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1. Introduction

An operating system is a collection of programs that controls and
organizes the resources of a computer system providing the user
with a convenient and ready-to-use machine. |

These resources consist of hardware components such as central
processors, memory, disks, communication connections,
terminals, printers, and the software programs that tell the
computer to perform specific tasks.

Normally, personal computers have single-user, operating systems
(think of MS-DOS) -> only one person can use the system at a
time, and the system can handie only one task at a time.

Other operating systems are multi-user, multi-tasking systems;
several terminals are connected to the computer and the operating
System manages access to the computer by a community of users.
This kind of operating system allows the computer {o perform
many functions at the same time.

UNIX is a multi-user, multi-tasking operating system.
It also provides programs for editing text, sending e-mails,

performing calculations and many other Specialized functions that
normally require separate application programs;
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1.1 History & Versions of UNIX

1965  Bell Telephone Laboratories (from the AT&T group)
joined an effort with MIT (Massachusetts Institute of
Technology) to develop a new operating system called
Multics (multi-user, big computation utilities, large data
storage). Multics project never came to conclusion,

Members of the Computing Science Research Center
at Bell Laboratories (like Ken Thompson, Dennis
Ritchie) who were involved in the Multics project,
started thinking of a single user operating system that
could improve their programming environment.

1969 K. Thompson & D.Ritchie implement the new system
on a PDP-7 machine from Digital. The development of
programs (like the "space travel" simulator from
Thomson) no longer needed a host machine as working
environment but is made "on target”. B. Kernighan
calls the system UNIX, as a play on words referred to
Multics. It is single user system, written in assembler.

1971 UNIX system moves to a PDP-11, for the supply of a
lext processing system.

1973 UNIX multi-user is written in "C", a step that was to
have tremendous impact on its world-wide acceptance:
the use of a high-level language makes UNIX
implementations easily portable on different platforms.
A new "C" compiler is rewritten using the "C"
language itself, and can generate UNIX for different
hosts, "just” by adapting the semantic of some low
level routines.
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At this time AT&T could not market computer
products (because of an agreement with the Federal
government), so it provided the UNIX system to the
universities, where it was successively improved by
students and researchers.

1977 The number of UNIX system sites is about 500, of
which 125 are universities.
First porting on a non-PDP machine (Interdata 8/32).

With the growing popularity of microprocessors, other
companies port the UNIX system to new machines,
and enhance it in their own way, resulting in several
variants of the basic system.

1977/82 Bell Laboratories/AT&T UNIX System III.

1981 University of California at Berkeley develops a UNIX
system variant called 4.1 BSD (Berkeley Standard
Distribution), and starts using TCP/IP as network
protocols.

XENIX, from Microsoft. First UNIX version available
for all 16 bit microprocessors.

1983 Bell Laboratories/AT&T UNIX System V.
4.2 BSD for VAX machines (the most recent version is
now 4.3 BSD).

1984  100.000 UNIX system installations: microprocessor,
mainframes.

Linux is normally said to be System V and BSD compliant.
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2. Entering the UNIX Environment

Before start using UNIX, the System Administrator has to set up
a UNIX account for you (it is like your "home" in the "UNIX
town").

Each user communicates with the computer from a terminal.
To get into the UNIX environment you have to log in at your
terminal. Logging in does two things:

it identifies which user is at a specific terminal

it tells the computer that you are ready to begin working.

In order to log in:

1. Press the RETURN key until the login prompt appears
on the screen.

2. Type in your login ID (usually your name or initials) in
lowercase letter at the prompt, and press RETURN,
The system now prompts you to enter your password.

3. Type in your password (which is not displayed on the
screen, for security reasons), and press RETURN.

If the login is successful, you will get some system messages and
finally the UNIX system prompt.
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2.1 The UNIX Shell

Once logged in, you are talking to a program called the shell (see
fig. 1). '

Note that the shell is just a program (like other UNIX utilities),
written in the "C" language.

Different shell programs exist,

The default one is the so called Bourne shell, developed by
Stephen Bourne at the AT&T laboratories. However, one of the
most flexible and powerful shells is the so!called C shell,

developed by Bill Joy from the University of California at
Berkeley. This is the one you will use.

You can use the shell in three ways:

1. Interactively, to execute UNIX commands.

2. In programming, to create new tools as shell programs, called
scripts (see paragraph 7.4). :

3. In customization, to define your working environment (see

chapier 7).

Let's start from the first mode.
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SYSTEM  STRUCTURE

Glher appheation prograwss

:Fi? 1, Aldiitectum ‘f UNIX System



Ird Course on Basic VLS! Design Techniques  ICTP, Trieste, 21 Nov/16 Dec 1994

The shell interprets the commands that you type, invokes the
various programs that you ask for, and generally acts as a sort of
buffer between you and the UNIX operating system proper.,

When you are typing a command line, the shell simply collects
your input from the keyboard. Pressing the RETURN key tells

the system that you have finished entering text and that it can
start executing the command.

The system prompt is the shell's way of saying that it is ready and
waiting for you to type in a command.

When the system is finished running a command, the sheli replies
with a prompt to tell you that you can now type another
command.

The shell uses "% " as default prompt, but this can be changed at
will.

UNIX commands can be simple one-word entries or more
complex in form and may require to specify certain arguments.

An argument can be an option or a filename. The general format
1S:

command option(s) filename(s}
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command option(s) ﬁiename(s)
General rules of the UNIX style for writing commands are:

» Cornmands are entered in lower case,

» Options modify the way in which a command works. They are
often single letters prefixed with a minus (-) sign and set off by
any number of spaces. If you make a mistake in specifying the
options, some commands will display the allowable options.

* Multiple options in one command line can either be set off
individually or combined after a single minus sign.

* The argument filename is the name of a file that you want to
manipulate in some way.

* Spaces between commands, option(s) and filename(s) are
important.

* Two commands can be entered on the same line, separated by a
semicolon (;) and written on the same command line. Commands
entered in this way are executed sequentially by UNIX,

What to do if you make a mistake in typing a command and
press the RETURN key before you realize your mistake?

- The shell will give an error message (don't be afraid of
EITOT messages).

- Use the CTRL-C "interrupt character" to interrupt or
cancel a command, in order to quit what you are doing.

Introducrion to UNIX ICTP-INFN-UNU-Microprocessor Laboratory
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Let's look at an example. The Is command displays a list of files.

It can be used with or without arguments with different results. If
you enter:

%ls

a list of filenames will be displayed on the sé}reen. But if you
enter: i

% Is-l

there will be an entire line of information for each file. The -1
option modifies the normal output of the Is command and lists
files in the "long” format.

You can also ask for information about a particular file by adding
a filename as a second argument. For example, to find out about a
file called ictp], you would type: 1

% Is-lictpl

When you want to specify multiple options, you can write the
command in one of the following equivalent forms:

% Is-a-l j

% Is-al |
Remember to type a space after the command name and before
the minus sign that introduces the options.

{ntroduction to UNIX ICTP-INFN-UNU-Microprocessor Laboratory
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Other simple UNEX commands:
date Finds out today's date
who Finds out logged in users

Logging out is the process of ending a UNIX session. Type the
command logout followed by RETURN. Once successfully
logged out, the login prompt should appear on the screen to

indicate that you are no longer logged into the system and can
leave the terminal to the next user.

Introduction to UNTX ICTP-INFN-UNU-Microprocessor Laboratory
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3. Your UNIX Account

Like a home is used to storg our things, can be accommodated to
our needs and has its own address, the UNIX account provides

»a place in the UNIX file system where you can store your files,

* a customizable environment that you can tailor to your liking
(see chapter 7),

* a login [D that identifies you uniquely, allowing to control
access to your files, and to receive mail from other users.

