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The command line can be an intimidating and unforgiving environment. Unlike working in graphical environments, 
it's not entirely clear what commands one must execute in a terminal to accomplish a given task. Couple this with 
the fact that the command line does not prevent you from doing things that might cause irreparable damage to your 
system, and it becomes clear why many people never take the time to learn how to use it.  
Despite the hidden dangers and uncertainty faced by new users (known jokingly as "newbies" in the technology 
industry), you shouldn't fear the command line. Armed with the information in this book you will acquire the skills 
necessary to become more proficient in the command line environment. You will discover that most Unix, Linux, 
and BSD systems share the same core architecture, with only a few subtle differences. After learning the basic 
architecture and commands of Unix, Linux, and BSD systems you will easily be able to transition between the 
different platforms.  
To aid the learning process, I recommend downloading one or more of the free operating systems listed below to 

practice the commands in this guide. 

 

Linux is the recommended starting point for beginners. It has support for all the latest hardware and provides a user-

friendly installation process.  

Brief History of Unix, Linux, and BSD  
Unix was created in 1969 at Bell Laboratories which was, at the time, a research and development division of 

AT&T. Since that time, Unix has branched into many different commercial and open source implementations, most 

of which are based on the original AT&T standard. Modern Unix-based systems are typically classified into one of 

the following groups: 

 

In the 1970s, researchers at the University of California, Berkeley began developing BSD (short for Berkeley 
Software Distribution). BSD was originally based on the AT&T Unix codebase, but has been rewritten over time to 
remove AT&T copyrighted code from the system. This allows BSD to be distributed with minimal restrictions. 
Since that time, the BSD code-base has split to form a number of popular operating systems including FreeBSD, 
OpenBSD, and NetBSD. BSD code can also be found in proprietary proprietary operating systems created by 
Microsoft, Apple, and Sun Microsystems.  
Commercial Unix systems began to appear in the early 1980s. These systems combined various amounts of Unix 
and BSD code along with vendor-specific enhancements to create new platforms such as AIX, HP-UX, and Sun 
Solaris. Today, commercial Unix systems can be found in data centers at many large companies running mission 
critical applications.  
In 1991, a computer science student at the University of Helsinki in Finland named Linus Torvalds created the 
Linux operating system. While Linux shares much of the core concepts of Unix, it contains no Unix code. This 



means it can be freely distributed in the same manner as BSD (although under a different license). The first 
commercial Linux distributions hit the market in the mid 1990s. Since then hundreds of Linux variants have been 
developed. The open nature of the Linux operating system has contributed to its success and helped make it one of 
the most popular server operating systems in use today.  
The Unix platform has been around since long before graphical user interfaces were invented. The fact that Unix-

based systems are still a commanding force in modern computing is a testament to the industrial design of the 

platform. With Unix, Linux, and BSD popularity at an all time high, now is the perfect time to explore these 

platforms and join the movement. 

Architecture 
The Kernel  
At the heart of every Unix, Linux, and BSD system is the kernel. The kernel provides a layer between the computer 

hardware and user applications. When applications need to display output to a screen or write files to the disk, the 

kernel facilitates these actions. Think of the kernel as the conductor in a symphony; it directs all the actions of the 

operating system. 

 

When you type a command on the keyboard, the computer hardware receives the signals and transfers them to the 

kernel. The kernel recognizes the key strokes and draws them on the display. Once the typed command is executed, 

the program will utilize the kernel to request processor, memory, and other resources in order to perform the 

requested task. 



Popular Versions of Unix, Linux, and BSD  
There are many different Unix, Linux, and BSD distributions. The tables below list the most popular systems in use 

today. 

 

 



 



 



 

EXT versions 2 through 4 are file systems used by the Linux operating system. Currently, ext3 is the most widely 
used file system on Linux distributions. The recently released ext4 file system has many new features and 
performance benefits over ext3. It will become the default file system for most Linux systems within the next few 
years. Versions before ext3 are considered obsolete and are rarely.  
JFS is IBM's journaling file system primarily used on the AIX operating system.  
HFS+ is Apple's file system used on their Unix-based Mac OS X operating system. HFS+ isn't widely supported by 
other operating systems but it can be mounted as read-only on Linux systems.  
UFS is a Unix file system used primarily by BSD distributions.  
VxFS is a file system developed by Veritas Software Corporation (now known as Symantec) and used on HP-UX 
systems. It is also supported on several other Unix and Linux systems although it is rarely used outside of HP-UX.  
ZFS is a new and highly robust file system developed by Sun Microsystems. It is primarily used on the Solaris 

operating system but also has limited support for some Linux and BSD systems. 

Devices  
Every Unix, Linux, and BSD system has a directory that is known as /dev. This directory contains device files 
(sometime referred to as special files) that represent hardware installed on the system such as /dev/mouse and 
/dev/cdrom. # Within the /dev directory there can be several hundred files. Most of these files are of little use in everyday 
activities. As the system administrator of a Unix or Linux system you will primarily be working with the device files that 
represent your disk drive(s). Knowing the path to your hard drive is important when working with commands related to 
file systems. More on this topic is covered in Section 10 of this guide. 
Within /dev, there are also a few helpful pseudo-devices. Pseudo-devices do not represent actual hardware and exist only 
to perform a specific task. The table below describes the most commonly used pseudo-devices. 

 

The Shell  
The command line interpreter, also known as the shell, is a program that accepts input from a user (typically a command 
of some sort) and performs the requested task. Once that task has completed, the program will terminate and return the 
user to the shell.  

The shell's prompt identifies the type of shell being used. There are two basic types of shell prompts:  



$  Normal user shell (may also 

be % or > on some 
systems)  

#  Root user shell  

 
  

 

Types of Shells  
There are several different types of shells for Unix, Linux, and BSD systems. Each shell has its own set of features 

and usage syntax. The next table describes the most popular shells that are currently available. 

 

The bash shell is the most popular shell in use today. It is the default shell on all Linux systems and is also available 

for most Unix and BSD systems. Other shells like csh, tcsh, and ksh are typically used by default on non-Linux 

systems. 

 

 

 

 

Command Line Basics 



 



 
The man command displays the manual (often referred to as the man page) for the specified command. Each 
manual page provides detailed information about a command's options and usage. In the above example, executing 
man ls displays the manual for the ls command.  
The table below describes the keys that can be used to navigate the manual program. 

 

 



 
whatis displays a brief description of the specified command. The above example displays the description of the ls 
command using whatis. This can be used as a helpful reminder of a command's purpose without having to refer to 
the man command.  
Multiple commands can be used with one whatis query to display the description of each individual command. For 

example, typing whatis ls who rm would display the description of all three commands at once as demonstrated in 

the next example. 

 

 

 



 



 

 

 

 

The cd command (short for Change Directories) changes your location within the file system to the specified path. 
In the above example, executing cd /etc makes /etc the new working directory.  



The cd command interprets directory paths relative to your current location unless you manually specify a full path 

(such as cd /etc as used in the first example.) The next example demonstrates using cd to change directories relative 

to the current location. 

 

 

 



 

The tree command displays a directory listing in tree form. This is useful for visualizing the layout of a directory 

structure. In the above example, executing tree -d -L 2 displays 2 directory levels (relative to the current location) in 

tree form. 

 



 

 

 



 

The locate command displays the location of files that match the specified name. While similar 
to the find command, locate is significantly faster because it searches a database of indexed 
filenames rather than performing a raw search of the entire file system. A disadvantage of the 
locate command is the fact that it lacks the ability to search for advanced characteristics such as 
file owner, size, and modification time.  
Most Linux and BSD systems have implemented locate in order to provide a quick method to 

locate files by name without affecting the performance of the system. 

 

 

whereis displays the file locations for the specified command. In the above example, whereis 

displays the binary file and manual page location for the ls command. 



 

 

The file command displays information about the contents of the specified file. Microsoft 
Windows systems often use a file extension (such as .txt, .exe, .zip, etc.) to identify the type of 
data found in a file. Unix, Linux, and BSD files rarely include an extension which can make 
identifying their file type a challenge. The file command is provided to resolve this problem.  
The above example displays results for several file types commonly found on Unix, Linux, and 

BSD systems. The table below displays more information about these file types. 

 



 

 

The stat command displays extended information about files. It includes helpful information not 

available when using the ls command such as the file's last access time and technical information 

about the file's location within the file system. The example above displays the stat output for 

the /etc/hosts file. The next example displays the stat output for the /etc directory itself. 

 



 

 

The -s option can be used to set the time/date on the system as demonstrated in the next example. 

 

When setting both the time and date you must use "MM/DD/YYYY HH:MM" format. To set 

the time only you can simply use date -s HH:MM. 



 

 

The cal command displays a simple calendar on the command line. Executing cal with no 

arguments will display a calendar for the current month, as shown in the above example. Adding 

a month and year as arguments will display a calendar for the specified month and year, as 

shown in the next example. 



 

 

The history command displays a user's command line history. Executing the history command 

with no arguments will display the entire command line history for the current user. For a shorter 

list, a number can be specified as an argument. Typing history 10, for example, will display the 

last 10 commands executed by the current user as shown in the above example. 



In Linux, each user has a file called .bash_history in their home directory that contains their 
command line history. Unix systems typically store history in a file called .sh_history or .history.  

 

 

 
The clear command clears the contents of the terminal screen. This is useful for uncluttering the 
display after you have executed several commands and are preparing to move to the next task. 
The example above demonstrates the before and after effects of the clear command. While 
clearing the screen after each command isn't necessary, it does make it easier to read the 
information on the display. 

 



 
The logout command logs your account out of the system. This will end your terminal session 
and return to the login screen.  
Some systems may have a file called .logout or .bash_logout in each user's home directory. This 
file contains commands to be run during the logout process. It is used to perform cleanup 
operations and clear the screen before ending the user's session 
 
 

 

 

The exit command is similar to the logout command with the exception that it does not run the 
logout script located in the user's home directory. The above example shows the results of 
exiting the shell and returning to the login prompt.  
Shell scripts typically use the exit command to properly terminate while users use the  logout 

command to properly log out of a system. The exception to this rule is when a terminal 

application is opened from within a graphical environment on the local system. The logout 

command cannot be used in this situation because terminal session is started as sub shell under 



the graphical environment. Most systems will display an error in this case as shown in the next 

example. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Working with Files 

Copying and Deleting Files 

Probably the two most common file-manipulation tasks are copying and moving files. You will 
regularly find yourself replicating files all over your disk drive or copying files to floppy disks, 
the latter for backup purposes or to “transmit” files using the cheapest of all networking 
methods: your feet. Similarly, the average PC user at some point will run short of disk space and 
will strike out in search of files to delete in order to free up precious disk space and avoid 
investing in a new hard drive. 

Copying Files 
Anyone with even brief experience using DOS or the DOS prompt in any version of Windows is 
probably aware that clicking, dragging, and dropping is not the only way to copy files. In fact, 
DOS’s copy command offers additional features, such as wildcards, that can make it quicker, 
easier, and more powerful to use than File Manager or Windows Explorer. Similarly, in the 
Linux world, the cp command (normally found at /bin/cp) is used for copying and provides a 
powerful tool for copy operations. 
Basic Copying 
Obviously, the most basic uses of the cp command are to copy a file from one place to another 
and to make a duplicate file in the same directory. For instance, if you want to copy a file 
(ThisFile) in the current directory to a second file (to be called ThisFile-Acopy) in the same 
directory, enter the following command: 
 
$ cp ThisFile ThisFile-Acopy 
 
 Using ls -l to look at a directory listing of the files, you would find two files with identical sizes 
but different date stamps. The new file has a date stamp indicating when the copy operation took 
place. It is a new, separate file. Changes to ThisFile-Acopy do not affect the original ThisFile 
file. Similarly, to make a copy of ThisFile in the /tmp directory (perhaps to share the file with 
another user), use the following command: 
 
 $ cp ThisFile /tmp 
 
And if you want to copy ThisFile to /tmp but give the new file a different name, enter 
 
$ cp ThisFile /tmp/NewFileName 
 



 

 
Copying Multiple Files in One Command 
One of the drawbacks of the DOS copy command is that it could copy only one file or file 
expression at a time. For instance, use the command 
 
$ copy file /tmp 
 
to copy a single file to /tmp, or enter the command 
 
$ copy *.txt /tmp 
 
to copy all text files in the current directory to /tmp. But if there are three separate files you want 
to copy, you need to use three commands; similarly, if you want to copy all text files and all 
executable files in the current directory, you need to use two commands. The Linux cp 
command, however, makes this process a bit easier. The cp command can take more than the two 



arguments in the DOS version of the command. Instead, you can pass multiple arguments to the 
command, and the last argument is treated as the destination and all preceding files are copied to 
the destination. Let’s look at an example. Suppose you want to copy the files FileOne, FileTwo, 
and FileThree in the current directory to /tmp. Obviously, you could issue three 
commands: 
 
$ cp FileOne /tmp 
$ cp FileTwo /tmp 
$ cp FileThree /tmp 
 
However, you can bundle this all together into one command, making the process easier: 
 
$ cp FileOne FileTwo FileThree /tmp 
 
Similarly, you can add wildcards to the mix and copy large numbers of files in one command. 
For instance, the command 
 
$ cp *.txt *.doc *.bak /tmp 
 
copies all files with any of three extensions in one command. 

 
If you want to copy an entire directory and all its subdirectories, you can use the -R flag of the cp 
command. This command indicates that you want to recursively copy a directory. If a 
subdirectory called SomeDir exists in the current directory and you want to copy SomeDir in its 
entirety to a subdirectory in /tmp, then use the command 
 
$ cp -R SomeDir /tmp 
 
to create a directory /tmp/SomeDir as a copy of the SomeDir subdirectory in the current 
directory. 

Advanced Copying 
The cp command offers several advanced features that extend it beyond simple copying of files 
and directories. These capabilities include preserving the state of original files in their copies and 
alternate methods to protect existing files while copying. 

Making Copies As Close to the Originals As Possible 
 Take a close look at the copies you make. Notice that certain characteristics of the copied files bear 
little resemblance to the original files. These characteristics include the file ownership, 
permissions, date stamps, and symbolic links. Let’s consider these one by one. When you copy a 
file, the resulting file is normally owned by the copier as opposed to the creator of the original 
file. Let’s say that user1 has created a file called TheFile and put it in /tmp for user2 to copy to 
their home directory. If you look at the file listing, the file looks something like this: 
 



-rw-r--r-- 1 user1 users 16992 Apr 5 12:10 TheFile 
 
After user2 copies the file with the command 
 
$ cp /tmp/TheFile ~/NewFile 
 
the resulting file has a new ownership, that of the copier (user2): 
 
-rw-rw-r-- 1 user2 users 16992 Apr 5 13:10 NewFile 
 
Similarly, when a file is created in a directory, it has a set of default permissions assigned to it. 
When copying a file, the copy will have the permissions set to the default for the destination 
directory rather than retain the permissions of the original file. Notice in this example the change 
in permission between the original file and the new copy. The original file was only group 
readable but the copy is also group writable. Achange has also occurred to the date of the copy, 
reflecting the date and time when the copy was made instead of the date stamp of the original 
file. There are times, however, when you want to retain the original owner, date, and permissions 
of files when they are copied. Let’s say, for example, that the root account is being used to copy 
a set of files to a removable hard disk for storage in a vault. Unlike a regular tape backup, which 
requires other tools, this type of backup can be done with the cp command. However, it is 
important that a backup like this match the original as closely as possible. Luckily, the cp 
command provides the -p flag, which preserves these attributes. Using the previous example, if 
the command used was 
 
$ cp -p /tmp/TheFile 
 
then the resulting file would match the original quite closely: 
 
-rw-r--r-- 1 user1 users 16992 Apr 5 12:10 TheFile 
 
Another sticky problem in copying files is how to handle symbolic links. As you learned in the 
previous chapter, a symbolic link provides a pointer to a file from another location. In this way, 
you can pretend that a file is in more than one place at once. If you try to access the link, Linux 
actually accesses the file that the link points to. Normally, when you copy a symbolic link, the 
resulting file is a copy of the file pointed to by the link instead of a new link to the same file. For 
instance, if TheFile had been a symbolic link as in this example 
 
lrwxrwxrwx 1 user1 users 16992 Apr 5 12:10 TheFile 
 

➥OtherFile 
 
-rw-r--r-- 1 user1 users 1 Apr 5 11:10 OtherFile 
 
then issuing the following cp command 
 
$ cp /tmp/TheFile ~/NewFile 
 
results in a file that is a copy of OtherFile: 
 



-rw-rw-r-- 1 user2 users 16992 Apr 5 13:10 NewFile 
 
But what if you want to copy the link instead of the file itself? What if you want the result to 
appear as follows: 
 
lrwxrwxrwx 1 user2 users 2 Apr 5 13:10 NewFile 
 

➥/tmp/OtherFile 
 
Well, once again the cp command has a flag to address the situation: the -d flag, which preserves 
the link to the original file. Simply use the command 
 
$ cp -d /tmp/TheFile ~/NewFile 
 
to get the desired result. Having said all this, it is time to put it all together. What if you want to 
use the cp command to create a useful backup copy of an existing directory and all its 
subdirectories? Using the combination of these two flags and a recursive copy, you can do this. 
For instance, 
 
$ cp -pdR TheDirectory /backups 
 
creates an exact copy of TheDirectory in the directory /backups/TheDirectory. But the cp 
command provides a simplified way to achieve this: the -a flag, which indicates that you want an 
archive of a directory. It is a quick way to indicate the three flags -pdR: 
 
$ cp -a TheDirectory /backups 
 
Preventing Mistakes As you saw earlier, one way to prevent mistakes is to use the -i flag, which 
forces interactive prompting before overwriting occurs in the course of copying files or 
directories. Other methods are available to provide different degrees of protection. One method 
is to use the -b or --backup flag to cause the cp command to create a backup copy of any file 
about to be overwritten. By default, the backup copy has the original filename with a tilde (~) 
after it. So, if you copy FileOne to FileTwo using the command 
 
$ cp -b FileOne FileTwo 
 
and FileTwo already exists, then a backup is made of the original FileTwo called FileTwo~. 
It is possible to alter the way in which the cp command names the backup files with the -S flag. 
The -S flag allows you to change the character used in backup names from the default tilde to 
something else. For instance, 
 
$ cp -b -S _ FileOne FileTwo 
 
results in a backup filename FileTwo_. Alternatively, you can specify one of three types of 
backup naming schemes with the --backup flag:t or numbered Create sequentially numbered 
backups. If an existing numbered backup file exists, then the new backup file created is 
numbered sequentially after the existing backup file; the resulting filenames look like 
 
FileTwo.~Number~ (for example, FileTwo.~2~ or FileTwo.~11~). 



 
nil or existing If a numbered backup file already exists, then create a numbered backup; 
otherwise, create a regular simple backup file. never or simple Create a simple backup file using 
the default tilde or alternative character indicated by the -S flag. This overwrites any previous 
backup with the same name. For instance, to create a numbered backup in the example above, 
use the command 
 
$ cp --backup=t FileOne FileTwo 
 
Or 
 
$ cp --backup=numbered FileOne FileTwo 
 
Similarly, both of the following commands create simple backup files:  
 
$ cp --backup=never FileOne FileTwo 
 
And 
 
$ cp --backup=simple FileOne FileTwo 
 
The -b switch does not work in Red Hat Linux 7.1 with these options. 
 

 
Alternative Flags 
You may have noticed that this section covered a lot of flags for the cp command. Sometimes it 
is difficult to remember the flags. Fortunately, there are long forms for most of these flags that 
may make them easier to remember: 
 

 



While the long forms may seem more intuitive at first, ultimately any regular Linux user will use 
the short forms. The long forms involve too much typing for frequent use. For instance, consider 
the following complex cp command: 
 
$ cp -i -b -V simple -S _ -R ThisDir /tmp 
 
If you use the long form of these flags, you end up with the following command: 
 
$ cp --interactive --backup --version-control simple --suffix _ 
➥--recursive ThisDir /tmp 
 
Sure, this command is more readable at first glance, but do you really want to type this simply to 
copy a directory? 
 

Deleting Files 
Just as it does for copying files, Linux provides a powerful command for deleting files: rm, 
found at /bin/rm. In its simplest form, rm allows you to delete one or more files in the current 
directory. The command 
 
$ rm ThisFile 
 
deletes the file ThisFile in the current directory, and 
 
$ rm *.txt 
 
removes all files with the .txt extension in the current directory. As with copying, it is possible to 
provide multiple arguments to the rm command, and all referenced files will be deleted. For 
instance, 
 
$ rm ThisFile *.txt 
 
performs the same action as the previous two commands combined. Like the cp command, this 
can be extremely useful and potentially dangerous. After all, what happens if, wanting to delete a 
backup of a document, someone accidentally issues the command 
 
$ rm thesis.doc 
 
instead of 
 
$ rm thesis.bak 
 
This is a potential nightmare, and as unlikely as it sounds, it happens all the time, resulting in 
unnecessary work and headaches. For this reason, it is wise to use the same -i flag for the rm 
command because it provides the prompts to avoid disastrous mistakes: 
 
$ rm -i thesis.doc 
 
rm: remove `thesis.doc’? You can also create an alias for rm, making this the default behavior: 
$ alias rm=‘rm-i’ 



Deleting Whole Directories 
 
Users frequently want to delete entire directories. Consider, for instance, a directory created after 
unzipping a software archive downloaded from the Internet. After you have finished installing 
and testing the software, you will probably want to delete the entire directory. This is done using 
the -r flag. For instance, to remove a directory called TempInstall, you would use 
 
$ rm -r TempInstall 
 
Of course, if you have been following along in this chapter, you probably have an alias for the 
rm command, forcing it to prompt you for every deletion. This can become very tedious for big 
directories: 
 
$ rm -r TempInstall 
 
rm: descend directory `tempInstall’? y 
 
rm: remove `TempInstall/File1’? y 
 
rm: remove `TempInstall/File2’? y 
... 
rm: remove directory `TempInstall’? y 
 
Just imagine if there were hundreds of files. Responding to prompts for each one would be 
impractical. In these instances, when you are absolutely certain that you want to delete a whole 
directory, you should use the -f flag of the rm command. This flag forces deletions, even when 
you have already indicated interactive operation with the -i flag in your alias: 
 
$ rm -rf TempInstall 
 



 

Moving and Renaming Files 
Moving files and renaming files are closely linked, and therefore they are treated together in this 
section. Unlike the DOS/Windows and Macintosh worlds, where renaming and moving are 
distinct actions, in the Linux environment renaming a file is just a special case of moving a file. 
 

The Basic Move Operation 
 
Let’s start by considering the basic move operation: 
 
$ mv FileOne /tmp 
 
This command moves the file called FileOne from the current directory to the /tmp directory. 
 

Moving and Renaming 
Similarly, it is possible to move the file to the /tmp directory and change the name of the file 
using the following command:  
 
$ mv FileOne /tmp/NewFileName 
 
By using this concept, you can rename a file. Simply move a file from its existing name to a new 
name in the same directory: 
 
$ mv FileOne NewFileName 
 
See how moving and renaming are one and the same? 
 
 
 



Moving More Than Just One File 
As when copying files, it is possible to move multiple files in one step because the mv command 
can accept more than two arguments and the last argument serves as the destination directory of 
the move. (As with copying, you can’t move multiple files to a file; the last argument must be a 
directory.) Consider the situation where you want to move all files in the current directory with 
the extension .bak, .tmp, or .old to /tmp. Use the command 
 
$ mv *.bak *.tmp *.old /tmp 
 
This simple command moves all the specified files to the destination (/tmp) in one operation. 
It is also possible to move entire directories with the mv command without using any special 
flags. If there is a subdirectory named TheDir in the current directory and you want to move it so 
it becomes a subdirectory under /tmp, you would use the mv command just as you did earlier for 
files: 
 
$ mv TheDir/ /tmp 
 
Similarly, if you want TheDir to become a subdirectory under the directory called NewDir, you 
can use the following command: 
 
$ mv TheDir/ /NewDir 
 

 

Creating Files 
You have already learned several ways to create files. After all, you create files when you copy 
files. You create files when you move files. Other obvious ways of creating files include creating 
a word processing document, saving an e-mail attachment, or making a screen capture. However, 
there are cases where it is necessary to create a new file, even if the file is empty and has a length 
of zero. The most obvious instance of this would be in cases where a script needs to create a file 
to indicate a special state. The best example of this is a programming technique called file 

locking. If a script opens a file to make changes, it also creates a special file called a lock file that 
indicates to other programs and scripts that the current file is opened for editing and is therefore 
unavailable to be changed. Once the script closes the file, it deletes the lock file to make the file 
once again available. 
In order to be able to create these lock files quickly and efficiently without exacting excessive 
disk space requirements, you need a shortcut method to signify an empty file of a specified 
name. This is achieved with the touch command. This command creates a file. For instance, 
 
$ touch NewFile 
 
creates a new file of zero length with the name NewFile: 
 
-rw-rw-r-- 1 armand armand 0 Apr 6 21:06 NewFile 



 
Another common use of the touch command is to change the modification date stamp of an 
existing file. Many programs depend on the date stamp of files they are working with to 
determine what action to take. The touch command lets you change the modification date of a 
file without opening and editing the file. 
 

Creating Directories 
One type of special file in Linux is the directory. Adirectory is just a special file that contains 
other files. You can set permissions for a directory that allow or prevent other users from seeing 
what is in that directory. Directories are as simple as the top-level root directory (/) or your 
personal home directory (e.g., /home/mj). But you can’t create a directory with the same 
commands as you might use to create a file. The key commands are mkdir and rmdir. If you 
wanted to create a directory of documents in your home directory, you might run the following 
command: 
 
$ mkdir documents 
 
But this would not work if you were not already in your home directory. To be sure, you can also 
specify the full desired path to that directory with a command such as 
 
$ mkdir /home/mj/documents 
 
Whether this command works or not depends on the privileges associated with your username 
and the permissions on the higher-level directory. For example, as a regular user, you probably 
wouldn’t be able to create a new /golf directory, but as a root user, you could do this. Of course, 
you can also remove directories. For example, the following command removes the directory 
created earlier: 
 
$ rmdir /home/mj/documents 
 
Whether this command works depends on the permissions in the /home/mj directory and whether 
this directory is empty. Of course, you could use the rm -r command discussed earlier in this 
chapter to delete a directory even if it is full of files. 

Creating Symbolic Links 
In addition to creating files, there are times when it is necessary to create symbolic links. 
Symbolic links (which are simply pointers to a real file in another location) are usually used by 
system administrators and application developers. Consider a programmer who has several 
versions of a program that is under development. The current version for testing may be prog5, 
prog8, or prog10, depending on how far along the development is. In order to ensure that the 
latest version is always being executed during testing, the programmer can create a symbolic link 
from prog to the latest version. By doing this, executing prog always executes the desired 
revision of the application. There are two possible approaches to creating a symbolic link. The 
first is to use the ln command with the -s flag to indicate a symbolic link. This command takes 
two arguments: the file to be linked to and the location and name of the symbolic link to that file. 
For instance, to create a link to /bin/cp in the current directory, MyCopy, you use the command 
 
$ ln -s /bin/cp MyCopy 
 



Using ls -l to see the listing of MyCopy shows us a symbolic link: 
 
lrwxrwxrwx 1 armand armand 7 Apr 6 22:50 MyCopy -> /bin/cp 
 
Another, far less common way to create a symbolic link is to use the cp command with the -s 
flag: 
 
$ cp -s /bin/cp MyCopy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Startup and Shutdown 

 



 

 



 

 

 

 

 



 

 

 

 

telinit tells the system's init process to stop and start the necessary services configured for the 
specified runlevel. In the above example the telinit command is used to change the system to 
runlevel 1. The runlevel command is then executed to display the current and previous runlevels. 
 
Each system's runlevel configuration is specific to the distribution being used and can be  
customized to fit your needs. Most Unix, Linux, and BSD systems will have a runlevel  
configuration similar to the one described in the following table. 
 



 

 

 

 

 



 



 



 



 

 



 



 



 



 



 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 

Understanding the Shell 
Unlike the Windows world where the DOS prompt is a fixed environment with limited  
lexibility, Unix shells are small application programs that run as processes when you log in and 
provide a variety of command-line interface features and capabilities to suit different users and 
applications. 
In the Unix world, and by extension in Linux, there are numerous shells to choose from. Each 
shell offers you a different set of features and capabilities and most offer their own scripting 
languages, which allow you to create sophisticated, self-executing programs similar to—but 
more powerful than—DOS batch files (with the familiar .BAT extension).  
 

Comparing Shells 
 
The earliest Unix shell was very limited, with no history list, no command-line editing, and no 
job control. It was with the emergence of the Bourne Shell and the C Shell in the 1970s that 
shells began to garner serious attention in the Unix world. Today there is a plethora of shells 
available to Unix users, with a wide variety of unique features distinguishing them from each 
other. There are two main classes of shell—those that derive their essential syntax and design 
from the Bourne Shell and those that base their model on the C Shell. Before taking a close look 
at the Bourne Again Shell—the default shell that ships with most Linux distributions—let’s take 
a quick look at some of the major Unix shells. 
 

Bourne Shell (sh) 
The Bourne Shell (sh) is seen by many as the original Unix shell. In many ways it is rather 
limited, lacking features such as a history list and command-line editing. But since it is the 
original Unix shell, many features of the Bourne Shell, including its core command set, are found 
in many modern shells. It is rare, however, to find modern systems that use the Bourne Shell as 
their default shell. Instead, the Bourne Again Shell or the Enhanced C Shell is commonly found 
in most Linux distributions.  
The Bourne Shell is well kn own for introducing many key shell concepts, such as the ability to 
test programs for success or failure status when they exit, which allows for sophisticated 
scripting. This concept is now standard in all Unix shells. 
 

C Shell (csh) 
The C Shell (csh) was an early Unix shell that was developed to provide a command set and 
scripting environment derived from the syntax of the popular C programming language. Like the 
early Bourne Shell, the C Shell lacked some important features, such as command-line editing. 
Still, the C Shell introduced many key ideas, including command aliases and command histories. 
An Enhanced C Shell (tcsh), which adds command-line editing and other features found in 
Bash, is usually shipped with most Linux distributions as an alternate shell. 
 



The C Shell is generally hailed for introducing several key concepts that today are found even in 
shells based on the Bourne Shell. These include the idea that certain shell functions, such as 
arithmetic calculations and comparison testing, can be performed by the shell itself. In the case 
of the Bourne Shell, these tasks require calling external programs. 
 

 
Bourne Again Shell (bash) 
The Bourne Again Shell (bash) is the most common shell installed with Linux distributions. 
Known as Bash, this shell is based on the Bourne Shell (as the name implies) but provides a 
broad additional feature set including command-line editing, a history list, and filename 
completion. With Bash, it is possible to write sophisticated shell scripts using a Bourne Shell-like 
syntax.  
 

Korn Shell (ksh) 
The Korn Shell (ksh) is another of the family of shells that is derived from the original Bourne 
Shell. By some counts, the Korn Shell is the most popular Unix shell in use; however, it is 
generally not the default shell on most Linux systems. The Korn Shell was probably the first to 
introduce many of the popular features you now see in Bash, including command-line editing. 
The Korn Shell was also one of the first shells to bring many features introduced in the C Shell 
into the Bourne Shell world. 
 

Other Shells 
There are numerous other shells available, all of which provide their own unique command-line 
interfaces. None of these, however, is sufficiently popular or well known to be shipped with most 
Linux distributions. These shells include the Adventure Shell (ash), a subset of the Bourne Shell; 
the Extensible Shell (es), which provides a completely reprogrammable shell environment; the 
ERGO Shell (esh), a shell that aims to provide a more ergonomic, structured approach to a shell; 
and the Z Shell (zsh), which, like Bash, brings together features from several shells and is similar 
to the Korn Shell. 
 

Experimenting with Different Shells 
At this point, you are probably wondering how you can try out these different shells without 
making them your default shell. You can do this by simply executing the shell as a program from 
within your default shell. For instance, the Enhanced C Shell comes preinstalled even though 
Bash is set up to be the default shell for all users. If you want to try out tcsh, you just need to 
enter the command 
 
$ tcsh 
 
This command assumes that tcsh is on your path; if not, you need to include the appropriate path 
to the shell, such as /bin/tcsh. Once you do this, the Enhanced C Shell executes and you are 
switched to that shell. Simply typing exit returns you to your default shell. On most Linux 
systems, you will find a symbolic link from /bin/sh to /bin/tcsh, so using the command 
 
$ csh 
 
also launches the Enhanced C Shell. If you plan to experiment with different shells, you can use 
this technique to try them all out before switching your default shell. In order to change the 
default shell that executes when you log in to your system, you need to change your entry in the 



Unix password file. You can do this using the chsh command. Consider the user someuser whose 
default shell is currently /bin/bash (the Bourne Again Shell). Their current entry in the Unix 
password file might look like this: 
someuser::790:103:Some User:/home/someuser:/bin/bash 
 
In this password entry, the last section specifies the shell as /bin/bash. Running the command 
$ chsh -s /bin/tcsh someuser 
 
changes the shell for someuser to /bin/tcsh. The resulting entry for someuser in the Unix 
password file would be  
someuser::790:103:Some User:/home/someuser:/bin/tcsh 
 
and the next time they log in, the Enhanced C Shell would be their shell instead of the Bourne 
Again Shell.  
 

