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Preface

Although the first microprocessor was developed in 1969, it wasn’t until 1975 that a
personal computer could be purchased in kit form in the United States. From 1975
through 1981 a large number of vendors entered the personal computer field, manu-
facturing over a hundred different types of computers. Unfortunately, the most common
characteristic among personal computers was their incompatibility with one another.

In what some people would call typical IBM product development strategy the emerg-
ing personal computer market was noted and the company waited to enter this com-
putational area until a large enough demand developed to make a venture financially
successful. In 1980, IBM formed an internal entrepreneurial group whose charter was
to develop a personal computer that could be used in business or home environment
and to have the product ready to sell within one year. The result was a new era in
personal computing, that began with the introduction of the IBM PC in August 1981.

From a technical perspective the IBM PC was quite similar to several personal
computers that were already marketed. Where the IBM PC broke new ground was in
its legitimization of personal computing in the eyes of corporate America and in its
open architecture. By designing the IBM PC with expansion slots and publishing the
technical specification governing the slot interface, IBM made it extremely easy for
third-party vendors to design compatible equipment whose installation increased the
functionality of the computer.

The success of the IBM PC resulted in its acceptance by industry and the business
world as a de facto standard for personal computing. Due to this acceptance, many
persons questioned the necessity for what is essentially a second standard represented
by a second series of personal computers that IBM introduced in April 1987, when the
PS/2 family was announced.

Members of the PS/2 family differ from the original PC series in several areas,
including the type of data storage media used, expansion slots supported, and video
standard capability. Although these differences are not trivial, it is important to rec-
ognize the fact that both generations of personal computers support DOS. Due to this,
over 99 percent of software developed for use on the IBM PC series will operate on
PS/2 computers.

Once you see the operation of software on a PS/2, the answer to questions concerning
the rationale for a second generation of personal computers becomes evident. The PS/2’s
use of 3Y2-inch diskettes with rigid outer cases significantly reduces the potential for
data corruption due to disk damage that occurs with 5Vs-inch floppy diskettes used on
the original PC series. The new video standards incorporated into the PS/2 computers
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provide both enhanced clarity in displaying data as well as compatibility with the display
modes supported by the first generation of personal computers. Although adapter boards
designed for the PC series cannot be used in the Micro Channel expansion slots of PS/2
computers, this is probably a small price to pay compared with the design and capabilities
incorporated in Micro Channel architecture. The Micro Channel design requires adapter
boards to have better grounding and more rigid construction than adapter boards de-
signed for insertion in the IBM PC series of personal computers. Concerning capabilities,
the Micro Channel design permits adapter boards containing independent micropro-
cessors to operate in conjunction with the microprocessor on the system board of the
PS/2. This design can permit up to 15 additional processors to be supported by Micro
Channel-based PS/2s, providing a significant expansion capability that may enable its
design to support new technological development into the next century. The PS/2
provides users with both a mechanism to perform desktop processing today and the
capability to take advantage of tomorrow’s technological development.
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Hardware Overview

The IBM Personal System/2 is a family of personal computers that represent IBM’s
second generation of small computer technology. Unveiled in April 1987—approximately
six years after the introduction of the IBM PC—members of the PS/2 family were
designed to provide users with enhanced performance while retaining a high degree of
compatibility with programs developed for operation on the earlier series of personal
computers.

When the IBM PS/2 family was introduced, four distinct models were announced.
Each of these models—30, 50, 60, and 80—could have its level of performance equated
to its model number, with the PS/2 Model 80 representing the highest level of per-
formance. Subsequent to the April 1987 introduction, IBM added five additional models
to the PS/2 family: the Models 25, 50Z, 55, 70, and P70. The PS/2 Model 25 presently
represents the entry-level member of the Personal System/2 family. The PS/2 Model
50Z and Model 55 can provide a higher level of performance than the Model 60, whereas
the PS/2 Model 70 can provide a higher level of performance than the Model 80. The
Model P70 is IBM’s first portable member of the PS/2 family.

Because everyone may experience substantial confusion in comparing the perform-
ance level of different members of the PS/2 family, this chapter first examines the basic
components of each computer model. Then attention shifts to the system unit, because
this component is designed to contain the microprocessor memory, circuitry, and on-
line storage devices that govern the functionality and level of performance of each
computer. Using this information as a base, this chapter then examines each member
of the PS/2 series to describe its level of performance, as well as its ability to operate
under the control of IBM’s two major operating systems—DOS and 0S/2.

Although there will probably never be a typical PS/2 system, each PS/2 will include
a minimum of these major components: a keyboard unit; a system unit containing space
for the installation of memory, a variety of adapter boards and storage devices; a
monitor; and a printer: For all members of the PS/2 family except the Model 25 and
Model P70, each of the major components is a modular, standalone device with the
keyboard, monitor, and printer capable of being connected via individual cables to the
system unit. Both the Model 25 and Model P70 consist of a system unit and a monitor
in one common housing, eliminating the requirement to cable a monitor to the system
unit of that computer.

Figure 1.1 illustrates the four members of the PS/2 family that were announced in
April 1987. The PS/2 Model 30 and PS/2 Model 50 are desktop units, each having a
system unit that can be placed horizontally on a desktop, with your monitor resting on
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Figure 1.1

The Original
Members of the PS/2
Fomily fleft to right):
Models 30, 50, 60,
and 80 (Photograph
courtesy of IBM
Corporation)
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it. The PS/2 Model 60 and Model 80 have a vertically constructed system unit designed
to be placed on a floor. Then your keyboard and monitor can be placed on a desktop
and cabled to the floor-standing system unit.

Although each member of the IBM PS/2 family has a keyboard and system unit,
the wide variety of equipment marketed by IBM and other manufacturers may mean
that your system differs slightly from any of those shown in Figure 1.1. Among the
major differences that can occur are the type of monitor used and the number and type
of on-line storage devices that are either housed in your system unit or cabled to that
component. Remaining portions of this section examine two components that are com-
mon to all PS/2s—the keyboard and system unit—although the system unit varies among
the computer models.

Keyboard

Each member of the IBM PS/2 family uses the Enhanced PC Keyboard, illustrated in
Figure 1.2. This 101-key keyboard is attached via a coiled cable to the rear of the
system unit of your computer. The keyboard contains all of the keys found on a con-
ventional typewriter as well as many special keys. These special keys are designed to
assist the computer user in performing such tasks as programming, editing, updating,
and executing programs. As an option, you can obtain an 84-key Space-Saving Keyboard
for the Model 25. This keyboard is essentially the same as the Enhanced Keyboard,
except that it does not have the numeric keypad.

At the top of the keyboard are 12 function keys, labeled F1 through F12, arranged
in a row of three areas, with each area containing 4 keys. These keys can initiate
special functions, such as displaying a menu or help information. Because each function
key transmits a unique (but nonprintable) code when pressed, application programs can



Figure 1.2

IBM Enhanced
Keyboard for Any
Model of PS/2
(Photograph courtesy
of IBM Corporation)

Table 1.1
Initial Function Key
Assignments in BASIC

HARDWARE OVERVIEW 3

Key Command Key Command
F1 LIST Fé6 LPT1:

F2 RUN F7 TRON

F3 LOAD F8 TROF

F4 SAVE FQ KEY

F5 CONT F10 SCREEN

assign special meanings to these keys, such as commands to load a data file or to
terminate the program and return to the operating system command level. With the
help of special utility programs, you can assign your own definitions to these keys. For
example, you can make a single keystroke initiate a complex command sequence that
you frequently enter via the keyboard.

IBM assigned predefined functions to the function keys for editing disk operating
system (DOS) command line entries and for generating BASIC language commands.
For DOS command line editing only the first five function keys have a predefined
meaning. In BASIC, 10 keys are initially assigned meanings in the form of BASIC
commands that are generated when each key is pressed. You can change the meaning
of one or more function keys in BASIC to correspond to a function or sequence of
operations you commonly perform; hence, you can save labor using these keys, because
each one can reduce a long series of keystrokes to a single keystroke. Table 1.1 lists
the BASIC commands initially assigned to each function key.

Most application programs—word processors, spreadsheets, and database man-
agers—take advantage of the function keys by assigning a program function or operation
to each key. As an example, pressing F2 when you are using a word processing program
might invoke a spelling checker, and F5 could center the data on the line where the
cursor currently resides. Note that function keys may perform different tasks for dif-



4 IBM PS/2 USER’S REFERENCE MANUAL

ferent application programs, because there are no standards governing the program
function assigned to each key.

The numerie keypad is situated on the right-hand side of the keyboard. The keypad
is useful for the rapid entry of numeric data, as on a calculator. Because most keys in
this area perform dual actions—numeric values and cursor movement—you must enable
their numeric usage by pressing the Num Lock key, which is above the 7/Home key.
Note that in the upper right corner three indicators (labeled Num Lock, Caps Lock,
and Scroll Lock) are illuminated when their respective keyboard states are enabled.

In the upper left portion of the keyboard, to the left of the F1 key, is the Esc (escape)
key. As its name implies, the code generated by this key is typically interpreted by
application programs as a request to escape from a current activity.

Although the keyboard may not appear to be a sophisticated device, it in fact contains
an Intel 8048 microcontroller that provides a significant degree of intelligence. The
microcontroller supervises all keystrokes, generates a unique code for each key, and
transmits these codes to the microprocessor located inside the system unit to which
the keyboard is cabled. Other tasks performed by the 8048 include a diagnostic test
of the keyboard when power is applied to the system unit; preventing one keystroke
from being interpreted as two, which is more formally known as debouncing; and
checking the keyboard for stuck keys.

When you press any key, it generates a unique number known as its scan code. For
the keys on the keyboard illustrated in Figure 1.2, the scan codes are numbered 1
through 101 to correspond to the number of keys on the keyboard. When you press a
key, the 8048 transmits the scan code of the key to the system unit. Similarly, when
you release the key, the 8048 transmits the key-release code to the system unit; the
release code is the regular scan code of the key plus 128.

When a key is pressed, released, or repeated by holding it down, its action is stored
in a 20-character buffer inside the keyboard. The keyboard generates an interrupt to
the system unit, in effect requesting the servicing of the key action. In response to the
interrupt, part of the operating system code reads the scan code from the keyboard
and sends instructions back to the keyboard. This code is known as the Basic
Input/Output System (BIOS), and it is contained on a read only memory (ROM) chip
in the system unit. BIOS instructions tell the 8048 microprocessor in the keyboard to
remove the key action from the keyboard’s buffer.

The ROM BIOS routines in the system unit are responsible for monitoring all key-
board activity. That is, they keep track of the scan codes and release codes to determine
whether you pressed a sequence of alphanumeric keys; held down one key to make it
repeat the character; or held down the Alt, or Ctrl, or Shift key while you were pressing
other keys in order to initiate some special function. The routines also keep track of
the current status of the toggle keys (Caps Lock, Num Lock, and Seroll Lock). In the
light of all this information, the BIOS routines are able to translate your keystrokes
into the appropriate ASCII codes for processing purposes.

System Unit

The heart of each member of the IBM PS/2 family is its system unit. When viewed
from the front, each desktop unit has the IBM logo in the upper left corner and at
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least one 3V2-inch diskette drive located to the right of the section containing the logo.
Depending on the storage devices you obtain with your computer, you can have another
3Ve-inch diskette drive or a fixed disk installed in the housing area to the right of the
first diskette. At the extreme right of the front of the system unit is a power-on light
and the power switch. Figure 1.3 illustrates the front of the system unit of the PS/2
Model 50, highlighting its exterior parts.

In examining the interior of a PS/2’s system unit, this chapter uses the Model 50
for illustrative purposes, as well as for referencing the similarities and differences
between members of the PS/2 family of personal computers.

System Board

Figure 1.4 illustrates the system board of the PS/2 Model 50; the system board becomes
visible if you remove the cover of the system unit and then disconnect and remove any
previously installed on-line storage devices and adapter cards. Note that the right side
of the system board illustrated in Figure 1.4 is installed to face the front of the system
unit. Similarly, the left side of the system board containing parallel and serial ports,
as well as the keyboard and pointing device connectors, is installed facing the rear of
the system unit. This layout explains why you must cable your monitor, keyboard, and
other peripheral devices to connectors located at the rear of your system unit.

The square and rectangular areas located in the lower right portion of Figure 1.4
are the microprocessor and optional math coprocessor, respectively.

Microprocessor

The microprocessor is the key to the data processing and computational capability of
your personal computer. Depending on the PS/2 model you use, your system unit
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contains one of three types of microprocessors manufactured by the Intel Corporation.
Models 25 and 30 use the Intel 8086; Models 30 286, 50, and 60 use the Intel 80286;
and Models 55, 70, P70, and 80 use the Intel 80386 microprocessor.

Although the PS/2 family was introduced as the successor to the IBM PC series, in

| actuality the microprocessors used in some PS/2 models either predate (8086) or are

the same chip (80286) used in some members of the original IBM PC series of personal
computers. When IBM was designing its first personal computer, Intel marketed two
similar microprocessors, the 8086 and the 8088.

The Intel 8086 was first manufactured in 1978, a year before the 8088. Both mi-
croprocessors manipulate data in 16-bit increments; however, the 8086 exchanges data
with memory and many peripherals in 16-bit segments, whereas the 8088 is limited
by an 8-bit data bus to performing I/O operations in 8-bit segments. Even though the
differences between the 8086 and 8088 are significant, their design provides program
compatibility between microprocessors, permitting programs developed to operate on
the 8086 with the ability to operate on the 8088. Another key difference between the
8086 and the 8088 is their operating rate.

Operating Rate Versus Clock Rate

The operating rate of a microprocessor is a function of a quartz crystal included on
the system board. This crystal can be thought of as functioning similar to a metronome,
providing a steady beat in increments of time that are used by different electrical
elements on the system board to operate in tandem. The crystal generates pulses used
to synchronize the flow of electronic pulses between the computer circuits and com-
ponents in the system unit. The rate at which the crystal oscillates, or beats, is known
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as its clock rate and governs how fast information can flow in the computer. Thus, the
faster the clock, the quicker data bits can be recognized and processed.

Although it would appear that simply increasing the clock rate could make a computer
more powerful, many design constraints limit the speed of the clock used in a particular
computer. First, a faster clock operates at a higher frequency (more oscillations per
unit of time) than a more slowly operating clock. Because high frequencies are more
likely to leak than low frequencies, this means that at some crystal operating rate errors
will occur due to leakage being interpreted as false pulses. A second limit to the clock
rate is imposed by the memory chips used in a computer. These chips are rated for a
minimum access time—that is, there is a delay between the moment when you apply
the address signals and the moment the data is available on the chip output lines. If
your clock rate is shorter than this delay time, you'll read incorrect data. Although both
of these limitations to clock rate can be circumvented to a degree—by shielding con-
nectors and using faster memory chips—it can be costly to do so. Thus, personal com-
puters are designed to operate at a specific clock speed or, in some cases, at one of
two clock speeds.

Clock speed is measured in megahertz (MHz), which stands for millions of cycles or
pulses per second. The rate at which the crystal oscillates differs from the rate at which
the microprocessor operates, because circuitry in all personal computers derives fractions
of the crystal oscillation rate to operate different components mounted on the system
board. Thus, one measurement of the amount of information a microprocessor can
process is its operating rate and not the system clock rate. Fortunately, all personal
computer manufacturers specify the actual operating rate of the microprocessor they
use in their computer.

The 8086 Versus 8088 Processors

The Intel 8086 operates at 8 MHz, whereas the 8088 (used in the IBM PC) operates
at 4.77 MHz. Even though the wider data path and higher operating rate of the 8086
boosts its performance to approximately twice that of an 8088, IBM selected the 8088
for its first personal computer. The reason for its selection was probably one of eco-
nomics; it would have been more expensive for IBM to develop adapter cards and other
parts that could take advantage of the 8086’s 16-bit bus structure. Thus, the selection
of the 8088 enabled IBM to take advantage of the 16-bit processing capability of the
microprocessor as well as the lower costs associated with the use of an 8-bit bus
architecture. Although several vendors incorporated 8086 microprocessors into their
personal computers both before and after the IBM PC was introduced in 1981, it took
IBM until 1987 to incorporate that chip into the PS/2 Model 25 and Model 30 computers.
Even then, IBM did not take full advantage of the 8086, because the bus used in the
PS/2 Model 25 and Model 30 computers was constructed using an 8-bit data path.
Although this design precludes taking full advantage of the 8086, it permits adapter
cards designed for use in 8088-based IBM PC and PC XT personal computers to be
used in the PS/2 Model 25 and Model 30 computers.

The 80286 Processor

The Intel 80286 was first manufactured in 1982 and was used by IBM in its PC/AT,
which was introduced in 1984. The 80286 is similar to the 8086 in that both are true
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16-bit microprocessors, each with a 16-bit data bus. Although similar to the 8086, the
80286 has several significant differences, primarily the capabilities to operate in two
different modes and to address much more memory. In addition, IBM used Intel 80286
microprocessors that operated at 6 MHz and 8 MHz in its PC/AT. In comparison, the
original PC used an 8088 microprocessor that operated at 4.77 MHz, whereas the 8086
used in different PS/2s operates at 8 MHz.

Real Versus Protected Mode Operation The 80286 can be operated in either
real or protected modes. When the microprocessor operates in its real mode, in essence,
it functions as an 8088 or 8086 with respect to memory address capability. In this
mode the 80286—like the two earlier microprocessors—can only address 1024K bytes
of memory directly, because it uses a 20-bit address to access memory. The 80286 uses
a 20-bit address to provide compatibility with the IBM PC and PC XT that use the
8088 microprocessor. The design of the 80286’s real mode addressing is related to the
design of the 8088. The Intel 8088 is a microprocessor that has 16-bit internal data
paths and for each memory operation generates a 20-bit address that can access 22
(1,048,576) memory locations. However, the microprocessor has only eight pins for
data, so it has to perform two memory operations to fetch or store a 16-bit data word,
one byte at a time. Further, because it’s desirable to be able to keep program code,
data, and the stack in separate blocks of memory, the microprocessor computes every
memory address in two parts, known as the segment and the offset.

The segment is a contiguous area of memory, and the offset is the number of bytes
from the start of the segment. Because the segment is limited to 64K bytes in length,
you can represent any offset by a 16-bit number. The segment must start on a 16-byte
boundary within the physical memory. The 8088 has four 16-bit segment registers,
each of which points to the base of one of the four possible segments (which may
overlap each other). To calculate a physical address, the 8088 multiplies the value in a
segment register by 16 and then adds the logical (offset) address; the result is always
a 20-bit address. Thus, the 20-bit address used by the 80286 in its real mode provides
address compatibility with the 8088 and 8086 microprocessors.

In the second mode of the 80286, the protected mode, the microprocessor uses a
24-bit address bus, permitting direct addressing of 16M bytes of memory. In addition,
in the protected mode of operation the microprocessor becomes capable of running
several applications at one time, a process more formally known as multitasking.

In comparing the performance level of the 80286 with those of the 8086 and 8088,
the 80286 holds over six times the number of transistors than each of the other two
microprocessors. By integrating many devices onto one chip where previous processes
required several chips, the 80286 can run software approximately five times faster than
an 8088 when its chip design, use of a 16-bit data bus, and faster clock rate are
considered.

80386

In 1985, Intel released the 80386, which is a 32-bit microprocessor. The 80386 contains
approximately 275,000 transistors and can directly address 4 gigabytes of memory,
which is 250 times more than the 80286 can address. In addition to processing data
in 32-bit increments, the 80386 also operates at higher clock rates than the 80286,
permitting software to execute three to four times faster than on an 80286-based
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personal computer. Like the 80286, the 80386 can be operated in both real and protected
modes. The IBM PS/2 Model 55, 70, P70, and 80 are based on the use of the 80386

microprocessor.

Coprocessor

ROM BIOS

Figure 1.5

Three Intel Math
Coprocessors
(Photograph courtesy
of Intel Corporation)

A mathematical coprocessor similar to the Intel 80287 shown installed in Figure 1.4
is one of the few options available across the entire PS/2 product line. Each member
of the PS/2 family is manufactured with a socket that accepts a particular math
coprocessor that matches the microprocessor installed in the computer. The coprocessor
extends the capability of the microprocessor, because it can perform certain kinds of
arithmetic operations much faster than the microprocessor. The coprocessor is designed
to perform floating-point arithmetic in hardware, resulting in an increase in speed,
range, and precision over software floating-point arithmetic operations performed by
the microprocessor.

Intel currently markets a family of math coprocessors, three of which are illustrated
in Figure 1.5. Each coprocessor has a notch, which is used to align it for insertion into
a socket of the motherboard of the personal computer for which it was designed.

The Intel 8087 coprocessor is used with 8086 and 8088 microprocessors. The 80287
coprocessor is used with the 80286 microprocessor, whereas the 80387 coprocessor is
used with the 80386 microprocessor.

The four chips aligned vertically above and to the right of the microprocessor illustrated
in Figure 1.4 are known as read only memory (ROM) chips. These ROM chips contain
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instructions or program statements that can only be read and are nonalterable—hence
the name ROM. The four ROM chips illustrated in Figure 1.4 contain approximately
128K bytes of code divided into BIOS (Basic Input/Output System) and a set of BIOS
routines called POST. System boards used in the Model 25 and Model 30 computers
contain 64K bytes of code, similarly subdivided into different routines.

The purpose of the BIOS is to present a common interface to programs by isolating
hardware usage to a set of predefined routines; such routines include displaying infor-
mation on a monitor or writing data onto a file. Programmers can invoke BIOS routines
using a set of interrupts routed to various BIOS entry points. This usually simplifies
the programming effort because, for example, a programmer can simply load data into
a register and invoke an appropriate interrupt to display information on the monitor.
Without the BIOS the programmer would have to know the address of the monitor port
as well as how to control it.

Programmers are encouraged to use standard BIOS calls in writing programs. Al-
though writing directly to the hardware is faster than calling a BIOS routine, it can
cause problems if a new version of the operating system uses an area in memory that
a programmer previously used in developing a “custom” routine.

POST

POST, which is an acronym for Power-On Self Test, is a set of routines designed to
test the keyboard, memory, and other critical elements of the computer. During POST,
the computer writes data into each memory location, computing the proper parity-bit
state, and compares this with the parity bit read from memory; if they differ, a parity
error has occurred and the memory chip is considered to be defective. The screen displays
a code in the upper left corner of the monitor to denote that a parity error occurred.
The code defines the chip location that caused the error. This information can then be
used to replace the failed chip. If no fatal errors are encountered during POST, a routine
is then initiated to activate your computer’s disk drives. This routine searches for a
disk that contains the operating system and, upon finding one, loads a small program
from the disk and executes it. This program, in turn, loads the remainder of the operating
system. When loading of the operating system is complete, control of the computer is
passed from the BIOS to the operating system. Thereafter, the BIOS functions as an
intermediary through which the operating system and application programs can control
system devices.

RAM Memory

Random Access Memory (RAM) is so called because you can store and retrieve data
at any location in any order. In Figure 1.4, the rectangular box located at the top right
of the illustration denotes the area into which RAM memory chips are inserted on an
IBM PS/2 Model 50 computer. A similar location on the system board is used by other
members of the PS/2 family for the installation of RAM. Because this memory is
installed directly on the system board at the time of manufacture, it is also commonly
referred to as on-board memory or system RAM.

Most members of the PS/2 series are manufactured with 1M byte of RAM memory
installed on the system board. The two exceptions to this are the Model 25 and Model
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30, which are manufactured with either 512K bytes or 640K bytes of RAM. The Model
25 is manufactured with 512K bytes of RAM; however, you can order this computer
with a 128K byte expansion kit that consists of RAM chips that plug into the system
board, resulting in a total of 640K bytes of memory. The Model 30 is manufactured
with 640K bytes of RAM on its system board.

Types of Memory

The discussion to this point concerned only conventional memory—that is, physical
memory within the contiguous 1M byte address space that can be directly addressed
by an 8086 or 8088 microprocessor, or by an 80286 or 80386 microprocessor when it
operates in real mode (that is, when it is emulating an 8086 or 8088).

Extended memory is the contiguous address space from 1M byte to 16M bytes. The
8086 and 8088 microprocessors, which have only 20 address lines, cannot directly
address memory above 1M byte. Similarly, when operating in real mode as an 8088,
the 80286 and 80386 are limited to 1M byte.

Expanded memory is any 64K byte segment of memory above the 1M byte boundary.
An 8086 or 8088, or an 80286 or 80386 in real mode, can access segments of expanded
memory by means of a technique known as paging or bank switching. Bank switching
is the process of electronically repositioning expanded memory into the microprocessor’s
address range. The expanded memory is divided into 16K byte blocks called pages, and
these are swapped into or out of an area of main storage called the page frame. This
page frame effectively becomes a window that can look into various blocks of expanded
memory, as shown in Figure 1.6.

To use expanded memory, programs must be designed to operate with a switching
scheme, taking into consideration such factors as the location of the page frame and
page register as well as the size of the page. Fortunately, two specifications that are
basically compatible with each other have attracted the widespread support of software
developers.

The first specification to gain wide support was jointly introduced by Lotus Devel-
opment Corporation, Intel Corporation, and Microsoft Corporation. Known as LIM EMS,
this expanded memory specification uses up to four 16K byte windows between memory
locations 768K and 896K for bank switching to obtain a 64K byte window to expanded

16Mb
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memory. This window is the page frame. The LIM EMS supports up to 8M bytes of
addressable memory and requires the use of a device driver to act as an interface
between an applications program and expanded memory. Unfortunately, programs sold
prior to the introduction of the LIM EMS, or programs not developed to use this standard,
cannot take advantage of expanded memory. To do so requires one to obtain either a
new release of the program that supports the expanded memory specification or a
multitasking shell program under which the application program can operate.

A second extended memory specification was introduced with backing from AST
Research, Quadram Corporation, and Ashton-Tate. Known as the AQA Enhanced Ex-
tended Memory Specification (AQA EEMS), this specification can be considered as a
superset of LIM. The EEMS specification initially uses four page frames that are the
same as the LIM specification, which makes the two compatible. Where the EEMS
specification differs from LIM is in its support of up to 64 page frames, although in
actuality only a subset can be used at one time due to the physical constraints of
conventional memory.

Two years after the introduction of the original LIM EMS specification, it was sig-
nificantly altered to increase its functionality. LIM EMS Version 4.0 incorporates such
functions as multitasking and program code execution in expanded memory, equivalent
to capabilities originally developed by AST for its EEMS. In fact, AST stated that there
is no longer a need for EEMS as a separate specification and added its support behind
LIM EMS Version 4.0. Another key feature of LIM EMS 4.0 was an expansion in
maximum memory limit support, raising the amount of RAM that programs can access
to 32M bytes. Thus, LIM 4.0 provides users of 8086 and 8088 based computers who
require more than 640K bytes of memory an alternative to buying an 80286- or 80386-
based computer system.

Selecting Memory

Before you can use expanded memory, your computer must have at least 640K bytes
of conventional memory. Then you can add expanded memory cards to your computer’s
expansion slots to address more RAM. In fact, for 8086-based PS/2s—such as the Model
25 and Model 30, which do not support OS/2—you can only increase memory support
using expanded memory.

The bus is the path along which signals move from the microprocessor to each of the
system expansion slots that accept various types of adapter cards. The lines that are
visible between system expansion slots are known as trace lines and are part of the
bus. These lines provide three types of signal paths or circuits: addressing, control, and
data. The control circuits direct the flow of information to and from the expansion slots;
the addressing circuits enable data to reach its appropriate destination or to be read
from a specific destination; the data circuits carry information to or from the CPU.
PS/2s that use the 8086 microprocessor were designed with eight data lines from
the microprocessor to the system expansion slots to maintain compatibility with the
IBM PC and PC XT. Thus, system expansion slots of the Model 25 and Model 30
computers can accept adapter cards manufactured for use in the PC and PC XT.



HARDWARE OVERVIEW 13

For 80286- and 80386-based PS/2 computers, IBM designed a new bus structure
called the Micro Channel. The Micro Channel architecture required a complete redesign
of the system expansion slots, which are now incompatible with the original PC ex-
pansion slots. As a result of this incompatibility, adapter boards that can be used in
_ the Model 25 and Model 30 computers cannot be used in the other members of the
PS/2 series and vice versa.

