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Ussr'S Guide 

About this Guide 

What will I find in this guide? 
The QNX operating system User•s Guide accompanies lhe QNX 
operating system (release 4) and is intended for both system 
administrators and end-users. 

The User'sGuidecontains two main parts: 

• Getting Started-a quick tour through keyboard usage. 
command basics, and the QNX filesystem 

• System Administration-a detailed look at installing, 
configuring, and maintaining your system 

Throughout this guide, we assume that as the system administtator, 
you have superuser privileges. which you acquire by logging in 
using the r:oot Jogin account. 

About this Guide Y 



Conventions used in this guide 

Technical terms 

vi About this Guide 

Conventions used in this guide 
Throughout this manual. we use certain typographical convenlions to 
distinguish technical terms. In general, the conventions we use 
conform to those found in IEF.F. POSIX publications. The following 
table summarizes our conventions. 

Reference Example 

command names ls 

data types long 

environment variables PATH 

error numbers [F.INTR] 

filenames /dev/tty 

functions system() 

function arguments argl 

global externals errno 

headers <sys/stat.h> 

options -c 

option arguments -w width 

operands file_name 

parameters <di r·ectory pothname> 

symbolic constants {_POSIX_ VDISABLF.I 

ONX Operating System 



How keys are 
displayed in print 

Key chords 

Entering text 

Important notes 

User's Guide 

Conventions used in this guide 

When this guide instructs you to press keys on your keyboard, the 
keys you're to type appear between angle brackets. For example, if a 
passage instructs you to: 

press <Enter> 

you press the key labeled Enter. 

When this guide instructs you to press more than one key at the same 
time, the keys are separated by a hyphen (-). For example, if you see: 

press <C•I>-<N> 

you would: 

I) press <Ch1> and hold iL down 

2) press <N> 
3) quickly release both keys. 

When this guide instructs you to enter text from your keyboard, the 
text you should type appears in a constant -width typeface. For 
example, if you see: 

Typepwd 

you would type: 

Important text is indicated by a pointing hand (!$"), For example: 

If you want to move a file from another user's directory, you must 
first have the appropriate permissions on that directory. 
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Chapter 1 

Using the Keyboard 

In this Chapter •.. 
Entering line-oriented input 

Recalling commands 

Switching virtual consoles 

Using multiple consoles 

Changing the console fonts 

Suspending and resuming output 

Killing a process 

Invoking the system debugger 

Rebooting 

International keyboards 

The keyboard at a glance 
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Entering line-oriented input 

Line-editing keys 

Movf'lg the cursor 

Deleting dlaracters 

Inserting/overwriting 
characters 

Slbmltting a line 

4 Patt I • Getting Statted 

Introduction 
This chapter describes the standard keyboard conventions in QNX. 
Remember that some keys may behave differently from how they're 
described here, depending on how your system has been configured. 

Entering I ine-oriented input 
Many applications run in edited mode. If an application runs in this 
mode, you can use the following keys for entering line-oriented input: 

If you wantto: 

move the cursor left one position 

move the cursor right one position 

move the cursor to the beginning of 
the line 

move the cursor to the end ot· the line 

delete the character to the left of the 
current cursor position* 

delete the character at the current 
cursor position 

delete all characters on the current line 

toggle between insert mode and 
typeover mode (default is insert)** 

submit a line of input 

press this key: 

r (left arrow key) 

~ (right arrow key) 

<Home> 

<End> 

~ (gray arrow key) 

<Del> 

<Ctrl>-<U> 

<Ins> 

<Enter> 

• The gray arrow key may be labeled <Rubout> ar <Backspace> on your keyboald. 
Pressing lhillcey generates a 7F hell. (ASCli Rubout), not a OR hex. 

•• Ifyou'rein typeover mode and you submit a line, you'll be retumcd to insert mode. 

QNX Operaling System 



Maximum length 
ofanlnputllne 

Entering long 
Input lines 
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Recalling commands 

The QNX Shell has additional input editing commands. For more 
information, see shin the Utilities Reference. 

Your keyboard may not behave as indicated if: 

• you're working with an application that has complex 
requirements for user interaction--the application may take 
control over how the keyboard works 

• you're working at an attached terminal-the terminal may have 
keyboard limitations 

The maximum length of an input line is 256 characters. Application 
programs can impose lower limits. 

If you enter a single line of input that's too long for your screen to 
di..~play as a single line, the line may be displayed as several screen 
lines. The line still behaves as a single input line, however, when you 
use the standard line-editing keys. 

For more information on edited mode, see System Architecture. 
Chapter 6, The Device Manager. 

Recalling commands 
The Shell lets you recall commands that you've previously entered, 
then re-execute them. These commands are maintained by the Shell 
in a buffer. 

Ir you want to move: 

backward through the buffer 

forward through the buffer 

press this key: 

i (up arrow key) 

J. (down arrow key) 

When you recall a command, you're free to alter it using the standard 
line-editing keys. 
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Switching virtual consoles 

6 Pan I • Getfng Started 

Switching virtual consoles 
The display adapter and the screen, plus the system keyboard, are 
collectively referred to as the con.fDie. To let you interact with 
several applications all at once. QNX permits multiple sessions to be 
run concurrently on consoles by means of virtual consoles. These 
virtual consoles are usually named ldavlconl, ldlav/con2, etc. 

Each virtual console can be running a different foreground 
application that uses the entire screen. The keyboard is attached to 
the virtual console that's currently visible. You can switch from one 
virtual console to another-and thus from one application to 
another-by entering the following key chords. 

If you want to see: 

the next active console 

the previous active console 

<+> is the C\'ll)' piLl& by 
<->is the JtlllY m.IIMis by 

press: 

<Ctrl>-<AJt>-<Enter> or 
<Ctrl>-<Alt>-<+> 

<Ctri>-<Alt>-<-> 

You can also "jump .. to a specific console using the 
<Ctrf>·<Alt>·<n> key chord. where n is a numeric digit that 
represents the console number of a virtual console. 

If you want to see: 

ldlavlconl 

I dlav I con2 (if available) 
/d.evlcoD8 (if available) 

press: 

<Orl>-<Ait->-<1> 

<Ctrl>-<Alt>-<2> 
<Ctrl>-<Alt>-<R> 

You can disable keyboard console switching with the 
stty +noavitcb command. 
For more information on the QNX console, see System Ar~hitectur~. 
Chapter 6, The Device Manager. 
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Changing the console fonts 

Using multiple consoles 
The system administrator can specify how many virtual consoles are 
supported on your machine by specifying an argument to the console 
driver process (Dev. con) when it is started. 

The administrator can also specify the program-if any-that is 
initially launched on each console. By default, the terminal 
initialization utility (tinit) launches a loqin on the first console 
only, but will be .. armed" to launch a loqin on any other console on 
which you press a key. This means that while console 1 is always 
available, any other given console won't be used unless you 
specifically switch to that console and press a key. 

To start a loqin on an unused console, follow these steps: 

1) Switch to the unused console via <Crl>-<Alt>-<n>. 

2) Press any key. A loqin will be launched. 

You can now access the console via any of the cyclical console­
switching key chords (e.g. <Crl>-<Alt>-<+>) described in 
"Switching virtual consoles." 

When you terminate the session by typing loqout or exit, or by 
pressing <Crl>-<D>, the console will once again be idle. It won't 
appear when you use any of the cyclical console-switching key 
chords. The exception is console 1, on which the system usually 
restarts a loqin. 

Changing the console fonts 
Depending on your video hardware, the console driver (Dev. con) 
may support a variety of screen fonts. The available fonts are 
numbered from 0 to n. When QNX boots, it defines font 0 as a 25x80 
text font. If you're using an EGA or VGA video adapter, QNX also 
defines font I as a 43x80 text font (EGA) or a 50X80 text font (VGA). 

To inform Dav. con about new fonts or to redefine existing fonts, 
you use the cfont utility. You can use this utility to provide fonts of 
different sizes or fonts that contain alternate character sets. 
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Invoking the system debugger 

8 Part I • Gefting Started 

To change the font associated with the current console, you use the 
following key chords: 

If you want to choose: 

the next font (upton) 

the previous font (down to 0) 

< > > is the "greater than" key 

< < > is the "less than" key 

press: 

<Ctrl>-<Alt>-< > > 

<Ctrl>-<Alt>-< < > 

QNX keeps track of the font being used by each console. All consoles 
initially display font 0. You can disable keyboard font changing with 
the stty +no%'esize command. 

Suspending and resuming output 

If you want to: 

suspend the display of output 

resume the display of output 

Killing a process 

press: 

<Ctri>-<S> 

<Ctrl>-<Q> 

If you need to kill the process currently running on the console, press 
<Ctri>-<C> or <Ctri>-<Break>. The system will attempt to kill the 
process. 

Invoking the system debugger 
QNX comes with a low-level system debugger that lets you set 
breakpoints in programs, display and edit memory, disassemble code, 
and examine J/0 ports. If it has been built into your es image, you 
can invoke this debugger with the following key chord: 

<Ctri>-<Ait>-<Esc> 

ONX Operating System 
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International keyboards 

You can disable this key chord with the stty +nodebuq 
command. 

Don't use this debugger in a multiuser environment, because it 
disables interrupts and freezes the entire system-it's intended only 
for low-level debugging. For more infonnation on this debugger, see 
Debuqqar in the Utilities Reference. For infonnation on general 
debugging, see the WATCOM VIDEO User's Guide. 

Rebooting 
To reboot your computer, you use this key chord: 

<Ctri>-<Alt>-<Shift>-<Del> 

You can disable this key chord with the stty +noboot command. 

Before entering this command. make sure that no applications or 
utilities are running on your computer. If there are, files may be left 
open. Moreover, if you reboot when a critical update is in progress, 
it's possible that the filesystem would require maintenance (see the 
section on "Filesystem robustness" in System Architecture and see 
also Chapter 14, Disk & File Recovery, of this guide). 

International keyboards 
Some keyboard layouts-the French and Gennan layouts, for 
example--use accent keys which, by themselves, don't generate a 
character. QNX treats these keys as "dead" keys. Pressing a dead key, 
followed by a second key, modifies the second key, creating an 
accented character. For example, to create the 0 character, you press 
<••>, followed by <Shift>-<U>. This dead key processing provides 
typists with a familiar method of composing characters. 

Note that you can also generate composed characters by: 

1) pressing and releasing <All> 
2) typing two characters 

For more infonnation, see Appendix A. 
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The keyboard at a glance 

Line editing 
(see also •h utility) 

Recalling commands 

Switching consoles 

Changing console fonts 

Controllng output 

Killing a process 

EOF 

Oebugt;;ng 

Rebooting 
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The keyboard at a glance 

Ir you want to: 

move the cursor to the left 

move the cursor to the right 

move the cursor to the start of a line 

move the cursor to the end of a line 

delete the character left of the cursor 

delete the character at the cursor 

delete all characters on a line 

toggle between insert/typeover modes 

submit a line 

recall a command 

switch to the next virtual console 

switch to the previous virtuaJ console 

switch to a specific console 

choose the next font 

choose the previous font 

suspend display of output 

resume display of output 

attempt to kill a process 

indicate end of input (EOF) 

invoke the system debugger 

reboot your computer 

press: 

~ 

<Home> 

<Eni> 

t- (gray arrow key) 

<Del> 

<Ctrl>-<U> 

<Ins> 
<Enter.> 

1' or J. 

<Ctrl>-<Alt>-<Enter.> 
or <Ctrl>-<Alt>-<+> 

<Ctri>-<Alt>-<-> 

<Ctrl>-<Alt>-<n> 

<Orl>-<Alt>-< > > 

<Orl>-<Ait>-< < > 

<Ctrl>-<S> 

<Orl>-<Q> 

<Ctri>-<C> or 
<Orl>-<Brealc> 

<Ctri>-<D> 

<Orl>-<Alt>-<Bsc> 

<Ctrl>-<Alt>-<Shift>-<Del> 
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Chapter2 

Command Basics 

In this Chapter •.. 
Understanding command syntax 

Redirecting Input and output 

Executing commands on another node or tty 

Displaying online usage messages 

Using wildcards 

Entering multiple commands 

A note on shell scripts 

Want to know more? 
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Understanding command syntax 

Syntax structure 

12 Part I • Getting Started 

Understanding command syntax 
Whenever you look up a command in the Utilities Reference, you'll 
see a syntax statement that summarizes how the command can be 
used. For most commands, this statement consists of three main parts: 

command name options operands 

command name 

The name of the command to be executed. This may be the 
name of an executable program, such as a utility. or it may be 
the name of a command built into the Shell. 

options 

These let you specify alternate behavior for the command. 
Options typically consist of an alphanumeric character 
preceded by a dash (e.g. "-c"). Some options take an argument 
(e.g ... _n number"). If you specify an option that takes an 
argument, you must include its argument as well. 

operands 

These let you specify the data the command requires (typically 
a filename). If a command lets you enter multiple operands, 
they are usually processed in the order you list them. Unlike 
options, operands aren't preceded by a hyphen (e.g. "file ... "). 

QNX Operating System 
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Understanding command syntax 

The following illustration shows a typical syntax. statement: 

I I 
111.01!'8 [ -c8iau] [-n number) [-x tobsrop] (fife ... ] 

~ 
Note that the element: 

[-ceiau] 

is simply an economical way of indicating that the following options 
are available: 

-c -• -1 -• -u 

When reading a syntax statement, you should be aware of these 
symbols: 

An ellipsis following an option argument or an operand 
indicates that more than one can be specified. For example. 
in the above statement for the 111.01:'8 utility, the operand: 

filt! ••• 

indicates that you can specify more than one file on the 
command line (e.g. "moJ:e ayf'ilel ayf'ile2 .. ). 

( ] Anything enclosed in brackets ( [ 1 ) is optional. Options 
are always enclosed within brackets (e.g. " ( -c] j. If an 
operand is enclosed in brackets, its use isn't mandatory 
(e.g." [file ... ] .. in the above illustration). 

'The OR bar is used between alternatives, indicating that 
only one can be selected (e.g. "-a 1-f'''). 
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Understanding command syntax 

Grouping options 

Quoting special 
characters 

14 Part I • Getting Started 

The following examples of more command lines show many of the 
ways you can group options and option arguments (each of these 
command lines would let you display a file called myfile): 

a) You can list each option separately on the command line: 

more -c -e myfile 

b) You can run several options together using a single dash(-): 

more -ce myfile 

c) If you run options together with a dash (-).remember that only 
the last option can take an argument. So you can enter this: 

more -cenlO myfile 

but you can' tenter this: 

more -nlOce myfile 

d) You're free to specify an option argumenl immediately afterthe 
option or separate the two by one or more spaces: 

more -ce -nlO -x 4 myfile 

e) This example shows all the ways you can group options and their 
arguments: 

more -c -e -snlO -x 4 myfile 

Certain characters may have special meaning to the Shell, depending 
on their context. If any of the special characters recognized by the 
Shell are to be included in a command line, then you may have to 
quote these characters. Quoting refers to a method of forcing these 
characters to be treated as simple characters instead of being 
interpreted in a special way by the Shell. 
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Understanding command syntax 

You must quote the following characters to avoid their special 
interpretation: 

li 

( , 

$ <space> 
<tab> 

\ <newline> 
II 

You might need to quote the following characters, depending on their 
context within a shell command: 

• ? ' - = % 

There are three methods of quoting characters: 

In order to quote: 

a single character 

all special characters within 
a string of characters 

all special characters within a 
string, except for $, ', and \ 

Any of the following commands: 

you can: 

precede the character with a 
single backslash (\)character 

enclose the whole string in 
single quotes 

enclose the whole string in 
double quotes 

grep QRX\ 4 chapterl.txt 
grep 'QHX 4' chapterl. txt 
grep "QHX 4" chapterl. txt 

would search for al1 occurrences of the string "QHX 4" within the 
chapterl. txt file. However, note that: 

grep QRX 4 chapter1.txt 

wouldn't do what you expect, as it would attempt to find the string 
''QNX'• in the files 4 and chapterl . txt. 

Chapter 2 • Command Basics 15 



Redirecting input and output 

16 Part I • Getting Started 

In addition, this command: 

grep 'QU\ 4' chapterl . txt 

wouldn't search for .. QU 4" either, because the single quotes have 
caused the Shell to ignore the special meaning of the backslash 
character. Hence the above command would attempt to find the 
string: 

QU\ 4 

within the chapter 1 . txt file. 

Redirecting input and output 
Most commands read their input from the standard input file 
(stdin), which is normally assigned to your keyboard, and write 
their output to the standard output file (stdout). which is normally 
assigned to your display screen. There are occasions, however, when 
you want commands to: 

• read their input from a file or a device other than the key board 

• redirect stdout to a file or to another command 

If you want a process to: use this symbol: 

read from a file, or another device < (input redirection .'>ymbo{) 

redirect stdout to a file > (output redirection .vymbol) 

redirect stdout to a file, >> (output append .vymbol) 
appending to the flle 's contents 

pipe stdout directly to another (pipe .vymhof) 
command 

For example, let's look at the ls command, which lists the files in a 
directory. H you want the list of files that ~· outputs to be redirected 
to a file called filelist, you would enter: 

ls >filalist 
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Executing commands on another 
node or tty 
With QNX, you can execute commands on a machine other than your 
own if both machines are on the same network-this is known as 
remote execution. Each machine in a network is called a node. When 
a command is invoked on another node, the command's standard 
input, standard output, and standard error output are displayed on 
your console screen (or terminal) unless you explicitly redirect them 
to another device. 

To invoke a command on another node, you use the onnode 
command; to redirect (or "attach"') a command's standard input and 
output to a different tty, you use the ontty command. 

Run the sin command on node 4 (sin's output is displayed on the 
invoking screen, i.e. your own screen). 

onnode 4 sin 

The following is equivalent to the above onnode command. but uses 
the I /node command shorthand notation: 

//4 sin 

Load the sin command from /bin on node 2, and execute it oo 
node 4 (sin's output is still displayed on the invoking screen): 

onnode 4 //2/bin/sin 

Run the sin command on node 4 and redirect its output to console 1 
on node 2 (sin's input and error output streams are still attached to 
the invoking screen): 

onnode 4 sin >//2/dev/conl 

Run the ls command with its input and output connected to console 3: 

ontty /dev/con3 ls 
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If you combine onnode with ontty you can both invoke a 
command on another node as well as attach the command's input and 
output to a tty on that node. No virtual circuits will be established 
back to the node that the command was started from. For example, 
the following command runs the nameloc server on node 4 and 
attaches all of its 1/0 to /dev/conl on node 4: 

onnode 4 ontty //4/dev/conl nameloc ~ 

Note that even though this program is being run on node 4 and has 
all its 1/0 attached to a tty on node 4, it's still a child of the invoking 
shell. For example, if this command were started from the login shell 
and the login shell were subsequently exited, the command would 
have a SIGHUP set on it (i.e. it would be terminated). In order to fully 
detach the command from the invoking sheJl, you would have to 
include the nohup command. For example: 

onnode 4 ontty //4/dev/conl nohup namaloc ~ 

For more infonnation on the above commands, see nohup and sh in 
the Uti#ries Reference. 

For an alternative to using ontty and onnode, see the on utility, 
also in the Utilities Reference. 

Displaying online usage messages 
Each QNX utility provides an online usage message. You display a 
utility's usage message with the use command. For example, to 
display the message for more, you would type: 

use more 

If you request usage for a command and the command either doesn't 
have an executable in the current path or doesn't contain usage 
message records, an error message is displayed. For more 
information on the use command, see the Utilities Reference. 
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Using wildcards 
Instead of using a command to work on just one file at a time, you 
can use wi/dcUI·ds (also known as pattern-matching c:hura(:ters) to 
perform operations on several files all al unce. You can use the 
following characters: 

* matches zero or more characters 
? matches any single character 
[] matches any characters (or range of characters separated by 

a dash) specified within the brackets 
excludes characters specified within brackets 

Note that directories, as well as files, are matched by these wildcards. 

The following examples show you how you cun use wildcards with 
the cp utility to copy groups of files to a directory named /tmp (for 
more information on using cp, see the Utilities Reference). 

If you enter: 

cp f* /tm.p 

cp *d /tmp 

cp fred? /tap 

cp fred[123] /tmp 

cp fred[l-3] /tmp 

cp *. [ch) /tmp 

cp * . [! o] /tmp 

cp does this: 

copies all files starting with f 
(e.g. frd. c, flnt) 

copies all files ending with d 
(e.g. frd, fld) 

copies all files beginning with fred 

and ending with one other character 
(e.g. freda, fred3) 

copies all files beginning with fred 
and ending with 1, 2, or 3 
(i.e. fredl, fred2, fred3) 

same as above 

copies all files ending with . c or . h 

(e.g. frd. c, barn. h) 

copies all files that don't end with . o 
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Entering multiple commands 
You can enter more than one command at a time by separating your 
commands with a semicolon(;). For example, if you want to 
determi.ne your currently working directory and see what it contains, 
you could enter: 

pwd;ls 

Or Jet's say you want to make a copy of a file in your current 
working directory, then see the directory's updated content-;. You 
could enter something like: 

cp myfile myfile2;ls 

A note on shell scripts 
You can enter any number of shell commands into a text tile and 
then invoke the commands in batch mode simply by executing (or 
"shelling") the file. A file containing shell commands is commonly 
known as a shell script. You can execute a shell script in either of 
two ways: 

• Another shell can be invoked with the name of your shell script as 
an argument: 

sh mysc:ript 

• The shell script itself can be made executable and will then be 
treated as a new command: 

chmod 744 mysc:ript 
myscript 

In this instance your shell automatically invokes a new shell to 
execute the shell script 
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Want to know more? 
Some oflhc topics covered in this chapter arc covered in greater 
detail in the ah man page of the Utilin·es Reference. 

To learn more about: 

quoting special characters 

redirecting input and output 

executing commands on 
another node or tty 

using wildcards 

entering multiple commands 

shell scripts 

see this sedion in sh: 

Quoting 

Redirection 

Remote execution and 
Using Shell commands 

Expansion 

Command lists 

Shell scripts 
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Working in the QNX Filesystem 

In this Chapter ••• 
Introduction 

Filenames 

Pathnames 

A typical QNX filesystem 

Commonly used commands 
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Introduction 
QNX comes with a rich set of utilities and shell commands that let 
you perform a wide range of operations on files and directories. To 
help you work with these commands, this chapter provides basic 
information on filename and pathname conventions in QNX; it also 
describes the directory structure of a typical QNX filesystem 

For more information on1the QNX filesystem, see System 
Architecture, Chapter 5. The Filesystem Manager. 

Filenames 
A filename is the symbolic name that lets you identify and access a 
file. In QNX, a filename may be up to 48 characters in length. 

You can create filenames with all the characters in the computer's 
character set except for the following (all values in hex): 

• OxOO to OxlF (all control characters) 

• Ox2F (slash: I) 

• Ox7F (rubout) 

• OxFF 

If you anticipate moving your programs and data to other systems, 
you can make your files more portable by naming them only with 
those characters defined by POSIX for filenames: 

ABCDEFGKIJKLMNOPQRSTOVWXYZ 
abcdefqhijklmnopqretuvwxy• 
0123456189 .-

You can't use the dash (-) as the first character of a portable 
filename. 

Filename suffixes (e.g. ".txt •• in myfile. tzt) have no special 
meaning. The ". •• character is treated the same as any other character 
in a filename. Applications often use filename suffix conventions, 
however. For example, the make utility understands . c, . o, . y, etc. 
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Pathnames 

Path names 
QNX lets you group related files into directories. Directories can also 
contain other directories, so that you can implement a hierarchical 
filesystem. 

Each filesystem has its own root directory. This root is at the top of 
the directory hierarchy, and it is where QNX starts looking for other 
directories and tiles. The typical name for the root directory of the 
default filesystem on a hard disk is ··r. 
If a hard disk has more than one filesystem, the choice of numes for 
fiJesystems is up to the system administrator. These may include 
names such as /hd2, /hd3, etc .• or perhaps /home2, /home3, etc. 

To locate a file, you tspecify tl1epath from lhe ruol dircc.:tury lu the 

file. Other directories in the path to a file are also separated by 
slashes. Thus, to get to the file sysinit .1 in the /etc/confiq 
directory, you would specify this path: 

/etc/confiq/sysinit.l 

You sometimes need to specify which computer (or .. node") on the 
network contains the file you want. To specify a node, you use a 
leading double slash (//), followed by the node number of the node. 
So, if you wanted to access /home/sUJ./file on node 24 of a 
network, you would enter: 

//24/home/sam/file 

If you don't explicitly specify a node, QNX uses the current defaull 
network root. (For more information, see System Architecture.) 
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To save you from constantly specifying complete pathnames to 
access a ftle. QNX provides a shortcut-the current working 
dir~ctory. 

The advantage of having a current working directory is that you 
don't have to specify a fully qualified path to access files in or below 
it For example. if you•re positioned in the directory /home/ gbbell 
and you want to access the file pz-ogl. c, you wouldnt need to 
specify: 

/home/gbbell/procl.c 

Instead, you could specify only the filename itself: 

procl.c 

When you first log in to QNX, your cmrent working directory is set 
to a directory that has been assigned to you by your system 
administrator. This directory is known as your home directory and is 
your initial current working directory. 

No matter where you are. you can always return to your home 
directory by entering the following command: 

cd. 

For more information on the pathname space in QNX. see System 
AJ·chitectur~. Chapter 4, J/0 Namespace. 
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A typical QNX filesystem 
QNX 4 follows most of the UNIX conventions for storing standard 
files. For example. system executables are stored under /bin and 
temporary files are found under /t:lllp. 

The following diagram gives an overview of the general directory 
sttucture in a typical QNX installation. 

blll tdot etc 

.-----, -+-1 -....., I 
Wild 1mal• •:vs CODtiC 

~, tm_'_P __ ~,---wr~~~~, ~ 
b!D malUda l1b spool UIIUJd ••• 

a ... q ••• a 
l 

qax 

The following table summtUizes the types of files you'll find under 
the main directories: 

Directory: Description: 

/bin executables 

/boot OS image Makefile 

/hoot:/builc:t build files to make images 
(the make utility reads these) 

/boot/images OS image files 

/boot/•y• system processes needed at boot 
time 

/etc initialization and other files 

/etc/config eyaiDit and configuration files 

/at:c/raadala software release information files 

Chapter 3 • Worldng In the QNX Filesystem 27 



A typical QNX filesystem 

28 Part I • Getting Started 

Directory: 

/etc/readme/technotea 

/trap 

/uar/bin 

/usr/includa 

/uar/lib 

/uar/lib/ter..info 

/uar I lib/ application 

/uar/spool/lp 

/home/ userid 

Description: 

technical notes 

default location for temporary files 

executables 

header (.h) files for the C compiler 

libraries for the C compiler 

terminal description files 

installed QNX applications 

work files foc system spoolers* 

user home directories* 

* This is c:onf!Jurable by !he system administrator. 
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Commonly used utilities 
The following table lists the utilities you use to perfonn common 
operations. For more information, see the Utilities Reference. 

If you want to: 

change your current working directory 

creale directories 

remove directories 

display your current working directory 

list the contents of a directory 

compare two files 

concatenate files 

copy files 

count the number of words, lines, or 
bytes in a file 

display the contents of a file 

print the contents of a tile 

rename or move files 

remove files 

search for suing patterns in files 

sort or merge lines in a file 

display who is on the system 

display processes that are currently 
running 

find files 

use this utility: 

cd 

lllkdir 

:raadir 

pwd 

ls 

diff 

cat 

cp 

we 

mora,lass,cat 

lp 

mv 

qrap 

sort 

who 

ps, sin 

find 
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Basic Installation 

In this Chapter ... 
Installing QNX onto a hard disk 

Installing additional software 

The system initialization file 

Using the system initialization file 

Time zones and the realtime clock 

Licensing 
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Step2 

Step3 

Step4 

Installing QNX onto a hard disk 
You use an automated install program to install QNX onto a hard 
disk. 

To install QNX, follow these steps: 

Boot from floppy 

Place the QNX boot diskette into the floppy drive and reboot the 
computer. You should see a spinning arrow in the top left comer of 
your screen, followed by the QNX logo, a welcome message, and a 
shell prompt. 

Run the instal.l. program 

At the shell prompt (I), type: 

install 

Simply follow the instructions on your screen to set up your hard 
disk so it will boot QNX. 

Reboot from hard disk 

Once installation is complete, you should remove any floppy 
diskettes and reboot your computer from hard disk. QNX should now 
be up and running. At this point, you'll need to log in as :root. 

Read System Architecture 

It's a good idea to familiarize yourself with the basic philosophy and 
operation of QNX as described in System Architecture and Part 1 of 
this User's Guide. For the remainder of this guide. we'll assume you 
have a basic level of familiarity with QNX. 

Now that you've installed QNX onto a hard disk, you may want to 
customize your installation. H so, go to the next section, .. The 

System Initialization File." If you have a network, you should also 
refer to Chapter 5, .. Network Installation". 
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Installing additional software 
All additional software packages supplied by Quantum for QNX 4 
come in a standard compressed format. You can install these 
packages with the /etc/install script supplied with the operating 
system-just follow the instructions below. You might also be able to 
use this method to install packages from third-party vendors, but 
always check the instructions that come with each package before 
you proceed. 

Before installing your software. you must be logged in as the 
superuser (root) and the floppy driver must be running. To check if 
the driver is running, type: 

sin ver 

If"l'loppy" doesn't appear in the NAME column, type: 

Faya.floppy & 

To install your software, follow these steps: 

1 Inse11 the application's install disk (normally disk 1) in the 
floppy drive. 

2 At the shell prompt, type: 

/etc/install [dri1•e] 

where drive is the device from which the software is being 
installed. The default is the local floppy drive (/dev/fdO). 

Simply follow the instructions on your screen; the software will 
be installed onto your hard disk. 
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The system· initialization file 
When you boot QNX, you are booting an image composed of several 
processes. The first process in the image is always the Process 
Manager (which contains the Microkemel). The Process Manager 
performs processor initialization, and then schedules each process 
included within the image for execution. The last process in the 
image is the sinit utility. The sinit utility initiates the second 
phase of your system initialization by starting a shell that executes 
commands from a file. This file-the system initialization 
file~ontains commands that set up services for the machine. It's a 
standard shell file that runs just like any other shell file except that 
breaks are disabled. 

Being able to start system services after boot is one of the benefits of 
QNX's modular architecture. The image that is booted typically 
contains only those few essential services needed to start all other 
desired services. 

While it is seldom required, you may need to configure a special 
boot image for some installations (e.g. embedded systems). Once 
you're familiar with normal system initialization, you can refer to 
Chapter 11, Building a Custom Operating System Image, for details. 

When sini t runs, it firsts determines if the image it's part of was 
booted from disk or from over the network. If the image was booted 
from disk, sini t checks to see if a normal boot or an alternate boot 
occurred. (You can optionally select an alternate boot by pressing 
<Esc> when prompted by the boot loader during powerup.) Based 
upon this information, sinit attempts to open one of two system 
initialization files: 
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If you choose: 

a normal boot 
(from disk or network) 

an alternate boot 
(from disk only) 

The system initialization file 

sini t tries to find and open: 

/atc/confi9/sysinit.node 
H this fails, it tries: 
/atc/confi9/ayainit 

/atc/confi9/altayainit 
If this fails, it Wies: 
/etc/confi9/ayainit 

The ainit utility will attempt to open ayainit only if it can't open 
the first file. If it can open neither file, sinit terminates and no 
system initialization will be performed. If the open succeeds, sinit 
replaces itself with the Shell (/bin/ sh) and passes it the name of 
the file that ai.ni.t opened. 

