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NO WARRANTY
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THE POSSIBILITY OF SUCH DAMAGES.

END OF TERMS AND CONDITIONS

TRANSLATING INTO OTHER LANGUAGES

Several people have requested that they may be permitted to make translations into
other languages. If you are interested in translating Rute, please contact the author.
You will be sent several chapters in source form for you to translate. These will then
be reviewed. Should your translation be acceptable, an agreement well be drawn up
which will outline your commitments and remuneration to the project. Note that
translation work will be ongoing, since Rute is continually being added to and
improved.
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Strangely, the thing that least intrigued me was how they’d managed to get it all
done. I suppose I sort of knew. If I'd learnt one thing from travelling, it was that
the way to get things done was to go ahead and do them. Don't talk about going to
Borneo. Book a ticket, get a visa, pack a bag, and it just happens.

The Beach
Alex Garland
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Chapter 1

Introduction

1.1 What this book covers

While books shelved beside this one will get your feet wet, this one lets you actually
paddle for a bit, then thrusts your head underwater while feeding you oxygen.

This book covers GNUZP /LINUX{} system administration, for popular distri-
butions like RedHat and Debian@, as a tutorial for new users and a reference for ad-
vanced administrators. It aims to give concise, thorough explanations and practical
examples of each aspect of a UNIX system. Anyone who wants a comprehensive text
on (what is commercially called) “LINUX” can look no further — there is little that is
not covered here.

1.2 Read this next...

The ordering of the chapters is carefully designed to allow them to be read in sequence
without missing anything. You should hence read from beginning to end, in order that
later chapters do not reference unseen material. I have also packed in useful examples
which must be practised as you read.

1.3 What do I need to get started

You will need to install a basic LINUX{) system. There are a number of vendors now
shipping point-and-click-install CD’s: you should try get a Debian(© or “RedHat-like”
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distribution. One hint: try and install as much as possible so that when I mention a
software package in this text, you are likely to have it installed already, and can use
it immediately. Most cities with a sizable IT infrastructure will have a LINUX{} user
group to help you source a cheap CD. These are getting really easy to install, and there
is no longer much of a need to read lengthy installation instructions.

1.4 More about this book

Chapter 16 contains a fairly comprehensive list of all reference documentation avail-
able on your system. This book aims to supplement this material with a tutorial that is
both comprehensive and independent of any previous UNIX knowledge.

It also aims to satisfy the requirements for course notes for a GNUZP / LINUX{
training course. Here in South Africa “\I wrote with South African users in mind, and hence give
links to South African resources and examples derived from a South African context. I hope to keep the
identity of the text in this way. Of course this does not detract from the applicability of the text in other
countries. X, I use the initial chapters as part of a 36 hour GNU%P® /LINUX{} training
course given in 12 lessons. The details of the layout for this course is given in Appendix
A.

Note that all “LINUX{)” systems are really composed mostly of GNU%Z soft-
ware, but from now on I will refer to the GNUZP system as “LINUX{)” in the way
almost everyone (incorrectly) does.

1.5 I get very frustrated with UNIX documentation that I
don’t understand

Any system reference will require you to read it at least three times before you get
a reasonable picture of what to do. If you need to read it more than three times, then
there is probably some other information that you really should be reading first. If you
are only reading a document once, then you are being too impatient with yourself.

It is very important to identify the exact terms that you fail to understand in a
document. Always try to back-trace to the precise word before you continue.

Its also probably not a good idea to learn new things according to deadlines. Your
UNIX knowledge should evolve by grace and fascination, rather than pressure.
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1.6 Linux Professionals Institute (LPI) and RedHat Certi-
fied Engineer (RHCE) requirements

The difference in being able to pass an exam, and actually do something useful, is of
course huge.

The LPI and RHCE are two certifications that will give you an introduction to
Linux. This book covers far more than both these two certifications in most places, but
occasionally leaves out minor items as an exercise. It certainly covers in excess of what
you need to know to pass both these certifications.

The LPI and RHCE requirements are given in Appendix B and C.

These two certifications are merely introductions to UNIX. They do not expect
a user to write nifty shell scripts to do tricky things, or understand the subtle or ad-
vanced features of many standard services, let alone expect a wide overview of the
enormous numbers of non-standard and very useful applications out there. To be
blunt: you can pass these courses and still be considered quite incapable by the stan-
dards of companies that do system integration \System integration is my own term. It refers to
the act of getting LINUX to do non-basic functions, like writing complex shell scripts; setting up wide area
dialup networks; creating custom distributions; or interfacing database, web and email services together.X .
In fact, these certifications make no reference to computer programming whatsoever.

1.7 Not RedHat: RedHat-like

Throughout this book I refer to “RedHat” and “Debian(Q” specific examples. What I
actually mean by this are systems that use .rpm (r edHat package manager) packages
as opposed to systems that use .deb (debian) packages — there are lots of both. This
just means that there is no reason to avoid using a distribution like Mandrake, which
is .rpm based, and possibly viewed by many as being better than RedHat.

In short, brand names no longer have any meaning in the Free software community.
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Chapter 2

Computing Sub-basics

This chapter explains some basics that most computer users of any sort will already
be familiar with. If you are new to UNIX however, you may want to gloss over the
commonly used key bindings for reference.

The best way of thinking about how a computer stores and manages information
is to ask yourself how you would. Most often the way a computer works is exactly
the way one would expect it to if you were inventing it for the first time. The only
limitation on this are those imposed by logical feasibility and imagination, but most
anything else is allowed.

2.1 Binary, octal, decimal and hexadecimal

When you first learned to count, you did so with 10 digits, and hence ordinary numbers
(like telphone numbers) are called “base ten” numbers. Postal codes that include letters
and digits are called “base 36” numbers because of the addition of 26 letters onto the
usual 10 digits. The simplest base possible is “base two” using only two digits: 0 and
1. Now a 7 digit telephone number has 10 x 10 x 10 x 10 x 10 x 10 x 10 = 107 =
7 digits
10000000 possible combinations. A postal code with four characters has 36* = 1679616
possible combinations. However an 8 digit binary number only has 2® = 256 possible
combinations.

Since the internal representation of numbers within a computer is binary, and
since it is rather tedious to convert between decimal and binary, computer scientists
have come up with new bases to represent numbers: these are “base sixteen” and
“base eight” known as hexadecimal and octal respectively. Hexadecimal numbers use
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the digits 0 through 9 and the letters A through F, while octal numbers use only the
digits 0 through 7. Hexadecimal is often abbreviated as hex.

Now consider a 4 digit binary number. It has 2* = 16 possible combinations and
can therefore be easily represented by one of the sixteen hex digits. A 3 digit binary
number has 2% = 8 possible combinations and can thus be represented by a single
octal digit. Hence a binary number can be represented with hex or octal digits without
having to do much calculation, as follows:

Binary | Hexadecimal Binary | Octal
0000 | O 000 | O
0001 | 1 001 |1
0010 | 2 010 | 2
0011 | 3 011 | 3
0100 | 4 100 | 4
0101 | 5 101 | 5
0110 | 6 110 | 6
0111 | 7 11 |7
1000 | 8
1001 | 9
1010 | A
1011 | B
1100 | C
1101 | D
1110 | E
1111 | F

A binary number 01001011 can be represented in hex as 4B and in octal as 113.
This is done simply by separating the binary digits into groups of four or three respec-
tively.

