of these script languages which tend to make them all
slightly platform specific. Where these differences are known to cause difficulties I have made special
notes within the text to highlight this fact. The different dialects are due, in the main, to the different
UNIX flavours in use on some platforms. All script languages though have at their heart a common
core which if used correctly will guarantee portability.

Bourne Shell:

Historically the sh language was the first to be created and goes under the name of The Bourne
Shell. It has a very compact syntax which makes it obtuse for novice users but very efficient when
used by experts. It also contains some powerful constructs built in. On UNIX systems, most of the
scripts used to start and configure the operating system are written in the Bourne shell. It has been
around for so long that is it virtually bug free. I have adopted the Bourne shell syntax as the defacto
standard within this book.

C Shell:

Next up was The C Shell (csh), so called because of the similar syntactical structures to the C
language. The UNIX man pages contain almost twice as much information for the C Shell as the
pages for the Bourne shell, leading most users to believe that it is twice as good. This is a shame
because there are several compromises within the C Shell which makes using the language for
serious work difficult (check the list of bugs at the end of the man pages!). True, there are so many
functions available within the C Shell that if one should fail another could be found. The point is do
you really want to spend your time finding all the alternative ways of doing the same thing just to
keep yourself out of trouble. The real reason why the C Shell is so popular is that it is usually
selected as the default login shell for most users. The features that guarantee its continued use in
this arena are aliases, and history lists. There are rumours however, that C Shell is destined to be
phased out, with future UNIX releases only supporting sh and ksh. Differences between csh and sh
syntax will be highlighted where appropriate.

Korne Shell:

Lastly we come to The Korne Shell (ksh) made famous by IBM’s AIX flavour of UNIX. The Korne
shell can be thought of as a superset of the Bourne shell as it contains the whole of the Bourne shell
world within its own syntax rules. The extensions over and above the Bourne shell exceed even the
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level of functionality available within the C Shell (but without any of the compromises!), making it
the obvious language of choice for real scripters. However, because not all platforms are yet
supporting the Korne shell it is not fully portable as a scripting language at the time of writing. This
may change however by the time this book is published. Korne Shell does contain aliases and history
lists aplenty but C Shell users are often put off by its dissimilar syntax. Persevere, it will pay off
eventually. Any sh syntax element will work in the ksh without change.

Read That Manual!:

On any UNIX system the on-line documentation available from the man pages covers all the
commands available, including the script languages. For Bourne it’s usually between 10 and 15
pages whereas for C Shell or Korne it’s about 30 pages or more. It is a good idea to get this printed
out and put into a loose leaf folder. The on-line documentation is always more up to date than that
in the printed manuals that arrive with the system and if stored in normal A4 folders (I use the clear
plastic pockets to store the loose pages) this can be used as your reference source. People usually
gasp in horror when they hear this - “Why not just open a new window and use man!” - they cry.
Well for one thing, if I know the information I want is towards the back, I can jump straight to the
page rather than fight with the scrollbar. Secondly, if the information is wrong (Heaven Forbid!) or
not too clear (Really?), I can add some of my own clarification in the margins! The all important
dialect or platform specifics will also be listed within these man pages.

The other thing you must do is cultivate an ability to read through these man pages and understand
the meaning behind the words. This is a trick that takes time, don’t think for a moment that what is
written in a man page is actually correct. It is simply someone else’s idea of how to explain what is
supposed to happen under known circumstances. Don’t forget that it’s rare for the code writer to be
the documentation writer too. This ability will put you in good stead for negotiating the most
troublesome passages. If it doesn’t make sense the first time, change your view and look at it from
another angle. Develop this skill well, it will pay dividends later.

I have included some syntactical information from my man pages within this document but I have
kept it to the minimum required and always used examples to explain each concept, something sadly
lacking in man pages generally. All examples will be repeated for each shell for comparison when
appropriate, although I now only use Bourne shell full time because of its portability (See and ).

What is a Shell Script Anyway?:

A shell script, in its most basic form, is simply a collection of operating system commands put into a
text file in the order they are needed for execution. Using any of the shells mentioned so far, a text
file containing the commands listed in would work every time the script was executed.

Example basic shell script

#1/bin/sh

rm -f /tmp/listing.tmp > /dev/null 2>&1
touch /tmp/listing.tmp

Is -1 [a-z]*.doc | sort > /tmp/listing.tmp

lpr -Ppostscript_1 /tmp/listing.tmp
rm -f /tmp/listing.tmp

Of course not all scripts are this simple but it does show that ordinary UNIX commands can be used
without any extra, fancy scripting constructs. If this script was executed any number of times the
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result would be the same, a long listing of all the files starting with lower case letters and ending
with a doc extension from the current directory printed out on your local PostScript printer. Not very
exciting. Lets start to look at this in detail starting at the beginning.