3.1 The UNIX File System

A file is the unit of storage in UNIX, as in many other systems. A
file can contain anything: a program, executable object code, text,
efc.

All are just sequences of raw data unti] they are interpreted by
the right program.

Files are organized into directories.

A directory is actually a file itself which contains information for
the system to use to find other files. It can be imagined as a place,
so that files are said to be contained in directories and you are
said to work inside a directory. '

Introduction to UNIX ICTP-INFN-UNU-Microprocessor Laboratory
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Directories are organized into a hierarchical structure that is
usually imagined as a family tree. The parent directory of the tree
is known as the roor and is written as a slash (/).

The root contains several directories (see fig. 2).

bin, home, etc, usr, tmp, dev and lib are subdirectories of root.

These are fairly standard directories and contain specific kinds of
system files (e.g. bin contains many UNIX commands).

Each directory has one parent directory and may have one or
more child directories.

The notation used to specify file and directory names is called a
pathname,

An absolute pathname specifies the path of directories you must
travel to get from the root to where you want to go.

For example, /home/bulfone is an absolute pathname and defines
a unique directory as follows: *

* the root is designated by "/"
* the directory home (a subdirectory of roof)
* the directory bulifone (a subdirectory of home).

Introduction to UNIX ICTP-INFN-UNU-Microprocessor Labaratory
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A relative pathname points to a file relative to your current
directory. '

Unless you specify an absolute pathname, the shell assumes you
are using a relative pathname.

You can go up the tree by using the shorthand ".." for the parent
directory.

You can also go down the tree by specifying directory names.
You just have to name each step along the way, separated by a
slash {/).

Referring to the example of fig. 2, if the current directory is
/home/bulfone, the relative pathname to work is simply work
(remember not to start with a "/", as this would specify an
absolute address relative to the root).

In order to address the games subdirectory of bulfone when you
are in venka, you may use the absolute pathname
thomelbulfone/games.

Alternatively, you can go up one level to home, then go down the
tree to bulfone and finally to games. The relative path name is
./bulfone/games.

Absolute and relative pathnames are totally interchangeable.

Introduction to UNIX ICTP-INFN-UNU-Micronracessor Fabaratary
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The directory you enter when you log in to UNIX is called home
directory.

This directory contains the files you use almost every time you
log in. It is a unique place in the UNIX file system from which
you can create your own files and build your own directory tree.

In the definition of a pathname, you can always refer to your
home directory by the symbol ~.

The directory you are currently in is the working directory.

At the start of every session, the home directory is also your
working directory.

All commands that you enter apply to the files in your current

working directory. When you create files, they are created in your
working directory.

Introduction 10 UNIX ICTP-INFN-UNU-Microprocessor Laboratory
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3.2 Exploring the UNIX File System

. pwd

It prints out the pathname of your working directory. It takes no
arguments,

* od

It is used to change your working directory to a parent or child
directory or to any other directory (if permissions allow it),

It has the form:

cd pathname

The argument pathname can be an absolute or a relative
pathname to the directory you want to move to.

The single-word command cd, with no arguments, will always

take you back to your home directory, wherever you are in the
file system,

Introduction to UNIX ICTP-INFN-UNU-Microprocessor Laboratory
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. Is

The Is command is used to list the files and the subdirectories
contained in the working directory. The syntax is:

Is option(s) filename(s)

Note that the form Is dirname lists files in the directory called
dirname,

For example:

% Is
emacs games ictpl pippo work disk_storage

There are a number of different options that Is can take to display
different amounts of information related to filesfand subdirectories
as well as to change the format of the display.

The -a option shows you some more files, as in the following
exampile:

% Is-a
.login ictpl
.cshrc games

emacs work:
pippo disk_ _storage

Two new files have appeared, with the names "." (dot) and ".."
{dot dot). As already mentioned, .. is a special notation for the
parent directory. A single . is a special notation for the current
directory. Any file whose name begins with a/dot is hidden and
will only be listed if you type Is -a (. login and .cshrc contain
commands that are automatically executed whenever you log in,
se¢ paragraph 7.5).

Introduction to UNIX ICTP-INFN-UNU-Microprocessor Laboratory

19

3rd Course on Basic VLSI Design Techniques  ICTP, Trieste, 21 Nov/16 Dec 1994

To get more information about each file, add the -1 option. This

option, in combination with -a, will give:

total 13

drwxr-xr-x 6 bulfone users 1024 Nov 18 17:55

drwxr-xr-x 6 bulfone users 1024 HNov 18 17:55

~rwxr--r-- 1 bulfone users 251 Nov 18 16:58 .cshrc

~rwxr--r-~ 1 bulfone users 272 Nov 18 17:31 .legin

-rw-r--r-- 1 bulfone users 131 Nov 18 15:08 disk_storage

-rw-r--r-- 1 bulfone users 0 Nov 17 11:08 emacs

drwxr-xr-x 2 bulfone users 1024 0Oct 14 12:34 games

-rw-r--r-- 1 bulfone users 84 Nov 14 15:06 ictpl

-rw-r--r-- 1 bulfone users 50 Nov 12 23:08 pippo

drwxr-xr-x 2 bulfone users 1024 Nov 18 14:35 work

| I | | | | | |

| access | owner I I creation date |

| modes I group ! and time I

type # links # bytes filename

total n n is the number of 1024-byte blocks of storage
used by the files in the working directory

type Tells whether the file is a directory (d) or a plain

file (-)

permissions  (access modes) Specifies three types of users

(yourself, your group, all others) who are allowed
to read (7}, write (w), or execute (x) files

links Tells the number of files and directories linked to
that file

owner Specifies who created or owns the file

group Specifies the group that owns the file

#bytes Specifies the size of the file

creation date Tells when the file was last modified

filename

Introducrion to UNIX

Is the name of the file or directory

ICTP-INFN-UNU-Microprocessor Laboratory
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The person who creates a file is its owner; if you create any files,
the owner column should show your login id,

You also belong to a group, to which you were assigned by the
System Administrator. Any files you create will be marked with
the name of your group.

Permissions control who can read, write (modify) or execute the
file (if it is an executable program).

There are a total of ten characters in the permission listing. The
first shows the file type (directory or plain file). The next three
characters show the permissions for the file's owner (you, if you
created the file). The next three characters show permissions for
the other members of your group. The final three characters show
permissions for all other users.

For example, the permissions for .login are - rw- re- r.-, meaning
that anyone (you, your group and all the users) can read it, but
only you can modify it.

In the case of directories, x means the permission to search the
directory (for example, to list its contents with Is).

If you are interested only in knowing which files are directories

and which are executable files, you can list the files using the -F
option.

Directories are marked with / (slash) at the end of the filename.

Files with an execute status (x), like programs and shell scripts,
are marked with a * (star).

Introduction to UNIX ICTP-INFN-UNU-Microprocessor Laboratory
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. chmod

The command chmod changes the mode (permissions, owner
and group) of files or directories.

The mode can be changed by the owner or by the super-user.

chmod accepts specification of the required mode in one of two
different ways:

a. as an absolute value given as an octal number

b. as what is termed a 'symbolic mode’.

The syntax is:

chmod mode filename

Numerical specification is not the easiest to use unless you are
familiar with binary arithmetic. Each pérmission in the group of
nine is represented by a one, each protection (lack of permission)
is represented by a zero. So rw-r--r-- translates to 110100100 or
644 in octal notation.

To translate the mode you require to a number, simply add up the
numbers of table 1 corresponding to the individual permissions
you want.

