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History of Unix

1980 BSD 4.1 (Berkeley Software Devel opment)
1983 SunOS, BSD 4.2, SysV

1984 There are now about 100,000 Unix sites running on many different hardware platforms, of
vastly different capabilities.

1988 AT&T and Sun Microsystemsjointly develop System V Release 4 (SVR4). Thiswould later
be developed into UnixWare and Solaris 2.

1993 Novell buys UNIX from AT&T
1994 Novell gives the name "UNI X" to X/OPEN

1995 Santa Cruz Operations buys UnixWare from Novell. Santa Cruz Operations and
Hewlett-Packard announce that they will jointly develop a 64-bit version of Unix.

1996 International Data Corporation forecasts that in 1997 there will be 3 million Unix systems
shipped world-wide.
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CHAPTER 1 History of Unix

1965 Bell Laboratoriesjoins with MIT and General Electric in the development effort for the new
operating system, Multics, which would provide multi-user, multi-processor, and multi-level
(hierarchical) file system, among its many forward-looking features.

1969 AT&T was unhappy with the progress and drops out of the Multics project. Some of the Bell
Labs programmers who had worked on this project, Ken Thompson, Dennis Ritchie, Rudd Canaday,
and Doug Mcllroy designed and implemented the first version of the Unix File System on a PDP-7
along with afew utilities. 1t was given the name UNIX by Brian Kernighan as a pun on Multics.

1970, Jan1 time zero for UNIX

1971 The system now runs on a PDP-11, with 16Kbytes of memory, including 8Kbytes for user
programsand a512Kbyte disk.

Its first real use is as atext processing tool for the patent department at Bell Labs. That utilization
justified further research and development by the programming group. UNIX caught on among
programmers because it was designed with these features:

programmers environment

simple user interface

simple utilities that can be combined to perform powerful functions

hierarchical file system

simple interface to devices consistent with file format

multi-user, multi-process system

architecture independent and transparent to the user.

KK K K K K K

1973 Unix isre-written mostly in C, anew language developed by Dennis Ritchie. Being writtenin
this high-level language greatly decreased the effort needed to port it to new machines.

1974 Thompson and Ritchie publish a paper in the Communications of the ACM describing the
new Unix OS. This generates enthusiasm in the Academic community which sees a potentially great
teaching tool for studying programming systems development. Since AT&T is prevented from
marketing the product due to the 1956 Consent Decree they license it to Universities for educational
purposes and to commercial entities.

1977 There are now about 500 Unix sites world-wide.
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Unix Structure

Each node is either a file or a directory of files, where the latter can contain other files and
directories. You specify afile or directory by its path name, either the full, or absolute, path name or
the one relative to alocation. The full path name starts with the root, /, and follows the branches of
the file system, each separated by /, until you reach the desired file, e.g.:

/home/condron/source/xntp

A relative path name specifies the path relative to another, usually the current working directory that
you areat. Two specia directory entries should be introduced now:

the current directory

the parent of the current directory

Soif I mat /home/frank and wish to specify the path above in arelative fashion | could use:

../condron/source/xntp

This indicates that | should first go up one directory level, then come down through the condron
directory, followed by the sour ce directory and then to xntp.

2.3 Unix Directories, Files and Inodes

Every directory and fileislisted in its parent directory. In the case of the root directory, that parent
isitself. A directory is a file that contains a table listing the files contained within it, giving file
names to the inode numbersin thelist. Aninodeisaspecia file designed to be read by the kernel to
learn the information about each file. It specifies the permissions on the file, ownership, date of
creation and of last access and change, and the physical location of the data blocks on the disk
containing thefile.

The system does not require any particular structure for the data in the file itself. The file can be
ASCII or binary or a combination, and may represent text data, a shell script, compiled object code
for a program, directory table, junk, or anything you would like.

There s no header, trailer, label information or EOF character as part of thefile.