The Micro Channel offers several key advantages over the PC bus structure. First,
and perhaps most obvious to persons familiar with the older PC series, is the elimination
of DIP (dual in-line package) switches on adapter boards designed for insertion into a
Micro Channel expansion slot. By contrast, the Micro Channel provides automatic
configuration of the system and all add-in cards—a feature IBM calls Programmable
Option Select (POS). Add-in cards designed for use in a PC bus normally require the
user to set tiny DIP switches when a card is installed, as well as to set or reset one
or more positions on a DIP switch housing on the system board of the computer. If
you should set a DIP switch incorrectly, you might easily disable your computer. Because
the POS feature permits adapter boards designed for the Micro Channel to be auto-
matically configured when the computer is turned on and reconfigured, by software if
necessary, POS simplifies the hardware installation process while eliminating the pos-
sibility of DIP switch setting errors.

The second major advantage of the Micro Channel over the PC bus is that the Micro
Channel supports bus arbitration. This technique enables expansion card processors,
called masters, to take temporary control of the computer system. Arbitration allows
different devices to gain access to the system’s data bus; if two or more devices attempt
to control the Micro Channel at the same time, an algorithm built into hardware resolves
the conflict. Through hardware arbitration, it becomes possible for the microprocessor
on the system board to delegate special computing tasks to an adapter card designed
specifically for that task. After delegating the task, the main microprocessor can perform
other functions, resulting in a higher performance level.

The Micro Channel is designed to support a total of 16 intelligent processors, in-
cluding the microprocessor on the system board. This means that the Micro Channel
can support up to 15 additional processors that perform such independent functions as
communications, graphics, encryption, or intelligent disk control. In fact, microproces-
sors included on adapter cards for installation into a Micro Channel expansion slot do
not have to be compatible with the microprocessor on the system board. This is because
the arbitration scheme governs access to the bus to pass data between devices, providing
board manufacturers flexibility in designing their produects.

Other benefits of the Micro Channel architecture include its acceptance of a new
card format and pin pattern, the latter significantly reducing the possibility of the
computer generating electromagnetic interference (EMI). The new card format of-adapter
boards designed to fit in a Micro Channel expansion slot is optimized for dense-logic
design. This permits Micro Channel adapter cards to have more very large scale inte-
gration (VLSI) chips mounted on such cards than cards designed for use in an older
IBM PC bus. For its pin patterns, the Micro Channel requires adapter cards to have
ground pins spaced every fourth pin on both sides of the card connector. This pattern
is offset by two pins on opposite sides of the connector, resulting in each signal pin
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being adjacent to a radio-frequency (RF) ground. Due to this design, EMI is significantly
reduced.

Disks and Storage Media

Members of the IBM PS/2 family primarily use 3Y2-inch diskettes and fixed disks for
storing information. Each member of the PS/2 family has one or more 3%-inch diskettes
and/or fixed disks installed in its system unit. To provide data-transfer compatibility
with members of the IBM PC series that use 5%4-inch diskettes, IBM markets an external
5Y%4-inch diskette drive that can be cabled to the system unit of a PS/2.

Figure 1.7 illustrates the components of a 3V2-inch diskette whose magnetic material
used for recording information is encased in a shell of hard plastic to provide protection
against damage. Access to the magnetic material is obtained via a sliding metal cover
that is retracted only when the diskette is placed inside a disk drive. The write-protect
switch located at the bottom of the diskette provides you with the ability to prevent
data from being recorded onto a disk. When the switch is positioned so that the square
hole in the disk is open, the diskette is write-protected. When the switch is positioned
to make a visible square hole as you look down from the top of a disk, information can
be written onto the diskette. Some diskettes, such as the IBM Reference Disk shipped
with each PS/2 and some operating system diskettes, do not have this switch and are
permanently write-protected.

Diskette Operation

The diskette is inserted into the diskette drive with the shutter on the upper shell facing
toward the computer. As the diskette is inserted, its shutter retracts, providing the
read/write heads of the diskette drive with access to the magnetic media.

Tracks, Bytes, and Sectors

Information in the form of data or programs is written onto and read from the diskette
along concentric circles called tracks as illustrated in Figure 1.8. There are 80 tracks
on a 3V-inch diskette, numbered from 0 to 79. Depending on the diskette used, the
type of diskette drive used to format the diskette, and the personal computer user’s
FORMAT command specification, each track is subdivided into either 9 or 18 sectors,
with each sector storing 512 eight-bit bytes of information.

Storage Capacity

The IBM PS/2 family supports two types of 3%.-inch diskette drives—standard and
high-capacity. The IBM PS/2 Model 25 and Model 30 use standard 3V2-inch diskette
drives. Diskettes used in these drives are formatted with 80 tracks per side, using 9
sectors per track. Thus, 2 sides times 80 tracks per side times 9 sectors per track times
512 bytes per sector yields 737,280 bytes of information, or 720K bytes of data storage
capability.

Other members of the PS/2 series are manufactured with 3'%-inch high-capacity
diskette drives. You can use standard 3V2-inch diskettes in this drive and FORMAT the
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diskette to store 720K bytes of data, or you can use high-capacity diskettes to double
the data-storage capacity. If you use 3V2-inch high-capacity diskettes, you can format
the diskette to store 18 sectors per track. The storage capacity of this diskette then
becomes 2 sides times 80 tracks per side times 18 sectors per side times 512 bytes per
sector, yielding 1,474,560 bytes (1.44M bytes) of information.

The Formatting Process

Before you can use a blank disk, you must format it; that is, you must command the
computer to write dummy data to all tracks in such a way that it can later identify
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precisely which part of the disk is currently under the read/write heads. During this
formatting process, the computer divides the recording space into tracks, which are
concentric circles numbered from 0 at the outer edge to 79 at the inner edge for a
total of 80 tracks. For double-sided disks, there are two such tracks, one on each side
of the disk. These upper and lower tracks are numbered identically, but are differentiated
by the number of the head that reads or writes them (0 for the upper, 1 for the lower
head).

The computer then divides each track into sectors, by writing a synchronization
pattern consisting of the track number, head number, and sector number, followed by
the appropriate number of bytes of a special character (usually E5 hex) that denotes
an empty data area. After the last data byte, the computer writes two check bytes that
will allow the detection of reading errors. The computer repeats this sequence of sector
ID, data bytes, and check bytes as many times as there will be sectors on the track.

Fixed disk technology predates the personal computer by several decades. In 1953,
legend has it that IBM’s project to develop a fixed—nonremovable—disk (designated as
product 3030) was ‘“Winchester,” after the .303 rifle. That name later became syn-
onymous with the terms fixed disk and hard disk.

The fixed disks used with members of the IBM PS/2 family vary in capacity from
20M bytes to 144M bytes of storage. Unlike the PC series, which requires a disk
controller to be installed in an expansion slot to control the operation of the disk, several
PS/2 computers have equivalent circuitry installed in a special socket on their system
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board. Those PS/2 computers need fewer expansion slots than members of the PC
series, and therefore occupy less desktop space.

Operation

The fixed disk operates in a very similar way to a floppy diskette drive. Inside a her-
metically sealed housing are one or more platters with a read/write head for each
surface. The read/write head is an electromagnet capable of detecting and producing
a switchable magnetic field to read and write bit streams. The read/write heads are
positioned by an arm from track to track, without the heads actually touching the disk
surface as they float on an air cushion several millionths of an inch in height. Data is
stored on each track in groups of 512 bytes known as a sector. Many disks are formatted
for 17 sectors per track, so that each track stores 8.5K bytes.

Tracks on a fixed disk are numbered from 0 near the circumference in ascending
order toward the center of the platter, the actual number of tracks depending on the
storage capacity of the disk. Figure 1.9 illustrates a schematic diagram of the track
layout on a fixed disk.

To increase the capacity of a fixed disk, data bits can be recorded closer together,
additional platters of data storage can be added to the device, or a combination of both
techniques can be employed. When multiple platters are used in a fixed disk, multiple
read/write heads are used to read and record data onto the corresponding track of each
surface at the same time. The assembly of vertically corresponding tracks of each
surface is known as a cylinder and is illustrated in Figure 1.9.

During a read or write operation, the head is first moved to the appropriate track.
The time required to position the head is known as the disk’s seek time; this time varies
depending on the number of tracks across that the head must be moved in order to
reach the desired track. For a single track movement, a seek time of a few milliseconds
may be required, whereas a movement from the outermost to the innermost track end
of the disk could require 100 milliseconds or more. The average time to position the
read/write head across one-third of the disk to a random sector is known as the average
access time and is usually published by disk manufacturers. Other times published by
some manufacturers include track-to-track access and random reads based on defined
seek widths. Once the read/write head is positioned on the appropriate track, another
delay occurs until data can be read from or written onto the disk. This time is known
as the rotation time and is the delay until the platter rotates to position the first of
the sectors to be accessed under the read/write head. For a disk spinning at 3600 rpm,
the average rotation time is 8 milliseconds.

Interleave Factor

The fixed disk normally rotates at 3600 rpm (or some rate between 2400 and 3600
rpm). As the disk rotates, the first sector to be read or recorded onto passes under the
head, and the data transfer begins. The gap between sectors is small, so the next sector
is reached very quickly—too quickly, in fact, for most disk controllers, because they
usually require some time to get ready for the transfer to or from the next sector. If
the controller is not ready when the second sector passes under the head, the controller
must wait for an entire revolution of the disk for the appropriate sector to be correctly
positioned. To eliminate this waste of time, most disks are formatted to separate logically
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consecutive sectors by one or more physical sectors. This separation is called inter-
leaving and provides the controller with additional time to read or record data onto
consecutive logical sectors without requiring additional disk rotations.

Figure 1.10 shows two single platter disks, one formatted without sector interleaving,
and the second formatted with an interleave factor of three—meaning that logically
consecutive sectors are separated by two physical sectors. Normally, the interleave factor
can be considered as an important parameter in comparing the performance of two
fixed disk drives. As an example of the differences between interleave factors consider
two disks, one with an interleave factor of two and another with an interleave factor
of four. To retrieve all of the data on a track requires two disk revolutions when the
interleave factor is two, but four disk revolutions if the interleave factor is four. Thus,
a fixed disk with a low interleave factor is normally more efficient in storing and
retrieving data than a disk with a higher interleave factor. Because the controller governs
the interleave factor, you want to use the lowest interleave factor that the controller
supports.
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Drive Motors

A fixed disk drive may use either a stepper motor or a voice coil motor to position the
read/write heads. A stepper motor moves the heads a fixed distance and relies on the
mechanical accuracy of the motor to position the heads to the correct location. Because
the motor cannot adjust for media expansion or contraction of the medium, there are
constraints upon how closely tracks of information may be spaced in order to be recorded
and retrieved correctly. These constraints limit the storage capacity of a stepper motor
system.

In a fixed disk that uses a voice coil, the motor controls the read/write head movement
electronically, based on reference data stored on the disk surface. The capability to
alter the reference data enables a greater number of tracks to be formatted onto a
disk. In addition, many voice coil drives are so designed that when primary power is
lost or turned off, the remaining power stored in the power supply’s capacitors is applied
to the voice coil in such a way as to retract the heads quickly to a parking position
outside the data storage area of the platter.

Stepper motor drives are normally two to three times slower than voice coil drives.
In addition, stepper motor drives usually have less storage capacity than voice coil
drives; however, they are also less expensive. If the user does not require a large capacity
drive with fast access time, such as might be necessary for a personal computer fune-
tioning as a local area network server, a stepper motor drive will normally suffice. If
large-capacity storage and quick access are of primary concern, the voice coil motor
drive should be considered.



20

IBM PS/2 USER’S REFERENCE MANUAL

Cluster

Although it is a logical rather than a physical parameter and is controlled by software,
the concept of the cluster is important to understanding the efficiency of fixed disk
operations. The cluster is the smallest addressable unit of storage space in DOS. This
unit of storage corresponds to an entry in the DOS File Allocation Table (FAT), which
can be considered as a map of available space on a storage medium.

Under DOS 2.X, the FAT is 12 bits in length, permitting 4096 (2!2) unique numbers.
If each number denoted a 512-byte sector, the maximum capacity of the disk would
be 4096 x 512 = 2,097,152 bytes. To increase the available storage, DOS 2.X assigns
each FAT number to a cluster of 8 logically consecutive sectors. There’s a trade-off, of
course. The total storage on the disk is now 4096 x 4096 = 16,777,216 bytes, but the
smallest amount of storage that you can allocate to a file is 4096 bytes. Thus, saving
a file that contains only one character results in wasting 4095 bytes of disk storage.
You can, of course, read or write a single 512-byte sector because each sector is
physically identified on the disk, and the operating system can translate a logical sector
number within a file to a physical track and sector number that the disk controller
hardware can use.

Under DOS 3.X the FAT was changed so it could be either 12 or 16 bits in length.
When 16 bits are used, the number of clusters supported increases to 65,535, permitting
a cluster size of 4 sectors, or 2048 bytes, to be used. Thus, fixed disks formatted under
DOS 3.X store data more efficiently than fixed disks formatted under DOS 2.X.

Landing Zone

To prevent data from being damaged due to vibrations or a bump to the computer
system, many manufacturers incorporate what is known as a landing zone into their
drives. The landing zone is a fixed location that does not contain data, onto which the
read/write heads are positioned whenever power to the system turns off or is lost.
Although the use of a landing zone alleviates potential damage to data due to vibrations
or small bumps, if the PS/2 or PC is to be moved you should first use the IBM Diagnostic
Diskette and select the Preparing to Move option. This option parks the heads into
a fixed position and is a much better protection mechanism than a reliance on the
automatic landing zone.

Video Display Support

Unlike the earlier PC series in which video display support is in the form of adapter
boards installed in expansion slots, members of the PS/2 family have built-in graphics
chips on the system board of each computer. The graphics chips used in the PS/2 family
of computers provide two new standards of video display capability over the original
PC series as well as downward video standard compatibility with the video standards
supported by IBM’s first generation of personal computers.

The IBM PS/2 Model 25 and Model 30 include a built-in graphics chip that provides
Multicolor Graphics Array (MCGA) display support. MCGA supports the 320 by 200
pixel graphics resolution of the IBM Color Graphics Adapter (CGA), which was IBM’s
first product to display color and graphics, enabling up to four colors to be simultaneously
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displayed from a palette of 16 colors. In addition to CGA support, MCGA adds three
additional video modes—320 by 200 pixels with up to 256 simultaneous colors from a
palette of 256,000 colors; a 640 by 480 pixel mode in two colors; and a monochrome
mode that supports up to 64 simultaneous shades of gray.

The PS/2 Model 30 286, the PS/2 Model 50, and all higher models use the Video
Graphics Array (VGA) chip, which is a superset of the MCGA. The VGA adds a 640
by 480 pixel mode that can display 16 colors simultaneously from a palette of 256,000
colors.

The VGA standard incorporates 17 different video modes on a single chip. To obtain
an appreciation for the capabilities of the VGA and MCGA chips, a review of the earlier
video standards is warranted.

PC Video Standards

When the IBM PC was introduced in 1981, users could select from two different video
standards—Monochrome Display Adapter (MDA) and Color Graphics Adapter (CGA).
The MDA standard resulted in a 720 by 350 pixel display capability in which characters
are formed in a 7 by 9 pixel matrix within a 9 by 14 pixel box. Unfortunately, IBM’s
MDA provides neither pixel-addressable graphics nor color.

The IBM CGA standard provides both pixel-addressable graphics and color display
capability. The CGA standard includes two display modes—320 by 200 pixels, in which
4 colors from a palette of 16 can be displayed, and 640 by 200 pixels in monochrome.

Users who selected the color graphics adapter to drive a color display obtained a
coarser and less pleasing text display capability because characters were displayed in
a T by 7 pixel matrix in an 8 by 8 box, in comparison to the 7 by 9 matrix within a
9 by 14 box of the monochrome display; however, they also obtained bit-mapped graphics
capability. Because the use of two display adapters and two displays was expensive and
wasted a valuable system expansion slot, it was not long until both IBM and third-
party vendors introduced monochrome graphic display adapters that could be used with
the IBM Monochrome Display.

Shortly after the IBM PC was introduced, Hercules Computer Technology introduced
a video board that was IBM MDA compatible and that added a graphics resolution of
720 by 348 pixels. The Hercules graphics card’s success resulted in its functionality
being cloned by many manufacturers of video adapters and its graphiecs mode being
accepted as a de faeto standard.

With the growth of computer assisted design (CAD), page publishing, and other
graphics intensive applications a driving force, IBM developed a new video standard
known as the Enhanced Graphics Adapter (EGA). The resulting EGA video mode pro-
vided higher resolution graphics and the display of more colors than the CGA as well
as better looking text characters. In its text modes, characters formed in an 8 by 14
pixel box are nearly as readable as in the MDA standard. Graphics modes permit up
to 640 by 350 pixel-addressable graphics, with the display of up to 16 colors from a
64 color palette. In addition to being backward-compatible with the CGA standard, the
EGA can also be used to generate 640 by 350 pixel monochrome graphics, a mode
similar to the Hercules Graphics Card.

Although the EGA standard offered significant improvements over prior video res-
olution and color capabilities, it was still limited with respect to evolving applications.
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Many third-party manufacturers began to produce EGA+ cards that offered higher
resolution and IBM responded to a loss of market share by introducing its MCGA and
VGA standards as chips installed on the system board of PS/2 computers.

For PS/2 users not satisfied with the MCGA or VGA, several upgrade possibilities
exist. For MCGA computers, you can upgrade to VGA capability by the installation of
an adapter card in the system unit of a Model 25 or Model 30. For PS/2 computers
that support the Micro Channel, you can install IBM’s 8514/A display adapter. This
adapter must be used in conjunction with the firm’s 8514 color display to achieve its
maximum resolution capability.

Monitors

Unlike IBM’s previous monitors that were strictly digital, only analog monitors can be
used with members of the PS/2 family. The older digital monitors were controlled by
four or six lines that were used by the adapter board in the system unit to inform the
monitor which color to display. Thus, CGA monitors with four lines were limited to 16
(24 total colors, while EGA monitors with six lines were limited to a total of 64 (2¢)
colors. In comparison, the video chips for the MCGA and VGA standards describe the
amount of color by varying the voltage on an analog line between 0V and 1V, with a
higher voltage resulting in a brighter color. The VGA monitor uses three analog inputs,
one for each of the red, green, and blue primary colors. By having the ability to generate
64 values for each of the primary colors, a total of 262,144 (64 x 64 x 64) colors
becomes available for display, of which 256 can be displayed simultaneously.

Monitor Selection Considerations

In selecting an appropriate monitor for your PS/2 you should examine its dot pitch,
horizontal and vertical scan frequency, and adapter or video chip compatibility. The dot
pitch is measured in millimeters and indicates the spacing of the pixels from one another.
In general, the smaller the dot pitch, the sharper the characters will appear on a display.

The display capability of a monitor results from an electron beam that is passed
from right to left over each line of the screen. This beam’s intensity is varied in proportion
to the intensity of the image to be displayed on the screen; a memory buffer in the
video display adapter or video chip stores a bit pattern of the image to be displayed.
Thus, the data in the buffer tells the monitor when to turn the electron beam on or off.

The rate at which the video adapter reads the contents of the display buffer and
translates them into a screen display corresponds to the scan rate of the adapter. This
scan rate actually consists of horizontal and vertical scan components. The rate at which
the electron beam sweeps from right to left across the screen is known as the horizontal
scan frequency, whereas the rate at which the beam moves from the top to the bottom
of the screen is known as its vertical scan rate. In general, the faster the scan rate
the lower the amount of screen flicker, because a high scan rate allows a screen to be
redrawn in a shorter amount of time. /

The VGA’s horizontal scanning frequency is 31.5 KHz, which is approximately double
the CGA’s 15.75 KHz rate, almost double the MDA’s 18.4 KHz rate, and almost 50
percent above the EGA’s 21.85 KHz rate. The VGA’s vertical scan rate is 70 Hz, in
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comparison to the 60 Hz rate of the CGA and EGA adapters and the 50 Hz rate of
the MDA adapter.

PS/2 computers operate only with analog monitors, because of the design of the
graphics chips used in each computer. Because the video adapters used with the PC
series support only digital displays, you cannot normally use monitors designed for the
MDA, CGA, or EGA video modes with a PS/2 computer. The primary exception to this
is multiscan monitors that can operate up to the 70 Hz rate of the VGA adapter and
that can be reset to support analog input.

IBM Monitors

IBM offers four types of monitors for use with its PS/2 series of computers. All four
monitors share a number of attributes, including the ability to accept analog input at
the scan rate associated with VGA.

8503 Monochrome Display

The IBM 8503 Monochrome Display has a 12-inch diagonal screen. This display is
capable of generating up to 64 shades of gray on a paper-white background. The 8503
weighs 19 pounds and is encased in a pearl-white housing that matches the color of
the PS/2’s system unit. The monitor is approximately 12 inches square, resulting in a
144-square-inch footprint, and it supports a maximum resolution of 640 by 480 pixels.

8512 Color Display

The IBM 8512 Color Display has a 14-inch diagonal screen. This display weighs ap-
proximately 33 pounds to include a tilt-and-swivel base. Like the 8503 monochrome
display, the maximum resolution of the 8512 is 640 by 480 pixels. The 8512 has a
coarse dot pitch of 0.41 mm that produces only marginally legible characters. Because
of this, the 8512 should probably be restricted to moderate daily use.

8513 Color Display

The IBM 8513 Color Display uses a 0.28 mm dot pitch, creating a clearer image than
that obtainable from the 8512. The 8513 has the same maximum resolution as the
8503 and 8512 monitors; however, because of its better dot pitch than the 8512 for a
retail-price difference of less than $100, the 8513 is more suitable for frequent usage.

8514 Color Display

At the top of the lineé of IBM monitors is the firm’s 40-pound 8514. Unlike the other
IBM monitors, which are compatible only with the MCGA and VGA scan rates, the
8514 is a multiscan monitor that you can use with MDA, CGA, and EGA adapters in
addition to the PS/2 video adapters. The maximum resolution of the 8514 is 1024 by
768 pixels; however, this resolution is only obtainable when the IBM 8514/A Display
Adapter is installed in a Micro Channel expansion slot on a PS/2 Model 50 or higher
computer.

Having examined the major components of the PS/2 computer family, you are now
ready to examine each computer in detail.
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In-Depth Look at PS/2 Models

Model 25

Figure 1.11

The PS/2 Model 25
(Photograph courtesy
of IBM Corporation)

This section describes the unique features of each PS/2 model currently marketed and
compares each model to others in the family.

The PS/2 Model 25 illustrated in Figure 1.11 represents an entry-level computing
capability whose marketing target is the educational and home user. This computer,
like the Model 30 that was actually introduced approximately six months before the
Model 25, uses the 16-bit Intel 8086 microprocessor with an 8-bit bus design operating
at 8 MHz. Unlike other members of the PS/2 family that have separate system units
and monitors, the Model 25 combines both into one compact housing.

The Model 25 can be obtained in several configurations. A basic Model 25 comes
with one 720K byte 3V2-inch diskette drive, as well as a disk controller, serial and
parallel ports, and an MCGA video controller mounted on the system board. The com-
puter comes with 512K bytes of memory that can be expanded to 640K bytes.

Both the Model 25 and Model 30 are manufactured with IBM PC type expansion
slots. The Model 25 contains two PC type expansion slots—one for a full board and
one for a three-quarter length card that can be up to eight inches in length. Included
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on the system board is a pointing device (alias a mouse), port, and socket for an optional
8087 math coprocessor.

Initially, the Model 25 was available in two configurations. The Model 25-001 has
a 12-inch analog monochrome monitor, whereas the Model 25-004 incorporates a 12-
inch analog color monitor in its housing. In 1988, IBM added a new Model 25 with a
Token Ring Network Adapter for use on local area networks. Similar to the initially
announced Model 25, the Model 25LS, which includes a Token Ring Network Adapter,
can be obtained with a monochrome or a color display.

Both the Model 25 and Model 25LS support either an optional second 3V2-inch
diskette or a 20M byte fixed disk. The key differences between the Model 25 and Model
25LS are in the area of standard memory and available expansion slots. The Model
25LS comes with 640K bytes of RAM, while the Model 25 has 512K bytes, expandable
to 640K bytes. Because the Token Ring Network Adapter uses one expansion slot, the
Model 25LS only has one free expansion slot. In comparison, the Model 25 has two
free expansion slots.

Two keyboards are offered for both versions of the Model 25. A space-saving 84-
key model, which has a cursor control pad but no numeric keypad, can be obtained.
As an alternative, the enhanced 101-key keyboard that is standard with other members
of the PS/2 series can be obtained for use with the Model 25.

Similar to the Model 25, the Model 30 is a desktop computer system that uses the Intel
8086 16-bit microprocessor with an 8-bit bus. The Model 30 can accept adapter cards
manufactured for use in the original IBM PC series. Unlike the Model 25, which in-
corporates the system unit and monitor in one housing, the Model 30 was designed so
that its system unit can be cabled to any analog monitor; thus, purchasers have the
ability to turn to third-party vendors to satisfy their monitor requirements.

When announced by IBM, the Model 30 was marketed in two configurations. The
Model 30-002 includes two 720K byte 3V2-inch diskette drives; the Model 30-021 has
one 720K byte diskette drive and one 20M byte fixed disk. Both configurations come
with 640K of RAM, which, according to IBM, is the maximum system memory supported
by the Model 30. Memory on each Model 30 configuration consists of 128K bytes of
RAM soldered to the system board and two 256K byte banks of IBM’s Single Inline
Package (SIP) memory modules that can slide out. Although IBM does not currently
offer memory beyond 640K, RAM expansion is possible by removing the SIP memory
and installing third-party memory.

The key to the functionality of the Model 30, as well as other members of the PS/2
family, is the system unit of the computer. Both versions of the Model 30 include built-
in serial, parallel, and pointing (mouse) device ports as well as built-in MCGA graphics
and a built-in diskette controller. Because so much functionality was added to the system
board only three expansion slots were included in the Model 30. These expansion slots
are placed horizontally, parallel to the system board to save space, permitting the system
unit’s footprint to be reduced to 16 by 15.6 inches. The expansion slots are formed on
the Model 30 by the use of a card that contains three sockets and that is attached to
the system board at a 90 degree angle. This card is held in an upright position by a
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plastic bracket. To install an expansion board you must first pry off a strip of plastic
on the rear panel of the system unit, enabling the board to be slid into the expansion
bus connector card.

Figure 1.12 illustrates the back panel of the system unit of the Model 30, illustrating
the relationship between the connectors on the system unit and the location of the three
horizontal expansion slots.

Like all PS/2 computers, the appearance of the Model 30 system unit (shown at the
left of Figure 1.1) differs in two respects from the system unit of the members of the
original PC series. First, and probably most practical, is the placement of the power
switch on the front right corner of the system unit. Second, because the device housing
areas for 31%-inch storage devices are smaller, you can’t install 5Vs-inch drives in the
system unit of any member of the Personal System/2 computer family. Users who need
the use of 5V4-inch diskettes can obtain an external diskette drive that is cabled to the
rear of the system unit.

Limitations of Models 25 and 30

Although considered by IBM to be a member of the PS/2 family, in actuality Models
25 and 30 can be considered to be enhanced members of the PC series. The use of the
8086 microprocessor, which does not support protected-memory operations, precludes
running OS/2 on either model. In addition, the use of an 8-bit PC expansion slot
architecture in the Model 25 and Model 30 instead of the Micro Channel bus precludes
the development of adapter boards with separate processors that can communicate
using a bus arbitration scheme, as is possible with the PS/2 Model 30 286 and PS/2
Models 50 and above. Despite these limitations, the 8 MHz operating rate of the 8086
boosts the overall performance of the Model 30 to more than twice that of the 8088-
based IBM PC and PC XT for performing computations.

Other standard features of the Model 30 include 640K bytes of memory, 70-watt
power supply, and battery-powered clock. The dimensions of the system unit are 16

Horizontal
Expansion Slots

Serial \ Video
Interchangeable Pa;:::el Port Connector

Keyboard/Mouse
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inches wide by 4 inches high, and 15.6 inches deep; thus, the desktop footprint is
approximately 25 percent smaller than that of a PC or PC XT.