In the Beginning:

The first line of any script should always look a bit like the top line in , the only difference would be
the path leading to the shell executable file, in this case the /bin/sh part. By default the UNIX
system will attempt to execute an ASCII text file if the files name is supplied as the first argument on
the command line. UNIX will attempt to execute the file in the current shell, and try to process the
included command strings within the file using the syntax rules of the current shell. So, if you are
using the Bourne Shell as your default environment and the ASCII file contains a list of UNIX
command structures formatted how the Bourne Shell likes them to be formatted, all will work fine.
However, if you try and execute a C Shell file with a different syntax structure, the Operating System
will complain about unrecognised commands and syntax errors. The reason is, no one told the
Operating System that it was a C Shell file, so it processed it as a Bourne Shell. The correct way to
indicate this to the Operating System is to pass the script name to the shell executable as an
argument thus:

user@system$ /bin/csh my_script arg 1 arg 2

However, it didn’t take long for someone to notice that this was extra typing' that could well be done
away with and hence the short hand first Line comment was born (See - ).

Basically, all comments in shell scripts start with a hash sign (#). However, for the first line only,
UNIX reads past the hash to see what’s next. If it finds an exclamation point (!), or Bang!, as it’s
known, then what follows is taken as the path to the shell executable binary program. Not only that,
but all the command line arguments that the shell executable allows can also be stacked up on this
line (See - ). With this feature it doesn’t matter what flavour of shell your environment is, you can
execute a script in any other flavour of shell, as if it was a real UNIX command. Lets look at the
Bourne Shell syntax rules more closely. It would be helpfull at this point to print out the sh man
pages from your system so that you can compare them with what I have here.

! There is a general rule among UNIX systems programmers that states - “Any command which has more

than two letters in it’s name, is too difficult to spell!”
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The Borne Shell Syntax (sh, jsh, rsh):

The next few sections are all based on the syntax rules for the Bourne shell as listed in the man
pages for sh from my system. Compare these rules with those of your system. There may be slight
defferences where the specification of the sh is loosely defined. Where there are these minor
differences, experiment for yourself to validate that what is written agrees with what happens. Trust
no-one and test everything until you are happy you fully understand each point. Only then can you
begin to use the sh to your advantage. Make the syntax rules second nature. Lets read what it says.

The Borne Shell is available in three forms on most systems. These are:

* sh The Standard Borne Shell

e jshThe Job Control Bourne Shell

* rsh The Restricted Bourne Shell
The syntax and usage rules are common across all these types except where noted. In general, the
rsh is more secure and forces users to comply with additional rules imposed by the system manager,
while the jsh adds some features which aid the control of background processes (batch jobs) from
the users interactive session.

Lets look at the standard man page information and interpret what this represents in some real world
examples. First is the SYNOPSIS section which gives very brief syntax information regarding all
versions of the shell. On my system, the list of three lines shows sh and jsh then /usr/lib/rsh
indicating that the path for the restricted shell is not normally included in the users path. This is
because of an unfortunate conflict between the spelling of rsh and rsh (!) One being the restricted
shell, the other being the remote shell command which allows a shell process to be started on a
remote system. For instance you might want to list your home directory on a remote machine but
not want to login and do any work on the system. To do this the command rsh remote_system Is -1
where remote_system is the alias of the remote machine, would be useful.

Invocation Flags:

In square brackets following the command name is a list of flag parameters which modify the way
the command behaves. You do not need to use any of these, indeed the square brackets indicate that
they are optional, but quite a few are useful on occasion. In common with most man pages my
system lists the flag characters then forgets to say anything else about them until pages 13 (under
SET) and 15 (under INVOCATION) by which time the reader has completely forgotten where they
came from. It is never clarified on my system that the SET flags are the same as the ones listed under
the SYNOPSIS section. However there is an inference at the end of SET which indicates “$1, $2 etc.,
following the flags, will be treated as input parameters for the shell” - that’s your only clue. The flags
will be covered as appropriate within the text where relevant. I won’t bother elucidating the
DESCRIPTION section as this has been covered in some detail above.

Definitions:

The next bit on my systems man pages is DEFINITIONS where it tries to explain some very basic facts
about key words used in the rest of the document. Some of these definitions are not always very
clear and a misinterpretation here can lead to later confusion. Lets try and take these one step at a
time.
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Blanks:

A blank is a tab or space. What this actually means is - a blank is any chunk of white space between
anything that is printable (a character or word). So blank can be several spaces or tabs or a
combination of multiples of the two.

Names:

A name is a sequence of ASCII letters, digits, or underscores, beginning with a letter or an
underscore. Well, almost. What they are really saying here is - these are the rules for a variable
name or function name within a shell script program. What has been omitted here is that the names
are case sensitive, you can mix case within a name (LikeThisOne), and they don’t always have to
start with a letter or an underscore (See - ). It is never stated what the length limit is for a name.
The limit on my system is 31 characters. Names longer than 31 characters do not give rise to any
error messages, but if you have several names which only differ after character 32, then the shell will
treat them all as the same variable. This can lead to unexpected results. You have been warned.