Each of the system initialization files that may be executed by 
sini t serves a particular purpose: 

• ayaini t . node 

• aysinit 

• altsysinit 

If you wish to customize your installation, this is the file you modify. 
It contains the custom commands needed to set up the environment 
and services for your machine. allowing every node in the network to 
have its own setup. The node suffix, which is used by sini t, is the 
logical node ID of your machine. This is a value between I and the 
number of nodes in your network. 

A sysinit .1 file is always created by the install program. The 
file's initial contents reflect the installation parameters determined by 
install. 

Nodes that boot over the network from a server (i.e. workstations) 
initially use the default ayainit file for booting. To customize a 
workstation's setup, you have to create a sysinit. node file on the 
boot server for that workstation. You can start with the 
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sysinit 

altsysinit 

sysini t . node file for another node with a similar configuration, or 
you can simply make a copy of the default sysini t file, which you 
may then modify: 

cp I etc/confi.q/sysi.ni.t /etc/confi.q/sysinit .11ode 

Remember that the node suffix must be the logical node ID of the 
workstation you're customizing. 

This file is executed if a sysinit _node file isn't present. It should 
contain services that will work on any machine. Quantum ships a 
generic file that should be able to boot any machine. We recommend 
that you make few or no modifications to this file. 

The sysinit file is automatically put on your system during the 
installation. 

If you change the logical node ID of a machine, the machine will 
now look for a different sysinit. node file. 

This file serves as a safety net in case a modification to your 
sysini t . node flle leaves the system in a state where you can't log 
in. The altsysinit file is executed only if you specify an alternate 
boot when booting from local disk (i.e. you press <Esc> when the 
boot loader prompts you for an alternate boot). 

The altsysinit file should always contain a backup of the last 
working copy of the sysinit. node file for a machine that boots 
from a local hard disk. So, before you make any changes to a 
working sysini t , node file that could prevent the machine from 
booting from hard disk, you should copy the sysini t _node file to 
altsysinit: 

cp /atc/config/sysinit.nodt /atc/confiq/altsysinit 

We recommend that you update the altsysinit file after all 
successful changes to your ayainit. node file. 
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Using the system initialization file 
The contents of each machine's system initialization file reflects the 
hardware on that machine and the services it is to provide. The 
fallowing describes a base set of services that will be in most 
initialization files. 

If several machines will be using a common set of commands, you 
can place the commands in a separate shell file and have the file 
executed via the . (dot) shell built-in. For example, let's say you 
create a file called techies containing commands to be used by all 
the machines in your Technical Department The fi]e could be 
executed from within the sysinit. node file of each machine in that 
depattment with the fallowing command: 

. /etc/confiq/techies 

You would add node-specific commands after this .. dot" line. For 
more information on the dot command, see shin the Utilities 
Reference. 

The following lines define the time zone (EST in this case) and get 
the time from the realtime clock. These two lines should be the first 
in the file for machines that boot from hard disk. They are optional in 
a machine that boots over the network, since the machine inherits 
this information from the node it boots from. 

export TZ=BST5DST4,N4.1.0/3,Ml0.5.0/3 
rtc hv 

For more information, see the following section on .. Time zones and 
the realtime clock." 

The foil owing lin eli start the Device Manager and the console driver 
with eight virtual consoles, then instruct the Shell to reopen its 
standard 1/0 through the new console device. 

Dev & 

Dev.con -n B & 

~eopen //0/~ev/conl 
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The following lines start up any other device drivers you may need. 
They start both a serial driver, which will look for COM I and COM2, 
and a parallel driver. These drivers will terminate if they can't find 
the necessary hardware. 

Dev.••r 5 

Dev.par 5 

If you started D•v. Hr, you might need to use the •tty utility to 
change the defauh line configuration. For example, the following 
lines change the baud rate to 19200: 

•tty baud=l9200 </dev/•erl 
•tty b&ud-19200 </dev/•er2 
tlC ... 

If your programs use floating point and you don't have an 80x87 
chip. you need to start the floating-point emulator: 

emu87 5 

When booting a node on a network, you must run the nataa.p utility, 
which infonns the Network Manager of node ID mappings. You 
should place the following n.tmap command in the •Y•init. node 
file. even if the node isn't currently running on a network (the 
command has no effect on a non-networked machine): 

netmap -f 

Note that this command is included in the standard ayaini t files 
shipped by Quantum. 

At least one machine in the network must run the global name server. 
You could start the name server on this machine if it isn't rebooted 
frequently; 

nameloc 5 

You may also run n ... loc on other nodes (up to a total of 1 0) in 
order to provide redundancy in case one node n.JUrlng nameloc: fails. 
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The following line starts a login on the first console and arms all 
other consoles: 

tinit -T /dav/con* -t /dav/conl & 

While it isn't mandatory, almost all installations use the tin it 
utility. Hence system initialization files provided by Quantum 
contain tini t. 

When it is included, tinit must be the last command executed in 
the system initialization file. 

You can add many other services to your system initialization file. 
You should add these services just before the line containing the 
tini t command. The following examples show commonly used 
optional scrvic:cs. Note lhat thcl>c: utililictt typically support 
command-line options to modify their behavior-these options are 
explained in the documentation for each utility. 

Defme any environment variables you wish inherited by all 
processes started in the system initialization file: 

export v•r=value 

The export command is described in the sh man page of the 
Utilities Reference. 

Start a local floppy driver (if the QNX ftlesystem is running locally, 
don't include the first line): 

Fays & 
Fsys.floppy • 

H a floppy driver is running, you can use the vel and pax utilities to 
access the block special file (e.g. /dav/ fdO). If you want to access 
it as a QNX file.4iystem, you must mount it as such (we recommend 
you use pax to transport files between QNX filesystems): 

mount /dev/fdO /fdO 
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Start a DOS fi1esystem to access DOS floppies and partitions. This 
requires that the QNX filesystem be running with a driver for the 
floppy and/or hard disk: 

If you think this machine will rarely be rebooted, you may also select 
it as a cron server: 

cron " 

Start a clock that will always display the time in the upper right 
comer of the screen: 

clock -f green "+tX" " 

By default, the QNX console driver assumes a 101-key USA 
keyboard layout. However, QNX provides a variety of configurations 
corresponding to the keyboards most commonly used throughout the 
world. H you need to select an alternate keyboard configuration, you 
use the khd utility. 

If you select a non-USA keyboard when installing QNX on a hard 
disk machine, the appropriate kbd command will be added to the 
machine's sysinit.node file. If you subsequently set up 
workstations. you'll have to change their sysinit .node files to 
include this command. 

Note that you can also generate custom keyboard layouts with the 
kadit utility. 

Time zones and the realtime clock 
It's important that the correct date, time, and time zone infonnation 
be established early during initialization. This should be the first step 
in your system initialization file. The install program assumes 
your hardware clock has a valid date and time and asks you for the 
time zone infmmation. 

Internally, QNX uses Coordinated Univensal Time (UTC), which is 
often referred to as Greenwich Mean Time. Applications and utilities 
convert to local time by using information about your time zone. 
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Time zones and the realtime clock 

If the time zone isn't set, QNX will assume that local time is the same 
as UTC time. This would present a problem only if you wish to 
transfer files to another system in a different time zone. In this case, 
the dates on the file will appear to be shifted by the difference 
between the two time zones. If you plan to use Quantum's update 
system to download new software, the time zone should be set 
correctly. 

The time zone information should be established before the current 
date and time is set. If the realtime dock in your computer has been 
set to local time, QNX needs the time zone information in order to 
establish UTC. 

In the following example, the time zone as well as the time change 
rules are set for Eastern Standard Time in North America: 

export TZ=BST5DST4,M4.1.0/3,M10.5.0/3 

where: 

export 
TZ 
BST 
5 
DS'r 
4 
M4 .1. 0/3 
MlO.S.0/3 

Shell corrunand to set an environment variable 
Name of variable 
Eastern Standard Time 
5 hours before Greenwich Mean Time 
Daylight savings time 
4 hours before Greenwich Mean Time 
First Sunday of April at 3am 
Last Sunday of October at 3am 

For more information on the time zone rules, see Appendix B. 

If you're booting from disk, you should follow the first line in your 
system initialization file with the rtc ulility to establish the current 
date and time from the realtime clock. The following two lines would 
accomplish this: 

export TZ=BS'r5DST4,M4.1.0/3,Ml0.5.0/3 
rtc hw 

This will set the date and time on an mM AT-compatible computer. 
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Note that there are two possible approaches to take when setting the 
realtime clock in your machine: 

• setting the realtime clock to UTC 

• setting the realtime clock to local time 

We recommend that you set the time in the realtime clock to UTC. 
But if you're also running operating systems that assume the realtime 
clock is set to local time (e.g. DOS), you 'II want to use the rtc utility 
with the -1 ("el") option: 

rtc -1 hw 

This invocation of rtc assumes that the realtime clock was set to 
local time. Note that when you use local time in the realtime clock, 
you 'II have to manually change the value in the realtime clock when 
you switch to and from daylight savings time in locales where it's 
used. 

H the time in your hardware clock is incorrect (perhaps the battery 
has been replaced). you should set the system time using the date 
utility, then set the realtime clock using the rtc utility with the -• 
option. For details, see the documentation for these utilities in the 
Utilities Reference. 

If you boot over the network, the booting machine will inherit the 
UTC time and time zone environment variable from the node it boots 
from. Therefore, you don't need to put this information in your 
system initialization file. 
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Licensing 
QNX must be licensed for each computer it runs on. This is true 
whether you're using 10 standalone machines or 10 networked 
machines. 

In a network, ea~h machine is referred to as a .. node" and each node 
is assigned a "logicar• node ID. Logical node IDs range from 1 to the 
number of nodes in the network. For example, a network licensed for 
three nodes would support logical node lOs I, 2, and 3. You set the 
size of the network by rw1ning the license utility (see the section 
"Expanding your license"). 

To verify licensing, you can use the ls command. The following 
would indicate a single-node QNX license: 

ls /etc/licenses 

qnx0000178n001 

T: 
-r ~umberofnodes 

I Serial number 

PIOduct 

If you've installed other QNX applications (e.g. Watcom C), their 
licenses will also be displayed. 

Applications are usually licensed per node or per concurrent use. 

Most applications are licensed per node in a QNX network in the 
same way as the operating system. If you have an application 
licensed for, say, three nodes, then you would be restricted to running 
it on only three nodes of your network. (Your network license size 
may exceed the license size for an application.) 

You may run multiple invocations of the application on each Jicensed 
node. When you run an application I icensed per node, the invoking 
node will consume one of the licenses. The license will remain with 
that node until it is rebooted 

By convention, serial numbers that end in "nd~" are licensed per 
node. 
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Applications may also be licensed for the number of copies in 
concurrent use. For example, if an application is licensed for three 
concurrent copies, then up to three copies may be run anywhere in 
the network at one time. Note that on a non-networked single node 
machine, you may stilJ run only three concurrent invocations. 

By convention, serial numbers that end in ''uddd" are licensed per 
use. 

You expand your license size for the operating system or an 
application using the license utility. This utility installs license 
serial numbers from floppies to your hard disk. Each QNX boot 
diskette and application diskette contains a serial number license for 
one node (or for one use}. 

The following example transfers the license from floppy drive 0 
("drive A:" in DOS tenninology) to your hard disk. Note that the 
floppy driver (Fays. floppy) must be running: 

license 

After adding new serial numbers to your set of licenses, you must 
activate them. To do so, you can run license -r. which reads 
licenses from /etc/licenses on the hard disk and places them in 
the machine's in-memory license database. 

On a network, you can run license -R node to read up-to-date 
licenses from another node's current in-memory license database. 

Any machines that boot over the network will inherit the serial 
numbers from the machine they boot from. If you wish to boot 
networked machines from their local hard disk, you must use the 
license utility to add serial numbers to each hard disk you wish to 
boot from. Once you have done this on a single hard disk, you can 
use license to copy the serial numbers across the network from 
one hard disk to another and thus avoid having to re-insert floppies. 
Note that license files cannot be copied by ep. 

For more information on the license utility, see the Utilities 
Reference. 
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For licensing to work across a network, the boot server (the machine 
with the licenses) must be runnmg the nameloc utility. If a machine 
has a local hard disk (with licenses) and a network card, but isn't on 
a network-a portable, for example-it must also run nameloc for 
licensing to work. 
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In this Chapter ... 
Introduction 

Setup considerations 

Configuring a boot server 

Configuring a workstation 
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Introduction 
QNX is a network-distributed operating system. Each computer QNX 
runs on is called a node. A single computer can be considered a 
one-node network. 

Each node is assigned a unique logical node ID represented by a 
posi1ive integer. The operating system uses this logical node ID to 
communicate with other nodes connected by the network. 

You should assign logical node IDs in an uninterrupted sequence 
starting at 1 (e.g. 1, 2, 3, 4, 5, ... ).There are two reasons for this: 

• Licensing for QNX is based upon the total number of logical 
nodes in the network. A five-node network license allows nodes 1 
through 5 to communicate. A node 6 would be isolated and 
ignored, even if one of nodes 1 through 5 were omitted. 

• A few important utilities attempt to communicate with each node 
of the network in tum. They do this by sending messages staning 
at node 1 and continuing up to node n. where n is the size of the 
network license. The nameloc, sin net, and who -a utilities 
all behave this way. 

Nodes are connected via one or more networks. Each network in an 
installation is a separate communications link. and hence data 
transmitted on one network won,t be seen on another network. 
Networks, like nodes, are assigned logical IDs that must be unique in 
an installation. A single network (the most common case) will default 
to logical network ID 1. 

Allhough QNX processes deal with logical node IDs, the network 
cards themselves communicate with physical node IDs. This physical 
ID is typically contained within the network card itself. The fmmat 
of the physical 10 depends on the net work type (e.g. Ethernet, 
Arcnet, Token Ring) and is invisible to most applications. Physical 
IDs must be unique within a network, but they need not be unique 
across all networks in an installation. 
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Setup considerations 
Setting up a network typically involves installing a network card in 
your computer and connecting the card to other computers with a 
network cable. Ethernet. Arcnet, and Token Ring are all popular 
network teclmologies. To use a particular network, you need both an 
appropriate network adapter card and a QNX network driver that 
supports that card. In most cases, cards from different v.endors fa- the 
same network media (e.g. Ethernet) require their own special drivers. 
Sometimes, however, a driver may support cards from more than one 
company if the cards provide a similar hardware interface. The 
network drivers are documented in the Uti/ir;es Reference and all 
start with ·'Net . •• 

The hardware in.~tallation of a network car-d and the physiciil 
connection between cards should be described in the manual 
provided with the card. 

Determining the physical node ID of a network card depend~ on the 
type of card you're using. 

Every Ethernet or Token Ring card is shipped with its own physical 
node ID built into the card. This ID, which is unique worldwide, is 48 
bits long in order to conform to the IEEE 802 standard. On Ethernet 
cards, you should find the 1D labeled somewhere on the card or on 
the box. The address format of the ID may vary. For example, the 
following are all identical: 

OOOOcO 4a9330 
0000c04a9330 
00 00 cO 4a 93 30 
OO:OO:c0:4a:93:30 
0000 c04a 9330 

Every Arcnet card requires that you program a physical node ID into 
the card. Depending on the manufacturer, this is done by a dip switch 
or in a nonvolatile RAM via a menu interface at boot time. The 
physical ID is 8 bits in length. You cannot use physical ID 0, which is 
reserved. Since you get to choose the physical node ID, we 
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recommend that for a single Arcnet network you make the physical 
node ID the same as the logical node ID. This helps keep things 
simple. 

Since QNX processes use logical node IDs, the Network Manager 
must map logical IDs to the physical IDs used by the hardware. This 
mapping is defined in the /etc/config/netmap file. Each line in 
this file defines a single-node mapping with the logical node and 
network IDs followed by a physical node ID. For example, the 
following line maps logical node 8 into a 48-bit physical ID of 
0000c04a9330: 

8 1 OOOOcO 4a9330 
I I 

I Physit:lll nodi 10 (,._ 16} 

Logical network ID 

LagiCtll node ID 

You can separate the logical and physical IDs by <space>s or 
<tab>s. The logical IDs are in base 10, while the physical IDs are in 
base 16, unless preceded by a .. t .. , in which case they're also in base 
10. For example, in the case of Arcnet, it's more convenient to 
express the physical node ID in decimal: 

15 1 tlS 

The physical I D cannot exceed 48 bits. The number of bits needed is 
determined by the network hardware. 

Setting up a QNX network is done in two phases: 

1) Configuring one or more boot servers 

2) Configuring workstmions 

A computer can be configured to boot QNX from a hard disk or, if 
it's a node on a network, it can be optionally configured to boot from 
the network. In order for nodes to boot from the network, you must 
fin.t ~t up one node-a boot server-from which the other nodes 
may boot. Usually, a node is chosen to be a boot server because it's 
rarely rebooted 
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The nodes that boot from the network are known as workstations. 
Since workstations boot from the network, some workstations don't 
have a hard disk. These are called di,likless work.litatiom·. 

When a workstation boots from the network, an operating system 
image is loaded into its memory; the image inherits the following 
from the boot server: 

• the time 

• its list of name locators (see nameloc utility in 
Utilities Reference) 

• its licensing capabilities 

If you're setting up a small network, it will probably need only a 
single boot server, typically node 1. 

If, however, you're setting up a larger network that will span several 
departments. you should set up a boot server for each department. 
The users of each department will still be able to access files {subject 
to me permissions) in other departments. For example, let's assume 
you have three departments: R&D, Marketing. and Operations. You 
may elect to have each department boot from its own boot server, 
which could also act as the deparrment's major file server. This setup 
creates a fault-tolerant environment-a failure in one department 
won't stop another department from booting. For large numbers of 
nodes, this practice should also reduce the potential for a boot 
bottleneck when people in the office start work first thing in the 
morning. 

This chapter shows you how to set up a boot server; once you've set 
up a single server, refer to Chapter 9, Advanced Network 
Configuration, if you want to set up additional boot servers. 

You should prepare a diagram for your network. similar to the one 
below. This example diagram shows a network consisting of five 
nodes. One of the nodes is the boot server and four are workstations 
that will boot from and obtain their files from the server. We've 
assigned a logical node ID to each node; the boot server is node 1. 
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A fivfHJOde network consisting d a boot sewsr and four workstations. 

Configuring a boot server 

Before you start, you must have a computer booting QNX fnxn a 
hard disk. For more information, see Chapter 4, Basic Installation. 

To tum a computer that boots QNX into a network boot server, 
follow these steps: 

Install your network card 

Quantum has provided technical notes for installing network cards. 
These notes. which you'll find in /atc/readma/tachnot••· have 
f'llenames beginning with Bat (e.g. Bat. athar8003). You should 
read the technical note for the type of card you're using before 
installing the card 

Twn off the computer, then install your network card according to 
the instructions provided with the card. If you can, note the physical 
node ID of the card. When you're finished, reboot the computer. 

Install your network licenses 

You'llneed a network license for each node in your network. When 
you installed QNX onto your hard disk, a license was created for at 
!east a single node. You can verify this license using the 1a 
command. Th.e following would indicate a single-node QNX license: 
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ls /etc/licenses 

qnx000017Bn001 

Configuring a boot server 

1-r--~umber of nodes 

I Serial number 

Product 

If you've installed other QNX applications (e.g. Watcom C), their 
licenses will also be displayed. 

QNX ships additional licenses for QNX and applications on diskettes 
labeled "Network Expansion." To add the licenses from a network 
expansion diskette. insert the diskette, then run the license utility 
without any arguments. Repeat this operation for each of your 
expansion diskettes. To activate the licenses, you must run the 
license -r command. 

For more information, see the section on "Licensing" in Chapter 4 as 
well as the license utility in the Utilities Refe,.ence. 

Modify the sys.ini t . node file 

If you specified to install that this node was to be a boot server, 
install automatically took care of this step. You can skip to Step 4. 

If you didn't tell install that this machine was to be a boot server. 
but have subsequently decided it should become one. then you must: 

1 ) Start the commands described in this step 

2) Add the commands to this node's sysinit .node file 

Before you add any commands to this node's ayainit .node file, 
copy the file to altsysini t: 

cp /etc/confiq/ayainit.node /etc/confiq/altayainit 

The Network Manager (Ret) and the network driver for your card 
both must be running for network access to occur. 
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The names for all network drivers are of the form Net. xxx, where 
the xxx represents the appropriate driver suffix. For example, if you 
have an 8003 series Ethernet card, you could enter: 

Net " 
Net . ethez-8003 " 

To find out which network drivers are available on your system, 
enter the la /bin/Net . * command. 

Thenameloc utility must be running on the network-even if it's on 
just a single node-for licensed products to work: 

nameloc " 

When a node wants to boot, it sends a boot request to its boot server. 
When the Network Manager on the boot server receives a boot 
request message, it forwards this request to the netboot utility, 
which also must be running on the boot server: 

netboot .s 

Once you've started all the above commands, you can use your node 
as a boot server. Once you've added these commands to the 
ayainit .node file, they wiU be started automatically when the 
node is rebooted. 

You may now wish to further customize the environment and 
services for your boot server. For more information, see the section 
on .. The system initialization file" in Chapter 4. 

Set up a logical·to-physical node mapping . 

H you're installing a boot server on a single Arcnet network (where 
the physical node ID is the same as the logical node ID), you're done! 
Otherwise, you must choose a logical node ID for the boot server. 

H this is your first (primary) server, we suggest you choose logical 
IDl. 
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To map the logical node ID you've chosen to the physical node ID of 
the network card, you need to add a line to the 
/ete/eonfig/netmap file. For example, to define mappings for 
nodes 1, 2, 3, and 4, you would add lines similar to these to net:ma.p: 

1 1 physical_ node _JD 
2 1 phy.rical_ node _JD 
3 1 physical_node_JD 
4 1 physical_ node_ ID 

Note that for an initial network, the logical network ID is always 1. 

If you didn't note the physical node ID when installing the card, or 
the JD wasn't on the card, running netmap without any options will 
print out your physical node ID. 

For more infonnation on the netmap file, see the netmap utility in 
the Utilities Reference. 

Modify the /etc/confiq/netboot file 

If you specified to install that this node was to be a boot server, or 
if you're installing a boot server on a single Arcnet network where 
the physical node ID is the same as the logical node ID, you're done. 
Otherwise, you must complete this step, in which you select the 
proper build file for your network media. 

When responding to a boot request, netboot uses the 
/etc/config/netboot file to determine which build file is to be 
used to generate the OS for the requesting node. We've provided 
generic build files suitable for building workstation images for 
different media such as Arcnet (e.g. /boot/build/ws. arcnet) 
and Ethernet (e.g. /boot/build/ws .ether8003). By default, the 
/etc/config/netboot file contains the line: 

* f=build/ws.arcnet 

which is for a single Arcnet network. 
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If you're using another network type, you'll need to modify the f• 
entry to state which build fJ.Ie to use. For example, for an Ethernet 
network using ~003 series network cards, your entry would look like 
this: 

* f=build/ws.athar8003 

Configuring a workstation 

Install your network card 

Quantum has provided technical notes for installing network cards. 
These notes, which you'll find in /ate/reac:SJn./tacbnotas, have 
filenames beginning with Rat (e.g. Rat. athar8003). You should 
read the technical note for the type of card you're using before 
installing the card. 

Install your network card in your computer according to the 
instructions provided with the card. Remember to note the physical 
node ID of the card. (This is the same procedure you followed in 
Step I of Configuring a boot server.) 

If your card needs a boot ROM, make sure the ROM is installed. The 
Quantum Arcnet card comes with a boot ROM already installed. 
When booting, the QNX boot ROM wiJI print out the physical node ID. 

Set up a logical-to-physical node mapping 

We recommend yon assign workstations with logical node IDs 2, 3, 
4, and so on. For more information, see Step 4 of Configuring a boot 
server. 

Boot the workstation 

The workstation should now boot over the network. If you have any 
problems, specify -v to the Network Manager in the workstation 
build file (e.g./boot/build/••. arcnet). This will display 
network errors on the console. 
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In addition, you can run the natinfo uti1ity. which displays recent 
network events. You should find this utility helpful whenever you 
need to perform network diagnostics. For more information on 
netinfo, see the Utilities Reference. 

lf you haven't yet customized the environment and services for your 
workstations, see the section on ·'The system initialization file .. in 
Chapter4. 
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In this Chapter ..• 
Security 

Accounting file 
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Security 
QNX provides mechanisms to control access to resources and critical 
system functions. These mechanisms are based on the ability of the 
sysrem to identify a particular user. 

The QNX access control utilities are: 

loqin sign on to the system 
au temporarily become another user 
passwd maintain the user accounts/change passwords 
newqzp switch to a different group 

The loqin utility should be started by tini t on all tty devices. The 
login utility demands a usemame and password that are verified in 
the password databa~te. If the user fails to enter a correct 
usemame/password combination within three attempts, the utility 
will exit, updating appropriate accounting information. If the user 
enters a correct combination, login will start a login shell and will 
load the user's environment. 

The su utility Jets a user temporarily have the privileges of another 
user. If the user is not the superuser (root), su will demand the 
appropriate password. If a valid combination is entered, au will do 
an exec() to create a shell for the user with the effective group ID and 
user ID of the desired user. Exiting from the shell will return the user 
to where they were before running au. 

The passwd utility may be used to change a password or to add a 
new user account to the system. 

When a user invokes passwd to change the password of an existing 
account, passvd asks the user for the old password, the new 
password, then the new password again (to verify it was entered 
correctly). If the user i~t the supen1ser, the old password isn't requested. 

Only the supelllser (root) may add a new account. The passwd 
utility uses the file /etc/default/passwd to determine local 
policies such as stringency of passwords. user ID ranges, and so on. 
For example, to create a new account with Lhe username Gaz;o1, you 

would enter: 

passwd carol 
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By default, passvd will then prompt for the following information: 

• user ID 

• group ID 

• user's real name 

• home directory 

• login she11 

• password 

By <:onvention, user accounts have a user 10 greater th~m or equal to 
1 00. User IDs below 100 are often used by system processes. 

If the group doesn't exist, a reminderto update the groups file will be 
displayed. If the group does exist, this user will be added to it. 

The home directory, login shell. and password items are optional: 

If you don't specify a: 

home directory 

login shell 

password 

then: 

/home/u.temame will be used 
(will be created if it doesn't exist) 

the system default shell (/bin/sh) 
will be used 

the user account will be created 
without one 

If you specify a new password, you'll be asked to enter it twice to 
verify it was entered cmrectly. 

The passvd utility doesn't provide any mechanism for deleting 
accounts. This function may be performed using a text editor on the 
/etc/passvd, /etc/qroup, and /etc/shadow files. 

The nevqrp utility changes the current process's real and effective 
group ID. If invoked without arguments, nevqrp changes the group 
identification to the group identified in the password database for the 
current user. The groups that a particular user may change to are 
controlled by the password database. 
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Upon logging in, a user is assigned two pieces of infonnation: 

• a useriD 

• a groupiD 

These are known as the user's real user ID and real group ID. 

The user ID should be unique-no two users should share the same 
user 10. This rule can be enforced by the paaawd utility, but the 
superuser can override the rule by editing the password file directly. 

The group ID allows several users to be associated with a group. This 
group mechanism lets a team of users share resources without 
making those resources available to the rest of the world. 

Processes have two classes of user and group IDs: real and effective. 
When a process is created, it automatically inherits these four lOs 
from its parent (which is typically the login shell): 

• real user ID 

• real group ID 

• effective user ID 

• effective group ID 

(uid) 

(gid) 

(euid) 

(egid) 

The effective user and group IDs are used for permission checking. A 
process can change its effective user or group ID, or both, so that 
they differ from their real counterparts. Typically. this is done to gain 
access to resources unavailable with the real user and group IDs. 

To modify effective 
group and user IDs: 

from within C programs 

from within the Shell 

youusethe: 

seteuid() and setegidO functions 

setuid and setgid file permission bits 

For more information oo setuid and setgid, see the next section on 
.. File permissions." 
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In QNX, each file has an associated set of permissions called mode 
bits. These mode bits, in conjunction with the file's owner and group, 
control access to the file. 

When a process creates a file. the process's effective user ID and 
effective group 10 become the file's owner and group. A set of mode 
bits is also assigned to the file (this is described in "How mode bits 
are assigned"). There are three classes of mode bits: owner, group, 
and other. When a process attempts to access the file, the appropriate 
class of mode bits is honored by the Filesystem Manager. The 
Filesystem Manager determines which mode bits to honor by 
performing a few comparisons, in a specific order: 

1) The effective user ID of the requesting process is compared to 
the owner of the file. If they match, the owner mode bits are 
honored. 

2) If the owner comparison fails, the requesting process's effective 
group ID is compared to the file's group 10. If these group IDs 
match, the group mode bits are honored. 

3) If both the owner and group comparisons fail, the other mode 
bits are honored. 

As root {uid 0), you can access any file for read/write regardless of 
the permissions, as well as execute any file that has at least one mode 
bit permitting execute access. 

The file mode bits are stored in the 16-bit at mode field of the 
directory entry for the file; access is granted if a mode bit is set. 

st_mode 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

I : : : >< sg ; ; < W : X; < w: X ; < w: 
fie type owner group other 

resetVed 
setgid 

setuid 

0 

X I 
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• 

X* 

As the following table illustrates, pennissions affect regular fLies and 
directories differently: 

Type of access allowed for ltletype: 
Regular file Directory 

Reading the file 

Writing to the file 

Executing the file 

Examining the names of files in the directory 
(via la utility. for example) 

Creating. removing, and renaming files within the 
directory, including subdirectories 

Searching the directory. This means you can change 
your current working directory to this directory. 
Also, you may include this directory within 
pathnames (e.g. in open(), .stat(), ..• ). 

VIewing permissions Yoo. can use the le -1 command to see a file's pennissions. owner, 
and group. The following le -1 ("el") output for the file alpha. c 
shows that the owner and anyone in the techi.•• group may read 
and write to alpha. c, while other users may only read it: 

In the following example, the la -ld output for the directory /!:lin 
shows that the owner and group members may read, write, and 
search the directory, while other users don't have write pennissions 
and therefore can't add any new files to the directory: 

Note, however, that other users may still list or execute files in /bin. 

It's possible-though unusual-to have read pennission on a 
directory but not search pennission. This would let 1s work, fc. 
example (depending on the options you give it), but wouldn'tlet you 
access any fiJe in the directory or do a eel to the directory. This can 
be confusing. You may end up thinking the system is behaving 
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improperly, since it"s nonnal to assume that if you can see the 
presence of a file you should be able to access it. and that if you can 
look in a directory you can do a cd to it. 

The permissions of a file are derived by combining the current 
umask of the creating process with that process's requested 
open()lcreat() mode. 