Model 30 286

Model 50

In late 1988, IBM supplemented its PS/2 product line with the addition of two 80286
microprocessor based computers. Both Model 30s include three dual-8 and 16-bit bus
PC/AT style system expansion slots in place of the 8-bit bus expansion slots built into
the Model 30s. This enables each Model 30 286 to use the large number of 8- and 16-
bit adapter cards originally designed for use in the PC series to include the PC, PC
XT, and PC/AT personal computers.

Like the original Model 30s, each Model 30 286 includes many standard features
built into its system board. These standard features include a diskette controller, serial
and parallel ports, mouse and keyboard ports, and time-of-day clock. The Intel 80286
microprocessor operates at 10 MHz, providing a system throughput approximately twice
that of the Model 30.

The Model 30 286 is marketed in two versions: one with a 20M byte fixed disk drive
and one without. Both versions include one high-density 3V2-inch 1.44M byte diskette
drive and can support up to 4M bytes of memory on the system board and up to 16M
byte of total system memory.

Standard features of the Model 30 286-E01 include 512K bytes of memory, ex-
pandable to 1M byte, 2M bytes, or 4M bytes on the system board; one 3V2-inch 1.44M
byte diskette drive; VGA display capability slots that accept most IBM PC, PC XT, and
PC/AT adapter cards. The Model 30 286-E21 adds a 20M byte fixed disk drive with
integrated controller to the standard features previously described.

The Video Graphics Array (VGA) chip used by the Model 30 286 is a superset of
the MCGA. The VGA adds a 640 by 480 pixel mode that can display 16 colors
simultaneously.

The Model 50 illustrated as the second from the left in Figure 1.1 is a desktop system.
This model has only one configuration—the 50-021—which includes one 1.44M byte,
3%2-inch floppy diskette drive, and a 20M byte fixed disk. The floppy disk drive, as you
shall see later, can have serious compatibility problems, both with the PS/2 Model 25
and Model 30 and with members of the original PC family that use this type of drive.
The Model 50 comes with 1M bytes of RAM, and you can expand the memory to
8M bytes. The microprocessor is an 80286, which has a 16-bit external data path. For
the sake of upward compatibility, the Model 50 uses a 16-bit subset of IBM’s 32-bit
Micro Channel. The Micro Channel bus is physically and electrically incompatible with
that of the IBM PC series, so you can’t use 8-bit adapter cards designed for the PC
series in any PS/2 computer except the Model 25 and Model 30. Like the Model 30 286,
the Model 50 and all higher models use the Video Graphics Array (VGA) chip, which
is a superset of the MCGA. The VGA adds a 640- by 480-pixel mode that can display
16 colors simultaneously. -~
The Model 50’s system unit contains four 16-bit Micro Channel expansion slots.
Because one is used by the standard equipment hard disk controller, only three are
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actually available for use. Because of the use of 32-inch disk technology, and proprietary
integrated circuit chips on the system board that replaced many separate chips on
earlier computers, the Model 50’s system unit was shrunk to 5% inches high by 14
inches wide by 1812 inches deep.

Limitations of the Model 50

Although the PS/2 Model 50 is more powerful than the PC/AT it was designed to
replace, its 20M byte fixed disk storage capacity, as well as the slow 80-millisecond
access time, was considered by many persons to be a serious limitation. The slow access
time made the Model 50 impractical as a server on a local area network as well as for
use as a standalone system for disk-intensive applications. The paltry 20M bytes of on-
line storage do not leave much space for application programs once 0S/2 is installed.
Probably due to these limitations, IBM introduced the Model 50Z.

To outward appearance, the Model 50Z is the same as the Model 50. Internally, there
are several significant differences between these two members of the PS/2 family.

The first significant difference between the Model 50 and the Model 50Z is in the
number of wait states. The Z in “Model 50Z” denotes that this member of the PS/2
family operates using zero wait states. IBM used RAM chips designed for 85-nanosecond
access in the Model 50Z, instead of the 125 ns chips used in the Model 50. This permitted
IBM to redesign the system board to remove the wait state from memory reads and
writes.

The second significant difference between the Model 50Z and the Model 50 is in disk
drive access time and storage capacity. The Model 50Z can be obtained with either a
30M byte or a 60M byte fixed disk, both disks having a relatively fast access time of
39 ms. Other changes between the Model 50 and Model 50Z include the increased
utilization of integrated chips, which reduced the size of the Model 50Z’s system board,
and a choice of either 1M bytes or 2M bytes of RAM on the system board of that
computer, in comparison to 1M byte on the Model 50.

Model 55 SX

During May 1989, IBM extended its PS/2 family with the addition of the Model 55 SX.
This personal computer is based on the use of the Intel 80386SX microprocessor, a
less powerful version of the 80386. The 80386SX can perform up to approximately 40
percent faster than the fastest IBM 80286-based PS/2, although the microprocessor
costs considerably less than an 80386. Thus, at its introduction many computer analysts
touted both the aggressive price of the PS/2 Model 55 SX, as well as its perceived
significant price/performance because it provides end-users with the power, perform-
ance, and functionality of an 80386 desktop computer at prices approaching an 80286
system.

The PS/2 Model 55 SX is housed in a system unit identical to that of a PS/2 Model
30. The Model 55 SX comes standard with one 3Vs-inch high-capacity diskette drive
and can be obtained with either a 30M byte or 60M byte fixed disk drive. Similar to
the Model 50 and Model 70, the Model 55 SX contains three Micro Channel expansion
slots. The Model 55 SX includes 2M bytes of RAM on the system board and the computer
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can support a total of 16M bytes. Like all members of the PS/2 family above the Model
30, the Model 55 SX comes standard with VGA graphics capability; built-in mouse;
serial, parallel and keyboard ports; and a diskette controller.

Like the Model 50, the Model 60 uses an 80286 microprocessor and the 16-bit subset
of the Micro Channel bus. Unlike the smaller models, however, the Model 60 is a floor-
standing system (illustrated second from the right in Figure 1.1) that comes in two
configurations. The 60-041 includes a 1.44M byte, 3V%-inch floppy disk drive and a 40
ms average access time, 44M byte fixed disk; the 60-071 uses the same floppy disk
drive but comes with a 7T0M byte, 30ms access time fixed disk.

The Model 60 shares many of the basic design and performance features of the
Model 50, including the 10 MHz operating rate of the 80286, 1M byte of RAM on the
system board, as well as built-in serial, parallel, keyboard, and mouse connectors. Unlike
a desktop system, the Model 60’s system unit is constructed as a vertical tower that
is 28 inches tall by 6% inches wide by 19 inches deep. Optional mass-storage expansion
includes a second 1.44M byte, 3%4-inch disk drive, a second 44M byte fixed disk on the
Model 60-041, and either a second 70M byte or 115M byte fixed disk on the Model
60-071.

The Model 60 has seven available expansion slots, whereas the Model 50 and Model
50Z have only three. Another significant difference between the Model 50 and Model
60 is in the amount of on-line storage. The Model 60 has the potential to support up
to 185M bytes of on-line storage, whereas the Model 50 is limited to 80M bytes, and
the Model 50Z to 120M bytes. The Model 60 is therefore more suitable as a file server
on a local area network, because a server requires a substantial amount of shared
storage capacity.

The Model 70 is IBM’s first desktop PS/2 to use the Intel 80386 microprocessor. Figure
1.13 illustrates the Model 70, which, you will note, is similar in appearance to other
desktop members of the PS/2 family. Three versions of the Model 70 were introduced
by IBM approximately one year after the PS/2 was announced. The chief difference
between each version is in the operating rate of the 80386 microprocessor and the disk
storage capacity contained in the computer’s system unit.

Like earlier members of the PS/2 series, each version of the Model 70 includes built-
in serial, parallel, keyboard, and mouse ports. Like Models 50, 50Z, and 60, each Model
70 comes with one 1.44M byte, 3Vs-inch disk drive as standard equipment.

The Model 70-E61 uses a 16 MHz Intel 80386 processor and has a 60M byte fixed
disk with a 29 ms average access time. The Model 70-121 runs at 20 MHz and uses
a 120M byte fixed disk that has an average access time of 23 ms. The Model 70-A21
is the fastest desktop machine marketed by IBM; its 80386 microprocessor operates
at 25 MHz.

From the outside, each Model 70 appears similar to Models 50s and 50Z, occupying
the same footprint of 14 by 162 inches. Like the Model 50 and Model 50Z, each version
of the Model 70 has three available Micro Channel expansion slots and 2M bytes of 80
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Figure 1.13

The PS/2 Model 70,
Including the Intel
80386 Processor
(Photograph courtesy
of IBM Corporation)
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ns RAM on the system board, expandable to 8M bytes. You can add another 8M bytes
of 32-bit memory for a total of 16M bytes of RAM.

Comparing the Model 60 and Model 70 is similar in many respects to comparing the
Model 50Z to the Model 60. Both the Model 50Z and Model 70 operate faster than the
Model 60; however, the Model 60 has seven expansion slots, whereas Models 50Z and
70 have only three. Thus, you would select a Model 50Z or Model 70 if processor speed
is your primary need, Model 60 if you need expandability.

Model P70 386

The Model P70 386 is IBM’s first Micro Channel portable computer. This computer is
designed for the traveling executive, scientist, or business professional who requires
the power, performance, and functionality of a portable personal computer that incor-
porates the Intel 80386 microprocessor.

One of the most distinguishing features of the P70 386 is its 10-inch gas plasma
display, which provides an exceptional level of visibility for a portable computer. Un-
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fortunately, the gas plasma display, diskette, and fixed disk drives and 4M bytes of
standard memory contribute to the portable’s hefty weight—21 pounds without its
battery pack.

The PS/2 Model P70 386 is available with either a 60M byte or 120M byte fixed
disk. Like the Model 55 SX, the P70 386 comes with 4M bytes of system board memory
that is expandable up to 16M bytes. With the computer’s built-in VGA capability, the
gas plasma display provides 640 by 480 pixel graphics resolution with 16 shades of
gray.

Two Micro Channel expansion slots are built into the Model P70 386. One expansion
slot is half the length of a conventional slot. This half-length slot is primarily designed
for an internal modem card. When the system is used in that configuration, one full-
length Micro Channel expansion slot is available to support the use of other options.

The flagship of the PS/2 family is the Model 80; the processor is an 80386 that can
perform both 16- and 32-bit data transfers. Three configurations are offered: the 80-
041, which runs at 16 MHz and comes with 1M byte of RAM, a 1.44M byte floppy
disk drive, and a 44M byte fixed disk; the 80-071, which also runs at 16 MHz and uses
the same floppy disk drive, but has 2M bytes of RAM and a 70M byte fixed disk; and
the 80-111, which runs at 20 MHz and comes with 2M bytes of RAM and a 115-byte
fixed disk. At the time of its introduction, the Model 80-141 cost approximately $11,000
and provided users with as much processing power as an IBM System/370 mainframe
that in 1975 sold for $3.4 million.

Like the Model 60, the system unit of the Model 80 is a vertically constructed, floor-
standing unit. The system board can hold up to 4M bytes of RAM and has three 32-
bit and four 16-bit Micro Channel expansion slots. As in all PS/2 computers, the system
board includes built-in serial and parallel ports, as well as keyboard and mouse connectors.

Table 1.2 presents a comparison of the major features of the different members of
the PS/2 family.



Table 1.2 IBM PS/2 Family Comparison

ce

Model Model Model Model Model Model Model Model Model Model
25 30 30 286 50 50z 55 SX 60 70 P70 386 80
Microprocessor 8086 8086 80286 80286 80286 80386SX 80286 80386 80386 80386
Clock Speed 8 MHz 8 MHz 10 MHz 10 MHz 10 MHz 16 MHz 10 MHz 16, 20, 20 MHz 16,
(Zero Wait 25 MHz 20 MHz
State)
Keyboard Keys 84,101 101 101 101 101 101 101 101 101 101
Standard 512, 640 Kb :512Kb 1 Mb up to 2Mb 4 Mb 1 Mb up to 2Mb 4 Mb up to 2 Mb
Memory 640 Kb
Expandable to 640 Kb 16 Mb 16 Mb 16 Mb 16 Mb 16 Mb 16 Mb 16 Mb 16 Mb
Video Support  MCGA MCGA VGA VGA VGA VGA VGA VGA VGA VGA
Diskette Size 3142 inch 312 inch 3'2 inch 32 inch 312 inch 32 inch 3'2 inch 312 inch 312 inch 32 inch
and Capacity 720 Kb 720 Kb 1.44 MB 1.44 Mb 1.44 Mb 1.44 MB 1.44 Mb 1.44 Mb 1.44 Mb 1.44 Mb
Fixed Disk' 20 Mb 20 Mbs 20 Mb 30 Mb, 30 Mb, 44 Mb, 60 Mb, 60 Mb, 44 Mb,
60 Mb 60 Mb 70Mb 120 Mb 120 Mb 70 Mb,
115 Mb,
314 Mb
Additional 34 inch 20 Mb 60 Mb 60 Mb 44 Mb, 44 Mb,
Options? 720 Kb for EO1 for 031 70 Mb, 70 Mb,
drive or version version 115 Mb 115 Mb,
20 Mb 314 Mb
fixed disk
Maximum 20 Mb 20 Mb 20 Mb 60 Mb 60 Mb 30 Mb, 185 Mb 120 Mb 60 Mb, 628 Mb
Configuration®  wjoption 60 Mb 120 Mb
Expansion Slots* 25 3 3 3 3 3 7 3 27 7
Operating DOS DOS DOS, DOS, DOS, DOS, DOS, DOS, DOS, DOS,
Systemls) 0s/2 0s/2 0s/2 0s5/2, 0s/2 05/2, 0S/2 Qs/2,
AIX PS/2 AIX PS/2 AIX PS/2
Notes:

1. Model 30 comes in two diskette and 1 diskette plus fixed disk configurations.
2. Model 25 version with IBM Token Ring Network Adapter card is also available.

3. The IBM 3363 Optical Disk Drive can provide an additional 200 Mb to 1.6 GB of on-line storage, depending on the model.
4. Models 25 and 30 use IBM PC expansion slots, Model 30 286 uses IBM PC/AT expansion slots, others include Micro Channel slots.

5. One slot is 8 inches in length.

6. The Model 30 286-E21 includes a 20 Mb fixed disk. The Model 30 286-E01 is a diskette-based system.

7. One is half-length.



Hardware
Enhancements

This chapter focuses on hardware options you can consider from both IBM and third-
party sources to increase the performance and capability of your PS/2 computer system.
The chapter first examines several external hardware enhancements you can use with
all members of the PS/2 family, such as printers, tape backup units, and mice. Next
are descriptions of hardware enhancements that can be installed in the system unit of
a PS/2. Because members of the PS/2 family can be categorized by the type of bus
they use, the text also classifies adapter cards by their bus type. First you will learn
about adapter cards designed for use in the PC bus of the Model 25 and Model 30
computers. Later on, adapter cards designed for use in PS/2 computers that incorporate
Micro Channel architecture are covered.

Printers

Two of the primary methods for categorizing printers are by the interface they support
and the method they use for type formation.

Types of Interface

Most printers are constructed with a parallel interface. This type of interface is designed
to accept all of the bits that form a character at the same time. Hence the lines used
to transmit data bits from the computer to the printer are routed in parallel in a cable
connecting the two devices. The second type of printer interface is designed to accept
data bits on one line, in a serial sequence. Thus, this type of interface is called a serial
interface.

Each member of the PS/2 family contains one serial and one parallel port connector
at the rear of the system unit. Normally the parallel port is cabled to a parallel-interface
printer, whereas the serial port is commonly connected to an external modem. If you
cable your serial port to a serial interface printer and also require the use of a modem
or another serial-interfaced device, you must install an adapter card in your PS/2’s
system unit, which contains a second serial interface. Similarly, if you cable your parallel
port to a parallel-interface printer but need to connect another parallel-interfaced device
to your PS/2, you must install an adapter card in your system unit that contains a
second parallel port.
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Type Formation

IBM Printers

The type formation of a printer can be categorized as fully formed character or dot
matrix. A fully formed character printer uses a wheel that rotates to position a character
between a hammer and the printer’s ribbon. Then, the hammer strikes the wheel’s
character, resulting in a clean, sharp image of the character being printed.

In a dot-matrix printer, a printhead consisting of a matrix of pins is used to form
characters. A microprocessor in the printer “fires” individual pins that hit the ribbon
to form each character, normally resulting in a slight space between pin imprints.
Because individual pins can be fired, a dot-matrix printer is capable of printing graphic
images. As an example of this capability, consider the requirement to print a line graph.
Using a dot-matrix printer, software can fire any pin in the printhead matrix to cor-
respond to a specific point to be plotted. Thus, a printhead consisting of a matrix of 9
wires could fire any one of 9 pins vertically to best correspond to a specific point. In
comparison, a fully formed character printer in which software uses the decimal point
for plotting is restricted to plotting one vertical location for each character position.
Thus, a fully formed character printer is not normally used to print graphic images.

Dot-matrix printers are commonly manufactured with 9-, 18-, and 24-wire print-
heads. Most modern dot-matrix printers are designed to provide a Near Letter Quality
(NLQ) mode of operation. In NLQ printing the printhead traverses the paper first in
one direction, firing its pins normally; the microprocessor then moves the paper vertically
by a fraction of an inch and adjusts the horizontal timing of the pins. The printhead
then traverses the paper in the opposite direction to repeat the row of characters. By
printing in this manner, the spaces between the dots formed by the pins in the printhead
are either reduced or eliminated. As you might infer, a 24-wire printhead normally
produces a better NLQ type than an 18- or 9-wire printhead, because its wires are
finer and are spaced more closely. Due to the improvement in NLQ printing technology,
dot-matrix printers have basically relegated formed-character printers to law firms and
other organizations that demand the sharpest, cleanest characters possible on all their
documents.

Another advantage of dot-matrix printers over fully formed printers is print speed.
Most fully formed printers have a print rate under 80 character per second (cps). In
comparison, the slowest dot-matrix printers usually have a print rate much faster than
the fastest fully formed printer, with some dot-matrix printers having a print rate above
300 cps.

IBM manufactures numerous printers that can be used with members of the PS/2
family. This discussion examines two of that firm’s more popular printer lines—the
ProPrinter and Quietwriter.

The ProPrinter Series

The IBM ProPrinter II illustrated in Figure 2.1 is a low-priced printer intended for low
to medium printing volumes. This printer has a 9-wire printhead and can print acceptable
quality characters in its NLQ print mode.



Figure 2.1

IBM ProPrinter I
(Photograph courtesy
of IBM Corporation)
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The ProPrinter II can be set to print at one of four speeds. In its “Fastfont” mode,
this printer can print as many as 240 characters per second (cps). In its DP mode, it
can print as many as 200 cps, while in its Emphasized Print mode, the printing rate
drops to 120 cps. Finally, when placed in its NLQ print mode of operation, the ProPrinter
IT achieves a maximum print rate of 40 cps.

Perhaps the most interesting feature of IBM ProPrinters is their ability to accept
envelopes or single-sheet paper without the removal of previously inserted continuous
paper. This is accomplished if you insert an envelope or a single sheet of paper end-
up into the front slot in the printer. Then, by pressing the line feed button you can
position the envelope or single sheet of paper to satisfy your printing requirement.

There are three other versions of the IBM ProPrinter series that warrant discussion.
The ProPrinter XL is similar to the ProPrinter II, but has a wide carriage so you can
print spreadsheets or charts as wide as 13.6 inches, in comparison to the 8'2-inch paper
width limitation of the ProPrinter II. The two other members of the ProPrinter series
are the ProPrinter X24 and the ProPrinter XL24. Both of these printers use a 24-wire
printhead, which results in a crisper, sharper NLQ print.

IBM Quietwriter

The IBM Quietwriter series of printers is designed for use in an office environment
where a requirement exists for an executive’s level of letter-quality production in a quiet
environment.

The key to the silence and print quality of the Quietwriter is the use of resistive
ribbon thermal transfer technology in each printer. Unlike the impact of pins hitting
a ribbon in dot-matrix technology, the resistive ribbon thermal transfer technology uses
an electric current applied to selective pins in a dot matrix to melt portions of the ribbon
onto the paper. Because it uses electricity instead of the physical impact of pins on a
ribbon, the Quietwriter’s noise level is significantly lower than that of conventional dot-
matrix printers, and its print image is improved as well.
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Figure 2.2 illustrates the IBM Quietwriter III printer, the third IBM printer to use
resistive ribbon thermal transfer technology. Similar to a ProPrinter, the Quietwriter
III has an all points addressable (APA) graphics printing capability. The APA resolution
of the Quietwriter is 240 x 240 dots per inch, in comparison to a maximum resolution
of 180 vertical x 360 horizontal dots per inch on the ProPrinter X24 and XL24. For
comparison purposes, it should be noted that the maximum resolution of standard laser
printers is 300 x 300 dots per inch.

Tape Backup Units

Figure 2.2

IBM Quietwriter llI
Printer (Photograph
courtesy of IBM
Corporation)

The BACKUP and RESTORE commands included in the disk operating system (DOS)
can be considered two of the most formidable obstacles to regularly performing fixed
disk backup. To understand the problems associated with using floppy disks to back
up data from a fixed disk, consider the user whose computer has a 20M byte fixed disk
installed. Assuming that one 720K byte diskette drive is installed in the computer, a
total of 28 diskettes would be required to back up 20M bytes of data. In comparison,
a single or at most a few tapes can normally store the contents of a fixed disk.

Until the introduction of DOS 3.3, several deficiencies in the BACKUP command
made life rather frustrating to users who lacked a tape backup unit. One potential
frustration during a BACKUP procedure was the lack of enough previously formatted
diskettes to hold the backed-up data. This situation forced users to another PC to format
additional diskettes or else to terminate the BACKUP procedure and format the ad-
ditional diskettes required. Unfortunately, under early versions of DOS, to invoke BACKUP
a second time you had to restart the process from the beginning. Under DOS 3.3 and
later versions of this operating system, unformatted diskettes can be formatted by the
BACKUP command, thus removing one major source of potential frustration. While
new versions of DOS eliminate the formatting problem, they do not reduce the large
number of diskettes required to back up fixed disks with storage capacities of 20M
bytes or more. Thus, the storage capacity of the fixed disk presents both an obstacle
to good backup habits and a strong incentive to obtain a tape backup system.
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Types of Systems

Most tape backup units use industry standard Vi-inch tapes that are similar in ap-
pearance to audio cassettes. Other tape backup units are constructed to use 54-inch
cartridges or Y-inch cartridge tapes. A typical 5Ys-inch disk cartridge has the capacity
to store 20M to 60M bytes of data, making the backup process of a fixed disk faster
as well as requiring less storage space than floppy diskettes.

Figure 2.3 illustrates an external tape backup unit combined with a fixed disk in-
stalled in one device housing area. The system illustrated in Figure 2.3 is designed to
be placed on top of the computer’s system unit, next to the monitor, thereby requiring
no additional desk space.

Method of Operation

Figure 2.3
Mountain Computer
Series 7000 Combo
System (Photograph
courtesy of Mountain
Computer)

In addition to internal and external systems, tape backup units can be classified ac-
cording to their method of operation and interface. The two prevalent methods of
operation are start/stop and streamer. In the start/stop method of operation, the tape
moves only one record at a time during transfers from a fixed disk. Although a start/stop
tape backup unit is preferable for applications such as selective backup because of its
search-and-record capability, the extra precision for the unit’s tape movement makes
it the more expensive backup device.

The streamer tape backup unit is, as its name implies, designed for continuous
recording. Streamer backup units are typically used to record the entire contents of a
disk drive in a single session.

Typically, streamer tape backup units employ a microprocessor to control their servo
mechanism. Although they have faster throughput and cost less than start/stop systems,
they cannot perform selective retrievals.




38

IBM PS/2 USER’S REFERENCE MANUAL

Interface Considerations

Software

Mouse

Operation

The interface required to operate a tape backup unit varies considerably from one vendor
to another. Many tape backup units require a separate controller and require a system
expansion slot. Some tape backup units can be cabled to the serial port at the rear of
the system unit, permitting one external tape backup unit to serve several personal
computers. Although tape backup units connected to the serial port have a lower data-
transfer rate than is obtainable through the use of a separate controller, the portability
afforded by the use of this interface, and its ability to enable one unit to serve many
computers, usually outweighs the extra minutes a backup procedure may require.

The software provided by most tape backup unit manufacturers typically permits three
types of backup: file-by-file, image, and by entire subdirectory. The file-by-file backup
method can be used with either a start/stop or streamer unit. If a start/stop unit is
used, the interrecord gaps waste tape. Normally, a file-by-file backup is used to selec-
tively safeguard small amounts of data.

In an image backup, all data on a disk is recorded to tape. Many streamer units can
operate at 90 inches per second, resulting in a backup of a full 20M byte disk in
approximately 5 minutes.

The pointing and selecting device first popularized by the Apple Macintosh has gained
some acceptance by IBM personal computer users. This acceptance is due to the de-
velopment of a variety of programs ranging in scope from desktop publishing to drawing
and drafting that are enhanced by the use of a mouse.

IBM announced its PS/2 Mouse in April 1987, along with the original four members
of the PS/2 family. The IBM PS/2 Mouse is a two-button device that is connected via
a 9-foot cord to the pointing device connector located at the rear of the system unit of
a PS/2 computer.

The IBM PS/2 Mouse, like most mice, incorporates a ball bearing in the mouse body;
a small portion of the ball protrudes through a circular hole at the bottom of the housing.
As the mouse is moved along a flat surface, the ball inside the housing moves. This
ball movement is converted into a series of signals transmitted through the mouse cable

to the computer.

To permit software to operate under the control of the movement of the mouse, you
must install a device driver. IBM supplies a Microsoft Mouse compatible driver that
works with such programs as Microsoft Windows and Microsoft Word to move a pointer-
on the screen to correspond with the movement of the mouse on the desktop.



HARDWARE ENHANCEMENTS 39

Optical Mice

A second type of operation is obtained when you use an optical mouse. In place of a
ball, the optical mouse uses a set of light-emitting diodes (LEDs) and optical receivers
in conjunction with a reflective pad that contains grid lines. As the mouse is moved
over the pad, the LEDs focus light on the pad and the receivers measure the reflectivity
of the light. Because the reflectivity changes as the mouse passes over a grid line, its
position on the pad can be determined. The advantage of an optical mouse is its lack
of moving parts. This can be especially advantageous in an industrial environment,
where dirt can cause a ball-based mouse to stick to its housing.

At the time this book was being written, only mechanical mice were available for
use with PS/2 computers. Because the use of optical mice can prove to be highly
advantageous in an industrial environment, you can expect this type of mouse to be
marketed for use with PS/2 computers.

Internal Enhancements

This section examines hardware enhancement products you can install in the PS/2
system unit. Because members of the PS/2 family can be categorized by the bus
structure they support, this discussion examines internal enhancements similarly. It
begins with internal enhancements designed for use in the PC bus-based PS/2 Model
25 and Model 30 computer systems. Then the discussion moves to internal hardware
enhancements designed for use with the Micro Channel PS/2 computers.

Model 25/30 Hardware Options

Table 2.1 lists 13 of the more common hardware options IBM markets for use with
the PS/2 Model 25 and Model 30 systems. Because the system unit of the Model 25
and Model 30 computers can contain only two on-line storage devices, the selection of
a second 3V%-inch 720K byte diskette drive precludes the installation of a fixed disk
and vice versa.

The IBM 3363 Optical Disk Drive contains a built-in laser that burns tiny spots on
specially coated media contained in removable cartridges that are inserted into the drive.
This technology provides you with the ability to write once on the media but to read
it many times; hence, another term used to describe this technology is WORM. The
storage capacity of the disk cartridge used in the IBM 3363 Optical Disk Drive is 200M
bytes, which is equivalent to over two hundred fifty 720K byte diskettes.

Figure 2.4 illustrates the standalone IBM 3363 Optical Disk Drive and a 5Vs-inch
optical disk cartridge. This disk drive is controlled by an adapter board inserted into a
system expansion slot of a PS/2 computer. Two types of external optical disk drive
systems are marketed by IBM; the difference between the two is the type of adapter
card used in the PS/2 computer. The Model A01 Optical Disk Drive system includes
an adapter designed for insertion into PC bus systems, whereas the Model All is
designed for use in Micro Channel-based systems.