12 [J 1998 University Technology Services, The Ohio State University Introduction to Unix

The Operating System

CHAPTER 2 Unix Structure

2.1 The Operating System

Unix isalayered operating system. Theinnermost layer isthe hardware that provides the servicesfor
the OS. The operating system, referred to in Unix as the kernel, interacts directly with the hardware
and provides the services to the user programs. These user programs don t need to know anything
about the hardware. They just need to know how to interact with the kernel and it s up to the kernel
to provide the desired service. One of the big appeals of Unix to programmers has been that most
well written user programs are independent of the underlying hardware, making them readily portable
to new systems.

User programs interact with the kernel through a set of standard system calls. These system calls
request services to be provided by the kernel. Such services would include accessing a file: open
close, read, write, link, or execute afile; starting or updating accounting records; changing ownership
of afile or directory; changing to a new directory; creating, suspending, or killing a process; enabling
access to hardware devices; and setting limits on system resources.

Unix is a multi-user, multi-tasking operating system. You can have many users logged into a
system simultaneously, each running many programs. It sthe kernel s job to keep each process and
user separate and to regulate access to system hardware, including cpu, memory, disk and other 1/0
devices.

Introduction to Unix [J 1998 University Technology Services, The Ohio State University 9



Unix Structure

FIGURE 2.1 Unix System Structure
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TheFile System

2.2 The File System

The Unix file system looks like an inverted tree structure. Y ou start with the root directory, denoted
by /, at the top and work down through sub-directories underneath it.

FIGURE 2.2 Unix File Structure
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Getting Started

3.1.4 Identity

The system identifies you by the user and group numbers (userid and groupid, respectively)
assigned to you by your system administrator. You don t normally need to know your userid or
groupid as the system translates username - userid, and groupname — groupid automatically. You
probably already know your username; it s the name you logon with.  The groupname is not as
obvious, and indeed, you may belong to more than one group. Your primary group is the one
associated with your username in the password database file, as set up by your system administrator.
Similarly, there is a group database file where the system administrator can assign you rights to
additional groups on the system.

In the examples below % is your shell prompt; you don t type thisin.
You can determine your userid and the list of groups you belong to with the id and groups
commands. On some systems id displays your user and primary group information, e.g.:
%id
Uid=1101(frank) gid=10(staff)
on other systemsit also displays information for any additional groups you belong to:
% id
uid=1101(frank) gid=10(staff) groups=10(staff),5(operator),14(sysadmin),110(uts)
The groups command displays the group information for all the groups you belong to, e.g.:

% groups
staff sysadmin uts operator

3.2 Unix Command Line Structure

A command is a program that tells the Unix system to do something. It hasthe form:
command [options] [arguments]
where an argument indicates on what the command is to perform its action, usually afile or series of
files. An option modifies the command, changing the way it performs.
Commands are case sensitive. command and Command are not the same.
Optionsare generally preceded by a hyphen (-), and for most commands, more than one option can be
strung together, in the form:
command -[option][option][option]
eg.
Is-aR
will perform along list on all filesin the current directory and recursively perform the list through all
sub-directories.
For most commands you can separate the options, preceding each with a hyphen, e.g.:
command -option1 -option2 -option3

16 [J 1998 University Technology Services, The Ohio State University Introduction to Unix

Unix Programs

2.4 Unix Programs

A program, or command, interacts with the kernel to provide the environment and perform the
functions called for by the user. A program can be: an executable shell file, known as a shell script; a
built-in shell command; or a source compiled, object code file.

The shell isacommand lineinterpreter. The user interacts with the kernel through the shell. Y ou can
write ASCI| (text) scripts to be acted upon by a shell.

System programs are usually binary, having been compiled from C source code. These are located in
placeslike/bin, /usr/bin, /usr/local/bin, /usr/uch, etc. They provide the functions that you normally
think of when you think of Unix. Some of these are sh, csh, date, who, more, and there are many
others.

Introduction to Unix [J 1998 University Technology Services, The Ohio State University 13
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CHAPTER 3 Getting Started

3.1 Loggingin

After connecting with aUnix system, auser is prompted for alogin username, then apassword. The
login username is the user’s unique name on the system. The password is a changeable code known
only to the user. At the login prompt, the user should enter the username; at the password prompt,
the current password should be typed.