In UNIX administration, and also in many programming languages, there is often
the ambiguity of whether a number is in fact a hex, decimal or octal number. For
instance a hex number 56 is 01010110, but an octal number 56 is 101110, while a decimal
number 56 is 111000 (computed through a more tedious calculation). To distinguish
between them, hex numbers are often prefixed with the characters “0x”, while octal
numbers are prefixed with a “0”. If the first digit is 1 through 9, then it is probably a
decimal number that is being referred to. We would then write 0x56 for hex, and 056
for octal. Another representation is to append the letter “H”, “D”, “O” or “B” (or “h”,
“d”, “0”, “b") to the number to indicate its base.

UNIX makes heavy use of 8, 16 and 32 digit binary numbers, often representing
them as 2, 4 and 8 digit hex numbers. You should get used to seeing numbers like Oxffff
(or FFFFh) which in decimal is 65535 and in binary is 1111111111111111.
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2.2 Files

Common to every computer system invented is the file. A file holds a single contiguous
block of data. Any kind of data can be stored in a file and there is no data that cannot
be stored in a file. Furthermore, there is no kind of data that is stored anywhere else
except in files. A file holds data of the same type, for instance a single picture will be
stored in one file. During production, this book had each chapter stored in a file. It is
uncommon for different types of data (say text and pictures) to be stored together in
the same file because it is inconvenient. A computer will typically contain about 10000
files that have a great many purposes. Each file will have its own name. The file name
on a LINUX{} or UNIX machine can be up to 256 characters long and may almost any
character.

The file name is usually explanatory — you might call a letter you wrote to
your friend something like Mary _Jones.letter (from now on, whenever you see
the typewriter font “A style of print: here is typewrite font X, it means that those are
words that might be read off the screen of the computer). The name you choose has
no meaning to the computer, and could just as well be any other combination of let-
ters or digits, however you will refer to that data with that file name whenever you
give an instruction to the computer regarding that data, hence you would like it to be
descriptive. N\t is important to internalise the fact that computers do not have an interpretation for
anything. A computer operates with a set of interdependent logical rules. Interdependent means that the rules
have no apex, in the sense that computers have no fixed or single way of working; for example, the reason
a computer has files at all is because computer programmers have decided that this is the most universal and
convenient way of storing data, and if you think about it, it really is.=

The data in each file is merely a long list of numbers. The size of the file is
just the length of the list of numbers. Each number is called a byte. Each byte con-
tains 8 bits. Each bit is either a one or a zero and therefore, once again, there are
2X2X2X2X2x2x2x2 = &5’_6/ possible combinations. Hence a byte can only

8 bits 1 byte
hold a number as large as this. There is no type of data which cannot be represented as

a list of bytes. Bytes are sometimes also called octets. Your letter to Mary will be encoded
into bytes in order to be stored on the computer. We all know that a television picture
is just a sequence of dots on the screen that scan from left to right — it is in this way
that a picture might be represented in a file: i.e. as a sequence of bytes where each byte
is interpreted as a level of brightness; 0 for black, and 255 for white. For your letter, the
convention is to store an A as 65 a B as 66 and so on. Each punctuation character also
has a numerical equivalent.
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2.3 Commands

The second thing common to every computer system invented is the command. You tell
the computer what to do with single words — one at a time — typed into the computer.
Modern computers appear to have done away the typing in of commands by having
beautiful graphical displays that work with a mouse, but, fundamentally, all that is
happening is that commands are being secretely typed in for you. Using commands is
still the only way to have complete power over the computer. You don’t really know
anything about a computer until you get to grips with the commands it uses. Using a
computer will very much involve typing in a word, pressing the enter key, and then
waiting for the computer screen to spit something back at you. Most commands are
typed in to do something useful to a file.

24 Logging in and changing your password

Turn on your LINUX:& box. After a few minutes of initialisation, you will see the
login prompt. A prompt is one or more characters displayed on the screen that you are
expected to type something in after. Here this may state the name of the computer
(each computer has a name — typically consisting of about eight lowercase letters)
and then the word login: . LINUX{) machines now come with a graphical desktop
by default (most of the time), so you might get a pretty graphical login with the same
effect. Now you should type your login name — a sequence of about eight lower case
letters that would have been assigned to you by your computer administrator — and

then press the ‘Enter” (or ‘Return’) key (i.e. [ ). A password prompt will appear

after which you should type your password. Your password may be the same as your
login name. Note that your password will not be shown on the screen as you type it,
but will be invisible. After typing your password, press the ‘Enter” or ‘Return’ key
again. The screen might show some message and prompt you for a login again — in
this case you have probably typed something incorrectly and should give it another
try. From now on, you will be expected to know that the ‘Enter” or ‘Return” key should
be pressed at the end of every line you type in, analogous to the mechanical typewriter.
You will also be expected to know that human error is very common — when you type
something incorrectly the computer will give an error message, and you should try
again until you get it right. It is very uncommon for a person to understand computer
concepts after a first reading, or to get commands to work on the first try.

Now that you have logged in, you will see a shell prompt — a shell is place where
you are able to type commands. prompt. This is where you will spend most of your
time as a system administrator ~ Computer manager., but it needn’t look as bland as you
see now. Your first exercise is to change your password. Type the command passwd .
You will then be asked for a new password and then asked to confirm that password.

8
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The password you choose consist of letters, numbers and punctuation — you will see
later on why this security measure is a good idea. Take good note of your password for
the next time you log in. Then you will arrive back in the shell. The password you have
chosen will take effect immediately, replacing the previous password that you used to
log in. The password command might also have given some message indicating what
effect it actually had. You may not understand the message, but you should try to get
an idea of whether the connotation was positive or negative.

When you are using a computer, it is useful to imagine yourself as being in dif-
ferent places within the computer, rather than just typing commands into it. After you
entered the passwd command, you were no longer in the shell, but moved into the
password place. You could not use the shell until you had moved out of the passwd
command.

2.5 Listing and creating files

Type in the command Is . Is is short for list, abbreviated to two letters like most other
UNIX commands. Is will list all your current files. You may find thatIs does nothing,
but just returns you back to the shell. This would be because you have no files just yet.
Most UNIX commands do not give any kind of message unless something went wrong
(the passwd command above was an exception). If there were files, you would see
their names listed rather blandly in columns with no indication of what they are for.

2.6 Command line editing keys

The following keys are useful for editing the command line. Note that UNIX has had a
long and twisted evolution from the mainframe, and the Home, End etc. keys may not
work properly. The following keys bindings are however common throughout many
LiNUx{) applications:

Ctrl-a Move to the beginning of the line (Home).

Ctrl-e Move to the end of the line (End).

Ctrl-h Erase backwards (back space).

Ctrl-d Erase forwards (Delete).

Ctrl-f Move forward one character (right arrow).

Ctrl-b Move backward one character (left arrow).

9
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Alt-f Move forward one word.

Alt-b Move backward one word.
Alt-Ctrl-f Erase forward one word.
Alt-Ctrl-b Erase backward one word.