Parameters:

A parameter is a name, a digit, or any of the characters *, @, #, 2, -, $, and '\~ . So, what’s the
difference between a name and a parameter exactly? Not much actually, it’s all in the usage. If a
word follows a command, as in: Is -1 word , then word is one of the parameters (or arguments)
passed to the Is command. But if the 1Is command was inside a sh script, then in all likelihood the
word would also be a variable name. So a parameter can be a name when passing information into
some other command or script. Viewed from inside a script however, the command line arguments
appear as a line of positional parameters named by digits in the ordered sequence of arrival (See - ).
So a parameter can also be a digit. The other characters listed are special characters which are
assigned values at script start up and may be used if required from within a script.

Well after reading through the above, I am still not sure if this is any clearer. Lets see if an example
can help to clarify things a little.

Script example 1.1 - The shell default parameters

#1/bin/sh -vx
HHBHBHBHBHBHBHBHBHBHBHB AR AR ABAHAHAHAHHHHHAHTHAHRHRHRHHRH
# example 1.1 (c) R.H.Reepe 1996 March 28 Version 1.0 #
HHBHBHBHBHBHBHBHBHBHBHB AR AR ABAHAHAHAHHHHHAHTHAHRHRHRHHRH

echo "Script name is [$0]"

echo "First Parameter is [$1]"

echo "Second Parameter is [$2]"
echo "This Process ID is [$$]"

echo "This Parameter Count is [$#]"

echo "All Parameters [$@]"

echo "The FLAGS are [$-1"

If you execute the script listed in with some arguments as shown below, you will get the output on
your screen that appears in .

user@system$ example 1.1 fred bill bert
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Screen output for script example 1.1

+ echo "Script name is [$0]"
Script name is [example 1.1]

+ echo "First Parameter is [$1]"
First Parameter is [fred]

+ echo "Second Parameter is [$2]"
Second Parameter is [bill]

+ echo "This Process ID is [$$]"
This Process ID is [16219]

+ echo "This Parameter Count is [$#]1"
This Parameter Count is [3]

+ echo "All Parameters [$@]"
All Parameters [fred bill bert]

+ echo "The FLAGS are [$-1"
The Flags are [vx]

Looking back at the example script, in the first line of the file there is a special sequence of
characters (#!) which the shell will only interpret on the first line. Normally the hash character
indicates to the shell that this is the start of a comment and the shell must ignore everything up to
the next newline character. However, when on the first line, the shell will go on to read the path to
the shell executable program and optionally some shell flags (See - ). I have added the flags -xv here
because they are very useful when debugging. The -v flag is the verbose setting (also available part
way through a script by using set -v if required) which forces the shell to output or echo each
command it finds in the script as it encounters it. This will allow you to find which particular line in
your code has the syntax error, output will stop at this point and the script exits. The -x flag is
similar except that it puts a plus sign (+) in front of any command that gets processed. This is not
quite the same is -v which will show you the command whether it is processed or not (See - which
shows output from both -v and -x together). If you process a loop structure for instance, the -v will
output the whole construct once as it is seen, but the -x will show each pass through the loop too.
The path shown on the first line is for the Bourne shell. For C shell use /usr/bin/csh and for Korne
shell use /usr/bin/ksh.

The next three lines are my default header. See Section for information on script style, layout and
symbol format.

Next is the body of the script which displays to the terminal or echoes some text strings and some
values. You will note I have put each variable/parameter/name(!) inside some square brackets. This
is a good way of checking for included blank space within a variables value. I would not expect to
see any blanks in any of these variables but when debugging, it’s a good idea to check. The first three
are positional parameters which will display the parameters following the command name (or script)
when executing. The first of these is $0 which is the command (or script) name itself. This is a useful
thing to have as you can use this when outputting errors or building logfiles or audit trails. The real
input parameters are available from $1 to $9 inclusive. What if you have more than 9 parameters?
Well there is a shift feature, which we will cover later (See - ), which gives access to parameters
above 9. Incidentally, the dollar symbol ($) at the front of all these variables is a request to the shell
to substitute the value of the variable at that point. All variable names used in all the shell types need
to be prefixed with the dollar if you want the value substituted (See - ).

Next is an odd looking one called $$ which returns the process id of this script. When UNIX executes
a script it will create a process to handle the work and this is its number. It is an integer between 1
(unlikely!) and 32767 on most systems. Every task that is run on a UNIX system has its own process
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id which is why the number 1 is unlikely®. There will be tens (maybe hundreds) of processes already
running when you login and you just get the next available. When UNIX runs out of process id
numbers, it wraps around and re-uses defunct process id’s by starting again at the lowest available
number. The $$ parameter is not just a pointless random number generator. It is very useful when
creating temporary files for instance, where each instance of the script® can create a unique
temporary filename based on the process id (or PID).

Then we have $# or the parameter count. This returns an integer number representing the number
of positional parameters (the $digits) following the script name. In our example in that would be 3
but I have not found a real limit, except when exceeding the UNIX line length. When dealing with
counts larger than 1 this is a useful loop control parameter for use with the shift feature (See - ).

Next we have the $@ parameter which lists out the complete set of positional parameter values
found on the command line (excluding $0), a handy way to pass them all on to a sub-script or
function.