Note: Unix is case sensitive. Therefore, the login and password should be typed exactly as issued;
thelogin, at least, will normally bein lower case.

3.1.1 Terminal Type

Most systems are set up so the user is by default prompted for aterminal type, which should be set to
match the terminal in use before proceeding. Most computers work if you choose "vt100". Users
connecting using a Sun workstation may want to use "sun"; those using an X-Terminal may want to
use "xterms' or "xterm".

The terminal type indicates to the Unix system how to interact with the session just opened.

Should you need to reset the terminal type, enter the command:

setenv TERM <term type> - if using the C-shell (see Chapter 4.)
(On some systems, e.g. MAGNUS, it s also necessary to type "unsetenv TERMCAP".)
_or-

TERM=<term type>; export TERM - if using the Bourne shell (see Chapter 4.)

where <term type> is the terminal type, such as vt100, that you would like set.

14 [J 1998 University Technology Services, The Ohio State University Introduction to Unix
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3.1.2 Passwords

When your account is issued, you will be given an initial password. It isimportant for system and
personal security that the password for your account be changed to something of your choosing. The
command for changing a password is "passwd". Y ou will be asked both for your old password and to
type your new selected password twice. If you mistype your old password or do not type your new
password the same way twice, the system will indicate that the password has not been changed.

Some system administrators have installed programs that check for appropriateness of password (isit
cryptic enough for reasonable system security). A password change may be rejected by this program.

When choosing a password, it isimportant that it be something that could not be guessed -- either by
somebody unknown to you trying to break in, or by an acquaintance who knows you. Suggestions for
choosing and using a password follow:
Don't use aword (or words) in any language
use a proper name
use information that can be found in your wallet
use information commonly known about you (car license, pet name, etc)
use control characters. Some systems can't handle them
write your password anywhere
ever give your password to * anybody*
Do use amixture of character types (alphabetic, numeric, special)
use amixture of upper case and lower case
use at least 6 characters
choose a password you can remember
change your password often
make sure nobody islooking over your shoulder when you are entering your password

3.1.3 Exiting
D - indicates end of data stream; can log a user off. The latter is disabled on many systems
AC - interrupt
logout - leave the system
exit - leave the shell
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3.6 Directory Navigation and Control

The Unix file system is set up like a tree branching out from the root. The the root directory of the
system is symbolized by the forward slash (/). System and user directories are organized under the
root. The user does not have a root directory in Unix; users generally log into their own home
directory. Users can then create other directories under their home. The following table summarizes
some directory navigation commands.

TABLE 3.1 Navigation and Directory Control Commands
Command/Syntax What it will do
cd [directory] change directory

Is[options] [directory or file]

list directory contents or file permissions

mkdir [options] directory

make a directory

pwd

print working (current) directory

rmdir [options] directory

remove adirectory

If you re familiar with DOS the following table comparing similar commands might help to provide

the proper reference frame.

TABLE 3.2 Unix vs DOS Navigation and Directory Control Commands
Command Unix DOS
list directory contents Is dir
make directory mkdir md & mkdir
change directory cd cd & chdir
delete (remove) directory rmdir rd & rmdir
return to user s home directory cd cd\
location in path pwd cd
(present working directory)
20 [J 1998 University Technology Services, The Ohio State University Introduction to Unix
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asin:

Is-a-l -R
Some commands have options that require parameters. Options requiring parameters are usually
specified separately, e.g.:

Ipr -Pprinter3 -# 2 file
will send 2 copies of file to printer3.
These are the standard conventions for commands. However, not al Unix commands will follow the
standard. Some don t require the hyphen before options and some won t let you group options

together, i.e. they may require that each option be preceded by a hyphen and separated by whitespace
from other options and arguments.

Options and syntax for acommand are listed in the man page for the command.

3.3 Control Keys

Control keys are used to perform specia functions on the command line or within an editor. You
type these by holding down the Control key and some other key simultaneously. This is usually
represented asKey. Control-Swould be written as”*S. With control keys upper and lower case are
the same, so *Sisthe same as”s. This particular example is a stop signal and tells the terminal to
stop accepting input. It will remain that way until you type astart signal, Q.