If you want the file ictp! to be readable and writeable by you,
readable by the group and the other users, you should enter:

% chmod 644 ictpl

Introduction to UNIX ICTP-INFN-UNU-Microprocessor Laboratory
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The symbolic mode is rather more complex.
You have the choice of saying which mode you want, or of
Tabie 1. Translation Diagram for Permissions saying how you want the existing permissions to be modified.

The following abbreviations are used:

Owner Group Others
I B I l___ U user permissions
Ir w x| lr w x| Irwx| g  group permissions
I [ [ 0  other permissions
I [ (b a  all permissions
400---- | | [ o I = assign a permission absolutely
200------- | [ L +  add a permission
100--------- o L - take away a permission
N I
[ ! i [ Permission types are r, w and x.
e I 0
20- - oo | Lo
10~ [ If you want to assign to ictp] read/write permissions for user, read
L for group and read for all others, you should enter
[ I
4 L [ $ chmod a=r,u+w ictpl
2 |
l __________________________________
Introduction to UNIX ICTP-INFN-UNU-Microprocessor Laboratory Introduction to UNIX . {CTP-INFN-UNU-Microprocessor Laboratory
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. cat

Beside being used to "concatenate” files in order to create a

bigger one, it can also be used to display a file to the terminal
screen (standard output):

cat filename

cat works best for short files, which can be displayed in one
screen,

If you cat a file that is too long, it may roll up the screen faster
than you can read it. Press CTRL-S to freeze the output at a
particular point, and CTRL-Q to resume listing the file.

You cannot go back to view the previous screens when you use
cat.

If you accidentally type cat without a filename, press CTRL-D to
get out of cat,

. more

If you want to read a "long" file on the screen, you can use the

more command to display one screen of text at a time. The
syntax is:

more filename

Introduction to UNIX ICTP-INFN-UNU-Microprocessor Laboratory
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The more command displays the first part of the file which can be
contained in the screen and the last line is a "percentage seen”
message like:

(More) - 47 %

This says that you are 47% of your way through the file.
Press RETURN to view the next line.

Press SPACEBAR to view the next page.
Enter "h" to see what commands are available with more.

3.3 On-line Documentation

If you want some information about the correct syntax for
entering a command or the particular features of a program, enter
the command man and the name of the command. The format is:

man command

The output of man is implicitly "filtered" through the more
command.

Using Linux, a nice way of getting on-line information for
commands is to type:

command --help

Introduction to UNIX ICTP-INFN-UNU-Microprocessor Laboratory
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3.4 Communicating with Other Users,

We have seen that each file is marked with its oujmer's login id.

An even more visible sign that the systern knows each of its users

by name is that you can communicate with other users via
electronic mail. ‘

. mail

. 1 .
This facility allows you to compose a message at your terminal
and send it to another user or list of users. It also enables you to
read any messages that others may have sent to you.

To send mail to another user, type:

% mail username
Subject:

After that, you will not have any prompt. Instead mail is waiting
for you to enter your message. Type in your message, press

RETURN after every line, enter CTRL-D on a separate line to
exit.

Introduction to UNIX ICTP-INFN-UNU- -Microprocessor Laboratory
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In order to read your mails, simply enter the command mail at the
system prompt. After a mail status message, you are prompted by
the mail program (&). Press RETURN to read the last mail. Type
help and RETURN to see the mail program options.

% mail
Mail version 5.5 6/1/90. Type ? for help.
"/var/spool/mail/bulfone": 1 message lnew
>N 1 bulfone date "Subjectname"
& help

Introduction to UNIX ICTP-INFN-UNU-Microprocessor Laboratory
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4. Creating and Managing Files

4.1 Creating Files

. vi

Normally you create a text file with a text editor. An editor
combines the power of a typewriter, an erasable pencil on paper,
snips and paste.

The usual editor in the UNIX environment is vi. The syntax is:

vi filename

What happens is that a portion of the file you wish to modify is
displayed in your terminal screen (a window on the file).

Within that window you can move the cursor around to control
where changes are to be made, and then you can make changes
by replacing text, adding text or deleting text.

vi has a wide range of commands for positioning the cursor,

editing etc.: just about every key on the keyboard is some
command to vi.

To learn it, you really need to get on a terminal and use it!

Introduction to UNIX ICTP-INFN-UNU-Microprocessor Laboratory
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There are two basic modes of operation:

Command mode Is the mode that allows you to move the cursor
and enter commands (like delete, save, etc.), It
is the first mode you enter after starting vi.

Insert mode. Is the mode that allows you to enter new text
into a file. To leave the insert mode, press ESC.

There are different commands to enter the insert mode: for
example i will insert text before the cursor, a will append text
after the cursor, etc.

Use the key arrows to move the cursor, or, if you don't have them
on your keyboard, use h (left), j (down), k (up) and | (right).

You can, for example, delete  characters beginning with current

using the command »x, etc.

Getting out of vi is very important, especially at the beginning
when it is easy to make mistakes.

Use the command :wq and press RETURN or :x and press
RETURN to save and exit. Use the command :q! and press
RETURN 1o exit without saving any changes.

See Appendix A for a detailed description of the vi commands.
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4.2 Wildcards in File Names
A filename is the most important property of a ﬁle.

Filenames may contain any character except /, which is reserved
as the separator between files and directories in a pathname.
Filenames can be made up of upper and liwer case letters,
numbers, and the special characters ".” (dot) and " "
{underscore). ‘

When you have a number of files named in series (for example
ictpl to ictpl2) or filenames with common ciaracters (like ser,
senate and serial), you can use wildcards to specify many files at
once. These special characters are * and ?.

When used in a filename given as an argument ito a command:

*  isreplaced by any number of characters iin a filename. For
example, se* would match set, senate and serial if they
were in the same working directory. You ?an use this also to
save typing for a single filename. :

?  is replaced by any single character (so %?p matches hop
and hip, but not help).

In addition, you can use brackets {{]) to surround a choice of
characters you would like to match, Any one of the characters
between the brackets will be matched. For example, [Cclhapter
would match either Chapter or chapter (but [ch]apter would
match either capter or hapter).

Use a hyphen to separate a range of consecutive characters. For
example, chap{l-3] would match either chap!, chap2, or chap3.
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4.3 Managing Files

L] Cp

The cp command is used to copy a file in the same directory or to
copy a file to and from directories. To make a copy of the file, use
the command:

cp old new

where old is a pathname to the original file and new is the name
you want to give to the copy of the file.

For example, to copy the /etc/passwd file into a file called
password in your working directory, you have to enter:

% Cp /etc/passwd password
You can also use the form:
cp old old dir
This puts a copy of the original file o/d into an existing directory

old_dir. 1t gives the name of the original file to the copy of the
file.

You can copy more than one file at a time to a single directory by
listing the name of each file you want copied, with the destination
directory at the end of the command line.
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. mv

The mv command is used to rename a file, It is also used to
actually move a file from one directory to another.

The mv command has exactly the same syntax as the cp
command;

my old new

where old is the old name of the file and new is the new name
that you want to give to it

It is always a good practice to make sure that the new name is
unique; an existing file may be overwritten by the mv operation.

. mkdir

In order to create a new directory, use the mkdir command. The
format is:

mkdir dirname

where dirname is the name of the new directory.
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. m

The rm command removes unwanted files so you can clean up
your directory tree. The command:

rm filename
removes the file called filename.
Make sure you are deleting the correct files when you use
wildcards in the rm command.
If you accidentally remove a file you need, you cannot recover it

unless you have a backup copy in another directory, or on tape.

If you do not have a backup copy of a file you removed with the
rm command, you will not be able to recover the file at all.

‘rm *" ly. I wi 11 the

Wi * T remove
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. rmdir
Just as you can create new directories, you can #lso remove them
with the rmdir command.