Overview of the Bash Shell 
Now let’s take a closer look at Linux’s most common shell, the Bash shell. As the first step to 
learning where the Bash shell fits into the Linux universe, it is important to understand the whole 
login process. When you log in at the Login: prompt, several things take place. The first of these 
is the launching of your shell (in this case, Bash), followed by the execution of any configuration 
file you may have created for your personal Bash environment. 
 
In order to provide a personalized configuration to Bash, you need to create a file called .bashrc 
in your home directory. This is a simple text file that is executed by Bash whenever you launch 
the shell—generally, when you log in. 
 
The .bashrc file can contain any legitimate combination of commands and Bash functions that 
you would type at the normal Bash prompt, as well as sophisticated scripting commands. It is in 
the .bashrc file that you can configure the behavior of Bash, set environment variables such as 
your path, and launch any programs that you may want to launch every time you run the Bash 
shell. The following commands make up a simple .bashrc file that creates a customized prompt, 
sets a command alias called which, and assigns some environment variables: 
 
PS1=“[\u@\h \W]\\$ “ 
 
alias which=“type -path” 
export PATH=$PATH:.:~/bin 
export EDITOR=emacs 
There are several major features of the Bash shell at play in this seemingly small example, 
including the following: 
• The setting of environment variables 
• Command aliases 
• Pattern expansion 
All of these will be discussed in the rest of this chapter, along with the following major features 
of the Bash shell: 
• Input and output redirection 
• Filename completion 
• Full command-line editing 



• Command history list 
• Job control 
 

 
 
 
Setting Environment Variables in Bash 
Each shell has its own syntax for the setting of environment variables. In Bash, this is generally 
done in two steps: setting the value of a variable and exporting the variable to the environment. 
For instance, if you want to assign emacs as your default text editor, you might set the EDITOR 
environment variable with the command 
 
$ EDITOR=emacs 
 
and export it with 
$ export EDITOR 
 
The two steps can also be combined into a single step where you assign a value to EDITOR and 
export EDITOR in one command: 
 
$ export EDITOR=emacs 
 
As you will learn in greater detail when pattern expansion is discussed, you can access the value 
of environment variables by adding a $ at the beginning of the name of the variable in a Bash 
command. In this way, you can add information to the current value of an environment variable. 
For instance, if the PATH variable currently contains 
/bin:/usr/bin:/usr/X11R6/bin 
you can add /usr/local/bin to the path by using the following command: 
 
$ export PATH=$PATH:/usr/local/bin 
 
Notice how this command uses $PATH to include the current value of the PATH variable in the 
new value of the PATH variable. The resulting value of the variable would be 
/bin:/usr/bin:/usr/X11R6/bin:/usr/local/bin 

Input and Output Redirection 
 
One of the most useful concepts in the Unix world is that of standard input and standard output. 
Often, non-interactive programs receive their input data through the standard input—usually the 
keyboard. Similarly, they display their results to the standard output—usually the screen. 
 

However, most shells provide the ability to redirect standard input and output, which allows you 
to build complex command combinations out of multiple commands and data files. As you saw 
in the last chapter, the use of the pipe (|) allows the redirection of standard output to standard 
input. For instance, in the command 
 
$ ls -l | more 
 



the output of the ls -l command is not displayed to standard output but is instead redirected to the 
standard input of the more command. The more command processes this redirected input and 
then displays the results to the standard output. There is another way to redirect standard input 
and output in Bash: using the < and > redirection symbols. For instance, consider a situation 
where you want to save a directory listing to a file for later processing. You can use the > symbol 
to redirect the standard output: 
 
$ ls -l > filelist 
 
This command saves the output of the ls -l command in a file called filelist. Similarly, if you 
want to use the contents of a file as the standard input for a command, you use the < symbol: 
 
$ mail user@juxta.com < filelist 
 
This command causes the contents of the file filelist to be used as the input data for the mail 
command, effectively causing the contents of the file to be used as the body of the resulting e-
mail message. 
 

Filename Completion 
Sometimes called word completion, filename completion is a simple but very useful concept. It 
works like this: If you type enough characters to uniquely identify a file, command, or directory 
name, Bash can complete the rest of the name. Consider if you typed 
 
$ /usr/lo 
 
On most systems, /usr/lo will uniquely identify the directory /usr/local/. If you simply press the 
Tab key, Bash attempts to complete the name. If only one file, command, or directory begins 
with /usr/lo, then Bash completes the name for you, in this case filling in the text to read 
/usr/local/. Of course, there are going to be times when you don’t provide enough information 
for Bash to know how to complete a name. In this situation, the shell is able 
 
to provide you with all possible alternatives to match the name you are trying to complete. For 
instance, if you type  
 
$ /usr/l 
 
/usr/local/ and /usr/lib/ would usually be matched. If you press Tab, then Bash is confused—it 
doesn’t know which name to complete with, and so it cannot complete the name. If you press 
Tab a second time, Bash displays all the possible alternatives, as follows: lib local You are free 
to type enough characters to uniquely identify the name you want and then press Tab again. In 
the example above, if you type an additional o and then press Tab, Bash completes the name as 
/usr/local/. By now you are probably asking, “What happens if I want to type a filename in 
the local directory or somewhere else on my path without providing the complete path to the 
file? Can Bash complete filenames for me then?” Luckily, the answer is “yes.” If you attempt to 
complete a file or directory name without providing a complete path, as in the case of 
 
$ gr 
 



Bash searches the path for names that match the entered characters. For most systems, the 
previous example will match only a few commands, including grep and groff, and Bash will 
present you with a list of possible alternatives: grep groff grotty If you want the command grep, 
all you would need to do is type e and then press Tab again, and Bash completes the command 
name for you. 
 

 
 
Command Alias 
Command aliasing is a powerful feature of the Bash shell that allows you to define your own 
custom commands. For instance, if you regularly check all running processes on your system, 
you might use a command like 
 
$ ps aux | more 
 
Rather than needing to type ps aux | more whenever you want to check all the processes running 
on your system, you can save yourself unnecessary keystrokes by defining an alias using Bash’s 
built-in alias command. 
In this example, let’s say you want to create an alias called psa to use whenever you want to 
check all the running processes. You could define this alias using the following command: 
 
$ alias psa=“ps aux | more” 
 
Once you do this, typing psa at the Bash prompt executes the command ps aux | more. The alias 
remains in place until the end of your current Bash session. When you log out and Bash exits, the 
aliases you have defined are lost. If you want to create permanent command aliases, you should 
set the aliases in your .bashrc file using the same method you used earlier to make emacs the 
default text editor. In addition to providing a way to create shortcuts to commonly used 
commands, command aliasing can be used to protect you from major mistakes. For instance, if 
you are logged in as the root user, normal use of the cp, mv, and rm commands can be quite 
dangerous. One mistake can overwrite or erase files, directories, or whole file systems without 
your realizing it. For this reason, the Bash shells of the root account are configured to have the 
following set of default aliases: 
alias cp=‘cp -i’ 
alias mv=‘mv -i’ 
alias rm=‘rm -i’ 
In all these cases, the -i flag forces the command to interactively prompt the user for all actions it 
takes to overwrite or erase files. In order to cause the commands to run without prompting for 
each action, the user has to explicitly ask for this with the appropriate flags (for instance, rm -f). 
 

Command-Line Editing 
 
One feature of Bash that was missing in some earlier shells such as the Bourne Shell and the C 
Shell is the ability to edit a command line. Without this feature, once you type a sequence of 
characters on the command line, you are not free to go back to that sequence—your only choice 
is to delete all the characters back to the one you want to edit, fix the character, and then retype 
the rest of the line. For instance, if you had typed 
 



$ /usr/kocal/bin/mycommand 
 
and subsequently realized that kocal had to be local, you would have had to delete all the way 
back to the k, replace the k with an l, and then retype the rest of the line. Needless to say, this is a 
rather inefficient way to work. For this reason, most modern shells, including Bash, provide full 
command-line editing. This allows you to use the arrow keys to move through the current line, 
delete and insert characters as needed, and press Enter to execute the command without moving 
the cursor to the end of the line. By default, Bash has insertion turned on, so if you type new 
characters, they are inserted at the cursor rather than overwriting existing characters. Bash 
provides several useful key shortcuts to speed up editing, especially with long command lines. 
Table highlights these shortcuts. 

 
If you are familiar with the emacs editor, you will notice that many of the above keystrokes are 
the same as the ones you use in emacs. This is because the default editing mode of Bash is 
designed to use emacs-like commands. Alternatives include a vi-like mode, but since familiarity 
with vi and its more obscure style of editing is generally limited to programmers and advanced 
system administrators. 

Command History List 
The idea behind the command history list is really rather simple. Every command you execute 
(by pressing Enter instead of Ctrl+C) is added to a history list buffer, which you can access in 
reverse order starting with the most recent command executed and ending with the oldest. 
To access the history list, the simplest method is to press the up arrow key to cycle through the 
history list until you find the command you are looking for. The history list is most often used 
for two purposes: fixing mistakenly entered commands and repeating commands many times 
during a session. Let’s address the first application of the history list. Let’s say you have just 
tried to view the contents of the file testfile by typing 
 
$ moer testfile 
 
When you press Enter, an error message is generated along the lines of bash: moer: command 
not found. To quickly correct and execute the command, you could simply hit the up arrow 



key to recall the last command, change moer to more using the command-line editing functions 
discussed above, and press Enter to view the file. Similarly, let’s consider the situation where 
you are experimenting with the configuration for a program you are installing. You might want 
to repeat the process of editing the configuration file and executing the program several times. 
You can do this by using the history list to repeatedly perform each step of this two-step process. 
Aquick method to access commands on the history list is to use the ! symbol. By typing !  
aollowed by the first few letters of a command in the history list, the most recent command 
starting with the specified letters will be executed. For instance, if you previously used the 
command 
$ ps aux | grep httpd | more 
 
and you want to execute the same command again, typing the command 
 
$ !ps 
 
executes the previous command as long as no other ps command had been used after ps aux | 
grep httpd | more was used. Using !ps executes the most recent command starting with ps in the 
history list. As with command-line editing, there are some advanced key shortcuts to perform 
more advanced functions with the command history list. Table outlines these keystrokes. 
 

 
The most interesting of these is Ctrl+R, which allows you to search backwards through the 
history list in a dynamic, interactive fashion. As you start to type a command, Bash displays the 
most recent command that matches what you have typed so far. The more you type, the more 
you narrow down your search to the command you are looking for. Let’s say you want to execute 
a complicated find command that you have already executed once. You could use Ctrl+R to start 
a reverse search. When you do this, Bash presents an interactive search prompt: 
(reverse-i-search)`’:  As you type the letters in the find command, Bash finds the most recent 
command that has a match for the currently entered string. For instance, just typing f might bring 
up 
 (reverse-i-search)`f’: pico info/.signature 
and continuing on to typing fi might produce 
(reverse-i-search)`fi’: rm -rf StarOffice-3.1 
until finally typing fin displays 
(reverse-i-search)`fi’: find / -name ‘foo’ -print 



which is the command you are looking for. You can now press Enter to execute that command. 
 

Job Control 
The concept of job control is particularly useful in Linux given the multitasking nature of the 
operating system. Using job control, it is possible to use a single shell to execute and control 
multiple programs running simultaneously. Normally, when you execute a command, it runs in 
the foreground. That is, the shell executes the command and the prompt doesn’t return until the 
command is finished. In the case of interactive programs such as emacs, this means the program 
takes over the screen or window where the shell is running and only when you quit the program 
does the command prompt become available again. In the case of non-interactive programs such 
as find, the program runs and, even if it displays nothing on the screen, the command prompt is 
not returned until the program finishes. 
Consider the following command: 
$ find / -name ‘*.tmp’ -print > templist 
 
This command searches the entire directory structure of a Linux system for files with the .tmp 
extension and prints all of those filenames to the standard output. With the previous command, 
the output is redirected to a file called templist that can be used for later processing. This means 
that nothing is printed to the display— but you still won’t be able to run other commands while 
find is running. Such a limitation runs against the very notion of multitasking. There should be 
a way to start the find command and then continue with other work while find finishes running. 
This is where the idea of running a program in the background comes into play . Rather than 
running it in the foreground, thus preventing the simultaneous execution of other commands, 
placing a job in the background allows the command to run while the user issues new commands 
at the command prompt. 
 
The easiest way to place a job in the background is to add an ampersand (&) to the end of the 
command when you run it. This character tells Bash to run the command in the background and 
immediately gives you a new command prompt. To put the find command in the background, 
use the following command: 
 
$ find / -name ‘*.tmp’ -print > templist & 
 
Once you press Enter to execute this command, you are immediately presented with a new 
command prompt; at the same time, find begins executing. Using Bash’s jobs command, it is 
possible to track the jobs that are running in the background. Using jobs might produce results 
like the following: 
 
$ jobs 
 
[1]+ Running find / -name ‘*.tmp’ -print >templist & 
 
Here, the jobs command returns results telling us that there is one background (note the &) job 
running and that the first job running is find / -name ‘*.tmp’ –print >templist &. 
If you have several jobs running in the background, you might get results such as 
[1]- Running find / -name ‘*.tmp’ -print >templist & 
[2]+ Running ls -lR / >dirlist & 
from the jobs command. 



If you have already started a program in the foreground and want to put it in the background, you 
can do so. The key shortcut Ctrl+Z is interpreted by Bash as a request to temporarily suspend the 
current process. For instance, if the find command in the previous example is running in the 
foreground and you type Ctrl+Z, the process is temporarily stopped. Entering the jobs command 
at this point produces a result like this: 
[1]+ Stopped find / -name ‘*.tmp’ -print >templist 
Notice how the status of the job is Stopped instead of Running. You can then place the job in the 
background with the bg command 
 
$ bg 1 
 
where 1 specifies the number of the job. If there is only one stopped job, it is not necessary to 
specify the job number, and 
 
$ bg 
 
places the single stopped job in the background. Once a stopped job is placed in the background, 
typing jobs produces a result showing the job as Running. 
 
Sometimes it is useful to temporarily suspend a job without placing it in the background. This is 
particularly true when you are using an interactive application such as emacs or another text 
editor and want to run one or more commands and then return to your editing. Instead of 
completely quitting from the editor, it is easier to use Ctrl+Z to stop the editor job, execute your 
desired commands, and then return the stopped job to the foreground. By their nature, though, 
interactive applications are not well suited to being run in the background, and they are best 
left stopped while they are not in use. To send a stopped job (or a background job) to the 
foreground, you can use the fg command. For instance, if you were running emacs but stopped it 
with Ctrl+Z, executed some commands, and now you want to return to emacs, you can use 
 
$ fg 
 
If you have one or more stopped or background jobs, it is best to specify the job number when 
you enter the fg command. If your emacs command was job 2, then the command 
 
$ fg 2 
 
returns it to the foreground, and you could continue editing. Finally, there may be times when 
you want to terminate or kill a stopped or background job. The kill command can be used to kill 
a command on the basis of a process ID (PID). Use the ps command to find out the process ID 
(check the ps man page for details) or to directly kill stopped and background jobs in Bash. 

 



Notice that, unlike killing a PID, killing a job requires that a percent sign (%) appear before the 
job number. Without the percent sign, kill would attempt to kill the process with the PID of 2 
rather than job 2 in the current shell. This is an important distinction because the job number and 
the PID of a job are extremely unlikely ever to be the same. 
Consider the following example: You already have a background process running in your shell 
and you start a new one as job 2. When you launch this new job, the system automatically 
assigns the job a PID from a list of PIDs. This number might be 100, 999, or 25,678. Generally, 
small PIDs (especially those below 100) are used up by all types of system processes that start 
when Linux boots and stay running until you shut the computer off. Therefore, it is unlikely that 
the PID of your job will match the job number. 

Pattern Expansion 
One of the strengths of many modern shells, including Bash, is the ability to use powerful 
patterns to specify one or more commands or files. Let’s consider a simple example to illustrate 
the concept. Normally, if you use the command 
 
$ ls –l 
 
you get a full listing of all files in the current directory. Suppose you want to find a specific file 
and all you know is that the filename starts with the letter z. Then the command 
 
$ ls -l z* 
 
can be used. Here, you pass z* as an argument. The pattern z* says to list any file whose 
filename starts with z followed by zero or more characters. This is the same function of the * that 
any DOS or Windows user is probably familiar with. What really happens here is that Bash 
builds a list of all filenames starting with z and then replaces z* with this list, effectively passing 
all filenames as arguments to the ls -l command. Unlike DOS and the Windows DOS prompt, 
however, Bash offers a greater pattern of possibilities for the simple * symbol. 
 
Pathname Expansion 
One form of pattern expansion is pathname expansion. In addition to the *, you can use up to 
two other major special symbols to expand pathnames, as shown in Table 

 
Let’s look at some examples. Suppose you want to list all files whose names are three letters 
long and start with a and end with z. You can use the command  
 



$ ls -l a?z 
 
Similarly, if you want to match any files whose names simply start with a and end with z, you 
can use the command 
 
$ ls -l a*z 
 
The difference is that the ? matches exactly one character in the first example, forcing the 
filename to be three characters long. In the second example, the * matches zero or more 
characters, meaning the filename could be two or more characters in length. Next, consider the 
situation where you want to see a listing of all files starting with the letters a, b, c, or d. You can 
use the command 
 
$ ls -l a* b* c* d* 
 
but this is rather inefficient and becomes cumbersome when you want to see files starting with 
more letters. To make the process easier, you can use the command 
 
$ ls -l [abcd]* 
 
which tells you to list any file starting with one of a, b, c, or d followed by zero or more 
characters. However, because a, b, c, and d are a continuous sequence of letters, you can make 
the pattern even more concise by using the command  
 
$ ls -l [a-d]* 
 
Finally, you need to consider the case where you want to exclude a particular character or pattern 
and include all others. Consider situations where you are producing a compressed archive of all 
the home directories on a system for backup purposes. Let’s say that, for whatever reason, you 
want to produce an archive of all home directories except those starting with the letter m. You 
can use the command 
 
$ tar czvf home.tar.gz /home/[a-l]* /home/[n-z]* 
 
However, you can make things easier with the command 
 
$ tar czvf home.tar.gz /home/[!m]* 
 
which indicates that all home directories starting with any letter except m should be processed by 
this command. Taking things one step further, you can exclude all directories starting with the 
letters m, n, and o by using 
 
$ tar czvf home.tar.gz /home/[^mno]* 
 
or 
$ tar czvf home.tar.gz /home/[!m-o]* 
 
Brace Expansion 



Closely related to the pathname expansion is brace expansion. Brace expansion provides a 
method by which it is possible to expand an expression regardless of whether the names being 
generated actually exist as files or directories at all. An example of a brace expression is the 
command 
 
$ mkdir testdir{1,2,3,4} 
 
which causes the directories testdir1, testdir2, testdir3, and testdir4 to be created. Here each 
element in the braces is separated by a comma, and one by one these elements are used to 
produce the resulting names. Unlike the [...] expressions you saw earlier, the use of a comma 
means that the elements between the braces can be more than one character in length: 
$ mkdir testdir{01,02,03,04} 
 
It is important to keep in mind that a brace expression must contain at least one comma. An 
interesting feature of both pathname expansion and brace expansion is that they can be used 
within another brace expression. This is possible because the first expansion to take place is 
brace expansion. Consider the following example: 
 
$ mkdir newdir/{firstdir,firstdir/dir{01,02}} 
 
This command creates the following directories: 
firstdir 
firstdir/dir01 
firstdir/dir02 
Here you used the brace expression {01,02} inside the outer brace expression. Similarly, you can 
use any of the pathname expansion symbols inside a brace. The command 
 
$ chmod 644 testfile.{tx?,bak,0[0-9]} 
 
changes the permissions on a series of files including any file matching the expression 
testfile.tx?, testfile.bak, and testfile0 through testfile9. 
 
Command Substitution 
Finally, let’s take a look at command substitution, another form of pattern expansion. In some 
ways this is similar to piping commands together, but the difference is that in piping, the 
standard output of a command is passed to the standard input of another command. With 
command substitution, though, the standard output of one command becomes an argument or 
parameter to another command. For instance, consider an example where you want to compress 
all files that have a .bak extension. You can get a list of all these files by using the following 
command: 
 
$ find / -name ‘*.bak’ –print 
 
Using the exec flag of the find command, you can compress all the files in question: 
 
$ find / -name ‘*.bak’ -exec gzip {} \; 
 
The other option is to use command substitution, as in the following command: 
 



$ gzip `find / -name ‘*.bak’ -print` 
 
Here the find command is contained in backward single quotes. These quotes indicate that the 
results of the command should be used as part of the command line, in this case as arguments to 
the gzip command. 
An alternative to the backward single quotes is the following form, which has the same meaning 
and gets the same result: 
$ gzip $(find / -name \*.bak -print) 
The main difference between these two forms is the meaning of the special character \. In the 
latter example, no characters have special meanings, while in the former example, the backslash 
retains special meaning except when followed by $, `, or \. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 



 

 



 

 



 



 

 



 

 



 

 



 

 



 

 

 



 

 



 

 

 



 

 



 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 



 

 



 



 

 



 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Learning Math and Financial Tools 
Calculators 
This section introduces you to several Linux calculators. You’ll find some of these handy 
when you pay bills, cook, or even travel. Some of these calculators work from the command 
line, and others run under the X Window System. 
Doing Desk Calculations with the dc Command 
The dc (desk calculator) command is a command-line calculator that uses reverse Polish 
notation, or RPN, to perform calculations, and has more than 30 different operators and 
internal commands. 
The dc command, found under the /usr/bin directory, is easy to use: 
# dc 
44 
55 
+ 
p 
99 
q 
The example shows that to add two numbers, you first enter the numbers, then enter the 
operator, then use the p command to print the value placed on the stack by the addition 
operator. The q command quits the dc program. This method of performing calculations is 
not as inconvenient as you may think. For example, suppose that you’re going through the 
checks you’ve written during the month, and you want to check your written calculations. 
Using the dc command, you can enter 
# dc 
2500.00 
49.95 
- 
p 
2450.05 
32.18 
- 
p 
2417.87 
q 
You started by entering a $2500.00 balance, then entered $49.95 as the first check, followed 
by the subtraction operator, or minus sign. The p command prints the result, and the next 
current balance of $2450.05 is maintained on the stack. You can also use the dc command 
to read files of calculations instead of typing commands at your terminal, and it has 256 
different registers, or temporary storage areas for your calculations. See the dc command’s 
manual page for more information and other features. 
 

Calculating with the X11 xcalc Client 
 
The xcalc client is one of the more familiar graphic calculators and comes with the XFree86 X 
Window System. The xcalc command, found under the /usr/X11R6/ bin directory, has only two 
command-line options, -stipple, and -rpn. The -stipple option merely colors the background of 
xcalc’s face, whereas the -rpn option tells the xcalc command to use rpn for doing calculations, 



and changes its appearance. You must be running X11 in order to use the xcalc command. You 
can use your mouse or the keyboard to enter numbers and perform calculations. To use it in its 
normal mode with the -stipple option, type 
 
 # xcalc -stipple & 
 

 
To use the xcalc command as an rpn calculator, type # xcalc -rpn -stipple & You can customize 
nearly any aspect of xcalc by editing its defaults file, Xcalc, which is found under the  
usr/X11R6/lib/X11/app-defaults directory. See the xcalc manual page for more information. 
 

Three Calculators in One: dtcalc 
 
The dtcalc calculator, part of Red Hat Software, Inc.’s Common Desktop Environment, or CDE 
offers a variety of features and can emulate a logical, scientific, or financial calculator. Although 
dtcalc does not have as much register storage as the dc command, you can use your mouse or 
keyboard to enter data, just as you can with xcalc. 
You can perform calculations in binary (base 2), octal (base 8), decimal, and hexadecimal 
(base 16). You can also define your own functions and constants. Like most other CDE 
applications, dtcalc has extensive and context-sensitive help. For more information about 
CDE, see Hour 6, “Using the Shell.” 

Performing Unit Conversions with the units 

Command 
If you’ve ever had trouble remembering the formulas to convert miles to meters, or cups to 
gallons, you’ll really like Adrian Mariano’s units command, which you’ll find under the 
/usr/bin directory. Want to know how many furlongs per mile? How about how many acres 
in a square mile? 
One way to use the units command is from the command line, for example: 
# units floz gallon 
* 0.0078125 
/ 128 
This simple example shows how to find out how many fluid ounces are in a gallon. You see 



 
that there are 128, and that a fluid ounce is less than one-hundredth of a gallon. Although 
using the command line is handy for quick conversions, you can also run a series of queries 
as follows: 
# units 
501 units, 41 prefixes 
You have: mile*mile 
You want: acre 
* 640 
/ 0.0015625 
You have: mile2 
You want: acre 
* 640 
/ 0.0015625 
You have: mile^2 
You want: acre 
* 640 
/ 0.0015625 
You have: mile 
You want: furlong 
* 8 
/ 0.125 
You have: 100 fathoms 
You want: feet 
* 600 
/ 0.0016666667 
... 
In the interactive mode, you can ask units for any number of conversions. The units 
command works by reading its library of conversions from the file units.lib under the /usr/ 
lib directory. As you can see, you can use different notations to indicate amounts to be 
converted. Another interesting feature is that units can also perform currency conversions, 
for example: 
# units dollar yen 
* 107.52688 
/ 0.0093 
Note that this may not be entirely true, as currency values change daily. You can edit the 
units.lib file and insert not only current currency values, but also prices for gold, silver, 
platinum, or pork bellies. See the units manual page for more information. 
 

Programming Calculators with the bc Language Interpreter 
 
The bc command is an interpreter for a calculator language. You can use this command, by 
Philip Nelson, to write calculator programs while bc is running, or have bc run the program 
after it starts. The bc language has nearly 40 operators, functions, and programming logic 
keywords. Although this section doesn’t go into how to program in bc, it shows you how a 
simple checkbook balancing program (from bc’s manual page) can work like the earlier 
example for the dc command. If you’d like to try this program, see the bc manual page, then 
type the program into a file using your favorite text editor. You can run it with 
# bc nameofyourfile 



The bc command will start by reading in its program, and present the following: 
... 
Initial balance? 2500.00 
current balance = 2500.00 
transaction? 49.95 
current balance = 2450.05 
transaction? 32.18 
current balance = 2417.87 
transaction? 
... 
This is only one way to use the bc command’s language. With a little effort, you can write 
your own. But if you’d rather use more complex programs to perform calculations, you know 
that you should use a spreadsheet application. The next section discusses the variety of 
spreadsheets for Linux. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 

WINDOWS NT 
 
 
 
 
 



 
Windows NT Workstation 
Like Windows 95, Windows NT Workstation is also a 32-bit operating system that is optimized 
to run as a desktop operating system. It can also be used on personal computers that are 
networked in a peer-to-peer workgroup configuration, or on a workstation computer that is part 
of a Windows NT Server domain configuration. Windows NT Workstation, however, supports 
fewer hardware platforms than Windows 95 and requires more powerful hardware to run. The 
minimum hardware required to successfully run Windows NT Workstation consists of an Intel-
based computer with a 486/33 processor, 12MB of RAM (16MB recommended), 117MB of 
free hard disk space, and a VGA graphics card. In order to assure operational success, all 
hardware must be on the Windows NT Hardware Compatibility List  (HCL) that is shipped with 
the product. Windows NT Workstation provides only minimal support for Plug and Play. 
Windows NT Workstation supports most MS-DOS-based applications, most 16-bit and 32-bit 
Windows-based applications, POSIX 1. x applications, and most OS/2 1. x applications. It does 
not support applications that require direct hardware access because this could compromise 
Windows NT Workstation’s security. It also does not support software applications that require a 
terminate-and-stayresident program (TSR) or a virtual device driver. Windows NT Workstation 
is a high-end, powerful operating system that supports multiple processors for true 
multiprocessing. As with Windows 95, it also supports preemptive multitasking for all software 
applications that will run on Windows NT Workstation. The security Windows NT Workstation 
is capable of providing is greater than the security provided by Windows 95. User logon and 
authentication are required in order to use the Windows NT Workstation operating system and in 
order to access local or network resources. Windows NT Workstation supports a local user 
account database. Alternatively, Windows NT Workstation can be tied into a domain user 
account database. Windows NT Workstation has been certified for use in C2 secure 
environments. 
 

Windows NT Server 
Windows NT Server is a powerful 32-bit operating system that is optimized to run on a network 
file, print, or application server. Windows NT Server has the most demanding hardware 
requirements of the three Microsoft Windows 4.0 operating systems. The minimum hardware 
required to run Windows NT Server consists of an Intel-based computer with a 486/33 
processor, 16MB of RAM, 124MB of free hard disk space, and a VGA graphics card. It does not 
support Plug and Play. Windows NT Server supports the same software applications as Windows 
NT Workstation. In addition, Windows NT Server is the operating system of choice for 
the Microsoft BackOffice products, including SQL Server, Exchange Server, and SNA Server. 
An NT Server computer can support several processors to provide powerful multiprocessing 
capability. 
 
Windows NT Server is a high-security capable operating system. Like Windows NT  orkstation, 
user logon and authentication is required. Security is controlled and administered via a domain 
directory database. Of the three Microsoft Windows 4.0 operating systems, Windows NT Server 
is the only operating system that is optimized for server performance. Its client/server platform 
provides far more powerful network features than either Windows 95 or Windows NT  
Workstation. 
 



Workgroup s Versus Domains 
Workgroups and domains are two prevalent methods of grouping networked computers for 
common purposes. Computers and their users may be grouped based on common usage 
requirements or on departmental or geographical traits. For example, all the members of an 
accounting department or all the computers on the third floor of a building may be grouped 
together. 

Workgroups 
A workgroup is a logical grouping of networked computers in which one or more of the 
computers has one or more shared resources, such as a shared folder or a shared printer. 
The terms folder and directory are synonymous in the wonderful 
world of Windows NT. The NT user interface does not use these 
terms consistently. Sometimes the interface refers to a folder, and 
sometimes it calls the same (or similar) item a directory. 

In a workgroup environment, the security and user accounts are all maintained individually at 
each separate computer. Resources and administration are distributed throughout the computers 
that make up the workgroup. In a workgroup configuration there is no centrally maintained user 
accounts database, nor any centralized security. Illustrates how security is distributed throughout 
a workgroup environment. Notice that security is maintained individually at each separate 
computer in the workgroup. 
Typically, all of the computers in a workgroup run desktop operating systems, such as Windows 
95 or Windows NT Workstation. 

 
Domains 
A domain is a logical grouping of networked computers in which one or more of the computers 
has one or more shared resources, such as a shared folder or a shared printer, and in which all of 
the computers share a common central domain directory database that contains user account and 
security information. One distinct advantage of using a domain (or domain model, as it is 
sometimes called), particularly on a large network, is that administration and security 



for the entire network can be managed from a centralized location.Illustrates how security is 
centralized in a domain environment. Note that the security of all the shared printers and hard 
disks is maintained at the domain controller. In a Windows NT domain, at least one of the 
networked computers is a server computer that runs Windows NT Server. The server computer is 
configured as a primary domain controller (PDC), which maintains the domain directory 
database. Typically, there is at least one additional server computer that also runs Windows 
NT Server. This additional computer is usually configured as a backup domain controller 

(BDC). The other computers on the network normally run Windows NT  
 
Workstation or Windows 95 (although they may utilize other operating systems). These non-
server computers can share their resources (such as hard disks and printers) on the network, but 
these shared resources are secured by the domain directory database that is maintained by the 
PDC. 
 

 

Architecture of Windows NT 
Windows NT uses a modular architecture. This means each component (or module) within the 
architecture has sole responsibility for the function it is designed to provide. In addition, no other 
module repeats the functions performed by another. Figure 1-3 illustrates the modular 
architecture of Microsoft Windows NT 4.0. Notice that the operating system has two pieces, or 
modes: user mode and kernel mode. 