Lastly I have included the $- parameter which will list out the current flags in use. This parameter is
volatile and will be updated to reflect the status of any set commands processed during script
execution (See - for a complete listing of invocation flags).

it is usually used by one of the bootstrap programs during system start up.
*  several users may all be using it at the same time.
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Simple, Complex and Special Commands:

Back in the man pages the next section is called USAGE and goes on to talk about pipelines and lists.
Most of what it says here can be understood by any UNIX user so I will skip this for now but there
will be some examples later showing various implementations of these definitions. The issue I want
to deal with next is the simple, complex and special commands. This is nowhere near as bad as it
sounds.

Simple Commands

Simple commands are just straight UNIX commands that exist regardless of the surrounding shell
environment. Like our old favourites Is -1 or df -al or Ipr -Pprinter filename. There are large
numbers of commands that fall into this category but the following list is a selection of the more
useful when scripting.

e sort Sorts lines in ascending, descending and unique order

e grep Searches for regular expressions in strings or files

+ basename  Strips the path from a path string to leave just the filename

e dirname Removes the file from a path string to leave just the pathname

e cut Chops up a text string by characters or fields
« wc Count the characters, words, or lines

o [ (test) ] Predicate or conditional processor
e tr'a''b Transform characters

* expr Simple arithmetic processor

* bc Basic Calculator

o eval Evaluate variables

* echo Output strings

e date Create date strings

e nawk Manipulate text strings

e head | tail Access lines in files

Some of the above commands can be very complex indeed, especially when assembled into pipelines
and lists. However, these are still referred to as simple commands - presumably because they stand
alone. Take a close look at the man pages for all of the above commands, you will find them
invaluable during your scripting sojourn.

Complex Commands

Complex commands are just the shells internal commands which are used to group simple
commands into controlled sets based on your requirements. These include the loop constructs and
conditional test structures. These cannot stand alone. An if requires a then and a fi at the very least.
Lets take a look at the man pages again at this point.

The for structure:

It says on my systems man page for name [ in word ... ] do list done as a syntax description of the
for command construct. Well, it is correct but does not really show the layout of the command at all.
Look at Example and you can see straight away what is supposed to happen.
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Example for syntax

alphabet="abcd e" # Initialise a string

count=0 # Initialise a counter

for letter in $alphabet # Set up a loop control

do # Begin the loop
count="expr $count + 1° # Increment the counter
echo "Letter $count is [$letter]" # Display the result

done # End of loop

So in plain English, for each letter found in alphabet loop between do and done and process the list
of commands found. Lets take this one line at a time from the top. This is the way the sh likes to
have its variables set. There is no leading word as in the csh (set) just start with the variable name.
There are also no blanks either side of the equal sign. Indeed, if you put a blank in, the shell will give
you an error message for your trouble. This also gives rise to the difference between the top two
lines in this example. Because I want to include spaces in my string for alphabet, I must enclose the
whole string in double quotes. On the next line this is not required as there are no embedded blanks
in the value of count. When setting variables, no blanks are allowed. Everywhere else, sh loves
blanks.

In line 3 the for statement creates a loop construct by selecting the next letter from alphabet each
time through the loop and executing the list found between the do and the done for each letter. This
process also strips away any blanks (before and after) each letter found in alphabet® . The do and
done statements are not executed as such, they simply mark the beginning and end of the loop list.
They are however a matched pair, leave one out and the shell will complain.

Inside the loop are two simple commands (apparently!). The first one just increments the loop counter
by adding one to its current value. Note the use of the back-quote here to force the execution of the
expr command before setting the new value of count. There will be more about this later.

The next line is something we have seen before, just a display command showing the values of the
variables. Note the use of the $ symbol to request the value of the variables.

The while structure:

There is another similarly structured command in the sh called while. Its syntax structure is listed as
while list do list done which you should now be able to translate yourself into something that looks

like Example below.

Example while syntax

alphabet="abcd e" # Initialise a string

count=0 # Initialise a counter

while [ $count -1t 5 ] # Set up a loop control

do # Begin the loop
count="expr $count + 1° # Increment the counter
echo "Letter $count is [$letter]" # Display the result

done # End of loop

4 Including newlines if the list is a result of an Is -1 command
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Most of this is the same construct, I have just replaced the for loop set-up with its equivalent while
syntax. Instead of stepping through the letters in alphabet, the loop control now monitors the size of
the count with [ $count -1t 5]. The -t flag here represents less-than and is part of the test UNIX
command, which is implied by the square brackets. Any other command, list or variable could be put
here as long as its substituted value equates to an integer. A zero value will exit the loop, anything
else and the loop will continue to process. From the above you can work out that test returns 1 for
true and O for false. Have a look at the man pages for test at this point, you will find it a very useful
command with great flexibility.