As a precaution, the rmdir command only lets you delete
directories that do not contain any files. The synFu is:

rmdir dirname |
If a directory you try to remove does contain files, you will get a
message like "rmdir:dirname not empty".

The procedure for deleting a directory that contains some files is:

a.  Enter cd filename to get into the directory you want to
delete. ‘

b.  Enter rm* to remove all files in that directory.
¢.  Entercd .. to go to the parent directory.
d.  Enter rmdir filename to remove the unwanted directory.

d’.  In case you still get the message "dirname not empty", use
Is -a to check that there are no hidden files other than . and ..
To remove all hidden files, type rm .*,

e.  Enterls -l to check if the directory was actually removed.
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5. Input/Output Redirection

5.1 Standard Input and Standard Output

A UNIX command usually requires some input (such as a file)
and results in output.

In general, if no filename is specified in a command, the shell
takes whatever you type in your keyboard as input to the
command. Your terminal keyboard is the standard input.

When a command has finished running, the resuits are usually
displayed on your terminal screen. The terminal screen is the
standard output.

By default, each command takes its input from the standard input
and sends the resuits to the standard output.

These two default cases of input/output can be varied. You can
often use a given file as input to a command using the "<"
operator. You can also write the results of a command to a nared
file or some other device instead of displaying it on the screen
using the ">" operator. This is called input/output redirection. In
general, redirecting input is not used as often as redirecting
output, because most commands are designed to take their input
from files anyway.

[nput/output redirection is one of the nicest features of UNIX
because of its tremendous power and flexibility.
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5.2 Putting Text in a File

Directing the output of a command into a file is useful when you
have a lot of output that would be difficult to read on the screen
or when you put files together to create a bigger file.

When you append the notation "> filename" to the end of a
command, the results of the command are diverted from the
standard output to the named file. The > symbol is known as the
output redirection operator.

Using cat with this operator, the contents of the file that are
normally displayed on the standard output are diverted into a new
file. For example:

s cat /etc/passwd > password

The command "cat /etc/passwd” simply displayed the file
fetc/ipasswd on the screen. In the example above, we use the >
operator. Instead of printing the results of the command on the
terminal screen, the contents are diverted to a file called password
in the current directory. The effect is the same as the copy
command "cp /etc/passwd password”.

The > redirection operator can be used with any command, not
just with cat. For example:

who > users
date > today
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You can also create a small text file using the cat command and
the > operator.

We said to press CTRL-D in case you type cat without a
filename. This is because the cat command alone takes whatever
you type on the keyboard as input. Thus, the command:

cat > filename

takes input from the keyboard and redirects it to a file, For
example:

% cat > song

You can call on my name, and you know where ever I
am, I'll come running to see you again.

J. Taylor

AD

cat takes the text that you typed as input, and the > operator
redirects it to a file called song. Type CTRL-D on a new line by
itself to signal the end of the text. You get back the system

prompt,

You can create a bigger file out of many smaller files using the

cat command and the ">" operator. The form:
cat filel file2 > newfile

creates a file newfile, consisting of file2 appended to filel.
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You can also append information to the end of an existing file,
instead of replacing its contents, by using the >> (append
redirection) operator. The syntax is the following;

cat file? >> filel

appends the contents of file2 to the end of filel.

If you are using the > operator, you should be careful not to

accidentally overwrite the contents of a file. The gystem normally

5.3 Pipes and Filters

In addition to redirecting input/output to a named file, you can
connect two commands together so that the output from one
program becomes the input of the next command.

‘Two or more commands connected in this way form a pipe.

A pipe is designated by a vertical bar (| ) on the command line
between two commands.

When a pipe is set up between two cbmmands, the standard
output of the command to the left of the pipe symbol becomes the
standard input of the command to the right of the pipe symbol.

Any two programs can form a pipe as long as the first program
writes to standard output and the second program reads from
standard input.
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When a program takes its input from another program, performs
some operation on that input, and writes the result to the standard
output {or even "pipes” the result to another program), it is
referred to as a filter.

One of the most common uses of filters is to modify output. The
UNIX filters can be used to restructure output so that only the
desired lines are displayed on the screen or sent to another file,

Almost all UNIX commands can be used to form pipes.
Commands that are commonly used as filters are described
below. Note, anyway, that they useful also as individual
commands.

*  Erep

It searches a file or files for lines which contain strings of a certain
pattern. The syntax is:

grep "pattern” file

The simplest use of grep is to look for a pattern consisting of a
fixed character string. For example, it can be used in a pipe so
that only those lines of the input files containing a given string are
sent to the standard output:

s Is-1| grep "Aug"
The pipe above looks for all files in your directory that contain

the string "Aug" (that is, they were last modified in August) and
sends those lines to the terminal screen.
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Some of the most useful grep options are given below:
v Print all lines that do not match pattern

-n  Print the matched line and its line number

-l Print only the names of files with matching lines
- Print only the count of matching lines

-i Ignore upper and lower case

. sort

The sort command arranges the contents of a file alphabetically
or numerically. The syntax is:

sort filename

Some of the most useful sort options are given below:

-n Sort by arithmetic value, ignoring blanks and tabs
-r Reverse the order of sort

f Sort regardless of upper or lower case

+x  Skip x fields before start sorting

More than two commands may be linked up into a pipe. Taking
the previous pipe example using grep, we can further sort the
files modified in August by order of size. The following pipe
consists of the commands Is, grep and sort:

s Is-1] grep " Aug" | sort +4n

This pipe sorts all files in your directory modified in August by
order of size, and prints them to the terminal screen. The sort

option +4n tells the system to skip four fields (a field is preceded
by a blank) then sort the lines in numeric order.
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. wC

The wc¢ command counts the number of lines, words, and
characters in a file. The syntax is:

wc filename

Options resctrict the counting process to the indicated object:
<1 Counts only line

-w  Counts only words

< Counts only characters
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6. Managing UNIX Multi-Tasking

On a single-tasking system like MS-DOS, you would enter the
command and then wait for the system prompt telling you that
you could enter a new command. :

In UNIX, there is a way to enter new conﬁmands in the
“foreground" while one or more commands are }still running in
the “background". This is called background processing.

Background processing is useful, for example, for running slow
programs whose output you do not need-immediat‘ely.

When you enter a command as a background process, the shell
assigns a process ID to the background process aﬁd prints out the

process ID. The system prompt reappears imm%diately so that
you can enter a new command,

The command is still running in the "background” but you can
use the system to do other things during that time. You can also
log off at this time since the background pi“ocess runs to
completion even when you are not using the syste#n.
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To run a command as a background process, add the "&"
(ampersand) character at the end of the command line before you
press RETURN. For example:

% who > users &
[1]1 18702

The process ID (PID) for the command is 18702.
The process ID is useful when you want to check the status of a
background process or to cancel it when you have to.

Using the shell, you can put an entire sequence of commands
separated by semicolons into the backgiound by putting an & at
the end of the entire command line:

commandl; command? &

The shell supports an additional feature called job control. You
can use the suspend character CTRL-Z to suspend a program
running in the foreground. The program will pause, and the shell
will give you a new system prompt. You can then do anything
else you like, including putting the suspended program into the
background using the bg command.

The jobs command lists all background processes. For example:

s jobs
JOB NUMBER STAT COMMAND
[1)] Running sleep 60

The fg jobnumber command will bring a background process to
the foreground.
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] ps

ps allows you to see how long a process has been running. The
output of ps also tells you the process ID of the background
processes and the terminal from which it was launched. For
example:

5 ps
PID TTY STAT TIME  COMMAND
8070 Q20 S 0:12 csh
8231 020 R 0:02 pPs
| I

I
{ terminal
I line |
| |
process run
id time

process ID A unique number assigned by UNIX to the
background process,

terminal line  The terminal number from which the background
process was launched.

run time The amount of computer time that the process has
used.

command The name of the process.
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. kill

The kill command is used to stop a background process from
being executed further. The syntax is:

kill PID(s)

kill terminates the designated process IDs (shown under the PID
heading in the ps listing).