The umask is a permission bit mask that indicates which permission 
bits are to be turned off if a process specifies default permission 
when creating a file, directory, or FIFO (see Wllii&k in the Utilitie:r 
Reference). This mask is usually stated in octal form (i.e. 0666 in 
binary would be 110110110, meaning these permission.~: 
rw-rw-rw-). Here's an example of using the umask: 

Requested mode: 110 11011 0 

Current umask: 000100110 

Result 110100100 

(0666) = rw-rw-rw­

(1022) = ----w--w-
(0644) = rw-r--r--

You can change the permissions of a file with the following: 

In order to change: 

owner and group 

access permissions, and 
setuid and setgid mode bits 

use: 

chown and chqz:p utilities 

chown() function (C programs) 

cbmod utility 

chmod() function (C programs) 

To modify the owner or access permissions of a file, your effective 
user JD must match that of file's owner. If you change the owner of 
the file to be other than yourself. you'll no longer be able to change 
the permissions and ownership of the file. The superuser can modify 
the mode bits of any file, regardless of who owns the file. 
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Setuid and setgid Sometimes, in order to perform certain functions, a user must run a 
command at a privilege level higher than their own. For example, a 
user may need to run the passwd utility to modify their own entry in 
the password database, even though they would normaUy be denied 
write access to that database. 

Two file mode bits allow a user to run a command at a higher 
privilege level: set-user-ID (setuid) and set-group-ID (setgid). With 
these bits set, an executable file will run with the privileges of its 
owner and group rather than with the privileges of the process that 
invokes the file. These mode bits apply only to executable regular 
files. 

When a file is loaded for execution and the setuid mode bit is set, the 
effective user ID of the new process becomes that of the file's owner. 
Similarly, if the setgid mode bit is set, the effective group ID 
becomes that of the file's group. 

To close a potential security hole, the setuid and setgid bits are 
cleared any time the file ownership (owner or group) is changed. 
This prevents users from writing an executable fde to disk. setting 
the setuid bit, and then changing the ownership of the file to root, 
thereby gaining unlimited system access. 

The passwd, loqin, au, and newqz:p utilities are all "setuid" to 
root; these programs therefore run with the permissions of the 
superuser. 

By convention, root is the only user with user ID zero, which yields 
superuser status. With respect to access control, you must ensure that 
only programs that can be trusted-and absolutely need to be 
trusted-are "setuid'• to root. (No special privileges are bestowed 
on a program when it is "setgid" to root.) 

Since these ''setuid .. programs will inherit superuser capabilities. you 
should make sure they do not have general write permissions so that 
only the superuser will be able to modify the programs. 
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Three flies collectively fonn the password database: 

• /etc/paaawd 

• /•tc/shadow 

• /etc/group 

The access to these files shouJd be as follows: 

File Owner Group Permissions 
/etc/paa8Wd J:OOt J:OOt zv- J:-- J:--
/etc/qr:oup J:OOt J:OOt pr- J:-- J:--
l•tc/ahadow J:Oot root J:W- --- ---

The /etc/paa8Wd file contains a set of Jines in the following 
format: 

usernamt: haspw: userid: Rroup: comment: homedir: shell 

where; 

username 
haspw 

use rid 
group 
comment 
homedir 
shell 

Login name of user 
If empty, user has no password; otherwise 
a password exists in the /etc/shadow file 
Numeric user 10 
Numeric group ID 
Free--form comment field; must not contain": .. 
Home directory of this user (default is /) 
Initial shell (and arguments) to start from login 
(default is /bin/sh) 

The /etc/group file contains lines in the following fonnat: 

gmupt)(Jme: tr!strwd: group: mtmber [, mtmbtr] * 

where: 

groupname 
reserved 
group 
member 

The name of the group 
Reserved for later use 
Numeric lD of the group 
A list of usemames that belong to this group 
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/•tc/ahadow 

Default 
password files 

The /etc/shadow file contains lines in the following format 

u.verid: password: reserved: reserved: r~serverl 

where: 

use rid 
password 
reserved 

The name of this user 
The encrypted password of this user 
The first three numeric fields are reserved for 
"password aging.,; for now, they are always 0. 

You may notice from the above permission list that /etc/pasawd is 
readable by anyone. This is to provide standard utilities with a simple 
mechanism to find information about users. Since this file is 
readable, the encrypted password isn't stored within it. The 
encrypted password is stored in the /etc/shadow file, which is 
readable only by the superuser. This is to inhibit unauthorized 
attempts by malevolent users to decrypt the passwords. As a system 
administrator, you should ensure that these pem1issions are 
maintained. 

QNX is shipped with a default password database that includes 
/etc/pasawd and /etc/qroup. The /etc/shadow file isn't 
shipped, because the accounts initially don't have passwords 
associated with them. 

1be default /etc/pasawd tile that was shipped with your QNX 
S:y'stem contains the fdlowing: 

root::O:O::/:/bin/sh 

The default /etc/qroup file contains the following: 

root:: O:root 
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Accounting file 
Accounting infonnation is logged to the I etc/acclog file. If this 
flle doesn't exist, all accowtting infonnation will be discarded. This 
is the nonnal mode of operation after QNX has been installed. 

For most realtime systems, this default of discarding accounting 
information is recommended. If you have a dial-up line to a 
computer or if you run QNX on a network. of many users, you may 
wish to change this default by creating an empty /etc/acclog file. 

To enable accowlting, you create an empty /etc/acclog file. You 
can do this using the touch utility: 

touch /etc/acclog 
chmod g=,o= /etc/acclog 

Once this file is created, accounting infonnation will be logged here. 

Note that only the superuser (user ID root) should create and 
modify this file. 

Each record in this text file is ofthe fonn: 

ttttttlttt cc data ... 

where lltltttltt is the time in seconds since 1970 (in decimal). This is 
always followed by a single space. The time is followed by a 
two-character code cc. This code is then followed by a space and 
data specific to each code and terminated by a <newline>. The 
following utilities write these accounting records: 

Utility Purpose Record 

login user logged in tttttttttt LO d~ice uid gid uname 
login login failed ttttttlttt LJ' device uname 
mod .. modem connect tttttltttt NO device baud 
au switch user tttttttttt 8tl' device uid gid uname 
tinit start a conunand tuttttltt TS device command 
tinit ann a device lttnlmt TA device 
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logfile 

A typical logflle might look like this: 

670464500 TS //1/dev/ser1 modem -b 19200 -L 
670464545 MO //1/dev/sarl 2400 
670464550 LO //1/dav/sarl 100 101 steve 
670465824 TS //1/dev/serl modem -b 19200 -L 

This record shows that tini t started a modem program to wait for 
calls. A call was received and answered at 2400 baud. and user ID 
steve logged in. Note that the log doesn't show a logout. The logout 
is inferred, because in the final entry tini t starts another IDOdem 

program. 

The total connect time for the user (from successful login) can be 
calculated thus: 

670465824-670464550 = 1274 seconds 

On a busy system, records from many devices will be interspersed 
throughout the logfile. In order to match events keyed to each device, 
you'll find a node number associated with each device, letting you 
track accounting records for all devices throughout a network in a 
single logfile. 

Here are several common event sequences: 

TS -+ LO -~ TS A login and logout on a dedicated line. 

TS -7 MO ~ LO -+ TS A login and logout on a dial-up line. 

TA ~ TS -~ LO -~ TA A login and logout on a dedicated line 
armed by a keystroke. 

TS ~ TS An unsuccessful login on a dedicated line. 

TS -~ MO -~ TS An unsuccessful login on a dial-up line. 

Once you create /etc/acc1oq, the file will start to grow as records 
are appended to it. If left unmanaged, this file may grow to consume 
considerable disk space, so you should print or archive the 
information in this file on a regular basis. You may even want to 
automate this housekeeping job using the cron utility (see the 
Utilities Reference). 

In the following example, the logfile is moved to a file named by 
year and month, and a new empty log is created: 
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mv /etc/acc1og /etc/acc1ogs/9106 
touch /etc/acclog 
chmod q=,o= /etc/acc1og 

Accounting file 

Since the data in this file is very regular, you may use the freeze 
compression utility, which will achieve very high rates of 
compression on the file. This can significantly reduce disk space 
requirements if you keep the saved logs online or save them to a 
floppy. Remember to move the file before compressing it. Never 
compress /atc/acc1og directly. 

Here's an example of the recommended compression procedure: 

mv /etc/acclog /etc/logs/9106 
touch /etc/acc1og 
chmod q=, o= /etc/acclog 
freeze /etc/loqs/9106 

Note also that other utilities (possibly third-party) may add their own 
accounting records to the /etc/acclog file. Utilities may also log 
problems or unexpected events to the /etc/sys1og text file. 
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Connecting Terminals, Printers, & 
Modems 

In this Chapter ... 
Starting device drivers 

Parallel devices 

Serial devices 
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Single parallel 
port 

Multiple parallel 
ports 

Starting device drivers 
A QNX system will usually contain one or more terminal devices. All 
such devices are managed by the Dav process. This process must be 
started first, before any device drivers are started. 

/bin/Dev & Device Manager 

Once Dev has been started, one or more of the following device 
drivers may be started: 

/bin/Dev. c:on & console device driver 

/bin/Dev. par & parallel printer device driver 

/bin/Dev. aer & serial device driver 

/bin/Dev. pty & pseudo tty driver 

Each of these drivers is described in more detail in the Utilities 
Reference. 

Parallel devices 
Parallel ports are normally used to communicate with parallel 
printers. Apart from starting up the driver, there's little work for you 
to do other than connect the printer to the machine. 

If only one parallel port is available on a machine, then no 
parameters are required: 

Dev.par & 

Started this way, the parallel driver will create a device called 
/dev /par, which corresponds to the first parallel port found by the 
BIOS (LPTI). 

If your machine has more than one parallel port. then you'll need to 
start an additional Dev .par for each extra port. You must provide a 
unique name for the extra devices. For example: 

Dev.par & 
Dev.par -b 2 -H laser & 
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These commands will create a device called /dev/par on LPTl, and 
a second device caUed /dev/laser on LPT2. 

If you have the memory, you might find that specifying large output 
buffers significantly improves turnaround time when sending data to 
your printer. Here's an example of a parallel device created with a 
30K output buffer: 

Dev.par -0 30000 5 

Serial devices 

The Dev . ser driver can suppon one or more serial ports. The 
hardware interface to the computer consists of a UART (Universal 
Asynchronous ~eceiver(J'ransmitter) for each serial port. The driver 
will support any or all of the 8250, 16450, or 16550 family of serial 
controllers. 

Each UART uses eight consecutive addresses in the 110 address space 
of the computer. The Dev. ser driver is informed of the I/0 address 
range for each UART by command-line arguments when it is started 

Just as important as the 1/0 address is the hardware interrupt 
generated by each UART. Most microcomputers provide several 
hardware interrupt signals on the bus, labeled IRQ2 through IRQ IS 
(except for interrupts 0, I, 8, 9, and 13, which are used internally by 
the system motherboard). 

These interrupt signals are active-high TTL logic signals on ISA 
buses, which means that you can connect only on~ adapter card to 
any one interrupt signal. Microchannel architectures {MCA bus) 
don't have this limitation. 

Serial adapter cards come in various configurations. Adapter cards 
with only one serial port typically offer only a limited set of choices 
for 1/0 address and hardware interrupt. The following table shows 
some commonly found combinations, but we recommend that you 
read the hardware documentation carefully to discover the choices 
available on a given manufacturer's adapter card: 
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Multi·part serial adapters 

Typical hardware 
instalation 

Name Address Interrupt 

COM! 3F8 IRQ4 
COM2 2F8 IRQ3 
COM3 3E8 varies 
COM4 2E8 varies 

You can usually configure multi-pon serial adapter~ to respond to a 
wide range of JIO addresses. The adapters may also give you 
considerable flexibility in selecting hardware interrupts. A good 
choice for J/0 addresses is often the 280-through-2BF range. 
Because of the limited number of hardware interrupts available, 
these cards will often "OR" the interrupt lines from the individual 
UARTs into a single interrupt connected to the bus. QNX allows for 
many serial ports to share the same interrupt, since Dev. aez: will 
check every UART that shares an interrupt. 

The following diagram shows a sophisticated configuration of serial 
adapter cards in a QNX system. 

CPU Bus 
Adapteraws Serilld&Wa 

:Fa 
ltD CQ\41 

R 

IAQ8 COM2 

280 

288 = - adapter 
c::8td 

IAQ5 

For proper operation. each serial channel must have a unique JJO 
address. and each adapter card must use a unique hardware interrupt 
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The RS-232C a.~ynchronous communications protocol defmes the 
electrical and physic::al interfac::e between Data Thnninal Equipment 
(DTE or term;nals) and Data Conununications Equipment (DCE or 
modems). 

The following figure shows the cabling assignments of an RS-232 
connection. 
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The host computer is usually configured as a DTE. acting as a 
tenninal device. We assume that the computer will be connected to a 
modem. 

The RS-232 signals have the following names: 

Tx transmit data 
Rx receive data 
RTS request to send 
CTS clear to send 
DSR data set ready 
DTR data terminal ready 
CD c::arrier detect 
Rl ring indicator 
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Serial protocd 

Session control 

Data is transmitted asynchronously using a bit protocol as shown 
below: 

·----------····---~---·~ 

••• Sp;l:::e 

Normally, an RS-232 data line is in the SPACE (0) condition. A 
transmitted character consists of bits in the following order. 

1) START bit (always 1) 
2) S to 8 data bits (least-significant bit fust) 
3) parity bit (optional) 
4) one or more STOP (0) bits. 

The duration of each bit is defined by the baud rote, which indicates 
the number of bits per second that can be transmitted. 

Parity is optional. but if used can be one of: 

odd sum of data bits plus parity bit is od• 
even sum of data bits plus parity bit is even 
JDU'k always 1 
apace always 0 

RS-232 uses the DTR and DSR lines to control communication 
sessions. The tenninal raises DTR when it is powered up and 
available. Similarly, the modem raises DSR when it is powered up 
and available (but not necessarily connected to a remote modem). No 
communicatic:n is expected to occur unless both DTR and DSR are 
raised. 

A terminal indicates that it no longer wishes to communicate by 
dropping the DTR line, which causes most modems to hang up the 
telephone line, thus releasing the connection. 
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serial ports 

Data bits 

Stop bits 

Serial devices 

A modem indicates that it has established a connection by raising 
CD. Some modems will also indicate that they have detected (but not 
yet answered) an incoming call by raising Rl. 

The RTS and CTS lines control the flow of data between terminal and 
modem. The terminal raises RlS when it is capable of receiving data 
on the Rx line. Similarly, the modem raises CTS when it can accept 
data on the Tx line. 

You use the atty utility to set the four major parameters that define 
an RS-232 link. 

QNX supports four character sizes. You choose the size of data 
character with one of the following atty commands: 

atty bits= 5 
atty bits= 6 
atty bits =7 
atty bits= 8 (default) 

This parameter defmes how many bits following the start bit will be 
used to form the least-significant portion of a received character. 

Ifs possible to transmit data that is followed by either one or two 
stop bits. Two stop bits are used only to slow down the overall 
transmission of data so that the remote end has a chance to keep up. 
Using atty, you specify one of these: 

atty atopb=l (default) 

stty stopb=2 

Parity To disable the transmission of parity bits, and suppress the checking 
(in hardware) of received parity bits, you specify: 

Users Guide 

stty paro:none (default) 

If parity is used, you specify one of the following values: 

atty par-=odd 
atty par=even 
atty par=mark 
atty par=apace 
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Baud rate 

Connecting 
aerial devices 

High-speed ECC 
modems 

You can specify the baud rate with the baud=number option of the 
stty utility: 

atty baud=numbtr 

QNX defaults to 9610 baud. 

High-speed. error-rorrecting modems are becoming very 
sophisticated-they work best when all hardware handshaking 
signals are respected. These modems often commmicate with the 
host computer at a fixed high-speed baud rate (e.g. 38400 baud) and 
use the RTS/CTS handshaking Jines to regulate the actual flow of data 
over the communications link. QNX is ideally suited for 
communicating with such modems. A straight-through cable is used 
to connect the modem to the computer. 

Gnd 

Tx 

Ax 

RTS 

Corrp.Jter CTS Higl-speed 
modem 

DSR 

DTR 

co 
AI 

cabling assi~s for /Inking a computer to a high-speed modem. 

Using the •tty urility. you should enable hardware handshaking in 
both directions and lock it on: 

atty +ibflow +ohflow +lkhflow </dev/aerl 
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Alternately, you could enable and lock hardware handshaking when 
starting Dev • aez-: 

Dev.aeZ' -f 3f8,4 ' 

Older modems are less sophisticated. Once a communications 
channel is established at one of the baud rates supported by that 
modem, all subsequent communication over the modem link takes 
place at exactly that baud rate. In other words, all transmitted data is 
simply passed through the modem link at the same rate that it's 
presented. Although these modems don't typically support hardware 
flow control. they often won't function properly unless all four flow 
control lines are connected. You don't need to use atty•s flow 
control options when using these modems. 

A straight-through cable is u11ed to connect the modem to lhe 
computer. 

Qld 

Tx 

Rx 

RTS 

Corrputer CTS Standard 
modem 

DSR 

DlR 
a> 
Rl 

Cabling assignments fot linking a computer to a standl!l'd modem. 
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Serial pri'lters Serial printers are usually bidirectiofiQ/ devices. Data flows from 
computer to printer as expected, but since printers can't keep up with 
the host computer, serial printers often use software flow control to 
regulate the flow of data. In other words. they transmit XON and 
XOFF characters back to the computer. Some printers use the 
hardware handshaking lines for this purpose, some support both 
forms of flow control. 

To be safe, you should connect all nine signals, although printers that 
support only software f&ow control may function just as well with a 
three-wire cable (RXt Tx, and Gnd). Also, since printers are usually 
configured as Data Tmninal Equipment (DTE)-just like the host 
computer-you may need to use a null-modem cable. 

---Gnd-
- - - Tx-

- --Rx-

---RTS-

---CTS-
--- DSR-

---DTR-

- --CD-

--- fl-

X 
X 
X 

Null modem cable 

Cabling assfgnments for linking a computer to a SIM'ial prirter. 

If the printer uses: 

software flow control 

hardware flow control 
both software flow control 
and hardware flow control 

you use: 

stty +osflov </dev/aerl 

atty +ohf1ov </dev/serl 
both stty options 
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Terminals operate with or without flow control and at a fixed baud 
rate. Unlike printers, tenninals can usually keep up with the host 
computer at a supported baud rate. Thus, a simple three-wire cable is 
usually sufficient. although you can still use a nine-wire cable. 

Like the host computer, tenninals are normally configured as DTE 
devices, so a null-modem cable is usually required 

Computer 

---Gnd--

---"TX--

---Rx--

--------- RTS ----

--------- CTS ----

---------OSR ----
--------- OTR ----

--------- co ----
--------- Rl 

X 
X 
X 

Null modem cable 

Cabling assignments for linking a computer to a terminal. 

Teminal 

If your terminal supports software flow control (e.g. VT100), it's a 
good idea to enable output software flow control and lock it on: 

atty +oaflov +lkaflov </dev/aerl 

Alternately, you could use the -x option when starting Dev. aer. 
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Configuring 
serial lines for 
terminals and 

users 

Simple example 

Automated lo~n 

Launching custom 
applications 

QNX can be used as a full-function time-sharing system. Many users 
can be connected to some or all of the computers in a QNX network 
via hardwired terminals or through modem litlks to terminals at 
remote sites. 

Assuming that the terminal/modem is properly configured, you•IJ 
also need to provide a mechanism for users to "log in .. to the system. 

Assmne a terminal, properly connected and configured, on the serial 
port /d.ev/aer:l. The simpJe.~t way of allowing a user sitting at that 
terminal to log in is te use this command: 

ontty /dev/••r:1 login 

The user will be able to log in and execute commands. However, 
once logged off (i.e. once the user terminates that shell session), the 
user won't be able to log back in. 

To automate this login process, you can use the tinit utility. This 
utility wilJ watch a specified device, waiting fCI' any key to be 
pressed on lhat tetminal It wm then start a login automatically. 

When the user has bgged in and then logged off again, tinit will 
once again wait for another key to be pres.~ed. To start Jogins when a 
data key is pressed on two serial devices called /d.ev/Hrl and 
/d.ev/ser2, you can use the following command: 

tinit -~ /d.•v/a•rl /d•v/••r2 i 

Suppose instead you wanted Jogins to be automatically started 
without first waiting fer the user to press a key. You would use the 
-t option: 

tinit -t /dev/aer:l /dev/•ar2 ' 

You don't always have to start up l09in. Yoo can specify any 
program or even specify a different program on each device.ln some 
environments, a .. canned, application is always expected on a given 
terminal 

For more information . .~:ee the documentation fcrr t:.i.ai.t:. in the 
Utilities Reference. 
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It's fairly easy to configure hardwired terminals, since all possible 
parameters are known. Modems, on the other hand, present special 
problems since they can have different configurations at different 
times. For example. most modems will answer cans at one of several 
baud rates (300, 1200, 2400, etc). You can't always know in advance 
the baud rate of an incoming call. 

A special utility called modem is provided to respond to modems. 
Used in conjunction with tini t, modem can provide excellent 
dial-up capabilities. A typical dial-up system using QNX might have 
several serial ports (/dav/sarl,/dev/ser2, etc.} and might use 
the following command to permit dial-up access through 
Hayes-compatible modems: 

tinit -c modem -t /dav/sarl /dav/sar2 & 

To set up a modem that uses a locked baud rate, you could use a 
command similar to the following: 

tinit -c "modem -b 38400 -L" -t /dav/serl & 

The tinit utility will automatically launch modem on each of the 
serial lines. When communication is established, modem will: 

• answer the phone 

• determine and set the proper baud 

• exec into login 

When the user either logs off or hangs up, tinit will once again 
launch a new modem, which will wait for another call. For more 
information. see modem in the Utilities Reference. 

Note that you don't have to dedicate a seiialline for incoming calls. 
The qtalk terminal emulator checks if the line is free, and if so, will 
connect underneath modem, allowing you to place an outgoing call. 
When the qtalk session in complete, modem will again be in 
control, waiting for incoming calls to airive. For more information, 
see qtalk in the Utilities Reference. 
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The teadnfo database 

Defining terminal type 

Full-screen programs in QNX have access to a database of terminal 
capabilities known as the terminfo database, which is implemented 
as a collection of files in the /usr/lib/terminfo directory. 

A separate ftle exists for each terminal supponed in QNX. Since 
these files use an indu~try-standard format, they can be shared 
between different UNIX systems. Your QNX system will have been 
shipped with several of these files, with names such as: 

/usr/lib/terminfo/q/qnx 
/usr/lib/teradnfo/v/vtlOO 

(the QNX console) 
(a VTI 00 terminal) 

A QNX program will access the appropriate file in the database, 
provided that the TERM environment variable has been set. 

If you don't have a terminfo file for your type of terminal, there 
are several things you can try: 

• Access the Quantum Update Service (QUlCS) and download a 
terminfo file (if it exists). 

• Access another UNIX system and look for the appropriate 
terminfo file. 

• Use infocmp and tic to make your own terminfo file based 
on the reference manual for your terminal. 

Full-screen programs use the TERM environment variable to 
determine which type of terminal is currently used. They also 
automaticaJiy adjust their behavior to properly display data and 
interpret keys from that type of terminal. 

This all works as expected, provided that the TERM environment 
variable is properly defined. 

For hardwired terminals running canned applications, you can preset 
this environment variable when the application is launched. For 
example: 

TB~lOO ontty /dev/serl custam_application 

However, users logging in via login through tinit represent a 
special problem. If the type of terminal is known, then tini t can be 
told to define this environment variable before launching login: 
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Some characters arc 
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No data can be ~nt or 
received 

Data is received and 
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tinit -c login -t /dev/s•rl ~100 ' 

Unless you restrict dial-up access to only a particular type of 
terminal, modem users will need to run a special program to ~uery 
the user for his terminal type. In QNX. such a program is 
provided-termdef. This program will display all terminal types 
supported on this system and will ask the user to select one. Once a 
terminal t:ype has been selected. te~:mdef will set the TERM 
environment variable appropriately. then exec into lOC.Jin. 

tinit -c ~odem -c ter.mdef" -t /dev/serl ' 

The following table describes actions you can take if you encounter 
some of the common problems involved in connecting serial devices. 

Probable Cause 

W.-ong baud rate or parity 

Wrong parity 

Wrong cable 

Wrong JIO poru 

lntetrupt conflict 

Interrupt conflict 

RemedJ 

Use stty to set correct baud rate anD/or 
parity 

Try different parity using etty 

Check cables; use null-modem if necessary 

Check hardware settings and verify correct 
parameters to nev. ••r: 
Change interrupt on adapter card 

Check hardwa.-e intenupcs and nev ... ~: 
startup parameters; make sure that two 
serial adapteJ'S arc not using the same IRQ 

(cont' don next potft) 
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Problem 

Data is lost 
occasionally 

Praballle Cnu 

flow conlrol supported. 
but not enabled 

Plow control not supported 

Cabling problems 
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Rlmldy 

Detennine the type offlow control 
supported by the device, and enable with 
atty(ibElow,obllow.iaflow.and 
oaflow) 

Reduce baud rates aruJ/or increase stop bits; 
if only received data is lost, specify larger 
input buffer to Dev. ••z- (-I option) 

Make sure cable is well grounded and not 
too long; also, verify that all RS-232 wires 
in the cable are connected 
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In this Chapter ... 
Partitioning the pathname space 

Setting up a DOS filesystem 
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Partitioning the pathname space 

A hard disk and 
a floppy 

Introduction 
A filesystem rooted at slash (/) may be composed of one or more 
physic:al filesystems grafted together. A physical fl.lesystem is a 
separate disk or partition. One of the physical filesystems is typically 
assigned to be the root {/), while the other filesystems are mounted 
as subdirectories. These subdirectories may exist either on disk-as 
in the case of symbolic links--<>r in an independent space called the 
prefix tree. The prefix tree maps pathnames to 110 managers, which 
in rum map to disks and devices. In all the examples in this chapter, 
the prefix tree is used to partition the pathname space. 

For more information on the prefix tree, see the chapter on 
"UO Namespace" in System Architecture. 

Partitioning the pathname space 
The following examples should help clarify how the pathname space 
is partitioned. We'll look at the following configurations: 

• a hard disk and a floppy 

• two hard disks 

• two or more QNX partitions 

• local and remote hard disks 

In these examples, we assume that Fsys as well as the appropriate 
drivers are running, and that the mount -p command has been done 
on your hard disk. 

The hard disk is mounted as slash (/) and forms the root of the 
filesystem. The floppy is mounted as /fdO: 

mount /dev/hd0t77 I 
mount /dev/fdO /fdO 
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Any reference to a pathname starting with /fdO will be directed to a 
QNX filesystem on the floppy. For example: 

ls -aR /fdO show all files on the floppy 

The first hard disk is mounted as slash V) and farms the root of the 
filesystem. The second hard disk is mounted as /home2: 

mount /dav/hd0t77 I 
mount /dev/hdlt77 /home2 

Any reference to a pathname starting with /home2 will be directed 
to a QNX filesystem on the second hard drive. For example: 

ls -aR /home2 show all files on second hard drive 

You can have three QNX partitions on a single hard drive. The 
primary partition should be type 77 (see the fdisk utility in the 
UtiUties Reference). A second partition should be assigned type 78, 
and a third should be assigned type 79. For example: 

mount /dev/hd0t77 I 
mount /dev/hd0t78 /hame2 

Any reference to a pathname starting with /home2 will be directed 
to a QNX filesystem on the second partition. For example: 

ls -aR /home2 show all files on second partition 

In a network, you might have disks with QNX filesystems on more 
than one machine. You may configure these filesystems to be: 

• independent 

• primary/secondary 

• linked independent 

In the following examples, you'll notice that local filesystems are 
associated with block special files (e.g./dev/hd0t77) while remote 
filesystems are associated with pathname prefix mappings. This 
prefix mapping redirects requests to a remote filesystem that will be 
associated with a remote block special file. 
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Independent 

Primary/secondary 

Linked independent 

In this configuration, you treat each machine as an independent, 
self -contained filesystem. To access a file on a remote machine, you 
would precede a palhname with the remote machine's node number. 
For example: 

/etc/motd 
//10/atc/motd 

file on local filesystem 
file on remote filesystem (node I 0) 

The ability to specify a filesystem fa a particular node will always 
work and is the most general mechanism for accessing remote files. 

In this configuration, you treat one filesystem a~ the primary and you 
mount the second filesystem as a subdirectory under the primary. For 
example, assume node l has the primary and node 2 has the 
secondary mounted as /home2. Node 1 boots from hard disk and has 
its root set to its local disk by a mount utility built into the operating 
system image (with l'sys and a driver). Its system initialization file 
would invoke the prefix utibty to mount the remote filesystem as 
follows: 

prefix -A /homa2=//2/homa2 

Node 2 boots over the network from node 1 and has its filesystem 
root set to /=//1/ using the -r option ofthe sinit utility built into 
the operating system. Its system initialization file would invoke the 
mount utility to mount the local filesystem as follows: 

mount /dev/hd0t77 /home2 

The Filesystem Manager (l'sys) and its driver may be built into the 
image, but they are more likely started from the system initialization 
file. In other words, node 2 boots like a simple diskless workstation, 
then starts its filesystem after booting. 

Both nodes I and 2 will access the filesystem on node I as I and the 
filcsystem on node 2 a-. /home2. 

In this configuration, you treat each machine as an independent 
self-contained filesystem, but you link portions of them together via 
the prefix utility. For example, assume that the filesystem on 
node I has a /homel directory while the filesystem on node 2 has a 
/home2 directory. You could map each home directory into the other 
filesystem's space as follows: 
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On node 1: On node2: 

prefix -A /homa2=//2/boma2 prefix -A /home1=//l/home1 

Other than this link, each filesystem is self-contained with its own 
copies of /bin etc. The advantage is greater redundancy: if one 
department uses node 2, and node 1 goes down, the department using 
node 2 can continue to work (except that the files under /homal 
won't be available). 

Instead of using prefixes to partition the pathname space, you may 
want to use symbolic links. For more infmm~ttion. see Chapter 5. 
The Filesystem Manager. in Sy.rtem Architecture. 

Setting up a DOS filesystem 
The Dosfays filesystem manager provides totally transparent access 
to DOS files and directories that reside on a DOS disk. Doafaya can 
support up to eight drives. 

You can create files on DOS disks, read them, write to them. and 
delete them with most QNX programs. You can also create, read, and 
delete directories on DOS disks with standard QNX utilities. such as 
lllkdir, ls, and rmdir. Most standard QNX utilities will work with 
DOS files. provided that the DOS file structure allows for the 
functionality ~uired by the utility. 

Your own programs will also be able to process DOS files just as they 
process QNX files, by using the standard 1/0 functions such as 
open(), read(), write(), c:lose(), seek(), etc. When you read DOS 

directories. they'll be presented to you in QNX format. 

Dosfaya has four invocation modes: 

Doafsys (-SI-al (-a] (-•] (-t) [dos_drb'e=fll\'_drive(,R]] ... £ 

Doafsys -.i. [ -n nod~] [dos_drive_ptJth] ... 

Dosfsys -o [ -n nod~] 

Doaf•y• -x ( -n node) 
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Starting Dosfsys 

Dosfsys name 
adoption 

The -i option let'\ you get infonnation about the currently adopted 
DOS drives. The -o option Jet" you see the names of any files 
currently open on each device. The -x option terminates the 
Dosfsys server. 

If you don't specify -i, -o, or -x, Dosfsys will start up and try to 
adopt the specified drives. 

To start or terminate the Dosfsys server. you must be Jogged in as 
the superuser (root). 