The if structure:

Next in complexity is if list then list [ elif list then list ] ... [ else list ] fi, or the if construct. What
does that lot mean? Well usually if statements in any language are associated with predication and
so as you would expect there is some more implied use of the UNIX test command. Lets generate an
example to see the structure in a more usual form. The square brackets in the echo statement have
no relevance other than to clarify the output when executed (See - Section ).

Example simple if syntax

if [ -f $dirname/$filename ]
then

echo "This filename [$filename] exists"
elif [ -d $dirname ]

then

echo "This dirname [$dirname] exists"
else

echo "Neither [$dirname] or [$filename] exist"
fi

You can see here more examples of what test can do. The -f flag tests for existence of a plain file,
while -d tests for existence of a directory. There is no limit (that I can discover) to the number of
elif’s you can use in one if statement. You can also stack up the tests into a list using a double pipe or
double ampersand as in below. Here the use of the double pipe (]|) is the syntax for a logical or
whereas the double ampersand (&&) is the logical and.

Example complex if syntax

if [ -f $dir/$file 1 || [ -f $dir/$newfile ]
then
echo "Either this filename [$file] exists"
echo "Or this filename [$newfile] exists"
elif [ -d $dir ]

then

echo "This dirname [$dir] exists"
else

echo "Neither [$dir] or [$file or $newfile] exist"
fi
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In the sh if construct it is important to put the then word on its own line or sh will complain about
an invalid test. Also important is the blank inside each end of the test. Without this the test will
generate a syntax error - usually "test expected!" which is a bit meaningless.

case structure:

Next is the case word in [ pattern [ pattern ] ... ) list ;; ] ecase which is probably the most
complicated construct to decode from the simple syntax listed above. It is a bit like a multi-line if
statement linked with logical or symbols (| |). It is commonly used to process a list of parameters
passed into a script as arguments when the actual parameters could be in any order or of any value.
The layout is shown in below, which is a section from a print script.

Example case syntax

size=0 # Default Char Point Size (!)
page=660 # Default Page Point Size
while [ “$1” 1= “"] # When there are arguments...
do # Process the next one
case $1 # Look at $1
in
- lines=47,; # If it’s a “-1”, set lines
page=470; # Set the Landscape Page Point
options=*“$options -L -17; # Set the Landscape Options
shift;; # Shift one argument along
-p) lines=66; # If it’s a “-p”, set lines
options=“$options -1”; # Set the Portrait Options
shift;; # Shift one argument along
-s) size=$2; # If it’s a “-s”, set size
shift 2;; # Shift two arguments along
*) echo “Option [$1] not one of [p, 1, s]”; # Error (!)
exit;; # Abort Script Now
esac
if [ $size = 0] # If size still un-set...
then
size="echo “$page / $lines” | bc" # Set from pages over lines
else # or
lines="echo “$page / $size” | bc’ # Set lines
fi
done
options="“$options$lines -s$size” # Build complete option list
Ip -P$PRINTER $options $filename # Output print file to printer

Here we see a while loop, exiting when no more parameters are found on input line, enclosing a
case statement. The case statement repeatedly tests $1 against a list of possible matches indicated
by the right parentheses. The star (*) at the end is the default case and will match anything left over.
When a match is found, the list of commands following the right parentheses are executed up to the
double semi-colon. In each of these lists, there is a shift statement which shifts the input parameters
one place left (so $2 becomes $1 etc.), allowing the next parameter to be tested on the next pass
through the loop. In the case of the “-s” parameter, an extra following argument is expected, the size
value, which is why the shift instruction contains the additional argument 2 (shifting the parameters
2 spaces left). This effectively allows the processing of all the passed arguments in any order and
includes an exit for an invalid parameter condition via the star match. The if statement at the end
checks if the size parameter has been set then uses the bc command to set either size or lines
accordingly. When complete, the final options are created and passed to the Ip command to print the
file.
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The parent and sub-shell structure:

Then there are two easy ones the ( list ) and { list; } constructs which simply execute the whole list
of commands in a separate sub-shell ( ) or in the parent shell { } with a note that the blanks
between the { } are mandatory.

The function structure:

Lastly in the complex command section we come to what is probably the most underused but most
useful construct for serious scripters. The function definition. The syntax is deceptively simple which
I guess is what leads most users to assume it’s not worth learning about. How wrong they are. Just
take a look at this Example to see what I mean.

Example function syntax

i_upper_case()

echo $1 | tr 'abedefghijklmnopgrstuvwxyz' 'ABCDEFGHIJKLMNOPQRSTUVWXYZ'

This is a very simple function called i_upper_case, you can probably guess what it does. Note that it
gets its input argument from a passed parameter ($1). So to make use of this function within a script
you simply need to call it with an argument as follows:

i upper_case "fred"

or

name="fred"
i upper_case $name

And you will get back FRED in either case. A more appropriate usage would be something like:

small name="$input_argument"
large name="i upper case "$small name""
echo "Large Name = [$large name]"

Which allows the case to be changed and put into a new variable. The advantage of doing this at all
is that you don’t have to re-code the same thing over again when you want to use the feature several
times within the script. Note the use here of the double quotes around the variables to the right of
the equal signs - this is to preserve any blanks within the strings which would otherwise be treated
as argument separators and hence the function would only process the first argument in the list.
What this means is:

small name="fred smith"
large name="i_upper case "$small name"" # Quoted parameter
echo "Large Name = [$large name]"

Will display FRED SMITH, whereas:

small name="fred smith"
large name="i upper case $small name’ # Unquoted parameter
echo "Large Name = [$large name]"
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Will display FRED only. This bug can be traced back to the function definition which only reads in the
$1 parameter. Changing this to read the $@ parameter would correct the bug for this function. But
beware, this type of fix would not be appropriate in all situations. Try and think generically when
creating functions and make them as useful as possible in all situations.