If you do not know the process ID, do a ps first to display the
status of background processes.

Try the following example, where the sleep command simply
causes a process to "go to sleep” for n number of seconds. We
enter two commands, sleep and whe, on the same line as a
background process:

% (sleep 60; who) &
s ps
s Kill sleep PID

Suppose we decide that 60 seconds is too long a time to wait for
the output of who. The ps listing shows the process ID associated
to the sleep command, so we use this PID to kill the sleep
process. You will see a "termination message” from the system.
The who command is executed immediately, since it is no longer
waiting on sleep, and proceeds to list the users logged into the
system.

Some processes may be hard to kill. If a normal kill of these
processes is not working, enter "kill -9 PID". This is a sure kill

and can destroy anything, including the shell which is
i it!

.

ntepreung it
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7. Customizing the C Shell

7.1 Aliases

An alias is an abbrevation for a frequently used command or
series of commands. The syntax is: ‘

alias name definition

You define an alias by giving its name followed by a definition, If
the definition contains special symbols, put single quotation
marks around it. For example: 1

% alias list Is -1
makes list display a long listing of your directory,

% alias blocks 'pwd; du -s'
/home/bulfone
18

uses pwd to display the directory name and du to report how
many blocks it contains (note that the ; is a special character used
to separate commands). ‘

\

The alias command with no arguments displays all defined
aliases. ;
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7.2 Shell variables

The shell gives you the capability to define variables that can

hold strings or set of strings. The main reason for using these

variables is to save long strings such as pathnames, The syntax is;
set varname = string

This creates a shell variable called varname and initializes it to a
string of characters. If the string includes spaces, you must put
quotation marks around it to include them. For example:

% set cf = home/bulfone/games/chess

We assign the name cf (current file) to the filename
home/bulfone/gamesichess.

% set title = "ICTP VLSI Course”
Here we use quotation marks to preserve the spaces in the

variable title.

You can use shell variables in commands by preceding their
names with §.
Therefore, if you wanr to display variables, use the command

echo $varname
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To get a long listing of the file /home/bulfone/games/chess, all
you have to type is:

% Is -1 $cf

You can release a variable when you no longer need it with the
unset command:

unset varname

For example, to release the shell variable cf, type

% unset cf

The set command with no arguments displays the shell variables
and their current values.
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Many UNIX commands display information only. We can
replace a command with its output by using command
substitution: substituting the output of the command for the
command itself. For example:

% set d = “date’
% echo $d
Fri Nov 18 13:01:41 MET 1994

This sets a shell variable d to the string output from the date
command.

We call d a wordlist (it is a variable that contains a list of strings
divided into separate words; surround the list with parentheses to
define a wordlist). Now you can reference individual words as
3d[1], $d[2], and so on. The command

% echo Today is $d[1]). The time is $d[4]
Today is Fri. The time is 13:01:41

demonstrates how this technique lets you control the format of
the date output.

Some of these variables belong to a special list, and are called the
shell's predefined variables. They can have default settings (being
initially the same for every user), while others get their values
from UNIX user information files (such as /etc/passwd). The most
widely used are described below.
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path

It contains a list of directory names. The shell us¢s it 10 search for
commands. For example:

% set path = (~/bin /bin /usr/bin /usr/local .)

The shell searches the direciories in the path variable to find and
execute the commands you enter (note that it is a wordlist
variable). The shell searches path from left to right, so you should
order its entries carefully. |

home

It contains the absolute pathname of your home directory. The
shell uses it when you type cd without arguments and when you
use ~ in a command. ‘

shell

By default, the shell initializes shell to / binfcsh. The shell
executes this file when you run a script or issue a command that
Creates a subshell. Normally you don't change shell.

mail

It is a wordlist variable which defines your mailbox file. For
example:

% set mail = {/var/spool/mail/bulfone)

The shell checks this file regularly to inform you when you have
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prompt

It is the shell prompt.

noclobber

The noclobber variable keeps you from overwriting existing files
with output redirection. The default value is unset, use the
statement

% set noclobber

to put this protection in effect.
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7.3 Environment Variables

Special information like your login directory, the location of your
mailbox, your terminal type are all part of your user environment.

A set of special variables, called environment variables,

maintains this data. UNIX can pass ("export") these to programs
executed from the shell.

Unlike shell variables that are accessible only within the shell,
environment variables are available to both your current shell and
subsequent programs (such as scripts, editors, Alliance). When

you execute a program, UNIX gives it the values of all
environment variables.

Although environment variables are not built into the shell, you
can define them from it. The syntax is:

setenv VARNAME string

It defines VARNAME to be an environment variable and
initializes it to string.

You can release an environment variable when you no longer
need it with the unsetenv command:

unset VARNAME

The env command with no arguments displays the environment
variables and their current values.
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The shell maintains certain environment variables, and you may
also create your own. The list of the most widely used predefined
environment variables is described below.

TERM

The variable TERM is set to a code that defines your terminal
type. The vi editor and the more command use your terminal's
cursor-positioning commands: the TERM variable makes these
terminal-independent. For example the command

% setenv TERM vt100

sets TERM to vt100.

HOME

The HOME variable contains the absolute pathname of your
home directory. It is initialized at login time from the home
directory field in the UNIX password file /etc/passwd. Your
working directory is initially $#OME when you login.

The predefined shell variable home takes its value from the
HOME environment variable.
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PATH

It contains the same information as the shell path variable, but in
a different format, By default, the login program sets PATH to

:/bin:/usr/bin
The shell maintains both path and PATH. When you change
path, the shell updates PATH automatically. ‘This permits the
information stored in path to be exported to other programs.

PATH's notation is different from path, and it‘ is not a wordlist
variable. By changing path with;

% set path = (~/bin /bin fusr/bin fusr/local .)
gives the following value for PATH (displayed by echo $PATH):

/home/bulfone/bin:/bin:/usr/bin%/usr/local:.

USER

Both hold the user's login name. The login program initializes
USER from the /etc/passwd file. It is useful to personalize
commands and shell scripts,

SHELL

It contains the absolute pathname of your shell. By default this
variable is undefined, therefore you should initialize SHELL to
the shell variable shell, that is /bin/csh.
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MAIL

The MAIL variable contains the pathname of your mail file. This
is the value used by the mail command; the shell uses the mail
variable to see if you have any new mail.

7.4 Shell Scripts

Shell scripts are a powerful tool for invoking and organizing
UNIX commands. They can even substitute for system programs
written in a general-purpose language such as "C".

At the simplest level, they can invoke one command after
another. This is comparable to the batch files provided in many
operating systems (e.g. MS-DOS).

However, the shell's more advanced programming oplions can
handle an even wider range of problems. Decision sequences and
loops allow a shell script to perform almost any programming

task. Typical applications include file management, format
conversion, searches, etc.

One key factor is that shell scripts are easy to write. All you need
is an editor. You don't need to compile a script, link it, or load it:
just make it executable. Debugging is straightforward, since the

shell has options that display intermediate output as a script
executes.
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Let's look at the following example. Suppose you want to keep a
record of your disk usage. You plan to use the command line

% (date; du ~) >> ~/disk_storage&

This results in the background execution of date followed by du
(disk usage) apllied to your home directory. We add the output to
the file ~/disk_storage. Running this command updates
~Idisk_storage.