Ctrl-p Previous command (up arrow).

Ctrl-n Next command (down arrow).

4§, indicate to

hold the key down through\ the pressing and releasing of the letter ke These are
known as key modzﬁers Note also that the Ctrl key is always case insensitive; hence

Ctrl-D (i.e. E

modifier (i.e.

entering the key combination; hence Esc then f is the same as Alt-f — UNIX is dlfferent
to other operating systems’ use of Esc. The Alt modifier is not case insensitive although
some applications will make a special effort to respond insensitively. The Alt key is
also sometimes referred to as the Meta key. All of these keys are sometimes referred to
by their abbreviations: for example C-a for Ctrl-a, or M-f for Meta-f and Alt-f.

Your command-line keeps a history off all the commands you have typed in.
Ctrl-p and Ctrl-n will cycle through previous commands entered. New users seem to
gain tremendous satisfaction from typing in lengthy commands over and over. Never
type in anything more than once — use your command history instead.

Ctrl-r will allow you to search your command history. Hitting Ctrl-r in the mid-
dle of a search will find the next match while Ctrl-s will revert to the previous match.

The Tab command is tremendously useful for saving key strokes. Typing a par-
tial directory name, file name or command, and then pressing Tab once or twice in
sequence will complete the word for you without you having to type it all in full.

2.7 Console switching

If you are in text mode, you can type Alt-F2 to switch to a new independent login.
Here you can login again and run a separate session. There are six of these virtual
consoles — Alt-F1 through Alt-F6 — to choose from; also called virtual terminals. If you
are in graphical mode, you will have to instead press Ctrl-Alt-F? because the Alt-F?
keys are often used by applications. The convention is that the seventh virtual console
is graphical, hence Alt-F7 will always get you back to graphical mode.
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2.8 Creating files

There are many ways of creating a file. Type cat > Mary _Jones.letter and then
type out a few lines of text. You will use this file in later examples. The cat command
is used here to write from the keyboard into a file Mary _Jones.letter . Atthe end of

the last line, press Enter one more time and then press EE_ . Now, if you type

Is again, you will see the file Mary _Jones.letter listed with any other files. Type
cat Mary _Jones.letter without the >. You will see that the command cat writes
the contents of a file to the screen, allowing you to view your letter. It should match
exactly what you typed in.

2.9 Allowable characters for filenames

Although UNIX filenames can contain almost any character, standards dictate that only
the following characters are preferred in filenames:

ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijklmnopgrstuvwxyz
0123456789._-"

Hence never use other punctuation characters, brackets or control characters to name
files. Also, never use the space or tab character in a filename, and never begin a file
name with a - character.

2.10 Directories

Before we mentioned that a system may typically contain 10000 files. It would be
combersome if you were to see all 10000 of them whenever you typed Is , hence files
are placed in different “cabinets” so that files of the same type get placed together
and can be easily isolated from other files. For instance your letter above might go
in a seperate “cabinet” with other letters. A “cabinet” in computer terms is actually
called a directory. This is the third commonality between all computer systems: all
files go in one or other directory. To get and idea of how this works, type the command
mkdir letters where mkdir stands for make directory. Now typeIs . This will show
the file Mary _Jones.letter as well as a new file letters . The file letters  is not
really a file at all, but the name of a directory in which a number of other files can be
placed. To go into the directory letters ~ you can type cd letters ~ where cd stands
for change directory. Since the directory is newly created, you would not expect it to
contain any files, and typing Is will verify this by not listing anything. You can now
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create a file using the cat command as you did before (try this). To go back into the
original directory that you were in you can use the command cd .. wherethe.. has
a special meaning of taking you out of the current directory. Type Is again to verify
that you have actually gone up a directory.

It is however bothersome that one cannot tell the difference between files and
directories. The way to do thisis with thels - command. -I stands for long format.
If you enter this command you will see a lot of details about the files that may not
yet be comprehensible to you. The three things you can watch for are the filename on
the far right, the file size (i.e. the number of bytes that the file contains) in the fifth
column from the left, and the file type on the far left. The file type is a string of letters
of which you will only be interested in one: the character on the far left is either a
- orad. A - indicates a regular file, and a d indicates a directory. The command
Is -I Mary _Jones.letter will list only the single file Mary _Jones.letter and
is useful for finding out the size of a single file.

In fact, there is no limitation on how many directories you can create within each
other. In what follows, you will get a glimpse of the layout of all the directories on the
computer.

Type the command cd / where the / has the special meaning to go to the top
most directory on the computer called the root directory. Now type s -I . The listing
may be quite long and may go off the top of the screen — in this case try Is -I |
less (then use PgUp and PgDn, and press q when done). You will see that most, if
not all, are directories. You can now practice moving around the system with the cd
command, not forgetting that cd .. takes you up and cd / takes you to the root
directory.

At any time you can type pwd (present Working directory) to show you the directory
you are currently in.

When you have finished, log out of the computer using the logout command.

12



Chapter 3

PC Hardware

This will explain a little about PC hardware. Anyone that has built their own PC,
or has experience configuring devices on Windows can probably skip this section. It
is added purely for completeness. This chapter actually comes under the subject of
Microcomputer Organisation, i.e. how your machine is electronically structured.

3.1 Motherboard

Inside your machine you will find a single large circuit board called the motherboard. It
gets powered by a humming power-supply, and has connector leads to the keyboard
and other, peripherals devices “yAnything that is not the motherboard, not the power supply and not
purely mechanical. X\ .

The motherboard contains several large microchips chips on it and many small
ones. The important ones are:

RAM Random Access Memory or just memory. The memory is a single linear sequence
of bytes that get erased when there is no power. It contains sequences of simple
coded instructions of 1 to several bytes in length, that do things like: add this
number to that; move this number to this device; go to another part of RAM to
get other instructions; copy this part of RAM to this other part etc. When your
machine has “64 megs” (64 MegaBytes) it means it has 64 x 1024 x 1024 bytes
of RAM. Locations within that space then called memory address’s, so that saying
“memory address 1000” means the 1000tk byte in memory.

ROM A small part of RAM does not reset when the computer switches off. It is called
ROM, Read Only Memory. It is factory fixed and usually never changes through
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the life of a PC, hence the name. It overlaps the area of RAM close to the end of
the first megabyte of memory, so that area of RAM is not physically usable. ROM
contains instructions to start up the PC and access certain peripherals.

CPU Stands for Central Processing Unit. It is the thing that is called 80486, 80586, Pen-
tium or whatever. On startup, it jumps to memory address 1040475 (OxFEO5B)
and starts reading instructions. The first instructions it gets are actually to fetch
more instructions from disk, and give a Boot failure message to the screen if
it finds nothing useful. The CPU requires a timer to drive it. The timer operates
at a high speed of hundreds of millions of ticks per second (Hertz), and causes
the machine to be named, for example, a “400MHz"” (400 MegaHertz) machine.
The MHz of the machine is roughly proportional to the number of instructions it
can process from RAM per second.

I10-ports Stands for Input Output ports. This is a block of RAM that sits in parallel to
the normal RAM. There are 65536 1O ports, hence IO is small compared to RAM.
IO-ports are used to write to peripherals. When the CPU writes a byte to IO-port
632 (0x278), it is actually sending out a byte through your parallel port. Most
IO-ports are not used. There is no specific IO-port chip though.