When you start Dosfsys, it: 

• opens the specified drive{s) 

• adopts the root DOS name (/dos) 

• registers the name qnx/dosfsys with the local Process Manager 

If no options have been specified. or if either -s or - s has been 
specified, Dosfsys scans the /dev directory for valid DOS drives to 
adopt. Unless otherwise specified on the command line, Dosfsys 
will adopt up to eight drives. DOS primary partitions (/dev/hdOtl, 
/dev/hd0t4, /dev/hd0t6, ... ) and extended partitions 
(/dev/hdOtl.l, /dev/hdOtl. 2, ... ) are mounted starting at 
drive C (/dos/c). Floppy drives are mounted as follows: 

/dev/fdO 
/dev/fdl 

~ /dos/a 
-+ /dos/b 

Dosfsys can adopt up to eight drives. As mentioned above. 
Dosfsys will adopt the name /dos as a system prefix. It will also 
manage each specific drive's name a'\ /dos/a, /dos/b, etc. These 
names aren't registered in the system prefix tree but are kept 
internally by Dosfsys. This will be transparent to the user except 
for the fact that the user won't be able to create files or directories at 
the I dos root 
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A DOS device could be one of the fallowing: 

• a DOS partition on a hard disk 

• a floppy diskette 

• an image of a DOS partition or diskette 

To create an image of a DOS diskette or DOS partition, you use the 
QNX cp utility. For example, to copy an image of a DOS floppy in 
your tloppy drive 0, you could use the fallowing: 

cp /dav/fdO /uar/qnx/doaa 

and then invoke Doafays as follows: 

Ooafaya a=/uar/qnx/doaa • 

The same could be done with a hard disk partition. Doafaya will 
handle these images just as it would the actual device. 

For all non-removable devices, oosfsys immediately reads the DOS 
boot parameter block (BPB) as well as part of the file allocation table 
(FAT) at startup. For removable devices, the BPB and the FAT are 
read only when the drive is being accessed. 

When Dosfsya has a non-removable device open, the device is 
locked for WRITE so no other process can write to this device 
without going through oosfsya. Removable devices are kept open 
and locked only during accesses (e.g. during reading or writing to the 
disk). Note that unless you specify the R option, all drives have 
READ/WRITE access. 

The Dosfsys manager supports all DOS partitions formatted with 
DOS 2 .I or later, including standard primary DOS partitions, DOS 
large partitions (DOS 4.0 and DOS 5.0 >32M), and DOS extended 
partitions (type 5). Hard disks, 5'4" floppies, and 31h" floppies are 
supported. 
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DOS partition types 

DOS text tiles 

DOS binary files 

QNX·to-DOS 
character and 

name mapping 

These are the standard DOS hard disk partition types: 

Partition type: Description: 

DOS primary partition (12-bit FAT) 

4 DOS primary partition (16-bit FAT; ~ 32M) 

5 DOS extended partition (DOS 3.3 or later) 

6 DOS primary partition (DOS 4.0 or later; >32M) 

DOS uses a structure for text files that's different from the one used 
in QNX (by text files we mean line-oriented files containing I ines of 
ASCII text separated by line separator sequences). ln DOS. each line 
of a text file is terminated with a carriage rerum sequence (CR/LF), 
while in QNX each line is terminated by a line-feed character (LF). 
The Dosfsys manager doesn't translate these files. AU files are 
treated "as is ... Therefore. you may need to use the QNX t;ext.t.o 
utility to convert your text files before copying them to or from QNX 
and DOS disks. 

Note also that the text files created by some DOS programs may 
contain a SUB c:haracter ("I) as the last character of the file. This is 
also treated as is. 

Since Dosfsys doesn't translate the contents of files, binary files 
may be copied to or from the QNXIDOS partitions as is. 

In DOS, you can•t include any of these characters in a filename: 

I \ * + = 

Nor can you use these filenames: 

CI.OCK$ 
NUL 

COM2 
LP'll 

COR 
AUX 
CON3 
LP'1'2 

PM 
COMl 
COMC 
LP'1'3 

? 

Jf you attempt to create a f.Ue that contains one of the invalid DOS 
characters or that has an invalid filename, you ·u be denied access. 

98 PB!t II • System Administration QNX Opereting Syst8m 



Translating QNX 
filenames 

User's Guide 

Setting up a DOS filesystem 

Since all DOS filenames and filename characters are allowed under 
QNX, no validation is required on these filenames. 

DOS also maps all alphabetical characters to uppercase, so Dosfsys 
maps these characters to uppercase when creating a DOS filename; it 
maps a filename to lowercase when returning the filename to a QNX 
application. 

If you specify -t when starting Dosfsys, the server will translate 
and/or truncate any QNX filenames that don't conform to the DOS 
naming conventions. The following table describes how names are 
translated: 

If the QNX filename: 

starts with a dot: . 

contains multiple dots 

has a prefix longer than 
eight characters 

has a suffix longer than 
three characters 

Here are some examples: 

Dosfsys will: 

change the . to a $ 

change all but the last dot to a$ 

truncate the prefix to eight 
characters 

truncate the suffix to three 
characters 

QNX filename: DOS filename: 

.profile $profile 

a.b.c.d $a$b$c.d 

longfilename longfile 

longfilename.eztension longfile.ezt 

a .. b .. c.def.g.h a$$b$$c$.h 
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DOS volume 
labels 

DOS/QNX 
permission 

mapping 

Attrbute-bit translations 

Permission-bit 
translations 

DOS uses the concept of a volume label, which is an actual directory 
entry at the root of a DOS filesystem. To distinguish between the 
volume label and an actual OOS file, Doafsya places an equal sign 
(=)as the first character of the volume label name. Dosfsys treats 
this directory entry as a zero-length, read-only me whose 
permissions cannot be changed. 

DOS doesn't support all of the permission bits that QNX does. The 
OOS attribute bits are as follows: 

READ_ONLY 
HIDDEN 
SYSTEM 
VOLUME_ LABEL 
DIRECTORY 
ARCHIVE 

Dosfsys uses the following mapping logic to handle the 
QNX-to-DOS attribute-bit translations: 

• if the entry is a directory, set the DOS DIRECTORY file bit 

• if the entry is a file, and if all of the QNX WRITE bits are off, set 
the DOS READ_ONL Y bit 

The following mapping logic is used to handle the DOS-to-QNX 
permission-bit translations: 

• set the QNX READ permission bits for user, group. and other 

• if the entry isn't a volume label, and ifthe entry isn't read only, 
set the QNX WRITE permission bits for user, group, and other 

• if the entry is a directory, set the QNX DIRECTORY and 
EXECUTE bits for user, group, and other 

• if the entry is a file, set the QNX REGULAR FILE bit 

If a ft1e is written to. the DOS ARCHIVE bit will be set. 

If Doa~aya is started with lhe -e option, all nos files and 
directories will have the QNX EXECUTE bits set for 
group/owner/other. 
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Although the DOS filesystem doesn't support user IDs and group IDs, 
Dosfsys will not return an error code if an attempt is made to 
change the group ID or user ID with the chovn utility or chown() 
library function. An error isn't returned because a number of utilities 
make use of the c:hown() library function, which could result in many 
error messages being displayed. 

All files under Dosfsys arc owned by the superuser (uid=O, 
group=O) with access to all. 

The -x option terminates the Dosfsys server. If you specify -x. no 
new Of'('n() requests will be accepted and the server will terminate 
once all active files (i.e. files that are still open) are closed. 

If a request made to Dosfsys isn't supported, the EOPNOTSUPP 
error code will be returned to the application making the request. 
Examples of requests not supported by Dosfsys include: 

LINK 
BLOCK_READ 
BLOCK_ WRITE 
MOUNT _PARTITION 
MOUNT _RAMDISK 
PIPE 
DISK_GET _ENTRY 
RECORD LOCKING 
SYMBOLIC LINK 

Jf Dosfsys detects a corrupt filesystem, it will return EBADFSYS, at 
which point you may wish to run the CBKDSK utility under DOS to 
correct the problem. 

The DOS filesystem structure is such that the root directory's size is 
fixed at format time and cannot be resized. If it does become full, an 
error will be returned (ENOSPC). 
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In this Chapter ... 
Introduction 

Multiple boot servers 

Multiple network links 

Configuring multiple network links 
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Introduction 
In this chapter, you'll learn about setting up multiple boot servers; 
you 'II also learn about configuring multiple network links in a single 
computer. Before proceeding with any of the operations described 
here, you must first install a single QNX network that includes a boot 
server (see Chapter 5, Network Installation). 

Multiple boot servers 
You can set up your network with multiple boot servers to provide 
fault-tolerance in case your primary boot server becomes 
inoperative, and also to distribute the boot resources to avoid boot 
bottlenecks. Before doing so, however, you must understand the 
difference between the two methods a network card may use to alert 
a boot server that it wishes to boot. 

In the first method, the network card sends a boot request to a 
specific boot server; in the second method. the card broadcasts a 
boot request to all nodes, expecting that a boot server will respond to 
the request The Quantum Arcnet card, which has nonvolatile RAM 
that can store the node 10 of the server, uses the specific boot 
method. Most other network cards don't have the means to store the 
physical node ID of the server and must use the broadcast method. 

In order to boot QNX from a network card other than Quantum·~ 
Arcnet (e.g. Ethernet, Token Ring), you must install a QNX boot 
ROM in the ROM socket on the card as described in the card's 
documentation. 

When the QNX boot ROM attempts to boot, it broadca~ts a boot 
request to a server it symbolically refers to as server .. A .. (primary 
server); if it gets no response, the ROM will start broadcasting boot 
requests to server "B" (secondary server), and finally to server "C" 
(tertiary server). 

With broadca~;t booting, netboot needs to know whether it should 
act as primary, secondary, or tertiary server with respect to each 
node. The utility finds out by opening the /etc/confiq/netboot 
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file, in which each line specifies a logical node ID, a filename 
identifying the operating system image to boot, and a server mode 
(optional): 

logical_ node _JD f=hui/dfile ll'=imaRe}lle [.ten·er _mode] 

If server mode isn't specified, netboot will act as a primary boot 
server for that node. The possible values for server_ mode are: 

A primary server (default) 
B secondary server 
c tertiary server 

The following example indicates to netboot that it is to be the 
primary server for all nodes except for node 4, where it is to be a 
secondary server: 

4 f=build/wa.arcnet B 
* f=build/wa.arcnet A 

Since broadcasts are potentially seen by all nodes on the network, 
you can run netboot on several nodes, creating multiple boot 
servers. This lets you associate specific groups of nodes with 
different boot servers. 

Although every netboot process usually receives each broadcast 
boot request, it responds only in accordance with its own unique 
/etc/confiq/netboot file, which defines the relationship to each 
requesting node (e.g. "I am node 5's secondary boot server"). 

No two boot servers can have the same server_ mode entry for any 
given logical node ID. If this rule isn't followed, every boot server 
with the same !;erver _mode entry for a given logical node ID will 
respond to that node's boot request. 

Let's now look at a 15-node Ethernet network, with nodes 1 to 9 
belonging to the ••tech" department and nodes 1 0 to 15 belonging to 
the "marketing" department. If you wanted to make node 1 the 
primary server for tech, and node I 0 the primary server for 
marketing, you would run netboot on both nodes, each with its 
own configuration file: 
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On node I (//1/etc/confiq/netboot): 

2 f=build/va.ether8003 A 

3 f=build/va.ether8003 A 

4 f=build/va.ether8003 A 

5 f=build/va.ether8003 A 

6 f=build/va.ether8003 A 

7 f=build/va.ether8003 A 

8 f=build/va.ether8003 A 

9 f=build/va.ether8003 A 

* f=build/va.ether8003 B 

On node 10 (/ /1 0/etc/confiq/netboot): 

2 f=build/va.ether8003 B 

3 f=build/vs.ether8003 B 

4 f=build/vs.ether8003 B 

5 f=build/va.ether8003 B 

6 f=build/va.ether8003 B 

7 f=build/va.ether8003 B 

8 f=build/va.ether8003 B 

9 f=build/vs.ether8003 B 

* f=build/va.ether8003 A 

In this case, you've also made node 10 the secondary boot server for 
tech, and node I the secondary server for marketing. 

Multiple network links 
As described in System Architecture, having more than one network 
link in a computer provides fault-tolerance and increased throughput, 
as well as added connectivity (i.e. you can access nodes not directly 
connected to your network by remotely executing on nodes that can 
access both your network and other networks}. 

In QNX, a node can communicate with multiple networks 
simultaneously. However, the node can communicate only with the 
nodc:JO it is directly connect~ to. Consider the following diagram 
where four computers are linked via two networks: 
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:::: ~1----r 1----r 1----r 1f 
Node 1 Node 2 Node 3 Node 4 

In this fault-tolerant network, each of the four nodes can 
communicate directly with any other node through either network 1 
or network 2. 

Compare this to the following diagram, where nodes 1 and 3 are 
connected to separate networks, while node 2 is common to both 
networks. Nodes 1 and 3 can't directly communicate with each other, 
but they can both access node 2. 

Network 1 

Node3 

Network 2 .,._...._, ~-·1..........---1 ~· 

Node 1 Node2 

With this configuration, the following command executed on node 1 
would fail because node I cannot talk directly to node 3: 

sin -n 3 
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However, since QNX aUows transparent remote process execution, 
the command could be succes.~fully executed from node 1 using 
either of these methods: 

OR 

//2 SiD -n 3 

//2 sh 
sin -D 3 
exit 

The second method starts a remote session on node 2 With this new 
session, all subsequent commands will by default be executed on 
node 2 until the ed.t command is executed. 

Configuring multiple network links 
To set up multiple network links in a single computer. you must first 
choose a unique logical network ID for every network you'll be 
configuring. You'll then need to: 

• add network cards 

• start appropriate network drivers 

• edit the /etc/config/net:.rup and /etc/config/netboot 
files 

In this section. we'll discuss these tasks and then look at examples of 
typical installations using multiple network links. 

Quantum ha.~ provided technical notes for installing network cards. 
These notes. which you•n find in /etc/z:eacbe/technote•, have 
filenames beginnins with 'Ret. (e.g. Het..et.hed003). Y~ should 
read the technical note for the type of card you·~ using before 
installing the card. 

You should instaU each network card according to the instructions 
provided with the card. Remember to note the physical node ID of 
the card. To u.~ the network card, you'll need to start an additional 
network driver. 

108 Ptut II • System Mminlstrstkln QNX Operaling System 



Starting network 
drivers 

Essential drivers 

Additional drivers 

User's Guide 

Configuring multiple network links 

The network card whose ROM resides at the higher memory address 
is the last one found during the "Power On Self Test" sequence 
performed by the BIOS. This card will usually be the one your 
computer uses to boot with over the network. 

A node can be a member of one or more networks~ for every network 
I ink. you must start a network driver. Where you start a network 
driver depends on whether or not it's an essential driver. 

An essential driver is a network driver in the boot image that enables 
a workstation to communicate with its boot server, allowing the 
workstation to access its ayaini t . node file on the server's hard 
disk. Only workstations require essential drivers. 

A workstation's boot image or build file (as specified in the 
/atc/confiq/netboot file) must always include the appropriate 
drivers to talk to the boot server. For example, the default 
/boot/build/ws . arcnet build file includes the Arcnet network 
driver (Net . arcnet) as part of the image transmitted to the booting 
workstations. 

If a boot server has more than one entry in its /etc/confiq/netboot 
file for a particular workstation-thus indicating that the 
workstation's ayaini t. node file can be transmitted over multiple 
network links-that workstation's image should have a network 
driver for every network link the boot server may try to use. These 
network drivers are considered essential and thus should be added to 
the workstation's build file. Instead of modifying a default build file, 
you should make a copy with a meaningful name-such as 
wa .arc eth8003 for a build file that will contain bothArcnet and 
Ethernet 8003 network drivers-then modify the new file. Note that 
the -d option to Nat is required if more than two network drivers are 
used. We also recommend that you see natmap in the UtiliHes 
Reference to learn how to mask nodes. 

Additional drivers are those not required for a node to boot. Like 
other programs, you usually add these drivers to the ayaini t . node 
file. For example, a boot server boots from disk and usually has its 
ayainit. node file modified to include the Network Manager and 
appropriate drivers for the networks the server will communicate 
with. 
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By default, network drivers connect to logical network ID I, 
simplifying installation of a single network. However, when 
connecting multiple networks, you have to specify the logical 
network ID to every network driver that's not on network I. To do 
this, you use the -1 (el) option of the network driver. 

For example, the following three commands in the sysinit. node 
file of a boot server would start the Ethernet drivers for two 
networks: 

Net 6 Network Manager 

Net. ether8003 -p 220 " network driver for logical 
network l (default) 

Net . ether8003 -p 340 -1 2 6 network driver for logical 
network 2 

Note that when you place two similar cards in the same machine you 
cannot use the completely automatic determination of interrupt, VO 
ports, etc. that network drivers usually provide. Instead, you must 
specify some of this information using command-line options. Yw 
must also configure the cards such that they have oo hardware 
conflicts. 

If you have to start more than two network drivers, you'll need to use 
the -d option to Net to specify the number of drivers to be used (e.g. 
-d 3 for three network drivers). Because Net is started in the build 
file for workstations and from the sysini t . node file for the boot 
server, you'll need to modify both files to add the -d option to the 
Network Manager. 
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The /etc/confiq/netmap file is the default network and node lD 
mapping file used by the netboot and net.map utilities. This file 
associates the physical node ID, logical node ID, and logical network 
ID of each node. 

By default. this file is set up for a single-network Arcnet installation, 
where the physical node JD is the same as the logical node ID. It uses 
a one-to-one mapping to make the logical node ID the same as the 
physical node ID: 

one-to-one 

If you've already set up a network where the logical and physical IDs 
differ, you'll have made changes to this file, specifying the physical 
node IDs for your nodes. For example, you may have set up an 
Ethernet network: 

1 1 ooooco 787113 
2 1 OOOOCO 164C2D 

For a single network, the logical network ID is I by default. But 
when you're dealing with multiple networks, you must specify every 
computer's logical node and logical network ID as well as its 
physical node ID. For more information. see the "Examples" section 
below. To learn about masking, unmasking, and deleting nodes, see 
netmap in the Utilitie.f Reference. 

When a workstation sends a boot request to the boot server. the 
Network Manager receiving the request passes the following 
information about the booting node to the netboot utility: 

• the node's physical node ID (determined by the hardware) 

• the driver's logical network ID (a ~rameter specified to the 
driver when it was started) 

With this information. netboot uses the mapping file (default is 
/etc/confiq/netmap) to determine the logical node ID of the 
booting machine. The netboot utility then uses the 
/etc/confiq/netboot file to determine what image to transmit to 
the node that sent the boot request. 
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The /etc/confiq/netboot file specifies which image or build 
file is to be used to boot each workstation. You may need to edit the 
file if different networks are to be supported by the same boot server. 

For example, this entry: 

* f=build/ws.a~cnet 

uses the same build file for all nodes. In the case of a mixed network, 
you need to specify different build flies for some of your nodes. 

For example, let's say you had an eight-node Arcnet network that 
worked with the default netboot entry, and you then added three 
Ethemet-only nodes. For these nodes to boot from the same server 
(assuming the server also has an Ethernet card and driver), you 
would modify your /etc/confiq/netboot file to be: 

9 f=build/ws.ether8003 
10 f=build/ws.ethar8003 
11 f=build/ws.ether8003 

* f=build/ws.arcnat 

Now that we've discussed what's involved in setting up multiple 
network links, let's look at how to: 

• add several Ethernet nodes to an Arcnet network 

• set up a fault-tolerant Ethernet network 

• set up a private network link 
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Let's assume the following network layout: 

P-2 P=3 P-.4 P-5 P•7 
1..-2 L..3 l.oo4 t...5 L-7 

+-1 J_. 
1 

l 
~DaiEOI 

1,.1 Lo-10 
1'.1 

OIJBE40 P..aDICG 1i4C20 
L=1 L..a 

800TSEJWEA 

As you'll recall, the fonnat of the /etc/config/natmap file is as 
follows: 

logical_ node _10 logical_ network _ID physical_ node _JD 

For this example, the file would contain the following entries: 

1 1 1 

1 2 ooooco 0D9B.&O 
2 1 2 

3 1 3 
4 1 4 

5 1 5 
6 1 6 
6 2 ooooco 064A2D 
7 1 7 
8 2 ooooco 7B7113 
9 2 ooooco 164C2D 
10 2 ooooco DCSBOB 
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Note that the logical node IDs are unique across both interconnected 
networks. 

To boot workstations, the netboot utility requires that each node 
have an OS image or build file associated with it. Workstations 
booting on the Arcnet network don't use the same build files as 
workstations booting on Ethernet. Consequently, the 
/etc/config/netboot file would contain the following entries: 

2 f•build/wa.arcnet 
3 f=build/wa.arcnet 
4 f•build/wa.arcnat 
5 f=build/wa.arcnet 
6 f=build/wa.arc_ether8003 
1 f=build/wa.arcnat 
8 f=build/wa.ether8003 
9 f=build/wa.ether8003 
10 f•build/wa.athar8003 

Node I has no entry since it boots from a hard disk. However, its 
ayainit .node file must stan both an Arcnet driver and an Ethernet 
driver. 

Note that you could configure node 6 to boot from either Arcnet or 
Ethernet. (Which network the node boots from depends on which 
network card is found last during the ROM scan at powerup-the 
highest addressed card is always found last). In this example, we've 
opted to configure node 6 to boot over Arcnet. Since node 6 will be 
on both Arcnet and Ethernet, you should create a special build file 
that will contain both Ret .arcnet and Ret .ether8003 (e.g. 
cp wa . arcnet wa. arc_ ether8003), and then add the Ethernet 
driver to the file. This will ensure that the boot server can transmit 
the ayainit. node file on either network. 

The default build file wa • arcnet starts the Network Manager, 
which supports up to two drivers by default. If fwther network 
drivers are required, you'll have to add the -d option to Rat. 
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Lefs assume the following network layout: 

,...___ 

P= physical node 10 
(;, logical node 10 

T 

The corresponding /etc/conU.q/netmapfile would contain lhe 
following entries: 

1 1 ooooco 0D9B40 
1 2 ooooco 064A2D 
2 1 ooooco 7B7113 
2 2 ooooco 109B40 
3 1 ooooco 164C2D 
3 2 ooooco 5C9A40 
4 1 OOOOCO DC5KOB 
4 2 ooooco 1291:40 

The corresponding /etc/confiq/netboot file could contain the 
following entl)': 

* f=build/vs.eth8003x2 

Since an additional Ethernet driver is required. you need to create a 
special build file (e.g. vs. eth8003x2) and add a second copy of the 
Net. etherB003 driver to the file. 
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Setting up a private 
network link 

If there's a lot of traffic between certain nodes on a network, you can 
set up those nodes with a private network link in order to offload the 
communication flow from the main network. For example: 

l..ogi:al~1 
(Ethernet) 
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Introduction 
QNX encourages the distribution of resources throughout a network 
with few a11ificial boundaries. Every device (disk. modem, printer, 
etc.) connected to a computer iii, by default. a shared resource. Thus, 
a program running on any computer has equal access to any device 
on the network, whether the device is connected to the same 
computer (local) or is connected to another machine (remote). 

Although it's easy for a user to transparently access any resource on 
the network, the system administrator may need to take steps to 
control access to certain types of resources. Printers and modems, for 
example, can be used by only one user at a time (unlike hard disks. 
which can be accessed by many users concurrently) and therefore 
require some sort of enqueuing facility to avoid conflicts. To allow 
convenient access to these shared. yet exclusive, resources, QNX 
provides a set of spooling services. 

A .rpooler is simply a mechanism that accepts requests for a resource 
and then allocates the use of the resource according to a se1 of rules 
that have been specified. 

To understand how a spooler can be useful, let's look at how a 
spooler controls access to a printer. A printer must be available at all 
times to users, yet it can print only one job at a time. If a spooler is 
present, users can send their data through the spooler rather than 
directly to the printer. Upon receiving data destined for the printer, 
the spooler writes this data into a temporary file instead of sending it 
immediately to the printer. Later, when the printer becomes 
available, the spooler will write the data to the printer. Thus. many 
users can freely submit print jobs, even though only one physical 
printer exists. 

QNX implements spooling through the use of named queues that are 
referenced by the "lp" set of utilities; these queues also exist in the 
file namespace in the /dev/spool directory. Data written to a 
queue will be placed on an internal list and ultimately sent to a 
defined output device. 
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The QNX spooling server is: 

~parvr 

This server can maintain many different spool queues. The following 
utilities operate on spool queues: 

lp submit files to a spool queue 
lpra remove jobs from a spool queue 
lpc control spooler queue 
lpq display spool queue status 

For more information on these utilities, see the Utilities Reference. 

Using the spool utilities 
Before any spooling can occur in a QNX system, you must run 
lparvr, the spool server: 

lparvr & 

To determine what resources it has available, and how it's expected 
to manage them, the lparvr utility first looks for a setup file called 
/etc/confiq/lparvr. node (where node is the node ID of the 
node lparvr is running on). If no setup file is found with a . node 
extension, lpsrvr will use the /etc/confiq/lpsrvr file. This 
file is found on the standard QNX distribution disks. 

The following lp command wi11 cause the file report to be inserted 
into the default spool queue (more on the default queue in "The 
spool setup file") and ultimately printed: 

~p report 

In systems where more than one spool queue is available, you can 
specify the queue name. The following command inserts report 
into a spool queue called txt: 

lp -P txt report 
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Alternately, you could use a command that writes directly to the 
queue file: 

cp report /dev/spool/tzt 

To examine the spool queue, you can use the lpq utility. The 
following is a sample output from lpq: 

1; steve [job 139] 
2: aboyd [job #42] 

1400 bytes lalist.doc 
2312 bytes netdrvr.c 

This utility lets you detennine when any submitted jobs have been 
completed; it also provides the spool job ID for use with other lp 
utilities. 

The lprm utility lets you remove jobs from a spool queue. You can 
remove a job explicitly by specifying its job ID number. Given the 
state of the default queue shown above, steve's job {#39) could be 
canceled with this command: 

lprm 39 

If job #39 is currently in progress, it wilJ be abandoned. The success 
of abandoning current spool jobs may vary with the type of output 
device you're using-some printers have large internal buffers. 

The superuser may also remove all jobs belonging to a particular 
user. For example, all of steve's jobs can be canceled with the 
following command: 

lprm steve 

The lpc utility is a system administration tool for managing 
spoolers. It lets you perform many control functions, such as starting 
up or shutting down a queue. The following basic functions are 
provided: 

• suspend/resume enqueuing of jobs 

• suspend/resume dequeuing of jobs 

• suspend/resume the current job 

• delete the current job 
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• rearrange the jobs in a queue 

• move jobs to a different queue 

• display the status of queues 

Note that lpc 's fWlctionality overlaps that of lpq and lpZ'Ia. This 
overlap is convenient, because unliJ:.e lpq and lpl:'l1\ lpc can be 
used interactively. 

Spooler architecture 
The QNX spooling system is based on two objects: tueues and 
targets. These work with each other to provide a flexible method of 
controlling data transfonnations and queuing. 

A queue is an intemallist of pending data to be sent to a target. As 
mentioned earlier, each queue is given a name that users specify 
when submitting jobs. A target is associated with the physical output 
device (e.g. a printer) and removes jobs from queues. You can 
connect the output of a queue UJ one or more targets or connect 
multiple queues to a single targeL However, you can connect the 
output of a target to only one device. 

Queues can have optional attributes caUedfilters. There are two 
types: copy-in (ci) filters. which perfoxm operations on the data 
before it's copied onto a queue (e.g. pagination); and copy-out (co) 
falters. which operate on the data after it's removed from a queue. 

Targets may have an optional control program (cp) that allows the 
output device to be initialized between jobs if required. For example. 
if a job were aborted and the device needed to be primed again, a 
device-speciftc control program could detect SIGTERM and take 
whatever action was necessary to restore the device to a stable state. 

The following diagrams illustrate how queues, filters, and targets can 
be configured to work with each other. Note that shading indicates an 
optional element. 
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The f oUowing configuration could be used where there •s a single 
printer and where a single (or no) translation of the data is recpred 
(e.g. a dot matrix printer): 

queue 

de via} 

Multiple queues may feed a single target, in which case the target 
will select the appropriate job from all the jobs in those queues based 
upon queue priority, then upon time of submission (i.e. the oldest 
pending job). 

device 

At the end of this chapter, you ·n find several example setup ftles. 
The above configuration is used in the example file in which one 
queue converts ASCII to PostScript, while the other is a direct 
PostScript queue. Both queues feed the same target, and the target 
sends the data to the PostScript laser printer. 
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lf the output of a queue is sent to many targets, the spooler will select 
whichever target is available. The following configuration is useful if 
you have three printers side-by-side and it doesn•t matter which one 
prints your job. 

device 

device 

The following configuration is a combination of the previous two 
examples. A third queue has a separate channel to one of the targets. 
This channel could be used to ensure that jobs requiring the third 
printer are always sent to that printer (e.g. the printer has color 
capabilities}. 

device 

device 
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The output of a queue is usually sent to one or more targets. but it's 
possible instead to chain the output into another queue. 

With chaining, the output of a queue is placed directly onto the 
destination queue. thus avoiding any possible copy-in operation on 
that queue. If the final queue in a chain has a copy-out filter, the filter 
will be applied. 

The spool setup file 
When started, the spooler accesses a file to get its configuration 
information. If no file is specified on the command line, the spooler 
uses die /•tc/config/lpar:vr file. This file defines queues, 
targets, and the relationships between them. 

Queues and targets have symbolic names as well as a set of 
attributes. Bach entry in the setup file has the following format 

(naml') 
attribute 
attribute 
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The definition of a queue or target begins with a [name] directive 
and consists of all valid attribute specifications until the next [name) 
directive. All leading white space is ignored. Comment Jines start 
with a pound sign: I 

If a single attribute spans two lines, the last character before the 
<newline> must be a backslash: \ 

The name may be up to 48 characters long, and may contain only 
alphanumetic characters. 

If the object being described is a target, the name must be preceded 
by a dash (-). The dash is for delineation only; it isn't considered 
part of the name. 

Each attribute consists of a two-letter key in one of the following 
forms: 

key 
keytnumber 
key=string 

Boolean 
numeric 
character 

All numbers are assumed to be decimal numbers, unless they start 
with a leading zero (meaning octal) or a leading Ox (meaning hex). 

All strings contain printable characters. The backslash (\) is a 
"special" character.ll can be used to escape other characters. For 
example, a .. realu backslash must be represented with: \\ 

The following table describes all defined keys, including the default 
used for each key if its corresponding attribute isn't specified. 
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Key: Description Default Use• 
ab-string Executed when target abandons nil; no command is executed T 

command for any reason 

af•string accounting file that commands accounting isn•t perrormed Q 
may use (lp•rvr logging is unaffected) 

cct=string di:redory in which temporary /uar/apool/lp G 
spool files are found 

ci•string copy-in command; used before binary copy-in of job; no Q 
placing the job on the queue transfonnation applied 

co=.'tJ•ing copy-out command; used when binary copy.out or job; no Q 
removing job from queue transformation applied 

cP-S( ring device control program; used by binary copy of job; no T 
the target tnmsformation applied 

d.v=string device that the target uses output is sent to standard Q.T 
output of lparvr 

._.I numeric minimum number of jobs for O; jobs are despooled as soon Q 
queue before flushing as possible 

.:xlnumeric maximum nwnber of jobs the no limit; queue limits are based Q 
queue will hold upon memory and disk space 

na-string name; a string that describes nil string Q.T 
the queue or target 

ok=.stl'ing command ex.ewted when target nil; no action is perfmmed T 
completes normany 

pz:lnumtrk priority to run this queue 50 Q 
at ( J # 100); 100 is the highest 

em-string queue to chain a despooled job ODtO nil; delete pb after despooling Q 

.-p=.vtring registered name of spooler /qn./spool•~~~~ 0 
maintaining this queue only if no queue specifies a name 

ta•string target to be associated with output is sent to standard output Q 
this queue of lptu:"9~ 

valnumeric wait this number of seconds before 0; jobs are despooled as soon as Q 
despooling each job possible 

* Q=queue: T=tartet G=global 
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Since the keys are case-sensitive. Quantum reserves all keys formed 
by two lowercase letters. You can safely implement custom 
extensions by using uppercase or mixed-case keys. The spooler 
utilities will ignore any options they don't understand. 