The problem is that the latest information goes at the end of the
file instead of at the beginning, Let's make a script called ppd to
append at the beginning, It will have a filename as its argument
and will read from the standard input. This allows us to use it in a
pipe as follows: ‘

% (date; du ~) | ppd ~/disk_storage&

1 #csh script to prepend std input to file argument
2 #Version 1.0

3

4 set tf = /tmp/ppd.$$ #name temp file

5 set dest = $argv(1) #get argument name

6

7 cat - S$dest > Stf #cp std input, $dest to $tf
8 mv $tf S$dest
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The first character in a script must be the symbol #. # is also the
comment symbol; the shell ignores everyting after it on a line.

We use a shell variable to hold the pathname of the temporary
file,

The idea here is also to make ppd a tool anyone can use at any
time. Line 4 defines a temporary filename using the current
process number $§. Since this number is unique systemwide, two
users calling ppd at the same time will not try to use the same

temporary file.

Line 4 sets variable ff to the temporary filename,

Line 5 sets dest to $argv(1}, a shell variable that lets scritpts refer
to command line arguments. $srgvf1] is the first argument,
$argv{2] the second, and so forth,

Line 7 uses cat to combine the standard input and the argument
file into a new file called $1f. The - option reads the standard input
first. Line 8 renames $f to the original filename ~/disk_storage.
~Idisk_storage now has the latest information at the beginning.

To make ppd executable, use the chmod command:

chmod +x ppd
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Use the echo command to display messages from a script.
Consider the example: ‘

#csh script that gives formatted display of
#current date and time
#version 1.0

set d = “date’
echo "Today's date: $d4[2-3) sd[e]*
echo “Current time: $df4]"

~N AN s W N

Line 5 uses command substitution to assign th%: current date to
variable d. .

Lines 6 and 7 print the date and time by accessing different
words in d.
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In the following example, we use the shell if statement. The greet
script displays a greetings message on Friday.

1 #csh script to get weekend greetings
2

3 set d = “date’

4 echo "Today is 3d4d(1]"

5 if ($d4[1] == Fri) then

) eCho ====s=====c==c======-=

7 echo Have a nice weekend!

8 echo ========sc==sz=z======x

9 endif

Lines 5 to 9 contain the if statement.

Line 5 uses parentheses to create an expression ($d[1] == Fri).
The == is a relational operator meaning "is equal to". If the
expresion is true, the shell executes statements 6, 7 and 8.

Line 9 marks the end of the if statement.
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The shell has many other programming features, that make it
extremely powerful. Among the others:

Conditional Statements

if (expression) then
command (s)

else
command (s}

endif

Foreach Construct
foreach name { wordlist )
command (s)
end

While Construct
while (expression)
command(s)
end
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Switch statement (replaces a long sequence of if-then-else :
statements) *

switch (string)
case patternil:
command (s)

breaksw

case pattern2: !
command (s)
breaksw

-

default:
command(s)
breaksw

endsw

g -
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Let's consider the following example:
7.5 The C shell Special Files

The shell lets you customize your UNIX interface by means of 1 #.cshrc file - Version 1.0
three special files: .cshre, Jlogin, Jogout. 2
pec 8 8 3 # Set up shell variables

4 set noclobber #redirection protection
5 set path = (~/bin /bin /usr/bin /usr/local .)
6

The .cshrc File 7  # Set up aliases

R 8 alias bye logout #bye for logout

After you logm, U!\TIX calls the shell to execute your commands. 9  alias musers \

But before displaying the pro!npt, the shell “_msqd] some :work' It 10 '(set a = “wholwc -1 ;echo "There are $a users")’

first searches for a file .cshre in your home directory. If it is there,

the shell executes the commands stored in it.

The .cshrc file is used to define shell characteristics. These Line 4 sets noclobber shell variable for extra protection.

includes primarily aliases and shell variables.

Line 8 defines an alias for logout and line 9\10 define the alias
nusers to report the number of users currently logged in.

Since the shell executes .cshre every time it exqfcutcs a script (or
a new shell), this makes aliases and default setd;Pgs available to

scripts (tus the shell may execute our .cshre file many times
during a session, ‘

Line 5 makes the search path include /usr/local and ~/bin.

Introduction to UNIX ICTP-INFN-UNU-Microprocessor Laboratory Introduction to UNIX {CTP-INFN-UNU-Microprocessor Laboratory
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The .login File

Next the shell executes file .login in your home directory if it is
available.

fogin is executed only once each session.
Environment variable definitions are placed in .login.

UNIX makes these variables available to other programs,
including a shell that executes a script.

Place commands that you want executed once at login in Jlogin.
Using .cshre the shell would execute these commands each time
you execute a script file,

Place commands that set up terminal characteristics in .login.
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Let's consider the following example:

# .login - Version 1.0

# Greetings and Salutations
echo Hello, $USER !

echo Welcome to UNIX

echo -n "Today is "; date

#Environment Variables
setenv SHELL /bin/csh #C shell
setenv TERM vt100

WO @ e N

PR
N = o

stty intr “C #set inerrupt to cntrl-C
nusers

[
(")

Lines 4 to 6 display the login messages using the UNIX
commands echo, date and the environment variable $USER.

Line 9 defines our SHELL as /bin/csh (C shell) and line 10
defines the TERM variable.

The stty command in line 12 sets the intérmpt key to control-C.
Line 13 executes the alias nusers to display the numebr of users

logged in. We can use aliases in our .login file because .cshre has
already been executed.

Introduction to UNIX ICTP-INFN-UNU-Microprocessor Laboratory
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The .logout File

When you want to end your session, you ex#cule logout. The
shell executes .logout in your home directory if available.

Let's consider the following example:

echo -n "Logging out at: "
date

1 # .logout - Version 1

2

3 set 4 = “date’

4 if ($4(1] == Fri) then

5 echo Thanks God It is Friday
6 endif

7

B

9

Word $d[1] of wordlist d is compared with the string Fri in order
to echo a TGIF message.

Lines 8 and 9 display the exit message.
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7.6 UNIX Database Files
UNIX maintains several database files to initialize shell
predefined variables and UNIX environment variables. Let's have
a quick look to some of these files.

fetc/passwd
It contains a single line of information for each user. Each line is
divided into fields separated by colons according to the following
format:

user:password:userid:groupid:comment:home:program
User is your login name.
Password contains your login password (encrypted).
Userid is a unique number that UNIX assigns to your username,
and it is used by the system for storing file and directory

ownership.

Likewise, groupid is an other unique number assigned to your
default group. The corresponding name is stored in /fetc/ group.

The comment filed contains personal or administrative
information. home contains your home directory.

Program is the default shell (or any program) that the login
precess executes when you login,

Iniroduction to UNIX ICTP-INFN-UNU-Microprocessor Laboratory
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fetc/eshre
This is a systemwide startup file for all users who run the shell.

The shell executes commands placed in this file before executing
the user's .cshrc file.

This eliminates the need to include these statemenmts in each
user's .cshre or .login file.
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8. The Internet Network

During the last years, éomputer networks have grown at an
impressive rate, driven by

» technical feasibility

« the need to share resources (information, news distribution,
services)

The most popular and widely used computer network is the
Internet.

What is the Internet?

It is a global network made of hundreds of subnetworks
connected together, where more than two million computers of
different types (from big mainframes, to microprocessors) can
communicate each other.

Beginning of '94: 100 countries and more than 20 million users!

Introduction to UNIX TCTP-INFN-UNU-Microprocessor Lakoratory
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How can so many computers, differing in their hardware and
software, communicate each other?

They need protocols, a set of common rules to follow, a sort of
common "language” to understand each other.