The IBM 2M byte Expanded Memory Adapter contains 2M bytes of expanded mem-
ory and a standard parallel printer port. This adapter can be used in PC bus computers
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Table 2.1 .
Common PS{2 Model Drives
25/30 Internal 3'2-inch 720K byte diskette drive

Options 3V2-inch 20M byte fixed disk drive with adapter
3'2-inch 20M byte fixed disk drive
3363 Model A1 Optical Disk Drive

Single-User Adapters
2M Byte Expanded Memory Adapter
3117 Scanner Adapter
PS/2 Display Adapter

Modems
PC 1200 bps Internal Modem
PC 2400 bps Internal Modem

Communications Adapters
Binary Synchronous Communications Adapter
SDLC Communications Adapter

Network Adapters
PC Network Adapter |l
Token Ring Network Adapter

Figure 2.4
IBM 3363 Optical
Disk Drive
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to expand memory above the 640K bytes of maximum RAM installed on the system
board of a Model 25 or Model 30 computer.

Using the IBM 3117 adapter you can attach an IBM 3117 Scanner to a PC-bus
PS/2 computer. To obtain the same Video Graphics Array (VGA) capability built into
Micro Channel based PS/2s and the PS/2 Model 30 286, you can install the IBM PS/2
Display Adapter in a PC expansion slot of a PS/2 Model 30.

The remaining six internal options listed in Table 2.1—including two internal mo-
dems—are all constructed on adapter cards designed for insertion into PC type expansion
slots. IBM also markets similar adapter cards for installation in Micro Channel-based
PS/2 computers.

The PC 1200 and PC 2400 internal modems provide asynchronous transmissions at
data rates up to 1200 bits per second (bps) and 2400 bps, respectively. The remaining
four adapters listed in Table 2.1 provide the ability for your computer to perform
specialized communications functions. The IBM Binary Synchronous Communications
Adapter and the SDLC Communications Adapter permit your computer to communicate
with an IBM mainframe computer. The Binary Synchronous Communications Adapter
supports IBM’s older Binary Synchronous Communications protocol, whereas the SDLC
Communications Adapter supports the more modern Synchronous Data Link Control
(SDLC) communications protocol. The last two adapters listed in Table 2.1 enable PS/2
computers with PC expansion slots to connect to two different types of local area
networks—the IBM PC Network and the IBM Token Ring network. For further infor-
mation concerning PS/2 communications products, refer to Chapter 15.

Third-Party Products

The PS/2 Model 25 and Model 30 computers use the original PC bus architecture
incorporated in the IBM PC and PC XT. Thus, literally hundreds of PC-compatible third-
party products were also compatible with the Model 25 and Model 30 when these were
introduced. Two of the more popular third-party products that users of PC-bus-based
PS/2 computers may wish to consider are fixed-disk cards and VGA adapter cards.

Fixed Disk Card In late 1985, Plus Development Corporation introduced a low-
powered 10M byte hard disk combined with controller circuitry, all mounted on an
expansion card. Since then, approximately 20 vendors have introduced fixed-disk cards
of varying capacities, which have become increasingly popular for several reasons. First,
these disk cards can be installed in a system expansion slot without requiring the removal
of a floppy diskette drive or another device previously installed in a device housing area.
Thus, the use of a fixed disk card provides you with the ability to install two diskette
drives and one fixed disk in the system unit of your PS/2. Second, the low power
requirements of many disk cards enables them to be installed in most computers without
replacing the power supply.

Figure 2.5 illustrates the Rodime R-Card 35. Note the edge connector on the card,
which you insert into a system expansion slot just as you would any other type of
adapter card. In addition to having storage capacity of 35M bytes, this plug-in fixed
disk has an average seek time of 28 milliseconds, which is approximately one-third that
of the full-height fixed disk marketed by IBM for use in the PS/2 Model 50. Because
of its fast seek time, the Rodime disk card is well suited for use in a computer that
functions as a server on a local area network.
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Figure 2.5
Rodime R-Card 35

Figure 2.6
QuadVGA Graphics
Adapter

VGA Adapter In addition to supporting IBM video display modes, some vendors
also support the Hercules graphics display mode. Figure 2.6 illustrates the QuadVGA
Graphics Adapter marketed by Quadram Corporation. The QuadVGA is based on the
use of Chips & Technologies 441/442 chip set. This adapter supports all 17 VGA display
standards, including what’s known as Mode 13 (320 x 200 x 256 colors)—the only
mode in which 256 colors can be displayed at once. The board runs all VGA modes at
a vertical refresh rate of 70 Hz and also supports the popular Hercules graphics display
mode.



HARDWARE ENHANCEMENTS 43

One of the more interesting features of the QuadVGA is the inclusion of both a 9-
pin digital and a 15-pin analog connector on the adapter. This software enables the
QuadVGA to support a wide variety of monitors, such as IBM PS/2 Models 8503, 8512,
8513, and 8514, Princeton Graphic Systems’ Ultrasyne, NEC’s MultiSyne, Sony’s
MultiScan, and other variable scan monitors, as well as enhanced-display, color, and
monochrome monitors.

Multifunction Boards Due to the limited number of expansion slots included in
the PC bus-based members of the PS/2 family, it is quite easy to run out of expansion
cards. To alleviate this situation, many third-party vendors have introduced multifunction
boards that contain several functions on one card and require the use of a single
expansion slot. Some multifunction boards combine a mixture of serial and parallel
ports, whereas other boards combine video display and serial and/or parallel ports or
memory and serial and/or parallel ports.

Micro Channel Hardware Options

Common PS/2 Micro
Channel Computer
Internal Options

Table 2.2 lists 20 of the more common IBM hardware options designed for use in PS/2
computers that have a Micro Channel bus architecture.

Optional Equipment Varieties Available
3'2-inch 1.44M byte Diskette Drive
PS/2 5V/a-inch External Disk Drive
PS/2 Fixed Disk Drive
30M byte, 44M byte, 60M byte, 70M byte, 115M byte, 314M byte
3363 Model A11 Optical Disk Drive
Internal Optical Disk Drive
3117 Scanner Adapter [A
PS/2 80287 Math Coprocessor
PS/2 80387 Math Coprocessor
PS/2 80286 Expanded Memory Adapter [A
PS/2 80286 Memory Expansion Option
PS/2 80286 Memory Expansion Kit
PS/2 80386 Memory Expansion Option
PS/2 80386 System Board Memory Expansion Kit
PS/2 80386 Memory Expansion Kit
PS/2 300/1200 Internal Modem [A
3270 Connection Adapter
Token Ring Network Adapter [A
PC Network Broadband Adapter Il [A
Dual Asynchronous Adapter [A
Multiprotocol Adapter [A
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The 3%2-inch 1.44M byte diskette drive provides 1.44M bytes of formatted storage
capacity when high-capacity diskettes are used in this drive. In the drive’s low-density
recording mode, it is compatible with the 720K byte 3V2-inch drive used in the Model
25 and Model 30 computers.

To provide PS/2 users with the ability to transfer data and programs between 5Y4-
inch media used with the older PC series of computers and the 3%%-inch media used
by members of the PS/2 family, IBM markets an optional external 5Vs-inch diskette
drive. This diskette drive must be installed as drive B of your computer. Then it operates
in the same manner as a normal system B drive. Thus, to copy the contents of a 5Vi-
inch diskette to a 3%-inch diskette in drive A, you would enter the DOS command

COPY B:#.+ A:

Refer to Chapter 4 for additional information concerning the 5%4-inch external disk
drive, as well as information covering other methods of transferring information from
a PC computer system to a PS/2 computer system.

As indicated in Table 2.2, IBM markets a variety of fixed disks that can be installed
in the system unit of a PS/2 that uses the Micro Channel bus architecture. One fixed
disk, the 60M byte drive, is designed as a replacement for the original fixed disk.drive
included with the PS/2 Models 50-021 and 50-031. Some fixed disks, such as the 44M
byte and 70M byte drives, are designed to work with specific controllers either built
into the system board or constructed on an adapter card that was installed in a Micro
Channel system expansion slot as standard equipment. Thus, any user who desires to
add more fixed disk storage capacity to a PS/2 computer should verify that the fixed-
disk drive is supported by the fixed-disk controller in the computer.

Two types of optical disk drives are marketed for use with Micro Channel based
PS/2 computers—internal and external units. The external unit is similar to that used
with PC bus-based PS/2s and requires a controller constructed for use in a Micro
Channel system expansion slot. The internal version of the standalone IBM Optical Disk
Drive is only available for use in the PS/2 Models 60 and 80 computer systems.

The IBM 3117 Scanner Adapter /A is designed specifically to be installed in a Micro
Channel system expansion slot. Similar to the 3117 adapter for PC bus computers, the
3117 Scanner Adapter /A provides you with the ability to attach an IBM 3117 Scanner
to your Micro Channel PS/2 computer.

The 80287 math coprocessor is designed for insertion into the coprocessor socket
of the system board of PS/2 computers that use the Intel 80286 microprocessor. The
80287 performs floating-point, extended-integer, and binary-coded decimal (BCD) op-
erations. When installed, the coprocessor works in parallel with the 80286 micropro-
cessor and enables your computer system to perform high-speed arithmetic, logarithmic,
and trigonometric operations. The 80387 math coprocessor performs the same functions
as the 80287, but works only with the Intel 80386 microprocessor.

The six memory products listed in Table 2.2 can be classified by their use in 80286
or 80386 computer systems. The 80286 Expanded Memory Adapter /A adds 2M bytes
of usable memory to the system-board memory of PS/2 computers using the 80286
processor, such as the Models 50 and 60. The 80286 Memory Expansion Option is an
adapter card designed for use with PS/2 computers that use the Intel 80286 micro-
processor. This adapter card contains 512K bytes of RAM and can be expanded in
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512K byte increments through the use of the 80286 Memory Expansion Kit, up to a
total of 2M bytes of RAM. The 80386 Memory Expansion Option is a single full-length
card designed for use in the PS/2 Model 70 and Model 80 computers. This card contains
2M bytes of 80-nanosecond RAM memory and can be expanded to hold a total of 6M
bytes of RAM. This expansion is accomplished using the 80386 Memory Expansion
Kit, which contains 2M bytes of RAM. The 80386 system board memory expansion
kit, as its name implies, is used to expand RAM memory on the system board. This
kit provides 1M bytes of 80-nanosecond RAM for the system board of the PS/2 Model
8580-041 computer, bringing total RAM on the system board to 2M bytes.

IBM’s 80286 Expanded Memory Adapter /A can hold up to 8M bytes of 16-bit RAM
memory. This board can be populated by the use of several types of memory module
kits of varying capacity. Currently available memory kits for the 80286 Expanded
Memory Adapter /A contain 0.5, 1M, and 2M bytes of 120-nanosecond RAM. Using
these memory kits and the Expanded Memory Adapter /A, you can add a total of 8M
bytes of RAM into one Micro Channel expansion slot of a PS/2 Model 50, Model 50Z,
or Model 60. Up to two adapters can be installed in each computer, for a total memory
of up to 16M bytes.

In a Micro Channel PS/2, the next four adapter cards listed at the bottom of Table
2.2 perform communications functions similar to those performed by the PC bus adapter
cards described earlier in this chapter. Only the last two adapter cards listed in Table
2.2 perform communications functions unique to Micro Channel bus PS/2 computers.

The PS/2 Dual Asynchronous Adapter /A provides two independent serial com-
munications ports on one card. Each port supports asynchronous communications at
data rates from 50 to 19,200 bps and can be used to control such devices as an external
modem, serial printer, serial plotter, or serial mouse.

The PS/2 Multi-Protocol Adapter /A provides the capability to communicate with a
variety of devices that support different communications protocols, one device at a time.
Instead of having to install separate adapter cards, you can use the Multi-Protocol
Adapter /A card to transmit data in asynchronous, bisynchronous, and High-Level Data
Link Control (HDLC) protocols.

Third-Party Hardware

Each PS/2 computer comes with one serial and one parallel port. Thus, to attach multiple
serial or multiple parallel devices to your computer, you must install an appropriate
adapter card that contains circuitry that provides an additional port or ports.
Although IBM markets an adapter card with dual ports, both ports on the card are
asynchronous serial ports. To conserve system expansion slots, users requiring an ad-
ditional serial and parallel port, as well as an expansion of RAM memory, might consider
the use of the Quadram Quadboard PS/Q Multifunction Board. This board is illustrated
in Figure 2.7. The adapter board is Micro Channel-bus compatible and provides the
ability to add one parallel and one serial port as well as up to 4M bytes of RAM through
one system expansion slot. Similar to IBM memory adapter cards, you can populate
the Quadboard PS/Q Multifunction board using 0.5M byte or 1M byte memory Kkits.
Unlike IBM memory adapter cards whose use is restricted to extended memory, the
Quadboard PS/Q’s memory is switch-selectable between extended memory and LIM
specification expanded memory. This means that the memory on the board can be used
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Figure 2.7
Quadboard PS/Q
(Photograph courtesy
of Quadram Corp.)

Figure 2.8

The Princeton
Graphics MAX-15
Monitor (Photograph
courtesy of Princeton
Graphics)
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under OS/2 or you can use software that supports LIM bank switching (described in
Chapter 1) under DOS to access memory above the DOS 640K byte barrier.

Another interesting third-party product designed for use with the IBM PS/2 family
is the Princeton Graphic Systems MAX-15 autoasynchronous monochrome monitor.
This monitor, which is illustrated in Figure 2.8, has one of the widest autoasynchronous
horizontal and vertical scan ranges available, which makes it compatible with the IBM
PS/2 family, the PC/XT/AT computers, and the Apple Macintosh II. The resolution of
the MAX-15 is 1024 by 670 pixels, which provides an outstanding display resolution
that can be used to display large ‘landscape” images when used in conjunction with
appropriate software.



Operating System
Overview

This chapter focuses on each operating system (OS) you can use with members of the
PS/2 family of personal computers. First the chapter explores the functions that an
operating system performs. Next it examines the different operating systems from which
PS/2 users can choose. This examination includes the characteristics and functions of
each operating system, system hardware requirements, and the advantages and dis-
advantages associated with each OS.

OS Functions

An operating system can be viewed as a collection of programs that enable a computer
to process commands and information entered by users, to supervise its own operations,
and to execute such applications as spreadsheets and word processing programs. Per-
forming functions similar to those of the central nervous system of the human body,
an operating system controls all elements of the computer, including the interaction of
software and hardware.

Each operating system consists of a nucleus of two elements—control programs and
file-management programs. The control programs are responsible for the orderly and
efficient flow of jobs through the computer, including controlling the scheduling and
execution of processing programs.

The processing programs consist of language processors such as compilers and
interpreters that compile or interpret source programs, as well as service programs that
establish linkage between programs and application programs previously written using
a language processor. Processing programs are invoked as required by control programs,
which interpret commands entered by the user and arguments to be passed to the
processing program.

The second key element of an operating system is a file-management system. Pro-
grams to manage files are used by the operating system to control the organization of
data on different types of storage media, as well as to control recording and retrieval
of data. Among the functions performed by the file-management system are formatting
of storage media and creation and updating of tables that define the locations of files
on the media.

Classes of Operating Systems

Some operating systems are designed for a single user who performs one task at a
time. This type of OS is more formally known as a single-user, single-task operating
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system. Currently, the single-user, single-task operating system is the primary operating
system used with personal computers.

Single-User, Single-Task DOS

IBM’s disk operating system (DOS) is a single-user, single-task operating system orig-
inally developed for the PC series of personal computers. Although DOS was introduced
in 1981, it has been revised several times and for many PS/2 users will provide sufficient
functionality and capability so they need not consider using the more recently developed
08/2 operating system.

Multiuser, Multitasking Operating System

Another category of operating systems is designed to control operations by multiple
users. Such systems control multiple tasks concurrently. However, at any given moment
only one task is actually being executed, because most computers only contain one
arithmetic and logic unit—the processing unit of a computer. Known more formally as
a multiuser, multitasking operating system, this class of OS assigns a slice of processing
time to each task. If the task is not completed at the expiration of the time slice, the
OS records parameters that define the state of the task and moves on to process the
next task. As it moves on to process the next task, the OS may swap a task currently
in memory to disk to obtain additional memory for processing, retrieve all or a portion
of a previously saved task from disk, and update tables that define available storage
and the status of tasks. This type of operating system is more complex than a single-
user, single-task OS and was originally developed for use on mainframe computers to
permit a large number of users to share the resources of hardware that could cost
many millions of dollars.

Single-User, Multitasking OS/2

In between single-user, single-task and multiuser, multitasking operating systems is
an operating system that combines a portion of the simplicity of the first OS with the
capability of executing multiple tasks offered by the second type of system. Known as
a single-user, multitasking operating system, this OS permits a computer user to execute
one or more tasks concurrently. This type of OS enables a personal computer user, as
an example, to write a letter using a word processing program while a previously
constructed database program is sorting a file. To the user it appears that two simul-
taneous operations are being performed—word processing and database sorting. In
reality, the operating system is switching between the two programs so rapidly that
both appear to be executing simultaneously. IBM’s Operating System/2 (0S/2), which
was introduced with the PS/2 series, is a single-user, multitasking operating system.

Evolution of DOS

The operating system introduced with the PS/2 family was DOS 3.3. This operating
system evolved from DOS 1.0, which was introduced with the original IBM PC in 1981.
DOS 1.0 supported only single-sided 5%-inch floppy disk drives and was rapidly superseded
by Version 1.1, which added support for double-sided diskette drives.
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When the IBM PC XT was introduced in 1983, a new version of DOS (Version 2.0)
became available for use on both the PC and PC XT. Under DOS 2.0 and other minor
releases of that operating system—including DOS 2.1—support was extended to hard
disks. The 10M byte storage capacity of the fixed disk used by the PC XT was ap-
proximately 27 times the storage capacity of a 360K byte double-sided diskette used
with that computer. This increase in storage capacity required the use of a hierarchical
file structure for effective data management on the higher-capacity storage medium.
Thus, a key difference between DOS 2.0 and previous releases of the operating system
was the support of hierarchical file structures.

In 1984, IBM announced the PC AT, together with DOS Version 3.0. This version
of the operating system added support for the PC AT’s high-capacity 1.2M byte diskette
drive, the capability to change diskette and disk volume labels used as storage medium
identifiers, support for certain networking applications, and several additional features
that are discussed later in this book. Releases 3.1 and 3.2 followed shortly thereafter,
adding additional support for networking applications and, under DOS 3.2, support for
31s-inch diskettes, which had first been introduced in the laptop IBM PC Convertible.

The version of the operating system introduced concurrently with the announcement
of the IBM PS/2 family of personal computers in April 1987 was DOS Version 3.3.
This version of DOS differed primarily from Version 3.2 in the addition of support for
different media introduced for the PS/2 family of personal computers, including the
high-capacity 1.44M byte 3V%-inch diskette drives that are standard on many models
in that series.

In mid-1988, IBM introduced DOS 4.0, which included several significant enhance-
ments over Version 3.3. These enhancements included a full-screen utility that simplifies
the installation of the OS or its use as a replacement for a previously installed version
of DOS, the addition of a DOS Shell, and the support of fixed disk partitions in excess
of 32M bytes. Perhaps the most significant enhancement to DOS is its Shell. It offers
a menu-oriented access to commonly used DOS commands and supports the use of a
mouse. Users more comfortable with the DOS command language can toggle between
using the DOS Shell and its Command Prompt mode, which accepts directly entered
DOS commands.

Labeling Nomenclature

The nomenclature used by IBM in labeling versions of the OS takes the form X.YZ.
Here the numeral in the X position denotes the major version under which to categorize
that release of the operating system. The numeral in the Y position indicates a release
containing substantial revisions to the major version, whereas the numeral for Z in-
dicates a release with minor revisions to the major version.

Memory Use

DOS was originally developed to control the operation of computer systems that used
the Intel 8088 microprocessor. The Intel 8088 has a 16-bit internal data path and for
each memory operation generates a 20-bit address that can access 22 (1,048,576)
memory locations. However, the microprocessor has only eight pins for data, so it has
to perform two memory operations to fetch or store a 16-bit data word, one byte at a
time.
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The Intel 8088 microprocessor computes every memory address in two parts: the
segment and the offset. The segment is a contiguous area of memory, and the offset is
the number of bytes from the start of the segment. To calculate a physical address,
the 8088 multiplies the value of a segment by 16 and then adds the logical (offset)
address, the result being a 20-bit address. This technique of using a segment and offset
results from the 8088 address bus’s limit of 16 lines, which precludes the direct ad-
dressing of more than 216 or 64K bytes of memory.

Although the Intel 8088 can address up to 1024K bytes of memory, only 640K bytes
of memory can be effectively used by DOS. This limitation results from the DOS re-
quirement of a contiguous memory area, of which 640K bytes are always available
based on the assigned usage of different areas of memory.

Figure 3.1 illustrates the System Memory Map for the PC and PS/2 family of
computers, which explains why DOS only uses 640K bytes of memory. Note in the
System Memory Map that beyond 640K bytes, memory is reserved for different types
of video adapters, fixed disk control, power-on self-testing (POST), and other system
functions.

When the IBM PC AT was introduced, a true 16-bit microprocessor was used that
has 16-bit wide internal and external data buses providing the processing capability of
the computer. This microprocessor, the Intel 80286, enables data to be manipulated in
16-bit units as well as sent to and received from memory in 16-bit units.

The 80286 bus has 16 data lines instead of the 8 lines used in the 8088-based PC
and PC XT computers. The 80286 address bus consists of 24 lines, permitting the direct
addressing of 22¢ or 16M bytes of memory.

To be compatible with software developed for the IBM PC and PC XT, DOS was not
revised to take advantage of the greater addressing capability of the Intel 80286 mi-

Start Address Function
Decimal Hex

0 00000 Up to 640kb Read/Write Memory

640K A0000 Enhanced Graphics

704K B0000 Monochrome
720K B4000
736K B8000 Color/Graphics
752K BC000
768K C0000 Professional Graphics
784K C4000
800K C8000 Fixed Disk Control

816K CC000 192K ROM -

. . Expansion and Control

omo-—<

944K EC000
960K F0000 Reserved (Cartridge ROM Area)
976K F4000 Base System ROM contains BIOS,
Cassette BASIC and POST

1008K  FC000
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Figure 3.2
Text-Based
Command
Interface
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croprocessor. In addition, although the 80286 microprocessor was designed to perform
multitasking and contained a design that facilitated memory management, DOS did
not take advantage of these features included in the microprocessor’s ‘‘protected” mode
of operation. Instead, DOS controls the 80286 microprocessor in its “real” mode of
operation, in which the chip essentially operates as an Intel 8088. This method of
compatibility was extended to the PS/2 family of 80286 and 80386 computers. Com-
puters with either microprocessor can execute DOS when they emulate the operation
of an 8088 chip by running in their real mode.

Compatibility and Command Interface

One of the keys to the rapid acceptance of DOS is the downward compatibility of each
release. That is, Version 4.0 could be used to operate programs developed under Version
3.X, and so on.

The command interface of DOS through Version 3.3 is text based as opposed to a
graphics interface. Under a text-based interface, the personal computer user must enter
instructions to the operating system in terms of commands formed by the use of
alphanumeric characters.

Figure 3.2 illustrates the use of a text-based command interface. In this example,
the command CD\WINDOWS changes the current directory on the fixed disk to the
subdirectory named WINDOWS. The next command, DIR/W, results in a wide directory
listing of the WINDOWS subdirectory. To use this command to obtain a wide directory
listing requires you to remember to enter the /W switch after the command. Otherwise,
DOS lists each entry in the WINDOWS subdirectory on an individual line, and the list
rapidly scrolls off the screen unless you also incorporate the MORE filter in your com-
mand line.

Although the majority of DOS commands can be mastered without difficulty, casual
users may prefer a graphics interface that provides the ability to highlight an operation
and invoke it simply by pressing the Enter key. With the introduction of DOS 4.0, users
obtained a graphics-based command interface as well as the ability to toggle between
the command prompt mode and the graphics mode.

Using a graphies interface, you move a pointer onto an icon and select the icon by
either pressing a key combination or clicking the button on a mouse or other pointing

C>cd\windows
c>dir/w

Volume in drive C is DATACOM
Directory of C:\WINDOWS

.. PIF WIN COM WIN200 BIN
WIN200 ovL SPOOLER EXE WINOLDAP MOD EPSONLQ2 DRV CLIPBRD EXE
READMEEP TXT MODERN FON SCRIPT FON ROMAN FON TMSRB FON
COURB FON HELVB FON TMSRC FON TMSRA FON COURC FON

COURA FON HELVC FON HELVA FON CALC . EXE CALENDAR EXE
CARDFILE EXE CLOCK EXE CONTROL EXE CVTPAINT EXE NOTEPAD EXE
PAINT EXE REVERSI EXE TERMINAL EXE DOTHIS ™XT ABC TXT

WRITE EXE PIFEDIT EXE README TXT PRACTICE WRI WINOLDAP GRB
MSDOS EXE WIN INI A&L
43 File(s) 24887296 bytes free

C>
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device. Figure 3.3 illustrates the WINDOWS subdirectory viewed through the use of
Microsoft Windows. In this example, the white arrow represents the mouse pointer,
used to select a file called A&L, highlighting the filename in reverse video.

Figure 3.3 also shows that the icon for drive C is highlighted, informing you that
this operating system is working with that drive. To the right of the icon representing
drive C is the text C: \WINDOWS, which informs you that you are in the subdirectory
WINDOWS on the fixed disk. By double clicking on a selected program file, you execute
the file. In a text-based command interface, by contrast, you would have to enter the
appropriate command from the keyboard to execute the desired program.

Figure 3.4 illustrates another key feature of a graphics-based command interface—
drop down windows. In this example, the mouse pointer was moved to Special, causing
the options available for selection to drop down in the form of a window. Note that
under Microsoft Windows, you can either move the pointer to an appropriate row in the
drop down window and double click to select the option, or you can enter the character
underlined in the row to select the option. Thus, you could enter the character C to
select the Change Directory option displayed in the Special window.

For comparison purposes, Figure 3.5 illustrates the DOS 4.0 File System when the
DOS Shell is used to produce a graphics-based command system. Note that the DOS
Shell not only displays icons for each disk drive, but also provides both a directory tree
of your selected disk (left portion of Figure 3.5) and a listing of the files in the current
directory (right portion of Figure 3.5). Under the DOS Shell you can shift to entering
command prompts by pressing Shift+F9. By pressing the F10 key, you can enter the
letter F, O, A, or X for Exit, each of which displays a different window containing
options for selection.

Figure 3.3

Using Microsoft
Windows to Perform
a File Selection

:-D2S Execvutiv

BRER'A

€: \WINDOWS

RERDMEEP. TXT
REVERSI.EXE
ROMAN.FON

| ABC.TXT

i CALC.EXE
|| CALENDAR.EXE

| CARDFILE.EXE

| CLIPBRD. EXE
| CLOCK. EXE

£ CONTROL.EXE
| coura.FoN

§ COURB.FON

| Courc.FoN

| CUTPAINT.EXE
| DOTHIS.TXT

§ EPSONLO2.DRY
# HELUA.FON

| HELUB.FON

{§ HELUC.FaN
MODERN. FON
MSDO0S.EXE
NOTEPAD. EXE

1 PAINT.EXE
PIFEDIT.EXE
PRACTICE.WRI

SCRIPT.FON
SPOOLER.EXE
TERMINAL . EXE
TMSRA.FON
TMSRB.FON
TMSRC. FON
VIN.COM

WIN. INI
WIN268.BIN
WIN2680.0VL
WINOLDAP. GRB
WINOLDAP. MOD
WRITE.EXE

L README . X
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Figure 3.4
Microsoft Windows'
Drop Down Windows

CLIPBRD.EXE - TMSRA.FOM

CLOCK.EXE -~ TMSRB.FON
. CONTROL.EXE = THMSRC.FON
| COURA. FON WIN.COM

| COURBLFON .~ WIN.INI
COURC.FON ~  WIN20G.BIN
| CUTPAINT.EXE WIN26O. 0UL
DOTHIS.TKT ~  WINOLDAP.GRB
'EPSONLO2.DRY  WINOLDAP. MOD
 HELUA. FON WRITE . EXE
HELUB.FON
 HELUC. FON
 MDDERN.FON
 MSDOS.EXE
§ NOTEPAD. EXE
PAINT. EXE
PIFEDIT, EXE
PRACTICE. WRI
| README. 77

"Figure 3.5 File Systen
DOS 4.0 Shell File ) Options Arrange it

System Ztrl+letter selects a drive.