Two keywords, ap and cd, can define global information for the 
spooler. To indicate that they are to apply globally. you precede these 
keyword.~ with a pair of empty brackets ( [] ). 

Since the spooler always adopts the /dev /spool file namespace, 
only one spooler may run on each node. You can run multiple 
spoolers on your network if each spooler registers a different global 
name. Otherwise, each spooler will attempt to register the same 
default global name: /qnx/apooler. With multiple spoolers, you 
may wish to use names such as /qnx/spooler2, /qnx/apooler3, 
iUld 110 on. 

To specify the global name to be registered by a spooler, you use the 
sp command in the setup file. The name must always begin with a 
leading slash (/). If no ap keyword is specified, the default name 
/qnx/apooler is globally registered (i.e. network-wide). 

The cd keyword lets you define the directory to use for the creation 
of the spooler's temporary spool files. By default, temporary files are 
created in the /usr/apool/lp directory. These files get deleted 
when they're no longer required. 

Any path you specify to the cdkeyword should begin with a leading 
slash. Note that the specified directory must exist, with appropriate 
access rights assigned. 

The following example setup file informs the spooler to register the 
name /qnx/apooler2; it also places temporary files in the 
/tmp/spool2 directory: 

t Global spooler variables 

[] 

sp=/qnx/apooler2 
cd=/tmp/spool2 

t Text queue 
[txt] .... 
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Metavariables 

Default behavior 

The spooler will set the following metavariables appropriately when 
it encounters them: 

Variable: 

$(file) 

$ (fname) 

$ (spfile) 

Description: 

the filename of the submitted fiJe or 
"--standard input--'' if no name i~ provided 

the fully resolved pathname of the submitted file or 
"--standard input--" if no name is provided 

the name ofthe spool data file 

$ (username) the login name of the user who submitted the job 

$ (userid) the numeric user ID of the user who submitted the 
job 

$(queue) the name of the queue the job currently belongs to 

$ (target) the name of the target the job currently belongs to 

$ (device) the name of the device the job is scheduled on 

$ (ncopies) the number of copies the user requested 

$ ( jobid) the job ID number of this job 

In addition, all the keys defined above can be referenced as 
metavariables. For example, $ (ci) will expand to the name of the 
copy-in command, ci=string. 

The cat command is used as the default copy-in and copy-out filter 
commands. Also, unless otherwise specified in the setup file. the 
standard input and standard output of filter commands are 
automatically connected to default files or processes. The default for 
copy-in is as follows: 

cat< $(fname) > $(spfila) 

There arc: two possib lc defaults for a copy-out, depending on 

whether or not a control program (i.e. cp) is defined: 
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cat< $(spfile) >$(device) 

cat< $(spfile) I $(cp) >$(device) 

For example, a setup file like this: 

[txt] 
ta=lpt 
ci-Pr -f -h 

co=txt2ps 
cp=init_printar 

[-lpt] 
dv=/dav/par 

would result in the following substitutions: 

pr -f -h < $(fnama) > $(spfile) 
txt2ps < $(spfila) 1 init_printer > /dav/par 

Using setup files 
When you create a setup file, you specify each queue by giving it a 
name and an optional list of parameters; you specify each target by 
starting its name with a dash {-). To illustrate, here's a very simple 
setup file: 

[txt] 
ta•lpt 

[-lpt] 
dv=/dav/par 

In this file we have a queue called txt and a target called lpt. 
When data is senl to the txt spool queue, the data is saved in a 
temporary spool file and is known as a "job." When the spooler 
removes that job from the queue, the job is placed on the target, lpt, 
which then directs the data to the parallel port, /dev/par. 

It's often necessary to filter spooled data, so lpsrvr provides the 
copy-in and copy-out mechanisms. As mentioned earlier, copy-in is 
run before the data is placed on the queue, while copy-out is run after 
the data is removed from the queue. 
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Note that if you have many queues feeding a single target and one of 
the queues has a copy-out filter that may talc.e a long time to run, the 
target will be temporarily unavailable to the remaining queues if that 
queue is selected. (For more infonnation, see .. Example setup files" 
below.) 

It's good practice to put double quotes around meta variables to 
ensure they're "safe" for the command. 

A good example of the use of a copy-in filter is to pass the data 
through pr to paginate it: 

[txt] 
c:i=pr -f -h "$(file)" 
ta=lpt 

(-lpt) 

dv=/dav/par 

You might use a copy-out filter, for example, when you have both a 
PostScript laser printer and an HP laser printer. You could have two 
copy-out filters to generate the proper output fonnat. Let's say you 
have two programs: txt2pa, which generates PostScript, and 
txt2hpql, which generates hpgl: 

(ps] 
ta=lptl 
co=txt2pa 

[hpJ 
ta=lpt2 
co=txt2hpgl 

[-lptl] 

dv=/dav/sar 

[-lpt2] 

dv=/dav/par 

Don•t hardcode the output device in a copy-out definition; use targets 
for this purpose. Targets must have exclusive use of a device. and 
should be the only means of accessing a device within the spooling 
system. 
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Queues can be chained-this moves the job from queue to queue. 
TI1e following is a simple example of chaining onto a queue named 
tm.p, which then sends the data to the lpt target: 

[txt] 
qn=tmp 

[tmp] 

ta""'lpt 

[-lpt) 

dv=/dev/pa.r 

TI1e af keyword lets you specify a filename that the commands may 
access as $ (a.f) so they can write any information they want to log. 

Input errors-TI1e invoking lp utility wm report any errors that 
occur during the input of data into a queue. If you submit data by 
directly writing to the spool file in the /dev/spool directory, write 
errors will occur if something prevents a successful copy into the 
queue. 

Output errors-You can use the ab keyword to specify a command 
to execute if a target abandons a job. Tile following would inform the 
invoking user of the error via a mail message: 

ab=echo lparvr PEint job $(jobid), fila $(fila) failed\ 
I aai.lx $ (U8arnaaa) 
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The following example shows a set of queues that share a common 
target. The three queues are named! 

txt (ASCII text files) 
pa (PostScript files) 
gif (Graphic Interchange Fonnat files) 

The configuration is as follows: 

(W) ~~ I text2ps H._____.___._____.l-----,---(lpt-·~ lci!N/pal 

(ps) 

(gif) 

Here•s dle file to set this up: 

I ASCII to postscript queve: 
[txt) 

t&Blpt 
ci•text2pa 
priSO 

I direct poatacript queue: 
[pal 

ta=lpt 
prl60 
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I GIF to postscript queue: 
[qif] 

ta=lpt 
ci=gif2ps 
pr#S 

I target printer: 
[-lpt] 

dv=/dev/par 

Example setup files 

In this example, users send files with the lp utility to the appropriate 
queue, which converts the file through a copy-in filter (except for the 
ps queue). The queue then sends the converted data to the target, 
/dev/par. 

Since the hypothetical filter program~ text2ps and qi~2ps may 
take a relatively long time to process a job, copy-in filters are used 
rather than copy-out Idters. A copy-out filter will tie up the target, 
preventing other jobs from being dequeued while the filter is running. 
The chosen configuration allows other jobs to be sent to the target 
while the PostScript translation is being generated. Also, since GIF 
files tend to be large, they're assigned a lower priority than the others. 

The following example is a further refmement of the above setup, 
with some additional features required for a larger configuration. 
There are now three laser printers, all PostScript, located in different 
parts of the building (connected to I /1/dev/serl, I /2/dev/serl, 
and //3/dev/serl). The configuration looks like this: 

(ps) (lp2) /I2JOO.//ser1 

(gif) (lp3) //J/rB/Iser1 
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Here's the file to set this up: 

t ASC::U: to postscript queue: 
[txt) 

ta•lpl,lp2,lpl 
ci•taxt2ps 
pd50 

I direct postscript quaua: 
[ps] 

ta=lpl,lp2,lpl 
prlfiO 

I Qir to postscript queue: 
[gif] 

ta•lpl,lp2,lpl 
ci=qif2ps 
pd5 

I targat printers: 
[-lpl] 

av=//1/dav/serl 
<*=echo fila $ (fnama) sant to $(target) 1 mailx $ (usernilllle) 
ab=echo fila $ (fnsma) did not gat printed I •ailx $ (uaername) 

[-lp2] 
dv-//2/dav/serl 
<*=echo fila $(fnama) sant to $(targat) I mailx $(usarnama) 
sb=acho file $ (fna-) did not get printed 1 .. ilx $ (username) 

(-lpl] 
dv•//3/dav/sarl 
ok=ecbo fila $(fna.a) sant to $(target) I mailx $(usarnama) 
~-echo fila $ (fna•a) did not gat printed 1 mailx $ (uHrnama) 

The above configuration uses the same three queues described earlier 
(txt, ps, and gif) but they now feed three separate targets. The 
spooler selects the first available target from the set of targets (lpl, 
lp2, lp3) and sends the data to its corresponding printer. 

Queue selection is based on priority first. then on the age of the job. 

In this example, a mail message is sent to the submitter indicating 
whether or not the job completed normally. 
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Accessing spoolers and queues 
Many spoolers may be present on a network~ each of these can 
maintain multiple queues. To communicate with any given spooler, 
the lp utilities first locate the spooler through the unique global 
name that the spooler registers {see the section on .. Global 
keywords"). 

When using any lp utility, you can specify a spooler and queue in 
several ways. You can: 

• omit both the spooler and the queue 

• specify only the spooler 

• specify only the queue 

• specify both the spooler and the queue 

If you don't specify the spooler on the command line, the utility 
checks the LPSRVR environment variable, which contains the name 
of the default spooler. However, if LPSRVR isn't defined. the utility 
will use the spooler that has registered the default global name: 
/qnx/apaalar 

If the utility successfully locates a spooler, but you haven't specified 
a queue on the command line, the utility will check the LPDEST 
environment variable, which contains the name of the default queue. 
However, if LPDEST isn't defined, the utility will use the first queue 
entry in lhe setup file of the located spooler. 

The LPSRVR and LPDEST environment variables are used when the 
command-line information given to the lp utilities doesn't fully 
specify which spooler or queue to use. 

IJPSRVR specifies the default spooler. The following setting of 
LPSRVR would indicate that the default spooler is the one with the 
name /qnx/apaaler2: 

export LPSRVR=/qnx/apaalar2 

The name specified in LPSRVR must always begin with a leading 
slash. LPSRVR must never contain the name of a queue. 
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LPDEST specifies the default queue. You can use LPDEST in two 
ways. Yoo can specify a queue only: 

export LPDEST=waybilla 

Or you can specify a spooler and a queue: 

export LPDEST=/qnx/spoolar2/waybills 

I spooler 

laueue 

If you specify a spooler in LPDEST, the LPSRVR variable ic; ignored, 
even if it's defined. 

For compatibility, the lp utilities look at the traditional UNIX 
environment variable PRINTER if LPDEST isn't present. 

Let's look at a few simple examples that show some of the ways you 
can specify spoolers and queues. For these examples.let's assume 
you have two spoolers on the network, each with two queues. 

The r rrst spooler uses the default global name, /qnx/apoolar; its 
queues are named txt and ps. The second spooler uses the name 
/qnx/spooler2; its queues are named cheques and waybills . 

First spooler: 

/qnx/spooler/txt 
/qnx/apooler/pa 

Second spooler: 

/qnx/apooler2/chequea 
/qnx/spoolar2/waybills 

Let's say you enter the following lp command, specifying neither a 
spooler nor a queue: 

lp tast.dat 

The utility will first try to locate a spooler by checking LPSRVR. If 
that variable isn't defined, the utility will locate the spooler with the 
default global name./qnx/apooler. 
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The utility will then try to dete1mine the queue by checking 
LPDEST. If that variable isn't defined, the utility will select the first 
queue specified in the setup file of the located spooler. 

If you specify a string that begins with a leading slash, the string is 
always assumed to be a spooler name. Thus, if you enter the 
following command, the utility will treat /qn.x/spooler2 as a 
spooler: 

lp -P /qn.x/spooler2 test.dat 

Because the second spooler uses /qn.x/spooler2 as its name, that 
spooler will be located. The utility will then try to use LPDEST as 
the default queue. If LPDEST isn't defined, the job is submitted to 
the queue cheques, since that's the first queue in the setup file of 
/qn.x/spooler2. 

If you specify a string that doesn't begin with a leading slash, the 
string is always assumed to be a queue name. Thus, if you enter the 
following command, the utility will treat txt as a queue: 

lp -P txt test.dat 

The utility will first try to locate a spooler by checking LPSRVR. If 
that variable isn't defined, the utility will use the first spooler, since 
that spooler has registered the default global name, /qn.x/spooler. 

In the fallowing example, both the spooler and the queue are named. 
Since the saring begins with a leading slash, the utility will initially 
attempt to fmd a spooler called /qn.x/spooler2/vaybills. 

lp -P /qnx/spooler2/vaybills test.dat 

However, since the spooler /qn.x/spooler2/vaybills doesn't 
exist, the search will fail, at which point the utility will treat the 
specified string as a spooler name followed by a queue name. The 
spooler with the name /qn.x/spooler2 will be located, and jobs 
will be submitted to the vaybill.s queue on that spooler. 
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Initialization flies You might find it useful to configure several default spoolers, if, for 
example, your marketing, sales, and tech deparbnents each has a 
spooler running: 

LPSRVR=/qnx/apooler 
LPSRVR=/qnx/spooler2 
LPSRVR=/qnx/spoolar3 

marketing 
sales 
tech 

You normally initialize environment variables beforehand in system 
initialization files. You may wish to use one of the following files to 
initialize the variables: 

/atc/config/sysinit.node 
/etc/default/login 
/etc/profile 

run at boot time 
run at login time 
run by every login shell 
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Introduction 
QNX is a modular operating system composed of a microkemel and 
one or more processes that provide services. For example, a process 
named Fays provides filesystem services, while a process named 
Dev provides device services. 

When you build an operating system image, you select the services 
that you want to be available immediately after boot, and include the 
processes that provide those services into a custom-built operating 
system image. You create this image with the buildqnx utility. The 
image can be booted from disk by the QNX partition loader or booted 
over the network using the netboot utility. 

Constructing a build file 
The buildqnx utility takes a text file containing a list of process 
names as input and produces a binary image file containing these 
processes a. .. output. The input file is called a ••build., file. The build 
files are kept in the /boot/build directory and the image files are 
kept in the /boot/ images directory. 

You can create an image by invoking buildqnx directly or by using 
the make utility and the Makefile in the /boot directory. For 
example, you could use: 

buildqnx build/ha~d.l imaqes/ha~d.l 

OR 

make b=ha.rd.l 

Each program you want included in the created image occupies two 
lines in the build file. Empty lines are ignored. The first line is the 
pathname of the program you want included. The second line starts 
with a $ followed by a number representing the size of the heap 
(alloc space) to be used, followed by a command. 
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When an image is created for a process, space is reserved in the 
image's data segment for local memory allocation. If thili space is set 
too small, the system will have to dynamically grow the data 
segment at runtime, which can result in minor memory 
fragmentation. If the space is set too large, you' 11 end up wasting 
memory. For more information on setting appropriate heap sizes, see 
the documentation on Proc in the Utilities Reference. 

You can set the initial priority of a process by following the heap size 
with an optional : nn argument, where nn is the desired priority. For 
example, the following would start the Device Manager (Dev) with a 
4K heap and a priority of 24: 

/bin/Dev 
$ 4000:24 Dev 

Ey setting the priority in this way, you can control the order in which 
processes start up. 

The processes you include in an operating system image are 
determined by several factors. Yru can typically group images into 
three classifications: 

• images that boot from disk 

• images that boot over the network 

• images for embedded systems 

For images that boot from disk or over the network, you can stan 
most processes after booting. You do so by placing their command 
line in the system initialization file that QNX executes after boot (see 
the section "The system initialization file" in Chapter 4). This lets 
you keep the boot image small and simple. 

When you're building an image. remember that there are two 
re41uired processes: 

• the Process Manager/Microkernel (/boot/sys/Proc) 

• the system shared library {lboot/sys/Slib) 
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For hard disk booting. you need to include: 

• the two required system processes (Proc and S~ib) 

• the Filesystem Manager (Fsys) 

• the driver required to access the drive (Fsys . driver) 

For more information. see buildqnx and sinit in the 
Utilities Reference. 

The Makefile under the directory /boot contains an entry for 
making a generic hard disk boot. You can provide command-line 
macros to change the defaults. The fallowing macros are defmed: 

Macro make argument Default Description 

$b b=buildjilt! no default build file 

$d d=driver Fsys. wd disk driver 

$h h=harddisk /dev/hdO nard disk device 

$i i=imageftle images/buildftle image file 

$p p=paramettrs no default hard disk parameters 

This is the makefile: 

FILES = @build/$b 

I Defina some defaults which may be overridden 
t by h•xx and d-xx 

d = Fays.wd 
h /dav/bdO 
i = $b 

$b: imaqes/$b 

I Each OS tmaqe file is dependant an the care 
t modules it is made from. 

imaqes/$b: bui1d/$b $(FILES) 
buildqnx -v d=$d h•$h p-$p build/$b imaqes/$i 
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The following examples will help clarify the Makefile usage: 

Use build file /boot/build/hard .1 and make an image 
/boot/images/hard .1 that contains a Western Digital driver and 
a mount command that mounts a QNX filesystem on /de•/hdOt 77: 

make b=hard. 1 

Use build file /boot/build/hard. 1 and make an image 
/boot/images/hard.l that contains a PS/2 SCSI driver im;tead of 
the Western Digital driver and a mount command that mounts a 
QNX filesystem on SCSI 1D 6: 

make b=hard.l d=Fsys.ps2s h=/dev/hd6 

Use build file /boot/illlages/hard.l and make an image 
/boot/ ;Unage•/pe2e that cun&ains a PS/2 SCSI driver instead of the 
Western Digital driver and a mount command that mounts a QNX 
filesystem on SCSIID 6. The image is written to the image file ps2s 
rather than the default, which is the name of the b= option (in lhis 
case haz:d.l). 

make b=haz:d.l d=Fsys.ps2s h=/de•/hd6 i=ps2s 

Once you've built an image, it won't become the new boot image 
untii you copy it to the I. boot file. However, before you do this, 
you should make a backup of the current /.boot file by copying it 
to the I . altboot file: 

cp /.boot /.altboot 

If for any reason your new image doesn't work properly, you can 
press <Esc> when prompted during the boot process and load the 
. /altboot file instead of the . /boot file. When you select the 
alternate boot image, the normal check for the 
/etc/conf.i.g/sys.i.nit . node file L~ replaced by a check for the 
/etc/confiq/altsysinit file. You should ensure that the 
altsysinit f ile contains the latest copy of your working sysinit 
file: 

cp /atc/confiq/ayainit.node /atc/config/altayainit 
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Note that the hard. 1 build file doesn't contain the Device Manager 
/bin/Dev. The Device Manager and its drivers are usually started in 
the system initialization file after the system boots. 

If the system initialization file isn't executed, the Device Manager 
will not be started. As a result, your keyboard and system console 
won't function. 

For network booting, you need to include: 

• the two required system processes (P:roc and Slib) 

• the Network Manager(Het) 

• the driver required to access the network (Ret . driver) 

The Makefile under /boot contains an entry for making a 
workstation boot. 

The following example uses the build file 
/boot/build/ws . a:rcnet and makes an image 
/boot/imaqes/ws.arcnet: 

make b=ws.a:rcnet 

When you boot over the network, you have the option of loading a 
pre-built image or building one on the fly. If you build an image on 
the fly-which is recommended-then you won't need to build one 
manually a~ shown above. This option is specified in the 
/etc/boot/netboot file and documented with the netboot 
utility. 

When the netboot utility invokes bui~dqnx to build an image on 
the fly, the image file is not written to disk. 

An embedded system doesn't need to contain a filesystem or a 
network manager. As such, the image should contain all the 
processes needed to run the system. This image would then have to 
he transferred to the embedded system (most likely in ROM). 
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In this Chapter ... 
What is RCS? 

Getting started 
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RCS file format 

RCS commands 
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What is RCS? 
The Revision Control System (RCS) helps you manage multiple 
revisions of text files. RCS automates the storing, retrieving, Jogging, 
identifying, and merging of revisions. You should find RCS useful for 
any text that's revised frequently. including programs, 
documentation, graphics, papers, and form letters. 

More specifically, RCS lets you do the following: 

• Store and retrieve multiple revisions of text-With RCS, 
changes don't destroy the original; previous revisions remain 
accessible. You can retrieve revisions according to ranges of 
revision numbers, symbolic nwnes, dates, authors, and states. 

• Maintain a complete history of changes-Res logs aU changes 
automatically. In addition to the text of each revision, RCS stores 
the author, the date and time of check-in, and a log message 
summarizing the change. The logging makes it easy for you to 
find out what happened to a module, without making you 
compare source listings or track down colleagues. 

• Resolve access conflicts-When two or more programmers try to 
modify the same revision, RCS alerts the programmers and 
prevents one modification from corrupting the other. 

• Maintain a tree of revisions-Res can maintain separate lines 
of development for each module. It stores a tree structure that 
represents the ancestral relationships among revisions. 

• Merge revisions and resolve conflicts-You can coalesce two 
separate line~ of development of a module by merging. H the 
revisions to be merged affect the same sections of code, RCS 
alerts you about the overlapping changes. 

• Control releases and configurations-You can assign symbolic 
names to revisions and mark the revisions as released, stable, 
experimental, etc. With these facilities, configurations of modules 
can be described simply and directly. 
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• Automatically identify each revision-Res lets you identity 
each revision with name, revision number, creation time, author, 
etc. The identification is like a stamp that you can embed at an 
appropriate place in the text of a revision. The identification 
makes it simple to detem1ine which revisions of which modules 
make up a given configuration. 

• Minimize secondary storage--RCS needs little extra space for 
revisions; it needs space only for the differences. If intermediate 
revisions are deleted, the corresponding deltas are compressed 
accordingly. 

Getting started 
You should f'md the basic user interface for RCS easy to learn. You 

can perform most essential functions with only two commands: 

• ci-"check-in" command. This command deposits the contents 
of a file into an archival file called an RCS file. An RCS file 
contains all revisions of a particular file. 

• co-"check-out" command. This command retrieves revisions 
from an RCS file, creating a working file. 

Now let's suppose you have a file f. c that you wish to put under 
control of RCS. Invoke the check-in command: 

ci f.c 

This command: 

1) creates the RCS file f . c, v 

2) stores f . c into f . c, v as revision t . t 
3) deletes f. c 

4) asks you for a description 

The description you enter should be a summary of the contents of the 
file. All later check-in commands will ask you for a log entry, which 
should summarize the changes that you made. 

Files ending in , v are caiJed RCS files (v stands for ··versions .. ); all 
others are called working files. 
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To get back the working file f. c in the above example, use the 
check-out command: 

co f.c 

This command extracts the latest revision from f. c, v and writes it 
into f .c. 

If you want to edit f. c, you must Jock it when you check it out with 
the co command: 

co -~ f.c 

You can now edit f . c. 

Let's say you've done some editing and you want to see what 
changes you've made. The command: 

rcsdiff f.c 

tells you the difference between the most recently checked-in version 
and the working file. You can then check the file back in by invoking: 

ci f.c 

Tbis increments the revision number properly. 

If ci complains with the message: 

ci error: no lock set by your name 

you've .. ied to check in a fde even though you didn't Jock it when 
you checked it out. Of course, it's too late now to do the check-out 
with locking, because another check-out would overwrite your 
modifications. Instead, you should invoke: 

res -1 f .c 

This command will lock the latest revision for you, unless somebody 
else got ahead of you already. In this case, you'll have to negotiate 
with that person 
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Locking assures that you-and only you~n check in the next 
update, and avoids problems if several people work on the same file. 
Even if a revision is locked, it can still be checked out for reading, 
compiling, etc. The only thing that locking prevents is a check-in by 
anybody but the locker. 

If your RCS file is private (i.e. you're the only person who's going to 

deposit revisions into it), strict locking isn't needed and you can tum 
it off. If strict locking is turned off, the owner of the RCS file need 
not have a lock for check-in; an other users still do. You tum strict 
locking on and off with these commands: 

rca -L f.c sets locking to strict 

res -u f .c sets locking to non-strict 

If you don't want to clutter your working directory with RCS files, 
create a subdirectory called RCS in your working directory, and move 
all your RCS files there. RCS commands will look first into that 
directory to find needed files. All the commands discussed above 
will still work, without any modification. You can specify pairs of 
RCS and working files in three ways: 

• both files are given 

• only the working file is given 

• only the RCS file is given 

Both RCS and working files may have arbitrary path prefixes; RCS 
commands pair them up intelligently. 

To avoid deleting the working file during check-in-in case you 
want to continue editing or compiling-invoke either of these 
commands: 

ci -1 f .c 

ci -u f.c 

These commands check in f. c as usual, but perfonn an implicit 
check-out. Thus, they save you one check-out operation. The ci -1 

command also locks the checked-in revision-it's useful if you want 
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to continue editing. The ci -u command doesn't lock the checked-in 
revision-it's useful if you just want to read the file. Both commands 
update the identification markers in your working file (see 
•• Automatic Identification"). 

You can give ci the number you want assigned to a checked-in 
revision. Let's say all your revisions were numbered 1.1, 1.2, 1.3, 
etc., and you want to start release 2. Either of these commands: 

ci -r2 f.c 

ci -r2.1 f.c 

assigns the number 2.1 to the new revision. From then on, ci will 
number the subsequent revisions with 2.2, 2.3. etc. The 
corresponding co commands: 

co -r2 f.c 

co -r2.1 f.c 

retrieve the latest revision numbered 2 .. rc and the revision 2.1, 
respectively. If you invoke co without a revision, it selects the latest 
revision on the trunk (i.e. the highes1 revision with a number 
consisting of two fields). Numbers with more than two fields are 
needed for branches. For example, to start a branch at revision 1.3, 
invoke: 

ci -:d.3.1 f.c 

This command starts a branch numbered 1 at revision 1.3, and 
assigns the number 1.3.1.1 to the new revision. For more information 
about branches, see the section on "RCS file format.'' 
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Automatic identification 
RCS lets you place special identification strings into your source and 
object code. You simply place the marker. 

$Id$ 

into your text-inside a comment, for in.~tance. RCS will replace thi~ 
marker with a string of the form: 

$Id: jil~nam~ uvision date time author stall! $ 

With such a marker on the first page of each module, you can always 
see which revision you•re working with. RCS keeps the markers up 
to date automatically. To propagate the markers into your object 
code. simply put them into literal character strings. In C. you do this 
as follows; 

atatic char rcaid() = "$Id$"; 

The command idea.t extracts such markers from any file. even 
ohject code and dumps. ThuR, icleftt let~ you find out which 
revisions of which modules were used in a given program. 

You may also find it useful to place the marker $Log$ into your text, 
in.~ide a comment This marker accumulates the log messages that 
are requested during check-in. Thus, you can maintain the complete 
history of your file directly inside the file. There are several 
additional identification marker~; see ca in the Utilities Reference for 
details. 

If you're interested in finding out more about RCS, we recommend 
the following: 

Walter F. Tichy, "RCS-A System for Version Controt:• 
Software-Practice & E.T{Jerience 15, 7, July 1985 
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RCS file format 
An RCS fite•s contents are described by the grammar below. The text 
is in free format-the following characters, which collectively fonn 
white space. have no significance except in strings: 

<apace> 
<backspace> 
<tab> 
<newline> 
<vertical tab> 
<fora feed> 
<caz:z:iaqe z:etuz:a> 

Strings are enclosed by at·signs (@),one at each end of the string. If a 
string is to contain an at-sign, the@ must be doubled. Otherwise.. 
strings may contain arbitrary binary data. 

The meta syntax uses the following conventions: 

Convention: 

{ and J 

{ and )* 

{ and }+ 

Purpose: 

separates alternatives 

encloses optional phrases 

encloses phrases that may be repeated zero or 
more times 

encloses phrases that must appear at least once 
and may be repeated 

Note also that terminal symbols are in boldface; nonterminal 
symbols are in italics. 
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rcstext .. - 11dmin f delt11 }* desc { deltatext} * 

11dmin .. - head (num}; 
{branch (num}; } 
access {id}*; 
symbols {id: num}*; 
locks {id: num}*; 
( comment {string}; } 
{expand (string); I 
( newphriiSe I* 

delt11 ::= num 
date num; 
author id; 
state (id}; 
branches (nunr} "'; 

next (num}; 
( newphrase } * 

desc ::= desc .vtring 

deltatext : := num 
log .tiring 
( newphrase }* 
text string 

::= {digiti. I J+ 
::= 0 111 ... 1 9 

::= letter{idchar}* 

: := any letter 

RCS file format 

{.ttrict;} 

num 

digit 

id 

letter 

idchar 

speci11l 

string 

: := any visible graphic character except .tpecial 

::= $I, I . I : I; I@ 

::= @{any character, with@ doubled}*@ 

newphriiSe ::= id word*; 

word ::= id I num I string I : 

Identifiers are case sensitive. Keywords are in lowercase only. lbe 
sets of keywords and identifiers may overlap. In most environments, 
RCS uses the ISO 8859/1 encoding: 
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• letters are octal codes 101-132, 141-172, 300-326, 330-366 and 
370-377 

• visible graphic characters are codes 041-176 and 240-377 

• white space characters are codes 0 1 0-015 and 040 

The new phrase productions in the grammar are reserved for future 
extensions to the fonnat of RCS files. No new phrase will begin with 
any keyword already in use. 

The delta nodes form a tree. All nodes whose numbers consist of a 
single pair (e.g. 2.3, 2.1, 1.3, etc.) are on the trunk, and are linked 
through the next field in order of decreasing numbers. The head 
field in the admin node points to the head of that sequence (i.e. it 
contains the highest pair). The branch node in the ad min node 
indicates the default branch (or revision) for most RCS operations. If 
empty, the default branch is the highest branch on the kunk. 

All delta nodes whose numbers consist of 2n fields (n) (e.g. 3.1.1.1, 
2.1.2.2, etc.) are linked as follows. All nodes whose first 2n-1 
number fields arc identical arc linked through the next field in order 
of increasing numbers. For each such sequence, the delta node 
whose number is identical to the fli'St 2n-2 number fields of the 
deltas on that sequence is called the branchpoint. The branches 
field of a node contains a list of the numbers of the first nodes of all 
sequences for which it is a branchpoint. This list is ordered in 
increasing numbers. 
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T 
r 
u 
n 
k 

~ 

2.1 
I 

ACS commands 

1.3 -- 1..3.1.1 

~ 1.22.1 - --- 1.2.22 

1 
1.2.2.1.1.1 

1.2 .....loo-12.1.1 1.2.1.3 

I 
1.1 

RCS commands 
The following table summarizes theRCS commands. Allofthese 
commands are described in the Utilities Reference. 