User Mode 
Applications and their subsystems run in user mode. This mode is referred to as a less privileged 
processor mode because it does not have direct access to hardware. User mode applications are 
limited to assigned memory address spaces and can’t directly access other memory address 
spaces. User mode uses specific application program interfaces (APIs) to request system 
services from a kernel mode component. The purpose of separating the applications in user mode 
from the hardware, of restricting the memory address spaces that applications can access, and of 



forcing the applications to run all requests for system services through the kernel mode, is to 
protect against the possibility of an application crashing the system, and also to protect against 
unauthorized user access. Examine Figure again, and notice that there are several subsystems 
within user mode. You’re now set to explore these subsystems. 

User mode subsystems 
There are four main subsystems in user mode: the Win32 Subsystem, the OS/2 Subsystem, the 
POSIX Subsystem, and the Security Subsystem. The Win32 Subsystem is the primary application 
subsystem. All 32-bit Windows applications run in the Win32 Subsystem. 

 
The OS/2 Subsystem is required to run OS/2 1.x compatible applications. The OS/2 Subsystem 
obtains its user interface and its screen functions from the Win32 Subsystem, and requests 
Executive Services in kernel mode to perform all other functions for it. The POSIX Subsystem is 
designed to run POSIX 1.x compatible applications. It functions very much like the OS/2 
Subsystem. The POSIX Subsystem uses the Win32 Subsystem to provide all of its screen and 
graphical displays, and it requests Executive Services in Kernel Mode to perform all other 
functions for it. 
 



Finally, the Security Subsystem supports the logon process. The Security Subsystem also  
communicates with the Win32 Subsystem. In addition to the four formal subsystems, an NT 

Virtual DOS Machine (NTVDM) is a feature of user mode. Its function is to run MS-DOS-based 
and Windows 3.x-based (all 16-bit) applications. 
 

Kernel Mode 
Kernel mode refers to a highly privileged mode of operation. It is called “highly privileged” 
because all code that runs in kernel mode can access the hardware directly, and can also access 
all memory. A process running in kernel mode is not restricted to its own specific address space 
as is an application running in user mode. The entire set of services that comprise kernel mode is 
called Executive Services (or sometimes the Windows NT Executive). Executive Services 
provide Kernel Mode services as requested by applications in User Mode. Notice how Figure 
graphically presents the pieces of kernel mode. Observe how they fit together and interact with 
the hardware and user mode components. Allow me to now introduce you to the components of 
kernel mode. 
 
Kernel mode components 
Kernel mode is made up of numerous components integral to the Windows NT major operating 
system functions. The I/O Manager is responsible for all input and output to disk storage 
subsystems. As it manages input and output, the I/O Manager also serves as a manager and 
supporter of communication between the various drivers. The I/O Manager can communicate 
directly with system hardware if it has the appropriate hardware device drivers. Subcomponents 
of the I/O Manager include a Cache Manager, various file system drivers, and network drivers. 
Another subcomponent of the I/O Manager is the Hardware Device Drivers that perform direct 
hardware access. Window Manager is responsible for providing all of the graphical user 
interface. Window Manager communicates directly with the Graphics Device Drivers, which in 
turn communicate directly with the hardware. In Windows NT 3.51, Window Manager and the 
graphics device drivers were a part of user mode. The developers of Windows NT 4.0 moved this 
component from user mode to kernel mode. This change enabled faster access to the graphics 
device drivers and eliminated the need for user applications to switch back and forth between 
kernel mode and user mode for calls for graphics services. There are five other kernel mode 
subsystems: the Virtual Memory Manager, the Security Reference Monitor, the Object Manager, 
the Process Manager, and the Local Procedure Call Facility. Each one of these subsystems 
communicates directly with the microkernel. The microkernel is the very heart of the NT 
operating system. It handles interrupts, schedules threads, and synchronizes processing activity. 
The microkernel, in turn, communicates with the hardware abstraction layer (HAL). The HAL 
is designed to hide the varying characteristics of hardware so that all hardware platforms appear 
the same to the microkernel. As a result, only the HAL, and not the entire microkernel, needs to 
address each and every hardware platform. The HAL can communicate directly with the 
computer’s hardware. Now that you’ve been introduced to user mode and kernel mode, you’re 
ready to move on to the last major architecture topic: the NT memory model. 
 

Windows NT 4 . 0 Interface 
If you’re familiar with the Windows 95 user interface, you can probably skip this section. The 
Windows NT 4.0 interface looks and feels just like the Windows 95 interface. 



 
The Windows NT 4.0 Desktop 
After your computer boots Windows NT 4.0, the screen displayed is the desktop. The desktop 
replaces the Program Manager interface from earlier versions of Windows and Windows NT. 
You can create shortcuts to programs you use frequently and place them on the desktop. You can 
also configure the display properties, such as icon size, background color, screen saver, display 
resolution, and so on, by right-clicking anywhere on the desktop and then clicking Properties. 
There are several icons on the desktop, as well as a taskbar and a Start button. 
 
My Computer 
Double-clicking the My Computer icon displays the My Computer dialog box. This dialog box 
graphically represents every drive on the computer (including network drives, if any), as well as 
the Control Panel and the Printers folders. If you doubleclick any icon in the My Computer 
dialog box, another dialog box is displayed showing the contents of the drive or folder you 
clicked. 
 
Network Neighborhood 
The Network Neighborhood icon is only displayed if you are using a network. If you double-
click the Network Neighborhood icon, a dialog box is displayed that contains an icon for your 
computer and an icon for the entire network. You can expand the icons in this dialog box to 
show all computers, shared folders, and shared printers on your network. 
 
Internet Explorer 

When you double-click the Internet Explorer icon, Microsoft Internet Explorer starts. You can 
use this application to browse Web pages on the Internet. 
 
Recycle Bin 
The Recycle Bin icon is a politically correct ’90s version of the Macintosh trash can icon. When 
you delete files, the files are moved from their original location  into the Recycle Bin folder. 



When you delete items in the Recycle Bin, the items are removed permanently from your 
computer. Remember to periodically empty your Recycle Bin! 
 
My Briefcase 
My Briefcase is a special type of folder that enables you to keep files synchronized between two 
computers, such as your laptop and your desktop computer. 
 
Start button 

The Start button is located on the left side of the taskbar. Clicking the Start button opens a menu 
that enables you to quickly access programs, recently used documents, settings (such as the 
Control Panel and Printers folders), and Help. The menu also enables you to run applications 
from a command line, find a document, and shut down your computer. 
 

Taskbar 

The taskbar at the bottom of the desktop contains the Start button, a button for each program that 
is currently running, and a clock. You can quickly switch between applications by clicking the 
button that represents the application you want to access. You can configure taskbar properties 
by right-clicking anywhere on the taskbar, and then selecting Properties. You can easily set the 
time and date by double-clicking the clock in the taskbar. 
 
Close, minimize, and maximize buttons 
At the upper right-hand corner of every window is a button, marked with an X. This button is 
called the close button and is used to close the window and exit the application. Many windows 
have two additional buttons located adjacent to the close button: the minimize and maximize 
buttons. The minimize button looks like an underscore on a button. Clicking this button will 
minimize the application to its icon on the taskbar. The maximize button looks like either a 
single box with a dark line across the top, or like two overlapping boxes, each with a dark line 
across the top. Clicking the maximize button switches between a small view of the window 
and a full screen view of the window. 
 

Windows NT Explorer 
You can also access any file, folder, printer, or application on your computer or on the network 
in Windows NT Explorer. Windows NT Explorer replaces File Manager from earlier versions of 
Windows and Windows NT. Windows NT Explorer is a useful tool for copying, moving, and 
deleting files. To access Windows NT Explorer, select StartþProgramsþWindows NT Explorer. 
 
 

INSTALLING 
 
Hardware Requirements for Installation 
 
Before you can install NT, you need to make sure you have the appropriate hardware. To avoid 
problems, only use hardware that appears on the Windows NT Hardware Compatibility List 

(HCL). The HCL, which is updated periodically, ships with the NT products. 



 
File system used for installation (choose one) 
FAT _______ NTFS _______ 
Windows NT supports two file system types: FAT and NTFS. ; 
 FAT: The file allocation table (FAT) file system is supported by Windows NT and many other 
operating systems, including: MS-DOS, OS/2, Windows 3.x, and Windows 95. Normally, if you 
want your computer to dual boot between Windows NT and one of these other operating systems 
(and both operating systems are located on the same hard disk partition), choose the FAT file 
system. The FAT file system supports neither extended attributes nor file-level security. ; 
 
 NTFS: The Windows NT file system (NTFS) is supported only by Windows NT. In general, 
choose NTFS if you do not want your computer to dual boot between Windows NT and another 
operating system and you want the added advantages provided by NTFS, including extended 
attributes and filelevel security. 
You can select FAT as the file system to be used during installation of Windows NT, and then 
later choose to convert the file system to NTFS; however, if you choose NTFS as the file system 
to be used during installation of Windows NT and then later want to convert to FAT, the process 
isn’t so easy. To convert from NTFS to FAT, you need to back up all files, repartition and format 
the drive, reinstall Windows NT, and restore all the files from backup. 
 

The Installation Process 
Now that you know the minimum hardware required to install Windows NT and have all the 
information required to perform the installation, you’re ready to move on to the actual process. 
 

 
 
 



Starting Setup 
Windows NT uses a program called Setup to accomplish the installation. There are three ways to 
start the installation process: from a CD-ROM drive, using Winnt.exe, and using Winnt32.exe. 
Installation can be done locally, from a CD-ROM drive; or over the network. 
 

Starting from a CD-ROM drive 
To start Setup from a CD-ROM drive, your computer must be configured with a local CD-ROM 
drive that is on the HCL. Place the Windows NT Workstation or Windows NT Server compact 
disc in the CD-ROM drive. Then boot the computer from the Windows NT Setup Boot Disk. 
 
Using Winnt.exe 
You can use Winnt.exe to start Setup from an unsupported CD-ROM drive (a CDROM drive that 
is not listed on the HCL), or to start an over-the-network installation. First boot the computer to 
MS-DOS, and then load either the CD-ROM drivers or network drivers (depending on the type 
of installation you’re doing). Then use Winnt.exe to start Setup. Winnt.exe has several 
command-line switches that enable customization of the setup process. Table lists these switches 
and describes their functions. The syntax for the Winnt.exe command is: 
 
WINNT [/S[:]sourcepath] [/T[:]tempdrive] [/I[:]inffile 
 
[/O[X]] [/X | [/F] [/C]] [/B] [/U[:scriptfile]] 
 
[/R[X]:directory] [/E:command] 
 



 
To illustrate how the switches are used, suppose that you want to install Windows NT from a 
network drive (named drive K:) without using the Setup Boot Disk set. (This is often referred to 
as a floppyless installation). To accomplish this, use the following command: 
K:\I386\Winnt /B /S:K:\I386 
Notice the /B switch is used to enable you to perform a floppyless installation, and the /S switch 
is used to specify that the sourcepath (the location of the NT files that will be installed on your 
computer) is a network drive named K:. 
 
 

 



Using Winnt32.exe 
Winnt32.exe functions in the same way as Winnt.exe, except that Winnt.exe is designed to run 
on a MS-DOS-based computer, and Winnt32.exe is designed to be used on a Windows NT 3.x 

computer. All Winnt32.exe command-line options are the same as Winnt.exe, with the exception 
of /F and /C, which are not supported by Winnt32.exe. 
 

Setup Flow 
The installation of Windows NT takes place in four or five phases, depending on whether you 
install from a CD-ROM or use Winnt.exe. These phases are: the Pre- Copy Phase, Phase 0, and 
Phases 1-3. During each phase, you perform specific tasks and enter requested information. The 
Windows NT installation program (Setup) causes the computer to reboot after the Pre-Copy 
Phase, and again after Phase 0. Here’s a detailed description of what takes place during each 
phase of the Windows NT installation. 
 
Pre-Copy Phase (Winnt.exe and Winnt32.exe only) 

The Pre-Copy Phase is the initial phase of the installation process. This phase applies only when 
the Winnt.exe or Winnt32.exe installation option is used. The Windows NT Setup program 
performs the following tasks:  
Setup creates a set of three floppy disks to use during the installation process. These diskettes are 
similar to the diskettes used to perform an installation from a CD-ROM drive, except that they 
point to the directory that has a copy of the installation files instead of to a CD-ROM drive. The 
floppy disks are not created if the /B or /U switches are used. 
2. Setup creates a $Win_NT$.~ls folder on the first local drive with enough free space, then 
copies the installation files from the source directory to this folder. (The installation program 
deletes this folder after the installation is complete.)  
3. Setup prompts you to restart the computer with the Setup Boot Disk. 
 
Phase 0 
Phase 0 begins when you boot the computer with the Setup Boot Disk, or when you reboot the 
computer after using Winnt.exe /B. Setup prompts you to take the following steps during this 
phase: 
1. Confirm all SCSI and CD-ROM adapters, and add drivers for adapters by using driver disks 
supplied by the manufacturer. 
2. Agree to the terms of the Windows NT Licensing Agreement.  
3. Choose the installation directory. Choose whether to upgrade previously installed versions of 
Windows 3.x or Windows NT, or to install Windows NT in a different directory to create a dual 
boot system, which can boot to more than one operating system. 
4. Verify the hardware and software components in the computer. 
5. Choose the disk partition on which to install Windows NT, and choose the type of file system 
to use on this partition. Setup will then examine your computer’s hard disk for corruption, and 
then cause the computer to reboot. After the computer reboots, Setup prompts you to remove the 
floppy disk from drive A: if one is there. 
 
Phase 1 
In Phase 1, the NT Setup Wizard starts. Setup gathers more information from you  about your 
computer and specific installation details. You are prompted to make the following choices and 
perform the following tasks during this phase: 
1. (Windows NT Workstation only) Choose the setup option type. 
2. Enter your name and the name of your organization. 



3. Enter your CD key number. 
4. (Windows NT Server only) Choose a Licensing mode. 
5. Enter your computer name. 
6. (Windows NT Server only) Choose a server type. 
7. Enter and confirm a password for the Administrator account. 
8. Choose whether to create an Emergency Repair Disk. (The Emergency Repair Disk is 
made at the end of the installation, but you must choose whether or not to make one at 
this point). 
9. Choose the optional components to install. 
Phase 2 
In Phase 2, Setup installs and configures networking components. To accomplish this, 
you provide more information and make the following additional choices: 
1. Specify how (or if) the computer connects to the network. 

2. (Windows NT Server only) Choose whether to install Microsoft Internet 
Information Server (IIS). 
3. Indicate which network adapters are installed in your computer. 
4. Choose the network protocol(s) you want to use, and enter related information 
requested depending on the protocol(s) chosen. 
5. (Windows NT Server and Windows NT Workstation custom setup option only) 
Choose additional network services to install. 
6. Verify network adapter settings. 
7. (Windows NT Server and Windows NT Workstation custom setup option 
only) Configure network bindings for network services, protocols, and 
adapters. 
8. (Windows NT Server installed as a stand-alone server and Windows NT 
Workstation only) Choose whether to make your computer part of either a 
workgroup or a domain. Enter your workgroup or domain name. If you 
join a domain, create a computer account in the domain and supply the 
domain administrator’s user account name and password. 

Phase 3 

In Phase 3, Setup completes the installation. It is very short. You are prompted to 
do the following: 
1. (Windows NT Server only) If you elected to install IIS in an earlier step, you 
must enter specific IIS setup and publishing directory information now. 
2. Configure the date, time, and time zone information. 
3. Configure and test the computer’s video adapter settings. 
4. Make an Emergency Repair Disk. Then remove this disk from Drive A:. 
5. (Installation from CD-ROM only) Remove the Windows NT compact disc 
from the CD-ROM drive. 
6. Restart the computer. 

 
 

Managing Account Policy 
TO ACCESS THE ACCOUNT POLICY DIALOG BOX, FOLLOW THESE STEPS: 
1. Select StartþProgramsþAdministrative Tools (Common)þUser Manager (or User Manager for 
Domains). 
2. In the User Manager dialog box, select PoliciesþAccount. The Account Policy dialog box 
appears, as shown in Figure. Notice the default settings in this dialog box. 



 
Password restrictions 
The Password Restrictions section of the Account Policy dialog box has four configurable 
options: Maximum Password Age, Minimum Password Age, Minimum Password Length, and 
Password Uniqueness. 
Maximum password age 
Maximum Password Age determines the maximum number of days a user may use the same 
password. Two selections are available in this section: Password Never Expires, or Expires In xx 

Days. The default setting is Expires in 42 Days. When Password Never Expires is selected, users 
are never required to change their passwords. 
When Expires in xx Days is selected, Windows NT forces users to change their passwords when 
the maximum password age setting is exceeded. Normal settings for password expiration are 
between thirty and ninety days. If users have to change their passwords too frequently, they may 
be unable to remember their passwords. 
If a user’s password expires and the check box next to “Users must log on in order to change 
password” (at the bottom of the dialog box) is selected, the user will not be able to change his or 
her own password — the administrator must change the user’s password. 
Minimum Password Age 
Minimum Password Age determines the minimum number of days a user must keep the same 
password. Two selections are available in this section: Allow Changes Immediately, or Allow 
Changes in xx Days. The default setting is Allow Changes Immediately. If Allow Changes 
Immediately is selected, users can change their passwords as often as they like, without waiting 
for any time to pass before selecting a new password. 
If Allow Changes in xx Days is selected, users must use their passwords for at least the number 
of days specified before Windows NT lets them change their passwords. Normal settings for 
Minimum Password Age are from one day to the number of days specified as the Maximum 
Password Age. 
If Minimum Password Age is not set, and Password Uniqueness is set at Remember 8 
Passwords, then users are often tempted to bypass the Password If Permit Blank Password is 



selected, users are not required to have a password. This is the default setting. If At Least xx 

Characters is selected, you can specify the minimum number of characters a user’s password 
must contain. Windows NT will not enable users to choose a password with fewer than the 
required number of characters. Possible settings for password length are from one to fourteen 
characters. I recommend you set a minimum of eight characters for Minimum Password Length. 
With a password length of eight characters or more, (assuming basic password security measures 
are taken) it’s statistically almost impossible for an unauthorized user to guess a password. 
 
Password Uniqueness 
Password Uniqueness specifies how many different passwords a user must use before an old 
password can be reused. Two selections are possible in this section: Do Not Keep Password 
History, or Remember xx Passwords. The default setting is Do Not Keep Password History. 
If Do Not Keep Password History is selected, users can cycle back and forth between their two 
favorite passwords each time they are required to change their passwords. If Remember xx 

Passwords is selected, users must use at least the number of new passwords specified before they 
can reuse an old password. Possible settings for Password Uniqueness are between one and 
twenty-four passwords. Normal settings range between five and twelve passwords. 
You can multiply the number of passwords specified in Password Uniqueness times the number 
of days specified in Minimum Password Age to determine the number of days that must pass 
before a user can reuse an old password.  
Uniqueness setting by changing their passwords nine times, in rapid succession, so they can 
recycle back to their original, favorite, and easily remembered password. 
 
Minimum Password Length 
Minimum Password Length specifies the minimum number of characters required in users’ 
passwords. Two selections are possible in this section: Permit Blank Password, or At Least xx 

Characters. 
 

Account lockout 
The Account lockout section of the Account Policy dialog box specifies how Windows NT treats 
user accounts after several successive unsuccessful logon attempts have occurred. The default 
setting is “No account lockout.” Figure  shows the Account Policy dialog box. Notice the options 
in the Account lockout section. 



 
When “No account lockout” is selected, user accounts are never locked out. This means no 
matter how many unsuccessful logon attempts a user makes, the user’s account is not locked out. 
When Account lockout is selected, users are locked out after the specified number of successive 
bad logon attempts is reached. Several configuration options exist for Account lockout: Lockout 
after xx bad logon attempts, Reset count after xx minutes, and Lockout Duration. 
Lockout after xx bad logon attempts specifies the number of successive unsuccessful logon 
attempts that are acceptable before Windows NT will lock out an account. The possible settings 
are from one to 999 bad logon attempts. Normal settings for this configuration are from three to 
ten bad logon attempts. This counter is reset after each successful logon. Windows NT maintains 
a separate counter for each user account. 
Reset count after xx minutes specifies the number of minutes that must pass without a bad logon 
attempt in order for the bad logon attempts counter to be reset to zero. (Resetting the counter to 
zero gives users the full number of possible bad logon attempts before account lockout.) The 
possible settings are from one to 99,999 minutes. Normal settings for this configuration are from 
thirty to sixty minutes. 
Lockout duration specifies how long a user account is locked out after the specified number of 
bad logon attempts occurs. Two possible settings are in this section: Forever (until admin 
unlocks), or “Duration xx minutes.” If Forever is selected and the specified number of bad logon 
attempts occurs, the administrator must unlock the user account in User Manager (or User 
Manager for Domains) before the user can log on. 
If “Duration xx minutes” is selected, user accounts that are locked out (because the specified 
number of bad logon attempts have been exceeded) are unlocked automatically by Windows NT 
after the specified number of minutes elapses. The possible settings are from one to 99,999 
minutes. Normal settings for this configuration are from thirty to sixty minutes. Two additional 
check boxes are in the Account Policy dialog box: “Forcibly disconnect remote users from server 
when logon hours expire,” and “Users must log on to change password.” By default, both of 
these check boxes are not selected. 



The “Forcibly disconnect remote users from server when logon hours expire” check box is only 
available on Windows NT Server computers configured as domain controllers. 
If “Forcibly disconnect remote users from server when logon hours expire” is selected, users 
whose logon hours expire are automatically disconnected from the domain controllers in the 
domain. Users are not disconnected from Windows NT Workstation computers, however, or 
from member servers in the domain. 
If Users must log on in order to change password is selected, and a user’s password expires, the 
administrator must change the user’s password (because the user cannot log on with an expired 
password). A configuration conflict arises when the “Users must log on in order to change 
password” option is set in Account Policy and new users are configured so that User Must 
Change Password at Next Logon. This combination of settings places users in a catch-22 
situation: Users can’t log on without changing their passwords, and users can’t change their 
passwords without logging on. The administrator can resolve this problem by changing the users’ 
passwords and clearing the check box next to User Must Change Password at Next Logon in the 
users’ Properties dialog box in User Manager (or User Manager for Domains). 
 

Managing User Right s 
User rights authorize users and groups to perform specific tasks on a Windows NT computer. 
User rights are not the same as permissions: user rights enable users to perform tasks; whereas 
permissions enable users to access objects, such as files, folders, and printers. User rights are 
assigned in the User Rights Policy dialog box in User Manager or User Manager for Domains. 

TO ACCESS THE USER RIGHTS POLICY DIALOG BOX, 
FOLLOW THESE STEPS: 
1. Select StartþProgramsþAdministrative Tools (Common)þUser Manager (or User Manager for 
Domains). 
2. In the User Manager dialog box, select PoliciesþUser Rights. 

 
User Rights 
Each user right authorizes a user or group to perform a specific task. User rights,unlike account 
policies, can be assigned to individual users and groups. User rights are listed in the User Rights 
Policy Dialog box. You can choose to display regular user rights or a combination of regular and 
advanced user rights 
in the Right drop down list box. The default configuration displays only nonadvanced user rights. 



 



 



 



 
Assigning user rights 
The assigning of user rights is accomplished in the User Rights Policy dialog box. You can add 
and remove user rights to and from users and groups in this dialog box. The following sections 
describe first how to assign a user right to a user or group, and then how to remove a user right 
from a user or group. 
TO ASSIGN A USER RIGHT TO A USER OR GROUP, FOLLOW THESE STEPS: 

1. In the User Rights Policy dialog box in User Manager (or User Manager for Domains), 
select the user right you want to assign from the Right dropdown list box. (If you want to 
assign an advanced user right, first select the check box next to Show Advanced User 
Rights.) 

 
2. The Add Users and Groups dialog box appears. If you want to assign a user right to a 

user, click the Show Users command button. (Otherwise, only groups are listed.) Scroll 
down through the Names list box and select the user(s) and/or group(s) to which you 
want to assign a user right. 



 
Click the Add command button. (Or, instead of first selecting a user or group and then clicking 
the Add command button, you can double-click each user or group to which you want to assign 
the user right.) The name(s) you select appear in the Add Names list box. Click OK. 
3. The User Rights Policy dialog box reappears. Click OK. 
4. Exit User Manager (or User Manager for Domains). 
 
TO REMOVE A USER RIGHT FROM A USER OR A GROUP, FOLLOW THESE 
STEPS: 

1. In the User Rights Policy dialog box in User Manager (or User Manager for Domains), 
select the user right you want to remove from the Right dropdown list box. (If you want 
to remove an advanced user right, first select the check box next to Show Advanced User 
Rights.) 

2. 2. Then highlight the user or group you want to remove the user right from 
3. in the Grant To list box. Click the Remove command button. Click OK. 
4. 3. Exit User Manager (or User Manager for Domains). 
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History 

Windows 98 (codenamed Memphis) is a graphical operating system by Microsoft. It is the 
second major release in the Windows 9x line of operating systems. It was released to 
manufacturing on May 15, 1998 and to retail on June 25, 1998. Windows 98 is the successor to 
Windows 95. Like its predecessor, it is a hybrid 16-bit/32-bit[2] monolithic product with an MS-
DOS based boot stage.[3] Windows 98 was succeeded by Windows 98 Second Edition on May 5, 
1999, then by Windows Me (Millennium Edition) on September 14, 2000. Microsoft support for 
Windows 98 ended on July 11, 2006. 

Development of Windows 98 began in the 1990s, initially using the codename "Memphis" to 
refer to the product. Many builds were released or leaked, starting with build 1351 on December 
15, 1996 and ending with Windows 98 Second Edition. 

Build 
Number 

Date Description Released as 

669 in 1995s First build of codename "Memphis" 
 

1132 June 16, 1996 
Very early beta of Windows 98, basically 
Windows 95 with small differences 

Windows Memphis 
Pre-Alpha 

1387 
February 7, 
1997 

First beta 
Windows Memphis 
Beta 

1602 
October 
3,1997 

The first build to be able to upgrade from 
Windows 3.1x. 

Windows 98 Beta 

1691 
February 16, 
1998 

Expired on 31 December 1998 
Windows 98 Release 
Candidate 

1998 
May 11, 
1998[4] 

Final version Windows 98 

2222 
April 23, 
1999[4]  

Windows 98 Second 
Edition 

 

Web integration and shell enhancements 

Windows 98 includes Internet Explorer 4.01. Besides Internet Explorer, many other Internet 
companion applications are included such as Outlook Express, Windows Address Book, 
FrontPage Express, Microsoft Chat, Personal Web Server and a Web Publishing Wizard, 
NetMeeting and NetShow Player (in the original release of Windows 98) which was replaced by 
Windows Media Player 6.2 in Windows 98 Second Edition. 

The Windows 98 shell includes all of the enhancements from Windows Desktop Update, an 
Internet Explorer 4 component, such as the Quick Launch toolbar, deskbands, Active Desktop, 
Channels, ability to minimize foreground windows by clicking their button on the taskbar, single 
click launching, Back and Forward navigation buttons, favorites, and address bar in Windows 
Explorer, image thumbnails, folder infotips and web view in folders, and folder customization 
through HTML-based templates. 
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Windows 98 also integrates shell enhancements, themes and other features from Microsoft Plus! 
for Windows 95 such as DriveSpace 3, Compression Agent, Dial-Up Networking Server, Dial-
Up Scripting Tool and Task Scheduler. 3D Pinball is included on the CD-ROM but not installed 
by default. Windows 98 had its own separately purchasable Plus! pack called Plus! 98. 

Title bars of windows and dialog boxes support two-color gradients. Windows 98 menus and 
tooltips support slide animation. Windows Explorer in Windows 98, like Windows 95, converts 
all uppercase filenames to Sentence case for readability purposes,[5] however, it also provides an 
option Allow all uppercase names to display them in their original case. Windows Explorer 
includes support for compressed CAB files. The Quick Res and Telephony Location Manager 
Windows 95 PowerToys are integrated. 

Improvements to hardware support 

Windows Driver Model 

Windows Driver Model 

Windows 98 was the first operating system to use the Windows Driver Model (WDM). This fact 
was not well publicized when Windows 98 was released, and most hardware producers 
continued to develop drivers for the older VxD driver standard, which Windows 98 also 
supported. The WDM standard only achieved widespread adoption years later, mostly through 
Windows 2000 and Windows XP, as they are not compatible with the older VxD standard.[6] 
Windows Driver Model was introduced largely so that developers would write source compatible 
drivers for all future versions of Windows. Device driver access in WDM is actually 
implemented through a VxD device driver, NTKERN.VXD which implements several Windows 
NT-specific kernel support functions. NTKERN creates IRPs and sends them to WDM drivers. 

Support for WDM audio enables digital mixing, routing and processing of simultaneous audio 
streams and kernel streaming with high quality sample rate conversion on Windows 98. WDM 
Audio allows for software emulation of legacy hardware to support MS-DOS games, 
DirectSound support and MIDI wavetable sythesis. The Windows 95 11-device limitation for 
MIDI devices is eliminated.[7] A Microsoft GS Wavetable Synthesizer licensed from Roland 
shipped with Windows 98 for WDM audio drivers. Windows 98 supports digital playback of 
audio CDs, and the Second Edition improves WDM audio support by adding DirectSound 
hardware mixing and DirectSound 3D hardware abstraction, DirectMusic kernel support, 
KMixer sample-rate conversion (SRC) for capture streams and multichannel audio support. All 
audio is sampled by the Kernel Mixer to a fixed sampling rate which may result in some audio 
getting upsampled or downsampled and having a high latency, except when using Kernel 
Streaming or third party audio paths like ASIO which allow unmixed audio streams and lower 
latency. Windows 98 also includes a WDM streaming class driver (Stream.sys) to address real 
time multimedia data stream processing requirements and a WDM kernel-mode video transport 
for enhanced video playback and capture. 

Windows Driver Model also includes Broadcast Driver Architecture, the backbone for TV 
technologies support in Windows. WebTV for Windows utilized BDA to allow viewing 
television on the computer if a compatible TV tuner card is installed. TV listings could be 
updated from the Internet and WaveTop Data Broadcasting allowed extra data about broadcasts 
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to be received via regular television signals using an antenna or cable, by embedding data 
streams into the vertical blanking interval (VBI) portion of existing broadcast television 
signals. 

 USB 

Windows 98 had more robust USB support (e.g. support for USB composite devices) than 
Windows 95 which only had support in OEM versions (OSR2.1 or later).[8] Windows 98 
supports USB hubs, USB scanners and imaging class devices. Windows 98 also introduces built-
in support for some USB Human Interface Device class (USB HID) and PID class devices such 
as USB mice, keyboards, force feedback joysticks etc. including additional keyboard functions 
through a certain number of Consumer Page HID controls.[9] 

USB audio device class support is present from Windows 98 SE onwards. Windows 98 Second 
Edition improved WDM support in general for all devices, and it introduced support for WDM 
for modems (and therefore USB modems and virtual COM ports). Microsoft driver support for 
both USB printers, and for USB mass-storage device class is not available for Windows 98; 
support for both was introduced in Windows 2000; however generic third party free drivers are 
available today for USB MSC devices. 

ACPI 

Windows 98 introduced ACPI 1.0 support which enabled Standby (ACPI S3) and Hibernate 
(ACPI S4) states. However, hibernation support was extremely limited, and vendor-specific. 
Hibernation was only available if compatible (PnP) hardware and BIOS are present, and the 
hardware manufacturer or OEM supplied compatible WDM drivers, non-VxD drivers. However, 
there are hibernation issues with the FAT32 file system,[10] making hibernation problematic and 
unreliable. 

 Other device support improvements 

Windows 98, in general, provides improved—and a broader range of—support for IDE and SCSI 
drives and drive controllers, floppy drive controllers and all other classes of hardware than 
Windows 95.[10] There is integrated Accelerated Graphics Port (AGP) support (The USB 
Supplement to Windows 95 OSR2 and later releases of Windows 95 did have AGP support). 
Windows 98 has built-in DVD support and UDF 1.02 read support. The Still imaging 
architecture (STI) with TWAIN support was introduced for scanners and cameras and Image 
Color Management 2.0 for devices to perform color space transformations. Multiple monitor 
support allows using up to 8 multiple monitors and/or multiple graphics adapters on a single PC. 
Windows 98 shipped with DirectX 5.2 which notably included DirectShow. Windows 98 Second 
Edition shipped with DirectX 6.1. 