There are two very basic rules to remember when dealing with functions:

1. You cannot use a function until it is defined. Thus all function definitions should appear
either at the top of the script or in a start-up file such as ~/.profile.
2. Functions can be nested to any depth, as long as the first rule is not violated.

At the end of the complex command section there is a reminder message that all of the keywords
used in these complex commands are reserved and not available as variable names. This means that
you can screw up any UNIX command by using it as a variable but you cannot screw up a complex
shell reserved word.

echo()
{

/usr/bin/user/my_echo "$@"
b

Is perfectly okay as a function definition and the sh will happily use your echo function whenever an
echo command is required within the script body.

while()
{

/usr/bin/user/my_while "$@"
}

Is not okay and the function definition will fail at runtime.

Special Commands:

The following are a set of special commands which the shell provides as stand alone statements.
Input and output redirection is permitted for all these commands unlike the complex commands.
You cannot redirect the output from a while loop construct, only the simple or special commands
used within the loop list.

e The colon ( :) does nothing! A zero exit code is returned. Can be used to stand in for a command
but I must admit not to finding a real use for this command.

e The dot (. filename) we have already met. It allows a file to be read into the current
environment. If the filename following the dot is not in the current working directory, then the
shell searches along the PATH variable looking for a match. The first match that is found is the
file that is used. The file is read into the shell and the commands found are executed within
the current environment.

e The break ( break [ n ] ) command causes an exit from inside a for or while loop. The optional n
indicates the number of levels to break out from - the default is one level. Although not stated
in the syntax rules, I have used this statement in an if then else fi construct to good effect in
where it causes an exit from the function but does not cause an exit from the calling script.

* The continue ( continue [ n ] ) command resumes the next iteration of the enclosing for or while
loop at the [ optional nth ] enclosing loop. Can’t say I've used this one either.
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The cd ( cd [ argument V4 ] ) command is the the change directory command for the shell. The
directory is specified with argument which defaults to HOME. The environment variable
CDPATH is used as a search path for directories specified by argument.

The echo ( echo [ argument %] ) command is the shell output statement. See the man pages for
echo(1) for full details.

The eval ( eval [ argument %] ) command reads the arguments into the shell and then attempts
to execute the resulting command. This allows pre-emptive parameter substitution of hidden
parameters or commands.

The exec ( exec [ argument V4] ) command reads in the command specified by arguments and
executes them in place of this shell without creating a new process. Input an output
arguments may appear and, if no others are given, will cause the shell input and or output to
be modified.

The exit (exit [ n ] ) command causes a shell to exit with the exit status specified by the n
parameter. If the n parameter is omitted, the exit status is that of the last executed command
within the shell.

The export ( export [ variable /4] ) command we have already met and is the command which
makes shell variables global in scope. Without a variable, export will list currently exported
variables.

The getopts command is provided to support command syntax standards - see getopts(1) and
intro(1) man pages for details.

The hash (hash [ -r ] [ name %] ) command remembers the location in the search path (PATH
variable) of the command name. The option -r causes the shell to forget the location of name.
With no options the command will list out details about current remembered commands. This
has the effect of speeding up access to some commands.

The newgrp ( newgrp [ argument 4] ) command is equivalent to exec newgrp argument. See
newgrp(1M) for usage and description. Haven'’t got a clue!

The pwd ( pwd ) command literally prints the current working directory. Usually used to set the
CWD variable internally.

The read ( read name % ) command will be seen in several examples. It allows the shell to pause
and request user input for the variable name, which is then accepted as the variables value.

The readonly ( readonly [ name % ] ) command sets a variable as imutable. Once named in this
command they cannot be reassigned new values.

The return ( return [ n ] ) command causes a function to exit with the return value n. If the n is
omitted, the return value is the exit status of the last command executed within the function.
Unlike exit this does not result in termination of the calling script.

The shift ( shift [ n ] ) command causes the positional parameters to be moved to the left ($2
becomes $1, etc.) by the value of n, which defaults to one.

The test command is used to evaluate conditional expressions. See the man pages for test(1) for
full details and usages.

The times command prints the accumulated user and system times for processes run from the
shell.

The trap (trap [ argument ] [ n ] %) command allows conditional execution of the commands
contained within argument dependant on the shell receiving numeric or symbolic signal(s) n.

The type ( type [ name ] ¥+) command indicates how name would be interpreted if used as a
command name.