—

__ Directory Tree

g [ﬁj E 678 06-17-88
| | I=AUTOEXEC.BAT 3 03-25-80

OMMAND . COM 06-17-88

.SYS 03-25-80

.COM 06-17-88

06-17-88

|
|

!
|

_ N . L
F10=Actions Shift+F9=Command Prompt
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The DOS 4.0 Shell graphics interface supports the use of a mouse, just as Microsoft
Windows does. It differs from Microsoft Windows by including context-sensitive help
that can be displayed if you press the F1 key.

IBM’s 0OS/2 was developed as a growth or migration path for many DOS users, as well
as a preferred operating system for certain categories of new PS/2 users. Two of the
major differences between DOS and 0S/2 are the latter’s ability to perform multitasking
and its ability to break the 640K byte DOS memory barrier. Unfortunately, this added
capability is not without substantial cost, because OS/2 requires a substantial amount
of RAM memory as well as hard disk space.

OS/2 Versions

So far, IBM has announced four versions of 0S/2. IBM’s 0S/2 Standard Edition 1.0
can be viewed more as a development and trial tool, because its primary usage was by
organizations that wanted to evaluate the level of performance of this operating system
in comparison to DOS.

0S/2 Standard Edition 1.0 has a text-based command interface and was superseded
by Version 1.1, which includes the OS/2 Presentation Manager, a graphics interface
based on the Microsoft Corporation Windows Presentation Manager.

IBM’s Extended Edition 1.0 includes all of the functionality of the Standard Edition
1.0, plus built-in database and communications management programs. This version of
0S/2, in effect, bundles both database and communications into the operating system
and will primarily appeal to organizations that can use the additional capability of these
programs.

Like the Standard Edition 1.0, the Extended Edition 1.0 can be viewed as an interim
operating system that was superseded by Extended Edition 1.1. This version of OS/2
incorporates the Presentation Manager graphic user interface and is designed for or-
ganizations that prefer to obtain both database and communications functions bundled
with the operating system instead of obtaining such capability as separate entities.

All versions of OS/2 are based on the same kernel or core of instructions and features
contained in the code used to develop the Standard Edition 1.0. The kernel contains
the basic functions of 0S/2 to include multitasking, protected mode operation for ap-
plications that require more than 640K bytes of memory and DOS compatibility. Figure
3.6 illustrates the functional relationship between the four versions of 0S/2.

Each version of 0S/2, in effect, is a dual-mode operating system. In its DOS mode
of operation, you can execute only one application at a time, whereas in the OS/2 mode
you can execute multitasking applications.

Regardless of the mode of operation, files created under the control of one operating
system are fully compatible with the other operating system. This data file inter-
changeability provides an easy migration path from DOS to 0S/2, as well as the ability
to share files among computers operating under DOS and 0S/2.

The text command interface of OS/2 is very similar to DOS. In addition, a majority
of the commands supported by OS/2 are identical to DOS commands, whereas many
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Figure 3.6
Comparison of OS/2
Editions’ Functions
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EXTENDED EDITION 1.1
e Graphical User Interface

EXTENDED EDITION 1.0
o Communications Manager
- varied connectivity options
- concurrent communications
e Database Manager
- SQL Programming capability
- import/export capabilities

STANDARD EDITION 1.0
o Graphical User Interface

STANDARD EDITION 1.0
© DOS-like interface
o Multitasking

_J e 16M byte RAM support

other OS/2 commands are very similar to DOS commands, usually varying slightly in
form or by the parameters that are supported by the command. In fact, less than one

. quarter of the combined total of DOS and OS/2 commands are specific to one operating

system.

Because 0S/2 was designed to perform many core functions performed by DOS to
include entering the time and date, copying files, and navigating hierarchical directory
structures, users who understand DOS can easily migrate to the advanced features of
08S/2. Due to this, the book examines the structure and operation of DOS commands
in subsequent chapters prior to examining 0S/2.

Although each version of OS/2 supports applications developed to execute under
DOS, the real efficiency of the newer operating system becomes apparent when you
execute programs specifically developed for OS/2. Unlike DOS, 0S/2 application pro-
grams do not reference physical addresses. Instead, programs written to operate under
08S/2 use virtual addresses that OS/2 converts just before the microprocessor converts
the addresses to physical addresses. This method of memory management permits RAM
to be used more effectively than under DOS. As an example, under DOS an application
would reserve all free memory and use all or a portion of that memory as the program
executed. Under OS/2, only the memory required at a particular time is assigned to
an application. This permits the operating system to control memory more effectively,
permitting two or more programs to operate concurrently using less RAM than if they
were executed on separate personal computers under DOS.
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Comparing Operating Systems

Table 3.1
Operating System
Features and Price
Comparison

Table 3.1 compares seven major features between DOS and four versions of 0S/2.

The key to the multitasking capability of 0S/2 is its ability to operate the Intel
80286 and 80386 microprocessors in their protected mode of operation. Unfortunately,
this precludes OS/2 from being used on the Intel 8086-based PS/2 Model 25 and Model
30, because that microprocessor is essentially a 16-bit bus 8088 and does not support
protected mode operations. In addition, OS/2 cannot operate on the Intel 8088-based
IBM PC and PC XT computer systems. Thus, to use 0S/2, your computer must use
an 80286 or 80386 microprocessor, such as the PS/2 Models 50, 60, 70, and 80 and
the PS/2 Model 30 286.

The support of protected mode operation permits OS/2 to operate 80286 and 80386
microprocessors using a 24-bit address bus. This enables 0S/2 to directly address 16M
bytes, whereas DOS restricts memory support to 640K bytes.

Note in the table the significant differences in minimum recommended RAM and
hard disk space between DOS and the various versions of 0S/2. Although the minimum
memory of PS/2 computers is 1M byte, most PS/2 users operating OS/2 probably
require at least 1M byte of additional RAM for effective operations. This is because
0S/2 takes up approximately 500K of RAM, leaving 0.5M bytes on a 1M byte system
to take advantage of the multitasking capability of the operating system. Because two
0S/2 application programs could each consume 0.5 to 1M of RAM, 2.5M bytes is

0S/2
Standard Edition  Extended Edition

Feature DOS 1.0 1.1 1.0 1.1
Microprocessor Support
8086 yes no no no no
8088 yes no no no no
80286 yes yes yes yes yes
80386 yes yes yes yes yes
Multitasking no yes yes yes yes
Minimum recommended 256K 1.5M 1.5M 1.5M 1.5M

RAM (bytes) bytes bytes bytes bytes bytes
Hard disk space not 2.5M 2.5M 2.5M 2.5M

recommended required bytes bytes bytes bytes
Addressable memory 640K 16M - 16M 16M 16M

(bytes) bytes bytes bytes bytes bytes
Virtual memory support  no yes yes yes yes
Cost $125 $325 —! $795 —2

1. Licensees of Standard Edition 1.0 can obtain a copy of version 1.1 at no charge.
2. licensees of Extended Edition 1.0 can obtain a copy of version 1.1 at no charge.
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probably a more realistic memory capacity to use the multitasking capability of this
operating system effectively.

When the additional hardware costs of OS/2 to include RAM and perhaps a larger
fixed disk are added to the cost of the operating environment, significant differences
between running OS/2 and DOS become apparent.

The actual cost difference between 0S/2 and DOS actually depends on the version
of 0S/2 used, the amount of RAM installed to support multitasking, and (usually) the
cost of obtaining a higher-capacity hard disk. In general, OS/2 users can expect to
spend between $1500 and $3000 more than DOS users on hardware and software.

OS/2 Alternatives

Table 3.2
OS/2 Alternatives

0S/2 readers can consider a variety of alternatives, with the governing factor being
your requirement for one or more 0S/2 features. Table 3.2 lists software and hardware
alternatives to OS/2 that can provide many of the features of this operating system.
If your primary concern is the ease of use provided by a graphics interface, consider
investing in Microsoft’s Windows, Windows/386, or Digital Research Corporation’s
GEM. Each of these programs is actually an operating environment that overlays DOS.
Both Windows and GEM operate on any PC or PS/2 computer, although they work
best with 80286- or 80386-based machines. Windows/386 was designed specifically for
computers containing the Intel 80386 microprocessor and takes advantage of the “vir-
tual”” mode feature of that microprocessor. This feature lets the microprocessor function
as if it were multiple 8086 chips, permitting each window to act as its own “‘virtual
machine,” resulting in both multitasking and protection for multiple applications.
Although GEM is a single-user, single-task operating environment, versions of Win-
dows—as well as Quarterdeck’s DESQview, Software Link’s PC-M0OS/386, and several
other commerecially available programs—can provide a multitasking environment.
Some operating environments, most notably DESQview, ¢an run almost all appli-
cations previously developed for operation under DOS without modification. Other op-
erating environments, such as Windows and GEM, are designed for use with specific
programs written to take advantage of the common user interface developed for each
environment. Due to this fact, you may have to replace some or all of your application

Software

Function Program/OS to Consider

Graphics interface Microsoft Windows, Windows/386
Digital Research GEM

Multitasking capability Quarterdeck’s DESQview
Software Link PC-MQOS/386
Microsoft Windows, Windows/386

Hardware

Function Hardware to Consider

Expanded memory LIM compatible memory

Faster processing Accelerator boards
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programs with programs developed to operate under a specific operating environment
to maximize the operational functionality provided by the environment.

Two types of adapter cards can provide DOS users with some of the functionality
provided by OS/2. First, you can obtain an extended memory capability for executing
large programs or for performing multitasking operations without requiring 0S/2 to
operate an 80286 or 80386 microprocessor in its protected mode. This can be accom-
plished by the installation of expanded memory.

Expanded memory can be used with any microprocessor-based personal computer,
because it accesses segments of memory above the 1M byte boundary. It uses a technique
known as paging or bank switching. Bank switching is the process of electronically
repositioning expanded memory into the microprocessor’s address range. The expanded
memory is divided into 16K byte blocks called pages, which are swapped into or out
of an area of main storage called the page frame. The page frame effectively becomes
a window that can look into various blocks of expanded memory, as previously illustrated
in Figure 1.6. See Chapter 1 for additional information concerning expanded memory.

The second hardware item listed in Table 3.2 can be used as an alternative to 0S/2’s
high performance as well as a mechanism to operate OS/2 on personal computers that
do not use such protected mode microprocessors as the 80286 and 80386. Known as
accelerator boards, these adapter cards include a microprocessor and RAM memory.
To use the accelerator board, you first remove the microprocessor installed in your
computer and then install the adapter card in an expansion slot. After you cable the
adapter card to the socket formed by the removal of the computer’s microprocessor,
the chip on the card provides the processing power for your system.

Accelerator boards have been manufactured with 8086, 80286, and 80386 micro-
processors. Although all accelerator boards provide faster processing than 8088-based
PC and PC XT systems, only 80286- and 80386-based boards can be used to run OS/2.
Such boards can be installed in PCs, PC XTs, and such PS/2 systems as the Model 25
and Model 30, which normally are incapable of supporting protected mode operation.
Thus, you can also use an accelerator board to obtain the ability to use OS/2 on a
computer system that was originally manufactured with a microprocessor capable of
supporting only real mode operations.



System Setup and File
Transfer Tips

This chapter prepares you to set up the PS/2 computer for operation. Topics in the
first portion of this chapter include setting up a desktop PS/2, the use of an AC power
protector, the installation of options in the system unit of the computer, and how to
effectively use the Reference Disk that is shipped with each PS/2. The second portion
of this chapter focuses on the different disk media supported by personal computers.
By examining the storage capacity of different types of diskettes, you will see how file
transfer problems can result when you attempt to transfer programs or data from one
computer to a computer that uses a different disk medium.

Then, the chapter explores six file transfer methods that can alleviate media incom-
patibilities. After you master this chapter’s material, you should be able to transfer
programs and data from IBM PC and compatible personal computers to PS/2 computers,
and vice versa.

PS/2 Power Requirements

Normally a dual power receptacle is inadequate for your power requirements. This is
because if you have several options that are independently powered, such as a printer,
external modem, and plotter, a dual power receptacle will be insufficient to satisfy your
power requirements. For this type of situation you may want to use a power strip,
connecting the power strip to your household receptacle to obtain several additional
outlets in one convenient location.

For most computer and peripheral configurations, a standard six-plug power strip
is recommended. Some power strips include circuit breaker protection against overloads;
however, they do not protect your equipment against high-voltage spikes that occur
from lightning or power surges caused by machinery operating in close proximity to
your computer. For added protection against possible electrical damage, be sure your
power strip or other type of multiple outlet device includes an AC power protection
capability.

AC Power Protector

Although deﬁces that protect a personal computer from spikes, surges, noise, and
brownouts are not necessary for the operation of the computer, they are one of the
first accessories you should consider.



Figure 4.1

The SSB Design Pure
Power Plus
(Photograph courtesy
of SSB Design)
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AC power protector products include surge suppressors, isolation transformers, and
voltage regulators. Some devices perform just one of these functions; others may perform
two or all three of the functions.

The surge suppressor rejects high-amplitude spikes and, depending on manufacturer,
may reject radio frequency interference (RFI) noise.

An isolation transformer provides a higher degree of spike filtration than a surge
suppressor and also rejects RFI noise.

The most sophisticated AC power protector is a voltage regulator. This device includes
a transformer that maintains a constant output voltage over a wide range of input
voltages. It works fast enough to eliminate sudden as well as gradual surges and sags.
Also, the voltage regulator suppresses short spikes, as well as RFI that is carried by
house or office wiring. The independent windings isolate the load equipment from the
house or office wiring and provide a high degree of protection against electrical shock
in the event of a catastrophic malfunction in the load equipment’s own power supplies.

Figure 4.1 illustrates the SSB Design Pure Power Plus, which is a combined multiple
outlet, surge suppressor, and isolation transformer. The SSB Design Pure Power Plus
provides six 115 VAC electrical outlets at the rear of the device whose power activity
is controlled by individual switches at the front of the unit. Although several manu-
facturers make similar devices, the current indicator at the front of the unit is probably
unique and provides you with a visual indication of how much current your equipment
is using. The voltage indicator tells you the condition of the line voltage, which can be
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especially valuable during the summer months, when electric utilities have been known
to reduce voltages during periods of peak consumer demand.

In addition to protecting against spikes and surges, the SSB Design Pure Power
Plus includes electromagnetic interference (EMI) and RFI filtration. Because noise in
the form of EMI or RFI can result in memory errors, this feature may be valuable for
personal computers located in an industrial area.

PS/2 Setup

When you install your system for the first time, install certain options in your system
unit, or replace your computer’s battery, you must perform certain operations so your
computer can operate correctly. The key to correctly setting up your computer is the
IBM Reference Diskette. This diskette contains programs written to acquaint you with
the features of your PS/2 as well as programs you can use to establish password access
to your computer, set or reset the date and time maintained by your computer, set the
configuration of your computer, and perform other functions that will govern PS/2
operations.

The Reference Diskette

System Unit

The Reference Diskette is a permanently write-protected diskette. This means that you
cannot record information onto the diskette. Because the addition of certain optional
equipment requires you to transfer configuration information from diskettes furnished
with the equipment to the Reference Diskette, one of the first actions you should take
after you load the Reference Diskette is to make a copy of that diskette. Before you
actually work with the Reference Diskette, first review the system unit of your PS/2
and install any required hardware options in the computer.

Figure 4.2 illustrates the rear of the system unit of a desktop PS/2. There are some
slight differences in the back of the system among members of the PS/2 family. As
an example, the expansion slots on the Model 30 are constructed horizontally, whereas
they are vertical on the Model 50 and Model 70 computers.

Installing Options

Installation of many types of adapter boards into the system unit of a PS/2 computer
will require you to update a backup copy of the Reference Diskette to make your system
operate correctly. Due to this, you will next see how to install adapter boards. For
information concerning the installation of other options, such as diskette and fixed disk
drivers, refer to the quick reference guide provided by IBM with each PS/2 computer.

Prior to removing the cover from the system unit, you should disconnect the keyboard
and monitor if they were previously connected; set them aside. Next, ensure that the
system unit power switch is off and then disconnect the power cord and all cables from
the rear of the system unit as an added safety precaution.



Figure 4.2
Rear of Desktop
System Unit
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Legend:
1. Cover Screws
2. Power Cord Connector
3. Cover Lock
4. Keyboard Connector
5. Mouse or Pointing Device
Connector
6. Parallel Connector
7. Serial Connector
8. Display Connector
9. Expansion Slots

Check that the cover lock is unlocked. If it isn’t, use the tubular key that came with
your computer to switch the cover lock to the unlocked position, facing downward. Next,
loosen the two cover screws located at the rear of the system unit using a flat blade
screwdriver or coin. Then you can remove the cover to the system unit by sliding it
forward approximately two inches and lifting it.

Prior to installing an optional adapter, read the instructions furnished with it to
determine whether it can be installed in any available expansion slot or if it requires
a specific expansion slot. Before you install the adapter, remove the expansion slot
cover. This can be accomplished by turning and removing the expansion slot cover screw
that holds the cover in place, using a coin or flat blade screwdriver if the screw is too
tight. After the expansion slot cover screw is unfastened, you can lift the expansion
slot cover upward, removing it from the system unit.

Although IBM’s quick reference guide says you can discard the expansion slot cover,
it is a good idea to place it in a location where you can easily locate it at a later date.
You may never need it, but if for some reason you remove a previously installed adapter,
you will have a rectangular hole in the rear of your system unit that allows dust and
dirt into the unit. Thus, keep the cover so you can close the expansion slot if you decide
to remove a previously installed adapter.

Adapters manufactured for use in the PS/2 contain a built-in expansion slot cover.
You install the adapter by first positioning it so the end with the expansion slot cover
faces the rear of the system unit. Then press the adapter firmly into the expansion slot
connector until the adapter clicks into place. Using the screw obtained when you removed
the expansion slot cover you can fasten the adapter card to the system unit. At this
time you should install the system unit cover, tighten the cover screws, and connect
your monitor and keyboard to the system unit. Once this is accomplished, you are ready
to use the IBM Reference Diskette to complete the setup of your computer.

Using the Reference Disk

Prior to turning on power to your system unit, insert the IBM Reference Diskette in
drive A. Drive A is the leftmost diskette drive if your computer has two diskette drives.
If your computer has only one diskette drive, that drive is drive A.
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If everything is ready, when you turn the power switch on the system unit to the
upright, On position, three things will happen. First, the keyboard status lights blink
on and off. Next, a memory test occurs, and the amount of memory installed in your
system unit followed by the letters OK should be displayed in the upper left corner of
your screen. After the power-on self-test is completed, you should hear one short beep,
indicating that your system unit has completed its self-test.

The time required to perform the self-test depends on the amount of memory installed
in the system unit and can vary from 10 to 30 seconds. If you do not hear one short
beep, your system unit may contain a defect, and you may wish to contact the source
where you purchased the computer or try to run the Test the computer option from
the Main Menu of the Reference Diskette. If error message number 165 is displayed
and you hear two short beeps, do not be alarmed. This is the method by which the
PS/2 computer notifies you that its configuration is not set correctly and that you must
correct this situation before you can use the operating system.

Once you place the Reference Diskette in drive A and turn on power to your system
unit and monitor, the IBM logo displays. Pressing the Enter key causes the Main Menu
of the Reference Diskette to display, illustrated in Figure 4.3.

You can select an entry from the Reference Diskette Main Menu by pressing the Up
Arrow or Down Arrow key to move a highlighting bar over the desired option. Then
you can press the Enter key to invoke the selection.

Selecting option 1 invokes a program that displays elementary information about
hardware, software, communications, and testing the computer. For those using a
computer for the first time, this selection will provide you with basic information that
more experienced persons will probably skip.

Option 2, Backup the Reference Diskette, helps you to remove a 165 error mes-
sage and to set your computer’s configuration after you install one or more adapter
boards in the system unit. Because the Reference Diskette is write protected, you must
copy its contents to a backup diskette so you can add a configuration file or files to the
diskette. After you select option 2, the program will request you to insert a backup
diskette in your disk drive. The program on the Reference Diskette will first format
the backup diskette to prepare it for recording data and then transfer the contents of
the Reference Diskette to the backup diskette, prompting you several times to insert

Main Menu

Learn about the computer
Backup the Reference Diskette
. Set configuration

. Set features

. Copy an option diskette

. Move the computer

. Test the computer

~N O OHA W -




Figure 4.4
Reference Diskette
Set Configuration
Menu

Figure 4.5
First Screen of View
Configuration
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and remove diskettes if you have a system with a single diskette drive. If you had a
165 error message, once this activity is completed, select option 5 from the Main Menu.

The Copy an option diskette selection enables you to copy configuration file in-
formation from option diskettes included with certain adapter cards to the previously
created backup copy of the Reference Diskette. These files are required for you to
successfully use the Main Menu’s Set configuration option.

Selecting option 3 from the Reference Diskette Main Menu results in the display of
the Set Configuration menu screen illustrated in Figure 4.4. As indicated in Figure 4.4,
you can select five options from this menu.

Selecting option 1 from the Set Configuration menu provides a display of your current
configuration. This display is similar to that illustrated in Figures 4.5 and 4.6, with the
key difference between the data displayed in those figures and what is actually displayed
on your computer screen resulting from whatever features are installed in your system
unit. In addition, if you previously installed one or more adapter cards in the system

Main Menu

Set Configuration

1. View configuration

2. Change configuration

3. Backup configuration

4. Restore configuration

5. Run automatic configuration

E Press a number to select.
Esc=Quit Fi1=Help

View Configuration

Total System Memory

Installed Memory ........ieeeeeeennnnns 1024KB (1.0MB)
Usable Memory .......ceuvvveerennnnnnnns 1024KB (1.0MB)
Built In Features
Installed MEMOrY ....vuiiereronenennenns 1024KB (1.0MB)
Diskette Drive A Type ....cviveencncennns 1.44MB 3.5"
Diskette Drive B Type ......ccvvevacsns Not Installed
Math COpProCesSSOor .......eieeencnncenans Not Installed
Serial POrt ....c.iiiierinenennnnnannnnns SERIAL_1
Parallel Port .......cciieeeneennnnnenns PARALLEL_1

Slot1 - The IBM 3270 Connection Version B
Resources Used ......c.ovvvrnennnnnnnnn, First

Slot2 - IBM Token-Ring Network Adapter/A

Esc=Quit
Fi=Help End PageDown
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View Configuration

Serial Port ....iiiiiiiieninninnnensnnns SERIAL_1
Parallel Port ...... it PARALLEL_1

Slot1 - The IBM 3270 Connection Version B

Resources Used .......cciveinenennanss First
Memory Assignments .......cii0iiiiennan CEOQO

Slot2 - IBM Token Ring Network Adapter/A
Primary or Alternate adapter .......... Primary
ROM Address range ..........ccioueeennn CC000 - CDFFF
RAM Address range ........eeeeveenaenns D8000 - DBFFF
Interrupt Level ... ...ttt iinnnnns Interrupt 2

Slot3 - Empty

Slot4 - IBM Fixed Disk Adapter
Type of drive .....iiiiiiinerinnnnennnnas 30
Arbitration Level .........ciiiuinnnnns Level_3

Home PageUp ]
Fi=Help End

expansion slots of your computer, information concerning the use of the slot will not
be displayed. This information must be stored in what is known as ecomplementary metal
oxide semiconductor (CMOS) memory, which is battery-powered memory inside your
system unit and which is critical for the correct operation of your computer.

The backup Reference Diskette you created to hold the copy of option diskette
contents (by selecting option 5 from the Main Menu) provides the ability to configure
your PS/2. To do so, you can select option 5 from the Set Configuration menu (displayed
in Figure 4.4)—Run automatic configuration. The selection of this option will result
in the automatic configuration of the computer and any installed IBM options to their
normal settings. Although you can also use option 2, Change configuration, to con-
figure your system, this option requires you to know such technical details as adapter
board ROM and RAM address ranges, which may not be readily available, but which
are read from configuration files on the backup Reference Diskette when you select
the automatic configuration option.

Option 38 from the Set Configuration menu, Backup configuration, causes the
configuration in CMOS memory to be written onto the backup Reference Diskette.
Then, if you should replace your computer’s battery, you can use option 4, Restore
configuration, to restore your computer’s configuration to CMOS memory.

Set Features Menu

When you select the Set Features option from the Reference Diskette Main Menu,
you can set the date and time, enter passwords, and set the speed to which the keyboard
responds when you type. This menu is illustrated in Figure 4.7.

Figure 4.8 illustrates a portion of the display after you select the Set date and
time option from the Set Features menu. Here the current date and time are displayed,
and the cursor is positioned to the first entry in the date field, which is highlighted by
an inverse video display bar. After entering a new date, you can use the Down Arrow
key to position the highlighted bar on the time field and enter any required time changes.
Then, pressing the Enter key updates the date and time in the computer’s system clock.



Figure 4.7
Set Features Menu

Figure 4.8
Set the Date and
Time Menu
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Main Menu
Set Features
1. Set date and time
2. Set passwords
3. Set keyboard speed
U
E
Main Menu
Set Features
Set the Date and Time
Type in the current date and time.
Press Enter to save the changes. .
Current date : [03-25-1980]
U Current time : [21:08:53]
E
— U
E

Select the Set passwords option from the Set Features menu to enter, change, or
remove a power-on password. In actuality, the change power-on password option—
invoked by selecting option 2 in the menu shown in Figure 4.7—is misleading, because
once a password is set, you must turn your computer off and back on and await the
display of the password prompt to be able to change it. Once a symbol that looks like
a key is displayed in the upper left corner of your monitor, you can change the password
by entering the current password followed by a slash and the new password. Selecting
the change password option merely informs you of this procedure.

If you set a power-on password, each time you turn your computer on or perform
a system reset, a key-shaped symbol appears to prompt you to enter a password to
obtain control of the computer. If you should lose or forget the password, you will have
to remove the battery in the system unit for at least 20 minutes to erase the CMOS
memory containing your password. Then you must use the backup Reference Diskette
to restore your system’s configuration and set a new password if you so desire.
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If you enter the password incorrectly, after three tries you will be precluded from
further attempts to enter a password. At that time you will have to turn the computer
off, then back on, and try again. When you enter the password incorrectly, the letter
X displays under the key symbol, and entering the password correctly will cause 0K to
display under the key prompt.

Two other options in the Set Passwords menu are Install keyboard password
program and Set network server mode. Setting a keyboard password enables you to
lock the keyboard without turning the computer off. To set a keyboard password, you
install the keyboard password program from the Reference Diskette onto the fixed disk
or diskette that contains a copy of the OS. Because the fixed disk in a PS/2 must be
partitioned and formatted before you can use it, prepare that disk and copy the operating
system to it. After those functions are performed (as described in Chapter 5), you can
use the Reference Diskette to set the keyboard password.

The last option from the Set Passwords menu—Set network server mode—enables
the computer to operate as a local area network (LAN) server with its keyboard locked.
This permits users of other computers to access the fixed disk of your computer while
your keyboard remains locked.

Option 6 from the Main Menu, Move the computer, should always be selected before
you move a system unit that contains a fixed disk, even if the move is only a few feet
from one desktop to another. Selecting this option “parks” the read/write heads of the
fixed disk in a location where, if the system unit is bumped, the heads will not alter
previously recorded data. Once you invoke this option, you should not use the computer
until it is relocated, as its further use “unsecures” the read/write heads.

Option 7 on the Main Menu (Test the computer) invokes a testing program. This
program first displays a list of devices the program recognizes as being installed in
your computer and then tests the various features installed in your system unit. To run
this test program effectively, insert a scratch diskette in drive A. The program will first
write test data to the diskette and then read the data to validate the accuracy of the
diskette drive.

Media Compatibility Issues

The development of super-twisted and backlit LCD displays has greatly enhanced the
ability of laptop computer users to read information displayed on laptop screens. Cor-
responding to the increase in screen readability, laptop computer sales have increased.