Networking enhancements 

Main article: Winsock 

Windows 98 networking enhancements to TCP/IP include built-in support for Winsock 2, SMB 
signing,[11] a new IP Helper API, Automatic Private IP Addressing (APIPA) (also known as link-
local addressing), IP multicasting (including IGMPv2 support and ICMP Router Discovery – 
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RFC 1256), and performance enhancements for high-speed high bandwidth networks (TCP large 
windows and time stamps – RFC 1323, Selective Acknowledgement (SACK) – RFC 2018, TCP 
Fast Retransmit and Fast Recovery). Multihoming support with TCP/IP is improved and includes 
RIP listener support. 

The DHCP client has been enhanced to include address assignment conflict detection and longer 
timeout intervals. NetBT configuration in the WINS client has been improved to continue 
persistently querying multiple WINS servers if it failed to establish the initial session until all of 
the WINS servers specified have been queried or a connection is established. 

NDIS 5.0 support means Windows 98 can support a wide range of network media, including 
Ethernet, Fiber Distributed Data Interface (FDDI), token ring, Asynchronous Transfer Mode 
(ATM), wide area networks (WANs), ISDN, X.25, and Frame Relay. Additional features include 
NDIS power management, support for QoS, WMI and support for a single INF file format across 
all Windows versions. 

Windows 98 Dial-Up Networking supports PPTP tunneling, support for ISDN adapters, 
multilink support, and connection-time scripting to automate non-standard login connections. 
Multilink channel aggregation enables users to combine all available dial-up lines to achieve 
higher transfer speeds. PPP connection logs can show actual packets being passed and Windows 
98 allows PPP logging per connection. The Dial-Up Networking improvements are also 
available in Windows 95 OSR2 and downloadable for earlier Windows 95 releases. 

For networked computers that have user profiles enabled, Windows 98 introduces Microsoft 
Family Logon which lists all users that have been configured for that computer, enabling users to 
simply select their names from a list rather than having to type it in. The same feature can be 
added to Windows 95 if Internet Explorer 4.0 is installed. 

Windows 98 supports IrDA 3.0 that specifies both Serial Infrared Devices (SIR) and Fast 
Infrared (FIR) devices, which are capable of sending and receiving data at 4 Mbit/s. Infrared 
Recipient, a new application for transferring files through an infrared connection is included. The 
IrDA stack in Windows 98 supports networking profiles over the IrCOMM kernel-mode driver. 
Windows 98 also has built-in support for browsing DFS trees on SMB shares. 

Windows 98 Second Edition added Internet Connection Sharing (IP forwarding and NAT 
capabilities). Windows Me later supported NAT traversal by means of UPnP. UPnP and NAT 
traversal APIs can also be installed on Windows 98 by installing the Windows XP Network 
Setup Wizard.[12] An L2TP/IPsec VPN client can also be downloaded. By installing Active 
Directory Client Extensions, Windows 98 can take advantage of several Windows 2000 Active 
Directory features . 

Improvements to the system and built-in utilities 

Performance improvements 

Windows 95 introduced the 32-bit, protected-mode cache driver, VCACHE replacing 
SMARTDrv to cache the most recently accessed information from the hard drive in memory, 
divided into chunks. However, the cache parameters needed manual tuning as it degraded 
performance by consuming too much memory and not releasing it quickly enough, forcing 
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paging to occur far too early. The Windows 98 VCACHE cache size management for disk and 
network access, CD-ROM access and paging is more dynamic compared to Windows 95 
resulting in no tuning required for cache parameters.[13] On the FAT32 file system, Windows 98 
has a MapCache performance feature that can run applications from the disk cache itself if the 
code pages of executable files are aligned/mapped on 4K boundaries, instead of copying them to 
virtual memory. This results in more memory being available to run applications, and lesser 
usage of the swap file. 

Windows 98 registry handling is more robust than Windows 95 to avoid corruption and there are 
several enhancements to eliminate limitations and improve registry performance. [14] The 
Windows 95 registry key size limitation of 64 KB is gone. The registry uses lesser memory and 
has better caching. 

WinAlign (Walign.exe and Winalign.exe) are tools designed to optimize the performance of 
executable code (binaries). WinAlign aligns binary sections along 4 KB boundaries, aligning the 
executable sections with the memory pages. This allows the Windows 98 MapCache feature to 
map directly to sections in cache[15] Walign.exe is included in Windows 98 for automatically 
optimizing Microsoft Office programs. Winalign.exe is included in the Windows 98 Resource 
Kit to optimize other programs. 

Disk Defragmenter has been improved to rearrange program files that are frequently used to a 
hard disk region optimized for program start.[16] 

Windows 98 also supports a Fast Shutdown feature that initiates shutdown without uninitializing 
device drivers.[17] Windows 98 supports write-behind caching for removable disk drives. A 
FAT32 converter utility for converting FAT16 drives to FAT32 without formatting the partition 
is also included. 

Other system tools 

A number of improvements are made to various other system tools and accessories in Windows 
98. Microsoft Backup supports differential backup and SCSI tape devices in Windows 98. Disk 
Cleanup, a new tool, enables users to clear their disks of unnecessary files. Cleanup locations are 
extensible through Disk Cleanup handlers. Disk Cleanup can be automated for regular silent 
cleanups. 

Scanreg (DOS) and ScanRegW are Registry Checker tools used to back up, restore or optimize 
the Windows registry. ScanRegW tests the registry's integrity and saves a backup copy each time 
Windows successfully boots. The maximum amount of copies could be customized by the user 
through "scanreg.ini" file. The restoration of a registry that causes Windows to fail to boot can 
only be done from DOS mode using ScanReg. 

System Configuration Utility (also known as Msconfig) is a new system utility used to disable 
programs and services that are not required to run the computer. A Maintenance Wizard is 
included that schedules and automates ScanDisk, Disk Defragmenter and Disk Cleanup. 
Windows Script Host, with VBScript and JScript engines is built-in and upgradeable to version 
5.6. 
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System File Checker checks installed versions of system files to ensure they were the same 
version as the one installed with Windows 98 or newer. Corrupt or older versions are replaced by 
the correct versions. This tool was introduced to resolve the DLL hell issue and was replaced in 
Windows Me by System File Protection. 

The Windows 98 Startup Disk contains generic, real-mode ATAPI and SCSI CD-ROM drivers 
and has been preconfigured to automatically start MS-DOS mode with CD-ROM support 
enabled. For computers without an operating system and that do not support booting from optical 
drives, the Startup disk can be used to boot into MS-DOS and automatically start Windows 98 
setup from the CD. 

Windows 98 includes an improved version of the Dr. Watson utility that collects and lists 
comprehensive information such as running tasks, startup programs with their command line 
switches, system patches, kernel driver, user drivers, DOS drivers and 16-bit modules. With Dr. 
Watson loaded in the system tray, whenever a software fault occurs (general protection fault, 
hang, etc.), Dr. Watson will intercept it and indicate what software crashed and its cause. All of 
the collected information is logged to the \Windows\DrWatson folder. 

Windows Report Tool takes a snapshot of system configuration and lets users submit a manual 
problem report along with system information to technicians. It has e-mail confirmation for 
submitted reports. The system could be updated using Windows Update. A utility to 
automatically notify of critical updates was later released. 

 
 

A Critical Update Notification in Windows 98 

Accessories 

Windows 98 includes Microsoft Magnifier, Accessibility Wizard and Microsoft Active 
Accessibility 1.1 API upgradeable to MSAA 2.0. A new HTML Help system with 15 
Troubleshooting Wizards was introduced to replace WinHelp. 

Users can configure the font in Notepad. Microsoft Paint supports GIF transparency. 
HyperTerminal supports a TCP/IP connection method allowing it to be used as a Telnet client. 
Imaging for Windows is updated. System Monitor supports output to a log file. 

Miscellaneous improvements 

 Telephony API (TAPI) 2.1  
 DCOM version 1.2  
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 Ability to list fonts by similarity determined using PANOSE information.  
 Tools to automate setup such as Batch 98 and INFInst.exe support error-checking, 

gathering information automatically to create an INF file directly from the registry of the 
machine, customizing IE4, shell and desktop settings and adding custom drivers.  

 Several other Resource Kit tools are included on the Windows 98 CD.[18]  
 Windows 98 has new system event sounds for low battery alarm and critical battery 

alarm. The Windows 98 startup sound was composed by Ken Kato.  
 Windows 98 shipped with Flash Player and Shockwave Player preinstalled.[19]  

 
 

Windows 98 Upgrade cover. 

Windows 98 Second Edition  

Windows 98 Second Edition (often shortened to SE) is an updated release of Windows 98, 
released on May 5, 1999. It includes fixes for many minor issues, improved WDM audio and 
modem support, improved USB support, the replacement of Internet Explorer 4.0 with Internet 
Explorer 5.0, Web Folders [20] (WebDAV namespace extension for Windows Explorer), and 
related shell updates. Also included is basic OHCI-compliant FireWire (IEEE 1394a) DV 
camcorder support (MSDV class driver) and SBP-2 support for mass storage class devices[21], 
Wake-On-LAN support (if ACPI compatible NDIS drivers are present) and Internet Connection 
Sharing, which allows multiple computers on a LAN to share a single Internet connection 
through Network Address Translation. Other features in the update include DirectX 6.1 which 
introduced major improvements to DirectSound and the introduction of DirectMusic, 
improvements to Asynchronous Transfer Mode support (IP/ATM, PPP/ATM and WinSock 
2/ATM support), Windows Media Player 6.2 replacing the older Media Player, Microsoft 
NetMeeting 3.0, MDAC 2.1 and WMI. A memory overflow issue was resolved which in the 
older version of Windows 98 would crash most systems if left running for 49.7 days (equal to 2³² 
milliseconds).[22] Windows 98 SE could be obtained as retail upgrade and full version packages, 
as well as OEM and a Second Edition Updates Disc for existing Windows 98 users. Windows 98 
Second Edition did not ship with the WinG API or RealPlayer 4.0 unlike the original release of 
Windows 98, both of these being superseded by DirectX and Windows Media Player. 
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Cover of the Windows 98 Second Edition Upgrade (For Windows 95/3.1x) Box 

Release Version Release Date Internet Explorer Version 

Windows 98 4.10.1998 June 25, 1998[23] 4.01 

Windows 98 Second Edition 4.10.2222 April 23, 1999[4] 5.0 

Upgradeability 

Several components of the Windows 98 original release and Windows 98 Second Edition, can be 
updated to newer versions. They include: 

 Internet Explorer 6 SP1 and Outlook Express 6 SP1  
 Windows Media Format Runtime and Windows Media Player 9 Series on Windows 98 

SE and Windows Media Player 7.1 on Windows 98.  
 Windows Media Encoder 7.1 and Windows Media 8 Encoding Utility  
 DirectX 9.0c  
 MSN Messenger 7.0  
 Significant features from newer Microsoft operating systems can be installed on 

Windows 98. Chief among them are NET Framework versions 1.0, 1.1 and 2.0, Visual 
C++ 2005 runtime, Windows Installer 2.0, GDI+ redistributable library, Remote Desktop 
Connection client 5.1 and the Text Services Framework.  

 Several other components such as MSXML 3.0 SP7, Microsoft Agent 2.0, NetMeeting 
3.01, MSAA 2.0, ActiveSync 3.8, WSH 5.6, Microsoft Data Access Components 2.81 
SP1, WMI 1.5 and Speech API 4.0.  

 Office XP is the last version of Microsoft Office to be compatible with Windows 98.  
 Although Windows 98 does not fully support Unicode, certain Unicode applications can 

run by installing the Microsoft Layer for Unicode.  
 KernelEx (independent from Microsoft) allows several newer applications like Firefox 

8.0 to run[24]  

 Press demonstration 

The release of Windows 98 was preceded by a notable press demonstration at Comdex in April 
1998. Microsoft CEO Bill Gates was highlighting the operating system's ease of use and 
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enhanced support for Plug and Play (PnP). However, when presentation assistant Chris 
Capossela plugged a scanner in and attempted to install it, the operating system crashed, 
displaying a Blue Screen of Death. Gates remarked after applause and cheering from the 
audience, "That must be why we're not shipping Windows 98 yet." Video footage of this event 
became a popular Internet phenomenon.[25] 

Product life cycle 

Microsoft planned to discontinue its support for Windows 98 versions on January 16, 2004. 
However, due to the continued popularity of the operating system (27% of Google's pageviews 
were on Windows 98 systems during October–November, 2003),[26] Microsoft decided to 
maintain support until July 11, 2006. Support for Windows Me also ended on this date.[27] By 
that time, Windows 98 market share had diminished to 2.7%.[28] Windows 98 is no longer 
available from Microsoft in any form due to the terms of Java-related settlements Microsoft 
made with Sun Microsystems.[29] 

Real mode MS-DOS 

Windows 98 Second Edition is the last operating system in the Windows 9x series that includes 
real mode MS-DOS.[30] 

System requirements[31] 

 486DX2/66 MHz or higher processor (Pentium processor recommended)  
 16 MB of RAM (24 MB recommended, it's possible to run on 8 MB machines with /nm 

option used during the installation process)  
 At least 500 MB of space available on HDD. The amount of space required depends on 

the installation method and the components selected, but virtual memory and system 
utilities as well as drivers should be taken into consideration.  

 Upgrading from Windows 95 (FAT16) or 3.1 (FAT): 140–400 MB (typically 
205 MB).  

 New installation (FAT32): 190–305 MB (typically 210 MB).  
 Note 1: Both Windows 98 and Windows 98 SE can have significant problems 

associated with hard drives that are over 32 Gigabytes (GB) in size. This issue 
only occurs with certain Phoenix BIOS settings. A software update has been made 
available to fix this shortcoming.[32]  

 Note 2: Also, both Windows 98 and Windows 98 SE are unable to handle hard 
drives that are over 137 GB in size with the default drivers, because of missing 
48-bit LBA support – whole disc data corruption is likely. Third party patches are 
available to fix this shortcoming.[33]  

 Note 3: It is also possible to compress a Windows 98 installation using 
DriveSpace 3 to less than 120 MB, using maximum compression, without 
deleting many files. Installing Windows 98 on a HDD that small is usually 
useless, because it doesn't leave much room for programs, but can be 
accomplished by moving the DriveSpace 3 container file there.  

 VGA or higher resolution monitor (640x480)  
 CD-ROM or DVD-ROM drive (floppy install is possible but slow)  
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 Microsoft Mouse or compatible pointing device (optional).[34]  

Like its predecessor, Windows 95, and its successor, Windows Millennium Edition (Me), users 
can bypass hardware requirement checks with the undocumented /NM[35] setup switch. This 
allows installation on computers with processors as old as the 80386 SX. 

Unlike Windows 95, Windows 98 checks at the install if the processor has a Floating-point unit 
(Math Coprocessor), unless the undocumented /NM setup switch is used[36] The Intel 80486DX 
and later Pentium processors include a floating-point unit as part of the CPU. 

 Physical RAM limit 

The maximum amount of physical RAM in a PC that Windows 98 supports is 1.5 GB.[37] 
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Recycle Bin 

 

Similar to the Apple Macintosh Trash, the Recycle Bin is a location where deleted files are 
temporarily stored on Microsoft Windows 95, 98, ME, NT, 2000, XP, Vista, and all later 
versions of Microsoft Windows. The Recycling Bin allows users to recover files that have been 
deleted in Windows. In the image to the right, is an example of what the empty Recycle Bin may 
look like in your version of Windows and can be found on the Desktop. 

Keep in mind that if you have deleted files through a MS-DOS prompt or shell that the files will 
not go to the Recycle Bin. 

 Managing and emptying the Recycling Bin.  
 How to make files not go to the Windows Recycle Bin.  
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 Recovering files from the Windows Recycle Bin.  
 Information about what files are not sent to the Windows Recycle Bin.  
 How to change the Recycle Bin icon.  
 Reasons why you may not be able to empty the Windows Recycle Bin.  
 How to hide or delete the Windows desktop Recycle Bin icon.  
 Add a Recycle Bin to your Flash Drive.  
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Windows Explorer 



Windows Explorer is a file manager application and also a navigation tool that is included with 
releases of the Microsoft Windows operating system from Windows 95 onwards. It provides a 
graphical user interface for accessing the file systems. It is also the component of the operating 
system that presents many user interface items on the monitor such as the taskbar and desktop. 
Controlling the computer is possible without Windows Explorer running (for example, the File | 
Run command in Task Manager on NT-derived versions of Windows will function without it, as 
will commands typed in a command prompt window). Located in the C:\Windows directory, it is 
sometimes referred to as the Windows shell, explorer.exe, or simply “Explorer”. 

Overview 

The Windows Explorer was first included with Windows 95 as a replacement for the Windows 
3.x File Manager. It could be accessed by double-clicking the new My Computer desktop icon, or 
launched from the new Start Menu that replaced the earlier Program Manager. There is also a 
shortcut key combination: Windows key + E. Successive versions of Windows (and in some 
cases, Internet Explorer) introduced new features and capabilities, removed other features, and 
generally progressed from being a simple file system navigation tool into a task-based file 
management system. 

While “Windows Explorer” is a term most commonly used to describe the file management 
aspect of the operating system, the Explorer process also houses the operating system’s search 
functionality and File Type associations (based on filename extensions), and is responsible for 
displaying the desktop icons, the Start Menu, the Taskbar, and the Control Panel. Collectively, 
these features are known as the Windows shell. 

After a user logs in, the explorer process is created by userinit process. Userinit performs some 
initialization of the user environment (such as running the login script and applying group 
policies) and then looks in the registry at the Shell value and creates a process to run the system-
defined shell—by default, Explorer.exe. Then Userinit exits. This is why Explorer.exe is shown 
by various process explorers with no parent—its parent has exited. 

History 

In 1995, Microsoft first released test versions of a shell refresh, named the Shell Technology 

Preview, and often referred to informally as "NewShell".[1] The update was designed to replace 
the Windows 3.x Program Manager/File Manager based shell with Windows Explorer. The 
release provided capabilities quite similar to that of the Windows "Chicago" (codename for 
Windows 95) shell during its late beta phases, however was intended to be nothing more than a 
test release.[2] There were two public releases of the Shell Technology Preview, made available 
to MSDN and CompuServe users: 26 May 1995 and 8 August 1995. Both held Windows 
Explorer builds of 3.51.1053.1. The Shell Technology Preview program never saw a final release 
under NT 3.51. The entire program was moved across to the Cairo development group who 
finally integrated the new shell design into the NT code with the release of NT 4.0 in July 1996. 

[edit] Windows 98 and Windows Desktop Update 
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Windows Explorer in Windows 98 

With the release of the Windows Desktop Update (packaged with Internet Explorer 4.0 as an 
optional component, and included in Windows 98), Windows Explorer became "integrated" with 
Internet Explorer, most notably with the addition of navigation arrows (back and forward) for 
moving between recently visited directories, as well as Internet Explorer’s Favorites menu. At 
the time these changes raised antitrust concerns about the incorporation of what was seen as an 
application feature, but this feature has since been emulated by most other file browsers. 

An address bar was also added to Windows Explorer, which a user could type in directory paths 
directly, and be taken to that folder. It also operated as a URL bar for Internet addresses; web 
pages would open in the main portion of the window. 

Another feature that was based on Internet Explorer technology was customized folders. Such 
folders contained a hidden web page that controlled the way the Windows Explorer displayed the 
contents of the folder. This feature proved to have security vulnerabilities due to its reliance on 
ActiveX objects and scripting, and was removed with the introduction of Windows XP. 

Other new features: 

 The ability to add other toolbars to the task bar, the most visible of these being Quick 
Launch.  

 “HTML Desktop”, which made it possible to turn the desktop background itself into a 
web page.  

 Single-click activation of icons in Windows Explorer, adhering to a web page paradigm.  
 Desktop Channels.  
 New virtual folders for Scheduled Tasks and Web Folders  
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Creating New Folders In Windows 98 
 
Windows 98 provides you several different ways to create create a new folder to store and 
organize files on your computer system. Here's a few that we've discovered along the way. Try 
them out and use the one that best suits your working habits. 
 
Method 1: Using The Explorer's "File" Menu 
 
1 - Double click on the "My Computer" icon 
 
2 - Double click on a drive icon to open it's window. 
 
3 - Select "New" from the Explorer's File menu, then select "Folder" 
 
4 - A brand new folder icon will appear with the caption "New Folder." Type the name you 
want to give the folder and press enter 
 
Method 2: Using The Mouse 
 
1 - Double click on the "My Computer" icon to display icons of your computer's drives 
 
2 - Double click on a drive icon to open it's window. 
 
3 - Right click on any blank area of the window and point the mouse to "New." 
 
4 - From the drop down menu, select "Folder." 
 
5 - A brand new folder icon will appear with the caption "New Folder." Type the name you 
want to give the folder and press Enter 
 
Method 3: Using The Windows Explorer 
 
1 - Click the Start button 
 
2 - Select Programs/Windows Explorer 
 
The Explorer has two panes. On the left you will see your disk drives with a little plus sign 
beside them. If you click once on the plus sign, the directory tree will be expanded. 
 
3 - Highlight the folder that you wish to create the new folder under 
 
4 - Select the File menu, then point your mouse to "New." 
 



5 - From the drop down menu select "Folder." 
 
6 - A brand new folder icon will appear with the caption "New Folder." Type the name you 
want to give the folder and press Enter.  

 

 

Windows Accessories Programs 

Windows Accessories The Windows operating Systems provide you with some handy tools that 
I would like to point your attention to. Some of the tools are for configuring your system to meet 
your vision, hearing and ability needs, other tools are for helping you maintain your system for 
optimal performance.  

Here is how you find your Windows tools. Click: Start > Programs > Accessories > 

Calculator Program: 

 Open the Start menu by clicking on the Start button. 
 Select Programs.  
 Select Accessories.  
 Select Calculator.  

Standard Calculator Features: 

 Backspace - deletes the last digit of the number displayed.  
 CE - Clears the last number input.  
 C - Clears the last calculation.  
 +/- - Changes the sign of the number.  

http://www.basic-computerskills.com/computer-terms.html


 M+ - Adds number displayed to number in memory.  
 MS - Stores number displayed in memory.  
 MR - Recalls number in memory.  
 MC - Clears number in memory.  
 Note: Only the commonly misunderstood buttons are pointed out.  

Scientific Calculator: 

To view the scientific calculator, select the view menu and click on Scientific. 

Have fun calculating! To find out what any calculator button does, move the mouse over the 
button, click on the right mouse button, and then select What's This with the left mouse button. 

WordPad Program: 

 Open the Start menu by clicking on the Start button.  
 Select Programs.  
 Select Accessories.  
 Select WordPad.  

WordPad Features can be seen in the ViewletBuilder interactive tutorial below. 

CD Player: 

 Open the Start menu by clicking on the Start button.  
 Select Programs.  
 Select Accessories.  
 Select Multimedia (Entertainment in Windows 98).  
 Select CD Player.  

CD Menu Options: 

 Disc - selecting this menu option you can Edit Play List to select tracks to play.  
 View - selecting this menu options allows you to turn the toolbar, disc and track 

information, and status bar on as well as change the track information.  
 Options - selecting this menu options allows you to select Random Order, Continuous 

Play, Intro Play, or customize settings.  

Assigning Audio Alerts: 

The alert sound is one way the computer provides feedback to the user. Sound can add 
excitement and motivation. Try using a very obvious sound or create a personal message using 
the Windows 98 Sound Recorder. 

 From Start, highlight Settings and then select Control Panel.  
 Double-click Sounds.  
 From the Events scroll list, click an event.  
 From the Name pull-down menu, choose one of the available sounds.  
 Under Preview, click the Play button to test the sound.  



 Click Apply.  
 Click OK.  
 Click the X button in the top right-hand corner to close the Control Panel Window.  

Recording and Assigning Custom Alert Sounds: 

 From Start, highlight Programs.  
 Choose Entertainment, and then select Sound Recorder.  
 Note: The Record button and Stop button step listed below need to be performed almost 

immediately after each other.  
 Click the Record button.  
 Immediately speak the message.  
 Click the Stop button when the message is complete.  
 Click the Play button to preview the message. (If changes are necessary, make 

corrections. From the File pull-down menu, select New and then click No when prompted 
to save changes.)  

 Click the File pull-down menu, select Save.  
 From the Save in pull-down menu, select Save.  
 From the Save in pull-down menu, select (C:).  
 Double-click the Windows folder.  
 Double-click the Media folder.  
 In the File text box, type in a name for the sound.  
 Click Save.  
 Click the X in the top right-hand corner to close the Sound Recorder window.  
 From Start, highlight Settings and then select control Panel.  
 Double-click Sounds.  
 From the Events scroll list, click an event.  
 From the Name pull-down menu choose the name of the newly created sound.  
 Under Preview, click the Play button to test the sound.  
 Click Apply.  
 Click OK.  
 Click the X button in the top right-hand corner to close the Control Panel window.  

Adjusting the Sound Volume: 

 From Start, highlight Programs,  
 Select Accessories,  
 Select Entertainment, and then select Volume Control.  
 Move the Volume Control slide bar to the desired setting. (This screen can also be 

accessed by double-clicking the speaker icon located next to the Clock on the Taskbar. 
Single-clicking the speaker icon will activate a pop-up volume control.)  

 Click the X button in the top right-hand corner to close the Volume Control window.  

Visual Alert: 

For students with hearing impairments or those who are easily distracted by the alert sounds, 
Windows 98 can be set to give visual feedback when alerting the user. Options including having 
the desktop, active window bar or the active window border flash. 



 From Start, select Settings.  
 Select Control Panel.  
 Click the Sound tab.  
 Check the Use SoundSentry checkbox.  
 Click Settings.  
 Under the Warning for windowed programs pull-down menu, select the desired option.  
 Under the Warning for full screen text programs pull-down menu, select the desired 

option.  
 Click OK.  
 Click Apply.  
 Click OK.  
 Click the X button in the top right-hand corner to close the Control Panel window.  

For additional visual feedback, programs can be made to display captions for the sounds 
they make. 

 From Start, highlight Settings.  
 Select Control Panel.  
 Double-click Accessibility Options.  

Paint Program: 

 Open the Start menu by clicking on the Start button.  
 Select Programs.  
 Select Accessories.  
 Select Paint.  

The Paint Program Features can be seen in the ViewletBuilder interactive tutorial below. 

 

Hardware Management 
At ANY time the Harddrive that holds your data can FAIL.  
 
BE WARNED  A HARDDRIVE CAN FAIL AT 1 MONTH OLD OR 15 YEARS+ 
 
Therefore your safeguard is to organise regular backups to protect your sensitive and 
irreplaceable files.  
 
It is not necessary to backup the entire harddrive as Software can be reloaded from the 
Floppy Disks or CDROMS that were provided when the programs were purchased. Only 
backup data that you create such as word documents, spreadsheets, templates, e-mail, 
address books, contacts etc. 
 
In Windows95, Windows98 and WindowsME there are three steps involved in creating a 
backup 
 
1. Select the Files required for Backup 



2. Select where to Backup (Floppy Drive, Zip Drive, Network Computer etc.)  
3. SAVE the File Backup Set for later use. 
 
Backup saves the data in a single compressed file. When it is necessary to restore, the 
Backup Program knows exactly where to replace the individual files. 
 
The following explains how to back up in Windows98 :- 
 
STEP 1: 
Select Backup from "Start/Programs/Accessories/System Tools" This will open a Wizard 
screen and at this point we need to "Create a new backup job" so as to select the files that 
we want to backup. 
 
(NOTE: If the backup program is not there you will need to load the software from     
Windows 98 Installation CDROM. Select Add/Remove Programs in "Control Panel" choose 

"Windows Setup" Tab and select System Tools under Components. 
 
WindowsME does not install Microsoft Backup when you load the operating system - nor will 

you find it in "Windows Setup". You will need to load Windows ME Installation CD and 

navigate to the folder "add-ons" on the CD. Inside "add-ons" there is a folder called 

"MSBackup". Click on the program file msbexp.exe to install Microsoft Backup.) 

 
STEP 2: 
In the "What to back up" screen, select "Back up selected files,folders and drives" 



 
STEP 3: 
In the next screen we select the files/folders that we would like to back up. Navigate 
through the folders just as you do in Windows Explorer. By clicking on the + sign next to a 
folder will expand ALL folders nestled inside. (Clicking the - sign will collapse the 
expanded tree). 
 
By putting a tick inside the box adjacent to the Folder we will backup all files and folders 
that are located inside. In example "A" we have inserted a tick in "My Documents" (Note 
that the tick is Blue) and this has selected ALL Folders and Files beneath it. 
 
Click here to find out How To ... locate where your Address Book and Emails ar stored on 
your computer. 

http://pcwin.homestead.com/EMailLocate.html


 
EXAMPLE "A" 

In example "B" we have selected the Folder "My Pictures" only. This folder is beneath 
"My Documents". Notice that the tick in "My Pictures" is Blue, indicating that all files in 
that folder are selected, whereas the tick in "My Documents" is Grey, indicating that 
SOME of the folders/files are selected beneath it. 

 
EXAMPLE "B" 

 
In example "C" we have opened the folder "My Pictures" by double clicking on it and 
have selected individual files only - Cliff in Clouds, Diagonal Sand, Shed in Field and Vinca 
jpg files. Note now that the folder icon for "My Pictures" is showing that it is open and that 
the Grey tick indicates that only SOME files are selected. 



EXAMPLE "C" 
STEP 4: 
After selecting Files and Folders click NEXT. This screen asks us where we would like to 
back up to. By clicking on the folder icon button (in screenshot the icon is highlighted and 
the cursor is pointing to it), we can navigate to the destination that we want ie. Floppy Disk, 
CD Writer, Zip Disk etc. 
 

 
STEP 5: 
In the following example we have chosen to back up to the "A" (Floppy Disk) and we have 
called the backup file "Test Backup". After naming your backup file click OPEN. 

 
STEP 6: 



Next we select "Compress the backup data to save space". It is not necessary to select 
"Compare original .... " as the backup will tell us at the end if it encountered any errors. 
Continue by clicking NEXT. 

 
STEP 7: 
Here we type a Name for our backup set that we have just created. This is important 
because next time we do a backup, we will select this Name when we use "Open an existing 
backup job" on the first screen when we run the Backup program. Continue by clicing 
START. 
 

 



STEP 8: 
The backup will commence and you will get a Progress screen as below. In this example we 
are backing up 29 Files at 4.44 Meg. 
 

 
STEP 9: 
The backup program will prompt you when to insert another disk. If you use say three 
disks, label them Disk 1 of 3, Disk 2 of 3 etc. This is important because if we need to restore 
later, we need to know the order of the disks and how many disks there are in the set. 

 
STEP 10: 
You will get a "Operation Completed" screen when the backup has finished. Click OK to 
view status of the backup. 
 



 

 
FINAL STEP: 
If the backup has been successful you will see "No errors" in the Status field. Should it 
display "Errors", click on the REPORT button and the log will tell you what went wrong. 
In most cases it is because you had a document or email open at the time you ran the 
backup. 
 
That's it. Close the program by clicking the X top right hand corner. 

 
Click here to see how you use the same Backup set next time you Backup 
 

Character Map 

Character Map is a window that displays all the characters available for editing. 

Character Map looks like this:  

http://pcwin.homestead.com/Backup98S.html
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Selected character is a character that is assigned to the current key. If you want to change the 
assigned character, click on the desired different character. That character will be assigned to the 
current key immediately.  

If you check the Lock Subset checkbox you will be able to lock subset to the current value. This 
is useful when you want to prevent Character Map from switching to different subsets while 
clicking on keys in the Keyboard Editor window.  

At the top of this window there is a subset spin edit control. It displays and sets current Unicode 
subset for a key that is edited. This means that you can have both cyrillic and latin characters and 
many more on a single keyboard. This is disabled if you run this program under Windows 95, 
OSR/2, 98 and ME environment, because KBD file (which is Windows 95, OSR/2, 98 & ME 
keyboard layout file) does not support this feature.  

Right to the subset control there is a large representation of a current character. At the bottom of 
the window there is a status bar that displays the index of the current character and its Unicode 
index. Under Windows 9x operating systems in place of Unicode index there is a key 
combination that produces this character.   

 

http://www.klm32.com/CharacterMap.html#Top


Clipboard 

Sometimes improperly referred to as the pasteboard, the clipboard is the location in a computer 
operating system such as Microsoft Windows that stores information that has been cut or copied 
from a document or other location. The clipboard will hold this information until it has been 
overwritten by new information. For example, a user may copy information from a word 
processor and paste that information into an e-mail message.  

Many operating systems include software utilities known as clipboard viewers that enable a user 
to see what information is currently being stored in the clipboard, setup the clipboard with 
permissions, or view the history of the clipboard. 

Microsoft Windows 2000 and XP users may find it difficult to locate the clipboard because it has 
been renamed to the Clipbook viewer. It can be located by opening Windows Explorer, opening 
the "Winnt" or "Windows" folder, then the "System32" folder, and finally double clicking the 
clipbrd.exe. Users can also click Start, Run, type clipbrd and press enter to execute this program. 