Other things on the motherboard are:

ISA slots ISA (eye-sah) is a shape of socket for plugging in peripheral devices like mo-
dem cards and sound cards. Each card expects to be talked to via an IO-port (or
several consecutive I0-ports). What IO-port the card uses is sometimes config-
ured by the manufacturer, and other times is selectable on the card using jumpers
Little pin bridges that you can pull off with your fingers.X_ or switches on the card. Other
times still, it can be set by the CPU using a system called Plug and Pray ~This
means that you plug the device in, then beckon your favourite diety for spiritual assistance. Actually,
some people complained that this might be taken seriously — no, its a joke: the real term is Plug 'n
Play~\ or PnP. The cards also sometimes need to signal the CPU to indicate that it
is ready to send or receive more bytes through an IO-port. They do this through
one of 16 connectors inside the ISA slot called Interrupt Request lines  or IRQ
lines (or sometimes just Interrupts), numbered 0 through 15. Like IO-ports, the
IRQ your card uses is sometimes also jumper selectable, sometimes not. If you
unplug an old ISA card, you can often see the actual copper thread that goes from
the IRQ jumper to the edge connector. Finally, ISA cards can also access memory
directly through one of eight Direct Memory Access Channels or DMA Channels,
which are also possibly selectable by jumpers. Not all cards use DMA however.

In summary there are three things that the peripheral and the CPU need to coop-
erate on: The IO Port, the IRQ, and the DMA. If any two cards clash by using
either the same 10-port, IRQ number or DMA channel then they won’t work
(at worst your machine will crash “Come to a halt and stop responding..).
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“8 bit” ISA slots Old motherboards have shorter ISA slots. You will notice yours is
a double slot (called “16 bit” ISA) with a gab between them. The larger slot can
still take an older “8 bit” ISA card: like many modem cards.

PCI slots PCI (pee-see-eye) slots are like ISA, but are a new standard aimed at high
performance peripherals like networking cards and graphics cards. They also use
an IRQ, IO-port and possibly a DMA channel. These however are automatically
configured by the CPU as a part of the PCI standard, hence there will rarely be
jumpers on the card.

AGP slots AGP slots are even higher performance slots for Accelerated Graphics Pro-
cessors. In other words, cards that do 3D graphics for games. The are also auto-
configured.

Serial ports A serial port connection may come straight off your motherboard to a
socket on your case. There are usually two of these. They may drive an external
modem, and some kinds of mice and printers. Serial is a simple and cheap way to
connect a machine where relatively slow (less that 10 kilobytes per second) data
transfer speeds are needed. Serial ports have their own “ISA card” built into the
motherboard that uses IO-port 0x3F8-0x3FF and IRQ 4 for the first serial port
(also called COM1 under DOS/Windows) and 10-port 0x2F8-0x2FF and IRQ 3
for COM2.

Parallel port Normally only your printer would plug in here. Parallel ports are how-
ever extremely fast (being able to transfer 50 kilobytes per second), and hence
many types of parallel port devices are available (like CDROM drives that plug
into a parallel port). Parallel port cables however can only be a few meters in
length before you start getting transmission errors. The parallel port uses IO-port
0x378-0x37A and IRQ 7. A second parallel port usually would use 0x278-0x27A
and not use an IRQ at all.

USB port The Universal Serial Bus aims to allow any type of hardware to plug into one
plug. The idea is that one day all serial and parallel ports will be scrapped in
favour of a single USB socket that all external peripherals will daisy chain from.

IDE ribbon The IDE ribbon plugs into your hard disk drive or C. drive on
Windows/DOS and also into your CDROM drive (sometimes called an IDE
CDROM). The IDE cable actually attaches to its own PCI card internal to the
motherboard. There are two IDE connectors that use I0-ports 0xF000-0xF007
and 0xF008-0xFOOF, and IRQ 14 and 15 respectively. Most IDE CDROM'’s are
also ATAPI CDROM'’s. ATAPI is a standard (similar to SCSI, below) that allows
many different kinds of devices to plug into an IDE ribbon cable. You get special
floppy drives, tape drives and other devices that plug into the same ribbon. They
will all be called ATAPI-(this or that).

SCSI ribbon Another ribbon may be present coming out of a card (called the SCSI
host adaptor or SCSI card) or your motherboard. Home PC’s will rarely have
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this, since these are expensive and used mostly for high end servers. SCSI cables
are more densely wired than an IDE cable. They will also end in a disk drive,
tape drive, CDROM, or some other device. SCSI cables are not allowed to just-be-
plugged-in: they have to be connected end on end with the last device connected
in a special way called SCSI termination. There are however a few SCSI devices
that are automatically terminated. More on this on page 461.

3.2 Master/Slave IDE

Two IDE hardrives can be connected to a single IDE ribbon. The ribbon alone has
nothing to distinguish which is which, so the drive itself has jumper pins on it (usually
close to the power supply) which can be set to one of several options. These are either
Master (MA), Slave (SL), Cable Select (CS) or Master-only/Single-Drive/etc. The MA
option means that your drive is the “first” drive of two on this IDE ribbon. The SL
option means that your drive is the “second” drive of two on this IDE ribbon. The CS
option means that your machine will make its own decision (some boxes only work
with this setting), and the Master-only option means that there is no second drive on
this ribbon.

IDE ribbon socke! Jumper accross this drive’s Master pins.

Power socket.

Figure 3.2: Connection end of a typical IDE drive

There may also be a second IDE ribbon, giving you a total of 4 possible drives.
The first ribbon is known as IDE1 (labeled on your motherboard) or the primary ribbon,
while the second is known as IDE2 or the secondary ribbon. You four drives then called
primary master, primary slave, secondary master and secondary slave. Their labeling under
LINUX{) is discussed in Section 18.4.
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3.3 CMOS

The “CMOS” ~Stands for Complementary Metal Oxide Semiconductor, which has to do with the tech-
nology used to store setup information through power downs.X is a small application built into
ROM. It is also known as the ROM BIOS configuration. You can start it instead of your
operating system by pressing F2 or Del (or something else) just after you switch your
machine on. There will usually be a message Press <key> to enter setup. to
explain this. Inside you will be able to change your machine’s configuration. CMOS
programs are different for each motherboard.

Inside the CMOS, you will be able to enable or disabled builtin devices (like your
mice and serial ports); set your machine’s “hardware clock” (so that your machine has
the correct time and date); and select the boot sequence (whether to load the operating
system off the hard-drive or CDROM — which you will need for installing LINUX.{)
from a bootable CDROM). Boot means to startup the computer “ The term comes from
the lack of resources with which to begin: the operating system is on disk, but you might need the op-
erating system to load from the disk — like trying to lift yourself up from your “bootstraps”.~. You
will also be able to configure your hard drive. You should always select Hardrive
auto-detection whenever installing a new machine, or adding/removing disks.
Different CMOS’s will have different ways of doing this, so browse through all the
menus to see what your CMOS can do.