Although laptop computers are a valuable asset for the traveling professional, most
computers in this category use 3'2-inch media for removable disk storage. Unfortu-

nately, the majority of IBM PC and compatible personal computers currently installed

contain the older 5%4-inch media. Whereas the sale of members of the IBM PS/2 family
of computers—which use 3%z-inch diskettes—has been significant, problems also arise
when you attempt to transfer information from those computers to laptop computers.
In addition, a significant number of recently introduced IBM PC compatible computers,
including the COMPAQ Deskpro 386, use 5V4-inch diskettes, resulting in media incom-
patibility problems that can inhibit the transfer of programs and data from a large
base of personal computers to members of the PS/2 family. Knowing about diskette
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capacities and the reasons media incompatibilities developed prepares you to master
methods to obtain file transfer compatibility between laptop and desktop computers.

Types of Media

Currently four distinct types of diskettes are used in IBM PC and compatible computers
and the PS/2 family of personal computers.

The original IBM PC series—the PC and PC XT—used 5Vs-inch diskette drives that
supported double density diskettes. Each diskette under DOS 2.0 and higher DOS
releases could be formatted with 40 tracks per side, using either 8 or 9 sectors per
track, with each sector containing 512 bytes of information. Thus, the maximum storage
capacity of the standard 5Vs-inch double density diskette used with the IBM PC and
PC XT became

2 sides X 40 tracks/side x 9 sectors/track x 512 bytes/sector = 368,640 bytes

Because there are 1024 bytes in 1K byte, the storage capacity of the standard 5Vs-
inch diskette was 360K bytes of information.

When the IBM PC AT was introduced, it was marketed with one high-capacity 5Y4-
inch diskette drive as a standard feature. This diskette drive could read data previously
recorded onto a standard 360K byte 5V4-inch floppy diskette. However, if data was
recorded onto a 360K byte diskette in the PC AT’s high-capacity drive, it was likely to
be unreadable subsequently by a conventional 360K byte 5Vi-inch diskette drive. The
reason for this potential incompatibility between data recordings produced by different
5Vs-inch diskette drives is based on the data recording mechanism employed by the
high-capacity diskette drive used in the PC AT.

The 5Vs-inch high-capacity diskette drive in its high-capacity recording mode of
operation writes data onto a diskette using 80 tracks, with 15 sectors per track. Because
the tracks are closer together, the high-capacity recording mode of operation requires
high-capacity 5%-inch diskettes. When data is recorded onto a high-capacity diskette,
the maximum amount of storage becomes

2 sides x 80 tracks/side x 15 sectors/track x 512 bytes/sector = 1,228,800 bytes

Because there are 1024 bytes per 1K byte, the storage capacity of a 5%4-inch high-
capacity diskette is 1.2M bytes.

When conventional 5Y4-inch diskettes are used in the PC AT’s high-capacity diskette
drive and the operator formats the diskette as a 360K byte disk, the resulting tracks
are placed slightly closer to one another than if a conventional 360K drive had been
used to format a 360K diskette. Due to this, there is a degree of probability that data
recorded onto a conventional 5%4-inch diskette in the high-capacity drive of the PC AT
will not be readable in the standard 5V4-inch drive in IBM PCs and PC XTs. Thus, a
high-capacity diskette produced by a PC AT is always incompatible with the 5¥s-inch
diskettes used in PCs and PC XTs, whereas a conventional 360K byte diskette produced
by the high-capacity diskette drive of the PC AT may or may not be readable by the
standard diskette drives used in the PC and PC XT.

As a result, IBM offered a standard 360K byte drive as an option that could be
installed in the PC AT. The PC AT user then obtained the assurance of media com-
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patibility with the standard 360K byte 5%s-inch diskette drives used in the PC and
PC XT.

The introduction of the IBM PC Convertible laptop computer represented the first
use by IBM of 3'%.-inch media in a personal computer. The PC Convertible’s 3%%-inch
diskette drives record data onto a similarly sized diskette whose storage capacity is

2 sides x 80 tracks/side x 9 sectors/track x 512 bytes/sector = 737,280 bytes

With 1024 bytes per 1K byte of storage, the capacity of the 3%-inch diskettes used
with the PC Convertible is 720K bytes.

The introduction of the IBM PS/2 family of computers included the support of two
types of 3V-inch drives and media—double density 720K byte and high-capacity 1.44M
byte storage. The IBM PS/2 Models 25 and 30 each use 3%%-inch double density diskette
drives that are the same as those used in the PC Convertible, having a storage capacity
of 720K bytes. The PS/2 Models 50, 60, and 80 use high-capacity 3'2-inch diskette
drives that have a maximum capacity of 1.44M bytes of data. This doubling of storage
capacity is obtained by recording data 18 sectors per track, using 512 bytes per sector.

File Transfer Methods

If you followed all the math just given, you see that there are four media formats you
should consider for file transfers between a PS/2 and another PS/2 or between a PS/2
and a PC or PC compatible computer:

360K byte 5¥s-inch
1.2M byte 5Vs-inch
720K byte 3Vs-inch
1.44M byte 3V2-inch

Thus you should take into account both the media format used by your computer and
that of the computer to which you will transfer files to determine whether there is a
media incompatibility problem. If there is, explore the variety of methods to obtain a
file transfer compatibility between computers. In considering each method, note both
the recording media used by both computers and the various types of facilities and
equipment that can be employed to promote file transfers.

Table 4.1 lists six methods for transferring files between your computer and another
computer. Of course, the implied seventh method, which is not listed in the table, is
simply taking a diskette created on one computer and inserting it in a standard diskette
drive on the PS/2.

Add Diskette Drive to Other Computer

The first method listed in the hardware column of Table 4.1 is the installation of a 31%-
inch diskette drive on a non-PS/2 computer. This depends on the other computer’s
existing diskette configuration and the type of media used by that computer. If the
other computer is an IBM PC series or compatible computer, an internal or external
3Vs-inch diskette drive can be added to the computer to obtain media compatibility with
a PS/2. Several vendors market both types of 3%-inch drives, with internal drives
obtainable for under $150 to include a mounting bracket to enable the drive to fit in
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Table 4.1 Hardware Methods Software Methods
File Transfer Methods
Install 3V2-inch diskette drive in other Use commercial file transfer program
computer
Add diskette drive to PS/2 Use IBM Data Migration Facility
Use third computer as intermediate Use communications program on each
storage device computer

the device housing area of the computer that was designed for 5%4-inch storage devices.
External drives containing a built-in power supply normally cost between $300 and
$400 and must be cabled to the floppy diskette controller inside the system unit of the
computer. For either type of drive, the desktop system user must obtain DOS 3.2 or a
higher version of the operating system to support the use of 3%-inch diskette drives.

Add Diskette Drive to PS/2 Computer

If your computer is a member of the IBM PS/2 series, it has either a 31%-inch 720K
byte or 1.44M byte diskette drive. The latter reads 720K byte diskettes and writes to
those diskettes. If the other computer you wish to share files with cannot support 3%2-
inch diskettes, an IBM 5Vs-inch external diskette drive can be cabled to your PS/2 to
obtain media compatibility. Unfortunately, there are a few limitations and constraints
associated with this device as well as its list price of approximately $400 that will make
third-party products highly desirable. First, IBM’s external diskette drive is probably
the largest 5V4-inch drive ever manufactured, with many competitors only half in jest
saying it’s big enough to land a jet on. Because desk space can be at a premium in
many organizations, its use may require some management of desk space. A second
limitation is that when used with a PS/2, the 5Vs-inch drive must be designated as
drive B. Third and perhaps most important to users of the 3-expansion slot Models 50
and 70 computers is the fact that the 5Y4-inch drive requires the use of an expansion
slot for a separate controller, significantly reducing the expansion potential of those
personal computers.

Commercial File Transfer Program

One of the most popular methods of file transfer is based on the use of the serial ports
of the laptop and desktop computers, a cable to connect the two serial ports, and software
that operates on both computers. Several vendors market a software/hardware package
consisting of software on both 3V.-inch and 5Y-inch diskettes and a cable with both
9-pin and 25-pin connectors on each end. By cabling the serial port of a PS/2 computer
to the serial port of a PC or PC compatible computer and loading the vendor’s software
on each computer, you can transfer files in either direction.

One of the most popular commerecial file transfer programs marketed today is called
The Brooklyn Bridge. Developed by White Crane Systems of Norcross, Georgia, this
package has a retail price of $129.95. In addition to permitting file transfers between
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computers, the software also enables one computer user to access the other computer’s
peripheral devices. This additional feature enables a PS/2 user, for example, to use the
printer or other peripheral attached to a PC or PC compatible computer through one
simple serial port cable connection.

IBM Data Migration Facility

The IBM Data Migration Facility is a simple parallel cable connector and software that
is designed to transfer files between a member of the PC series and a member of the
PS/2 series. )

The Data Migration Facility requires the cabling of two adjacent computers using
the parallel port of each computer. Although this method of file transfer costs only $33,
it is unidirectional from PC 5VYs-inch drives to PS/2 3Vs-inch drives. Unfortunately,
because the Data Migration Facility is designed for one-way file transfers, it cannot be
used to send files from the PS/2’s 3V%-inch media to a PC’s 5V4-inch media.

Using Communications Programs

If communications software programs are available for use on both a PS/2 and PC or
PC compatible computer, a null modem can be used to cable the two computers together,
using the serial port of each computer. Then the built-in file transfer capability of the
communications software can be used to send data in either direction.

The cost of a null modem cable is normally under $20, whereas several communi-
cations programs with file transfer capability can be obtained for under $75 per copy.
Thus, for $170 or less, you can achieve bidirectional file transfer capability between
computers.

Third Computers as Intermediate Storage

If both computers have a communications capability, file transfer operations do not have
to be restricted to occurring within close proximity of each computer. If the organization
has another computer system, such as a minicomputer or mainframe computer with
dial network access, one computer user can dial the intermediate storage computer and
transfer a file onto that computer. Similarly, the other user can dial the intermediate
storage computer and retrieve the previously stored file or transfer a file to that system,
which later is uploaded to the other computer.



Using DOS

For many PS/2 owners and users, IBM’s disk operating system (DOS) provides a
sufficient level of functionality and capability to forego using OS/2. For other PS/2
owners and users who will use 0S/2, the commonality of a majority of commands and
functions between that operating system and DOS permits persons familiar with DOS
to ease themselves into the use of OS/2. For these reasons, this chapter and several
succeeding chapters explore DOS. Then you’ll be better prepared to understand 0S/2,
which is covered in detail later in this book.

Versions of DOS

The first year after the PS/2 family was introduced, DOS Version 3.3 was the primary
operating system for this series of personal computers. In mid-1988, IBM introduced
DOS 4.0, which contained many new and enhanced commands, as well as a menu
system that facilitates its use. Because several million copies of DOS 3.3 were sold for
use with PS/2 computers and this version of the operating system was being marketed
concurrently with DOS 4.0 at the time this book was prepared, both versions are covered
in this book. Due to the large degree of commonality between DOS 3.3 and DOS 4.0,
this text first examines specific operating system topies using DOS 3.3. Then you will
learn of relevant enhancements available in DOS 4.0. If a specific topic is the same for
both versions of the operating system, this discussion does not specify a particular
version of DOS.

Device Designators

Prior to using DOS, you should become familiar with the designator or specifier used
for each storage device installed in or attached to your computer. This familiarity is
required because the manner in which you start DOS depends on the storage devices
installed in or attached to your computer.

If your computer has only one diskette drive, it will be referenced as physical drive
specifier A. If your computer has two diskette drives, the drive installed in the left side
of the system unit is referenced as drive A, whereas the drive installed in the right
portion of the system unit is referenced as drive B.

If you have only one physical diskette drive, DOS treats that drive as logical diskette
drives A and B. Doing so enables you to copy the contents of all or a portion of one
diskette onto another, with DOS prompting you to change or “swap” diskettes.
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If your computer has one diskette drive and one fixed disk, the diskette drive functions
the same as if you had only one diskette drive. That is, the floppy drive is referred to
by DOS as both drive A and drive B. The fixed disk is referred to as drive C.

Although most PS/2 computers have three or fewer drives, on occasion systems
contain a second fixed disk. This disk drive is referenced as drive D. For media com-
patibility with members of the original IBM PC series, you may connect an external
5Vs-inch diskette drive to your PS/2 computer. When this occurs, the drive specifier
used to reference the external diskette drive normally is B. However, the drive can be
varied based on the parameters you list in the DEVICE = DRIVER.SYS command
contained in the CONFIG.SYS configuration file. The commands that can be contained
in the CONFIG.SYS file are covered in Chapter 8.

Installing DOS 3.3

Your DOS 3.3 diskette contains a file named SELECT. This file can specify the keyboard
layout you wish to use, the country code that will govern the format in which the date
and time are displayed, and the currency symbol and decimal separator used by your
computer. Using the SELECT file during the DOS 3.3 installation process, you auto-
matically create a second copy of the operating system by responding to a few prompts
issued by the command. The use of this command is applicable to all possible PS/2
configurations, regardless of the number of diskette drives or fixed disks your system
contains.

If your PS/2 does not have a hard disk, installation requires one blank 3%2-inch
diskette, which becomes your “DOS Start-Up/Operating Diskette.” If your PS/2 has
a fixed disk, the SELECT command transfers the contents of your original DOS 3.3
diskette to your fixed disk. Once this occurs, you can start DOS from your fixed disk
and eliminate the requirement to use the original or a backup copy of the DOS 3.3
diskette.

Diskette-Based Systems

Before you initiate the SELECT command on your DOS 3.3 diskette you should de-
termine the country and keyboard codes to be used with that command. These
codes will be entered as command parameters; their permissible values are listed in
Table 5.1.

After inserting your original DOS 3.3 Start-Up/Operating Diskette in drive A, you
can either press Ctrl+Alt+Del to start DOS if your system was previously powered-
on, or you can simply turn on power to your computer. For either situation, you can
ignore the date and time prompts by pressing the Enter key when DOS asks you to
enter a new date and time. After DOS displays a copyright notice, the prompt A>
displays. The character A signifies that DOS will use the diskette in drive A to process
any file reference commands that are entered without a specified device name. This
prompt is also known as the default diskette prompt or default drive, because DOS
assumes that all file references without a drive specifier are to the drive indicated by
the prompt.
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Country Country Code Keyboard Code
Arabic 785

Australia 061 us
Belgium 032 BE
Canada (Eng.) 001 us
Canada (Fr.) 002 CF
Denmark 045 DK
Finland 358 SU
France 033 FR
Germany 049 GR
Hebrew 972

Italy 039 IT
Latin America 003 LA
Netherlands 031 NL
Norway 047 NO
Portugal 351 PO
Spain 034 SP
Sweden 046 SV
Switzerland (Fr.) 041 SF
Switzerland (Ger.) 041 SG
United Kingdom 044 UK
United States 001 us

Once A> appears on your display, you are ready to use the SELECT command,
whose format is

SELECT xxx yy

where xxx is the country code and yy is the keyboard code with which you want to
configure DOS to work. Assuming you wish to use the United States country and
keyboard codes, from Table 5.1 you select 001 as the country code and US as the
keyboard code. Then, you enter the SELECT command as follows:

SELECT 001 US

Figure 5.1 illustrates the screen display you should see as you start DOS 3.3 and
enter the SELECT command. Note the warning message displayed after the SELECT
command is entered. This message is given because the SELECT command invokes the
DOS FORMAT command, which prepares a diskette or fixed disk for data recording.
During this preparation, the FORMAT program writes marks on concentric circles that
are used as indicators to position data as it is recorded to disk. These marks in effect
erase any previously recorded data, so you are warned of this erasure in advance.
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Current date is Thu 6-02-1988
Enter new date (mm-dd-yy):
Current time is 12:52:29.15
Enter new time:

The IBM Personal Computer DOS
Version 3.30 (C)Copyright International Business Machines Corp 1981, 1987
(C)Copyright Microsoft Corp 1981, 1986

A>SELECT 001 US

SELECT is used to install DOS the first
time. SELECT erases everything on the

specified target and then installs DOS.
Do you want to continue (Y/N)? Y

Because the SELECT command automatically initiates the FORMAT command, you
do not have to understand how to use the FORMAT command and its options at this
time. Later this chapter reviews its use. FORMAT is extremely important, as it is the
first step in preparing or initializing blank diskettes as you make duplicate copies of
application programs or store or copy data files.

Assuming you wish to continue the SELECT command process DOS displays the
character Y, so you simply press the Enter key to resume the operations initiated by
the SELECT command. When this occurs you see the message:

Insert new diskette for drive B:
and strike ENTER when ready

If you only have one diskette drive, that physical drive will be used as logical drives A
and B. Thus, the prompt Insert new diskette for drive B: in actuality tells you
to remove the original DOS diskette from drive A and insert the new blank diskette in
that drive. ’

If your computer has two diskette drives, insert the new diskette in physical drive
B, the drive installed either in the right portion of the system unit or below the A drive.

Once you press the Enter key, DOS begins to format the target diskette, with the
head and cylinder numbers continuously updated as the format operation progresses.
After formatting is completed, the following message is displayed:

Format Complete
System transferred

The first line in the message indicates that the formatting process was completed
and the disk is initialized for data recording. The second line refers to the fact that
the SELECT command initiated the operation of the FORMAT command with a pa-
rameter that caused three system files to be transferred to the newly formatted diskette.
By containing system files, the new diskette becomes “self-booting.” This means that
the diskette will contain files in predefined locations that are automatically loaded by
a section of code in the computer’s ROM. Once loaded, these files provide an interface
between the user entering data from the keyboard and the operation of application
programs. Later, this chapter examines the structure of the FORMAT command and
how you can set its parameters to transfer system files to a newly formatted diskette.
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After the format operation is completed and the system files are transferred, DOS
displays three lines of statistics. The first line shows the total number of bytes of disk
space; the second line indicates the number of bytes used by the system files. The third
line displays the number of bytes available on the disk, which is the difference between
the total disk space and the number of bytes used by the system files.

After displaying these statistics you see the message:

Format another (Y/N)?

When you enter the letter N (uppercase or lowercase), subsequent action depends on
whether your computer has one or two diskette drives. If your system has one diskette
drive, DOS prompts you when to insert the original DOS diskette and the diskette
for drive B:. DOS displays Reading source file(s) when the original DOS disk-
ette is inserted in drive A. After you insert your newly formatted diskette in physical
drive A in response to the Insert diskette for drive B: prompt, the names of the
files appear on your screen as they are copied. If your computer has two diskette drives,
DOS automatically copies the files from the original DOS diskette onto the diskette
installed in physical drive B without prompting you to Insert a diskette for drive
B:. For either hardware configuration, the SELECT procedure is completed when the
A> prompt is redisplayed. At this time, you should store your original DOS diskette in
a safe place and use the recently created copy for everyday use.

Fixed Disk-Based Systems

If your computer system includes a fixed disk drive, you will probably want to install
DOS 3.3 on that storage medium. By doing so you can subsequently load DOS from
that storage device, so you will not have to insert a diskette in drive A each time you
wish to use your computer.

Prior to installing DOS 3.3 on your computer’s fixed disk, you must first prepare
that storage medium to record data. To do so, use the DOS FDISK program. Insert
the original DOS 3.3 Start-Up/Operating System diskette in drive A and power on your
computer. Then, after the prompt A> is displayed, type FDISK and press Enter. The
FDISK main menu is displayed, which is similar to the illustration shown in Figure 5.2.
If your computer system has two fixed disks, the menu includes a fifth choice, which
enables you to select the next fixed disk drive after you have prepared the first drive.

FDISK can create a DOS partition, which is an area on your fixed disk reserved
for DOS to use. It stores your operating system files, as well as application programs
designed to work under this operating system. Many PS/2 users require only one
partition on their fixed disk; however, other users may require two or more partitions
if they wish to install several operating systems on this storage media. Examples of
other operating systems include a Microsoft implementation of AT&T’s UNIX system,
called XENIX, and CP/M-86, the latter an updated version of Digital Research’s Control
Program for Microcomputers (CP/M) operating system.

To create a partition for DOS 3.3, you accept the default choice of item 1 enclosed
in brackets by pressing Enter. This action displays the screen illustrated in Figure 5.3.

As indicated by the options displayed in Figure 5.3, DOS has two DOS partition
types. The first is called a primary DOS partition and is the only one required to use
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Figure 5.2 IBM Personal Computer
: Fixed Disk Setup Program Version 3.30
FDISK Main Menu (C)Copyright IBM Corp. 1983,1987

FDISK Options

Current Fixed Disk Drive: 1
Choose one of the following:
Create DOS Partition
Change Active Partition

Delete DOS Partition
Display Partition Information

N =

Enter choice: [1]

Press ESC to return to DOS

Figure 5.3 Create DOS Partition
Creating a DOS

- Current Fixed Disk Drive: 1
Partition

1. Create primary DOS Partition
2. Create extended DOS Partition

Enter choice: [1]

Press ESC to return to FDISK Options

DOS on a fixed disk. Under DOS 8.3 the maximum size of this partition was 32M
bytes. However, several vendors of data storage devices offer extensions to DOS that
break the 32M byte barrier. In addition, under DOS 4.0 the 32M byte partition limit
was removed, with a partition size equal to the maximum disk space possible. If you
do not have one of the third-party software extensions or use DOS 4.0, you can use
FDISK to create up to three extended DOS partitions. These partitions can be any
size and can be subdivided into multiple areas known as logical drives, with each logical
drive limited in size to 32M bytes. Thus, if your fixed disk exceeds 32M bytes of storage
capacity, under DOS 3.3 you would probably want to create an extended DOS partition
and subdivide that partition into logical drives. Thereafter, when you load DOS 3.3,
each logical drive is assigned a drive letter identifier you use to access the storage
contained in the logical drive area.

To create a primary DOS partition, you select the default choice of 1 illustrated in
Figure 5.3. This selection displays a new screen, illustrated in Figure 5.4. Normally,
you want the primary DOS partition to be as large as possible if you do not intend to
use another operating system. Thus, you would select the default choice of Y contained
in brackets in Figure 5.4 by pressing Enter.

After the DOS partition operation is completed, the following message displays.
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Creating a Primary
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System will now restart

Insert DOS diskette in drive A:
Press any key when ready...

After you insert your DOS diskette in drive A and press a key, the “current” date
and time are displayed, with DOS prompting you to enter a new date and time as
previously illustrated in the top portion of Figure 5.1. Here the initial “current” date
is a reference date and time when the original DOS Version 1.0 was produced and that
you will obviously want to update to the true current date and time. Next, the copyright
notice displays, after which the A> prompt appears. At this point you must use the
SELECT command. This command sets your keyboard and eountry codes, formats your
fixed disk, and transfers the files from the DOS diskette onto your fixed disk.

At the A> prompt you should enter the SELECT command using the following
format:

SELECT C: XXX YY

Here C: is the drive specifier parameter that tells the command that it should operate
on drive C. XXX is the country code, whereas YY is the keyboard code, with both codes
selected from Table 5.1.

Once you enter the SELECT command, the same warning message as shown pre-
viously at the bottom of Figure 5.1 displays. If you continue the SELECT command
process by pressing Enter, due to the severity of inadvertently formatting the fixed
disk DOS displays

WARNING, ALL DATA ON NON-REMOVABLE DISK
DRIVE C: WILL BE LOST!
PROCEED WITH FORMAT (Y/N)?

To proceed with the formatting operation, enter Y. During the format operation
DOS updates the head and cylinder number each time they change to identify the
progress of the format. DOS displays a message when formatting is complete and
displays the message System transferred to denote that the three system files have
transferred from the diskette onto the fixed disk. Next, DOS prompts you to enter a
volume label:

Volume label (11 characters, ENTER for none)?

The volume label is normally used as an identifier for diskettes; however, it can also
be used for fixed disks. Programs can be written to check the volume label to ensure

Create Primary DOS Partition
Current Fixed Disk Drive: 1
Do you wish to use the maximum size
for a DOS partition and make the DOS
partition active (Y/N)......... ? LY]

Press ESC to return to FDISK Options
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that a correct diskette is used or that the program is executed on a computer whose
fixed disk was assigned a specific volume label. As indicated by the displayed message,
you can either enter a volume label or simply press Enter to omit the label. After either
action, disk space statistics display on your screen, followed by the message

Reading source file(s)...

As the remaining files on the DOS diskette are copied to your fixed disk, their names
display on your screen. When all files have been copied, the A> prompt displays. At
this point you have successfully installed DOS on your fixed disk and can remove the
DOS diskette from drive A and store it in a safe place.

Installing DOS 4.0

Under DOS 4.0 the SELECT program was significantly enhanced. This program now
operates as a full-screen utility that is automatically invoked when you power-on or
press the Ctrl+Alt+Del keys to perform a system reset with the DOS 4.0 INSTALL
diskette in drive A. Prior to installing DOS 4.0 you should ensure that you have at least
one available blank diskette if your computer has 3-inch high-capacity diskette drives
or two blank diskettes if your computer has standard-capacity 3V2-inch diskette drives.

Once you power-on your computer or perform a system reset with the INSTALL
diskette in drive A the IBM logo and the program name DOS SELECT that is initiated
will be displayed. This will be followed by a copyright notice and instructions to press
the Enter key to continue or the Esc key to cancel the program. As the SELECT
program operates, it displays the action that occurs and provides you with the ability
to display “Help” information by pressing the F1 key as well as prompting you when
to insert diskettes.

Diskette-Based System

If your PS/2 does not have a fixed disk drive, you will require two blank 3%.-inch 720K
byte diskettes. On one diskette the SELECT program places the DOS command files
and utility programs. On the second diskette the SELECT program copies the DOS
SHELL program and additional DOS utility programs. Thus, label the first diskette
“Start-up” and the second, “Shell.” Once the appropriate information is copied to the
two diskettes, you can start DOS using either diskette. If you use the Start-up diskette,
DOS 4.0 will be brought up in a command-based interface; whereas, if you use the
Shell diskette, DOS 4.0 is initiated using the DOS Shell.

The DOS Shell is a graphics-based interface on PS/2 computers, and it presents a

- user-friendly display of available selections and incorporates an on-line help facility.

Later sections of this chapter and succeeding chapters examine the operation and use
of the DOS 4.0 Shell. Because the actual installation of DOS 4.0 is very similar for
diskette and fixed disk operations, its use is described on a fixed disk system with
notations about relevant differences between the fixed disk and diskette installation.

Fixed Disk System Installation

After the IBM logo screen is displayed, the SELECT program will display a screen of
information denoting the number of blank diskettes you should have based on the storage
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SELECT Program
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capacity of the diskette drives installed in your computer. In this display screen the
term 1M diskette refers to diskettes that have a formatted storage capacity of 720K
bytes, whereas the term 2M diskette refers to diskettes that have a 1.44M byte formatted
storage capacity. This screen is illustrated in Figure 5.5. As mentioned earlier in the
chapter, if your PS/2 only has diskettes with a 720K byte storage capacity, you will
need two 3l2-inch 1M byte diskettes, whereas systems with one or more 1.44M byte
storage capacity diskette drives only require one blank 2M byte diskette. Finally, as
indicated in Figure 5.5, if your PS/2 has a fixed disk you will only require one blank
diskette.

After the information concerning the number of required blank diskettes is displayed,
you specify a division between DOS functionality and program workspace. A new screen
containing three entries displays; it is illustrated in Figure 5.6.

The second entry in Figure 5.6 is highlighted as the default value, which is selected
if you press Enter. Essentially, this screen helps you to specify the amount of memory-
resident DOS functions. Because DOS supports a maximum of 640K bytes, without
invoking the DOS 4.0 support of expanded memory that requires programs specifically
written for this feature, maximizing DOS functionality reduces your program workspace
to a minimum value. Unless you intend to execute very large spreadsheet programs,
selecting option 2 is acceptable for most users and should be selected if your computer’s
RAM is 512K bytes. If you expect to perform operations on large spreadsheets, select
option 1 only if you are using a computer other than a PS/2 that has 256K bytes of
RAM. For PS/2 computers with more than 512K bytes of RAM—all PS/2s except the
Model 25—select option 3. This option maximizes DOS functionality while permitting
sufficient memory to execute programs.