Microsoft Windows 95, 98, NT 4.0, and ME come installed with a clipboard viewer that can be 
run by clicking Start, Programs, System Tools, and clicking Clipboard Viewer. The clipboard 
viewer is also executable through the clipbrd.exe file in the Windows directory. 

Using Clipboard Viewer 
 
1. Click the Start button, point to Programs, point to Accessories, point to System Tools, and select 
"Clipboard Viewer".  
 
2. The contents of the Clipboard will be shown.  
 
If you Clipboard Viewer is not on the System Tools menu, then you need to install it.  
 
1. Click the Start button, point to Settings, and select "Control Panel".  
 
2. Double-click the "Windows Setup" tab.  
 
3. Click "System Tools" from the list.  
 
4. Click "Details...".  
 
5. Check the "Clipboard Viewer" item.  
 
6. Click OK.  
 
7. Click Apply.  
 
8. The viewer will now install. (You may need your Windows CD to install the viewer.)  
 
9. Click OK.  
 
10. You can now use the Clipboard Viewer. 
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Disk Defragmenter. 

When a program is installed on your computer, the program's files may be broken up over 
multiple locations on your hard disk. This is called fragmentation. If fragmentation occurs on 
your hard disk, the performance of programs on your computer is slower. The Disk 
Defragmenter tool optimizes the performance of your computer by reorganizing the files on your 
hard disk into contiguous blocks. When the Disk Defragmenter tool completes the 
defragmentation of files on your hard disk, the performance of your programs is faster because 
the files are arranged closer together.  
 
NOTE: You can use your computer while Disk Defragmenter is running. However, your 
computer operates slower and the defragmentation process restarts if the contents of the drive 
you are defragmenting changes.  
 
To start the Disk Defragmenter tool, use the following steps:  

1. Click Start, point to Programs, point to Accessories, point to System Tools, and then 
click Disk Defragmenter.  

2. Click the drive you want to defragment, click OK, and then click Yes. 

3. Operating the Disk Defragmenter (Windows 98/Me) 
4. 1. Click Start, point to Programs, point to Accessories, point to System Tools, and then 

click Disk Defragmenter. 
5. 2. Click the Settings tab, select the check boxes you want (to ensure fastest startup of 

programs, select the first box), and then click OK. 
6. 3. Click the drive you want to defragment, click OK, and then click Yes. 
7. Note: It is best to shut down all your applications before you run Disk Defragmenter 

DriveSpace 
DriveSpace (initially known as DoubleSpace) is a disk compression utility supplied with MS-DOS 
starting from version 6.0. The purpose of DriveSpace is to increase the amount of data the user could 
store on disks, by transparently compressing and decompressing data on-the-fly. It is primarily intended 
for use with hard drives, but use for floppy disks is also supported. There have even been people who 
claim to have compressed USB flash drives and other removable media.[ 

Overview 

In the most common usage scenario, the user would have one hard drive in the computer, with all 
the space allocated to one partition (usually as drive C:). The software would compress the entire 
drive contents into one large file in the root partition. On booting the system, the driver would 
allocate this large file as drive C:, enabling files to be accessed as normal. 

Microsoft's decision to develop DoubleSpace and add it to MS-DOS was probably influenced by 
the fact that DOS-based operating systems from other manufacturers (IBM and Novell) had 
started including disk compression software in their products. 

http://en.wikipedia.org/wiki/Disk_compression
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Instead of developing its own product from scratch, Microsoft licensed the technology for the 
DoubleDisk product developed by Vertisoft and adapted it to become DoubleSpace. For 
instance, the loading of the driver controlling the compression/decompression 
(DBLSPACE.BIN) became more deeply integrated into the operating system (being loaded even 
before the CONFIG.SYS file). 

Microsoft had originally sought to license the technology from Stac Electronics, which had a 
similar product called Stacker, but these negotiations had failed. Microsoft was later successfully 
sued for patent infringement by Stac Electronics for violating some of its compression patents. 
During the court case Stac Electronics claimed that Microsoft had refused to pay any money 
when it attempted to license Stacker, offering only the possibility of Stac Electronics to develop 
enhancement products. 

Reception and incompatibilities 

Initially, DoubleSpace was surrounded by an air of mystery. Many had difficulties understanding 
how it was possible to store more data on the disk than what was stated by the disc manufacturer. 
This led to much speculation, with some users thinking DoubleSpace changed the way data was 
stored physically on the disk, and there were rumors that using DoubleSpace would reduce the 
longevity of the disks or the computer itself. This was a misunderstanding: DoubleSpace used 
purely logical/software means to obtain its results and from a compression point-of-view was not 
different from other compression tools like PKZIP. DoubleSpace is, however, different from 
such programs in other aspects. For instance, it compresses whole discs rather than select files. 
Furthermore, it hooks into the file routines in the operating system so that it can handle the 
compression/decompression (which operates on a per-cluster basis) transparently to the user and 
to programs running on the system. 

A few computer programs, particularly games, were incompatible with DoubleSpace because 
they effectively bypassed the DoubleSpace driver. DoubleSpace also consumed a significant 
amount of conventional memory, making it difficult to run memory-intensive programs. 

Bugs and data loss 

Shortly after its release, reports of data loss emerged. A company called Blossom Software 
claimed to have found a bug that could lead to data corruption. The bug occurred when writing 
files to heavily fragmented disks and was demonstrated by a program called BUST.EXE. The 
company sold a program called DoubleCheck that could be used to check for the fragmentation 
condition that could lead to the error. Microsoft's position was that the error only occurred under 
unlikely conditions, but fixed the problem in MS-DOS 6.2.[1] 

The fragmentation condition was related to the way DoubleSpace compresses individual clusters 
(of size, say, 8K), and fits them on the disk, occupying fewer sectors (size 512 bytes) than the 
fixed number required without DoubleSpace (16 sectors in this example). This created the 
possibility of a kind of internal fragmentation issue, where DoubleSpace would be unable to find 
enough consecutive sectors for storing a compressed cluster even if plenty of space was 
available. 
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Other potential causes of data loss included the corruption DoubleSpace's memory areas by other 
programs, and Microsoft attempted to remedy this in the MS-DOS 6.2 version of DoubleSpace 
(via a feature called DoubleGuard that would check for such corruption). 

The fact that the compressed contents of a compressed drive was stored in a single file implied 
the possibility of a user accidentally deleting all his/her data by deleting just that file. This could 
happen if the user inadvertently got access to the host drive, containing this file. The host drive 
was usually mapped to the letter H: by the compression driver. However, if the compression 
driver had failed to load the user might see it as drive C: 

Turning off the computer before DoubleSpace could finish updating its data structures could also 
result in data loss. This problem was compounded by Microsoft making write caching enabled 
by default in the SMARTDRV disk cache software that came with MS-DOS 6.0. Because of this 
change, after exiting an application, the MS-DOS prompt might appear before all data had been 
written to the disk. However, due to the lack of a controlled shutdown procedure (as found in 
modern operating systems), many users saw the appearance of the MS-DOS prompt as an 
indication that it was safe to switch off the computer, which was typically the case prior to MS-
DOS 6.0. Microsoft addressed this issue in MS-DOS 6.2 where the write caching was still 
enabled by default, but where the cache would be flushed before allowing the command prompt 
to reappear. 

Add-ons 

The company AddStor, Inc. offered an add-on product called Double Tools for DoubleSpace. It 
contained a number of tools to enhance the functions of the version of DoubleSpace that came 
with MS-DOS 6.0. This included various diagnostic features as well as support for background 
defragmentation of DoubleSpace compressed drives.[2] Optionally, it was possible to let 
DoubleTools replace the low-level DoubleSpace driver (DBLSPACE.BIN) with one supplied by 
DoubleTools, enabling enhanced functionality of the product.[3] 

Vertisoft, the company who developed the DoubleDisk program that Microsoft subsequently 
licensed and turned into DoubleSpace, developed and sold a DoubleSpace add-on program called 
SpaceManager, which contained a number of usability enhancements. It also offered improved 
compression ratios and, consequently, space savings. 

Other products, like later versions of Stacker from Stac Electronics, were capable of converting 
existing DoubleSpace compressed drives into the Stacker format. 

Later versions 

MS-DOS 6.2 

DOS 6.2 featured a new and improved version of DoubleSpace. The ability to remove 
DoubleSpace was added. The program SCANDISK introduced in this release was able to scan 
the non-compressed and compressed drives, including checks of the internal DoubleSpace 
structures. Security features (known as DoubleGuard) were added to prevent memory corruption 
from leading to data loss. The memory footprint of the DoubleSpace driver was reduced 
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compared to the version shipped in MS-DOS 6.0. A fix was made to the fragmentation issue 
discussed above. 

MS-DOS 6.21 

Following a successful lawsuit by Stac Electronics regarding demonstrated patent infringement, 
Microsoft released MS-DOS 6.21 without DoubleSpace. A court injunction also prevented any 
further distribution of the previous versions of MS-DOS that included DoubleSpace. 

MS-DOS 6.22 

MS-DOS 6.22 contained a reimplemented version of the disk compression software, but this 
time released under the name DriveSpace. The software was essentially identical to the MS-
DOS 6.2 version of DoubleSpace from a user point-of-view, and was compatible with previous 
versions. 

DriveSpace in Windows 95 

Windows 95 had full support of DoubleSpace/DriveSpace via a native 32-bit driver for accessing 
the compressed drives, along with a graphical version of the software tools. MS-DOS 
DriveSpace users could upgrade to Windows 95 without any troubles. Furthermore, the 
Microsoft Plus! for Windows 95 pack contained version 3 of DriveSpace. This version 
introduced new compression formats (HiPack and UltraPack) with different performance 
characteristics for even greater compression ratios along with a tool that could recompress the 
files on the disk using the different formats, depending on how frequently the files were used etc. 
One could upgrade from DriveSpace 2 to DriveSpace 3, but there was no downgrade path back 
to DriveSpace 2. One could, however, decompress a DriveSpace 3 drive. The DOS device driver 
of DriveSpace 3 had a memory footprint of around 150 KB because of all these new features. 
This caused difficulty for users rebooting into the MS-DOS mode of Windows 95 for running 
games, because of the reduced amount of conventional memory available. 

DriveSpace 3 also shipped with Windows 95 OSR2 but many features were disabled unless Plus! 
was also installed. DriveSpace could also not be used with FAT32, making it of little use on PCs 
with large hard drives. 

DriveSpace in Windows 98 

Windows 98 shipped with DriveSpace 3 as part of the operating system. Functionality was the 
same as in Windows 95 with Plus!. 

SCAN DISK 

When you use the ScanDisk for Windows (Scandskw.exe) disk-checking and repair tool, you can check 

the integrity of your media (which includes hard disks and floppy disks), and repair most problems that 

may occur.  

 

NOTE: Windows 98 and Windows 98 Second Edition start ScanDisk for MS-DOS (Scandisk.exe) 

automatically when the operating system is shut down improperly or your disk contains a critical error. 
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Windows Me starts ScanDisk for Windows (Scandskw.exe) automatically when the operating system is 

shutdown mproperly or your disk contains a critical error. For additional information, please see the 

following article in the Microsoft Knowledge Base:  

152404 ScanDisk Runs After Improper Shutdown or Hard Disk Error  

When you use ScanDisk for Windows (Scandskw.exe), the following configuration settings are available:  

Type of Test 

 Standard: Use this option to check files and folders for errors. 
 Thorough: Use this option to perform the Standard test and also scan your disk for physical 

errors. ScanDisk may take a long time to check your disk for errors depending on the size of your 
disk. If you use the Thorough option, the following ScanDisk configuration settings are available 
when you click Options:  
 
Areas of the Disk to Scan:  
 
If you want use ScanDisk to check your entire disk for physical damage, including both its 
system and data areas, click System And Data Areas. If you want ScanDisk to check only the 
system area on your disk, click System Area Only. Errors in the system area of your disk may 
indicate that your disk needs to be replaced. ScanDisk usually cannot repair errors in the system 
area. If you want ScanDisk to check only the data area of your disk, click Data Area Only.  
 
Additional Surface Scan Features:  
 
If you do not want ScanDisk to verify that sectors can be read from and written to on your disk, 
click the Do Not Perform Write-Testing check box to select it. If you do not want ScanDisk to 
repair hidden and system files on your disk, click the "Do not repair bad sectors in hidden and 
system files" check box to select it. 

ScanDisk Advanced Options 

When you click Advanced, the following configuration settings are available:  

 Display Summary: You can use ScanDisk to display a summary each time ScanDisk finishes 
checking your disk. The summary provides information about the disk and displays whether 
ScanDisk detected or repaired any errors. If you want to display the summary each time ScanDisk 
finishes checking your disk, click Always. If you do not want ScanDisk to display the summary 
after checking your disk, click Never. If you want to display the summary only when ScanDisk 
locates errors, click Only If Errors Found. 

 Log File: You can use ScanDisk to store a history of ScanDisk events in a log file named 
Scandisk.log. If you want to replace the Scandisk.log file each time ScanDisk is used, click 
Replace Log. If you want to save information in the Scandisk.log file each time ScanDisk is used, 
click Append To Log. The Scandisk.log file is stored in the root folder of your hard disk. You can 
view the Scandisk.log file with any text editor (such as Notepad). If you do not want ScanDisk to 
create a log file, click No Log. 

 Cross-linked Files: You can use ScanDisk to locate cross-linked files. A cross-link occurs when 
two or more files use the same cluster (area of a disk) at the same time. If you want ScanDisk to 
remove any cross-linked files it locates on your disk, click Delete. If you want ScanDisk to make 
separate copies of the cross-linked files in separate locations on your disk, click Make Copies. If 
you do not want ScanDisk to detect cross-linked files on your disk, click Ignore. 

http://support.microsoft.com/kb/152404/EN-US


 Lost File Fragments: You can use ScanDisk to detect file fragments that are not in use by 
programs. File fragments are parts of files on your disk that were lost by a program. If you want 
ScanDisk to remove file fragments to recover space on your disk, click Free. If you want 
Scandisk to save file fragments, click Convert To Files. When you save file fragments to your 
disk, the file fragments are converted to file names such as File0000.chk and are stored in the root 
folder of your disk. You can use any text editor (such as Notepad) to view the saved file. This file 
may or may not contain any useful information. 

 Check Files For: You can use features included with ScanDisk to verify file names, file dates and 
times, and locate duplicate files on your disk. If you want to locate files on your disk that may 
contain invalid names, click the Invalid File Names check box to select it. If you want to locate 
files that may have invalid dates and times, click the Invalid Dates And Times check box to select 
it. If you want to locate duplicate files on your disk, click the Duplicate Names check box to 
select it. 

 Additional ScanDisk Features: 

o Check Host Drive First: Errors on a compressed drive are often caused by errors on its 
host drive. By default, ScanDisk for Windows scans the host drive before scanning the 
compressed drive. To prevent ScanDisk for Windows from checking host drives first (not 
recommended), click the "Check host drive first" check box to clear it. 

o Report MS-DOS Mode Name Length Errors - MS-DOS does not allow paths to files or 
folders to be longer than 66 characters. By default, ScanDisk for Windows does not 
check for MS-DOS mode name length errors. To force ScanDisk for Windows to detect 
these errors, click the "Report MS-DOS mode name length errors" check box to select it. 
This causes ScanDisk for Windows to detect folders that cannot be opened in MS-DOS 
mode because the MS-DOS patch is longer than 66 characters. If you have not selected 
the Automatically Fix Errors check box, ScanDisk for Windows prompts you to ignore 
this error and continue, repair the error by moving the folder, or delete the affected folder. 
Note that the default action (regardless of whether the Automatically Fix Errors check 
box is selected) is to ignore this error and continue. For additional information about this 
issue, please see the following article in the Microsoft Knowledge Base: 

132883 Err Msg: Drive C Contains Errors That Must Be Corrected...  

To run ScanDisk in Windows 98/Me, proceed as follows: 

1. From the Windows Taskbar, click on the Start button. 
2. From the Start Menu, select Programs. 
3. From the Programs submenu, select Accessories. 
4. From the Accessories submenu, select System Tools. 
5. From the System Tools submenu, click on ScanDisk. 
6. In the ScanDisk window, if the option Automatically fix errors has a checkmark in the 

box next to it, click once in the box to uncheck it. 
7. Under Type of test, click on the circle next to the option Standard (checks files and 

folders for errors) to select it. 
8. Click on the Start button at the bottom of the ScanDisk window. 
9. Follow any on-screen prompts that appear.  

Contact your hardware manufacturer or personal computer consultant for guidance on correcting 
any errors found (be aware that you may incur charges by doing so). 

Display System Information 

http://support.microsoft.com/kb/132883/EN-US


If you're having difficulties with your computer and need to contact technical support, you may need to 

provide detailed information about your computer setup.  

 

Since not everyone knows all the technical data about our computers at the top of our heads, Windows 

comes built-in with a tool, Microsoft System Information, that displays such details. 

 

To access the system information tool, click the "Start" menu, choose "Run", then type in (without 

quotes) "msinfo32.exe" and press the "OK" button. 

 

After the Microsoft System Information tool starts, you should see at least four expandable links - 

Hardware Resources, Components, Software Environment, and Internet Explorer. Click each of these 

links to display system information. Expand the links to show even more information. 

 

If you would like a synopsis of your system information without delving into all of the links, click "File" - 

"Save". You'll then be shown a "Save Copy As" box where you can save an MSInfo file. Navigate your 

computer and determine where you want to save the file, then give it a filename and click "OK". Note that 

this may take a few minutes, depending on your computer speed and setup. 

Monitor Windows 98/ 

Installing System Monitor 
Although Setup doesn't install System Monitor when you perform a regular Windows installation 
procedure, you can easily install it. To begin, insert the Windows 98/Me CD into the drive, wait 
for the CD menu, and then select Add/Remove Programs. Click the Windows Setup tab, double-
click on Accessories in the Components list box, and scroll down through the list until you see 
the System Monitor icon. Select the check box and click OK to close the Accessories dialog box, 
then close the Add/Remove Programs dialog box. Windows will then install System Monitor. 
 
Launching System Monitor 
As soon as you install System Monitor, it's ready for use—you don't have to restart Windows 
first. To launch System Monitor, select Start | Programs | Accessories | System Tools | System 
Monitor. When you start the utility for the first time, you'll see that, by default, the System 
Monitor window is set up to monitor the Kernel: Processor Usage, as shown in Figure A. 

 

Figure A 



 

By default, System Monitor is configured to monitor the Kernel: Processor Usage. 

 
 
Configuring System Monitor to track your page file usage 
To configure and use System Monitor to track your page file usage, you'll first want to remove 
the Kernel: Processor Usage chart from the window, since it doesn't really apply. Pull down the 
Edit menu and select the Remove Item command. In the Remove Item dialog box, select Kernel: 
Processor Usage, as shown in Figure B, and click OK. 

 

Figure B 

 

Start by removing Kernel: Processor Usage from System Monitor's display. 

 
 



Now, you can begin adding the items, or more precisely, the metrics, that are designed to help 
you monitor the page file usage. First, pull down the Edit menu and select the Add Item 
command. When you see the Add Item dialog box, select Memory Manager in the Category 
column. System Monitor will display all the metrics in the Item list box that are associated with 
Windows' Memory Manager, as shown in Figure C. 

 

Figure C 

 

System Monitor provides a comprehensive list of metrics you can use to keep tabs on the 
memory in your system. 

 
 
As you can see, quite a few metrics are associated with Windows' Memory Manager. However, 
there are only three metrics you really need to use to monitor your system's page file usage: 
Swapfile Size, Swapfile In Use, and Unused Physical Memory. Swapfile Size will show you the 
exact size of the page file in bytes. Swapfile In Use will show you how much of the total page 
file is in use. And Unused Physical Memory will show you how much of your RAM is currently 
available. 
 
In a moment, I'll explain how to use this combination of items to monitor your system's page file 
usage. For now, let's focus on adding these items to the System Monitor window. 

 
Page file vs. swap file 
Before I move on, you may be wondering why System Monitor refers to the swap file, while I 
call it a page file. Of course, they're the same thing. 
This memory management system is designed to virtually extend the amount of physical 
memory in the computer, thus allowing the operating system to run more applications than it 
actually has enough physical memory to handle. To achieve this, the operating system moves 
data back and forth between physical memory and the hard disk. The process of moving data is 
loosely called swapping, hence the term swap file. However, Windows moves data in exact-size 
blocks, called pages, hence the term page file.  

 
 
Although you can add all three items at the same time by holding down the [Ctrl] key as you 
select them, I prefer to add them one at a time. The reason for this seemingly ridiculous 



procedure is that when you add all three at the same time, System Monitor lists them in 
alphabetical order. When you add each one individually, you can specify the order in which they 
appear in the window. This will allow you to organize the graphs presented in the System 
Monitor window in a manner that makes sense when you're monitoring the page file, as I'll show 
you in a moment. 
 
With that in mind, add the items in the following order: 

 Swapfile Size 
 Unused Physical Memory 
 Swapfile In Use 

 
Simply select the Swapfile Size item and click OK. Then, open the Add Item dialog box and add 
the second item. Repeat the process to add the third item. 
 
Choosing the update interval 
Once you add the three items to the System Monitor window, you'll need to specify a time 
interval for System Monitor to check the current values of the items. Pull down the Options 
menu and select the Chart command to open the dialog box shown in Figure D. 

 

Figure D 

 

You use this slider to set the update interval that System Monitor will use as it gathers data on 
the page file. 

 
 
Now, just drag the slider to set the update interval to a value that represents how often you want 
System Monitor to check the page file usage. As you can see, the slider ranges from Faster to 
Slower, which is anywhere from 500 milliseconds (ms) to one hour, respectively. I recommend 
that you set the update interval value to one minute; then click OK to close the Options dialog 
box. 
 
Reconfiguring the window 
As I mentioned earlier, adding the three items individually allows you to organize the graphs so 
that it's easy to interpret the data at a glance. You can also improve readability by reconfiguring 
and resizing the System Monitor window. 
 
First, change these settings on the View menu: 

 Select the Numeric Charts setting to enable it. 
 Select the Toolbar setting to disable it. 



 Select the Status Bar setting to disable it. 
 Select the Always On Top setting to enable it. 
 Select the Hide Title Bar setting to enable it. 

 
Now resize the System Monitor window so that you can still see the text labels, as shown in 
Figure E. When you get used to using the custom System Monitor configuration, you may no 
longer need the text labels, so you can resize the window even smaller, as shown in Figure F. 

 

Figure E 

 

Resizing the System Monitor window so that it shows the text labels makes it easy to tell at a 
glance what you're seeing. 

 
 

Figure F 

 

Once you get used to using the custom System Monitor configuration, you may no longer need 
the text labels. 

 

 

After you reconfigure and resize the System Monitor window, go ahead and close it down. 

System Monitor will record the changes you've made to its window and use them as the defaults. 

 

Setting up automatic monitoring 

To use System Monitor effectively, you should place its shortcut in your Startup folder so that it 

automatically launches each time you turn on your system. That way, you'll be able to keep an 

eye on your system's page file usage without having to remember to manually launch System 

Monitor. 

 

To begin, select Settings | Task Bar & Start Menu from the Start menu. In the Taskbar Properties 

sheet, click on the Start Menu Programs tab and click the Advanced button. Now, open the 

Programs\Accessories\System Tools folder and copy the System Monitor shortcut into the 

Programs\StartUp folder. 

 



Monitoring the page file 

When you're ready to put System Monitor to work, you must restart your system to reset the 

page file so you can monitor it from scratch. As soon as your system restarts, System Monitor 

will launch and appear as you configured it. Position the window on your desktop in a location 

that will allow you to use your applications while monitoring the page file. 

 

To get started, take note of the value in the Swapfile Size item. This will tell you how large your 

page file is when you first start your system. Also, note the Unused Physical Memory value, 

which tells you how much RAM is left over after starting your system. 

 

Now, you can begin using your computer as usual. In other words, just load all the applications 

you normally use on a regular basis and go to work. As you load applications and documents, 

keep an eye on the Unused Physical Memory item and watch the value. You'll see it fluctuate as 

it shrinks and expands. As it does, you'll see activity in the Swapfile In Use item as Windows 

moves pages of memory from RAM to the page file to make room for other applications in 

RAM. 

 

The other types of activity you'll see in System Monitor and how you'll interpret the values 

shown will depend on whether you're using a permanent page file or a dynamic page file. For 

example, if you're using a dynamic page file, chances are that you'll see the Swapfile Size value 

expand and contract when you load applications, and the operating system will try to anticipate 

the amount of space needed for the page file as it moves data back and forth between RAM and 

the page file. You may notice that Windows actually overcompensates by making the page file 

much larger than necessary—a typical behavior of the Windows 98/Me dynamic page file 

technology. A side effect of this behavior is an increase in system overhead, which can eat into 

performance. You might want to experiment with a permanent page file. (For more details on 

switching Windows 98/Me from a dynamic to a permanent page file, see "Rid your Windows 

98/Me clients of the dynamic swap file.") 

 

If you're using a permanent page file, and you've left the Maximum setting open to allow the 

page file to grow when necessary, you may see the Swapfile Size value grow. If, over time, you 

notice that the Swapfile Size value quickly grows larger than the Minimum value on a regular 

basis, the initial value you chose for the Minimum setting may be insufficient. You'll want to 

increase the Minimum setting value to adjust for this. On the other hand, if the Swapfile In Use 

value never comes close to the Swapfile Size value, your Minimum setting may be too large, and 

you may want to decrease it. If you've specified a Maximum value, and you see the Swapfile In 

Use value regularly closing in on the Swapfile Size value, your Maximum value setting may be 

too small, and you may want to increase it. 

 

Gathering page file usage data 

Keeping visual tabs on your page file usage with System Monitor graphs is a great way to see 

what's happening at any one point in time. However, if you'd really like to analyze the data and 

look for trends, you'll want to enable System Monitor's Logging feature. Just pull down the File 

http://techrepublic.com.com/5100-6346-5032839.html
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menu and select the Start Logging command. You'll be prompted to name and specify the 

location for the log file. 

 

When you use the Logging feature, System Monitor will add data to the log file at whatever 

update interval setting you've selected. Since the log file uses a standard comma-separated values 

(CSV) format, you can easily import the log file into your favorite spreadsheet application and 

study the results. 

 

Sufficient monitoring 

Before you jump in and begin making changes based on what you've witnessed in System 

Monitor, you should monitor your system for an appropriate period of time to get an accurate 

reading of your system's page file usage. You may want to monitor a system for at least a day or 

up to a week before you make changes to the page file's settings. The period of time you choose 

will depend on how long it takes to give your system a full workout. 

 

The important thing to keep in mind is that you want the page file to perform optimally for the 

way you use your system. So a full workout would mean that you use all the applications you 

regularly run at the same time in whatever combination you normally use them. Doing so will 

provide you with an accurate read on your system's page file usage. 

Drive Converter 
To convert a drive to the FAT32 file system, use the following steps.  

 

NOTE: Before you convert to the FAT32 file system, uninstall any utilities or tools that protect or 

encrypt the Master Boot Record (MBR) or partition table (for example, uninstall Bootlock included with 

Symantec Norton Your Eyes Only).  

Method 1 

1. Click Start, point to Programs, point to Accessories, point to System Tools, click Drive 
Converter (FAT32), and then click Next.  

2. In the Drives box, click the drive you want to convert to the FAT32 file system.  
3. Click Next, and then click OK.  
4. Click Next, click Next, and then click Next again.  
5. When the conversion is complete, click Finish.  

Method 2 

At a command prompt, type cvt drive: /cvt32 and then press ENTER, where drive is the drive you want to 

convert to the FAT32 file system.  

 

For more information about the FAT32 file system, see the following article in the Microsoft Knowledge 

Base:  



154997 Description of the FAT32 File System  

NOTE: A drive must be at least 512 megabytes (MB) in size to be converted to the FAT32 file system. 

Device Manager 
You can use Device Manager to manage the devices in your computer. You can use Device Manager to 

view and manage device properties, update device drivers, change device settings, and uninstall devices. 

 

For additional information about Device Manager, click the article numbers below to view the articles in 

the Microsoft Knowledge Base:  

133240 Troubleshooting Device Conflicts with Device Manager  

125174 Explanation of Error Codes Generated by Device Manager  

Starting Device Manager with a Mouse 

1. Click Start, point to Settings, and then click Control Panel. 
2. Double-click the System icon. 
3. Click the Device Manager tab. 

Starting Device Manager with the Keyboard 

1. Press and hold the CTRL key while you press the ESC key. 
2. Press the UP ARROW key to select Settings. 
3. Press the RIGHT ARROW key to select Control Panel, and then press ENTER. 
4. Use the arrow keys to select the System icon, and then press ENTER. 

 
NOTE: If you do not see the System icon in Control Panel, select the View all the Control 
Panel icons setting on the left side of the Control Panel Window.  

5. Press RIGHT ARROW to select the Device Manager tab. 
6. Use the TAB key to select items in Device Manager. 

Device Management  
0 out of 1 rated this helpful - Rate this topic  

Archived content. No warranty is made as to technical accuracy. Content may contain URLs that were 

valid when originally published, but now link to sites or pages that no longer exist.  

This chapter describes how Microsoft Windows 98 manages system devices. It also provides 
instructions for installing and configuring both Plug and Play–compliant and legacy devices, 
including PC Cards (also known as Personal Computer Memory Card International Association 
[PCMCIA] cards), display adapters, mouse devices, and communications ports.  

See Also 
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http://support.microsoft.com/kb/125174/EN-US
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 For information about the components that work together in Windows 98 to configure the 
system, see Chapter 28, "Windows 98 Architecture."  

 For information about the Windows 98 registry, see Chapter 31, "Windows 98 Registry."  
 For information about Universal Serial Bus (USB) and the IEEE 1394 bus, see Chapter 

30, "Hardware Management."  

Top Of Page  

Overview of Device Management  

 

Windows 98 allows you to configure and manage your system devices by using Device 
Manager, which you gain access to by clicking the System icon in Control Panel. Using Device 
Manager is recommended and is described in the sections that follow.  

Note If Windows 98 does not include a driver for your device, check the \Drivers directory on 
the Windows 98 compact disc.  

Understanding Device and Bus Classes  

To install and manage device drivers and allocate resources, Windows 98 groups devices and 
buses into classes. The registry contains a subkey for every class of device supported, and the 
hardware tree (described in "The Hardware Tree" later in this chapter) is organized by bus type. 
Windows 98 uses class installers to install drivers for all hardware classes. Device Manager, for 
example, sends messages to the various class installers to tell them to add, remove, or configure 
specific hardware.  

The following are some examples of class names defined in the Windows 98 registry.  

Adapter 
CD-ROM 
Display 
FDC 
HDC 
HID 

Keyboard 
Media 
Modem 
Monitor 
Mouse 

MTD 
Net 
NetService 
Nodriver 
PC Card 

Ports 
Printer 
SCSI Adapter 
System 
USB devices 

The Hardware Tree 

The Windows 98 hardware tree is a record of the current system configuration, based on the 
configuration information for all devices in the hardware branch of the registry. The hardware 
tree is created in random access memory (RAM) each time the system is started or whenever a 
dynamic change occurs to the system configuration.  

Each branch in the tree defines a device node with the following requirements for system 
configuration:  

 Unique identification code, or device ID.  

http://technet.microsoft.com/en-us/library/cc768194.aspx#mainSection


 List of required resources, including resource type, such as interrupt request (IRQ) and 
memory range.  

 List of allocated resources.  
 Indication that the device node is a bus, if applicable (each bus device has additional 

device nodes under it in the tree).  

For more information about the components that work together in Windows 98 to configure the 
system, see Chapter 28, "Windows 98 Architecture."  

Displaying Hardware Tree Information in Device Manager 

Most information in the Windows 98 hardware tree can be accessed by using Device Manager, 
shown in Figure 24.1. Device Manager contains a representation of the active hardware device 
tree, listing the system device nodes. Under each node are listed the actual devices configured for 
your system; double-clicking a device node exposes its device list. You can reconfigure the 
device driver and resource settings for a specific device from the Device Properties dialog box, 
reached by clicking the device name and then Properties.  

For more information about using Device Manager to configure devices, see "Configuring 
Device Settings" later in this chapter.  

Note You can also see the information in the hardware tree in the Windows 98 registry. For more 
information about the Windows 98 registry, see Chapter 31, "Windows 98 Registry."  

 



Figure 24.1 Device Manager dialog box  

Plug and Play Support 

Plug and Play is an independent set of computer architecture specifications that hardware 
manufacturers use to produce computer devices that can be configured with no user intervention. 
When you install a device, you do not need to know its Plug and Play requirements, because they 
will be set automatically.  