Control-U is normally the "line-kill" signal for your terminal. When typed it erases the entire input
line.

Inthe vi editor you can type acontrol key into your text file by first typing~V followed by the control
character desired, so to type~H into a document type "V~ H.

3.4 stty - terminal control

stty reports or sets terminal control options. The "tty" is an abbreviation that harks back to the days
of teletypewriters, which were associated with transmission of telegraph messages, and which were
models for early computer terminals.

For new users, the most important use of the stty command is setting the erase function to the
appropriate key on their terminal. For systems programmers or shell script writers, the stty command
provides an invaluable tool for configuring many aspects of 1/0 control for a given device, including
the following:

- erase and line-kill characters

- data transmission speed

- parity checking on data transmission

- hardware flow control

- newline (NL) versus carriage return plus linefeed (CR-LF)
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- interpreting tab characters
- edited versus raw input
- mapping of upper caseto lower case

This command is very system specific, so consult the man pages for the details of the stty command
on your system.

Syntax
stty [options]

Options
(none) report the terminal settings
all (or -a) report on al options
echoe echo ERASE as BS-space-BS
dec set modes suitable for Digital Equipment Corporation operating systems (which
distinguishes between ERA SE and BACKSPACE) (Not available on al systems)
kill set the LINE-KILL character
erase set the ERASE character
intr set the INTERRUPT character
Examples

Y ou can display and change your terminal control settings with the stty command. To display all (-a)
of the current line settings:
% stty -a
speed 38400 baud, 24 rows, 80 columns
parenb -parodd cs7 -cstopb -hupcl cread -clocal -crtscts
-ignbrk brkint ignpar -parmrk -inpck istrip -inlcr -igner icrnl -iuclc
ixon -ixany -ixoff imaxbel
isig iexten icanon -xcase echo echoe echok -echonl -noflsh -tostop
echoctl -echoprt echoke
opost -olcuc onlcr -ocrnl -onocr -onlret -ofill -ofdel
erase kill weraserprnt flush Inext susp intr quit stop eof
"AMHOAU AW ARAO AV AZIAY AC N ASNQ AD

Y ou can change settings using stty, e.g., to change the erase character from ~? (the delete key) to *H:
% stty erase "H

This will set the termina options for the current session only. To have this done for you
automatically each time you login, it can be inserted into the .login or .profile file that we Il look at
later.
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3.5 Getting Help

The Unix manual, usually called man pages, is available on-line to explain the usage of the Unix
system and commands. To use a man page, type the command "man" at the system prompt followed
by the command for which you need information.

Syntax

man [options] command_name

Common Options

-k keyword list command synopsis line for all keyword matches
-M path path to man pages
-a show all matching man pages (SVR4)

Examples

Y ou can use man to provide a one line synopsis of any commands that contain the keyword that you
want to search on with the "-k" option, e.g. to search on the keyword password, type:
% man -k password
passwd (5) - password file
passwd (1) - change password information

The number in parentheses indicates the section of the man pages where these references were found.
Y ou can then access the man page (by default it will give you the lower numbered entry, but you can
use acommand line option to specify a different one) with:
% man passwd
PASSWD(1) USER COMMANDS PASSWD(1)
NAME
passwd - change password information
SYNOPSIS
passwd [ -elogin_shell ] [ username]
DESCRIPTION
passwd changes (or sets) a user’s password.
passwd prompts twice for the new password, without displaying
it. Thisisto alow for the possibility of typing mistakes.
Only the user and the super-user can change the user’s password.
OPTIONS
-e Changethe user'slogin shell.

Here we ve paraphrased and truncated the output for space and copyright concerns.
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r read permission
w write permission

X execute permission
- no permission

There are a few less commonly used permission designations for specia circumstances. These are
explained in the man page for Is.