Once you select the program workspace, the next DOS 4.0 SELECT screen sets the
country and keyboard parameters. Unlike DOS 3.3, which requires you to enter codes,
under DOS 4.0 the U.S. country and keyboard codes are predefined and accepted if
you simply press Enter. For a different country and keyboard, the DOS 4.0 SELECT

Welcome

Welcome to DOS 4.00 and the SELECT program. SELECT
will install DOS 4.00 on your fixed disk or diskette.
If you install DOS 4.00 on a diskette, the number of
blank diskettes you need depends on the type and
capacity of your diskette drive:

Drive Type (Capacity) Number of Diskettes
5.25-Inch Drive (360KB) four 5.25 (360KB)
5.25-Inch Drive (1.2MB) four 5.25 (360KB)
3.5-Inch Drive (720KB) two 3.5 (1MB)
3.5-Inch Drive (1.44MB) one 3.5 (2MB)

If you install DOS 4.00 onto a fixed disk, you need
one blank diskette:

5.25-Inch Drive one 5.25 (360KB)
3.5-Inch Drive one 3.5 (1 or 2MB)

Press Enter (—') to continue or Esc to Cancel

Enter Esc=Cancel
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Figure 5.6
SELECT Function and
Workspace Menu

Figure 5.7
DOS 4.0 Country
Selection
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Specify Function and Workspace

SELECT sets up your computer to run DOS and your programs
most efficiently based on the option you choose.

Note: You can review the results of your choice later

in this program.

Choose an option:

1. Minimum DOS function; maximum program workspace

2. Balance DOS function with program workspace

3. Maximum DOS function; minimum program workspace

Enter Esc=Cancel Fl=Help

Country Selection

Choose a country:

United States (001) Norway (047)
Canada (French Speaking) (002) Germany (049)
Latin America (003) Australia (061)
Netherlands (031) Japan (081)
Belgium (032) Korea (082)
France (033) Peoples Republic of China (086)
Spain (034) Taiwan . (088)
Italy (039) Portugal (351)
Switzerland (041) Finland (358)
United Kingdom (044) Arabic Speaking (785)
Denmark (045) Hebrew Speaking (972)
Sweden (046)
Enter Esc=Cancel Fl=Help

program displays the available countries and their codes, as illustrated in Figure 5.7.
Initially, a highlighted bar displays over the United States entry on the screen. You can
use the Up and Down arrows to reposition the highlight bar to the required country
and press the Enter key to make your selection. In comparison, under DOS 3.3 you

must first look up the appropriate country code and then enter its numeric value.

Once you complete the country and keyboard selections, the Select Installation Drive
menu is displayed. This menu provides the capability to specify the drive on which DOS
will be installed. If you have a fixed disk, one option shows the drive designator C,

whereas a diskette-based system shows drive A for this option.
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After you specify the drive on which to install DOS, the next menu contains options
to specify a location in a hierarchical directory structure to which DOS files will be
copied. Essentially, DOS supports a directory structure similar to an inverted tree, with
the root directory denoted by the backslash character (\) at the top of the structure.
Paths to subdirectories begin with a backslash, followed by the name or names of the
subdirectories in the route to a specific subdirectory, with a backslash preceding each
name.

Figure 5.8 shows the Specify DOS Location menu. This menu actually provides several
other functions as well. First, as specified by the name of the menu, you can accept
the default displayed location \DOS, which defines a subdirectory under the root directory
on drive C that will be named DOS as the location where files will be copied from the
INSTALL diskette. For most PS/2 users, this is acceptable; however, to locate DOS
files elsewhere you can enter a string of up to 63 characters between the brackets
shown in Figure 5.8. This is the maximum path length supported by DOS. If you enter
a DOS location, the SELECT program creates a subdirectory to match your entry if a
previously created directory does not exist.

As indicated in Figure 5.8, you can use the Specify DOS Location menu to have all
DOS files on a fixed disk updated. This feature enables you, as an example, to update
DOS 3.3 to DOS 4.0. If you select option 2, you can have all nonsystem files copied to
a specified directory whose name you enter in brackets.

Once DOS files are copied to the default or a specified subdirectory, the SELECT
program displays several menus requesting information concerning the number and type
of printers you have and the computer port(s) to which they are connected. From
anywhere on these menus you can press the F1 key to obtain on-line assistance; a
sample help window appears in Figure 5.9. Note in the figure that a “Help” message
is superimposed over the Printer Selection menu as a result of pressing the F1 key.

Once appropriate printer information is entered, SELECT can accept the previously
entered data and continue with the installation, or it can review, change, or add in-

Specify DOS Location

You can accept the DOS directory name shown or type a new
directory name.

DOS Directory . . . .C:\[DOS ]

To select option 1 below, press Enter. To change your
option, press the tab key, highlight your choice and then
press Enter.

1. Update all DOS files on fixed disk

2. Copy non-system files to directory specified

Enter Esc=Cancel Fl=Help
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Figure 5.9
Help Message

Window Displayed in Printer.......... Use the Up or Down arrow keys to select the name of

Front of the Printer
Selection Menu

DOS Shell
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Printer Type Help

your printer, then press Enter. If the printer
attached to your system is not listed, select "Other"
to identify the type of printer you are using. When
Choose a printer:| more than one printer is attached, this list
reappears for each printer. If you do not know the
name or type of printer you have, check the printer

IBM 5152 Graph
IBM 4201 Propr| Esc=Cancel Fl=Help F9=Keys
IBM 4201 Propr
IBM 4202 Proprinter XL

IBM 4207 Proprinter X24

IBM 4208 Proprinter XL24

IBM 4201 Proprinter (Serial)

IBM 4201 Proprinter II (Serial)
IBM 4202 Proprinter XL (Serial)
IBM 4207 Proprinter X24 (Serial)

stallation choices. Assuming you accept the previously entered data, SELECT makes
a copy of the INSTALL diskette and prompts you when to remove that diskette and
to insert your backup diskette. After the copy of the INSTALL disk is made, SELECT
copies the contents of that diskette and the OPERATING diskette to the fixed disk if
you previously installed DOS 3.3 on the fixed disk. If this is the first time you are using
the fixed disk, SELECT displays a menu that you use to partition the disk. Under DOS
4.0 partitions can exceed 32M bytes, so you can either let SELECT define the partition
size—which sets it to the maximum storage capacity of the disk—or you can define the
partition size.

After the partition size is defined, you are instructed to perform a system reset
operation. Press the Ctrl+Alt+Del keys. At this time SELECT formats your fixed disk.
During formatting, SELECT displays the percentage of the disk that is formatted in
the upper left corner of the screen. Once formatting is complete, SELECT copies the
files from the install diskette to the subdirectory \DOS or another previously specified
subdirectory. Then you are instructed to insert the Operating diskette, whose contents
are now copied to the fixed disk. After the two copying operations are completed,
SELECT prompts you to remove all diskettes and perform another system reset op-
eration. This indicates that the DOS 4.0 installation process is completed, and a system
reset brings up the DOS 4.0 Shell.

Figure 5.10 illustrates the initial DOS 4.0 Shell menu, whose title is Start Programs.
If you check the upper left corner of Figure 5.10, notice an arrow; it is the mouse
pointer. The DOS 4.0 Shell supports both keyboard entries and the use of a mouse,
whereas DOS 3.3 is limited to keyboard entries.

The three items listed under the date in the left portion of the Start Programs
display—Program, Group, and Exit—are referred to as items on the action bar. By
pressing the F10 key, you can use the action bar. Pressing this key highlights the
Program entry on the action bar. This highlighting feature is the selection cursor, and
it can be moved to other items in the action bar by pressing the Left and Right arrow
keys.
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As an alternative to moving the selection cursor over an appropriate item, you can
press the character key that appears underlined in the selection. As an example, you
can type the character G to select Group or the character X to select Exit. Once you
press the Enter key, a pull-down menu listing the options for the item in the action
bar is displayed. Figure 5.11 illustrates the resulting display of the Program pull-down
menu. As this chapter examines the operation and usage of DOS commands, it also
investigates the use of the DOS Shell when appropriate. For now, look at the four
entries in the vertical column in the left of the screen. These entries, starting with
Command Prompt, are located in the Shell’s group area. When the DOS Shell is initially
displayed, the Command Prompt entry is highlighted. Using the Up and Down arrow
keys you can reposition the selection cursor to other items in the group area. Pressing
Enter when the Command Prompt item is highlighted switches DOS 4.0 to its command
prompt mode of operation, similar to DOS 38.3. Figure 5.12 shows the message you see
after you switch to this mode. Note that you can use command prompt mode anytime
in the DOS Shell by pressing the key combination Shift+F9. You can type EXIT to
return to the DOS Shell.

Also note that the default prompt used by DOS 4.0 is C:\D0S>, instead of C> for
a fixed disk system using DOS 3.3. This change is caused by the INSTALL program,
which creates a file called AUTOEXEC.BAT whose DOS PROMPT command alters the
prompt. The AUTOEXEC.BAT file is automatically executed whenever you power-on
your computer or perform a system reset operation, causing the PROMPT command
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Figure 5.11
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Figure 5.12 When ready to return to the DOS Shell, type EXIT then press enter.
Initialized DOS 4.0
Command Mode IBM DOS Version 4.00

(C)Copyright International Business Machines Corp 1981, 1988
(C)Copyright Microsoft Corp 1981-1986

C:\DOS>

in the file to be changed from the DOS 8.8 default. If you are more comfortable with
the previous prompt display, remove the PROMPT command from the AUTOEXEC.BAT
file. Further information concerning the use of batch files to include the AUTO-
EXEC.BAT file appears in Chapter 8.

Bringing Up DOS from Drive A

Now that you have either made a duplicate DOS diskette or installed DOS on your fixed
disk, you are ready to start the operating system for everyday use.

There are two methods that you can use to start DOS. If power to the system unit
is off, you can insert your DOS diskette in drive A. Then, after power is turned on, the
internal power-on self-test (POST) is performed, and DOS is automatically loaded into
the computer’s memory. If your system was previously powered-on, you can perform
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a system reset operation (by pressing Ctrl+Alt+Del) to load DOS. When this operation
is initiated, the computer clears its memory and restarts itself without performing a
POST operation.

When either of the two previously discussed methods of starting DOS are performed,
the computer’s Basic Input/Output System (BIOS) in read only memory (ROM) causes
any disk in drive A to be searched. If the disk contains DOS system files, the computer’s
BIOS loads three files into memory. The first two files are named IBMBIO.COM and
IBMDOS.COM. These files are hidden files, because they are not listed if you list a
directory of the disk where the programs reside. The first file provides a standard
interface to the hardware and supplements the BIOS contained in the computer’s ROM.
The second file is responsible for interpreting commands issued by application programs
and converting those commands into a form recognizable by BIOS. The third file is
called COMMAND.COM, which is a command processor that accepts and processes
DOS commands you enter from the keyboard or from a batch file. A batch file contains
a frequently used sequence of DOS commands. '

After the three core DOS files are loaded, the current date is displayed if you are
using DOS 3.3, and you are prompted to enter a new date or accept the displayed date.
If you are using DOS 4.0, the DOS Shell is loaded and the date and time are displayed
at the top left and right corners of the screen (refer to Figure 5.10). For DOS 3.3, the
current date is displayed, followed by the prompt shown here.

Current date is Fri 5-9-1989
Enter new date:

You can enter any month, day, and year as long as they fall within the following
ranges:

month (m) is 1 or 2 digits from 1 to 12
day (d) is 1 or 2 digits from 1 to 31
year (y) is 2 digits from 80 to 99 or 4 digits from 1980 to 2099

The delimiters between the month, day, and year can be either a slash (/) or hyphen
(-). If you enter an invalid date or delimiter, DOS repeats the message, as in

Enter new date: 12-23/89
Enter new date: 12-23-89

until the format is correct.
After an acceptable date is entered, DOS 3.3 displays a message similar to

Current time is 0:01:21.85
Enter new time:

Note that under DOS 3.3 the time is displayed as
hours:minutes: seconds. hundredths of a second

whereas only hours and minutes are displayed when the DOS 4.0 Shell is used. You
can enter any time, as long as it falls within the following ranges:
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hours is 1 or 2 digits between 0 and 23

minutes is 1 or 2 digits between 0 and 59

seconds is 1 or 2 digits between 0 and 59

hundredths of a second is 1 or 2 digits between 0 and 99

When you enter the time, be sure to enter a colon (:) after each time element (except
hundredths of a second) for which you must enter a period—a slash (/) or a hyphen
(-) will not work.

Time must be entered in a military format, with 1 p.m. expressed as 13 hours, 2
p.m. expressed as 14 hours, and so on. Due to this, be sure to convert the appropriate
hour of the day to its correct military format. Also note that you can press the Enter
key without entering a time to accept the displayed time, or you can enter just the hour
or however much of the remaining levels of time information you wish.

Once you enter the date and time or respond to their prompts by pressing Enter, a
copyright notice appears. Then the prompt A> displays, indicating that the diskette in
drive A will be examined automatically to process any file reference commands that
you enter without a specified device name. The complete DOS 3.3 initialization procedure
for a diskette-based system is illustrated in Figure 5.13.

If you initialize DOS 4.0, the DOS Shell display is similar to that in Figure 5.10,
with the icon for drive A highlighted instead of the icon for drive C. Then, if you press
the Shift+F9 keys or select the Command Prompt option, you switch to the operating
system’s ecommand mode of operation, with a display similar to that shown in Figure
5.12. The only difference for diskette initialization is that the prompt under DOS 4.0
is A:\> instead of C:\DOS> when the operating system is initialized from the fixed
disk.

Bringing Up DOS from Drive C

Figure 5.13

DOS 3.3 Initialization
on Diskette-Based
System

If your PS/2 has a fixed disk, you will normally initialize DOS from that device. By
doing so you forego placing a DOS diskette in drive A when you power-on your computer
or perform a system reset operation.

If you previously installed' DOS on drive C, that drive will be automatically searched
for DOS when you power-on your computer or perform a system reset operation. The
DOS initialization procedure for a system with a fixed disk is similar to that illustrated
in Figure 5.13 when using DOS 3.3, with the only difference being that the default
prompt will become C>, indicating that the fixed disk is the default drive. As previously

Current date is Wed 6-15-1988
Enter new date (mm-dd-yy):
Current time is 11:00:38.08
Enter new time:

The IBM Personal Computer DOS
Version 3.30 (C)Copyright International Business Machines Corp 1981, 1987
(C)Copyright Microsoft Corp 1981, 1986

A>
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explained, if you initialize DOS 4.0 from a fixed disk and select its command mode of
operation, the prompt C:\D0S> is displayed.

Changing the Default Drive

You can change the DOS default drive designation prompt by entering a new drive
designation letter followed by a colon. The following examples illustrate the resulting
prompts when you change the default drive under DOS 3.3 and DOS 4.0.

DOS 3.3 DOS 4.0

c> C:\D0S>
C>A: C:\DOS>A:
A> A:\>

Here, the original prompt in the first row is changed when you enter A: (shown in the
second row), becoming a drive A prompt in the third row.

The key difference between the drive designation prompt for DOS 8.3 and 4.0 is
that under DOS 4.0 the current directory is also displayed. Thus, C:\D0S> indicates
that drive C is the default drive and the subdirectory DOS located under the root
directory is the current directory. Similarly, A:\ indicates that drive A is the default
drive and the root directory (\) is the current directory.

As a result of entering A followed by a colon, the default drive was changed to drive
A. Now, A will be the drive DOS will search for any commands or file names you enter.
Note that for PS/2s that have only one diskette drive, changing the drive designation
from A to B or from B to A has no effect on the physical drive that will be searched
for commands or file names. This is because the one physical diskette drive will function
as two logical drives in tandem with each drive designation change.

L]
Editing Keys
To help you enter and modify commands, DOS assigns predefined editing functions to
the first five function keys (F1 through F5), the insert (Ins), delete (Del), and escape
(Esc) keys. In addition, the Backspace key can also be used for editing, eliminating
one character to the left of the cursor each time that key is pressed.

Table 5.2 summarizes DOS editing keys and the functions associated with the use
of each key. Note that no cursor control keys are listed in Table 5.2. This is because
the normal cursor control keys are disabled when the computer is in the DOS command
mode. Thus, you cannot move the cursor to a specific character location in a command
to make corrections, unfortunately resulting in a rather primitive editing facility. How-
ever, you can use the Left and Right arrow keys to delete and redisplay one character
at a time from the command line. The Left arrow key functions like the previously
described Backspace key, and the Right arrow key functions the same as the F1 key.

As data is entered from the keyboard it is placed into a temporary storage area
known as an input buffer. Data remains in this buffer until you press Enter, after which
the keystroke is processed. Due to this, you actually modify or repeat the contents of
the input buffer when you edit a command line.
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DOS Editing Keys
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Editing Key  Function Performed

DEL Deletes one character in the input buffer without moving the
cursor.

Ins Inserts characters.

Esc Cancels the line currently displayed while the contents of the input
buffer remain unchanged.

F1 Redisplays one character from the input buffer.

F2 Redisplays all characters up to a specific character.

F3 Redisplays all remaining characters from the input buffer.

F4 Skips over all characters in the input buffer until a specified
character is encountered. This is the opposite of F2.

F5 Accepts the edited line for further editing with the currently

displayed line being placed in the input buffer.

To illustrate the use of DOS editing keys, assume that in response to the DOS prompt
C> or C:\DOS> you typed the following command line without pressing the Enter key.

DIR A:STAT.BAS

In the preceding command line the actual command invoked is the DOS directory
command whose name is DIR. Here the DIR command operates on the contents of
drive A, indicated by the letter A followed by a colon (:), and the file, whose name is
STAT with the extension .BAS. Entering this command displays information concerning
the file, including its size and date of creation. Everything to the right of the command
(DIR) is called the file specification. The actual construction of file specifications will
be covered later in this chapter.

After you type the previously mentioned command line, use the Backspace key to
erase that line from the display. Although the data is erased from the screen, the line
is still in the input buffer.

Each time you press the F1 key, one character from the buffer is copied to the
screen. Thus, pressing the F1 key twice results in the following screen display:

DI

The F2 key performs a function that is similar to the multiple use of the F1 key.
That is, pressing the F2 key followed by a single character that functions as a delimiter
results in the display of all characters from the input buffer up to but not including the
first occurrence of the delimiter. As an example of the use of F2, press that key and
type an S. The screen appears as follows:

DIR A:S

You can use the F3 key to copy all of the remaining characters from the input buffer
onto the screen. Once the Enter key is pressed, only the characters on the screen are
sent to the computer for processing. To illustrate the usefulness of the F3 key, suppose
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you wanted to check for the status of the file STAT.BAT on the diskette in drive A. By
pressing F3, you would generate the display of the contents of the input buffer as
follows:

DIR A:STAT.BAS

Now, you could use the Backspace key to erase the S character. Then you could
type T, then press Enter to invoke the required operation. This would now provide a
directory listing of the file STAT.BAT on drive A by changing one letter instead of
typing a new command line. As you work with DOS editing keys you will find the F3
key to be most useful. This key can generate a previously entered command line. That
line ean be duplicated as much as you want, or you can modify the previously entered
command before you send the command line to the computer for processing.

Like the F'2 key, to use the F'4 key you insert a delimiter. Here the delimiter informs
DOS to skip all characters up to the first occurrence of the delimiter character when
DOS displays the remainder of the contents of the input buffer. Note that if the specified
character is not present in the input buffer, no characters are skipped.

To illustrate the use of the F'4 key, assume your input buffer appears on your screen
as follows:

DIR A:STAT.BAS

To list a directory of all files on the B drive whose extension is .BAS, either you
could enter the appropriate command from scratch or you could take advantage of the
commonality of one or more portions of the current input buffer using DOS editing
keys. Here the command to list all files on drive B with the extension .BAS is

DIR B:*.BAS

The asterisk is a global filename character whose use is covered later in this chapter.
If you press the F38 key, the contents of the input buffer are displayed, which were
previously entered as

DIR A:STAT.BAS

By pressing the Backspace key 10 times or holding the key down, you remove all
characters up to and including the drive designator A. Now you can type the three
characters B:*. Next, press the F4 key followed by a period, which causes all characters
up to but not including the period to be skipped. Then, pressing the F3 key causes the
remainder of the input buffer to be copied to the screen as illustrated below.

DIR B:#.BAS

Insert/Delete

The insert (Ins) and delete (Del) keys, despite operating as their names imply, actually
work on the contents of the input buffer when you are at the DOS command level.
Thus, their usefulness for command line editing is minimal.

As an example of the use of the Ins and Del keys, assume you want to check the
status of the file FRED.BAS on drive B. The contents of the input buffer are
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DIR B:#.BAS

You first press Backspace five times or hold that key down until the period is removed
from the display. Next, press the Del key to erase the asterisk from the input buffer.
Then press Ins to switch DOS to insert mode. Now you type the word FRED, causing
each character to be inserted into the input buffer while all characters to the right of
and including the period are shifted to the right. When you finish inserting the filename
FRED, you press Ins key a second time to leave the insert mode. Then you press the
F3 key, causing the remainder of the command line to be displayed as in

DIR B:FRED.BAS

Now you can either press the Enter key to make this revision replace the data in
the input buffer as well as send it to the computer for processing, or you can press the
F5 key to cause the contents of the displayed line to replace the contents of the input
buffer for further editing. However, this does not send the command line to the system
for processing. To distinguish this, DOS displays the @ character at the end of the line
when the F5 key is pressed, after which the cursor is moved to the first position of the
next line.

Control Functions

Table 5.3
DOS Multikey
Functions

When you load DOS you can initiate five predefined control functions, based on the use
of multikey combinations. These combinations and their operations under DOS are
summarized in Table 5.3.

The system reset function is invoked when you simultaneously press Ctrl+Alt+Del.
This process reinitializes DOS, which is useful if your system freezes due to a bug in
an application program or some other abnormality occurs.

If you are using DOS 3.3, the Shift+PrtSc key combination prints the text contents
of the display. If graphics are displayed, you can print them as well with Shift+PrtSc
if a special DOS file named GRAPHICS was previously loaded and your computer is
using the CGA display mode. Under DOS 4.0, the GRAPHICS program can print the

Key Combination Function Performed Description

Ctrl+Alt+Del System Reset Causes DOS to reload from the
diskette or fixed disks.

Shift+PrtSc Print Screen Causes all data on the screen
to be printed.

Ctrl+PrtSc Echo to Printer Causes all input and output to
be logged to the printer.

Ctrl+NumLock Suspend System Operation Freezes the operation of the
computer until a key is
pressed.

Ctrl+Break Break Cancels current operation and

returns to DOS prompt level.
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contents of a screen that contains text and/or graphics in the CGA, EGA, MCGA, and
VGA video display modes.

The Ctrl+PrtSc key combination can be viewed as a logging facility. When this key
combination is first pressed, it prints whatever you type and all system responses. This
echoing of data to the printer continues until you press this pair of keys again. This
multikey combination is normally used to obtain a hardcopy historical log of operational
procedures, error messages, command use, and system responses. Then the log can be
examined to determine the possible cause of unexpected events, used as a reference
for creating or debugging batch files, or stored for future reference.

Because in its normal video mode your computer screen can only display 25 lines of
data, many times the listing of a disk’s directory or a long file causes data to scroll
rapidly off the screen. To freeze the screen after a certain number of lines, press
Ctrl+NumLock. This key combination suspends the operation of your computer, freez-
ing the display and enabling you to pause to think about your operation before you
execute it. To resume operations, just press any key. To stop a previously suspended
command, you can press Ctrl+Break. In fact, Ctrl+Break can be used to terminate
the entry of a command line and return you to the DOS prompt level, as illustrated by
the following example:

C>DIR B:FRE

c>
When you press Ctrl+Break after typing FRE, no directory listing is generated.

Command Syntax (Format)

A common method to describe the parameters that can be included in each DOS com-
mand is presented in this section. This format notation is used in the remainder of this
book to identify the basic format of DOS commands as well as to denote the parameters
that can be contained in a command line entry. Common format notations used for
DOS commands include

o Keywords. Capital letters are used to identify DOS commands. Although keywords
are shown here in capital letters, in actuality, any combination of uppercase and
lowercase characters can be used.

o Command Parameters. Items shown in lowercase italic letters are command param-
eters. You supply these items when you enter the command.

e Optional Parameters. Items enclosed in square brackets ([ ]) are optional. You may
or may not include them in a command.

e Repeating Items. Items that may be repeated as many times as you want are indicated
by ellipses (. . .).

e Choose an Item. Items contained in braces ({ }) indicate you should select one item
from the group.

Note that with the exception of square brackets, braces, and ellipses, all punctuation
characters, such as commas, equal signs, and slashes, must be included as indicated in
the command format.
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Command Parameters

Drive Letter

The drive letter (d) followed by a colon is used to specify the drive that contains the
command in the form of a file or the drive(s) the command will operate on.

If the drive letter precedes the command, DOS searches the indicated drive for a
file containing the command to be acted on. For example, assume the default drive is
A and you wish to execute the FORMAT command that resides on drive C. You would
then enter this command at the A> prompt:

C:FORMAT

Under DOS 4.0 the actual location of the FORMAT command is under the subdi-
rectory \DOS on drive C if you accepted the default location when the SELECT program
was executed. Although you could enter the command to include its path as
C:\DOS\FORMAT, you can omit the path and simply enter the command as
C:FORMAT. The reason why you can enter the command without the path \DOS is
that the SELECT program creates a batch file named AUTOEXEC.BAT that contains
the DOS command PATH C:\DOS. The AUTOEXEC.BAT file is automatically executed
each time you power-on your computer or perform a system reset. The PATH command
placed in that file by the SELECT program causes DOS to search the subdirectory
\DOS for programs and files not found in the current directory. Specific information
concerning the PATH command and the use of batch files is part of Chapter 6.

If a drive letter does not follow the FORMAT command, that command will assume
that a diskette in the default drive (A) is to be formatted. Thus, if you want to format
a diskette in drive B using the FORMAT command resident on drive C, you enter the
following:

A>C:FORMAT B:

Note that under DOS 4.0, the prompt A:\> is displayed, whereas under DOS 3.3
the prompt is A>.

When you power-on your computer, the initial default drive depends on your system’s
hardware configuration. If you do not have a fixed disk, when DOS is initialized the
prompt A> or A:\> indicates that A is the default drive. If your computer system has
a fixed disk on which DOS is installed, the prompt C> or C:\D0S> is displayed if you
power-on your computer without a diskette in drive A. As indicated earlier in this
chapter, you can change the default drive by entering a new designation letter followed
by a colon.

Path

A path (path) is used in a tree-structured directory to specify the route to a file. The
path follows the drive letter and precedes the filename.

Similar to the drive letter, the path to a file can be specified twice in most command
lines. If the path follows the drive letter but precedes the command name, it indicates
the route to the file on the drive that contains the command. If the path follows the
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command and drive letter, it identifies the route to the file the command will operate
on. A preliminary discussion of tree-structured directories and the use of paths occurs
later in this chapter. Also refer to Chapter 6 for a detailed explanation of tree-structured
directories.

Filenames and Extensions

A filename consists of one to eight characters that can be used as a primary description
of the information in the file. The file extension is an optional one to three additional
characters separated from the filename by a period; it further defines the information
contents of the file. Figure 5.14 illustrates the relationship of the filename and file
extension.

Both uppercase and lowercase characters can be used in filenames and extensions;
DOS does not distinguish between the two. Depending on the version of DOS used,
certain characters may not be usable in filenames and extensions. Table 5.4 lists the

FILENAME .EXT
— —J
L

Optional Extension

Period Separator

Filename

Symbol Name

Quotation
Slash
Backslash
Left bracket
Right bracket
Broken vertical bar
Equal

Colon
Semicolon
Less than
Greater than
Period

, Comma
Space

| === — -~

VAT
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invalid characters under either PC-DOS Version 3.3 or 4.0; they represent the majority
of characters that cannot be used in filenames and extensions for all versions of DOS.

In assigning filenames and extensions, you should avoid certain names. These names
are used by the operating system to reference specific components in the computer.
Table 5.5 lists the DOS reserved names that cannot be used as filenames and the
computer component or device they reference. Table 5.6 gives a list of reserved exten-
sions and their meaning or DOS usage. Use these extensions only when you are creating
one of the indicated file types or manipulating a previously created file with a DOS
command. Otherwise, substantial confusion about the type of file can result, or the file
may not operate correctly.