The CMOS is important when it comes to configuring certain devices built into
the motherboard. Modern CMOS’s allow you set the IO-Ports and IRQ numbers that
you would like particular devices to use. For instance you can make your CMOS
switch COM1 with COM2, or use an IO-Port for your parallel port that is non-standard.
When it comes to getting such devices to work under LINUX{}, you will often have to
power down your machine to see what the CMOS has to say about that device. More
on this in Chapter 42.
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Chapter 4

Basic Commands

All of UNIX is case sensitive. A command with even a single
letter’s capitalisation altered, is considered to be a completely
different command. The same goes for files, directories, con-
figuration file formats and the syntax all native programming
languages.

41 The Is command, hidden files, command-line op-
tions

In addition to directories and ordinary text files, there are other types of files, although
all files contain the same kind of data (i.e. a list of bytes). The hidden file is a file
that will not ordinarily appear when you type the command Is to list the contents
of a directory. To see a hidden file you have to use the command Is -a . The -a
option means to list all files as well as hidden files. Another variant Is - ~ which
lists the contents in long format. The - is used in this way to indicate variations on a
command. These are called command-line options or command-line arguments, and most
UNIX commands can take a number of them. They can be strung together in any way
that is convenient \ Commands under the GNU%Y free software license are superior in this way: they
have a greater number of options than traditional UNIX commands and are therefore more flexable. X\, for
examplels -a -| ,Is -l -a orls -al — either of these will list all files in long
format.

All GNU%’ commands take an additional argument -h and --help . You can
type a command with just this on the command line and get a usage summary. This is
some brief help that will summarise options that you may have forgotten if you are
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already familiar with the command — it will never be an exhaustive description of the
usage. See the later explanation about manpages.

The difference between a hidden file and an ordinary file is merely that the file
name of a hidden file starts with a period. Hiding files in this way is not for security,
but for convenience.

The option Is -I  is somewhat cryptic for the novice. Its more explanatory ver-
sion is Is --format=long . Similarly, the all option can be given asIs --all , and
will mean the same thing asIs -a

4.2 Error messages

Although commands usually do not display a message when they execute ~ The com-
puter accepted and processed the command. = succesfully, commands do report errors in a
consistant format. The format will vary from one command to another, but will often
appear as follows: command-name. what was attempted. error message. For example,
the command Is -l gwerty will give an error Is: gwerty: No such file or
directory . What actually happened was that the command Is attempted to read the
file qwerty . Since this file does not exist, an error code 2 arose. This error code corre-
sponds to a situation when a file or directory is not found. The error code is automat-
ically translated into the sentance No such file or directory . It is important
to understand the distinction between an explanatory message that a command gives
(such as the messages reported by the passwd command in the previous chapter) and
an error code that was just translated into a sentance. This is because a lot of different
kinds of problems can result in an identical error code (there are only about a hundred
different error codes). Experience will teach you that error messages do not tell you
what to do, only what went wrong, and should not be taken as gospel.

A complete list
of basic error codes can be found in /usr/include/asm/errno.h . In addition to
these, several other header files “Files ending in .h < may define their own error codes.
Under UNIX however, these are 99% of all the errors you are ever likely to get. Most of
them will be meaningless to you at the moment, but are included here as a reference:

#ifndef _1386_ERRNO_H
#define _1386_ERRNO_H

#define EPERM 1 /* Operation not permitted */
#define ENOENT 2 /* No such file or directory */
#define ESRCH 3 /* No such process */

#define EINTR
#define EIO

#define ENXIO
#define E2BIG

/* Interrupted system call */

/* 110 error */

/* No such device or address */
/* Arg list too long */

NI N
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ENOEXEC
EBADF
ECHILD
EAGAIN
ENOMEM
EACCES
EFAULT
ENOTBLK
EBUSY
EEXIST
EXDEV
ENODEV
ENOTDIR
EISDIR
EINVAL
ENFILE
EMFILE
ENOTTY
ETXTBSY
EFBIG
ENOSPC
ESPIPE
EROFS
EMLINK
EPIPE
EDOM
ERANGE
EDEADLK
ENAMETOOLONG
ENOLCK
ENOSYS
ENOTEMPTY
ELOOP

EWOULDBLOCK
ENOMSG
EIDRM
ECHRNG
EL2NSYNC
EL3HLT
EL3RST
ELNRNG
EUNATCH
ENOCS
EL2HLT
EBADE
EBADR
EXFULL
ENOANO
EBADRQC
EBADSLT

EDEADLOCK

EBFONT

8 /* Exec format error */
9 /* Bad file number */
10 /* No child processes */
11 /* Try again */
12 /* Out of memory */
13 [* Permission denied */
14 /* Bad address */
15 /* Block device required */
16 /* Device or resource busy */
17 I* File exists */
18 [* Cross-device link */
19 /* No such device */
20 /* Not a directory */
21 /* Is a directory */
22 /* Invalid argument */
23 /* File table overflow */
24 /* Too many open files */
25 /* Not a typewriter */
26 [* Text file busy */
27 /* File too large */
28 /* No space left on device */
29 /* lllegal seek */
30 /* Read-only file system */
31 /* Too many links */
32 /* Broken pipe */
33 /* Math argument out of domain of func */
34 /* Math result not representable */
35 /* Resource deadlock would occur */
36 /* File name too long */
37 I* No record locks available */
38 /* Function not implemented */
39 /* Directory not empty */
40 /* Too many symbolic links

encountered */
EAGAIN /* Operation would block */

42 /* No message of desired type */
43 /* |dentifier removed */

44 /* Channel number out of range */
45 /* Level 2 not synchronized */
46 /* Level 3 halted */
47 I* Level 3 reset */

48 /* Link number out of range */
49 /* Protocol driver not attached */
50 /* No CSI structure available */
51 /* Level 2 halted */

52 /* Invalid exchange */

53 /* Invalid request descriptor */

54 I* Exchange full */

55 /* No anode */

56 /* Invalid request code */

57 /* Invalid slot */

EDEADLK

59 /* Bad font file format */
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ENOSTR
ENODATA
ETIME
ENOSR
ENONET
ENOPKG
EREMOTE
ENOLINK
EADV
ESRMNT
ECOMM
EPROTO
EMULTIHOP
EDOTDOT
EBADMSG
EOVERFLOW

ENOTUNIQ
EBADFD
EREMCHG
ELIBACC

ELIBBAD

ELIBSCN
ELIBMAX

ELIBEXEC

EILSEQ
ERESTART

ESTRPIPE
EUSERS
ENOTSOCK

EDESTADDRREQ

EMSGSIZE
EPROTOTYPE

ENOPROTOOPT
EPROTONOSUPPORT 93
ESOCKTNOSUPPORT 94

EOPNOTSUPP

EPFNOSUPPORT
EAFNOSUPPORT

EADDRINUSE

EADDRNOTAVAIL

ENETDOWN
ENETUNREACH
ENETRESET

ECONNABORTED

ECONNRESET
ENOBUFS

60 /* Device not a stream */
61 /* No data available */
62 [* Timer expired */
63 /* Out of streams resources */
64 /* Machine is not on the network */
65 /* Package not installed */
66 /* Object is remote */
67 /* Link has been severed */
68 /* Advertise error */
69 /* Srmount error */
70 /* Communication error on send */
71 /* Protocol error */
72 /* Multihop attempted */
73 I* RFS specific error */
74 /* Not a data message */
75 /* Value too large for defined data
type */
76 /* Name not unigue on network */
77 [* File descriptor in bad state */
78 /* Remote address changed */
79 /* Can not access a needed shared
library */
80 /* Accessing a corrupted shared
library */
81 /* .lib section in a.out corrupted */
82 /* Attempting to link in too many shared
libraries */
83 /* Cannot exec a shared library
directly */
84 /* lllegal byte sequence */
85 /* Interrupted system call should be
restarted */
86 [* Streams pipe error */
87 /* Too many users */
88 /* Socket operation on non-socket */
89 /* Destination address required */
920 /* Message too long */
91 /* Protocol wrong type for socket */
92 /* Protocol not available */