You can install hot-pluggable Plug and Play–compliant devices simply by plugging in the 
device. For other devices, such as Plug and Play Industry Standard Architecture (ISA) cards, you 
must plug in or install a device while the computer is off and then turn the computer back on to 
initialize the device.  

For example, a user can do the following:  

 Insert and remove such Plug and Play–compliant devices as PC Cards without having to 
configure them.  

 Connect to or disconnect from a docking station or network without restarting the 
computer or changing configuration parameters.  

 Add a new monitor by plugging it in and turning it on.  

Windows 98 detects the presence of a Plug and Play–compliant device. This is known as 
enumerating the device. After enumeration, the device driver can be configured and then loaded 
dynamically, requiring little or no user input. Certain buses (for example, peripheral component 
interconnect [PCI] and Universal Serial Bus [USB]) are also automatically enumerated; these 
buses take full advantage of Plug and Play capability.  

You can add some Plug and Play functionality by adding Plug and Play–compliant devices on 
legacy computers. Therefore, it is best to add Plug and Play–compliant devices on legacy 
computers rather than adding non–Plug and Play devices. To be able to use all Plug and Play 
features, however, your system must also include one of the following:  

 An Advanced Configuration and Power Interface (ACPI) BIOS.  
 A Plug and Play BIOS (for Plug and Play devices on the system board).  
 The Plug and Play–compliant hardware devices (including buses).  

The Plug and Play implementation in the Windows 98 operating system provides the following 
benefits:  

 Dynamically loads, initializes, and unloads drivers in protected mode.  
 Supports a wide range of device types (as described in "Plug and Play Device Types" 

later in this chapter).  
 Provides enumeration of devices, which is critical for Plug and Play on legacy 

computers.  
 Notifies other drivers and applications when a new device is available for use. Windows 

98 also includes an automatic installation procedure to ensure that appropriate drivers are 
installed and loaded.  



 Provides robust, seamless operation through the integration of all subsystems and the 
startup process.  

 Provides an architecture with a consistent driver and bus interface for all devices.  

For more information about ACPI, see Chapter 30, "Hardware Management."  

For more information about the supporting architecture, see Chapter 28, "Windows 98 
Architecture."  

Plug and Play Device Types 

A variety of devices are compliant with Plug and Play. The following sections describe the types 
of devices and provide details for Plug and Play.  

Note Windows 98 assigns resources first to ISA, EISA, and Micro Channel Architecture (MCA) 
devices, next to PCI devices, and finally to Accelerated Graphics Port (AGP) devices.  

USB Devices 

Universal Serial Bus is a bus standard that brings Plug and Play capability to external hardware 
devices, such as keyboards, mouse devices, speakers, and cameras. USB devices are hot 

pluggable. This means that they can be connected at any time, even when the computer is 
running. USB devices are automatically configured as soon as they are physically attached — 
without the need to reboot or run the setup sequence. Windows 98 supports USB and includes a 
driver for a digital camera. Contact your hardware manufacturers for other drivers.  

IEEE 1394 Devices 

The IEEE 1394 bus is designed for high-bandwidth PC devices such as digital camcorders, 
cameras, and videodisc players. Windows 98 supports hot plugging of IEEE 1394 devices. To 
use an IEEE 1394 device, you must obtain the appropriate Win 32 Driver Model (WDM) driver. 
Windows 98 includes a driver for a digital camera; for other drivers, contact your hardware 
manufacturer.  

For more information about USB and the IEEE 1394 bus, see Chapter 30, "Hardware 
Management."  

SCSI Devices 

Small computer system interface (SCSI) is a multiple-device chained interface used for many 
devices such as hard disks and CD-ROM drives. Plug and Play SCSI devices support dynamic 
changes to the adapter and automatic configuration of device ID and termination, as long as the 
driver supports it.  

Configuration of a SCSI device can be separated into two distinct processes:  

 Configuring the SCSI bus itself, for example, by terminating both ends of the SCSI bus 
and setting device IDs.  



 Configuring the SCSI host adapter, for example, by assigning an interrupt request (IRQ) 
channel, direct memory access (DMA) channel, and so on.  

Configuring a SCSI bus that is not Plug and Play–compliant is difficult for most users. The long 
list of issues related to configuring a SCSI bus includes the following:  

 SCSI device ID assignment  
 Termination  
 SCSI parity  
 Command sets  
 Disk geometry and software  

For example, the SCSI-2 specification does not define an automated ID assignment mechanism, 
so the user is responsible for making sure that no two SCSI devices on the same SCSI bus share 
the same SCSI ID. Also, you might replace a SCSI host adapter with one from another company 
and find it does not work because of differences in disk geometries or the way devices are 
mapped to hardware interrupt 13 (INT13) parameters.  

For more information about hardware interrupts as well as support for SCSI devices and drivers, 
see Chapter 10, "Disks and File Systems."  

PC Card Devices and CardBus 

Windows 98 supports the new features of products designed for the PC Card standard, also 
known as the Personal Computer Memory Card International Association (PCMCIA) standard. 
These products include multifunction cards, 3.3-V cards, and 32-bit PC Cards (CardBus). These 
advances add the modularity and bus-independence of Plug and Play without affecting device 
drivers.  

Windows 98 also supports CardBus, a 32-bit implementation of PC Card also known as PC Card 
32. CardBus brings 32-bit performance and the benefits of the PCI bus to the PC Card format. 
CardBus allows laptop PCs to run high-bandwidth applications such as Video Capture. For more 
information about how Windows 98 supports Video Capture, see Chapter 30, "Hardware 
Management."  

Windows 95 and Windows 98 have the same driver development structure. This means many of 
the drivers that worked under Windows 95 should work under Windows 98.  

VL Devices 

The Video Electronic Standards Association (VESA) Local (VL) bus standard allows high-speed 
connections to peripherals (compared to ISA devices). VL bus devices are not totally Plug and 
Play–compliant but work similarly to ISA devices.  

PCI Devices 

The peripheral component interconnect (PCI) local bus has become the industry-standard bus 
and is used in most Pentium computers as well as in the Apple Power Macintosh. It is considered 
the successor to the VL bus. The PCI bus architecture meets most Plug and Play requirements, 



because the PCI bus and devices use agreed-upon mechanisms for identifying themselves and 
declaring their resource settings and/or requirements. Windows extracts PCI and ISA Plug and 
Play – compliant device resource information from the system BIOS, and the BIOS provides the 
PCI IRQ Steering Table for PCI devices. With the information from the PCI IRQ Steering Table, 
Windows 98 can reassign PCI device resource requirements dynamically, if necessary. For 
example, when a PCI-based laptop is hot-docked into a docking station, Windows 98 might have 
to reassign a PCI device's IRQ on the fly to accommodate the new hardware.  

Note Windows 98 can manipulate only the ISA IRQ that is mapped to a particular PCI INT#. It 
cannot alter the link value for the PCI device listed in the PCI IRQ Routing Table. (The link 

value is the combination of the device's INT# assignment and the specific PCI slot the device is 
installed in.)  

ISA Devices 

Industry Standard Architecture (ISA) bus design is the architecture specified for the IBM PC/AT. 
Plug and Play ISA devices can be used on existing computers, because the specification does not 
require any change to ISA buses. To configure Plug and Play ISA devices, the system performs 
the following actions:  

 Isolates each card and retrieves a unique device ID and a unique serial number.  
 Reads the resource requirements and capabilities stored on each card.  
 Allocates resources to each card, reserving these resources so that they cannot be 

assigned to other Plug and Play cards in the computer.  
 Activates the Plug and Play ISA cards.  

For legacy devices, standard ISA cards can coexist with Plug and Play ISA cards in the same 
computer. Windows 98 determines the type of hardware and its configuration during Setup, by 
either polling the hardware or asking the user to supply values. This configuration information is 
stored as static values in the registry and cannot be changed dynamically, but it is used to 
determine resource assignments for Plug and Play–compliant devices.  

EISA Devices 

Extended Industry Standard Architecture (EISA) is a bus design for x86-based computers, 
specified by an industry consortium. EISA devices use cards that are upwardly compatible from 
ISA. EISA devices use standard software mechanisms for identification and configuration. 
Windows 98 includes a bus enumerator that makes configuration information from these devices 
accessible to the operating system. This means that Windows 98 does not reconfigure EISA 
cards but instead uses the information that hardware detection derives from the EISA nonvolatile 
RAM storage to determine which resources are used.  

Other Device Types 

Other device types can take advantage of Plug and Play if they provide mechanisms for 
identification and configuration. These include integrated device electronics (IDE) controllers, 
Extended Capability Ports (ECPs), and communications ports.  



Parallel ports (ports designated as LPT) can also take advantage of Plug and Play. The most 
common parallel port type is the Centronics interface. Plug and Play parallel ports meet 
Compatibility and Nibble mode protocols defined in IEEE P1284. Compatibility mode provides 
a byte-wide channel from the computer to the peripheral. Nibble mode provides a channel from 
the peripheral to the host through which data is sent as 4-bit nibbles using the port's status lines. 
These modes provide two-way communication between the host and the peripheral. Nibble mode 
is also used to read the device ID from the peripheral for device enumeration.  

For totally Plug and Play–compliant computers, the BIOS also meets Plug and Play 
specifications. For computers that comply with the Plug and Play BIOS specification, the file 
Bios.vxd provides the BIOS Plug and Play enumerator. For computers that conform to the ACPI 
specification, the file Acpi.sys provides the motherboard Plug and Play enumerator.  

Technical Notes on Plug and Play 

With Plug and Play, the operating system and the BIOS can communicate with each other to 
share information about system resources. This communication channel is not new, but with 
newer system BIOSs combined with either Windows 98 or OSR2, this process is more effective 
than with previous Plug and Play implementations.  

Many newer motherboards, with newer Plug and Play BIOSs, can store individual device 
settings in an area of non-volatile CMOS memory. This area, called the Extended System 
Configuration Database (ESCD), is a data structure that stores resource requirement data about 
Plug and Play, non-Plug and Play, EISA, ISA, and PCI devices. It also contains information 
about the standard devices in the system, such as serial and parallel ports. If a Plug and Play 
BIOS supports the ESCD, on shutdown Windows 98 actually writes to the CMOS, telling the 
Plug and Play BIOS which PCI and Plug and Play ISA devices have forced configurations (that 
is, if the user fixed their resource settings) and which legacy devices Windows 98 has already 
assigned. Windows 98 writes this information to the CMOS so that the Plug and Play BIOS will 
not attempt to reassign those resources to another Plug and Play device on the next boot. An 
added benefit is that if system hardware has not changed, Plug and Play – compliant devices will 
initialize with the same resources, from boot to boot.  

In previous implementations, the operating system wrote to the CMOS using Plug and Play 
BIOS functions 9 and A. This method, called the bitmap method, allowed only the most 
primitive form of data exchange to occur. Instead of providing complete device descriptions and 
their resource requirements, the operating system described only IRQs and I/O addresses that 
were off-limits to the Plug and Play BIOS. If a Plug and Play BIOS does not support the ESCD 
but does support the bitmap method, Windows 98 uses the bitmap method to communicate with 
the Plug and Play BIOS.  
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In Windows 98, how you install a device depends on whether the device and the computer are 
Plug and Play–compliant. To take full advantage of Plug and Play technology, a computer needs 
the following:  

 Plug and Play operating system (Windows 98).  
 Plug and Play BIOS or ACPI BIOS.  
 Plug and Play–compliant hardware devices with drivers.  

The Plug and Play components perform the following tasks:  

 Identify the installed devices.  
 Determine the device resource requirements.  
 Create a nonconflicting system configuration.  
 Program the devices.  
 Load the device drivers.  
 Notify the system of a configuration change.  

Windows 98 automatically installs and configures most Plug and Play–compliant devices. For 
devices that are not automatically configured, the Add New Hardware Wizard, shown in Figure 
24.2, installs and configures legacy and Plug and Play devices that require installation 
information, such as the driver location. Microsoft recommends that, whenever possible, you 
choose new Plug and Play–compliant devices, even for a legacy computer that does not have a 
Plug and Play BIOS.  

 

Figure 24.2 Add New Hardware Wizard  

Classes of Devices 

Windows 98 uses a large number of subsystems to control various classes of devices that identify 
logical device types, such as the display, keyboard, and network. For many devices, you must 



use Device Manager in the System option in Control Panel for configuration if you need to make 
manual changes.  

Table 24.1 lists the default classes and devices and shows where you can find the installation 
tools for changing the device drivers. Your computer might have additional classes, depending 
on what you have installed.  

Table 24.1 Configuration information for default classes and devices  

Class and devices Where to configure devices 

Disk class: Disk drives and 
adapters 

Device Manager, under the Disk drives option. 

Display class: Display adapters 

Device Manager, under the Display adapters option. 
-Or- 
Display option in Control Panel. See "Configuring the Display" 
later in this chapter. 

Modem class: Data and fax 
modems 

Device Manager, under the Modem option. 
-Or- 
Modems option in Control Panel. See Chapter 21, "Modems 
and Communications Tools." 

Mouse class: Mouse devices 

Device Manager, under the Mouse option. 
-Or- 
Mouse option in Control Panel. See Help. See also 
"Configuring the Mouse" later in this chapter. 

Multimedia class: Multimedia 
devices 

Device Manager, under the Sound, video and game 
controllers option. 
-Or- 
Multimedia option in Control Panel. See the related media 
devices in Device Manager for game ports; see also Chapter 12, 
"Multimedia." 

Network class: Network 
adapters 

Device Manager, under the Network adapters option. 
-Or- 
Properties for the network adapter under the Network option in 
Control Panel. See Chapter 15, "Network Adapters and 
Protocols." 

PC Card class: PC Card sockets 
Device Manager, under the PC Card socket option. See "Using 
PC Cards" later in this chapter. 

Ports class: Ports  
Device Manager, under the Ports (COM and LPT) option. See 
"Configuring Communications Resources" later in this chapter. 

Printer class: Printers 
Printers Folder (no class installer). See Chapter 11, "Printing, 
Imaging, and Fonts." 

System class: System devices 
Installation handled by the system. Configure using the System 
devices option in Device Manager. 

Unknown class: Detected 
devices with no driver for 
Windows 98  

Device Manager 
-Or- 
Add New Hardware option in Control Panel. See "How 



Windows 98 Installs a Device" later in this chapter. 

How Windows 98 Installs a Device 

Windows 98 Setup performs an inventory of all devices on the computer and records the 
information about those devices in the registry. Setup gets configuration information for system 
devices from the INF file associated with each device and, with Plug and Play devices, from the 
device itself. To maintain compatibility, Setup also checks entries in Win.ini, System.ini, and 
Config.sys.  

When a new device is installed, Windows 98 uses the device ID to search Windows 98 INF files 
for an entry for that device. Windows 98 uses this information or a default driver to create an 
entry for the device under the Hkey_Local_Machine branch in the registry, and it copies the 
drivers needed. Then the registry entries are copied from the INF file to the driver's registry 
entry, including the DevLoader= and DriverDesc= values for the Driver entry, and the Driver= 
and ConfigFlags= values for the Enum entry.  

Tip If you use custom setup scripts to install Windows 98, you can include the setting 
devicepath=1 in the [Setup] section to specify that Windows 98 should check a source 
installation path to find INF files, rather than looking only in the Windows INF directory when 
installing devices. When you use this parameter in setup scripts, you can later add INF files to a 
single network source location to ensure that up-to-date drivers are used any time a new device is 
installed on computers running Windows 98. For information, see Appendix D, "Msbatch.inf 
Parameters for Setup Scripts."  

When you need to install a new device, rely first on Windows 98 to detect and configure it. How 
you do so depends on what type of device you have, as the following list explains:  

 For hot-pluggable Plug and Play–compliant devices, simply insert the device into the 
computer.  

 For PCI and ISA Plug and Play cards, turn the computer off before installing. When you 
power the machine back on, Windows 98 enumerates the device and starts the Plug and 
Play installation procedures automatically.  

 For legacy devices, run the Add New Hardware Wizard and let Windows 98 detect the 
device.  

To install a new Plug and Play–compliant device  

1. Check the documentation for your new device. If you are told to do so, turn off the power 
before inserting the device. (For hot-pluggable devices, such as USB or PC Cards, you do 
not need to turn off the power.)  

2. Insert the device, and turn the power back on if you turned it off.  

The computer detects your device and, if you are installing a PC Card, beeps when the 
device is configured and loaded. If the computer does not detect your device, it is a 
legacy device, and you should follow the steps in the procedure "To install a legacy 
device" later in this section. If the computer does not appear to detect your device, check 
for your device in the Unknown Device section in Device Manager. You might need to 
install a driver from within Device Manager.  



You can begin working with the device immediately. Windows 98 notifies other drivers and 
applications that the device is available.  

If your computer uses PC Cards or other Plug and Play cards and if a driver is not available for 
the new device, the Add New Hardware Wizard gives you the following four options:  

 Floppy drive  
 CD-ROM  
 Windows Update Web site (Internet search)  
 Other (you must specify a search path)  

For more information about the Windows Update Web site, see Chapter 27, "General 
Troubleshooting."  

To install a legacy device  

1. In Control Panel, double-click the Add New Hardware icon. The Add New Hardware 
Wizard is displayed. Click Next twice.  

2. Windows 98 checks for Plug and Play devices on your system. If one is found, you are 
asked if it is the hardware you want to install. If you answer Yes, the device is installed, 
and the installation is finished. If you answer No, the wizard continues.  

3. You are asked if you want to install any devices that have problems running (a disabled 
device, one that has a resource conflict, and so on). If you answer Yes, Windows 98 
proceeds to fix the chosen device. If you answer No, the wizard continues.  

4. The wizard now asks if you want to let Windows 98 search for the device. If you answer 
Yes, the wizard attempts to find and install the device. If the wizard then fails to find the 
device, or if you answer No, you are prompted to select a device from the list.  

5. In the list of hardware devices, click a device class, and then click Next.  
6. In the next Add New Hardware dialog box, specify the manufacturer and model of the 

device, and then click Have Disk.  
7. In the Install From Disk dialog box, type the path to the driver files, and then click OK.  

Using PC Cards 

Under Windows 98, Plug and Play support for the PC Card socket is enabled automatically. If 
you must use old drivers, Windows 98 should work well with your previous PC Card drivers, 
although some Plug and Play capabilities such as automatic installation and friendly device 
names will not be available.  

To take advantage of Plug and Play, a PC Card must contain information that Windows 98 can 
use to create a unique device ID for the card. This is called the card information structure (CIS). 
Device drivers can be implemented under three possible schemes:  

 A standard Plug and Play device driver for PC Card (the preferred driver) can handle 
dynamic configuration and removal, and receive configuration information from the 
operating system without knowledge of the card in the PC Card bus. The recommended 
choices are NDIS version 5.x drivers for network adapters and miniport drivers for SCSI 
cards.  



 Generic Windows 98 device drivers are supported automatically for such devices as 
modems and disk drives. If the card contains complete configuration information, the 
operating system initializes the device and passes configuration information to the driver.  

 Manufacturer-supplied drivers are required for device classes that Windows 98 does not 
natively support.  

Windows 98 supports many PC Cards, including modems, network adapters, SCSI cards, and 
others. If Windows 98 includes supporting drivers for the PC Card and for the socket, installation 
and configuration should be automatic. This section provides some guidelines for enabling 
Windows 98 protected-mode PC Card support when automatic detection and configuration are 
not available for your card.  

For more information, see the topic "PC Cards" in Help. See also the PC Card Troubleshooter.  

Important If you are using a network card, your PC Card socket driver and network driver both 
must be Plug and Play–compliant drivers (that is, developed for Windows 98 and compliant with 
NDIS version 3.1 or later) or both must be real-mode drivers. If these drivers are of mixed types, 
the computer might hang, or you might not be able to connect to the network.  

If you are performing a clean install, Windows 98 Setup automatically detects the presence of a 
PC Card socket and automatically enables it. If you are not performing a clean install, you can 
use the Add New Hardware Wizard to make Windows 98 automatically detect the socket.  

To verify that Windows 98 has properly detected your PC Card socket  

1. In Control Panel, double-click System, and then click the Device Manager tab. The 
Device Manager dialog box appears.  

2. Look for a PC Card Socket listing.  

If Windows 98 has not detected a PC Card socket, your socket controller might not be 
supported by Windows 98.  

To find out if a PC Card socket is supported  

1. In Control Panel, double-click Add New Hardware.  
2. On the first screen in the Add New Hardware Wizard, click Next.  
3. When the Add New Hardware Wizard asks you if the device you want is in the list, click 

No, and then click Next.  
4. When the Add New Hardware Wizard asks you whether you want Windows to search for 

your new hardware, click No, and then click Next.  
5. In the Hardware Types list, select PCMCIA Socket, and then click Next.  
6. Select the manufacturer for your device, and examine the Models list.  

If your socket does not appear in the list, you might want to find out if this type of socket is 
supported. Most likely, if it did not install automatically, the socket type is not supported.  

If your PC Card does not appear in Device Manager after you insert it, you might need to enable 
protected-mode support for that PC Card by using the following procedure.  



To enable protected-mode support for PC Card by running the PC Card Wizard  

 In Control Panel, double-click PC Card.  

– Or –  

In Device Manager, double-click the PC Card controller.  

– Or –  

In the Windows 98 Help index, look up "PC Cards" and then "enabling support."  

To find out if Windows 98 has enabled PC Card support  

1. In Device Manager, double-click your PC Card controller, and then click Properties.  
2. Click the General tab.  

In the Device Usage box, if the box labeled Disable in this Hardware Profile is not 
checked, PC Card support is enabled.  

Real-Mode Drivers and the Ios.ini Safe Driver List 

Microsoft strongly recommends that you use 32-bit, protected-mode drivers wherever possible. 
With protected-mode drivers, much of the configuration information is stored in the registry 
rather than in Config.sys or other files.  

General Guidelines 

The following lists the general guidelines for device entries in Config.sys and whether such 
entries are required or can be removed under Windows 98:  

 When you use only protected-mode drivers, the only configuration information the 
operating system needs to know for system startup is the location of the Windows 98 
system files and the directory for the swap file. You do not need to load drivers in 
Config.sys or Autoexec.bat.  

 Any boot device in your computer that needs real-mode support does not require an entry 
in Config.sys. In the unusual case that the CD-ROM is part of system startup, entries for 
this device must be included in Config.sys.  

 If your computer requires any real-mode drivers, an entry for loading the driver must be 
included in Config.sys and Autoexec.bat, as was true under earlier versions of MS-DOS.  

Windows 98 automatically unloads any real-mode drivers for which it has protected-mode 
drivers to provide the same functionality. For example, the real-mode Dblspace.bin driver is 
unloaded, and the protected-mode Dblspace driver, Drvspacx.vxd, takes over. However, the 
protected-mode device driver should take over only when it guarantees functionality similar to 
that of the real-mode driver, not merely because it can drive the hardware.  

Tip To determine whether a particular driver is running in real mode versus protected mode, 
click the Performance tab in the System option in Control Panel.  



Safe Drivers 

Real-mode drivers that can safely be used are identified in the list of safe drivers, which 
identifies drivers and terminate-and-stay-resident (TSR) programs that Windows 98 can replace 
with corresponding protected-mode drivers. The list of safe drivers (Ios.ini in the Windows 
directory) can include the following information:  

 Name of the driver or TSR, using the same name as used in Config.sys or Autoexec.bat.  
 Driver requirements.  
 Whether the driver hooks INT13.  
 Whether the driver monitors INT13 (regardless of whether I/O is controlled by a 

protected-mode driver).  
 Whether the driver accesses hardware directly.  

Windows 98 does not store the version number of the driver or the TSR in the list, so the vendor 
must change the name of the driver if a future version is enhanced so that the driver is safe or 
unsafe.  

By default, the following drivers are considered safe:  

 MS-DOS version 5.0–compatible real-mode block device drivers.  
 INT13 driver (provides INT13 functionality and directly accesses hardware).  
 INT13 monitors (hooks INT13 for monitoring I/O but does not access hardware directly 

or modify the I/O buffer).  
 INT13 hooker (hooks INT13 for altering I/O but does not access hardware directly).  
 ASPI Manager (implements the Advanced SCSI Programming Interface for the MS-DOS 

specification).  
 CAM Manager (implements the MS-DOS Common Access Method specification).  

For more information on interrupts, see Chapter 10, "Disks and File Systems."  

Unsafe Drivers 

A real-mode driver is considered unsafe if it implements functionality that is not supported. For 
example, a real-mode IDE or enhanced small device interface (ESDI) driver that uses dynamic 
encryption is an unsafe driver because Windows 98 does not support encryption. Windows 98 
protected-mode drivers do not implement the following functions, so if a real-mode driver uses 
any of them, it is considered unsafe and should not be added to the list of safe drivers:  

 Data compression (other than DriveSpace-compatible compression).  
 Data encryption.  
 Disk mirroring.  
 Bad sector mapping.  
 Fault tolerance (maintaining error correction code [ECC] correction on a separate disk).  
 Input/output controls (IOCTL) defined or extended by the vendor.  

If Windows 98 provides an appropriate protected-mode driver, you should use only the real-
mode driver in the following cases:  



 The real-mode driver is used for a boot device.  
 An MS-DOS mode application uses the driver's device, in which case the protected-mode 

driver must be unloaded to load the real-mode driver.  

Ios.ini Formats 

The following is the syntax of the list of safe drivers in Ios.ini:  

filename, qualifier_string ; comments  

qualifier_string is optional.  

Qualifier string Meaning 

do_not_care  
Indicates that it is acceptable to load the protected-mode driver and not use the 
mapper for this real-mode driver, because it doesn't matter whether it sees any 
I/O requests. This is the default. 

must_chain  

Implies that the device driver or TSR is safe, but it has an INT13 hook that 
needs to see INT13 requests. In this case, the protected-mode drivers are 
loaded, but the system routes the logical requests through the real-mode 
mapper and then switches back to protected-mode at the end of the INT13 
chain.  

must_not_chain 
Implies that the driver is safe as long as it does not see any INT13 requests. In 
this case, the protected-mode drivers are loaded, and the real-mode mapper is 
not used.  

non_disk  

Indicates a driver that controls a device that is not a disk, such as Interlnk.exe. 
Integrated office system (IOS) issues INT25 calls to all logical volumes in the 
system and determines whether the request is mapped to INT13, ASPI, or 
CAM. If the request is not mapped, this is a monolithic driver, as is the case for 
Interlnk.exe. Adding non_disk prevents IOS from considering Interlnk.exe in 
its safe-driver processing. 

monolithic  
Similar to non_disk. Any driver that is monolithic and safe must have this 
qualifier set to indicate to IOS that the protected-mode port drivers can be 
loaded and the driver's entry point can be handled to prevent contention. 

Ios.ini also contains an Unsafe CD section. Adding a driver to this section indicates that this 
compact disc file system (CDFS) will not be loaded on the CD drives that this driver controls.  

The following is an example of some Ios.ini entries:  

386max.sys ; Qualitas 
4dos.com ; 4DOS shell program 
ad-dos.com ; Afterdark 
ad_wrap.com ; Afterdark 
adi2.com ; Afterdark 
aspi3x90.sys ; DTC SCSI no PM driver 
ramdrive.sys, non_disk; MS-DOS 
interlink.exe, non_disk; MS-DOS 
laddrv.sys, non_disk; MS-DOS 



Tip for Troubleshooting Protected-Mode Drivers 

If you believe that a protected-mode driver should be controlling a device, but the device appears 
with a real-mode driver in the System option in Control Panel, you can check entries in Ios.log. 
The Ios.log file in the Windows directory is created when a protected-mode driver is not 
available or the operating system detects that an unknown device driver is controlling a device.  

In most cases, the first line in Ios.log states why the protected-mode driver was not loaded. If the 
first line mentions Mbrint13.sys, the problem most likely is a virus (unless you are using a driver 
that replaces the master boot record).  
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For Plug and Play–compliant devices, there are no true default settings. Instead, Windows 98 
identifies devices and their resource requests and then arbitrates requests among them. If no 
device requests the same resources as another device, their settings should not change. If another 
device requests the same resources, the settings might change to accommodate the request. 
Consequently, you should never change resource settings for a Plug and Play–compliant device 
unless absolutely necessary. Doing so will fix its settings, making it impossible for Windows 98 
to grant another device's request to use that resource. Changed resource settings can be brought 
back to the original values by checking the Use automatic settings box under the Resources tab 
of the Device Properties dialog box in Device Manager. See the procedure "To change a 
device's resource settings using Device Manager" later in this section.  

All legacy devices have fixed resource settings, which are discovered either during Windows 
Setup or through the Add New Hardware Wizard in Control Panel.  

Certain circumstances might require users to change resource settings after Windows 98 has 
configured a device. For example, Windows 98 might not be able to configure one device 
without creating conflicts with another device. In such a case, a message usually appears to 
explain what is happening and what you can do about the problem — turn off a device to make 
room for the new device, disable the new device, or reconfigure a legacy device to make room 
for the new device.  

The best source for resolving any conflicts that might occur is the Hardware Conflict 
troubleshooting aid in Windows 98 Help. For more information, see "Troubleshooting Device 
Management" later in this chapter.  

When you must manually change a device's configuration, you can use the Device Manager tab 
in the System option in Control Panel. Never attempt to edit registry entries directly. Editing 
registry entries directly is not supported and can cause serious problems.  

If you need or want to resolve device conflicts manually, you can use Device Manager and try 
the following strategies:  
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 Identify a free resource, and assign the device to use that resource.  
 Disable a conflicting Plug and Play–compliant device to free its resources.  
 Disable a legacy device to free its resources, by removing the legacy device card and not 

loading the device drivers.  
 Rearrange resources used by another device or devices to free resources needed by the 

device with a conflict.  
 After powering down and unplugging your computer, change jumpers on your hardware 

to match the new settings.  

Caution Changing default settings using either Device Manager or Registry Editor can cause 
conflicts that make one or more devices unavailable on the system.  

To get assistance in resolving device conflicts, go to the Hardware Conflict troubleshooting aid 
in Windows 98 Help. For more information, see "Troubleshooting Device Management" later in 
this chapter.  

To use Device Manager  

1. In Control Panel, double-click System, and then click the Device Manager tab.  

– Or –  

Right-click My Computer, click Properties from the shortcut menu, and then click the 
Device Manager tab. The Device Manager dialog box is displayed.  

2. Double-click the device type in the list to display the specific devices of that type on your 
computer.  

3. Double-click the device you want to configure. Or select the device, and then click 
Properties to view or change its settings.  

In Device Manager, you can print reports about system settings, including reports on the 
following:  

 System summary  
 Selected class or device  
 All devices and system summary  

To print a report about system settings  

1. In Device Manager, click Print.  
2. In the Print dialog box, click the type of report you want.  

Important You should quit all MS-DOS-based applications before printing the report named 
"All devices and system summary," because the device detection code might cause problems for 
some MS-DOS-based applications. If you do not do this, some applications might report the 
system is out of memory.  



The following procedure explains how to change a device's resource settings using Device 
Manager. Change resource settings only if absolutely necessary. Also, before changing resource 
settings, make sure that your problem is a resource conflict instead of a missing driver.  

To change a device's resource settings using Device Manager  

1. In Device Manager, double-click the device class, or click the plus sign (+) next to a 
device class. The tree expands to show the available devices.  

2. Click a device, and then click Properties. The Device Properties dialog box is 
displayed.  

3. Click the Resources tab. Notice that the Conflicting device list shows any conflicting 
values for resources used by other devices.  

4. In the Resource type list, select the setting you want to change. Make sure the Use 
automatic settings box is unchecked.  

5. Click Change Setting. The dialog box for editing the particular setting is displayed.  

If there is a conflict with another device, a message is displayed in the Conflict 
Information field.  

Note When you click Change Setting, you might see an error message saying, "This 
resource setting cannot be modified." If this is the case, you must choose a different basic 
configuration until you find one that allows you to change resource settings.  

6. Choose a setting that does not conflict with any other devices, and then click OK.  
7. Shut down and restart Windows 98. Then verify that the settings are correct for the 

device.  

Note Most legacy devices have jumpers or switches that set the IRQ, DMA, and I/O addresses. If 
you change these settings in Device Manager, you must also change the settings on the device to 
match them.  

Changing Device Drivers 

If your device is not working properly and you suspect that you have either an outdated device 
driver or the wrong device driver for your device, you can change your device driver from within 
Device Manager.  

You might also want to change your device driver from within Device Manager if you need to 
switch between WDM and VxD drivers. You might want to do this, for example, if your WDM 
driver doesn't work with a specific application, or if you are using VxD drivers and you want the 
enhanced performance and functionality available with WDM drivers.  