The ulimit and umask commands exist in their own right as UNIX commands. See man pages.

The unset ( unset [ name ] ¥4 ) command allows names to be unset. This removes the values from
the variable or function. The names PATH, PS1, PS2, MAILCHECK, and IFS cannot be unset.
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» The wait (wait [ n ] ) command waits for the background process n to terminate and report its
termination status; where n is the process id. With no arguments, all current background

processes are waited for.
Most of these special commands get used somewhere in this book and more detailed explanations

will follow at that time.

Comment structure:

The next thing on my systems man page is a reference to the hash (#) comment character. It states
that any word beginning with # causes that word and all the following characters up to a newline to
be ignored. There are no notes about the first line exceptions that I gave in when we were dealing
with shell indicators (The #! sequence)
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Command Substitution:

Next up is COMMAND SUBSTITUTION although there is a lot about quoting is this section too. It is
far too difficult to split quoting away altogether, so instead I have elected to combine both sections
and include all the QUOTING information here too where appropriate.

We have already seen the set of back-quotes (or grave accents) in use in Examples and where the
count variable was incremented. The shell reads the command, or list of commands, or pipeline from
between the grave accents and executes them. The output from this operation is then available to
the shell for use in setting a variable or echoing to the terminal. When the command string is
executed in this way, the output is stripped of newlines and blanks are truncated to one space
between words (unless preserved in double-quotes). The Example shows several different uses of
the grave accent of varying complexity.

Example grave accent

current_dir="pwd"

line_count="wc -1 $file_name | cut -c1-8"

third_path="echo $PATH | cut -f3-3 -d:"

last word="head -$line_count $file name | tail -1 | tr /' | basename"

In order, these commands and pipelines are all used to set some variable values.

 First is getting the current directory using the pwd command, the simplest usage. Just
execute the command and use the output to set the variable.

» Next is getting the count of lines in a file. Use the we command (word count) with the -1
flag (lines) then pipe this to the cut command and use the -c flag (characters) to cut
out the 1st to 8th character (the number) from the output. Use this to set the variable.
The cut is required because we insists on including the filename in the output string.
Also beware of the number part, as it is not an integer but a string of numbers. If you
want a number, then use the expr command to add a zero to the result which has the
effect of converting the type. Although I said earlier that shell variables are un-typed,
the test command gets upset when presented with a string and is then told to
evaluate it as greater or less-than another number. The variables maybe typeless,
however their contents are typed unless converted.

e Next is getting the third string from a complex string list. The PATH environment variable
(See - Section ) is a list of search paths for the UNIX system to use when searching for
command locations within the directory structure. Each path is separated from its
neighbour by a colon thus: [/bin:/usr/bin:/usr/lib:/usr/etc]. This command pipeline
echoes the path string into cut using the -f flag (field) to select the third field. The -d
flag specifies the delimiter character for the fields as a colon in this case. Once again
the result of the executed pipeline is used to set a variable.

» Lastly finding the last word on a particular line. Use the head command with the
line_count variable to echo out the top line_count lines of a file. Pipe this through the tail
command and only pass the last one line. Having got the line you want, pipe this through
tr (transform) and change each blank into a forward-slash (a UNIX directory separator).
Then pipe this through basename which always strips away the full path leaving just the
filename. This leaves you with just the last word, however long the line was, and
however many words there were on the line, which can then be used to set our variable.
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Quoting and Escaping

The difference between the single and double quote are also useful to know. The single quote is
what you use to enclose a literal string. Whatever is between single quotes remains unchanged by
the shell. If you enclose something in double quotes then concatenated blanks are preserved (as in
the literal case with the single quotes) but variables are substituted by their values and filenames are
expanded from their wild-cards to full filenames and or paths. The best way to see this is in below.

Example quoting

my_name="Fred Smith" # Set a variable
echo "$my name" # Will output - Fred Smith
echo '$my name' # Will output - $my name

This may give the impression that the single quote is not much use. However, if you want to echo a
dollar sign out to another script file for later execution, it can be very handy. See below.

echo "echo \"$my name'\"" > $file name

Here the echo statement is creating another echo statement in an output file for later use. The

$my name variable is hidden inside the single-quotes and so will be passed as a literal string to the
output file. Another feature shown here is the back-slash which is used as an escape signal for the
shell. It tells the shell not to read the next character, but just pass it on. In this way the double-quote
also makes it to the output file unscathed. The backslash can be used to escape any character that is
special to the shell - even a newline. This allows you to create very long lines (See - Section ). To
pass a back-slash use a double back-slash.

Parameter Substitution:

As noted earlier, the key character here is the dollar symbol ($) which instructs the shell to
substitute the value where the parameter name (or variable) is located. There is a touch more
flexibility here than at first appears however. There are in fact 5 different ways that the shell can
substitute the value depending on the syntax used.

1. ${name} The value, if any, is substituted. The braces are only required if
name is followed by characters which are not to be interpreted as
part of the name string.