Command: 

ci 

co 
.ideftt 

res 
rcsclean 
Z'C8diff 

~:camerqe 

rloq 

Deserlptlon: 

check in RCS revisions 
check out RCS revisions 

identify flles 
change RCS file attributes 

clean up working files 
compare RCS revisions 
merge RCS revisions 
print log messages and other info about 
RCS files 
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In this Chapter ... 
Introduction 

When to back up 

Backup formats 

Backup media 

Compression 

Archive examples 

Chapter 13 

Making Backups 
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Backup formats 

Introduction 
This chapter deals with making a copy of your data to guard against 
hardware, software, or human error that may destroy the original. If 
your data is important to you, you should regularly perform a set of 
backup procedures that would allow you to restore lost data with 
minimal costto you in time and money. Remember: hard disks do 
fail and people do make mistakes. It's too late to start a backup after 
your data is gone! 

You can back up an entire filesystem or only portions of it. Users 
may elect lo back up their own files only, usually to floppy diskette. 
To back up large portions of the filesystem with files owned by many 
users, you '11 need to have read permissions on these files. The 
superuser (root login account) has such privileges. 

When to back up 
Yoo should back up often enough so that you can recover data that is 
still current or can be made current with minimal work. In a software 
development group, this may range from a day to a week. Each day 
of out-of -date backup will generally cost you a day of 
redevelopment. If you're saving financial or point-of-sale data, then 
daily or even twice-daily backups are common. 

Backup formats 
QNX supports a variety of backup formats that can be classified into 
two groups: arch;ves and regularjilesystems. 

An archive consists of one or more files, merged into a single unit 
with its own directory of contents. This single unit can be saved 
either to a regular QNX file or to a raw block device like a floppy or 
tape. 

Saving to a regulal' filesystem simply involves copying the fiJes. In 
this case, the destjnation must be a device with a mounted QNX 
filesystem on it 
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Backup formats 

QNX supports three major archive utilities: 

• cpio 

• tar 

• pax 

Both cpio and tar are implemented as links to pax, which is 
capable of reading and writing both cpio and tar formats. Both 
cpio and tar are common on UNIX systems. The pax utility is a 
cover utility for cpio and tar, so it doesn't support its own archive 
format. By default, pax will use the tar format when creating an 
archive. 

The pax utility will detect when you've reached the end of a media 
on a volume and Will prompt you to insert the next volume to be 
used for the save. The result is a backup spanning several media 
(diskettes. tapes, etc.). 

Unfortunately, the tar/cpio format does not label the media with 
volume IDs. If you mixed up your media or inserted the wrong one 
out of order, you would end up restoring bad data. 

To safeguard against this possibility. QNX is shipped with the vol 
utility, which labels each volume with its sequence number and 
therefore prevents you from inserting out~of-sequence media. The 
vol utility will, by default, step over block one of all media. This is 
imporlant for floppies and carlridge disks that contain a QNX 

signature in block one. This signature contains the size of the diskette 
(360K, 1.2M, etc.) and allows for automulic remounting of 
removable media by the filcsystem. Quantum ships its distribution 
diskettes using pax to create an archive, freeze to compress the 
data, and vol to write to the floppies. 

lf you wish to save data for resloration on a UNIX system other than 
QNX, don't use freeze orvol, since you won't tind those utilities 
to do the restore at that end. Instead, use pax to save and restore 
directly to lhe target media. 
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You back up to a filesystem by copying files, probably with the cp 
utility or with cpio -p. If your destination media is a floppy 
diskette, the cp utility will prompt you for more diskettes, but 
remember that no single file can be larger than the diskette size. If 
you wish to back up to floppy, we recommended that you use one of 
the archive utilities. 

Backup media 
Your choice of backup media will be deteJmined by available 
hardware and cost. There are four common choices: 

• floppy 

• tape 

• removable disk 

• fixed di:sk 

FloppieR are the most widely available device for backups. Their 
major shortcoming is their limited size. Since the QNXpax and vol 
utilities let you span media, your only concern will be having to feed 
several floppy diskettes into the drive. If you have to deal with more 
than four or five floppies. this will make the procedure unpleasant 
enough that backups may occur less frequently. You might want to 
consider compressing your data as described below. 

In order to back up/restore from a floppy diskette, you must make 
sure the floppy driver has been started. This is described under 
Fays. floppy in the Utilities Reference. For most people, the 
following command line will start the driver (assuming that Fays is 
already running), which wiU then create a block special file for each 
floppy: 

Command line 

l'sys. floppy 

Block special files 

/dev/fdO (floppy drive A) 
/d•v#d1 (floppy drive B) 
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Backup media 

If you use an archive utility for your backups, it will read and write 
directly to the floppy block special file. If you elect to use the cp 
utility, you'll have to mount a filesystem on the block special device. 
For example: 

mount /dev/fdD /fdD 

Remember to foamat and initialize new floppies. The following 
example would initialize a high density 5 w· floppy diskette: 

fdformat -s 1. 2m /dev/fdO 
dinit /dev/fdO 

You may now treat the floppy as a QNX filesystem mounted as /fdD. 

QNX provides a driver for the QIC-02 interface standard. This is a 
standard Y4-inch car~idge tape that can hold from 60 to over 300 
megabytes of data on a single tape. 

To back up/restore from a tape, you must make sure the tape driver 
has been started. This is described under Fays. qic02 in the 
Utilities Reference. For most people, the following command line 
will start the driver, which will then create a block special file for the 
tape: 

Command line 

Faya.qic02 

Block special tiles 

/dev/tpO 

The archive utilities will read and write directly to the tape's block 
special file. You can't mount a filesystem on this type of block 
special file. 

When the QIC-02 driver receives a request to read or write, it does so 
by starting at the current tape position. If you're starting a new 
backup, you'JJ need to erase and rewind the tape. A number of tape 
position and control functions are provided by the tape utility, 
which is described in the Utilities Reference. For example, the 
following command would erase, then rewind the tape in preparation 
for an archiving procedure: 

tape erase 
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Removable hard disks are popular in both magnetic and optical 
formats. The optical formats hold more data, but they're slower. 
Most units use a SCSI interface to the computer, so you may want to 
consider making your internal fixed disk a SCSI drive. Unlike 
floppies and tapes, a removable hard disk lets you avoid using the 
archive utilities like pax. Instead, you'd likely use cp to copy your 
data to a real filesystem on the cartridge. This allows you to recover 
single files very easily and quickly. 

You can place a second hard disk in your machine or you can back 
up to a hard disk on another machine in the network. This will give 
you an online backup. However, it's still a good idea to maintain 
off-site storage. 

Compression 
You can use a compression utility to reduce the amount of space 
required to store data. The amount of compression will depend on 
the nature of the data you're saving. Some databases containing large 
amounts of repetitive data may compress up to 90%. Other data 
might compress less than 10%. Although compressing may save 
media space, it has two side effects: 

• Compressing requires a fair amount of computation and may slow 
down the saving of data. 

• You can't recover compressed data should a defect develop, such 
as a bad block, on your saved backup media. Potentially. all data 
following a bad block can be lost. In comparison, uncompressed 
data will simply have a "hole" in the middle. 

You may use the freeze utility to com press your data and the melt 
utility to restore it. Both these utilities will act on a stream of data as 
well as on files. This ability to act as a til ter lets you connect them to 
one of the standard archivers via a pipe. For example, Quantum 
distributes the QNX operating system in compressed form on 
floppies using pax, freeze, and vol. 
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Archive examples 
Collect files under /home into a tar formal archive, compress the 
archive and write it out to as many floppies as are needed, adding 
sequence numbers to the diskettes: 

pax -w -x uatar /home I freeze I vol -w ldevlfdO 

Read data off floppies, uncompress it back into an archive. and 
restore the files: 

vol -r ldevlfdO I melt I pax -r 

Save files under /homelbrianc in a tar format archive for 
relitoration on a UNIX system: 

pax -w -tldevltpO -xustar /homelbrianc 

Save files under lhomelbrianc in a cpio ronnat archive for 
restoration on a UNlX system: 

pax -w -xcpio -t/dev/tpO /home/brianc 

Restore data in a tar or cpio format archive from another UNIX 

system and place all files under lusrlunix: 

pax -r -s -tld.evlfdO ",l,lusrlunixl," 

Start a new tape archive and save all files onto a QIC-02 tape: 

tape erase 
pax -w -tldevltpO I 

Append files that have changed since the date of the file lastsave 
to the end of an existing archive tape. After the save, update the time 
of lastsave: 

tape forward 
find I -newer lastsave I pax -w -tldevltpO 
touch lastaave 

Chapter 13 • Making Backups 163 



Archive examples 

Cartridge/optical 

Restore all the files on a tape that are under the directory 
lhomelrobo: 

tape rewind 
pax -r "/homelrobo/*" -t/dev/fdO 

Copy all files from the filesystem on node I to the filesystem on 
node 2: 

cp -Rp /11/ 1121 

In the following example, the disk on node 2 is a very large optical. 
A full backup is done each Friday and a partial backup of modified 
files could be done each day of the week: 

cp -Rp /11/ //2/fri 
cp -Rp -a date /Ill //2/mon 
cp -Rp -a datt /Ill //2/tue 

You can also do this with cpio -p. 
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Chapter 14 

Disk & File Recovery 

In this Chapter ... 
Introduction 

Overview of QNX 4 disk structure 

File maintenance utilities 

Disk recovery procedures 

What to do if your system will no longer boot 

Recovering lost files and directories 

We recommend that you read this chapter in its entirety in case you 
ever have to perfomt any disk recovery procedures. 
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Introduction 
The QNX filesystem achieves high throughput without sacrifteing 
reliability. The file.~ystem i.~ designed to be as robust as possible; 
however, there wiD always be situations in the real world where disk 
corruption will occur. Hardware will fail eventually. power will be 
interrupted, and users will no doubt reboot the computer at just the 
wrong time. 

The QNX filesystem has been designed to tolerate such catastrophes. 
It is based on the principal that the integrity of the filesystem as a 
whole should be consistent at all times-any .single failure will 
damage no more than the content~ of files opened for writing at the 
time of a cra.~h. 

Effectively, this means that the most common types of 
failures-power failure, reboot, CPU cra.~-usually leave the QNX 
filesystem intact 

If a crash occurs, we've provided recovery utilities that let you 
examine the filesylitem to determine if any damage was done to files 
that were open for writing at the time of the cra.~h. These same 
utilities can also fix such damage, and in many cases will completely 
restore the filesystem. 

Sometimes the damage may be more severe. For example, it's 
possible that a hard disk will develop a bad block in the middle of a 
file, or worse, in the middle of a directory or some other critical 
block. Again, the utilities we•ve provided can help you determine the 
extent of such damage. You can often rebuild the filesystem in such a 
way as to avoid the damaged areas. In this ca.~e. some data will be 
lost. but with some effort. a large portion of the affected data may be 
recovered 

Overview of QNX 4 disk structure 
In this section. we describe how the QNX filesy.stem stores data on a 
di.~k. Reading this section should enable you to recognize and 
possibly correct idesystem damage if you ever have to rebuild a 
file system. 
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Overview of QNX 4 disk structure 

If you have a C development package, the header file <sys/fsys.h> 
contains the definitions for all terms used in this section. 

For an overall description of the QNX falesystem. see System 
Architectul'~, Chapter 5, The Filesystem Manager. 

A QNX fdesystem may be an entire disk (ln dte case of floppies) or it 
may be one of many partitions on a hard disk. Within a disk panition, 
a QNX filesystem contains the following components: 

Loader 

RoottD:it 

- -

Bitmap 
- -
- -

Root (hctcty 
- -
- ,1--

1 
Olha'data 

The following blocks are always found, in this order, on a QNX 4 
disk partition: 

I) loader block 
2) root block 
3) bitmap blocks 
4) root directory 

The first block of a QNX partition. the loader block contains the 
bootstrap loader that loads the QNX OS into memory. 

The second block of a QNX partition. the root block contains the 
directory entry for the root(/), the inode entries for the inode file. 
and a label field. 
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Bitmap blocks 

Root drectory 

Several consecutive blocks follow the root block. The bitmap blocks 
fonn the bitmap for the QNX partition. One bit exists for each block 
on the partition. thus one bitmap block will be used for every 4096 
disk blocks (corresponding to 2M of disk space). 

If the value of a bit is zero. its corresponding block is unused. 
Unu.~d bits at the end of the last bitmap block (for which there arc 
no com:sponding di.~k blocb) are turned on. 

Bit assignments start with the least-significant bit of byte 0 of the 
first bitmap block-which corresponds to QNX block #I I. 

The root directory follows the bitmap blocks. The root directory is a 
.. normal" directory (see .. Oirectorie~." below). It is initially created 
by the dinit utility with enough room for 32 directory entries (4 
blocks). 

As the following illustration shows. the root directory{/) contain.~ 
directory entries for several special files that always exist in a QNX 
filesystem. The diDit utility creates these files when the filesystem 
is first initialized. 

I -
I 

-
I 

-
.btt.map I 

-
JDocle8 I 

-
.boot I 

-
.altboot I 

-
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I . A link to the directory: 1 

I . . Also a link to the directory. 1 

I .l:d.t.aap Represents a read--only file consisting of the bitmap 
blocks. 

I . inodu A normal file of at least one block on a floppy/RAM 
disk and 16 blocks oo other disks,/ . inod•• is a 
collection of inode entries. The f~rst entry is reserved 
and used as a signature/info area. The fust bytes of the 
. iaode file are "lamTHE.inodeFILE". 

I . boot Represents an OS image file that will be loaded into 
memory during the standard boot process. This file 
will be of zero length if no boot file e)ltists. 

I. altboot Represents an OS image file that will be loaded into 
memory during the alttmatt boot process. This file 
will be of zero length if no alternate boot file exists. 

A directory is simply a file that has special meaning to the filesystem. 
A directory file contains a collection of directory entries as shown in 
the following illustration: 

one ltiYsialll:i:lck 
d'aChetory 

0 

1 

2 

3 
4 
5 
6 
7 

Normal dii'BCloty Blltry. 

. ~.1181 
11_!W 

d_flsl_lft 

~ Ill 
cu -cs....n ll'lle. 
a_ ..,.. 
~ 

..... IU'II..)IIa .. _~ 
CIUIII 

Cl..pa 
-...:-
~141 

GJIIIPI 
d_ .. 
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Links 

The type of directory en•y is determined by the bits in the 
d_status field. as foUows: 

Bit 3 (riLE_ LINE) Bit D (FILl:_ USED) Comment 

0 0 unused directory entry 

0 1 normal, used directory entry 

l X link to an enuy in I . i.nodes 
(which may be used or unused) 

The first directory entry is always for the file ••." and inc1udes a 
directory signature ("I•QNX"). This entry refers to the directory 
itself by pointing to the entry within the parent directory that 
describes this directory. 

The second entry is always for the" .. •• me. This entty refers to the 
parent directory by pointing to the first block of the parent directory. 

Every directory entry either defines a file or points to an entry within 
the I. i.nodes file. lnode entries are used when the filename exceeds 
16 characters or when two or more names are linked to a single file. 

The first extent (if any) of a file is described in the directory/inode 
entry. Additional file extents require a linked list of extent blocks 
whose header is also in the directory/mode entry. Each extent block 
in the chain points to between 1 and 60 extents. 

Files with names greater than 16 characters long and links to other 
files are implemented with a special form of directory entry. These 
entries are identified with the _FILE_ L:INK bit (Ox08) of the 
d_atatua field being set. 

For these files. a portion of the directory enwy is moved into the 
I . inodes file. 
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0 
48 
52 
53 
83 

directory entry 
<1 nme1481 
tl...,._tlll 

dLi1Dd!.JIII! 
d spn(10) 

Cl..;IIIU 
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/.modes entry 

rJ 0 I.,IOSeMld (18) 

15 I_ size 

20 I &st xlnl 

31 l_xbl< 

32 '-11!"8 
36 1 mrne 
.t() L;ume 
44 l_ctme 

48 LIUII_l<HS 

50 u rode 

52 I '*I 

64 l_qid 

56 
~_.,. .... 

58 I_ zero 

62 Uypa 

83 1-..s 

Extent blocks are used for any file thal has more than a single extent. 
The directory entry di _ xl:llk point1 to one of these extent blocks, 
which in turn defines where the second and subsequent extents are to 
be found. 

An extent block is exactly one 512-byte dilik block with the 
following fmm: 

0 xbk_nexLxb k 

4 xbk_prey_xblk 

8 xbk_run_xtnts 

9 xbk_spare [3] 

12 xbk_run_block 

16 xbk_xtna [OJ 

24 ~-~ril 
488 xbk xtriiS [591 

I -I I 

496 xblk srature "JamXbk" 
504 ~bl~fi~L~t (1st mk ony) 
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Each extent block contain~C 

• forward/backward pointers 

• a count of extents 

• a count of all the blocks in all the extents defined by this extent 
block 

• pointers and block counts for each extent 

• a signature ("lamXbJk") 

The first extent block al11o contains a redundant pointer to the fmt 
file extent (also described within the directory/inode entry). This 
allows you to recover all data in the file by locating this block alone. 

Files Files or file extents are groupings of blocks described by 
directory/mode entries; they have no sttucture imposed on them by 
the QNX filesystem. 

Most files in QNX 4 have the following overall structure: 
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File maintenance utilities 

File maintenance utilities 
The foUowing utilities let you create and maintain the disk/file structure: 

• fdisk 

• dinit 

• chkfsys 

• zap 

• spatch 

The fdiak utility creates and maintains the partition block on a hard 
disk. This block is compatible with other operating systems and may 
be maintained by other OS versions of fdisk (although ours has the 
advantage of recognizing QNX1 specific information). If the partition 
loader is mi~:~sing or damaged, ~di.alr. can t.Teate it. 

We recommend you keep a hard copy of the partition table 
information for every disk in your network. 

The di.ni.t utility creates (but l'sys maintains) the following: 

• bootblack 

• rootblock 

• bilmap blocks 

• root directory 

• in ode file (I . inodes) 

The chkfsys utility is your principal filesystem maintenance tool. 
This utility: 

• checks the directory structure of an entire disk partition, reports 
any inconsistencies, and fixes them, if possible 

• verifies overall disk block allocation 

• writes a new I . bitmap, upon your approval 

The chkfsys utility assumes that the root block is valid. If the root 
block isn't valid, chkfaya will complain and give up-you'll need 
to try restoring the root block with the di.ni.t utility. 
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Disk recovery procedures 

zap The zap utility lets you remove files or directories from the 
filesystem without returning the used blocks to the free list. You 
might do this for several reasons, including: 

spatch 

Using chkfsys 

• the directory entry is damaged 

• two files occupy the same space on the disk (an error) 

To remove zapped file entries and recover the used disk blocks, you 
use the chkfsys utility. 

The spatch utility lets you browse the raw disk and patch minor 
problems. You can sometimes cure transient disk problems by 
reading and writing the failing block with spatch. 

Disk recovery procedures 
The chkfsys utility is your principal tool for checking and restoring 
a potenlially damaged filesystem. It can identify and correct a host of 
minor problems as well as verify the integrity of the entire disk 
system as a whole. 

Normally, chkfsys requires that the filesystem be idle and that no 
files be currently open on that device. You'll have to shut down any 
processes that have opened files or that may need to open files while 
chkfsys is running. 

To run chkfsys on an idle filesystem called /dev /hdOt 77, you 
would simply type: 

chkfsys /dev/hd0t77 

The utility will scan the entire disk partition from the root down, 
building an internal copy of the bitmap and verifying the consistency 
of all files and directories it finds in the process. When it has finished 
processing aU files, chkfsys will compare the internal bitmap to the 
bitmap on the disk. If they match, chkfsys is finished. If any 
discrepancies are found, chkfsys will-upon your 
approval-rewrite the bitmap with data consistent wilh the files it 
was able to find and verify. 
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system 

User's Guide 

Disk recovery procedures 

In addition to verifying block allocation (bitmap), chkfsys attempts 
to fix any problems it finds during the scan. For example, chkfsya 
can: 

• .. unbusy" files that were written during a crash 

• fix the file si7.e in a directory entry to match the real data 

It's a good idea to run chkfaya a"i part of your regularly scheduled 
maintenance procedures-this lets you verify that the data on your 
disk is intact. 

It's especially important to run chkfsys after a system crash so that 
you can identify those files, if any, that have been damaged. 

If you ••zap" any files for any reason-possibly because c:hkfsya 
suggested you do so--you'll need to run cbkfaya at some point to 

recover the lost blocks on the disk. 

If you're running an application that can't afford downtime, you 
might not be able to shut down your system long enough to run 
chkfsys. In order to provide a compl"ehensive verification of the 
disk, chkfays normally requires exclusive use of the filesystem. 
But you can identify potential problems in a live system by using a 
special, read-only mode of chkfsys: 

chkfsys -f /dev/hd0t77 

The -fix mode won't be able to correct problems, but it will give 
you a feeling for the overall sanity of your filesystem. 

Tf serious problems are detected that must be fixed right away, you 
can use another special mode-the ••Rambo'' mode: 

chkfsys -R /dev/hd0t77 

Remember: you can use "Rambo" mode only if you are sure that: 

• the affected files are not presently opened 

• the affected files will not be opened during the rebuild process 

• any files currently opened will not grow during the process 
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Disk recovery procedures 

Recovering 
deleted files 

Recovering from 
a bad block in 

the middle of a 
file 

Using Rambo mode will fix most errors, but since you're fixing the 
disk underneath a live filesystem with opened files, il will not: 

• attempt to recover bitmap blocks 

• check for block allocation errors 

• attempt to rebuild the I . inodes file 

There is some risk to running chkfsys on a live system-both 
chkfsys and the filesystem are reading and possibly writing the 
same blocks on the disk. Also, the filesystem has internal cached data 
about files and directories that cannot be updated when chkfsys 

makes a change. Static changes, in place, on files or directories that 
Fays doesn't currently have opened will probably not cause 
problems. 

If a file is accidentally deleted, it's sometimes possible to recover the 
file using the zap utility. To recover a file using zap, these 
conditions apply: 

• the directory entry for that (now deleted) file must not be reused 

• the disk blocks previously used by the file must not be reassigned 
to another file 

Still, if you act quickly enough, or if you're lucky enough, there's a 
chance that the following command might restore the file: 

zap -u. t!irectary 

Hard disks occasionally develop bad blocks as they age. In some 
cases, you might be able to recover most or even all the data in a file 
containing a bad block. 

Some bad blocks are the result of power failures or of weak media 
on the hard disk. In these cases, sometimes simply reading then 
rewriting a block will "restore" the block for a short period of time. 
This may allow you to copy the entire file somewhere else before the 
block goes bad again. This procedure certainly can't hurl, and is 
often worth a try. 
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If you have a network. .. 

If you don't have a 
network. .. 
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What to doH your system will ro longer boot 

To examine the blocks within a file. you use the spatch utility. 
When you get to a bad block, spatch should report an error, but it 
may have actually read a portion of "good" bytes from that block. 
Writing that same block back will often succeed. At the same time, 
spatch will rewrite a correct CRC (Cyclic Redundancy Check) that 
will make the block good again (but with possibly incorrect data). 
You can then copy the entire file somewhere else, and then zap the 
previously damaged file. To complete the procedure, you mark the 
marginal block as bad (by adding it to the /.bad_blks file), then 
run chkfsys to recover the remaining good blocks. 

lf this procedure fails. you can use the apatch utility to copy as 
much of the file as possible to another file, and then zap the bad file 
and run chkfsys. 

What to do if your system will no 
longer boot 
If a previously working QNX system suddenly stops working and 
will no longer boot, then one of the following may have occurred: 

• the hardware has failed or the data on the hard disk has been 
damaged 

• someone has either changed/overwritten the boot file or changed 
the system initialization file-these are the two most common 
scenarios 

The following steps can help you identify the problem. Where 
possible, corrective actions are suggested. 

Try booting from floppy or across the network 

If you have a network to boot over, try booting your machine over 
the network. Once the machine is booted, you'll need to log in as 
root and then start up a local filesystcm: 

Fays ~ 

If you don't have access to a QNX network. then you'll need to boot 
from the QNX boot floppy that was used to install your system onto 
the hard disk. The filesystem will already be running in this case. 
Note that you'll need to log in as root. 
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What to do if your system will no longer boot 

Step2 

Step 3 

Start the hard disk driver 

Yru now have to start the appropriate hard disk driver. For example, 
to start a disk connected to a standard Western Digital compatible 
controller, you would type: 

Psys.wd " 

This should create a block special file called I dev /hdO that 
represents the entire hard disk. 

Run £disk 

Running the fdisk utility will immediately give you useful 
information about the state of your hard disk. 

The fdisk utility might report one of several types of problems: 

Error reading block I 

Probable cause-If fdisk reports an error trying to read the 
partition block (which is the first physical block on the disk), 
then chances are that either the disk controller has failed or the 
hard disk has failed. 

Remedy-If the disk is good, replacing the controller card 
might allow you to continue using the disk. Otherwise, you 
have little option but to replace the hard drive, reinstall QNX, 
and restore your files from backup. 

Wrong d;sk parametel's 

Probable cause-If fdisk successfully reads block I, but 
reports incorrect disk parameters (#heads, #cylinders, 
#sectors/cylinder), then your hardware has probably .. lost" its 
information about this hard drive. The most probable cause is 
that the battery for the CMOS memory is running low. 

Remedy-Rerunning the hardware setup procedure (or the 
programmable option select procedure on a PS/2) will nonnaJJy 
clear this up. Of course, replacing the battery will make this a 
more permanent flX. 
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What to do~ your system will no longer boot 

Bad partition information 

Probable cause-If the disk size is reported correctly by 
~disk, but the partition infom1ation is wrong, then the data in 
block 1 of the physical disk has somehow been damaged. 

Remedy-Use ~disk to recreate the correct partition 
information. It's a good idea to write down or print out a hard 
copy of the correct partition information in case you ever have 
to do this step. 

Mount the partition as a block special file 

At this point, you have verified that the hardware is working (at least 
for block 1) and that a valid partition is defined for QNX. You now 
need to create a block special file for the •NX partition itself: 

mount -p /dev/hdO 

This should create a volume called /dev/hd0t77, or its equivalent. 
If the partition infonnation is correct. this shouldn't fail. 

Mount a QNX filesystem 

At this point, you still don' t know the health of the filesystem on the 
QNX partition. Your goal now is to run the chk~sys utility on the 
disk to determine-and possibly flx-the filesystem. But first you'll 
need to create a mount point for a QNX filesystem. Since the root(/) 
already e,Usts (on a floppy or on a remote disk on the network), you 
should mount the local hard disk partition as a read-only filesystem 
with the name /hd: 

raount /dev/hdOt 77 /hd -r 

Depending on the state of the QNX partition, the mount may or may 
not fail. 
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If the mount fails 

If you have booted from floppy and you don't suspect there's any 
damage to the filesystem on your hard disk (e.g. the system was 
unable to boot because of a simple error introduced in the boot file or 
system initialization f:ile), you can change the root prefix to your 
hard disk partition at this point with the following command: this 
will resume nonnal operation of the system: 

/hd/bin/p~efix -R /=/hd/ 

If you run this command, you can skip the rest of this section. 

If the mo'Wlt fails, the first portion of the QNX partition is probably 
damaged (since Fays will refuse to mount what it considers to be a 
corrupted filesystem). 

In this case, you can use the dinit utility to overlay sufficient good 
information onto the disk to satisfy :rays: 

dinit -h~ /dev/hd0t77 

The -r option tells dinit to rewrite: 

• the root block 

• the bitmap (with all blocks allocated) 

• the constant portions of the root directory 

After doing this, you'll need to rebuild the bibnap with chkfays, 
even on a good partition. 

You should now be able to reissue the mount command and once 
again try to create a mount point for a QNX filesystem called /hd. 
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If the disk is 
unrecoverable 

If the filesystem 
is intact 
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What to do if your system will no longer boot 

Run ehkfsys 

At least a portion of your QNX filesystem should now be accessible. 
You can use chkfsys to examine the filesystem and recover as 
much data as possible. 

If you booted: 

from floppy 

across the network 

enter this command: 

/hd/bin/chkfsys /dev/hd0t77 

chkfsys /dev/hd0t77 

In either case, you should make note of any problems reported, and 
allow chkfsys to fix as much as it can What you do next depends 
on the result of running chkfsys. 

If, for any reason. your disk is completely unrecoverable, read the 
next section. "Recovering lost files and directories." In some cases, 
you may need to reinstall QNX from floppy, and restore your disk 
from your backup files. 

If significant portions of the filesystem are irreparahly damaged, or 
important files are lost, then restoring from backup might be your 
best alternative. 

If your filesystem is intact, yet the machine still refuses to boot from 
hard disk, then either of the following is probably damaged: 

• the partition loader program in physical block 1 

• the QNX loader in the first block of the QNX partition 

To rewrite a partition loader, use fdisk: 

fdisk /dev/hdO loader 

To rewrite the QNX loader, use dini t: 

dinit -b /dev/hd0t77 

You should now be able to boot your system. 
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Recovering lost files and directories 

The lost+found 
directory 

Using spatch 

Recovering lost files and directories 
You may sometimes find that files or directories have been 
completely lost due to disk corruption. If after running chkfsys you 
know that certain key files or directories were nm recovered. then 
you might be able to ll'ie spatch to recover some or all of this data. 

Before attempting this, you should first familiarize yourself with the 
details of a QNX filesystem, as described in the section "everview of 
QNX 4 disk structure'' in this chapter. You should also study the 
documentation for the spatch utility (see the Utilities Reference). 

The spatch utility can take a range of disk blocks and link them into 
the filesystem as a real file (or directory) under the lost+fcund 
directory. 

A space for the lost+found directory always exists and has room 
for at least 126 entries on a hard disk. 

After you use spatch to link all such pieces of the disk into the 
lost+found directory, you should immediately run chkfsys to 
rebuild the bitmap and verify the integrity of the filesystem that now 
includes these new files. 

Once chkfsys validates the disk, you can safely move these files 
(or directory trees) to other directories on the disk. 

It's a good idea to keep the lost+found directory empty so that 
there will be as much room as possible to recover files in any future 
disk recovery episodes. 

The spatch utility has a special menu item called Maz:k that allows 
you to identify a range of disk blocks in a partition. 

The following command would "spatch .. the primary QNX partition; 

spatch /dev/hd0t77 

Remember that you must have adequate permissions to access the 
block special tile. 
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Recovering lost files and directories 

The first time you select Mark, the spatch utility will mark the 
current disk block as the first block in a range of blocks. You can 
then move to the last block of the region, and select Mark a second 
time. This will identify the region of blocks to spatch. A special 
menu will now appear giving you the option of: 

• removing all marks 

• linking the marked blocks into lost+ found as a file 

• linking the marked blocks into lost+ found as a directory 

• copying the marked blocks to a file 

• copying with append the marked blocks to a file 

• ignoring the second mark. allowing you to select a different one 

If you choose to link or copy the blocks into a file/directory, spatch 
will ask if you first want to perform a scan of the entire disk looking 
for an xhlk that references this range of blocks. If you say yes, then 
spatch will perfonn the scan, and if it finds a block, it will give you 
the option of linking in all the extents defined by that xblk and any 
other associated xblks. 