To change the device driver using Device Manager  

1. In Device Manager, double-click the device class of the driver you want to change, or 
click the plus sign (+) next to the device class. The tree expands to show the available 
devices.  

2. Click the device whose driver you want to change, and then click Properties. The Device 
Properties dialog box is displayed.  



3. Click the Driver tab.  
4. Click Update Driver in the Device Properties dialog box. The Upgrade Device Driver 

Wizard is displayed.  
5. Click Next.  
6. The wizard asks whether you want to search for a better driver. If you want Windows 98 

to detect your driver automatically, click Search for a better driver than the one your 
device is using now.  

– Or –  

If you want to choose a driver yourself, click Display a list of all the drivers in a 
specific location, so you can select the driver you want.  

7. Click Next and follow the instructions to upgrade the driver.  

Using Hardware Profiles for Alternate Configurations 

Windows 98 uses hardware profiles to determine which drivers to load when system hardware 
changes. Hardware profiles are an especially important feature for portable computers that can be 
docked. Windows 98 uses one hardware profile to load drivers when the portable is docked and 
another when it is undocked — for example, at a customer site that has a different monitor from 
the one at the office.  

Configurations are created when Windows 98 queries the BIOS for a dock serial ID and then 
assigns a name for the docked and undocked configurations. Windows 98 then stores the 
hardware and software associated with these configurations. Applications access and store 
information for each of the different hardware configurations used by the mobile user. The 
registry support enables applications to adapt gracefully to different hardware configurations.  

Note It is not necessary to use a different hardware profile for a fully Plug and Play–compliant 
portable computer, because the computer automatically knows when it is docked or undocked.  

The only time Windows 98 prompts you for the name of a hardware profile is when two profiles 
are so similar that Windows 98 cannot differentiate between them. If this happens, Windows 98 
displays a Hardware Profile menu from which you can choose the correct one.  

To create a hardware profile  

1. In Control Panel, double-click System, and then click the Hardware Profiles tab.  
2. Click the name of the hardware profile on which you want to base the new hardware 

profile, and then click Copy.  
3. Type a name for the hardware profile you are creating.  
4. Change which hardware is enabled or disabled in this profile by using the Device 

Manager, as described in the following procedure.  

To enable or disable hardware in a hardware profile  

1. In Device Manager, click the plus sign (+) next to the hardware type, and then double-
click the hardware.  



2. In the Device Usage box, click to clear or add the check mark in the Disable in this 
hardware profile check box.  

3. If you see a message prompting you to restart your computer, click Yes.  

To delete or rename a hardware profile  

1. In Control Panel, double-click System, and then click the Hardware Profiles tab.  
2. Click the name of the hardware profile you want to change.  
3. If you want to remove this profile, click Delete.  

– Or –  

If you want to change the name of the profile, click Rename, and then type a new name.  

Configuring the Display 

Windows 98 consolidates display properties in the Display option in Control Panel, so you can 
easily customize display adapter settings. You can use the Display option in Control Panel to do 
the following:  

 Change the display type or driver.  
 Change screen resolution and color depth (without restarting the computer when using 

display drivers that support this functionality).  
 Change color schemes and text styles in all screen elements, including fonts used in 

dialog boxes, menus, and title bars.  
 View changes in colors, text, and other elements of display appearance before the 

changes are applied.  
 Configure display settings for each hardware profile, for example, docked and undocked 

configurations.  
 Configure monitors as multiple displays. For information, see "Configuring Multiple 

Displays" later in this chapter.  

Tip To set display options quickly, right-click the desktop, and then click Properties. Click the 
Help button to get help for setting display properties.  

Display Driver Overview 

Windows 98 provides enhanced functionality and easy configuration for display adapters, in 
addition to resolving many problems inherent in Windows 3.1 display drivers. By using a 
minidriver architecture for display drivers, Windows 98 provides better support for a wide range 
of hardware and provides more stable and reliable drivers.  

If you are upgrading from Windows 95, Setup uses the existing display driver. Otherwise, if 
Windows 98 supports the display adapter, Setup automatically detects it and installs the correct 
display driver, or an updated driver, if one is available in Windows 98. If the display adapter is 
not supported, the user is asked to provide the search locations for the appropriate driver. If no 
appropriate driver is found, Windows 98 installs the standard Video Graphics Array (VGA) 
driver. In some cases, if an existing driver has been shown to cause problems with Windows 98, 
Windows 98 replaces an existing display driver with the Microsoft-provided driver.  



Windows 98 contains a universal display driver called the device-independent bitmap (DIB) 
engine. The DIB engine provides 32-bit graphics code for fast, robust drawing on high-resolution 
and frame buffer-type display adapters. Windows 98 display minidrivers use the DIB engine for 
all in-memory graphics operations and on-screen operations that do not pass to the adapter for 
hardware acceleration. This architecture makes it easy for hardware developers to write drivers 
for a new controller type and to add hardware acceleration features incrementally.  

To ensure broad support for display adapter devices in Windows 98, Microsoft developed many 
display drivers in cooperation with the major display controller hardware manufacturers. The 
Microsoft development team also worked closely with hardware manufacturers to write 
additional display drivers and assisted in optimizing existing drivers to enhance display speed for 
improved graphics performance.  

Windows 98 also includes mechanisms to ensure that incompatible display drivers cannot 
prevent a user from accessing the system. If a display driver fails to load or initialize when 
Windows 98 is started, Windows 98 automatically uses the generic VGA display driver. This 
ensures that you can start Windows 98 to fix a display-related problem.  

For displays, colors are described in bits per pixel (bpp). Table 24.2 lists the bpp-to-color 
conversions.  

Table 24.2 Bpp-to-color conversions  

Bits per pixel Color conversion 

1 bpp Monochrome 

4 bpp 16 colors 

8 bpp 256 colors 

15 bpp  32,768 (32K) colors 

16 bpp  65,536 (64K) colors 

24 bpp  16.7 million colors 

32 bpp  16.7 million colors 1 

1 This is another description of true color that includes an 8-bit alpha component in addition to 
the 24-bits used for 16.7 million colors. Alpha is a degree of transparency or translucency. 

Resolutions are described in the horizontal number of pixels multiplied by (x) the vertical 
number of pixels—for example, 640 x 480.  

Tip You can identify the Windows 98 version of a display driver by clicking the display adapter 
from within Device Manager. If you can boot only to the command prompt, you can also identify 
the driver by examining the following line in the [boot.description] section of the System.ini file:  

display.drv=pnpdrvr.drv. 

For example:  

[boot.description] 
system.drv=Standard PC 



keyboard.typ=Standard 101/102-Key or Microsoft Natural Keyboard 
mouse.drv=Standard mouse 
aspect=100,96,96 
display.drv=S3 ViRGE-DX/GX PCI (375/385) 

The actual display driver is loaded from the registry. This supports docking computers that have 
different adapters for the portable computer as opposed to the docking station.  

Configuring Plug and Play Monitors 

Windows 98 can automatically detect a Plug and Play monitor as soon as you plug it in. If you 
are using a legacy monitor, this option is disabled by default. If you want to enable it, follow the 
procedure below.  

To enable Windows 98 to detect Plug and Play monitors automatically  

1. In Control Panel, double-click the Display icon.  

– Or –  

Right-click the desktop, and then click Properties from the shortcut menu.  

2. In the Display Properties dialog box, click the Settings tab, and then click Advanced.  
3. Click the Monitor tab, select the Automatically detect Plug & Play monitors check 

box, and then click Apply. Windows 98 detects and installs the monitor.  

If you are having problems with a Plug and Play monitor, you might need to disable this option 
by following the procedure below.  

To prevent Windows 98 from automatically detecting Plug and Play monitors  

1. In Control Panel, double-click the Display icon.  

– Or –  

Right-click the desktop, and then click Properties from the shortcut menu.  

2. In the Display Properties dialog box, click the Settings tab, and then click Advanced.  
3. Click the Monitor tab, clear the Automatically detect Plug & Play monitors check 

box, and then click Apply.  
4. Reboot your computer.  

When the computer reboots, Windows 98 runs the Add New Hardware Wizard and 
configures your monitor as an Unknown Device, with a default refresh rate of 60 Hz.  

After your computer has been configured as an Unknown Device, you can change the device 
driver by following the procedure in "Changing the Display Type and Driver" later in this 
chapter.  



Changing the Display Type and Driver 

You can change or upgrade a display driver by using the Display option in Control Panel or by 
using Device Manager. For more information about adding or changing a device driver, see 
Help.  

Warning Some monitors can be physically damaged by incorrect display settings. Carefully 
check the manual for your monitor before choosing a new setting.  

To change or upgrade the display driver by using the Display option in Control Panel  

1. In Control Panel, double-click the Display icon.  

– Or –  

Right-click the desktop, and then click Properties from the shortcut menu.  

2. In the Display Properties dialog box, click the Settings tab. If you have configured 
multiple displays, the highest framed number indicates the number of monitors 
configured for the system.  

3. Click Advanced. The properties dialog box for your display driver appears.  
4. If you've chosen a specific monitor, a Refresh Rate menu appears in the lower portion of 

the dialog box.  
5. Click the Adapter tab, and then click Change.  
6. If you are using a Plug and Play monitor and you have chosen to have Windows 98 

automatically detect Plug and Play monitors by selecting the Automatically detect Plug 
& Play monitors check box, the Upgrade Device Driver Wizard is displayed. Click Next 
and follow the instructions to upgrade the driver.  

– Or –  

If you are not using a Plug and Play monitor or have not selected the Automatically 
detect Plug & Play monitors check box, the Select Device dialog box is displayed. 
Follow the instructions to change your driver.  

Changing Hardware Acceleration Settings 

Windows 98 uses hardware acceleration to improve display performance. In some cases, this 
might cause problems. (These problems are rare with newer hardware.) If so, you can turn off 
part or all of your hardware acceleration.  

Note If you are using multiple monitors, changing hardware acceleration settings affects all 
monitors.  

The following procedure describes how to turn off hardware acceleration.  

To turn off hardware acceleration  

1. In Control Panel, double-click the Display icon.  



– Or –  

Right-click the desktop, and then click Properties from the shortcut menu.  

2. In the Display Properties dialog box, click the Settings tab, and then click Advanced.  
3. Click the Performance tab. In the Graphics box, choose a setting based on the level of 

hardware acceleration you need. For information about which setting corresponds to what 
level of hardware acceleration, see the section "Setting Graphics Compatibility Options" 
in Chapter 26, "Performance Tuning."  

Configuring Display Resolution and Colors 

You can configure the display resolution and color choices for your display or customize the font 
size used by using the Display option in Control Panel.  

New features in Windows 98 allow you to change resolution and color depth without rebooting, 
if the installed display adapter is using a video driver provided by Windows 98. However, if you 
select to change or customize the font size, you must reboot your computer regardless of what 
video driver you are using. You must also reboot the computer if you are not using a Plug and 
Play–compliant display adapter and driver that support on-the-fly changes (such as an older 
Windows 3.1 driver).  

To configure your display resolution  

1. In Control Panel, double-click the Display icon.  

– Or –  

Right-click the desktop, and then click Properties from the shortcut menu.  

2. In the Display Properties dialog box, click the Settings tab.  
3. To change your display settings, use the options described in Table 24.3.  

Table 24.3 Display setting options  

Option  Description  

Colors  
Select from this list the number of colors you want for your display 
adapter. The larger the number, the greater the number of colors.  

Screen Area  
Drag the slider to change the visible screen area used by the display. 
The larger the desktop area, the smaller everything looks on your 
screen.  

Extend my 
Windows 
desktop onto this 
monitor  

Active when multiple display support is enabled and monitors are 
configured as multiple displays. A checked box activates the display 
adapter for a particular monitor. For information, see "Configuring 
Multiple Displays" later in this chapter.  

Advanced  
Click to display a dialog box with tabs for selecting display font size, 
adapter type, monitor type, and restart options. Notice that the monitor 
type setting has no impact on system performance. This setting 



identifies the characteristics of the monitor to define the maximum 
resolution and power management capabilities that it supports. For 
information, see "Changing the Display Type and Driver" earlier in this 
chapter.  

Note Sometimes selecting a supported, higher color-depth (for example, from 16bpp to 
24bpp) requires you to reduce the desktop area (for example, from 1024 x 768 to 800 x 
600 pixels). Conversely, selecting a supported, lower color-depth gives you the option to 
select a higher resolution. In nearly all cases, these traits are a function of the amount of 
video RAM installed on the display adapter.  

To customize display of fonts in dialog boxes  

1. In Control Panel, double-click the Display icon, and then click the Settings tab.  
2. Click Advanced. The properties dialog box for your display adapter is displayed.  
3. With the General tab selected, pull down the Font Size menu and select Other. The 

Custom Font Size dialog box is displayed.  
4. Drag the controls until the sample shows the size you want, and then click OK.  

Note You must shut down and restart Windows 98 for the font size changes to take effect.  

Configuring Display Appearance 

You can use the Display option in Control Panel to set the screen saver and the background 
pattern used on the desktop.  

You can also use settings in Screen Saver properties to take advantage of Energy Star Monitor 
support in Windows 98 if your hardware supports this feature. This is similar to the standby 
mode commonly used in portable computers to save power. Windows 98 can support screen 
saver power management if both of the following conditions are true for your computer:  

 In the properties dialog box for your display adapter with the Monitor tab active, the 
option Monitor Is Energy Star Compliant is checked.  

This option is checked automatically if, during Setup, hardware detection determined that 
the monitor supports the VESA Display Power Management Signaling (DPMS) 
specification. You can also check this option manually.  

 The device driver for this display uses either the Advanced Power Management (APM) 
version 1.1 or later BIOS interface with support for device "01FF" (which is not 
supported by every APM 1.1 or later BIOS), or the VESA BIOS Extensions for Power 
Management. For information about whether your display adapter supports these BIOS 
interfaces, see the documentation for your device driver.  

The display monitor is typically one of the most "power-hungry" components of a computer. 
Manufacturers of newer display monitors have incorporated energy-saving features into their 
monitors based on the DPMS specification. Through signals from the display adapter, a software 
control can place the monitor in standby mode or even turn it off completely, thus reducing the 
power the monitor uses when inactive.  



To use Energy Star power consumption features  

 In Control Panel, click the Power Management icon, select a power scheme, and specify 
the time intervals to place the system on standby, to turn off the monitor, and to turn off 
hard disks.  

Configuring Multiple Displays 

Multiple Display allows you to configure multiple monitors so that the Windows 98 desktop can 
be spread out over their display areas. For each display, you can adjust its position, resolution, 
and color depth.  

Windows 98 has been tested successfully with up to nine monitors; however, because of such 
limitations as the limited number of PCI slots available on current motherboard designs, real-
world implementations generally work on three or fewer additional monitors.  

For you to be able to use a monitor as a secondary monitor, it must meet certain criteria. It must 
be a PCI or AGP device, and it must be able to run in GUI mode or without using VGA 
resources. It also must have a Windows 98 driver that enables it to be a secondary display. For a 
list of these drivers, see "Technical Notes on Multiple Display" later in this chapter.  

For more information about Multiple Display, see Chapter 30, "Hardware Management."  

To add a second display to your computer  

1. Verify that your primary display adapter works properly.  
2. Add your second adapter. The system BIOS then decides which adapter will be the 

primary one. Windows 98 then autodetects the new adapter.  

Note To test which card will be primary, watch to see which card performs a Power On 
Self Test (POST). The one that performs a POST will be primary, and the one that seems 
inactive will be secondary. If you want the order to be changed, reverse the order of the 
cards in the PCI slots.  

3. When you are prompted to reboot, do so. When Windows 98 reboots, it will display a 
message that the card initialized properly.  

4. If the primary display comes up in a 640 x 480 resolution with 16 colors, try changing to 
256 colors or higher, and reboot.  

5. In Control Panel, double-click the Display icon.  

– Or –  

Right-click the desktop, and then click Properties from the shortcut menu.  

6. In the Display Properties dialog box, click the Settings tab. Windows 98 lists each 
adapter in the system.  

7. Select the adapter you want to use.  
8. The Extend my Windows desktop to this monitor check box appears. Click it, and then 

click Apply.  



To configure multiple displays  

Note This procedure applies only if your system contains multiple displays. A system with a 
single display will have a different Display Properties dialog box.  

1. In Control Panel, double-click the Display icon.  

– Or –  

Right-click the desktop, and then click Properties from the shortcut menu.  

2. In the Display Properties dialog box, click the Settings tab. The number in the framed 
area indicates a particular monitor configured for the system. Frame 1 is for the primary 
display; frames 2 through 9 are for the secondary displays.  

3. Double-click frame 1 to activate it. In the Monitor menu, select the display adapter for 
the primary display. Click the Extend my Windows Desktop to this monitor box to 
place a check mark in it. In the Colors menu, select the color depth. In the Screen area 
menu, select the resolution.  

4. Double-click frame 2 to activate it. In the Monitor menu, select the display adapter for 
the first secondary display. Click the Extend my Windows Desktop to this monitor box 
to place a check mark in it. In the Colors menu, select the color depth. In the Screen 
area menu, select the resolution.  

5. If there are additional secondary displays, repeat step 4 for each one.  
6. Make sure that the on-screen arrangement of the monitors matches the physical 

configuration of your monitors.  
7. Click Apply.  
8. Optionally, right-click a display.  

From the context-sensitive menu that appears, you can enable or disable the display, 
show the number of the display on the desktop, or select which monitor to use.  

9. Click OK.  

Technical Notes on Multiple Display 

Table 24.4 lists Microsoft-supplied drivers that can be used for secondary displays and that are 
included with Windows 98:  

Table 24.4 Microsoft-supplied drivers that can be used for secondary displays  

Monitor Driver 

ATI Mach 64 GX (GX, GXD, VT) 
ATI Graphics Pro Turbo PCI 

Atim64.drv 

ATI Rage I, II, & II+ 
ATI All-In-Wonder 
ATI 3D Xpression+ PC2TV 
ATI 3D Xpression 
ATI 3D Xpression+ 

Atim64.drv 



ATI Rage Pro (AGP & PCI) Atir3.drv 

S3 765 (Trio64V+) 
S3mm.drv, revisions 40, 42, 43, 44, 
52, 53, and 54 1  

S3 Trio64V2(DX/GX) 
Diamond Stealth 64 Video 2001  
STB PowerGraph 64V+ 
STB MVP 64 
Miro TwinHead 22SD 
Hercules Terminator 64/Video 
Number Nine 9FX Motion 331 
 
California Graphics V2/DX 
Videologic GraphicsStar 410 

S3mm.drv 

Cirrus 543 
Cirrus Alpine 

Cirrusmm.drv 

Cirrus 5446 
STB Nitro 64V 

Cirrusmm.drv 

S3 ViRGE (ViRGE (325), ViRGE VX (988), ViRGE DX 
(385), ViRGE GX (385)) 
Diamond Stealth 3D 2000 
Diamond Stealth 3D 3000 
 
Number Nine 9FX Reality 332 
STB Nitro 3D 
STB Powrgraph 3D 
STB Velocity 3D 
STB MVP/64 3D 
Miro Crystal VR4000 

S3v.drv 

ET600 
Hercules Dynamite 128/Video 
STB Lightspeed 128 

Et6000.drv 

S3 Aurora 
Compaq Armada 

S3mm.drv 

1 If the card is at one of these revisions, then Windows 98 will recognize the card as a Trio 
64V+, provided the Microsoft driver is used. If the card is not at one of these revisions then it is 
recognized as a Trio 32/64. Please note carefully which Microsoft driver Windows 98 selects 
with this card. 

Table 24.5 lists third-party drivers that can be used for secondary displays. These drivers are 
provided by third-party manufacturers and are not supported by Microsoft.  

Table 24.5 Third-party drivers that work with Multiple Display  

Monitor Driver 

Permedia 2 
TI TVP4020, 8 MB (Reference board) 

Glint.drv 



InterGraphics Systems (IGS) CyberPro 2000A, 2MB Iga2k.drv 

Configuring the Mouse 

Mouse drivers based on the Windows 98 mini-driver architecture are protected-mode drivers that 
provide better support for MS-DOS-based applications in the Windows 98 environment. 
Windows 98 makes mouse configuration and customization easier by providing a single Control 
Panel option for mouse settings.  

Windows 98 Setup detects Microsoft, Logitech, and Microsoft-compatible mouse device drivers, 
and then replaces these with new drivers.  

Mouse and Pointing Device Driver Overview 

Windows 98 provides the following improvements in mouse and pointing device support:  

 Supports Plug and Play for easy installation of pointing devices. For example, the 
VMOUSE driver interface supports Plug and Play.  

 Supports USB mouse devices.  
 Provides smooth, reliable input when using the new protected-mode drivers.  
 Supports multiple simultaneous devices, for example, when using PS/2 and serial devices 

at the same time.  
 Eliminates the need to use separate MS-DOS-based mouse drivers.  

Windows 3.1 required that an MS-DOS-based mouse driver be loaded before starting 
Windows to use a mouse in an MS-DOS-based application running in a window or 
running in a full screen.  

The protected-mode Windows 98 Virtual Device Driver (VxD) mouse driver provides mouse 
support for Windows-based applications, MS-DOS-based applications running in a window, and 
MS-DOS-based applications running in a full screen. This results in zero use of conventional 
memory for mouse support in the Windows 98 environment. (However, most legacy real-mode 
drivers will run in Windows 98.)  

In addition to better mouse services, Windows 98 allows the use of serial ports COM1 through 
COM4 for connecting a mouse or another pointing device.  

To see the improvements in mouse driver support  

1. Be sure the real-mode mouse driver from such entries as Mouse.com or Mouse.sys has 
been removed from Config.sys or Autoexec.bat.  

2. Restart the computer, and start an MS-DOS-based application that supports the use of a 
mouse.  

For example, use an application such as Edit, and try the MS-DOS-based application both 
in a window and in a full screen. Notice that the mouse is available in both modes.  



Changing Mouse Drivers 

The Mouse option in Control Panel provides customization options, including setting the 
behavior of the mouse buttons and the mouse pointer. You can use Device Manager to change 
drivers for a pointing device. For information, see Help.  

For pointing device drivers that do not appear in the Select Device dialog box (that is, those that 
are not provided with Windows 98), the Windows Driver Library (WDL) provides support for 
additional drivers from other vendors. For information about obtaining drivers, check the 
Windows Update Web site by clicking Windows Update on the Start menu.  

Configuring Mouse Behavior 

You can use the Mouse option in Control Panel to configure buttons, customize mouse cursor 
appearance, set mouse speed, and make other changes. Different functions might be available, 
depending on the pointing device used with your computer.  

To specify mouse behavior  

1. In Control Panel, click the Mouse icon. The Mouse Properties dialog box is displayed.  
2. Click the tab for the behavior you want to set.  
3. After changing the settings to the ones you want, click Apply.  

For information about the configuration options, see Help.  

Configuring Communications Resources 

A communications resource is a physical or logical device that provides a single, asynchronous 
data stream. Communications ports, printer ports, and modems are examples of communications 
resources. In Windows 98, VCOMM is the 32-bit protected-mode VxD that manages all access to 
communications devices. Port drivers use VCOMM to register themselves and to manage access 
to communications devices.  

Two types of ports appear in Device Manager:  

 Communications ports, also known as COM ports, serial ports, or RS-232 ports, are used 
to connect RS-232- compatible serial devices, such as modems and pointing devices, to 
the computer.  

 Printer ports, also known as LPT ports or parallel ports, are used to connect parallel 
devices, such as printers, to the computer. For more information about configuring printer 
ports, see Chapter 11, "Printing, Imaging, and Fonts."  

Several types of communications ports might be listed in Device Manager:  

 Serial ports, also known as RS-232 COM ports, are ports to which external serial devices 
can be attached. These usually require a 9-pin or 25-pin plug. Serial ports designed for 
Windows 98 use the 16550A buffered UART, which has a 16-byte FIFO that gives the 
CPU more time to serve other processes and that can serve multiple characters in a single 
interrupt routine.  



 An internal modem adapter may be installed in Device Manager. In addition, internal 
modems should also be installed and configured in the Modems option in Control Panel. 
For information, see Chapter 21, "Modems and Communications Tools."  

When you install a communications device, Windows 98 automatically assigns COM names to 
communication ports, internal modem adapters, and PC Card modem cards according to their 
base I/O port addresses as shown in the following list:  

 COM1 at 3F8 (input/output range)  
 COM2 at 2F8  
 COM3 at 3E8  
 COM4 at 2E8  

If a device has a nonstandard base address, or if all four standard ports have been assigned to 
devices, Windows 98 automatically assigns the modem to COM5 port or higher. Some 16-bit 
Windows 3.1–based applications might not be able to access ports higher than COM4. 
Consequently, in the System option in Control Panel, you must adjust the base address in Device 
Manager or delete other devices to free up a lower COM port.  

In addition, if some of the devices installed on a computer are not Plug and Play–compliant, you 
might have to change resource settings for their communications ports. You can change 
communications port settings by using Device Manager, as described in "Installing Devices" 
earlier in this chapter.  

Tip For future reference, you might want to record the settings that appear on the Resources 
sheet for each communications port.  

Top Of Page  

Troubleshooting Device Management  

 

This section describes specific problems in device configuration and how to correct them. For 
information about general procedures and Windows 98 tools that can be used in troubleshooting, 
see Chapter 27, "General Troubleshooting." Chapter 27 also includes information about what to 
do if you are having trouble booting to Safe Mode.  

As a general troubleshooting step, always make sure that you are using updated drivers. You can 
get updated drivers from the Windows Update Web site, as described in Chapter 27, "General 
Troubleshooting." Also, check the \Drivers directory on the Windows 98 compact disc. Also, 
make sure that your drivers have been digitally signed by Microsoft by using the Digital 
Signature Tool, also described in Chapter 27. If they have not been digitally signed, try the 
Windows Update Web site. If you do not find drivers there, contact your hardware manufacturer 
and ask for drivers that bear the "Designed for Microsoft Windows 98/Windows NT" logo.  

Your first and best resource for diagnosing problems due to changing device settings is the 
Hardware Conflict troubleshooting aid in Help.  

http://technet.microsoft.com/en-us/library/cc768194.aspx#mainSection


To use the Hardware Conflict troubleshooting aid  

1. In any Help window, click the Contents button.  
2. Click Troubleshooting, click the listing called Windows 98 Troubleshooters, and then 

click the topic called Hardware Conflict. Follow the instructions on the screen.  

Correcting Problems with Enabling PC Cards 

If you have the correct drivers and protected-mode PC Card support is activated, but the device 
is still not available, your computer is probably using the wrong memory window for the device. 
Windows 98 selects a default set of commonly supported settings. Your socket might not support 
certain interrupt settings, so you might be able to get a PC Card socket to work by changing the 
IRQ. Similarly, your socket might not work on certain memory windows, and changing the 
memory window might solve your problem.  

To change the memory window for a PC Card device  

1. In Device Manager, click your PC Card socket, and then click Properties.  
2. In the PC Card controller properties, click the Global Settings tab.  
3. Make sure that the Automatic Selection check box is not checked.  
4. Change the Start address according to information from your hardware manual.  

Typically, selecting a Start value higher than 100000 will work.  

5. Restart Windows 98.  

To change the interrupt for a PC Card device  

1. In Device Manager, click your PC Card socket, and then click Properties.  
2. Change the IRQ from its default to a value that does not conflict with other IRQ settings 

used on your computer.  
3. Restart Windows 98.  

If Windows 98 still does not detect your PC Cards, you should disable the Windows 98 
protected-mode PC Card support. If you do so, you will be able to use your PC Card only with 
real-mode drivers.  

To disable protected-mode PC Card support  

1. In Device Manager, click your PC Card socket controller, and then click Properties.  
2. In the Device Usage box, select the Disable in this hardware profile box.  

The new configuration should appear in Device Manager. If not, restart Windows 98.  

Correcting Problems with the Display 

If your computer has problems with the display, determine whether the problems persist when 
you use lower screen resolutions and different color depths with the display driver. If the display 
driver fails and changing resolutions does not resolve the problem, check or replace the current 



display driver. Also, make sure the installed display driver is the correct one for the installed 
display adapter.  

Windows 98 includes safeguards that in most cases prevent unsupported settings from being 
implemented. However, problems can result when Windows 98 has incorrect information that a 
monitor or display adapter can support certain functionality. This usually happens only if 
Windows 98 misidentifies the display adapter or Plug and Play–compliant monitor, or the user 
misidentifies a legacy monitor, and Windows 98 attempts to exceed the display adapter's 
resolution or color depth capabilities or the monitor's supported refresh rates.  

If Windows 98 correctly identifies your display adapter, and you attempt to set the adapter to a 
setting it does not support, in most cases you will see an error message stating that the display 
adapter does not support the chosen resolution or color depth. Less commonly, Windows 98 
might try to set the chosen resolution or color depth, and your system might lock up.  

Windows 98 can identify Plug and Play–compliant monitors and automatically adjust refresh 
rates available in the user interface to correspond to the settings provided in the monitor's INF 
file listing the monitor's capabilities. This results in reliable monitor operation and usually 
prevents users from setting incorrect or incompatible refresh rates.  

With older legacy monitors, however, it is possible to set refresh rates incorrectly. Because 
Windows 98 does not communicate with legacy monitors, it is possible for a user to select an 
INF file of a monitor with a greater range of refresh rate capabilities than that of the actual 
monitor installed. If you select a higher refresh rate than the monitor can support, you will see 
corrupted display with an image that looks like a misadjusted horizontal with oscillating multiple 
images. If this happens, Windows 98 should return the monitor to its original refresh rate after a 
few moments.  

Note If the video signal is set to an unsupported refresh rate, newer monitors may mute the video 
signal and generally return an error message such as "Invalid sync" or "Unsupported mode."  

To determine whether any performance problems might be related to the display adapter, you 
can progressively disable enhanced display functionality using the System option in Control 
Panel. On the Performance tab, click Graphics, and then use the slider to select new settings. 
For information, see Chapter 26, "Performance Tuning."  

If Windows 98 does not recognize the display adapter, try using the basic VGA driver (by 
definition, a generic 640 x 480, 16-color driver). However, keep in mind that multiple display 
support is not available when you are using a basic VGA driver. If you have a vendor-supplied 
driver disk for the display adapter, you can install the OEM drivers. If the drivers were not 
written for Windows 95 or Windows 98, some advanced display features might be disabled.  

If an error occurs during display adapter initialization, the computer stops responding. To restart 
the computer, press CTRL+ALT+DEL. This problem might occur if you are using a video 
accelerator card and you change the display from the default setting (640 x 480, 16 colors) to 
1024 x 768, 256 colors in the properties dialog box for your display adapter. Although Windows 
98 might accept the changes, the error still results. The Super VGA (SVGA) driver (1024 x 768) 
included with Windows 98 is designed only for nonaccelerated SVGA display adapters. To 
correct this problem, change the display driver back to the default VGA setting.  



To see if the display error is corrected by changing the screen color setting  

1. In the Display option in Control Panel, click the Settings tab.  
2. Check the setting in the Colors menu. If the selection is other than 16 Colors, select 16 

Colors.  
3. Click Apply.  
4. Retest the condition that was causing the display error. If the error does not recur, you 

might want to temporarily operate at a lower resolution until you can upgrade the display 
driver to a version that functions without error.  

To check the display drivers  

1. In Device Manager, click the plus sign (+) next to Display Adapters.  
2. Double-click the specific display adapter shown (for example, Cirrus Logic).  
3. In the Adapter properties dialog box, click the Driver tab, and then click Driver File 

Details.  
4. Click each file shown in the Driver files box. If available, the Provider, File version, 

and Copyright information appears below the file tree (some vendors' display drivers 
might not contain version information).  

5. Check displayed file versions for compatibility. Windows 98 display driver files have 
version numbers starting at 4.00 or higher.  

6. If you have an incompatible driver, you can reinstall the original driver from the 
Windows 98 disks or get new drivers from the Microsoft Support Online site at 
http://support.microsoft.com/. If Microsoft drivers do not support the display adapter, 
contact the display adapter vendor for updated drivers or check the Microsoft Windows 
Update Web site.  

To check where the driver is loading from  

 To ensure that a Windows 98 version of the display driver is installed, check the [boot] 
section of System.ini for the following entry:  

 display.drv=pnpdrvr.drv 

If this entry is specified, the display entries in System.ini are ignored, and the display drivers are 
loaded from the registry. If the entry specifies any driver other than Pnpdrvr.drv, the display 
drivers are loaded from System.ini.  