The TCP/IP (Transmission Control Protocol/Internet Protocol)
protocols are used in the Internet, and mainly specify:

* how data packets can be routed through the different
subnetworks

* how computers, from any subnetwork in the global
network, can reliably exchange data packets -

Of course, this is not enough, as we are human beings and we can
interact cach other, for example, by sending some written message
through the mail and not by electrical signals like data packets.

Therefore, on top of the TCP/IP common set of pratocols, a series
of application services has been developed:

elm (electronic mail)

ftp (file transfer protocol)

telnet (remote login)

Introcduction to UNIX ICTP-INFN-UNU-Micropraceswor ihoraters
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. elm
Allows to send e-mail through the Internet.
. ftp

Allows to transfer files through the Internet. The synatx s:

ftp hostname or [Paddress
username
password

Once you enter your ftp session, basic commands are:
Is or dir

to obtain the list of files in the current directory

cd pathname
to change directory (like UNIX)

led pathname
to change your local directory (the directory in your system,
where you want to store the files to be downloaded)

bin
to set binary transfer mode

ascii
to set text tranfer mode

get remfile locfile

to download a file in your computer

put locfile remfile
io transfer a file in the remote site

help quit
on-line help to exit the ftp session

On the Internet there are different public archive sites that you can
access by using anonymous as username ( give you Internet -
mail address as password) where you can find public domain
software, information, documentation, etc. For example Linux can
be taken from sunsite.unc.edu
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. telnet

Allows to open a remote session on an other computer. The
synatx is:

telnet hostname or [Paddress
username
password

Type logout to exit the telnet session.

Historical Notes and Remarks;

Note that the Internet and its protocols are just an evolution of the
so called ARPANET, a research project from DARPA (Defence

Advanced Research Projects Agency of the U.S. Department of
Defence).

The Berkeley UNIX adopted TCP/IP from the beginning and
greatly contributed to its de facto standardisation. Moreover, the
Berkeley UNIX specified a series of primitives, called socket
system calls, which are used to access the TCP protocol in an
casy way.
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Sheil Escape Commands

APPENDIX A

Setting Options

! cmd Execute shell command cmd; you can add
these special characters to indicate:
% name of the current file
#  name of last file adited

1 Exsecute last she#t command

'rl emd Read and insert output from cmd

1t file Rename current flle to file

w temd Send currently edited file to cmd as standard
input and executs cmd

red dir Change the cument working diractory to dir
($HOME Is cletault)

:ah Start a sub-shell retums to editor)

;a0 file Aead and execute commands in file {file is a
shell script)

Shell Filters

Yeursor_crmd cmd  Send text from current position to cursor_cmd
to shell command cmd. Replace original text
in file with output from cmd

t}aort Example: Sort from current position to end of
paragraph and repiace text with sorted text

Macros and Abbreviations

‘map key cmd_seq Define key 1o run cmd_seq when pressed
‘map Display aM created macros on status line
‘unmap key Remove macro definition for key

When str is inserted, repiace with string
:ab Display al abbraviations

;una str Unabbreviate str

:ab sir string

Map allows you to define strings of vi commands. Place in
- 8Xrc o run each time you enter vi. For long macros, set the
notimecut option. If you embed control characters (0.g., keys
like [ESE] In the macro, you need to precede them with [ETRL{ v )
It you need to include quotes (*). precade thern with \ (backsiash).
Unused keys in vi are: K v g q v + = and the function keys,

Exarmple:

‘map v /I (CTALH ] (E5C) dwi You (CTRCH Y] (B50) (E5)
Whert v is pressed, search for *T* (/1 (EECD, delete word (dw) and
insert “You™ {iYou (E3€). alows 10 be insarted.

‘o8t tl=0

Options shown here are default. To change them, either set them
{88t option) or unset them {: set nooplion). To run options aach
imyouemervl,placeh.oxrcﬂahhamdimctoryandomlt
preceding colons (:).

‘et all Print a)f options

:set nooption Tum off aption

;aet noai Set sutomatic Indentation

‘set ap Printine atterd ¢ T m :s t ucommand

:aet bf Discard control characters from input

‘set eb Precede error messages with bal

‘set noic ignore case when searching

‘a8t dir=tmp Set directory of buffer file

:set lisp Modiity brackets for Lisp compatibiity

1set magic Pattern match with special characters

:86t mesg Allow other users to send messages

:a8t nolist Show tabs (1) and end of line ($)

:set nonu Prefix knes with kne number

:set opt Speed output: siminate automatic

:sot prompt Prompt for command mode input with ;

:set nore Simulate smart terminal on dumb terminal

‘st remap Allow macros within macros

‘aet noreport indicate largest size of changes reported on
status line

:set ro Change flie to read only

:aet acroll=p

Set n lines for and z
‘8%t sh=shell_path Set sheil escape (default is /bin/sh)

86t shownode  Indicate input or replace mode

:set aw=8 Set the shift width

(et term Print terminal type

:set noterse Shorten error messages with teras

‘set notimsout Eliminate one second time kit for macros

Set significance of tags beyond this many
characters (0 means aff}
‘aet ta=8 Set tab stops for text input
" iset nowa Inhibit normal checks bafore write com-
mands
1ot warn Wam "No write since last changs®

:set window=n Set number of Ines in a text window

Quick Reference for vi

This quick reference lists commands YOU Can use in the vi editor
on Hewlett-Packard's UNIX™ Systern, HP-UX.

+ Commands beginning with {colon) must end with [Agum )
Thmmnmmtmpemwsiotheex
editor. You can reference the ox tutorial for more details.

s lilg is the name of fie

® cursor_cmd is a cursor movement command
09.G j wb)

s char is a single character

* sir is & character string (can contain pattern matching char-
acters)

¢ (CTALH ) means you press [ETAL]. hoid it down, and press
the [ key.

* 1,m can be two line numbers (8.g., 4,50, kne marker (s.g.,
.. 8), or search expression (e.g., /etringl/, fetring2/).

. (a—z)memsyoud'ooouabmrfromnmroughz

Modes

Command Mode When you are not inserting or changing text,
you can move the cursor and run commands
(8.g., searching, deleting, saving). Pay atten-
tion to the case of the commands; check the
[Ebckkoylfvibehmsstrmgdy.

When you insert or change mors than one
character of text, you cannct use command
mode commands. To leave the insert mode,
press (E52].

Insert Mode



Start a vi Session

vi fite Edit file

vi -r lile Edit iast saved version of file after system or
editor crash

vi + nfile Edit file and place cursor at line n

vi + filg Edit file and place cursor on last line

vi file1 file2 . filen Edit file? through filen, AHer saving changes

vi +/str file

in fita7, enter :n for next file
Edit file and place cursor at kne containing str

Save Text and Exit vi

ZZ or :wqof :x Save lHe and exit vi

W Hile Save file but do not exit; omitting file saves
current file

w! file Sawe fike overriding normal checking

‘name filg Write tines n through m to file

s> > file Append Knes n through m to end of fite

'q Leave vi, saving changes before last write
(you may be prompted 10 save first)

:q! Loave vi without saving any changes since
last write

qQ Escape vi into ex editor with same fle; : vi
retums.

el Re-edit current file, disregarding changes since
last write

Status Commands

T= Print current ine number

- Print number of lines in file

(o] Show file name, current line number, total lines
in file, and percent of file location

1 (letter 1)

Display tab (1) backsiash (\) backspace (“H)
newhne ($) bell (~G) formieed (“L) of current
line in status ine

EAY

Inserting Text

Moving the Cursor

To leave the insert mode, press [ESC).

= - B = L .