/* Protocol not supported */
/* Socket type not supported */

95 /* Operation not supported on transport
endpoint */
96 /* Protocol family not supported */
97 /* Address family not supported by
protocol */
98 /* Address already in use */
99 /* Cannot assign requested address */
100 /* Network is down */
101 I* Network is unreachable */
102 /* Network dropped connection because
of reset */
103 /* Software caused connection abort */
104 /* Connection reset by peer */
105 /* No buffer space available */
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#define EISCONN 106 /* Transport endpoint is already
connected */
#define ENOTCONN 107 /* Transport endpoint is not connected */
#define ESHUTDOWN 108 /* Cannot send after transport endpoint
shutdown */
#define ETOOMANYREFS 109 /* Too many references: cannot splice */
#define ETIMEDOUT 110 /* Connection timed out */
#define ECONNREFUSED 111 /* Connection refused */
#define EHOSTDOWN 112 /* Host is down */
#define EHOSTUNREACH 113 /* No route to host */
#define EALREADY 114 /* Operation already in progress */
#define EINPROGRESS 115 /* Operation now in progress */
#define ESTALE 116 /* Stale NFS file handle */
#define EUCLEAN 117 /* Structure needs cleaning */
#define ENOTNAM 118 /* Not a XENIX named type file */
#define ENAVAIL 119 /* No XENIX semaphores available */
#define EISNAM 120 /* Is a named type file */
#define EREMOTEIO 121 /* Remote /O error */
#define EDQUOT 122 /* Quota exceeded */
#define ENOMEDIUM 123 /* No medium found */
#define EMEDIUMTYPE 124 /* Wrong medium type */
#endif

4.3 Wildcards, names, extensions and glob expressions

Is can produce a lot of output if there are a large number of files in a directory. Now
say that we are only interested in files that ended with the letters tter . To list only
these files you can use Is *tter . The * matches any number of any other char-
acters. So, for example, the files Tina.letter , Mary _Jones.letter and the file
splatter , would all be listed if they were present. While a file Harlette ~ would not
be listed. While the * matches any length of characters, then ? matches only one char-
acter. For example the command Is ?ar* would list the files Mary _Jones.letter
and Harlette

When naming files, it is a good idea to choose names that group files of the
same type together. We do this by adding an extension to the file name that de-
scribes the type of file it is. We have already demonstrated this by calling a file
Mary _Jones.letter instead of just Mary _Jones . If you keep this convention, you
will be able to easily list all the files that are letters by entering Is *.letter . The
file-name Mary _Jones.letter is then said to be composed of two parts: the name,
Mary _Jones , and the extension, letter

Some common UNIX extentions you may see are

.a Archive. lib*.a  is a static library.
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.alias X Window System font alias catalogue.

.avi  Video format.

.au  Audio format (original Sun Microsystems generic sound file).

.awk awk program source file.

.bib  bibtex EIEX bibliography source file.

.bmp Microsoft Bitmap file image format.

.bz2 File compressed with the bzip2 compression program.
.cc ,.cxx ,.C,.cpp C++ program source code.

.cf ,.cfg Configuration file or script.

.cgi  Executable script that produces web page output.
.conf ,.config  Configuration file.

.csh  csh Shell script.

.c  C program source code.

.db Database file.

dir X Window System font/other database directory.
.deb Debian(© package for the Debian distribution.

diff  Output of the diff program indicating the difference between files or source

trees.

.dvi  Device independent file. Formatted output of .tex KIEX file.

.l Lisp program source.
.gif ,.giff  Giff image file.
.9z File compressed with the gzip compression program.

htm o, html , .shtm , .html  Hyper Text Markup Language. A
sort.

.h C/C++ program header file.
i SWIG source, or C preprocessor output.
in  configure  input file.

info  Info pages read with the info command.
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Jpg ,.jpeg JPEG image file.
i Laser]et file. Suitable input to a HP laserjet printer.

Jog Logfile of a system service. This file grows with status messages of some system
program.

Ism  LINUX{ Software Map entry.

Jyx  LyX word processor document.

.man Man page.

.mf Meta-Font font program source file.

.pbm PBM image file format.

.pct  PCF image file — intermediate representation for fonts. X Window System font.
.pcx  PCXimage file.

pfb X Window System font file.

.pdf  Formatted document similar to postscript or dvi.

.php PHP program source code (used for web page design).
.pl  Perl program source code.

.ps PostScript file, for printing or viewing.

.py Python program source code.

.rpm  RedHat Package Manager rpm file.

.sgml  Standard Generalized Markup Language. Used to create documents to be con-
verted to many different formats.

.sh sh Shell script.

.50 Shared object file. dynamically linked library lib*.so  is a Dynamically Linked
Library ~yExecutable program code shared by more than one program to save disk space and
memory.~\ .

.spd  Speedo X Window System font file.
tar  tar red directory tree.
.tcl  Tcl/Tk source code (programming language).

texi , .texinfo Texinfo source. This is from what info pages are compiled.
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tex  TgX or KIEX document. ISIEX is for document processing and typesetting.
tga TARGA image file.

tgz tar red and gzip ped directory tree. Also a package for the Slackware distribu-
tion.

tiff Tiff image file.

tfm  IATEX font metric file.

tf True type font.

.txt  Plain English text file.

.voc Audio format (Sound Blaster’s own format).

wav Audio format (sound files common to Microsoft Windows).
Xxpm XPM image file.

.y yacc source file.

.Z File compressed with the compress compression program.

.zip  File compressed with the pkzip (or PKZIP.EXE for DOS) compression pro-
gram.

1,.2 ... Man page.
In addition, files that have no extension and a capitalised descriptive name are usually
plain English text and meant for your reading. This will come bundled with packages

and are for documentation purposes. You will see the hanging around all over the
place.

Some full file names you may see are

AUTHORSList of people who contributed to or wrote a package.
ChangelLog List of developer changes made to a package.
COPYING Copyright (usually GPL) for a package.

INSTALL Instalation instructions.

READMEHelp information to be read first, pertaining to the directory the READMEs
in.

TODOList of future desired work to be done to package.
BUGSList of errata.

26



4. Basic Commands 4.4. Usage summaries and the copy command

NEWSInfo about new features and changes for the layman about this package.
THANKSList of contributors to a package.

VERSION Version information of the package.