The x bl k scanning allows potentially large disk files (or directories) 
to be recovered in one piece. 

If you choose not to scan for xblks, or no such xblk is found, then a 
file/directory will be created that has only a single extent containing 
just these blocks. 

lf you copy, you should specify a file on another disk (filesystem). 

Remember to always run chkfsys after linking or copying a 
number of files or directories. 
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Chapter 15 

The Quantum Update System 

In this Chapter ... 
Introduction 

Reporting bugs 

Free software 

Electronic mail 

Conferencing system 

About our hardware 

How to phone us 

Logging in 

Using QUICS 

Depending on the Support Service Plan you subscribe to, you may or 
may not be able to take advantage of all of the support services 
described here. 
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Electronic mail 

Introduction 
The Quantum update system, called QUICS. runs 24 hours per day on 
a computer that you may call via modem to: 

• download fixes and changes to the operating system, utilities, and 
libraries 

• download a variety of free software from various sources 

• send electronic mail to Quantum 

• engage in conferences with other QNX users on a large variety of 
topics 

Reporting bugs 
Quantum·s software refresh policy provides prompt response. For 
example, if you report a bug, perhaps in a utility or library routine, 
you can often download a revised version within hours of reporting 
the problem. We maintain the most current versions of all programs, 
including operating system modules, for download. Along with 
these, we provide a list of all changes made to the system. You may 
want to sign on once a month and make a log of this list. 

Free software 
We also maintain a growing list of free software that may be of 
interest to you. You 'II find utilities, games, and megabytes of public 
domain source provided by ourselves and by our customers. This 
source can often help you understand some of the intricacies of QNX. 

Electronic mail 
You can use the private mail facility to communicate privately with 
Quantum employees or with any other user of QUICS. 
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About our hardware 

Conferencing system 
If you'd like to make a comment or ask a question that you feel other 
users may be interested in, then you'll want to use our conferencing 
system. 

All Quantum developers are members of the conferencing system, as 
are most of our more active third-party developers. It's not unusual 
to pose a question and have several comments on it within an hour or 
so. You'll fmd topics on real time, hardware, utilities. C, and so on. 

About our hardware 
At the time of this printing, the 'UICS computer supports seven 
modem lines and eight X.25 channels into the Datapac public packet 
switching network. 

All modems support a variety of baud rates and data compression 
protocols. The following table shows the hardware configuration at 
the time of printing: 

Hunt group Baud rates Modem type Protocols 

613-591-0934 38400 to 300 HST -Duai-Sld MNP5,ARQ. V42bis, V32 

613-59 1-U'J35 38400to 300 HST -Dual-Std MNP5.ARQ. V42bi.~ V32 

613-591-0940 38400 to 300 HST -Dual-Std MNP5,ARQ, V 42bis, V32. V32bis 

613-591-1735 3!1400 to 300 HST-Dual-Std MNP5,ARQ. V42bis.V32, V32bis 

613-591-3009 3!1400ro 300 HST -Dual-Std MNP5,ARQ. V42bis.V32, V32bis 

613-591-3128 19200to300 Tclebit MNP5,PFP,V42bis 

613-591-6093 19200to 300 Telebit MNP5,PEP,V42bi!i 

The modems are on a hunt group with the following primary number: 

(613) 591-0934 First number of the hunt group. 

On the update system, we maintain an up-to-date configuration on 
the number of modems, their types, and phone numbers. You can 
read this when you give us a call. 
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Step 1 

Step2 

To connect to QUICS via X.25, you have to make a pre-paid caU or 
register with us for an X.25 account number (allowing you to make 
collect calls). Our X.25 network address is: 

3020 85701416 

L L Quantum's Datapac address 

Datapac's networlf code 

How to phone us 
Since qtalk is shipped with every system, we describe how to 
contact us from within qtalk. We assume that your modem is 
connected to the QNX device /dev/serl. If it isn't, you'll have to 
tell qtalk where your modem is. 

Set your serial port settings 

Set your serial port settings to the following values. Refer to the 
section on configuring modems if you need help with this. 

par=none 
bits=8 

You'Jl also need to set your baud rate to whatever rate your modem 
will support. 

Start qtalk and have your modem dial us 

If you're in North America and have a Hayes-compatible modem, 
you can use qtalk's dialing directory capability. The default dialing 
directory./atc/config/dial. dir, provides an entry called 
quics, which contains Quantum's phone number. For more 
infonnation. see the documentation on qtalk in the Utilities 
Reference. 

••1k qu~c:• [-m modll!"m] 

The -m modem option is needed only if your modem is not 
connected to the /dev/serl device. 
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Using QUlCS 

Logging in 
Once you have successfully established communications with 
QUICS, you'll be asked to log in. If this is your first time signing 
onto QUICS, you should log in as user ID nevuser. 

Login: nevuser 

Next you'll be asked to enter information about you and your 
company as well as the name you wish to create as your own 
personal user ID. 

Since there are many thousands of QUICS users, we ask that you 
avoid simple names (like your first name alone) when selecting your 
user ID. A good rule that works well is to select a name consisting of 
your first two initials, followed by your last name. For example, the 
user ID for"Johann Sebastian Bach" would be: 

jsbach 

From now on, you log in with your user ID {instead of navusar) 
each time you access QUICS. 

Using QUICS 
After logging in, you'll see the main menu. QUICS is a fully 
menu-driven system. We encourage you to explore the system to get 
familiar with its many capabilities. 

By the way, one of the submenus lets you download a manual on 
how to use QUICS. 

If at any time you experience difficulty, just give our technical 
support line a call: 

(613) 591 0941 

We at Quantum look forward to seeing you on QUTCS! 
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The QNX Terminal 

In this Appendix ... 
Standard console character set 

QNX keyboard codes 

Composed character input sequences 

Terminal escape sequences 





Users Guide 

Introduction 

QNX supports a logical terminal on the virtual consoles. That is, it 
can recognize certain escape sequences and special characters and 
can perform terminal control functions when the special sequences 
are encountered. A number of manufacturers have also developed 
real ASCIT terminals that use the same protocol as the QNX logical 
terminal. This terminal is defined in the teaninfo database as the 
qnx terminal. 
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Standard console character set 

~~~:MAl • 0 16 32 48 64 80 96 112 

• l;~:~.l 
IVALII( 

0 I 2 3 4 5 6 7 

0 0 ILAIIK ... ILAIIK 0 @ p ' p IIIULLI llPACO 

I 1 ~ .... ' 1 A Q a q . 
2 2 • t •• 2 B R b r 
3 3 • IJ # 3 c s c s .. 
4 4 • 9T $ 4 D T d t 
5 5 • s o/o 5 E u e u 
6 6 • -& 6 F v f v 
7 7 • t I 7 G w g w 
8 8 T ( 8 H X h X 
9 9 0 l ) 9 I y • y 1 

• J z . 
10 A _. 

* • J z 
I I 8 (j + • K [ k { +-

' 
12 c 9 L < L ' I I 

' I 

13 D ) 4--+ - - M ] m l 
14 E ~ .. • > N A n '"\., 

IS F u .. / ? 0 0 6 • -
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I!~~·M•I • 128 144 160 176 192 208 224 240 
"' .. • OICIM•t 
IVAlUl 

8 l) A B (' 0 E F 

<; E , ... l 0 0 ... -a ... <X -... 

I I 
.. 1 ~im /3 ± u .ae r 

2 2 
, 

fE rl r > e Q J -
3 3 s _a u 1-- lL rr < -
4 4 •• - b I: _[_ a 0 n f-- 1---

' ' 
""-' iJ 5 5 a 0 N F= 1--t- F u 

6 6 0 _U a ~I F= y . a r-

7 7 ~ ' 0 T ..._ u In ..._ 
1\ .. . 

Q 0 8 8 e y ~ I= 

9 9 •• e 0 r ~ rr= t-- e • 
' 

.. 
l--J-'= n 10 A e u --, • 

I I B 
.. e ~ 0 I ~ I= ....r 

I 2 c 1 £ ~ ~ 00 n 

13 D ¥ 
. ~ ¢ 2 1 ' 14 E A R (( ~ Ei E I 

15 F A F )) 'I n tlalla ,, 
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QNX keyboard codes 

0 1 2 5 

Normal codes 
0 NUI. DU SP 0 t p ' p 

1 SOR DCl ! 1 A Q a q 

2 srx DC2 " 2 a a b r 

3 ErX. DCJ ' 3 c s c • 
• EOt' DC4 • • D '% d t 

5 KNQ tu.tr • 5 J: 0 • u 

' N:1C JJYN 4i ' F v ~ • 
7 JI'£L 1!:1.'8 , ., G • 9 " 
8 BS CAN ( • B X h X 

' sr Elf ) • X y i .,. 

A LF SOB - : J • j • 

• 1lr B6'C + ; Jt [ k ( 

c 'FF FS I < L \ l I 

D ca GS - "' .. l • ) 

s $0 as > • ... • ~ 

F SI us I ? 0 0 At.EL -

Control codes NUL - ctrl f BS.- Ctrl h 11.LB - Ctrl p CAN- Ct.rl & 

SOB- Ctx:l a 1fT- !I.'D DC1 - Ctrl q EH - Ctrl 'I 
STX- ctrl b LF- Ctrl j DC2 - Ctrl r SUB- Ctrl a 
B%'X - Ctz:l a '112' - Ctrl k Df:3 - Ctr1 • B$C- I:-

EO'f' - Ctrl d FF- ctrl 1 oc• - Ctrl t F.S - Ct:r:l \ 
END- Ctrl e CR- bter NAlC - Ctrl 11 GS - ctrl. l 
ACK- Ctrl f SO- Ctrl n SYN- Ctrl Y RS - Ctrl " 
BBL- Ctrl 9 SI - Ctrl 0 S'l'B- Ctrl v OS. - Ctrl 
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EXTENDED S:rowml.ed 

mode only 0 
key 

t..u-.. 

1 
JCey 
Up 

Shift 
2 Down 

Shift 
3 Up 

SCNJ • Ctrl 
OOWJI 

modeOIWy 
$ 

Ctrl 
Up 

Alt 

' llovn 

Alt , Up 

a Xe:vboard 
EO ciKI.e 

' 
a.\ '!lilt 
tbift. 

faU•v• 

A rt#I'W!J 

a rut!¥Wtl 

c rt!ltt!rml 

D I'UIIrwd 

z rutrwtd 

I' lf'Mrilf!d 

2 
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Upper 4 bits 

• ' A B c D • I' 

Sb1ft Sbift Ctrl A it Ctrl Shift Alt 
s:'&b 1', &.e .ll'ala .... &ntu Enter p 0 

Shift Ctrl Alt Alt Alt Alt 
1'1 .. ., Vp 'Op 'Op 1'1 • q 1 

Shift t!:trl JUt Alt. Alt: Alt 
1'2 1'8 I'IJVp I'9'0'P P!JVp 1'2 b Z' 

sh1ft Ctrl Alt Alt Alt Alt 
1'3 rg Minus ICits\18 llinWI 1'3 Cl • 3 

Shift Ct.rl Alt. Alt Alt Alt 
1'4 1'10 J.ZI"1' Lift UP.1' 1'4 d t • 

Ctrl ¢trl lHt .Ut Alt Alt. 
1'5 1'1 ftYe ftve I'.I..'U'e 1'5 • Q 5 

Ctd Ct.rl Ut Alt A'lt Alt ,., 1'2 IW:&s:' IUGII'l' 1UGft .. , ~ .., 
' ctrl Ctrl Alt Alt Alt Alt 

1'7 1'3 l'lUB Plua Vlue " 9' .. , 
Ctrl Ct.z:l Alt Alt Alt Alt 

1'8 1'4 Elld &ad &nd I' I h • 8 

ctrl Ctrl Alt Alt:' Alt Alt ,., I'! DOIGf DOD' DOIDI' 1'9 i y 

ctr:l ctrl Alt Alt Alt 7olt 
1'10 .. , l'9dn ll\il'dA l'9dn 1'10 j • A 

Shift Ct.rl Ctrl Alt Shift Alt Alt 
1'1 1'7 tnB ltsB tna I'll k btal': a 

Shift Ctrl Ctrl Alt Shift Alt Shift 
1'2 1'8 D•l Del Dal 1'12 1 B8 c 

Shift ¢trl Ctd Alt Alt rt!IO'I'ttl. 1'3 1'9 Prt&: Jtrt8c * 8ydq • D 

sMn Ctrl et:rl Alt Ctrl Alt 
rt!il!rvtd 1'4 1'10 1'11 1'11 1'11 88 

I 
n & 

Sbift Ctrl Ctrl Alt Alt Alt 
1'5 'filb 1'12 1'12 1'12 18 0 I' 

8 ' A B c D 

Note The above codes am olways preceded by a hex FF code. 

Codes in the range FF 21 to FF 2t ~ generated only when tbe c::onso1e is in 
SCAN mode. 

FF 20 is generated only when the console is in EXTENDED mode. 

The QNX Terminal 197 



The QNX Terminal 

Composed character input sequences 
Alt c. ~ All E' 

., 
E Alt a a All I I a. 

Alt u " ti All A o a! Alt i 
, 

~ I Alt 1 b 

Alt e 
, 
e Alt A B £ Alt 0 • 6 Alt g C r 

Alt a " i All 0 " 6 Alt \l • " u Alt 9 i 1t 

Alt a " a Alt o " 0 Alt n - fi All g c I. 
Alt• a All 0 • 0 Alt N- N Alt I s a 
Alt a o a Alt u " 

A u Alt a ~ 
Ah J u Jl 

Alt c . ~ All u ' u Alt 0 
I 

Alt ' t 't 

Alt e " @ Alt y " y Alt ? ? i., All o I ci> 
Alt e " e Alt • " 0 Alt + r Alt 0 - e 
Alt e • 

.. e All tT .. (J All - + -, Alt g w a 
Alt i " i All c I ¢ Alt I 2 lf2 AJt g d 8 
Alt i "' 1 Alt L- £ Alt I 4 1!4 All 0 0 00 

Alt i I Alt y = ¥ Alt ! Alt o I ~ 
Alt A" A Air P t R Alt < < (( AllEE E 

All A o A Alt f - f Alt > > )) AJt u u n 
Alt = = -

Att + • + 
Att > • > 
Alt < = < 

Note To generate any of these characters, you: 
Alt - : . 

1) press and release <A1t> 
Ah-- - 2) type the indicated two-character 

Alt o • sequence 

Alt . 

Aft ' q 
...) 

All • ll n 
Alt "' 2 2 
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Setting character 
attributes 

Defining and 
moving the cursor 
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The CNX Terminal 

Terminal escape sequences 
The following escape sequences and special characters cause a qD:x: 

terminal to perform specified control functions. Escape sequences are 
signalled by an escape character <Esc> (I B hex) followed by a set of ASCII 
characters. Any other character preceded by an <Esc> character, including 
<Esc>, loses its significance as a control function and is simply displayed 
as a graphic character on the screen. 

In the following table, spaces are included in the escape sequences to make 
the sequences easier to read-these spaces don't actually form part of the 
sequences. 

lf you want to: 

tum on inverse video mode (if a terminal supports 
color, lhis lllso swctps the foreground and background 
colors set by the <Esc> I sequence) 

tum off inverse video 

tum on underline mode (available only on 
monochrome) 

tum off underline mode 

tum on blinking mode 

tum off blinking mode 

tum on high-intensity mode 

tum off high-intensity mode 

define the type of cursor, where c is the cursor type 
(specify ASCD character 0 for no cursor, 1 for a 
normal cursor, and 2 for a block cursor) 

position the cursor at the screen coordinates rand c, 
where r is the row and c is the column; both r and c 
are offset by 20 hex (a space). Therefore. 
rc = <space><space> is row zero, column zero. 

move cursor up one line without 
wrap or scrolling 

move cursor down one line without 
wrap or scrolling 

use: 

<Esc> 

<Esc> 

<Esc> 

<Esc> 

<Esc> 

<Esc> 

<Esc> < 

<Esc> > 

<Esc> y c 

<Esc> = r t' 

or 
<Esc> Y r c 

<Esc> A 

<Esc> B 
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Defining and moving the 
cursor (confd) 

Inserting, deleting, 
and clearing 

200 Appendix A 

If you want to: 

move the cursor down one line 
(if the cursor is positioned on the last line 
of the screen, the screen scrolls up one line) 

move cursor right one column 
without wrap 

move cursor left one column 
without wrap 

move cursor to the top left comer of the screen 

tum auto line wrapping on 

turn auto line wrapping off 

move cursor up with wrap 

move cursor down with wrap 

move cursor right with wrap 

move cursor left with wrap 

reverse linefeed (the screen scrolls down when the 
cursor is positioned on the top line of the screen) 

move the cursor to the first column of the current row 

enter a nondestructive backspace (wraps to the end of 
the previous line when at the beginning of the line; 
wraps to the bottom right comer of the screen when at 
the top left comer of screen) 

insert line at cursor location 

delete line at cursor location 

clear to end of screen with spaces (uses the fiU color 
specified with the <Esc> ! sequence on color 
terminals) 

clear to end of line with spaces (uses the flll color 
specified with <Bac> ! on color terminab;) 

use: 

LF(OAhex) 

<Bsc> c 

<Bsc> D 

<Bac> H 

<Esc> h 

<Bsc> i 

<Esc> a 

<Esc> h 

<Esc> c 

<Esc> d 

<Esc> I 

CR (ODhex) 

BS {08 hex) 

<Esc> E 

<Esc> I' 

<Esc> J 

<Esc> 1t 
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Saving attrbutes 

SeUing color 

Generating a tone 

Color codes 
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If you want to: 

clear tbe entire screen to spaces (uses the fiU color 
specified with <B•c> I and moves the cursor to the 
top left corner) 

insert space at cursor position 

delete character at cursor position 

repeat lhe character c the number of times specified 
by n. where n is offset by 20 hex 

use: 

FF(OChex) 

<Esc> e 

<Kac> f 

<Kac> g n c 

save color and attnbute information (This overrides <Kac> s 
any previously saved infonnation; lhe cursor position 
isn •a saved. QNX programs.. such as editors that change 
the colon, assume that a default has been set on entry 
and use <Bac> a to restore the default on exit.) 

restore the color and anribute information saved with 
<J:ac> s (the a~rsor position isn't affected) 

defme the foreground and background color of 
displayed characters. where fc is the color of the 
cursor, and be is the fill color--both/c and be 
represent a single character taken from the color table 
below. This has no effect on a monochrome terminal 
or display. 

set the fill color that is used both for blank lines 
aeated by scrolling and for the entire screen when 
clearing with a form feed. Th.is has no effect on a 
monochrome lerminal or display. 

<E.c> @ fc be 

<E•c> ! fr be' 

gc:nerate a short tone on the system console or ring the BELL (07 hex) 
bell on a terminal 

Yw can use these color codes in the above escape sequences: 

Color ASCII c:harac:ter 
black 0 
blue 1 
green 2 
cyan 3 
red ' magenta 5 
brown t 
white ., 
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AppendixB 

Time Zone Rules 

This appendix describes the various rules used for establishing time 
zones and time changes (e.g. llaylight savings time). You 'II rmd a 
time zone chart* and a map at the end of this appendix. 

You specify time zone information via the TZ environment variable. 
This variable contains a coded string that lets you specify the time 
zone, as well as the rules for changing to and from daylight savings 
time (if used in your area). The value of TZ has the following form 
(spaces have been inserted for clarity): 

std offset dst offset. rule 

where: 

std standard time 
offset offset of standard time from UTC time 
dst daylight savings time 
offset offset of daylight savings time from UTC time 
rule specifies when to change between standard time 

and daylight savings time. 

In more detail, TZ is coded as follows: 

T~stdloffset[d.c;t[offset] [,start [/time], end[/time]]]] 

• Th~ time zone chart was excerpt~ from OAGQ!l Desktop Flighr Guid~or/dwide Edirion 
(May 1992. \bl. 17, No.3 pp. 1408-1400), published by Ofticial Airline Guides, Inc., Oak 
Broolc., Illinois. 

Time Zone Rules 203 



Time Zone Rules 

204 Appendx B 

The components of the ~z environment variable string are defmed as 
follows. 

std and dst Defines a string used to identify the time zone (e.g. 
UT). All characters are allowed, except for: 

a leading colon ( : ) 
digits 
a comma(,) 
a minus sign (-) 
a plus sign(+), 
ASCII NUL 

.'itd defines the name of the standard time zone and dst 
defmes the name of the daylight savings time zone. If 
d st is omitted. then daylight savings time isn't used in 
this locale. 

of/set Indicates the value you must add to the local time to 
arrive at UTC. The form for cJjfset is: 

HH[ :MM[: SS]} 

The minutes M M and seconds SS are optional. The 
hour HH is required and can be a single digit. You must 
specify an hour between 0 and 24. You can specify 
minutes and seconds, if required, between 0 and 59. 
Time zones east of the Prime Meridian (through 
England) should be preceded by a minus (-); time 
zones west of the Prime Meridian can be optionaUy 
preceded by a plus ( + ). An of/s~t following std is 
required. but the offset following dst may be omitted. 
In this case, daylight savings time is assumed to be one 
hour ahead of standard time. 

Note that POSIX deviates from the convention used in international 
time charts f« showing offsets from UTC. In most time zone charts 
and maps. offsets east of the Prime Meridian are pm:eded by+, those 
west arc~ by-. You should therefcn invert the sign of any 
numbers you take from the chart or map provided in this appendix. For 
example. U.S.A. Eastern Tune would be +5 while Japan would be -9. 
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Time Zone Rules 

rule Specifies when to change from standard time to 
daylight savings time and back again. If you don't 
specify rule, QNX assumes standard time is in effect. 
The rule has the following format: 

date/time, date/time 

where the first date specifies when the change to 
daylight savings time takes place and the second date 
specifies when the change to standard time takes place. 
Each time field specifies the exact time at which the 
change shall be made. The date field has one of the 
following formats: 

Jn Specifies the date as a Julian day where 
1~365. This format doesn't allow leap 
days to be referenced (e.g. February 28 is 
day 59 and March I is day 60; it's 
impossible to refer to February 29). 

n This specifies the date a. .. a zero-based 
Julian day where 0SnS365. Leap days are 
counted and you can refer to February 29. 

Mm • w. d This specifies the dth day (OSdS6) of week 
w of month m of the year ( 1 SwS5. 
1 SinS 12, where week 5 means "the last d 
day in month m that may occur in either 
the fourth or fifth week"). Week I is the 
first week of monrh m in which the dth day 
occurs. Day zero is Sunday. 

The time has the same format as offset 
except that no leading sign ( + or -) is 
allowed. The default, if time isn't 
specified, is 02:00:00. 
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A 
access conflicts, resolving (RCS) 146 
access control utilities 

1ogin 62 

newgrp 63 
passwd 62,64 
running with superuser pennissions 68 
au 62 

see also password: pennissions; resources: 
security 

access fields/modes 

.ree pennissions 

accounting file 71 - 73 
cle11ring 72 

compressing 72 
creating 71 
discarding infonnation 71 
fonnat 71 

interpreting 71 
spooling commands 126. 131 
superuser access 71 

typical example 72 
accounL~ 

creating 62 

creating without specifying home directory, 

shell. or password 63 
deleting 63 

Users Guide 

accounts (cont'd) 

setting up 61 -73 
see also password: security 

adapter card~ 

see network 

s~e also serial devices 
alloc space. selling in buildfile 141 
.a1tboot file 143, 169 

~ee u/:w booting 

alternate boot, selecting 36, 38 
see also .al.tboot file 

a1tsysi.nit file 38 

.~ee also system initialization file 

appending output to 11 file 16 
archives 159 

compressing data 162 
cpi.o utility 159. 163 
examples 163 - 164 
pax utility 159, 163 

tar utility 159, 163 
vo1 utility 159. 163 

see al!m backups 

Arcnet 

Index 

drivers/cards. selecting physical node ID 51 

Ethernet nodes, adding to Arcnet 112 - 113 
see also network 

lrdex 209 



Index 

arrow keys 4 - S 
auditing 

srr accounting file 

B 
Backspace key 4 
backups 

archive backups 159 

compressing data 162 

filesysrem backups 160 

faxed di11ks 162 

floppies 160 

fonnat11 158 
media types I (0 

removable disks 162 

tape 161. 163 

when to back up 158 

~~~ abo archives 

base-levelM:rVices (ayainit file) 39 
baud rate 

locked rate, specifying 87 

specifying 40.82 

bell, ringing on a rerminal 201 

bitmap blocks 168 

creating 17 3 
.bitmap fie 169 

bits 

rewritten by ch~aya 173 

data bits 81 

DOS attribute bits 100 
_FlLE_U NK. bit 170 

modebits 65 

parity bits 81 

stop bits 81 

210 lrwJex 

blocks 

allocation verifiCd by ch~aya 173 

bad block in middle of file, 

recovering from 176 

bad block on backup media 162 

bitmap blocks 168 

creating 173 

boot block, creating 173 

disk blockK, recovering 174 

DOS boot parameter block (BPB) 97 

error reading block I J 78 

examining 176 

extent blocks I 70 - 171 

identifying 18 2 

loader block I ()1 

creating 173 

lOJII blocks, recovering 175 

partition block, creating 173 

restoring 176 

root block 167 

creating 173 

restoring 17 3 
boot block 

creating 173 
booc parameter block (DOS) 97 

boor ROM, for Ethernet & Token Ring cards 104 

boot server 

associating node11 with each server lOS 

build file. 11decting 57 

card, installing 54 

configuring 54 - 57 

customizing 56 
defined 52 
licenses, illlltalfutg S4 
licenses, a .. eloc required 56 

mapping beiWeen logical & phy'lical 
nodeiDs 57 

multiple boot seners !53, 104- 105 
net:boot file, modifying 57 

~.starting 56 
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network manager & drivers, starting 55 
selecting 52- 53 
•ysinit. node file, modifying 55 
see alstJ network 

booting 
.altboot file 143, 169 
alternate boor, selecting 36, 38 
. boot file 143, 169 
bottleneck, reducing 53, 104 
broadcast booting 104 

netboot and 105 
with a QNX ROM 104 

diskless workstation 58, 109, 111, 144 
from Ethernet cards 104 
failure to boot 1 77 - 181 
floppy boot 34 
hard disk boot 39. 43, 46, 141 

processes n:quired 142 
initial boot 36 
makefile for disk booting 142 
makefile for network booting 144 
net:boot configuration file 57, 105, 111 
network boot 44,104,109, Ill, 141,144 
network card used for booting over net 109 
networked machines from their hard disks 46 
rebooting 9 
specific boot method I 04 
from Token Ring cards 104 
warm boot 9 
what happens when you boot 36 
what to do when system no longer 

boots 177 - 181 
workstation 58, 109, Ill, 144 
see alstJ images; network 

broadcast booting 104 
netboot utility acting as primary, 

secondary, or tertiary server 105 

withaQNXROM 104 
buffer 

output buffer, specifying 77 

UssrsGuide 

bugs, reporting 186 

build file 
constructing 140- 144 

Index 

selecting for your network media 57. 112 
see also images 

buildqnx utility 140 

c 
canonical mode 

editing keys 4 
chaining queues (spooling) 124, 131 
characters 

anributes. setting 199 
composed character input sequences 198 
console character set 194 
deleting 4, 200 
displayed characters, changing 1 
DOS to QNX mapping 99 
DOS. invalid characters 98 
fonts, changing 7 
inserting 4 
international 9, 194, 198 
mathematical 194, 198 
overwriting 4 
pattern-matching 19 
QNX to DOS mapping 99 
quoting special 14 
unrecognizable 89 

checking in/out 
seeRCS 

chkfsys utility 17 3 
Rambo mode 175-176 

using 174 
using in a live system 175 

whentorun 175 
ci command (RCS) 147- 150 
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Index 

clock 
getting time from 39, 43 
starting 42 

see also time zones 
c:o command (RCS) 147 -148. 150 
codes (keyboard) 

see keyboard 
color, setting 201 

command interpreter 
.fee commands; Shell 

command lists 20 

commands 
basics 11 
common commands, placing in a shell file 39 
entering 14 

executing on another node or tty 1 7 
file management command\ 29 

help messages 18 
input, ending 1 0 
key symbols 13 
multiple commands, entering 20 

multiple files, working with 19 
options, grouping 14 
quoting special characters 14 

recalling 5 
remote execution 17. 108 

syntax 12- 15 

usage messages 18 
communicating across network.'! 106 
communication sessions 

controlled by DTR and DSR 80 

comparing files 29 
composed characters 9 

inputsequences 198 
compres.'led data 

recovering 162 
compn~ssion utililies 162 
concatenating files 29 

conferencing system 187 
.fee also QUICS 
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connecting serial devices 82 

see also serial devices 
console driver 

starting 39, 76 

consoles 
character set 194 
fonts, changing 7 
generating a tone 201 

logging in on an unused console 7 
login, starting 41 

multiple consoles, using 7 
starring 39 
switching 6 

disabling 6 
terminating sessions 7 

tone, gener.lling 201 
virtual consoles, switching 6 
won't function 144 
see also keyboard; qnx tenninal; tenninals 

control programs (spooling) 
see spooling 

converting DOS files to QNX format 98 
cooked mode 

editing keys 4 
coordinated universal time (UTC) 

.fee time zones 
copy-in and copy-out filters 

see spooling 
copying files 29, 164 

to a system in a different time zone 43 

counting words in a file 29 

cp utility 164 

cpio utility 159 - 160. 163 
creating 

directories 29 

cron server 
selecting a machine as 42 

current process 
changing group ID of 63 
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current working directory 26 

changing 29 

printing 29 

see also directories 

cursor 

defining 199 
moving 4, 199 

customizing services fa each machine 
see images 

see al.m system initialization file 

D 
data 

hils &I 
can't be sent or received 89 
compressing 162 

lost occasionalJy 90 
received/tmnsmitted only when another 

serial port is used 89 
transmission of, slowing down 81 

unrecognizable characters 89 
date 

establishing 43 
see a/.fo clock; time zones 

daylight savings time 

changing to or from 203, 205 
time zone, defining 204 

see al.fo time zones 

deadkeys 9 
debugger, invoking & disabling 8 
Del key 4 
deleted files, recovering 17 6 
deleting 

accounts 63 

characters 4, 200 

directories 29 
files 29 

nodes Ill 

User's Guide 

dei(Ueues 

.fee targets 
device drivers 

D•v.con 39,76 

Dev .par 40, 76 

D•v.pty 76 
Dev. aer 40, 76 -77 
floppy driver, starting 41 
starting 39, 76 

see also system initialiution file 
Device Manager 

starting 39, 76 

devices 

output devices, rcinitializing between 
spooljobs 121 

as shared resources I 18 
seea/soparallel devices; serial devices 

dinit utility 173, J 80 
directories 

acces.~ based on permissions 66 
changing 29 

commonly used commands 29 

contents. listing 29 
creating 29 

current working directory 26 

printing 29 

deleting 29 

DOS directories 95 
dot (directory link) 170 
dot dot (directory link) 170 
entries 169 
home directory 26 

location 28 

returning to '19 
Jinks 170 
listing contents 29 
lost directories, recovering 182- 183 

loat+found directmy 182 

moving through 25 
permissions 66 

Index 
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directories {cont'd) 