(v] char

Append after cursor

Append after end of current line

insart bafors cursor

Insert before beginning of cuitent line
Open new fine below current ine and insert
Open new line above current fne and insert

While inserting, ignore special meaning of char
(e.g.. for inserting characters kke and
control characters)

:r hile Read file, and nsert after current line
:nr file Read file, and insert after ine n
O Open
newline © A Append at
above \r \ j end
| ]
I Insert at Inserting fext commong
beginning _br | 9 i
L)
o Open / a Append
newline after
below i Ingert before cursor
cursor

Undoing and Repeating Commands

"np

"lpuu.

; (semi-colon)

. {comma)

- (period)

Undo last command
Restore current fine to original state

Retrieve last nth delete (last 9 deletes are in a
butier)

Scroll through the delete butfer until you ratrieve
desired delete (repeat u.)

Repeat last / or 7 search command

Repeat, in reversa direction, last / or ? search
command

Repeat last £ F t or T search command

Repeat, in reverse divection, last £ F t or T
search command

Repeat last text change command

ko ERIHE] Up
jorEWHT)  Oown

'y

or [ETALH{n)

hor[EALHE®] Left

or (Beck space]

1 or Space Right

wor¥ Start of next word; W ignores punctuation

borb Start of previous word; B ignores punctuation

sorE End of next word; E ignores punctuation

0 (zerc) or | First column In current fine

n| Colurnn n in curment line

~ (caret) First non-blank character in current line L]

] Last character in current dine )

+ or [Astum] First character in next line

- First non-blank character in previous line

16 First ine In fie

G Last line in fle

Gs Last character in file

nG Line n in file

( Back to beginning of sentence

) Forward to beginning of next sentence

{ Back to beginning of paragraph

} Forward to baginning of next paragraph
1G

Cursor Movements Commands
—_——pf 8 Cursor e E

L3
. / /
1| /.-L 2 Try these gursor, commonds ,

T |
. |e1\ ‘:f
+
) j

it

Section Positioning

Mark sections by placing { in first column.




Shell Escap«

Searching Changing Text
1
% Search to beginting of balancing ( } [ ] or { ) Pra::dint?mt;wsecomandswlthn(nnm)mputsﬂnm
mal n S.
h f d W h
fchar Search forward in current ine to char rohar R character with char
Fchar Search backwmju in current line to char )
Reext Replace current character(s) with text
tchar Search forward iin current line to character before
char ! alex! [ESC) Substitute fext for current character
Tchar Search backward in current line to character after Sorcc text Substitute text for entire fine
char cwiext [E5C) Change current word o tex
/str Find str Ctext [€5C) Ghange rest of current kne to text
7str Search in reverge for str cowsor_cmd lext [ESC)  Change 10 fext from current position to
rmet ic ignore case whén searching cursor_cmd
:set noic Pay atlention td case when searching (default)
: Joining Lines
Global Search and Replace ] Join next fne 1o end of current line
tn.me/stri/st2/opt  Search from n to m for str1. Replace str nl Join next n lines
with si2, using opl. opt can be g for global
change, c to confim change (press y to Cursor Placement
ok gy SUpress). and p d Adjusting the Screen
to prirt changed lines. an IUS g
k Repeat last : & command R Move cursor 10 top Hine of screen
:g/str/cmd RAun cmd on al fines that contain sir oH Move cursor to bne n from top of screen
:g/str1/8/str2/s:3/  Find live containing str1, replace str2 with M Move cursor to middie of screen
str3 |
‘ Move cursor to bottom line of screen
sw/sirfemd Execute crnd on alt lines that do not match
s nl. Move cursor 1o Line n from botiom of screen
([€7RLHa] Move screen up one line
Copying and Placing Text Move screen down one line
[ETRL] Move 1 page
nyy of n¥ Yank n IheLl (place in butfer), omitting n yanks screen up
current fne Move screen down !/ page
yeursor_cmd Yank from cursor to cursor_cmd {8.g., JG yanks Move screen up one page
current ling 10 last line in file) Mmmmmm
"(a-zjnyy or Copy or. deiete n lines into named butfer a (CTAL) letter I} Redraw Scroen
"(a-z)ndd through z; lomit 1 for current fioe ( ! )
‘ (Awturm) Make current fine top tine on screen
p (lowercase) Put yanked text after cursor (print buffer); aiso z P
prints last deleted text nz Make fine n top ine on screen
P Put yanked text before cursor; aiso prints last z. Make current ne middie kne
deleted text nz. Make fine n middie fne on screen
"fa-2)p or "(a-2)P Put lines ffom named buffer a through z after z- Make current line bottom #ne
or before ¢urrent kne
K ng- Make line 1 bottom line on screen

! cmd Execute she
these specis
X nameo
# nameo
N Execute last
vt cmd Read and in
.t fite Rename cur
W lemd Send curren
input and ex
red dir Change the
($HOME is dk
:ah Start a sub-
‘a0 lie Read and &
shefl script)
Shell
tewrsor_cmd cmd Send text fr
to shell con
in file with ¢
}sort Example; S
paragraph g
Macros and
‘map key cmd_seq Define ke
‘map Disptay a
‘unmap key Remove
:ab str string When str
:ab Display &
‘una st Unabbre:

Map allows you to define stri
. 8Xr¢ 0 run each time you e
notimeout option. If you em
ke [ESC] in the macro, you nee
If you need to include quotes (*
Unused keysinviare: K V g

Example:

‘map v /I G
When v is pressed, search for
insert “You™ {1 You (€3C). [TTAL



Deleting Text

Pattern Matching

(ETRCH T J or  Whiie inserting, delete previous character

Pattern matching characters help find strings with simitar charac-

teristics.
lle In X te word ‘set magic  Allow pattern matching with special characters
While inserting, dele prevlous“ (defau) ,
[ R te to start of inserted text

While Inserting, delete to s :mh txomﬂ ‘aet nomagic Alow only ~ and § as special characters
nx Delete n characters beginning current; - .

ting n deletes current character (caret) Match beginning of ine
X Delete provious n characters; omitting r deletes ' Match end of ine

previous character . Match any single character
xp Switch character at cursor with foliowing character \¢ Match beginning of word
ndw Delete next n words begirning with current; omit- > Match end of word

1 tes current word

ing n deletes (st Match any single character in str
ndb (I:))::te previous n words; omitting n deletes previ- [st) Match any not In sir
ndd Delete 1 lines beginning with curent; omittng n (en) Maich any character between a and

deletes current line * Match zero or more occumences of pravious
in.md Delete lines n through m character in expression
D or a8 Detete from cursor to end of ont line \ Escape meaning of next character (2.g., \$ lets

you search for §)

deursor.cmd  Delets text to cursor_cma (e.g., dG deletes from '

cuent line 10 end of file) W Escape the \ or

Indenting Text
D or d¢ Delete to g
db Delete word end of line [ETRCHT) or [Ta) While inserting, insert one shift width
befora cursor " dw Delete word rset ai Tum on auto-indentation
et A

Defeting ‘fext in a file.} dd Delete

X Deleta// t\x Detete "

Cursor
character character
before cursor at cursor

Placing Marks in the Text

n{a-z) Mamcuneﬁtposmonwﬂhuhﬂaraﬂmwhz
{8.9., ma)

‘(a-2) Move cursor to position (a-z) (e.g.. 'a)

tort! Move cursor {0 location before last / 7 or G

(single quotes or  command

grave accents)

Set shift width to n characters

Shift n lines left or right (respectively) by one
shift width; omitting » shilts one line

<or> Use with cursor command to shift muttiple ines
left or right

:aet awmn
n<< or N>>
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¢ Commands beginning with
These commands represer
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¢ fife is tha name of file

& cursor_cmd IS 8 Cursor mo
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the [x ] key.
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