Glob expressions

There is also a way to restrict characters of a file-name within certain ranges, like if
you only want to list the files that begin with A through M, you can do Is [A-M]*
Here the brackets have a special meaning — they match a single character like a ?,
but only those given by the range. You can use this in a variety of ways, for example
[a-dJW-Y]*  matches all files beginning with a, b, ¢, d, J, W X or Y; while *[a-d]id
matches all files ending with aid , bid , cid ordid ; and *. {cpp,c,cxx } matches all
files ending in .cpp , .c or .cxx . This way of specifying a file-name is called a glob
expression. Glob expressions are used in many different contexts as you will see later.

4.4 Usage summaries and the copy command

The command cp stands for copy and is used to make a duplicate of one file or a num-
ber of files. The format is

cp <file> <newfile>
cp <file> [<file> ..] <dir>

or

cp file newfile
cp file [file ...] dir

The above lines are called a usage summary. The < and > signs mean that you don’t
actually type out these characters but replace <file>  with a file-name of your own.
These are also sometimes written in italics like, cp file newfile. In rare cases they are
written in capitals like, cp FILE NEWFILE . <file> and <dir> are called parameters.
Sometimes they are obviously numeric, like a command that takes <ioport> ~ Anyone
emailing me to ask why typing in literal, <, i, 0, p, 0, r, t and > characters did not work will get a rude
reply<. These are common conventions used to specify the usage of a command. The
[ and ] brackets are also not actually typed but mean that the contents between them
are optional. The ellipses ... mean that <file> can be given repeatedly, and these
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also are never actually typed. From now on you will be expected to substitute your
own parameters by interpretting the usage summary. You can see that the second of
the above lines is actually just saying that one or more file names can be listed with a
directory name last.

From the above usage summary it is obvious that there are two ways to use the
cp command. If the the last name is not a directory then cp will copy that file and
rename it to the filename given. If the last name is a directory then cp will copy all the
files listed into that directory.

The usage summary of the Is command would be as follows:

Is -al

Is [, --format=long] [-a, --all] <file> <file> ... ’

where the comma indicates that either option is valid. Similarly with the passwd
command:

Lpasswd [<username>] j

You should practice using the cp command now by moving some of your files from
place to place.

4.5 Manipulating directories

The cd command is used to take you to different directories. Create a directory
new with mkdir new . You could create a directory one by doing cd new and then
mkdir one , but there is a more direct way of doing this with mkdir new/one . You
can then change directly to the one directory with cd new/one . And similarly you
can get back to where you were withcd ../.. . Inthis way, the/ is used to represent
directories within directories. The directory one is called a subdirectory of new.

The command pwd stands for present working directory (also called the current di-
rectory) and is used to tell you what directory you are currently in. Entering pwd will
give you some output like /home/<username> . Experiment by changing to the root
directory (with cd /) and then back into the directory /home/<username> (with
cd /home/<username> ). The directory /home/<username> is called your home di-
rectory, and is where all your personal files are kept. It can be used at any time with the
abbreviation ~. In other words, entering cd /home/<username> is the same as en-
tering cd ~ . The process whereby a ™ is substituted for your home directory is called
tilde expansion.

To remove a file use the command rm <filename> . To remove a directory use
the command rmdir <dir> . Practice using these two commands. Note that you
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cannot remove a directory unless it is empty. To remove a directory as well as any
contents it might contain, use the command rm -R <dir> . The -R option indicates to
dive into any subdirectories of <dir> and delete their contents. The process whereby a
command dives into subdirectories of subdirectories etc. is called recursion. -R stands
for recursively. This is a very dangerous command.

The cp command also takes the -R option, allowing it to copy whole direc-
tories. The mv command is used to move files and directories. It really just re-
names a file to a different directory. Note that with cp you should use the option
-p and -d with -R to preserve all attributes of a file and properly reproduce sym-
links (discussed later). Hence always use cp -dpR <dir> <newdir> instead of
cp -R <dir> <newdir>

4.6 Relative vs. absolute pathnames

Command can be given file name arguments in two ways. If you are in the same di-
rectory as the file (i.e. the file is in the current directory), then you can just enter the
file name on its own (eg. cp my-file new _file ). Otherwise, you can enter the full
path name, like cp /homel/jack/my  _file /home/jack/new file . Very often ad-
ministrators use the notation ./my _file  to be clear about the distinction, for instance:
cp ./my file /new  _file .Theleading./ makes itclear thatboth files are relative
to the current directory. Filenames not starting with a/ are called relative pathnames,
and otherwise, absolute pathnames.

4.7 System manual pages

(See Chapter 16 for a complete overview of all documentation on the system, and also
how to print manual pages out in a properly typeset format.)

documentation documentation
The command man [<section>|-a] <command> is used to get help on a partic-
ular topic and stands for manual. Every command on the entire system is documented
in so named man pages. In the past few years a new format of documentation has
evolved called info. These are considered the modern way to document commands,
but most system documentation is still available only through man There are very few
packages that are not documented in man however. Man pages are the authoritative
reference on how a command works because they are usually written by the very pro-
grammer who created the command. Under UNIX, any printed documentation should
be considered as being second hand information. Man pages however will often not
contain the underlying concepts needed to understand in what context a command is
used. Hence it is not possible for a person to learn about UNIX purely from man pages.
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However once you have the necessary background for a command, then its man page
becomes an indispensable source of information and other introductory material may
be discarded.

Now, man pages are divided into sections, numbered 1 through 9. Section 1 con-
tains all man pages for system commands like the ones you have been using. Sections
2-7 also exist, but contain information for programmers and the like, which you will
probably not have to refer to just yet. Section 8 contains pages specifically for system
administration commands. There are some additional sections labelled with letters;
other than these, there are no manual pages outside of the sections 1 through 9. sec-
tions

/manl | User programs

/man2 | System calls

/man3 | Library calls

/man4 | Special files

/man5 | File formats

/man6 | Games

/man7 | Miscellaneous

/man8 | System administration
/man9 | Kernel documentation

You should now use the man command to look up the manual pages for all
the commands that you have learned. Type man cp, man my man rm, man mkdir ,
man rmdir , man passwd, man cd, man pwdand of course man man Much of the
information may be incomprehensible to you at this stage. Skim through the pages to
get an idea of how they are structured, and what headings they usually contain. Man
pages are referenced using a notation like, cp (1), for the cp command in Section 1,
which can be read with man 1 cp.