RCS directory, creating 149 

recovering if lost 182 - 183 
removing 29 

removing without reruming used blocks 174 

root directory 25 
contents of 168 
creating 173 

structure 169 
checking 173 

see also files; root directory 

disk booting 

see booting 

disk images 142 

see also images 

disk partitions 167 
see also partitions 

diskless workstation 

see workstation 

disks 
backing up to or restoring from 160, 162 
bad blocks, restoring 176 
block allocation verified by chkfaya 173 
browsing 174 

OOS drives, adopting 96 
maintenance utilities 17 3 
patching minor problems 174 

recovering 165- 183 
recovery procedures 17 4 - 17 6 
structure 166- 172 
see also partitions 

displayed characters 

changing 7 
DOS 

attribute bits I 00 
binary f'tles 98 
boot parameter block (BPB) 97 

converting files to QNX fonnat 98 
devices 97 

directories 95 

214 Index 

DOS {cont'd) 

directories, creating, deleting, & reading 95 

disks, accessing via QNX programs 95 

DOS-to-QNX character and name mapping 99 
DOS-to-QNX permission-bit translations 100 
drives, adopting 96 

drives. getting info about 96 

file allocation table (FA11 97 

file format 98 
file ownermip I 01 
filename characters, invalid 98 
filenames 

invalid 98 
mapping & translating 99 

seeing 96 

files, accessing via QNX programs 95 

filesystems, setting up 95 - I 0 I 
image of DOS diskette or partition. creating 97 

ownership offiJes 1 0 I 
partitions supported 97 
permissions 100 

QNX-to-DOS character and name 
mapping 98- 99 

QNX-to-DOS attribute-bit translations 100 

text files 
converting 98 
structure of 98 

versions supported 97 

volume labels 100 
Dosfsys filesystem manager 

access to DOS files 95 

DOS version suppon 97 
drives, adopting 96 

error codes 101 
invocation modes 95 

name adoption 96 
l'ltarting 96 
starting in sysini t file 42 

temlinating 96, 101 

dot (directory link) 170 
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dot command 39 
dot dot (directory link) 170 
down arrow key 5 
downloading from QUJCS 

seeQUICS 
drivers 

see device drivers 

.tee also network 
drives 

see disks 
DSR lines 80 
DTR lines 80 

E 
editing keys 4 
effective group and user IDs 64 

changing 64 
electronic mail 

sending to Quantum employees or other 

users 186 
see abo QUICS 

embedded images 144 

-u87 utility 40 
encrypted passwords 70 
Endkey 4 
Enterkey 4 
entering 

input 4 

multiple commands 20 
environment variables, defining 41 

essential network drivers 1 09 
/etc:/ac:c:log file 

see accounting file 
/etc:/c:onfig/lparvr file 

see spooling, setup file 

/etc:/ayalog file 73 
see also accounting file 

UsetsGuide 

Ethernet 

drivers/card~. booting from 104 
drivers/cards, physical node 10, 

determining 51 
fault-tolerant network 115 

Index 

nodes. adding to an Arcnet network 112- 113 
.tee also network 

executable file 
running with privileges of its owner & 

group 68 
execute permission 66 
expan11ion, filenames I 9 
EXTENDED mode 197 

see also qnx terminal 
extents 

structure 172 
where extents are stored 170-171 

F 
FAT table {DOS) 97 
fault-tolerance (network) 53, I 04. 106 
fault-tolerant Ethernet network 115 
fdiak utility 173 

file maintenance utilities 173 
c:hlr:faya 173- 175 
dini.t 173, 180 
fdi.alr: 173 
apatc:h 174, 177, 182 

zap 174, 176 
see also c:hlr:faya 

_FILE_LINK bit 170 

filenames 
DOS to QNX mapping 99 
DOS, invalid filenames 98 
expansion 19 
longer than 16 characters 170 
maximum length 24 

portable 24 
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filenames (cont'd) 

QNX to DOS mapping 99 

suffixes 24 

valid & invalid characters 24 

files 
access based on pennissions 66 
access conflicts, resolving 146 
accessing across the network 25 
accounting file 71 - 73 

appending 16 
backing up (see also backups) 157- 163 
blocks, examining & restoring 176 

changes to, logging (RCS) 146 - 14 7, 151 

commonly used commands 29 

comparing 29 

concatenating 29 

copying 29, 164 
copying to a different time zone 43 
counting words, linell, or bytes 29 

deleting 29 

deleting without returning used blocks 174 

di'lplaying contents 29 

DOS binary files 98 
DOS text files 98 
DOS text filell, converting to QNX 98 

executable file running with privileges of its 

owner & group 68 

extent blocks 171 

finding 29 

group ID, changing 67 

identifying 146, 151 

links 170 

listing 29 

locating 25 - 26 
locking (RCS) 148, 150 

maintenance utilities 173 
mode bit~>, changing 67 
moving 29 

multiple, working with 19 

naming 24 
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ftles (cont'd) 

netwOJk·wide access 25 
ownership (DOS) I 01 
ownership. changing 67 

permissions 65 

changing 67 

printing (see also spooling) 119 

RCS files, storing 149 

recovering I 65 - 183 

if deleted 17 6 

iflost 182 - 183 

remote access 25 
removing 29 

removing without returning used blocks 174 

renaming 29 

revising 146 

setgid and setuid 67 - 68 

SOJting 29 
string patterns, searching for 29 

structure 172 

temporary files, default location 28 

user ID, changing 67 

working file, protecting (RCS) 149 

see also DOS: directories; extents: 

filenames; RCS (Revision Control System) 

filesystems 

backups 160 

configuring for network 93 
how data is stored on disk 166 

naming 25 
physical filesystems. defined 92 

restaTing 174 
setting up second system 91-101 
typical filesystem 27- 28 
see also DOS; partitions; pathname space, 

partitioning: recovering 
filters (spooling) 

se~ spooling 
fiXed disks, backing up to or restoring from 162 

seea/,'iO backups 
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floating point emulator 40 

floppies 

backing up to or restoring from 160 
block special file, accessing 41 

floppy driver 
starting 41 

flow control (software) 

enabling & locking 85 
fonts. changing 7 
free software 186 
f:reeze utility I 62 
full-screen program.~ 

t•xminfo database 88 

G 
global name server 

selecting a machine as 40 
Greenwich Mean Time 

s~e time zones, UTC 
group IDs 64 

H 

changing 63,67 
effective group IDs 64 

changing 64 

hard disk booting 

see booting 

hard disks 

see disks 

hardware adapters 
see serial devices 

hardware handshaking 

enabling & locking 82 
heap sizes, setting 141 

User's Guide 

home directory 26 

location 28 
retuming to 29 

Home key 4 

I 
l/0 addresses (hardware adapters) 77 - 78 
identifying files {RCS) 151 
IDs 

see group IDS, logical node IDs, 

Index 

logical network IDs, physical node IDs, 
process IDs, and user IDs 

images 
.boot file, copying to 143 

build file, constructing 140-144 
bui.ldqn::.: utility 140 

creating through buildqnx or the 
Makefile 140 

disk images 142 

embedded images 144 
hard disk booting, processes required 142 

heap size. setting 141 
image file location 140 
local memory. allocating 141 
makefile for disk booting 142 

makefile for network booting 144 
network images 144 
of DOS diskettes or partitions 97 
priority of processes. setting I 4 I 
processes, selecting 141 
s~e also system initiali7.ation file 

incoming & outgoing calls on same serial line 87 

inodes 

.inodes file 169-170 
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input 

deleting 4 
end of input, indicating 10 

entering 4 
lines, editing 4 
Iiles, recalling 5 

maximum length of input line 5 

reading from a file 16 
redirecting 16 

submitting line of input 4 
Ins key 4 
inserting 

characters 4 
installing 

additional software from Quantum and 

other vendors 35 
QNX onto a hard disk 34 

see also network 
international characters 

entering 9, 194, 198 

international keyboards 9,42 

interrupt generated by each UART 77 
inverse video mode 199 

K 
kbd. utility 42 

kedit utility 42 

keyboard 

codes (qnx terminal) 196 
console fonts, changing 7 

consoles, switching 6 
conventions used in this manual vii 

custom layouts, creating 42 

dead keys 9 
debugger. invoking 8 
end of input, indicating l 0 

EXTENDED mode (qnz terminal) 197 

international keyboards 9, 42 
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key chords v n 

killing a process 8 
line-editing keys 4, 10 

non-USA keyboards 42 

rebooting system 9 
recaJling commands 5 
SCAN mode (qnx terminal) 197 

summary off unctions 1 0 
suspending/resuming output 8 
won'tfunction 42, 144 

kiJling a process 8 

L 
left arrow key 4 

licensing 45-47, 54 
activating new licenses 46 
application licensing 45 
based on number of logical nodes in the 

network 45, 51 
expanding your license 46 

~ic:•n•• utility 46 
network licensing, nameloc: requil'ed 47,56 
operating system licensing 45 
see also network 

line configuration 

changing 40 
line-oriented input 

entering 4 
links 170 

_FlLF._UNK bit 170 

symbolic [inks, using to partition 
pathname space 95 

listing contents of a directory 29 

loader block 167 

creating 1 73 
see a/ so partitions 

local memory allocation 141 
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locating 
files 25-26 

locking files (RCS) 148, 150 
seealsoRCS 

Jog file 
see accounting file 

Jogging changes to files (RCS) 146- 147, 151 
logical network IDs 

assigning 50 
for multiple network links 110 
see also network 

logical node IDs 
assigning 50, 52, 56 
see also network 

login 
automated 86 
consoles 7, 41 
tenninals 86 

logout 7 
loat+~ound directory 182 
lp Utility 119 
lpc utility I 20 
LPDEST environment variable 135- 136 
lpq utility 120 
lprm utility 120 
LPSRVR environment variable 135, 138 

see also spooling 
lpsrvr file 

see spooling, setup file 
lparvr utility 119 
1s utility 

viewing permissions 66 

Users Guide 

M 
mail 

see QUICS, email 
makefile for disk booting 

examples 143 
location 142 
macros for changing defaults 142 
see also images 

makefile for network booting 
location 144 
see also images 

Index 

mapping between logical and physical node IDs 
see network 

masking nodes Ill 
see al.vo network 

mathematical characters 
entering 194. 198 

meu utility 162 
memory allocation, local 141 
metacharacters (shell) 15-16,19 
mixed networks 

see multiple network links 
mode bits 

see permissions 
madam utility 87 
modems 

configuring 87 
connecting 82- 83 
dedicated line for incoming calls 

not required 87 
flow control between terminals and modems 81 
hardware handshaking, enabling & locking 82 
high-speed, error-correcting 82 
incoming call, detecting 81 
indicating a connection has been made 81 
locked baud rate, using 87 
standard 83 
terminal type, querying user for 89 
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mounting filesystems 92 - 94 
moving 

cursor 4, 199 

files 29 
multi-port serial adapters 78 
multiple commands. entering 20 
multiple network links 

N 

additional drivers, starting 109 
benefits 1 06 
card used for booting over net 109 
cards, adding 108 
c•mmunicating across networks I 06 
configuring I 08 - 116 
drivers, starting 109 
essential drivers, location and purpose I 09 
Ethernet nodes, adding to Arcnet 

network 112- 113 
fault-tolerant Ethernet network 115 
logical network IDs, specifying 110 
n•tboot configuration tile Ill 
netmap file 111, 113, 115 
private network link 116 
see also network 

name server 
selecting a machine as 40 

nmaeloc utility 47,56 

n•tboot 

see network 
network 

additional drivers I 09 
Arcnet cards 51 
Arcnet network, adding Ethernet 

nodes 112- 113 
boot ~erver, associating nodes with I O!i 

configuring 54- 57 
selecting 52 - 53 
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network (cont'd) 
boot server, setting up multiple 

servers 104- 105 
booting 44,104,109, Ill, 141,144 

from Ethernet{roken Ring cards 104 
build file, selecting for network media 57, 112 
card used for booting over net 109 
card, installing 54 
communicating across networks 106 
diagnosing problems 59 
drivers 51 

starring 55, 109 
starting multiple drivers 11 0 

errors, reporting 58 
essential drivers 109 
Ethernetcards 51 

booting from 104 
executing commands on remote nodes 17 
fault-tolerance, establishing 53, 104, 106 
fault-t•lerant Ethernet network ll5 
filesystem, configuring for network 93 

hardware 51 
images for network booting 144 
large networks, configuring 53, 1 04 
licensing 45-47,50,54,56 
logical network IDs 50 

for multiple net links 11 0 
logical node ID, changing (effect of) 38 
logical node IDs, assigning 50, 52, 56 
manager, starting 55 
mapping between logical and physical 

node IDs 52, 57, 111, 113, 115 
multiple links (see also multiple 

network links) 106 -116 
nmaeloc utility 56 
n•tboot configuration tile 57, I05, 109. Ill 
n•tboot utility 56, 105, 140, 144 
netmapfile 52,57,111, 113, 115 
node IDs, changing (effect •f) 38 
nodes, customizing 37 
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network (cont'd) 
nodes, masking, unmasking, & deleting Ill 

parallel networks (see also multiple 

network links) 106-107 

pathnames 25 
physical node IDs 50 

determining 51 

displaying 57 

planning 53 

private network link. setting up 116 

problems. diagnosing 59 
setup considerations 51 - 53 

Token Ring cards 51 

booting from 104 
troubleshooting 59 
workstation. configuring 58 -59 
see a/ so licensing; multiple network links; 

physical node ID11; workstation 
Network Manager 

drivers. starting 55 
starting 55 

nodes 

see network 

nohup command 18 

0 
online usage messages 18 
onDOd• command 17 

ontty command J 7 
operating system images 
see images 

outgoing & incoming calls on same serial line 87 
output 

appending to a file 16 
piping to another command 16 
redirecting 16 

suspending and resuming 8 

output buffers, specifying 77 

Ussr's Guide 

output devices 

reinitializing between spooljobs 121 

overwriting 

characters 4 
ownership of files 

changing 67 

DOS 101 
see also permissions 

p 
parallel devices 76 

multiple parallel ports 76 
output buffers, specifYing 77 
single parallel p01t 76 

parallel driver 
starting 40, 76 

parallel networks 
see multiple network links 
se.e also network 

parent directory 170 

see also directories 

parity bits 81 
partitioning the patlmame space 

see pathname space, partitioning 
partitions 

bitmap blocks 168 
directory structure, checking 173 

DOS 97-98 
key components 167 

loader block 167 

t.-reating 173 
multiple partitions on single drive 93 
partition block 17 3 
root block 167 
root directory 168 
see a/s(} pathname space, partitioning 

Index 
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password 

changing 62 
encrypted passwords 70 
entering 62 

passwd utility 62 

stringency 62 
u.c;er ID ranges 62 

.tee also accounts; security 

password database 

access to pas.o;word files 69 
default password files 70 
/etc/group file 69 

/etc/passwd file 62, 69 

/etc/shadow file 70 
see also security 

patching minor disk pmblems 17 4 

pathname space, partitioning 92 -94 
hard disk and floppy 92 

local and remote hard disks 93 
two hard disks 93 

two or more QNX partitions 93 

using symbolic links instead of prefixes 95 

see a/ so System Architecture 
pathnames 25 - 26 

network pathnames 25 

pattern-matching characters 19 
pax utility 41, 159, 163 

permissions 65 
bypassed by superuser 65 

directories 66 

DOS/QNX permission mapping 100 
executable file running privileges of its 

owner & group 68 
execute pennission 66 

group ID, changing 67 

mode bits 65 

changing 67 
how they're assigned 67 

bits stored in st_mode field 65 

ownership, changing 67 

222 Index 

permissions (cont'd) 

read permission 66 

regular files 66 

setgid 68 

changing 67 

setuid 68 

changing 67 

superuser and 65, 67 - 68 

umask permission bit ma.01k 67 

user ID, changing 67 
viewing 66 

write permission 66 

.~ee also security 

phoning Quantum 188 

physical filesystem, defined 92 
physical node IDs 

assigning 50 

determining 51 

displaying online 57 

formats 51 
location 50-51 

specifying in decimal 52 

unique within each network 50 

.tee also network 

piping output to another command 16 
po1tability 

filenames 24 

po1table character set 24 
preftx tree 92 

.tee at so Sy.ttem A~rhitecture 
print jobs 

canceling 120 
querying I 20 
selected on queue priority & age of job 122 

submitting 119, 136 

see al.to spooling 

print spooling 
see spooling 

PRJNTER enviromnent variable I 36 

.tee also spooling 
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printers 

parallel printers. improving turnaround time 77 
reinitializing between spool jobs 121 

~erial printers, connecting 84 
serial printers, flow control 84 
see also parallel devices: serial devices; 

spooling 

priority of processes 

setting in buildfile 141 
private network link 

setting up 116 
see also network 

privileges 

giving to another user 62 
non-privileged users performing 

privileged functions 68 

~·ee also permissions; security 

processes 

displaying processes currently running 29 
group ill, changing 63 
heap size, setting in buildfile 141 

killing 8 
priority, setting in buildfile 141 

remote execution 17, 108 
selecting for an OS image 141 

programs, revising (RCS) 146 

seealsoRCS 
pseudo tty driver 

starting 76 
public-domain software 186 

Q 
qnx terminal 191 

attributes, saving 201 

bell. ringing 201 
character attributes, setting 199 

color, setting 201 

composed character input sequences 198 

User's Guide 

qmr: terminal (cont'd) 

cursor. defining and moving 199 
escape sequences 199 
EXTENDED mode 197 
keyboard codes 196 

lines, deleting and inserting 200 

SCAN mode 197 
standard console character set 194 

see •I so consoles 
qt:alk terminal emulator 87 

Quantum update system 

seeQUICS 

Quantum, phoning 188 
see al.ro QUICS 

queues (spooling) 

accessing 135- 138 

chaining 124, 131 
chaining despooledjob onto 126 

controlling 120 
copy-in filters 121 

default 128 

specifying 126 
vs copy-out filters 133 

copy-out filters 121 

default 128 
specifying 126 

default queue 135- 137 
defined in lpuvr file 124 

describing 12 6 

located in /dev/apool directory 118 

maximum no. of jobs 126 

Index 

minimum no. of jobs before flushing 126 

multiple queues feeding multiple targets 123 

feeding single target 122, 132 

one queue feeding multiple targets 123 

feeding single target 122 

output can be connected to multiple targets 121 
priority, specifying 126 

purpose of 121 

registering name of spooler 126 - 127 
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queues (cont'd) 

specifying 119. 129 

writing directly to queue file 120. 131 
see a/ so spooling 

QUICS 

conferencing system 187 
email 186 

free software 186 
hardware 187 
logging in 189 
phoning Quantum 188 
refresh policy 186 
reporting bugs 186 

using 189 

quoting special characters 14 

R 
Rambo mode (chkf'aya) 175 
raw disks 

browsing 174 
.fee also disks 

RCS 

branch 150, 154- 155 
branchpoint 154 
checking in 147 
checking out 148 

ci (check-in) command 147- 150 
co(check-out) command 147-148,150 
commands (summary) 155 
defined 146 
delta nodes 154 

file format 152- 154 
getting started 147 
head 155 
.idant command 151 
identification strings 150- 1.51 
identifying revisions 14 7 

locking files 148, 150 
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RCS (cont'd) 

log messages 151 
rca command 148 
RCS directory, creating 149 

RCS files, storing 149 

rcadiff command 148 
revision numbers, assigning 150 
revisions, identifying 147 
trunk 150, 154- 155 
tutorial 147 
working file 147-149, 155 

protecting 149 
read permission 66 
reading 

input from a file 16 
readme files, location 27 
realtime clock 

getting time from 39, 43 

,,·eealso time zones 

rebooting 9 
see also booting 

recalling commands 5 
received parity bits, suppressing checking of 81 
recovering 

deleted files 176 
disks 165- 183 
files 165-183 
lost files and directories 182- 183 
loat+found directory 182 
see also backups; file maintenance utilities 

redirecting 

input 16 
output 16 

refresh policy 186 
remote execution of commands 17, I 08 

remote files 
acces . .o1ing 25 

removable disks 

backing up to or restoring from 162 
see also disks 
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removing 

directories 29 

files 29 
renaming files 29 

resolving access conflicls (RCS) 146 
resources 

access, comroUing 62- 70 

acce.Ks, reslricting via a spooler 118 
see also access control utilities; permissions 

re~~toring data 
compre5Sed data, probleTT15 recovering 162 

floppies 160. 163 
on another UNIX system 159, 163 
removable disks 162 

tape 161 
tar/cpio format 1.59 
see also archives; backups 

restoring your ftlesyslem 
.fN recovering 

re11'Uming output 8 
revision control system 

steRCS 
righl arrow key 4 
ringing a bell on a terminal 201 
root 

see superuser 
rool block 167 

creating 17 3 
restoring 173 

root directory 25 

.bi.t..ap file 169 
contents 168 
creating 17 3 

. !.nod•• file 169 
see also directories 

RS-232 

cabling assignments ?9 
fbw control between terminal and modem 81 

serial protocol 80 

SC.K.\UOR control 80 

User's Guide 

RS-232 (cont'd) 

signal names 79 
transmitted characters 80 

see also serial devices 

Ruboulkey 4 

s 
SCAN mode 197 

see also qnz terminal 

sees 
seeRCS 

saeen fonts, changing 7 

scripts (shell) 20 
second filesystem, adding 

see DOS 

Index 

see also pathname space. partilioning 
security 62 - 70 

access control utililies 62 
access to files 65 
file permissions 65 
groupiDs 64 
1og1n utility 62 
newgrp utility 63 
paaavd utility 62 
password database 69 

pa.'ISWord flle5. defaults 70 
permissioJL'I 65 
•u utility 62 
useriDs 64 
see also password; permissions; resources 

setial devices 77 - 89 
connecting 82 

hardware adapters 77-7 8 

IJO addresses 77 
hardware interrupt generated by each UART 77 

modems, connecting 82 - 83 
multi-port serial adapters 78 
ports, configuring 8 I 
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serial devices (cont'd) 

printers, connecting 84 
RS-232 serial prococol 79 

single-port serial adapters 77 
terminals, connecting 8!5 
troubleshooting 89 
typical installation 78 

see also modems; RS-232; terminals 
serial driver 

starting 40, 76 

serial ports 
baud rate, specifying 40, 82 

configuring 81 
data bit11 81 

interrupts. sharing 78 
parity bits 81 

stop bits 81 
server node, selecting & configuring 

ue boot server 
services see images; system initialization file 
setgid 68 

changing 67 

setting up user account!! 61 - 73 
setuid 68 

changing 67 
shell 

command basics II 

command lists 20 
command syntax 12 

command usage, displaying 18 

filename expansion 19 
metacharacters 15- 16, 19 
quoting special characters 14 
recalling commands 5 
redirecting input and output 16 

remote execution 17 
scripts 20 
special characters 14 
wildcards 19 
see ol.m commands 
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sinit utility 36 
software now control 

enabling & locking 85 

software refre.'lh policy 186 
software, free 186 
sorting files 29 

110urce code control system 

seeRCS 
spatch utility 174, 177, 182 
special characters 

quoting 14 
!>pooler 

accessing 13 5 - 138 
default spooler 135- 136 
defined 118 

registering name 126- 127 

spooling 
accounting information, recording 126, 131 
architecture ohpooler 121 - 123 
attribute keys 

adding cu~>tom keys 128 
referencing as meta variables 128 

attributes of queues & targets, specifying 125 

canceling jobs 120 
chaining queues 124, 131 

control programs 
effect on copy-out 128 
purpose of 121 
specifying 126 

copy-in filters 121, 130 

bypassing 124 
default 128 
specifying 126 
vs copy-out filters 133 

copy-out filters 121, 130 

default 128 
possible eftects 130 
specifying 126 

default queue 135- 137 
default spooler 135- 136 
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spooling (cont'd) 
despooled job, chaining to queue 126 
despooling, specifying wait before 126 

error mes."tage. mailing to user 131, 134 
/etc/config/lpsz:vr file 119, 124 
filters 121, 128- 129 
global keywords 127 
input errors I 31 
jobs 

querying 120 
removing 120 
selected on queue priority & 

age of job 122 
submitting 119, 136 

keys 
adding custom keys 128 

global 127 
referencing as metavatiables 128 

lp utility 119 
lpc utility 120 
LPDEST environment variable 135 - 136 
lpq utility 120 
lpz:m utility 120 
LPSRVR environment variable 135, 138 
lpsrvr utility II 9 
maiJing error mes."tage to user 131, 134 
metavariables 128 

quoting 130 
referencing keys as 128 

output devices 
can•t be hardcoded in copy-out 130 
reinitializing between jobs 121 
specifying 126 

output errors 13 I 
PRINTER environment variable 136 

querying jobs 120 
queues 

accessing 135 - 13 8 
chaining 124, 131 

controlling 120 
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queues 
default queue 135- 137 
defined in lpsrvr file 124 
describing 126 

Index 

located in /dev/spool directory ll8 
maximum no. of jobs 126 
minimum no. of jobs before flushing 126 
multiple queues feeding 

multiple targets 123 
multiple queues feeding 

single target 122, 132 

one queue feeding multiple targets 123 
one queue feeding single target 122 
output can be connected to multiple 

targets 121 

priority specifying 126 
purpose of 121 
specifying 119, 12!5, 129 
writing directly to 120, 131 

spooling (cont'd) 

registering name of spooler 126 - 12 7 
removingjobs 120 
server 119 

starting 119 
setup file 124- 128 

examples 132 - 134 
included in distribution disks I 19 
node-specific files 1 19 
syntax 124 

starting spooler 119 
submittingjobs 119, 136 
targets 

command executed when target 
abandons 126, 131 

command executed when target 
completes 126 

defmed in lpsrvr file 124 
describing 126 

only means ofaccessing a device 130 
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spooling (cont'd) 
targets 

output can be connected to 
only one device 121 

purpose of 121 
selected by availability 123 
specifying 125- I26,129 

temporary directory for spool files 126 - 127 
utilities II 9 

standard input 
redirecting 16 

standard output 
appending to a file 16 
piping to another command 16 
redirecting 16 

standard time zone, defming 204 

see also time zones 
stop bits 81 
string patterns, searching for 29 
au utility 62 
submitting spool jobs I 19 

see a/ so spooling 
suffixes (filenames) 24 
superuser 

/etc/shadow file, reading 70 
access control utilities, running with 

superuser petmissioos 68 
accessing files regardless of permissions 65 
accounting file access 71 
accounts, adding 62 
Doafaya file ownership 101 
mode bits of any me, changing 67 
password file, editing 64 
spool jobs, removing 120 

suspending output 8 

symbolic links 
using to partition pathname space 95 

symbols, international and mathematical 
see characters 

syntax (commands) 12 
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ayainit file 
see system initialization file 

system debugger 
invoking & disabling 8 

system initialization file 36 -41 
altayainit 38 

base-level services 39 
clock 

getting time from 39 
starting 42 

common commands, placing in separate file 39 
console driver, starting 39 
consoles, starting login 41 

cron server, selecting machine as 42 
Device Manager, starting 39 
DOS rtlesystem, starting 42 
environment variables, defining 41 

first command in file 39 
floating-point emulator 40 
floppy driver, starting 41 

hard disk booting 39 
keyboards, non-USA 42 
last command in file 41 

loqin, starting on consoles 41 
name server, selecting machine as 40 
Network Manager and drivers, starting 55 
node mappings, loading 40 

optional services 41 
parallel driver, starting 40 
realtime clock, getting time from 39 
serial driver, starting 40 
ayainit 38 
ayainit .1. created by inatal1 37 
ayainit.nock 37-38 

copying to altayainit before 

changing 38 
time zone, defining 39 
workstations, customizing 37 

system won't boot 177- 181 
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T 
tape 

backing up to or restoring from 161 

tape utility 161, 163 
see also archives; backups 

tar utility 159, 163 

targets (spooling) 

command executed when target 

completes 126 
control programs 121 

specifying 126 

defined in lp•:rv:r me 124 
describing 126 
only means of accessing a device 130 
output can be connected to only one 

device 121 
output device, specifying 126 
purpose of 121 

selected by availability 123 
specifying 125- 126. 129 
see also spooling 

technotes,location 28 

temporary files 

default location 28 

te:rmdef utility 89 
terminal initialization utility (tinit) 7, 41,86 

terminals 
capabilities 88 
communication, ending 80 
configuring for users 86 

connecting 85 

custom apps, launching 86 
daemon, starting 41 

defining type 8 8 

DTR line, dropping 80 
escape sequences ( qnx terminal) 19 9 

flow control between modems and terminals 81 
flow control, enabling & locking 85 

fuJJ-screen programs, te:rminfo database 88 
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terminals (cont'd) 

hardwired terminals 88 
keyboard limitations of attached terminals 5 

launching custom apps 86 

login 86 

login, automated 86 
qnx terminal 191 

qtalk tenninal emulator 87 
querying for type 89 

supported terminals 88 

tez:J~~info database 88 
tinit utility 7, 41,86 

troubleshooting 89 
type, defining 88 

types supported 8 8 
see also consoles; qnx terminal; serial devices 

terminating a process 8 
te:rmi.nfo database 88 

termi.nfo files. accessing and creating 88 
text file format'i 

DOS versos QNX 98 

text files 

revising (RCS) 146 

ste also files 

textto utility 98 

third-party applications 

installing 35 
time zones 42, 203 - 205 

ca.rdinated universal time (UTC) 42 

date and time. establishing 43 

daylight savings time, changing to or 

from 203, 205 

daylight savings zone. defming 204 

east of Prime Meridian 204 
establishing 39, 42 - 43 

Greenwich Mean Time 42 
not setting, effect'i of 43 

standard zone, defining 204 

time, establishing 43 
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time zones (cont'd) 

transferring tiles to a different time zone 43 
1Z environment variable 39, 43, 203 - 204 

UTC 42 

west of Prime Meridian 204 
tinit utility 7, 41, 86- 87 

Token Ring drivers/cards 

booting from 104 

physical node ID, detennining 51 

see also network 

tone, generating on console 201 
transmission of data, slowing down 8 I 

troubleshooting 
network 59 

serial devices 89 
typing, correcting errors 4 

1Z environment variable 39, 43, 203 
contents of 204 

see also time zones 

u 
UARTs 77 

hardware interrupts generated by 77 
umask permission bit mask 67 

see also permissions 
unmasking nodes Ill 

see also network 

up arrow key 5 
update system 

seeQUICS 
usage messages 18 
use command 18 
user accounts 

see accounts 
user IDs 64 

changing 67 

effective user IDs 64 

effective user IDs, changing 64 
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user IDs (cont'd) 

ranges, determining 62 

.'fee also security 

username 

entering at login 62 

urc 
see time zones 

utilities 

common tile management utilities 29 

logging info about users 70 
usage messages, displaying 18 

see also commands 

v 
variables, defi.ning 41 

version control 

seeRCS 
virtual consoles 

switching 6 
see al.,·o consoles 

vol utility 41, 159, 163 
volume labels (DOS) I 00 

w 
warm boot 9 
wildcards 19 

working directory 

see current working directory 

working files (RCS) 
seeRCS 

workstation 
booting over the network 44, 58, 109, Ill, 144 
communicating with server via essential 

driver 109 

configuring 58 -59 
customizing via ayainit. node file 37 
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workstation (cont'd) 
defined 53 

image loaded when booting from network 53 

non-USA keyboard, !:ipecifying 42 
see a/ so network 

write permis~:~ion 66 

z 
&ap utility 174- 176 
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