To find out if an incorrect display driver is installed  

1. Restart the computer, and then press the left CTRL key until the Microsoft Windows 98 
Startup Menu message appears.  

2. Choose Safe Mode, which uses the standard VGA (640 x 480 x 16-color) driver.  

If this resolves the display problem, the display driver is probably involved. Try replacing 
the driver with a newer version, or reinstall the driver from the original disks.  

To see if the display error is corrected by changing screen resolution  

1. In Control Panel, double-click Display, and then click the Settings tab.  



2. Check the setting in the Screen area menu. Select a setting with a lower resolution.  
3. Click Apply.  
4. Retest the condition that was causing the display error.  

To load VGA on your next boot  

 In the [boot] section of System.ini, change the value of DisplayFallBack from 0 to 1.  

To change your display driver back to VGA  

1. Restart the computer, hold down the left CTRL key until the Microsoft Windows 98 
Startup Menu message appears, and then choose Safe Mode.  

2. After you have successfully booted to Safe Mode, in Control Panel, double-click Display, 
and then click the Settings tab.  

3. Click Advanced, and then click Change. The Upgrade Device Driver Wizard is 
displayed. Click Next, and then follow the instructions on the screen.  

If you want to use a high-resolution display driver with Windows 98, consult your display 
adapter manufacturer for the proper driver to use.  

To correct jerky motion during multimedia playback.  

 Use the Add New Hardware option in Control Panel to verify that the appropriate display 
driver is installed for the display adapter you are using.  

 Check to see if Mscdex.exe is installed. If so, remove it and use Windows 98 CDFS 
drivers.  

 If the problem occurs with MS-DOS - based applications, check and maximize available 
extended memory specification (XMS) memory in the virtual memory (VM).  

Correcting Problems with Multiple Displays 

This section describes problems that might occur with multiple displays. As a general 
troubleshooting step, make sure that your video card is on the list of supported video cards listed 
in Tables 24.4 and 24.5 and that you are using an updated driver.  

An additional display does not appear in Display Properties.  

If an additional display does not appear in the Display Properties dialog box, or if you cannot 
use additional monitors, check the following:  

 Check the driver you are using for your displays. If you are using VGA or a Windows 3.1 
driver, Multiple Display will not work. Keep in mind that the standard VGA driver is 
used whenever the desktop resolution is 640 x 480 and the color depth is 16 colors, so 
you should also make sure you have selected a higher resolution and color depth.  

 Make sure you are not using a Windows 3.1 driver for your primary monitor.  
 Make sure that all the display adapters you use are PCI-based. One of them can be a PCI-

based adapter embedded in the motherboard. The bulleted list later in this section 
provides information about potential problems with this configuration.  



 Check to see if you are using any third-party display control panels; if so, try removing 
them.  

You might also have a hardware problem. Following are several problems you might experience 
with motherboard or on-board PCI video:  

 The PCI motherboard video is hidden from the enumerator and might be identified 
incorrectly.  

 Some systems vendors hide the motherboard video from PCI when another video card is 
detected in the system. If Plug and Play cannot find the device, Setup cannot start it. To 
determine whether you have this problem, check Device Manager. If only your add-in 
card is shown as present and working, this is likely your problem.  

 Windows 98 cannot read the ROM from a motherboard video device. It might be possible 
to overcome this problem if you set up Windows 98 without any other display adapters in 
the computer.  

The computer will not boot with multiple displays, or you see a Code 12 in Device 
Manager.  

If your computer won't boot or you see a Code 12, you might have a system BIOS bug. Try 
moving all the video cards to the slots closest to the motherboard.  

In Device Manager, you are told that video card memory is in use.  

If you check your video card in Device Manager and see a message stating that the region of 
memory the video card uses is already in use, try removing Emm386.exe, or set the following 
under the [386enh] section of System.ini:  

Emmexclude C000-CFFF 

Device Manager says your card will not work with Multiple Display.  

If your card is on the list of supported cards listed in Tables 24.4 and 24.5, but Device Manager 
tells you that your card will not work with Multiple Displays, make sure that you are using the 
correct driver. For a list of supported drivers, see "Technical Notes on Multiple Display," earlier 
in this chapter.  

You cannot use an absolute pointing device on your secondary display.  

Absolute pointing devices work only on the primary display.  

Correcting Problems with SCSI Devices 

This section includes problems that might occur with SCSI devices.  

A SCSI device fails to work.  

The SCSI and CD-ROM support built into Windows 98 requires that CD-ROM drives provide 
SCSI parity to function properly. For many drives, this is a configurable option or is active by 



default. Examples of drives that do not provide or support SCSI parity are the NEC CDR-36 and 
CDR-37 drives.  

If you have trouble with a SCSI drive, make sure the SCSI bus is set up properly (refer to your 
hardware documentation for specific details).  

In some cases, adding or removing a SCSI adapter might prevent your computer from starting 
correctly. Check the following:  

 The ends of the SCSI bus must have terminating resistor packs (also called terminators) 
installed.  

If you have only internal or only external SCSI devices, the ends of the bus are probably 
the SCSI adapter and the last device on the cable. If you have both internal and external 
SCSI devices, the adapter is probably in the middle of the bus and should not have 
terminators installed. If you disconnect a device that has terminators installed (such as an 
external CD-ROM drive), be sure to install terminators on whatever device then becomes 
the last one on the bus. One of the devices on the SCSI bus (usually the adapter) should 
be configured to provide termination power to the bus.  

Windows 98 supports as many internal and external SCSI devices as the SCSI controller 
supports. In addition to the requirement that the last external and the last internal SCSI 
device be terminated, some hardware has additional requirements for where it must be 
placed in the SCSI chain.  

 Removable media must be mounted on the drive before running Setup.  

If you have a SCSI removable media device, such as a cartridge drive, make sure the 
media are mounted on the drive before running Setup. If no media is mounted on the 
drive, errors might occur during Setup that prevent installation of Windows 98.  

A SCSI device works with MS-DOS but not Windows 98.  

For many SCSI hardware devices, you can specify command-line parameters when the driver is 
loaded. By default, the Windows 98 miniport driver runs without parameters (in the same way it 
does for real-mode drivers). If you want to use a command-line parameter, if the device has a 
Windows 98 MPD file, you can add the parameter to the Settings tab in the Properties for the 
SCSI controller.  

For information about the switches that can be used for a particular SCSI device, see the 
documentation from the device manufacturer. There are no additional parameters added by 
Microsoft.  

For example, if your SCSI adapter has full functionality under MS-DOS but not under Windows 
98, you can add any device parameters previously specified in Config.sys to the Adapter 
Settings box. As another example, for Adaptec 7700 SCSI devices, you might specify 
removable=off to disable support for removable media if you want to load another ASPI 
removable disk.  



Setup does not automatically detect the SCSI CD-ROM drive.  

If Setup does not automatically detect a SCSI CD-ROM drive, try the following:  

 Try loading real-mode drivers for the SCSI controller, the CD-ROM driver, and 
Mscdex.exe, and see if the CD-ROM drive works in MS-DOS.  

 If the drive does work in MS-DOS, in Device Manager, examine the SCSI controller's 
properties to make sure it was detected correctly.  

 Check your physical connections.  
 Check the SCSI IDs for all devices to make sure they are unique.  

Setup does not recognize the correct SCSI CD-ROM drive.  

Windows 98 Setup can recognize multiple CD-ROM drives connected to the same SCSI host 
adapter. Therefore, if it does not recognize one of the CD-ROM drives, there is a hardware 
problem. For example, it could be caused by a legacy adapter with more than one device with the 
same SCSI ID.  

You see an error message about your CD-ROM drive during Setup.  

If you see an error message during Setup, and your SCSI or IDE CD-ROM drive does not appear 
in Device Manager, make sure your driver appears in the Ios.ini safe list. If a real-mode driver is 
loaded for the CD-ROM drive, and the driver does not appear in the Ios.ini safe list, Windows 98 
Setup does not install protected-mode drivers for it, and it does not appear in Device Manager. If 
that happens, you must comment out the real-mode driver. For example:  

rem device=c:\sbrpo\drv\sbpcd.sys/d:mscd001 /p:220 

Then reboot your computer. Windows 98 should automatically detect and configure the CD-
ROM drive.  

A SCSI or IDE tape drive or scanner does not show up in Device Manager.  

Windows 98 does not assign drive letters to tape drives and scanners, because they have no drive 
to assign a letter to; that is, they have no official hardware class designation. Therefore, they 
might appear as Unknown Devices in Device Manager. (If you run Microsoft Backup, however, 
they will be moved to a new device class and will not appear as Unknown Devices.) After you 
start Windows 98, it asks if you have a driver for these devices. If you have Windows 98 drivers, 
click Yes, and then type the path to where the drivers are located. To use existing real-mode 
drivers, click No. Windows 98 will continue to recognize and support these devices although 
they are listed as Unknown Devices.  

A SCSI drive does not show up in My Computer.  

This probably indicates that there is something wrong with the SCSI drivers in Config.sys and 
Autoexec.bat, or that the protected-mode SCSI drivers fail to load. Look for an Ios.log file and 
check its entries, as described in "Real-Mode Drivers and the Ios.ini Safe Driver List" earlier in 
this chapter.  



Correcting Problems with Other Devices 

This section describes problems that might occur with devices other than the display or SCSI 
devices.  

You see Code 11 error when installing a PCI device.  

If Windows 98 hangs or reboots when you are installing a PCI device and then gives you a Code 
11 error, you might have a problem with IRQ steering in your BIOS (a mechanism that enables 
Windows 98 to dynamically allocate ISA interrupts). To find out whether this is the cause, try 
turning off IRQ steering.  

To turn off IRQ steering  

1. In Device Manager, click your PCI bus, and then click Properties.  
2. Click the IRQ Steering tab, and then clear the Use IRQ Steering check box.  

When you reboot, Windows 98 will no longer dynamically allocate interrupts but will instead 
rely on your BIOS to do so.  

The system stalls when accessing the CD-ROM.  

After you press CTRL+ALT+DEL to shut down and restart the computer, Windows 98 might be 
unable to find the CD-ROM or might stall when trying to access the drive; sometimes, pressing 
CTRL+ALT+DEL will not reset the computer. This might occur if Windows 98 is relying on 
real-mode drivers for the Sound Blaster or Media Vision Pro Audio proprietary CD-ROM drive. 
If this is the case, you cannot access anything on the CD-ROM because its drivers cannot load. If 
this happens, turn off and then restart the computer. Use the Add New Hardware option in 
Control Panel to install the protected-mode drivers provided with Windows 98 for the specific 
CD-ROM device.  

CD-ROM performance problems occur when AutoPlay is enabled.  

This problem sometimes occurs with both protected-mode drivers and real-mode Microsoft 
Compact Disc Extensions (MSCDEX) drivers. To fix it, turn off AutoPlay, which is enabled by 
default, and then turn it back on again.  

WAV files cannot be played.  

If Windows 98 cannot recognize the sound card, you might not be able to play WAV files.  

To verify sound card settings  

1. In Device Manager, double-click Sound, video and game controllers.  
2. Double-click the specific sound card, and then in the card's properties, click the Driver 

tab so you can verify the drivers.  
3. Click the Resources tab, and verify IRQ settings.  
4. Check the Conflicting device list, and verify that no conflicts for the sound card settings 

appear in the list.  



Ports for sound cards with multiple CD-ROM adapters are not detected.  

If a sound card has multiple CD-ROM adapters, they often include a program that activates the 
port to be used. This program must run before Windows 98 runs. If it does not, Windows 98 will 
not detect the port.  

An input device fails.  

If an input device, such as the keyboard or the mouse, fails, do the following:  

 Check the physical connection.  
 In Device Manager, check the driver used for the device.  
 Check for conflicts with the I/O and IRQ resources used.  
 Check for conflicting drivers or applications.  

The mouse moves erratically, or keyboard input fails.  

For specific problems concerning mouse or keyboard operation, do the following:  

 In Device Manager, check the mouse and keyboard drivers, replacing them if necessary.  
 In Control Panel, click Mouse, and then check the Motion configuration for pointer 

speed.  
 Check the port used for the mouse.  
 Check the physical connection of the mouse and keyboard.  
 Make sure there are no entries for real-mode mouse drivers in Config.sys, Autoexec.bat, 

Win.ini, and System.ini.  
 Reboot the computer and hold down the left CTRL key until the Microsoft Windows 98 

Startup Menu message appears, and then choose the Logged option. Check the 
Bootlog.txt file and verify that the mouse driver is loading.  

Mouse reports GROWSTUB errors.  

If you were using the Microsoft Mouse Manager with Windows 3.1, Windows 98 Setup 
automatically updates the Pointer.exe and Pointer.dll files in the Mouse directory. If these files 
are not updated correctly, the mouse might stall and report GROWSTUB as a running task in the 
Close Program dialog box. To fix this problem, remove all references to the mouse in the 
Autoexec.bat and Config.sys files, and make sure the correct POINTER files were copied to the 
Mouse directory and not just the Windows directory.  

Getting File manager and Program manager 
in Windows 98 

Issue 

Getting File manager and Program manager in Windows 95 and 98. 



Solution 

A basic version of the Earlier File Manager and Program Manager are still available in Windows 
95 and 98. Below are the steps required to run each of these programs. 

Program Manager 

1. Click Start 
2. Click Run 
3. Type: "progman" and press enter. 

File Manager 

1. Click Start 
2. Click Run 
3. Type: "winfile" and press enter. 

If you would like to create a shortcut to program manager, point the directory to 
c:\windows\progman.exe", or to create a short cut to file manager, point the directory to 
c:\windows\winfile.exe. 

Media player 

DVD support 

Microsoft supports the reading of DVD discs within Windows 98 using SCSI and ATAPI-
compliant DVD-ROM drives. Playing movies is supported only with the following decoder 
adapters:  

 Toshiba DVD decoder adapters included with Toshiba Infinia DVD systems with either 
S3 or ATI display adapters.  

 Quadrant Cinemaster C rev. 1.2 decoder adapters included with Dell XPS- series 
computers. Note that updated Quadrant Cinemaster decoder drivers are available on the 
Windows 98 CD-ROM in the Drivers\Dvd\Quadrant folder.  

 
 
Because Windows 98 DVD Player is designed to work with the Windows 98 decoder drivers, the 
option to add or remove DVD Player is not available until a supported DVD decoder adapter is 
installed and detected.  
 
Once a supported DVD decoder adapter is detected and the Windows 98 drivers are installed, a 
shortcut for DVD Player is added to the Entertainment menu and the option to add or remove 
DVD Player becomes available under Multimedia on the Windows Setup tab in the Add/Remove 
Programs tool. After it is installed, the DVD Player software can be removed and reinstalled 
without having to reinstall the decoder drivers.  
 

http://www.computerhope.com/jargon/s/start.htm


NOTE: If a supported DVD decoder adapter is being used, but has third- party drivers installed, 
Windows 98 does not install the Windows 98 drivers or DVD Player until the third-party drivers 
are removed using Device Manager.  
 
Other DVD playback software and decoder adapters, including other Cinemaster DVD decoder 
adapters such as the Cinemaster S, are not supported and require the drivers and software 
provided by the manufacturer to function properly. 

 

Sound recorder  
To increase the maximum recording time in the Sound Recorder utility:  

1. Make sure that you have installed a functional microphone, and then start the Sound 
Recorder utility.For additional information about how to troubleshoot problems that you 
may have with your microphone connection, click the article number below to view the 
article in the Microsoft Knowledge Base:  

266677 How to Troubleshoot Microphone Issues  

2. Click Record, and then let Sound Recorder run for 60 seconds. 
3. After Sound Recorder stops recording, click Save As on the File menu, and name the file 

Blank.wav. 
4. To increase the maximum recording time in Sound Recorder, click Insert File on the 

Edit menu, and then insert the Blank.wav file that you saved in step 3. When you do this, 
the maximum recording time is increased by 60 seconds. You can repeat this step once 
for each additional minute of recording time that you want to add. For example, for a 5-
minute recording time, insert the Blank.wav file five times. 

To make Sound Recorder use the extended length of recording time automatically:  

1. Right-click Start, and then click Open.  
2. Double-click the Programs folder.  
3. Double-click the Accessories folder.  
4. Double-click the Multimedia folder or the Entertainment folder.  
5. Right-click Sound Recorder, and then click Properties.  
6. Click the Shortcut tab.  
7. In the Target box, press the END key, press the SPACEBAR, and then type the location 

of the Blank.wav file.  
 
For example, if the target is "C:\Windows\sndrec32.exe", and the location of the 
Blank.wav file is C:\Blank.wav, the new line in the Target box is 
"C:\Windows\sndrec32.exe C:\Blank.wav"  

http://support.microsoft.com/kb/266677/EN-US


The next time you start Sound Recorder, the Blank.wav file opens automatically. After you 

record your new .wav file, you can click Delete After Current Position on the Edit menu to 

remove the extra blank space in the file. 

Controlling the Volume  
Controlling the Volume From The Task Bar (Windows 98) 

Did you ever wish you could quickly adjust the volume on your computer's speakers without having to find your sound board's mixer 
program, or without having to stand up and manually adjust the control on the speaker? Windows 98 has a way to add an applet to the 
Taskbar that will allow you to quickly tweak your speaker's volume. Here's how. 

1 - Click Start 

2 - Select Settings/Control Panel 

3 - Double Click the Multimedia icon 

4 - Select the Audio tab 

5 - Select the Show volume control on Taskbar option. 

Once enabled, clicking the speaker icon on the Taskbar will launch the volume control slider. Double-clicking the speaker icon will 
launch the sound boards mixer program. 

-In most cases the small speaker icon is located in the system tray by default.  

Sharing Data Between Applications 

Understanding the Data-Sharing Capabilities of Windows 98 

Windows 98 enables you to share date in three ways. At the simplest level, you can transfer data 
from one application to another by using the Clipboard to copy and paste. When you exchange 
data with this method, no link is established between the source and destination documents. 

The second way to share data between applications is to establish a link between the source and 
destination applications. Windows 98 and many Windows applications support object linking 
and embedding (OLE), a technology that lets you use data from a source or server application in 
one or more other destination or client applications. If you link data and then update the source 
data, the destination data is automatically updated also. For example, you can have a live data 
feed of stock prices continually update an Excel worksheet. 

Linking Data 

The two techniques that you have learned so far place static copies of selected data in a new 
location. There is no link between the data in the source and destination documents. 

A more sophisticated way to exchange data in Windows 98 is through linking. Before the arrival 
of the OLE standard, dynamic data exchange (DDE) was the technology used to link data. Now, 
OLE offers both linking and embedding. With OLE, you can create links from one document or 



file to another document or file. These links can be between documents that are created in the 
same application (such as Word) or documents that are created in different applications (such as 
Word and Excel). After you establish a link, you can update the linked information automatically 
by editing the original source of the information. This means you can use data in various places 
but update it in only one place. 

Using File Converters to Import Files 

In some cases you might want to import an entire file from one application into another 
application instead of just copying and pasting part of a document. Many Windows applications 
have built-in file converters that enable you to convert a file of one format into the format of the 
application in which you are working. In many cases the file converter preserves the formatting 
of the original document. For example, you can import a WordPerfect document into Word for 
Windows and preserve many of the formatting enhancements. 

Creating Compound Documents 

In this section you will learn how to create compound documents. Compound documents are 
documents you create using multiple types of data pulled in from various applications. The 
technology used to create compound documents is Microsoft's OLE. 

The basic building blocks of a compound document are objects. Objects are embedded into the 
container or client application, which contains one or more embedded objects. For example, you 
can embed a graphics object from a graphics application and a data table from an Excel 
worksheet into a Word document, which acts as the container for the objects. An application that 
supplies an object is referred to as a server application. The server application provides OLE 
services to the client application. 

Windows 98 Dial-Up Configuration 
 

Making a New Dial-up Connection  

1. Double click My Computer on the Desktop, then open Dial-Up Networking from the 
listed folders.  

2. Double click the Make New Connection icon 



 

3. In the Welcome to Dial-Up Networking window, click Next 

 

4. In the Make New Connection window, type in Real Time for the name of the computer. 
This actually becomes the name of the connection. 



 

5. Type in 612 for the Area code and344-5525 for the Telephone number. Click Next 

 

6. Click Finish. 



 

Configuring your Dial-up Connection 

1. Right Mouse Click on the Real Time Icon and select Properties 

 

2. A new window entitled Real Time will appear. Click the Server Types Tab 



 

3. Select PPP: Internet, Windows NT Server, Windows 98 for the type of Dial-Up 
Server. The only check marked box should be TCP/IP. Click TCP/IP Settings.. 



 

Another window will open with the title TCP/IP Settings. Select Server 
assigned IP address and Server assigned name server addresses. Also, place a 
check in front of Use IP header compression and Use default gateway on 
remote network. Click OK. And click OK on the Real Time window to close it. 



 

Connecting to Real Time 

1. To connect to Real Time, double click the Real Time icon 

 



2. Enter your Real Time User name and Password. Click Connect. 

 

The instructions and screen shots contained within this website are specific to services offered by 
Real Time Enterprises only.  

If you have any problems connecting to Real Time after carefully following these directions, 
please call (952) 943-8700 and we will be happy to help you.  

Direct cable connection 

Overview 

This overview describes how two Windows 95 or Windows 98 computers can use the DCC feature. This 

feature enables you to establish a connection between two computers quickly and easily by using a 

parallel cable, a null-modem serial cable, or an infrared connection. After you have established the 

connection, the DCC feature facilitates the transfer of files from the host computer to the guest computer. 

The host can act as a gateway to an Internetwork Packet Exchange/Sequenced Packet Exchange 

(IPX/SPX) or NetBIOS Enhanced User Interface (NetBEUI) network for the guest. 

 

For example, if you have a portable computer, you can use a cable to connect it to your work computer 

and network. To establish a local connection between two computers, you must connect a compatible 

serial or null-modem parallel cable to both computers, or both computers must be equipped with infrared 

devices. 

 

Before you can transfer files from the host to the guest computer, the files must be in a shared folder, and 

File and Printer Sharing services for either Microsoft or NetWare networks must be enabled in the 

Network option in Control Panel. You can also apply share-level security to the shared files. For more 

information, click Help on the Start menu. 

 

To establish a local connection between two computers, you need a compatible serial or parallel null-

http://www.real-time.com/


modem cable. 

 

The DCC feature provides you with a cost efficient, yet slow network connection between two computers. 

Also, the DCC feature can act as a gateway to the rest of the local area network (LAN). With the DCC 

feature, you do not need to configure any interrupt requests (IRQs) or input/outputs (I/Os) for an adapter, 

and the expense of a null-modem cable can be considerably less than that of a network adapter and cable. 

Also, the DCC feature can be used only when needed and it does not need to be constantly running on 

your computer. 

 

The capability of the DCC feature is vaguely similar in functionality to Interlink for Microsoft MS-DOS 

6.x that enables you to transfer data through the serial port between two computers. However, the DCC 

feature in Windows 98 actually uses the Dial-Up Networking architecture to connect to another computer. 

The DCC feature enables a two-computer network to be set up over serial or parallel cabling. To share 

resources when you use the DCC feature, you must install the full Dial-Up Networking support, and you 

must share folders and printers with other users.  

The Steps to Install and Configure the DCC Feature 

To Install the DCC Component 

1. Click Start, point to Settings, click Control Panel, and then double-click Add/Remove 
Programs. 

2. Click the Windows Setup tab, click Communications in the Components box, and then click 
Details. 

3. Click to select the Direct Cable Connection check box, and then click OK. 
4. Click OK again. 

NOTE: if you are prompted for the Windows 95 or Windows 98 CD-ROM, insert the disk into the CD-

ROM drive.  

In Windows 95 

In the Copy files from: box, type: x:\win95, and then click OK (where x represents the drive letter of 

your CD-ROM drive). 

 

After the files are copied to the computer, you may be prompted to restart your computer. Click OK to 

restart the computer.  

In Windows 98 

In the Copy files from: box, type: x:\win98, and then click OK (where x represents the drive letter of 

your CD-ROM drive). 

 

After the files are copied to the computer, you may be prompted to restart your computer. Click OK to 

restart the computer. 

 

Both Windows 95 and Windows 98 provide a Direct Cable Connection Wizard to establish the 

connection between two computers. The wizard runs when you use the DCC feature for the first time. The 

wizard enables you to designate one computer as the guest and the other as a host. Before you run the 

wizard, you must install the DCC feature on each computer and connect them with a null-modem serial or 



parallel cable, or with an infrared device. For more information about how to set up and use the DCC 

feature, refer to Help, or to "I am unable to connect my Windows 95 computer to my Windows 98 

computer" in the Networks troubleshooter section.  

To start the Direct Cable Connection Wizard 

Click Start, point to Programs, point to Accessories, point to Communications, and then click Direct 

Cable Connection. 

 

To set up the DCC feature: 

 

When two computers are connected by means of the DCC feature, one computer functions as the host and 

the other computer functions as the guest. The host computer has the privilege to assign a password to the 

connection (as well as separate passwords for any folders that it wants to share with the guest). The guest 

computer can access any folders that are shared by the host, but the host cannot access the shared folders 

on the guest.  

 

First, you need to set up the DCC feature on the host computer, and then you need to set up the DCC 

feature on the guest computer. Click Start, point to Programs, point to Accessories, click 

Communications, and then click Direct Cable Connection. The Direct Cable Connection Wizard is 

displayed.  

 

In the first dialog box of the wizard, you must identify the current computer as either the host or the guest. 

Then, click Next. In the second dialog box, you can observe a list of available ports. You must select the 

port that you plan to use, connect your cable if it is not already connected, and then click Next.  

 

NOTE: When you use an infrared link for the DCC feature, you have to locate the virtual 

communications (COM) port that the infrared device uses before you run the Direct Cable Connection 

Wizard:  

1. Click Start, point to Settings, click Control Panel, and then double-click Infrared Monitor. 
2. In Infrared Monitor, click the Options tab to list the virtual COM port that the infrared device 

uses. 
3. Use this COM port to select the port to use in the Direct Cable Connection Wizard. 

If you are setting up a host computer, the third dialog box of the wizard gives you the opportunity to 

specify a password. After you have entered a password (or declined to enter a password), click Next. 

Your host computer is ready. If you are setting up a guest computer, the password step is omitted. 

 

When you have set up both computers, you can begin to transfer files immediately. Or, you can click 

Close to exit from the wizard. When you are ready to transfer files, you can run the DCC feature again on 

both computers.  

 

NOTE: When you first establish a connection, your guest computer may be requested to enter the name 

of the host computer. Enter the name of the computer without any backslash (\) characters (do not enter 

the universal naming convention [UNC] path of the host computer, only enter the name). Ensure that you 

share any host computer folders, which contain the files that you want to copy to the guest computer. For 

information about sharing folders, refer to "Sharing Folders with Other Users." 

 



Windows 95 and Windows 98 supports a serial null-modem standard (RS-232) cable and the following 

cables:  

 Null-modem serial cables 
 Basic 4-bit parallel cables, including LapLink and InterLink cables that had been available before 

1992. Parallel cables transmit data simultaneously over multiple lines, whereas serial cables 
transmit data sequentially over one pair of wires. Therefore, parallel cables are faster than serial 
cables. 

 Extended Capabilities Port (ECP) cable. This type of cable works on a computer with ECP-
enabled parallel ports that must be enabled in the basic input/output system (BIOS). This kind of 
parallel cable enables data to be transferred more quickly than a standard cable. 

 Universal Cable Module (UCM) cable. This cable supports the connection of different types of 
parallel ports. The use of this cable between two ECP-enabled ports enables the fastest possible 
data transfer between two computers. 

 The use of the DCC feature over an infrared link. 

NOTE: ECP cables provide faster performance than any of the other alternatives, but they require an 

ECP-enabled parallel port on both computers. A UCM cable can be used with different types of parallel 

ports. 

 

For additional information, click the article number below to view the article in the Microsoft Knowledge 

Base:  

142324 Cables That Are Compatible with Direct Cable Connection  

To Order a DCC Cable 

A DCC cable, referred to as a high-speed DirectParallel cable, may be obtained from Parallel 

Technologies. 

 

To contact Parallel Technologies by phone:  

 

Inside the United States: (800) 789-4784 

Outside the United States: (425) 869-1119  

 

Or, contact the company by means of the Internet or by e-mail message:  

 

Internet address: 

http://www.lpt.com 

E-mail messages can be sent to: sales@lpt.com 
 
Microsoft provides third-party contact information to help you find technical support. This contact information may change without 
notice. Microsoft does not guarantee the accuracy of this third-party contact information. 
 
The third-party products that are discussed in this article are manufactured by companies that are independent of Microsoft. Microsoft 
makes no warranty, implied or otherwise, regarding the performance or reliability of these products. 

 

How to set up and use Windows ‘Hyperterminal’ 

http://support.microsoft.com/kb/142324/EN-US
http://www.lpt.com/


WINDOWS 95/98 SETUP 
Start HyperTerminal by clicking on ‘Start -> Programs -> Accessories -> Communications -> 
HyperTerminal’. A window will appear with a number of default HyperTerminal setups (‘.ht’ 
files). Double click on ‘Hypertrm’ to start HyperTerminal. 
The next screen that appears depends on whether HyperTerminal has been run before. 
When running for the first time the ‘Location Information’ dialog box appears. Even though we 
will not be using a dial-up connection Hyperterminal insists that we fill in this information. Select 
your country or region and enter your area code then press ‘Close’ to continue. 
If you do not have not installed a modem a dialog box will appear asking you to install a modem. 
Ignore it by pressing ‘Cancel’. 
The ‘Connection Description’ dialog box appears. Here you can enter a name for this 
configuration of HyperTerminal. In this case let’s call it ‘Term9600’ because the setup will be for 
communication at 9600 baud data rate. Select an icon then press ‘OK’. 
The ‘Connect To’ dialog box appears. From here on the setup is the same as for Windows 2000/XP 
(see above). 

SENDING FILES 
Programmer kits such as K121, K122 and K123 require that a HEX file be sent to the programmer 
when required. To send a file in HyperTerminal click on ‘Transfer -> Send Text File…’ then 
navigate to the file you want, select it and press ‘Open’. The file will be sent. 

CAPTURING DATA TO DISK 
Sometimes it is necessary to save data received from a kit to a disk file eg. when capturing logged 
call data from K164 or HEX data read out from an Atmel chip in K121, K122 or K123. This data is 
normal ASCII text. In HyperTerminal we use the ‘screen capture’ feature to do this. 
Click on ‘Transfer -> Capture Text…’ – a dialog box appears where you can enter a filename and 
choose the folder where it will be saved. HyperTerminal uses ‘CAPTURE.TXT’ as a default 
filename – you can change this to whtever you like. Press ‘Start’ when done. The word ‘Capture’ 
will be displayed at the bottom of the Hyperterminal window, indicating that screen capture is 
enabled. 
Now, ALL data written to the screen will captured and saved to the specified file. 
When you have finished capturing data click on ‘Transfer -> Capture Text -> Stop’. The file is a 
normal text file which you can view or edit using any text editor such as Notepad. 

EXAMPLES OF USING HYPERTERMINAL WITH VARIOUS KITS 
Using with kits K121, K122 and K123 
Start HyperTerminal and check that you can communicate with the programmer kit. 
Put in the chip to be programmed. Use the Erase (C or E – read the menu) command to erase the 
chip, ready for programming. 
Hit P for program. You will be prompted ‘Send file now …’. Send the HEX file as described 
above. The file will be sent and programmed into the chip. 
If you want to verify that the chip was programmed correctly use the V command. You will be 
prompted to send the HEX file again. 
Use the L command to lock the code in the chip. This is a security feature of the chips that prevents 
the code being read out. 
In the latest K123 firmware there is a ‘Q - Bulk Programming’ feature built in. This is the same as 
using the ‘C P L’ commands individually. You will still be prompted to send the file. 
It may be helpful to put the shortcut to HyperTerminal (.ht file) in the same folder as your HEX 
files. The ‘Send Text File’ dialog box will then automatically show the HEX files without you 
having to browse to their location. 
If you want to read out the contents of a chip and save it to disk then you enable screen capture (as 
described above) and use the R command. The chip data is written to the screen and saved to disk at 
the same time. When finished turn off screen capture. You will have to edit the text file to remove 



any unwanted characters at the beginning and end of the file. 

Saving K164 call data to disk 
Start HyperTerminal and check that you can communicate with the kit. Hit the enter key and type in 
your password. You will be presented with a menu. 
Enable screen capture as described above under ‘CAPTURING DATA TO DISK’. 
From the menu select option ‘1 – Download data’. The data will be written to the screen and saved 
to the disk file at the same time. When all data has been sent turn of screen capture. You will have 
to edit the text file to remove any unwanted characters at the beginning and end of the file. 
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