4.8 Systeminfo pages

info  pages contain some excellent reference and tutorial information in hypertext
linked format. Type info on its own to go to the top level menu of the entire info
hierarchy. You can also type info <command> for help on many basic commands.
Some packages will however not have info pages, and other UNIX systems do not sup-
portinfo atall.

info  is an interactive program with keys to navigate and search documentation. Typ-
inginfo will bring you to a top-level menu. Typing h will then envoke the help screen.
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4.9 Some basic commands
You should practice using each of these commands.

bc A calculator program that handles arbitrary precision (very large) numbers. It is
useful for doing any kind of calculation on the command line. Its use is left as an
exercise.

cal [[0-12] 1-9999] Prints out a nicely formatted calender of the current month,
or a specified month, or a specified whole year. Try cal 1 for fun, and
cal 9 1752 ,when the pope had a few days scrapped to compensate for round-

off error.

cat <filename> [<filename> ..]] Writes the contents of all the files listed to
the  screen. cat can join a lot of files together
with cat <filename> <filename> ... > <newfile> . <newfile>  will

be an end on end concatination of all the files given.
clear Erases all the text in the current terminal.

date Prints out the current date and time. (The command time though does some-
thing entirely different.)

du <directory> Stands for disk usage, and prints out the amount of space occupied
by a directory. It recurses into any subdirectories and can print only a sum-
mary with du -s <directory> . Also try du --max-depth=1 /var  , and
du -x / , on asystem with /usr and /home on separate partitions “\See footnote
on page 137.

df Stands for disk free. This tells you how much free space is left on your system. The
available space usually has the units of kilobytes (1024 bytes) (although on some
other UNIX systems this will be 512 bytes or 2048 bytes). The right most column
tells the directory (in combination with any directories below that) under which
that much space is available.

dircmp Directory compare. This can be used to compare directories to see if changes
have been made between them. You will often want to see where two trees
different (eg. check for missing files) possibly on different computers. Do a
man dircmp . (This is a System 5 command and is not present on LINUX{}. You
can however do directory comparisons with the Midnight Commander mc).

free  Prints out available free memory. You will notice two listings: swap space and
physical memory. These are contigous as far as the user is concerned. The swap
space is a continuation of your installed memory that exists on disk. It is obvi-
ously slow to access, but provides the illusion of having much more RAM which
avoids ever running out of memory (which can be quite fatal).
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echo Prints a message to the terminal. Try
echo ’hello there’ , echo $[10*3+2] , echo ‘$[10*3+2] . echo -e
allows interpretation of certain backslash sequences, for example echo -e " \a",
which prints a bell, or in other words, beeps the terminal. echo -n does the same
without printing the trailing newline. In other words it does not cause a wrap to
the next line after the text is printed. echo -e -n " \b", will print a back-space
character only which will erase the last character printed.

expr <expression> Calculate the numerical expression expression . Most arith-
metic operations that you are used to will work. Try expr 5 + 10 ™* 2
Observe how mathematical precidence is obeyed (i.e. the * is worked out before
the +).

file <filename> This command prints out the type of data contained in
a file. file portrate.jpg will tell you that portrate.jpg is a
JPEG image data, JFIF standard . file  detects an enormous amount of
file types, across every platform. file  works by checking whether the first few
bytes of a file match certain tell-tail byte sequences. The byte sequences are called
magic numbers. Their complete list is stored in in /usr/share/magic The word
“magic” under UNIX normally refers to byte sequences or numbers that have a specific meaning or
implication. So-called magic-numbers are invented for source code, file formats and file-systems.™\.

kbdrate -r <chars-per-second> -d <repeat-delay> Changes the repeat
rate of your keys. Most users will like this set to kbdrate -r 32 -d 250
which unfortunately is the fastest the PC can go.

more Displays a long file by stopping at the end of each page. Do the following:
Is -l /bin > bin-Is , and then more bin-Is . The first command creates
a file with the contents of the output of Is . This will be a long file because the
directory /bin  has a great many entries. The second command views the file.
The space bar can be used to page through the file. When you get bored, just
press g. you can also try Is -l /bin | more which will do the same thing in
one go.

less This is the GNU%? version of more, but has extra features. On your system the
two commands may be the same. With less , you can use the arrow keys to page
up and down through the file. You can do searches by pressing / then typing in
a word to search for and then pressing Enter. Found words will be highlighted,
and the text will be scrolled to the first found word. The important command
are:

G Go to the end of a file.
? Searches backward through a file.

I ssss Searches forward through a file for the text ssss \ Actually ssss is a regular expres-
sion see the chapter on regular expressions for more info.X\ .
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F Scroll forward and keep trying to read more of the file in case some other pro-
gram is appending to it — useful for log files.

nnng Goes to line nnn of the file.
q Quit. (Used by many UNIX text based applications.)

(less can be made to stop beeping in the irritating way that it does by editing
the file /etc/profile and adding the lines,

LESS=-Q
export LESS

and then logging out and logging in again. But this is an aside that will make
more sense later.)

lynx <url> Opens up a URL “URL stands for Uniform Resource Locator — a web address.& at
the console. Try lynx http://lwn.net/
links <url> Another text based web browser.

nohup <command> & Runs a command in the background, appending any output

the command may produce to the file nohup.out in your home directory.
nohup has the useful feature that the command will continue to run even after
you have logged out. Uses for nohup will become obvious later.

sort <filename> Prints out a file with lines sorted in alphabetical order. Create a

file called telephone  with each line containing a short telephone book entry.
Then type sort telephone , or sort telephone | less and see what hap-
pens. sort takes many interesting options to sort in reverse (sort -r ), to elim-
inate duplicate entries (sort -u ), ignore leading whitespace (sort -b ), and so
on. See the man page for details.

strings [-n <len>] <filename> Prints out a binary file, but strips any unread-

split ...

able characters. Readable groups of characters are placed on separate lines. If
you have a binary file that you think may contain something interesting, but
looks completely garbelled when viewed normally, use strings to sift out the in-
teresting stuff: try less /bin/cp and then try strings /bin/ cp. By default
strings  does not print sequences smaller than 4. The -n option can alter this
limit.

Splits a file into many seperate files. This might have been used when
a file was too big to be copied onto a floppy disk and needed to be split into,
say, 360kB pieces. Its sister, csplit , can split files along specified lines of text
within the file. The commands are seldom used but are actually very useful when
writing programs that manipulate text.
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tac <filename> [<filename> ..] Writes the contents of all the files listed to
the screen, reversing the order of the lines — i.e. printing the last line of the file
first. tac is cat backwards and behaves similarly.

tail [-f] [-n <lines>] <filename> Prints out the last <lines> lines of a file
or 10 lines if the -n option is not given. The -f option means to watch the file for
lines being appended to the end of it.

head [-n <lines>] <filename> Prints out the first <lines> lines of a file or 10
lines if the -n option is not given.

uname Prints out the name of the UNIX operating system'you are currently using.

unig <filename> Prints out a file with duplicate lines deleted. The file must first
be sorted.

wc [-c] [-w] [-]] <filename> Counts the number characters/bytes (with -C ),
words (with -w) or lines (with - ) in a file.

whoami Prints out your login name.

410 Multimedia commands for fun

You should practice using each of these commands if you have your sound card con-
ﬁgured I don’t want to give the impression that LINUX{} does not have graphical applications to do
all the functions in this section, but you should be aware that for every graphical application, there is a text
mode one that works better and consumes less resources.X_. You may also find that some of these
packages are not installed, in which case you can come back to this later.

play [-v <volume>] <filename> Plays linear audio formats out through your
sound card. These formats are .8svx , .aiff ,.au,.cdr ,.cvs ,.dat ,.gsm,
.hcom, .maud, .sf , .smp, .txw , .vms, .voc , .wav , .wve , .raw , .ub , .sb ,
.uw,.sw or.ul files. In other words, it plays almost every type of “basic” sound
file there is: most often this will be a simple Windows .wav file. <volume> is in
percent.

rec ifilename; Records from your microphone into a file. play and