2. ${name:-word} The value, if any, is substituted. If the value is NULL, substitute
word instead. Word can be a literal string, another parameter
or a substituted command string output. Can be used to
substitute a positional parameter ($digit).

3. ${name:=word} As above but cannot be used to substitute a positional parameter.

4. ${name:?word} If name is set and is not NULL, substitute its value. Else
output word and exit from shell. If word is missing, the message
‘parameter null or not set’ is output. This can be a useful
debugging aid.
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5. ${name+word} If name is set and is not NULL, substitute word. Else substitute
nothing. This means the parameter is always substituted by word unless parameter is
null, in which case it remains null.

(c) R. H. Reepe Printing Services Limited 1996
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Input and Output

As we saw in Section , UNIX is flexible about where it takes its input and where it puts its output.
This should also be true of any scripts you create. Have a care for the poor user who is trying to
make use of your script. Give him a few clues if he goes wrong, tell him what’s happening if there’s
likely to be a delay, etc. One of the worst things you can do in a script is take someone’s input then
display a frozen screen for 10 seconds. That is the most stressfull 10 seconds in that users life! Has it
hung? Did I do it right? Is it still waiting for something from me? The best way to handle this is with
some simple checks at the start of the script to test for syntax and immediate feedback when the user
has entered something. If at all possible, make the script flexible enough to be able to handle
alternate usages.

Syntax Checking:

When you write your script, you know its internal structure and specification. You know how it
works and what it expects as input. Don’t expect the users to be that aware, they usually assume you
have done everything for them anyway, you might just as well - it'll save time later on!

If a script has 2 mandatory arguments (say input and output) then it’s just plain silly to try and run it
with only one. Its also not too bright to run it when there are three (er... like which two should it
choose?). Thankfully there is a very simple check you can do to see if a script has been started with
the correct number of arguments, and it relates to $# - a shell variable which is set when a script is
invoked. It carries the number of arguments or passed parameters that were on the command line
when it was executed. The following listing is something I used to use on most of my early scripts. A
better solution can be found in the section on functions (See - ).

Example syntax checking

if [ $# -ne 2]

then
echo “Error in $0 - Invalid Argument Count”
echo “Syntax: $0 input_file output_file”
exit

fi

This segment of code can be placed at the start of any script to check the users usage of the script.
The $# parameter is compared to the constant 2 (in this case 2 arguments was the correct number of
parameters for the script). If there is a match, nothing happens and the script procedes. If there is a
mismatch, then the two lines are echoed out to the screen and the script exits promptly. Notice the
messages that I have output. The first one says there is an error in this script (you might call a
subscript, so it’s as well to put the $0 name in here - the currently executing one) and you have
supplied the wrong number of arguments. The next line tells the user what to do about it - here is
the correct syntax. Most users can cope with this and it is only 6 lines of code. Don’t forget to revise
the argument names and the count constant when you use this code in one of your own scripts.

Protect Yourself:

You think that’s all there is to it? Come on, users are much more clever! How about one of these
tests next? Could save you time later explaining why the users latest work has gone missing.
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Example file exists

if [ ! -f $infile ]

then
echo “Input file [$infile] not found - Aborting”
exit

fi

Note the use of the test not flag (!) in front of the -f (file exists) flag. Or how about:

Example verify

if [ -f $outfile ]
then
echo “Output file [$outfile] already exists”
/usr/5bin/echo “Okay to overwrite? (y/n) : \n”
read answer
if [ “$answer” = “n” ] || [ “$answer” = “N” ]
then
echo “Aborting”
exit
fi

Well, it might work. But there is a failing with this second example. The test of the user answer tests
for a “NO!” response. If the user misses the key, it will carry on. Far better to test for a “YES!”
response which if missed just fails safe. Revise the test line to:

if [ “fanswer” 1= “y” ] && [ “$answer” I= “Y” ]

Note the use of the logical and (&&) instead of the logical or (| |) here.

Reading Keyboard Input:

There is also a second fault in Example but in this case it is less relevent as the script is about to exit
anyway. Whenever you use the read statement to get some user interaction into the script,
remember to tell the user that the input has been accepted. This is most commonly done by simply
putting a blank echo on the next line thus:

read $answer
echo “w”»

This guarentees the user sees the cursor move after (s)he hits the return key. Try not to overuse the
clear command, as users tend to get upset when the text they were just about to pick up with the
mouse gently scrolls off the top of the screen. I also try to indicate something is happening when the
processing time is going to be a bit lengthy. A simple “please wait” can be useful, or if you are
running a loop which takes a few seconds to complete each cycle, try echoing out a dot list using
something like:
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Example dot list

for next_dir in "Is -1 $source_dirs’

do
/usr/5bin/echo “.\c”
cd $next dir
for file in “Is -1 *log"
do
mv $file $destination_dir/.
done
cd ..
done

Note that the destination directory is terminated here with a “/.” symbol. This is another safety
feature which protects against spelling errors or missing directories. Without this symbol, UNIX will
simply move all the files into a new file called $destination_dir, with the result that all the files are
removed except the l