Examples

Tolist thefilesin adirectory:

%ls
demofiles frank linda

Tolist dl filesin adirectory, including the hidden (dot) filestry:
%ls-a
.cshrc .history .plan .rhosts frank
.emacs login .profile demofiles linda

To get along listing:

%ls-a
total 24
drwxr - sr-x 5 wor kshop acs 512 Jun 7 11:12 .
drwxr - Xr - x 6 root Sys 512 May 29 09:59 ..
- FWKT - XT - X 1 workshop acs 532 May 20 15:31 .cshrc
SrWe- - - 1 workshop acs 525 May 20 21:29 .enmacs
W - - 1 workshop acs 622 May 24 12:13 .history
- TWXT - XT - X 1 wor kshop acs 238 May 14 09:44 .login
STWr--r-- 1 wor kshop acs 273 May 22 23:53 .plan
- TWXT - XT - X 1 workshop acs 413 May 14 09:36 .profile
STW-- - - - 1 wor kshop acs 49 May 20 20:23 .rhosts
drwx------ 3 wor kshop acs 512 May 24 11:18 denofiles
drwx------ 2 wor kshop acs 512 May 21 10: 48 frank
drwx------ 3 wor kshop acs 512 May 24 10:59 linda
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3.6.1 pwd - print working directory

At any time you can determine where you arein the file system hierarchy with the pwd, print working
directory, command, e.g.:

% pwd
/home/frank/src

3.6.2 cd - change directory

You can change to a new directory with the cd, change directory, command. cd will accept both
absolute and relative path names.

Syntax
cd [directory]
Examples
cd (also chdir in some shells) change directory
cd changes to user’s home directory
cd/ changes directory to the system’s root
cd.. goes up one directory level
cd./. goes up two directory levels

cd /full/path/name/fr om/r oot changes directory to absolute path named (note the leading slash)

cd path/from/current/location changes directory to path relative to current location (no leading
slash)

cd ~username/directory changes directory to the named username’s indicated directory
(Note: the ~is not valid in the Bourne shell; see Chapter 5.)
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3.6.3 mkdir - make a directory

You extend your home hierarchy by making sub-directories underneath it. This is done with the
mkdir, make directory, command. Again, you specify either the full or relative path of the directory:

Syntax
mkdir [options] directory

Common Options

-p create the intermediate (parent) directories, as needed
-m mode access permissions (SVR4). (WeOll look at modes later in this Chapter).
Examples

% mkdir /home/frank/data

or, if your present working directory is /home/frank the following would be equivalent:
% mkdir data

3.6.4 rmdir - remove directory

A directory needs to be empty before you can remove it. If itOs not, you need to remove the files first.

Also, you canOt remove a directory if it is your present working directory; you must first change out
of it.
Syntax

rmdir directory

Examples
To remove the empty directory /home/frank/data while in /home/frank use:

% rmdir data

or
% rmdir /home/frank/data
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3.6.5 Is - list directory contents
The command to list your directories and fileksisWith options it can provide information about the
size, type of file, permissions, dates of file creation, change and access.
Syntax
Is [options] [argument]
Common Options
When no argument is used, the listing will be of the current directory. There are many very useful

options for the Is command. A listing of many of them follows. When using the command, string the
desired options together preceded By "

-a lists all files, including those beginning with a dgt (
-d lists only names of directories, not the files in the directory
-F indicates type of entry with a trailing symbol:
directories /
sockets =
symbolic links @
executables *
-g displays Unix group assigned to the file, requires the -l option (BSD only)

-or- on an SVR4 machine, e.g. Solaris, this option has the opposite effect

-L if the file is a symbolic link, lists the information for the file or directory the link
references, not the information for the link itself

-l long listing: lists the mode, link information, owner, size, last modification (time). If
the file is a symbolic link, an arrow (-->) precedes the pathname of the linked-to file.

Themode fieldis given by thel option and consists of 10 characters. The first character is one of
the following:

CHARACTER IFENTRY IS A

d directory

- plain file

b block-type special file

c character-type special file
| symbolic link

S socket

The next 9 characters are in 3 sets of 3 characters each. They indidd¢edbeess permissions
the first 3 characters refer to the permissions foruleg the next three for the users in the Unix
group assigned to the file, and the last 3 to the permissionstf@r users on the system.
Designations are as follows:
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