File-Naming Conventions

A key to maximizing the use of file reference commands is to establish and use consistent
naming conventions. Although any group of legal characters can be used in developing

;%hsleki':we J Reserved Name  Device
Names CLOCK$ System clock device driver (DOS 4.0)
CON: Console keyboard/screen
AUX: or COM1: First serial communications port
COM2: Second serial communications port
COM3: Third serial communications port
COM4: Fourth serial communications port
LPT1: or PRN: First parallel printer port
LPT2: Second parallel printer port
LPT3: Third parallel printer port
NUL: ' Nonexistent device for use in application program testing
Table 5.6

Extension Meanin
Reserved Extensions 9

.BAK Backup file

.BAT DOS batch file

.CHK Assigned to files recovered by CHKDSK

.COM Program file directly executable by DOS

.EXE Program file directly executable by DOS

.MAP Default extension for list file created by DOS linker program

.OvL Extension used by DOS for overlay files

.REC Extension used by DOS for RECOVERed files

.SYS Extension used by DOS for files containing system configuration and

device drivers
$5% Extension used by DOS for temporary files
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filenames and extensions, naming conventions generate standards that both serve to
boost productivity and to eliminate vagueness that can result in other users spending
minutes or hours searching for a particular file.

The development of specific naming conventions depends on your or your organi-
zation’s requirements. As an example, a file containing accounts payable information
for 1988 might be named ACTPAY88.DAT, with the extension .DAT used to indicate
that the file is a data file.

Naming conventions for filenames can be easily developed to fit a particular appli-
cation. In comparison, a large number of file extensions have been predefined and are
accepted as de facto standards in addition to those extensions in Table 5.6. Table 5.7
lists, in alphabetical order, de facto file extension standards.

Extension File Type

ASM Assembly language program in source code
.BAK Backup file

.BAS BASIC program

.BAT Batch file containing DOS commands

.BIN Binary file

.CHK File recovered by CHKDSK

.COB COBOL language program in source code
.COM Command or program directly executable by DOS
DAT Data file

.DOC Document file usually created by word processor
.EXE Executable relocatable program

.FOR FORTRAN program in source code

.LIB Library program

.MAC Macro for assembly language program

.MAP Link program listing

.OBJ Machine language (object) version of compiled program
.OVL Application program overlay file

.OWR Compiler program overlay file

.PAS Pascal language program in source code

.PIC Screen (picture) display image

.REC Recovered file

.SYS System configuration file

.TMP Temporary file

IXT Text file

$%% Temporary file
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Device Names

Paths

You can use names assigned to specific physical devices in DOS to direct the results of
commands to those devices. Consider the names assigned to devices to be reserved
names. As such, they cannot be used as diskette or fixed disk filenames, because the
operating system assumes that they are assigned to specific physical devices.

Table 5.5 lists the names assigned by DOS to physical devices. If the console is used
as an input device, the F'6 key followed by Enter or Ctrl+Break can be used to terminate
use of the console. Either action generates an end-of-file mark or character indication
to DOS, which then terminates the operation. Concerning the NUL reserved name, the
physical device assigned to this name is a dummy or nonexistent device that is used
for test purposes. If you use this reserved name for testing as an input device, an
immediate end-of-file character is generated. If this reserved name is used for testing
as an output device, the write operations are simulated; however, no data is actually
transferred. The NUL device can be very valuable in testing operations of batch files
(collections of DOS commands). As an example, using the NUL reserved name instead
of a printer name you can test the logical structure of the operation of the commands
in the file without having to print data. Batch files are covered in detail in Chapter 8.

Note that the colons that follow reserved names are optional. In addition, DOS ignores
any drive parameter or filename extension erroneously entered with a reserved name.

The introduction of large storage capacity in the form of fixed disks with the PC XT
was accompanied by a major revision to DOS: Version 2.0. Although several major and
minor revisions to DOS have occurred since Version 2.0, the hierarchical file structure
of that version remains the means for effectively working with a large number of files.

Under the hierarchical file structure of DOS Versions 2.0 and later, a root directory
is automatically created on each diskette and fixed disk when the media is formatted.
The root directory of a specific disk drive is indicated by a drive designator followed
by a backslash. For example, A:\ is the root directory of a diskette in drive A, whereas
C:\ is the root directory of the fixed disk assigned to drive C.

A mixture of files and other directories can be placed under the root directory, with
the other directories commonly called subdirectories, because they are nested under
the root directory. Figure 5.15 illustrates an example of a directory structure that,
although appropriate for a fixed disk, could also be used on a diskette.

In examining Figure 5.15, note that two subdirectories have been established directly
under the root directory—DOS and WP. Under the DOS subdirectory you might locate
a majority of DOS utility programs to facilitate their use when required, which is what
the SELECT program does under DOS 4.0. Under the WP subdirectory, a word pro-
cessing program named EW.COM and word processing files are stored. Assuming that
two operators use the word processor, it might be appropriate to separate their data
files. To accomplish this, separate subdirectories could be established, with each person
storing data files in his or her subdirectory. This is illustrated by the GIL and BEV
subdirectories in Figure 5.15.
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The use of a path to specify the route through the hierarchical file structure provides
the mechanism for locating files and subdirectories. This in turn results in the require-
ment to add a pathname to the file specification.

In essence, the path is the route through directory names to create or access a file
or subdirectory. The path consists of one or more directory names, each preceded by
a backslash (\). If the path begins with a backslash, DOS starts its search from the
root directory; otherwise, the search commences at the current directory. When a file-
name is included in the path it must be separated from the last subdirectory name by

a backslash.
In examining Figure 5.15, the path to the file BUDGET.DAT from the route directory

can be entered as
\WP\GIL\BUDGET.DAT

If the file is located on the fixed disk (drive C) and the default drive is drive A, the
complete file specification required to access BUDGET.DAT becomes

C:\WP\GIL\BUDGET.DAT

Figure 5.16 illustrates the complete file specification broken down by its components.
In the preceding example, the drive identifier is optional if drive C is the default
drive. Similarly, the path is optional if the user previously entered a DOS command to
establish the subdirectory GIL as the current directory. Chapter 6 reviews DOS com-
mands used for creating and navigating directories.
The format of a complete file specification follows; the items enclosed in brackets
are optional.

[d:1[pathname] [ filenamel.ext]]
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Figure 5.16
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CAWP\GIL\BUDGET.DAT
- Yy

l file extension

filename

path

drive identifier

Global Character

Example Meaning

* All filenames

* XYZ All filenames with the extension .XYZ

XYZ.* Any file named XYZ regardless of its extension

SAMPLE= * Any file whose name begins with SAMPLE, regardless of its
extension

222PAY87 .+ Any file with PAY87 in positions 4 through 8 of the

filename, regardless of its extension

Global File Symbols

The question mark (?) and asterisk (*) are two special symbols you can use in filenames
and extensions to mean ‘““‘any character.” Due to the comparable usage of these symbols
to a special type of card in a card game, they are also commonly known as wildcards.

The question mark (?) character matches any single character in a filename or
extension. This means that any one character can be in the position of the ?. For
example, entering the directory (DIR) command

DIR ACTPAY?2.77?

causes any file in the directory that has ACTPAY in positions one through six of the
filename to be displayed, regardless of its extension.

The asterisk (*) matches all characters from the asterisk’s position to the end of
the filename or extension. Thus, you can enter DIR ACT*.* to display all files in the
directory that have ACT in positions one through three of their filenames, regardless
of their extensions. Table 5.8 lists five examples of the use of global characters and
their meaning.
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DOS Commands

To use DOS effectively, you should have a firm understanding of the operation and
usage of the commands included in the system. Although there are over 60 DOS
commands you can use, focus initially on the small subset of those commands in this
chapter. This subset of DOS commands are those most frequently used to perform a
core of day-to-day computer operations. Knowledge of the operation and usage of these
commands will enable you to perform such basic functions as setting and resetting the
computer’s date and time, formatting a disk, copying files from one storage medium
to another, and obtaining a directory listing of files on a storage medium.

After reviewing the operation of these commands, this chapter concludes by ex-
amining the uses of the DOS Shell feature of DOS 4.0.

Internal Versus External Commands

Table 5.9 lists 25 commonly used DOS commands whose structure, operation, and
usage will be covered in the remainder of this chapter. As indicated by the Type column
in Table 5.9, DOS commands can be categorized as internal or external. The coding to
process internal commands is contained in the command interpreter file, COM-
MAND.COM, which is read into memory when the operating system is initialized.
Thereafter, when you enter the name of an internal command the command interpreter
file—which is now memory resident—executes the appropriate coding to process the
command. Thus, internal commands are also referred to as memory-resident commands.

The coding for the processing of external commands is contained in program files
that are fixed disk- or diskette-resident, depending on where your operating system
resides. When you enter an external command, COMMAND.COM recognizes that the
coding resides in a file and uses the default drive and current subdirectory or a specified
drive and path included with the command entry to locate the file. Once located, the
contents of the file are loaded into memory and executed.

External command files can be easily recognized in a directory listing, because their
filename extension is either .BAT, .COM, or .EXE. One example of a frequently used
external command is the FORMAT command. The coding that processes and executes
this command resides on the FORMAT.COM file on your DOS diskette. When you enter
the command FORMAT, DOS searches the default drive or a specified drive for that
file, loads the file once it is located, and then executes its contents. When you enter an
external command you can omit its filename extension, because it is optional. The
following examples illustrate the use of the FORMAT command to initialize diskette
and fixed disk media for data recording. Each of the following examples shows the
default drive using the prompt displayed by DOS 3.3. If you are using DOS 4.0, the
prompt displayed when drive A is the default drive is A:\>, whereas the prompt dis-
played when drive C is the default drive is C:\DOS>.

FORMAT Command Result

A>C:FORMAT Formats diskette in drive A, which is the default drive,
using the FORMAT.COM file located on drive C.
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Table 5.9

Commonly Used Command Type Activity Performed

DOS Commands

ASSIGN E Routes disk I/O requests from one drive to another.

ATTRIB E Sets and resets the attribute byte and archive bit of a file
or displays the status of the attribute byte and archive
bit.

BREAK I Instructs DOS to check for a control break whenever a
program requests DOS to perform an I/O operation.

CHKDSK E Checks the disk and displays a status report about its
contents and your computer’s memory.

CLS | Clears the display screen.

COMP E Compares the contents of two files.

COPY | Copies a specified file or set of files to the same or
another disk.

DATE I Displays or stores a date in your computer.

DEL I Deletes a specified file or set of files (same as ERASE).

DIR I Displays the files stored on a disk that match your

specifications. ,
DISKCOMP E Compares the contents of one diskette to another.
DISKCOPY E Copies the contents of one diskette onto another.
ERASE I Deletes a specified file or set of files (same as DEL).
E

FORMAT Prepares a diskette or disk for use and optionally copies
the operating system files to it.

GRAFTABL E Loads a table into memory that defines ASCIl characters
128 through 255.

GRAPHICS E Permits the contents of the color graphics video display

mode to be printed.

LABEL E Creates, changes, or deletes a volume label on a disk.

PROMPT I Sets a new DOS prompt.

RENAME I Changes the name of a file or set of files.

SYS E Transfers the operating system files.

TIME I Displays or stores the time in your computer.

TYPE I Displays the contents of a file on the screen.

VER I Displays the version of DOS you are using.

VERIFY I Verifies the data written onto a disk was correctly

recorded.

VoL I Displays the disk volume label of a specified disk.

A>FORMAT B: Formats the diskette in drive B using the FORMAT.COM

file located on drive A.

C>FORMAT A: Formats the diskette in drive A using the FORMAT.COM
file located on drive C.
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C>FORMAT Formats the fixed disk using the FORMAT.COM file
located on drive C.

These four examples of the FORMAT command limited the use of command param-
eters to a drive specifier. Later, this chapter examines the optional parameters that can
be included in this command.

The fourth example illustrates how easy it is to inadvertently format your fixed disk.
In that example, no drive specifier was included in the command line, causing the
command to be executed on the default drive—the fixed disk.

Due to the potential effect of destroying tens to hundreds of millions of bytes of
data by an inadvertent format of the fixed disk, DOS displays a warning message when
you attempt to format a fixed disk that was previously formatted. Earlier versions of
DOS did not include a warning message, and many persons inadvertently reformatted
their fixed disk.

DATE (Internal)

The DATE command displays the current date known to your computer system and if
you wish, changes that date. The format of this command is

mm- dd- yy
DATE { dd-mm-yy
yy-mm-dd

If you enter the command DATE by itself, DOS displays the current date and prompts
you to enter a new date:

A>DATE
Current date is Fri 5-9-1989

Enter new date (mm-dd-yy):

Once the current date is displayed, you can enter a new date or press the Enter key
to leave the current date unchanged. The actual format in which the current date is
displayed, as well as the format you will use to enter a new date, depends on the country
code used when you installed DOS. In North America, the month-day-year format (mm-
dd-yy) is commonly used, with the other two DATE formats used primarily in European
countries.

When you enter the DATE command with parameters or respond to the Enter new
date prompt, the following constraints must be adhered to or DOS generates an Invalid
date message.

m must be 1 or 2 digits from 1 to 12
d must be 1 or 2 digits from 1 to 31
'y must be 2 digits from 80 to 99 or 4 digits from 1980 to 1999

You can separate the parts of the date using a hyphen (-), slash (/), or period (.).
The following examples illustrate the use of this command.
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A>DATE
Current date is Thu 6-16-1988
Enter new date (mm-dd-yy):

A>DATE 6-16-89

A>DATE
Current date is Fri 6-16-1989
Enter new date (mm-dd-yy): 6-16-88

A>DATE

Current date is Thu 6-16-1988
Enter new date (mm-dd-yy):

If a calendar is not available, the DATE command provides an equivalent mechanism
to determine the day of the week for a particular date. As an example of this, say you
enter the DATE command with the parameters 5-15-98. DOS informs you that that
date is a Friday. This information displays when you enter the DATE command a second
time, as indicated here.

C>DATE 5-15-98
C>DATE

Current date is Fri 5-15-1998
Enter new date (mm-dd-yy):

If you use the DATE command as a calendar, be sure to enter the current date in
response to the Enter new date prompt. This action is required to reset your computer’s
date and is important to remember, because the system date is recorded in the directory
whenever you create or modify a file.

TIME (Internal)

The TIME command displays or changes the time known to your computer system. The
format of this command is

TIME [hh[:mml:ss[.xx]111]

where hh is 1 or 2 digits from 0 to 23 that represents hours, mm is 1 or 2 digits from
0 to 59 that represents minutes, ss is 1 or 2 digits from 0 to 59 that represents seconds,
and xx is 1 or 2 digits from 0 to 99 that represents hundredths of a second.

Because the format or syntax of the TIME command may appear confusing, take
a moment to review it. Because entries in brackets are optional, the TIME command
can be entered without any parameters. You can also enter the command with just an
hour; with an hour and minute; with an hour, minute and second; or with an hour,
minute, second, and hundredth of a second.

The hour parameter is expressed in military time, with 1 p.m. entered as 13, 2 p.m.
as 14, and so on. Whereas a colon is used to separate hours from minutes and minutes
from seconds, a period must be used to separate seconds from hundredths of a second.
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If you enter the command without any parameters, you see the display of the current
time and a prompt message to enter the new time:

A>TIME

Current time is 9:59:02.91
Enter new time:

To leave the time as currently displayed, press the Enter key without entering any
values. If you only enter one parameter, such as a new hour, the remaining parameters
are initialized to zero. This is partially illustrated by the following example.

A>TIME

Current time is 9:57:37.06

Enter new time: 11
A>TIME

Current time is 11:00:02.65
Enter new time:

In the preceding example, an 11 was entered for the new time. When the TIME
command was entered a second time, the minute field was zero, but 2 and 65 hundredths
of a second transpired between entering the new time and displaying the current time.

DOS Shell Date and Time Setting

Using the DOS Shell to set the date and time, as with many other Shell functions, you
need not remember command formats. This is because the DOS Shell simplifies the
execution of many commands by displaying pop-up boxes that illustrate the format of
the data to be entered. In addition, a help facility can be invoked by pressing the F1
key. It provides further information concerning the activity you are performing.

When the Start Programs screen in the Shell is initially displayed, as shown in Figure
5.10, the Command Prompt item in the Main Group is highlighted. Using the Down
arrow key, you can move the selection cursor over the DOS Utilities entry. Pressing
the Enter key selects this item in the group area, resulting in the DOS Utilities screen
display. This screen is illustrated in Figure 5.17. From this screen you can select from
six DOS utilities, including one to set the date and time.

When the DOS Utilities screen is displayed, the selection cursor is positioned over
the Set Date and Time entry. Pressing Enter to select this entry results in the display
of a set of pop-up boxes, the first of which is illustrated in Figure 5.18. When each
pop-up box is displayed, a cursor is positioned at the first data entry position. As indicated
by the row at the bottom of the pop-up box, you can press the Enter key to have DOS
accept the data you entered, press the Esc key to cancel the operation, or press the
F1 key for help. Pressing F1 displays a pop-up box.

Once you enter the date, a second pop-up box for entering the time is displayed.
Unlike the command prompt mode of DOS where the time can be set to hundredths
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Figure 5.17 tart Prograns
DOS 4.0 Utilities

Set Date and Time
Disk Copy

Disk Compare
Backup Fixed Disk
Restore Fixed Disk
Format
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of a second, under the DOS Shell the time is set to the nearest minute. Thus, you may
have to wait up to 59 seconds to enter a precise time when you use the DOS Shell.

After you complete the date and time pop-up box items, you can return to the Start
Programs Main Group screen previously illustrated in Figure 5.10 if you select an
appropriate entry from the Exit item in the action bar. To make the selection, press
F10 to select the action bar, which highlights the Program item. Once this is accom-
plished, you can either type X, which is underlined in the Exit item, or you can press
the Right arrow key to reposition the selection cursor over Exit and press the Enter
key. This displays an Exit pull-down box. This pull-down box contains two entries—
Exit Shell and Resume Start Programs—with the selection cursor positioned over
the top item, Exit Shell. Note the first characters in the choices; underlined characters
show which letters you can type. Alternatively, you can move the selection cursor over
the Resume Start Programs entry and press the Enter key to return to the screen
illustrated in Figure 5.10.

FORMAT (External)

As discussed earlier in this chapter, the FORMAT command initializes a disk for re-
cording data. During the disk initialization process, the FORMAT command analyzes
the media for defective tracks and creates a directory and File Allocation Table (FAT).
The directory is an area on the disk reserved to hold information about a file, subdi-
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rectory, or a volume label. The FAT is an area on the disk that serves as a pointer to
the location where individual files reside on the disk.

Because formatting destroys all previously recorded data on the diskette or fixed
disk, be very careful to ensure that the medium to be formatted is correct. This is
especially true for the fixed disk, whose inadvertent formatting can destroy tens to
hundreds of millions of bytes of data.

The syntax of the FORMAT command under DOS 3.3 is

[d:1[path] FORMAT
d:[/SI10/110/81[/NI[/BIL/4] [/N:xx][/T:yy]

Under DOS 4.0, the optional parameter /V was changed to /V:label, and a new
optional parameter, /F:size, was added to the syntax of the command.

The optional drive identifier and path preceding the command keyword are only
required if the file FORMAT.COM is at a location other than the default drive or if it’s
located in a directory other than the current directory. Thus, the first command line
(for DOS 3.3) and the second command line (for DOS 4.0)

A>C:FORMAT B:

A:\>C:FORMAT B:
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each tell DOS to retrieve the file FORMAT.COM from the current directory of drive C
to format a diskette in drive B. Following the drive letter of the device to be formatted,
you can enter a subset of eight (DOS 3.3) or nine (DOS 4.0) optional parameters. The
actual parameters you can specify depend on the medium you will format (diskette or
fixed disk), the type of diskette drive in which a diskette is installed, and previously
entered command line parameters, because some parameters are mutually exclusive of
one another.

By specifying the /S option, you copy the three operating system files—IBMBIO.COM,
IBMDOS.COM, and COMMAND.COM—to the formatted disk at the conclusion of the
formatting operation. Figure 5.19 illustrates the use of the /S option in the FORMAT
command. In this example, DOS resides on a diskette in drive A and the format operation
is performed on a diskette in drive B.

If you are using DOS 4.0 and have a fixed disk, the INSTALL program you used
to set up your system created an AUTOEXEC.BAT file with a PATH statement that
contains the route to the subdirectory DOS on drive C. This means that DOS auto-
matically searches the C:\DOS disk/directory location for the file FORMAT.COM if it
does not reside on the diskette in drive A. Once the format operation is invoked, under
DOS 4.0 a percent of disk formatted message displays as the disk is being for-
matted and is erased from the screen when the operation is complete.

The message System transferred indicates that three system files were copied to
the newly formatted disk.

Using the /S parameter in the FORMAT command makes the disk self-booting. This
means you can place the resulting disk in drive A and use it to bring up your computer.
The system files transferred to that disk prompt you to enter the date and time and
display the copyright notice prior to displaying the prompt A> or A:\> under DOS 3.3
and DOS 4.0, respectively. After you format a diskette using the /S parameter, you
can copy application programs to that diskette, so your application diskette becomes
self-booting. This can be very handy for use on a PS/2 computer that has only one
diskette drive for distributing the application to users with that hardware configuration.
This is because a self-booting diskette eliminates the necessity to first load DOS and
then to remove the DOS diskette to use an application diskette.

A:\>FORMAT B:/S
Insert new diskette for drive B:
and press ENTER when ready...

Format complete
System transferred

Volume label (11 characters, ENTER for none)? FINANCE
1457664 bytes total disk space
107520 bytes used by system
1350144 bytes available on disk

512 bytes in each allocation unit
2637 allocation units available on disk

Volume Serial Number is 2476-11FA

Format another (Y/N)?
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Another difference between DOS 3.3 and DOS 4.0 concerns volume label prompting.
Under DOS 3.3, unless you enter the /V parameter you are not prompted to enter a
volume label. Under DOS 4.0, you are automatically prompted to enter a volume label
unless you use the /V:label option in the command line to specify a label. Doing so
results in DOS accepting the label and bypassing the display of a prompt asking you
to enter a label.

The volume label uniquely identifies each disk and can be checked using the DIR
command. Both the /S and /V parameters can be included in a FORMAT command,
resulting in the transfer of system files to the disk, as well as the placement of a volume
label on the media.

In general, as you assign volume labels to diskettes, be as explicit as possible about
the contents of the media. Otherwise, simply assigning a volume label, such as FI-
NANCE, to several diskettes can necessitate a substantial effort later to locate a diskette
containing July 1989 financial data files.

The remaining format parameters are related to the different types of diskettes
supported by the original IBM PC series and the PS/2 family of personal computers.
The /1 parameter formats a 5%s-inch diskette for single-sided use. The original IBM
PC was introduced with single-sided disks in 1981. The /1 parameter enables you to
format a diskette in a 5V-inch drive attached to your PS/2, so that data from your
3Ve-inch diskettes or fixed disk can be copied to 5V4-inch media that is compatible with
computers using single-sided diskette drives.

The /8 parameter formats a diskette for recording data 8 sectors per track. This
was the original recording method used by DOS Versions 1.0 and 1.1. Later, when
DOS Version 2.0 was introduced, the FORMAT command would default to 9 sectors
per track for conventional 5Vs-inch drives and 15 sectors per track on high-capacity
diskettes installed in a 1.2M byte high-capacity diskette drive.

The /B parameter formats a diskette for 8 sectors per track as well as reserve space
for two hidden system files, IBMBIO.COM and IBMDOS.COM. This parameter should
be used with the FORMAT command to create a diskette on which any version of DOS
can be placed by using that version’s SYS command.

The /4 parameter formats a conventional double-sided diskette in a 1.2M byte high-
capacity drive. Because only conventional 5Vs-inch diskette drives are originally mar-
keted for use with members of the PS/2 series, it is doubtful whether you will ever
use this parameter when you use those drives.

The /N:xx parameter specifies the number of sectors per track to format, with xx
used to represent the number of sectors. The /T:yy parameter specifies the number of
tracks to format. Both parameters are used in the FORMAT statement when you want
to format a diskette to a capacity less than the maximum supported by the diskette
drive. As an example of the use of these parameters, assume you have a PS/2 Model
50 and wish to share data files with a PS/2 Model 30 computer. The diskette drives
used in the Model 50 have a storage capacity of 1.44M bytes, whereas the drives used
in the Model 30 have a storage capacity of 720K bytes. If you use the FORMAT command
without any parameters, the Model 50 formats a diskette with a capacity to store 1.44M
bytes of data. This diskette cannot be used in the Model 30, because the diskette drives
in that computer are limited to a storage capacity of 720K bytes. To ensure compatibility
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Table 5.10
[F:size Values Based
on Diskette Type

Table 5.11
Format Parameter
Usage
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with the Model 30’s diskette drives, you enter the parameters /N:9/T:80 in the FORMAT
command to format diskettes in a disk drive on the Model 50 for use on a Model 30.

The /F:size parameter was added to the FORMAT statement when DOS 4.0 was
released. This parameter was included to provide a mechanism for computer users to
easily specify a format for a medium with a storage capacity less than the maximum
capacity of a diskette drive. When the /F:size parameter is used in the FORMAT
statement, you can specify the storage capacity as a decimal number by itself or by
adding several types of suffixes to the number to denote kilobyte or megabyte storage
capacity.

Table 5.10 lists the permissible /F:size values based on diskette type. Note that you
can only specify a lesser capacity disk format in a higher capacity drive and the spec-
ifications must be media type compatible. That is, you cannot specify a 360K byte disk
format associated with a 5Vs-inch diskette in a 31%-inch diskette drive, nor could you
specify a 720K byte disk format associated with a 3V2-inch diskette if you are using
a high-capacity 1.2M byte 5¥s-inch disk drive.

The data in Table 5.11 indicates the FORMAT parameters permitted based on the
type of disk to be formatted.

DOS Shell FORMAT Process

Similar to setting the date and time, you can initiate the formatting process under the
DOS 4.0 Shell by selecting the DOS Utilities option from the Start Programs Main
Group screen, shown earlier in Figure 5.10. Once this is accomplished, the DOS Utilities

Disk Type Permissible Values

160K bytes 160, 160K, 160K bytes

180K bytes 180, 180K, 180K bytes

320K bytes 320, 320K, 320K bytes

360K bytes 360, 360K, 360K bytes

720K bytes 720, 720K, 720K bytes

1.2M bytes 1200, 1200K, 1200K bytes, 1.2, 1.2M, 1.2M bytes
1.44M bytes 1440, 1440K, 1440K bytes, 1.44, 1.44M, 1.44M bytes

Disk Type Parameters Allowed

160K byte/180K byte /S, IV, [1, /8, [B, |4, [F:size
320K byte, 360K byte /S, IV, [1, /8, |B, /4, [F:size
720K byte, 1.44M byte  [S, IV, N, [T, [F:size

1.2M byte /S, IV, IN, [T, [F:size

Fixed disk /S, IV
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screen illustrated in Figure 5.17 is displayed. Move the cursor selection bar with the
Up or Down arrow key until it is positioned over Format. Then press Enter to display
a pop-up box labeled Format Utility on the DOS Utilities screen, as illustrated in
Figure 5.20. When this pop-up box is displayed, drive A is the default drive parameter
in the Parameters box, with the cursor positioned under the letter a. You can accept
that drive, enter a different drive, and enter any applicable FORMAT parameters at
this time. Assuming you entered appropriate FORMAT parameters, pressing Enter
invokes the FORMAT program, prompting you to insert a new diskette for drive A and
to press the Enter key when you are ready.

After the format operation is completed, you are prompted to enter a volume label
unless you entered the parameter /V:label in the Parameter box. Similar to the FORMAT
operation previously illustrated in Figure 5.19, information concerning disk space and
the volume serial number are displayed, followed by the prompt Format another
(Y/N)?. Assuming you enter N, pressing any key in response to a Press any key
prompt causes the DOS Utilities screen in the DOS Shell to be redisplayed.

Although the DOS Shell facilitates elementary formatting, you must remember the
availability and syntax of optional parameters to make full use of this command. In
fact, the Help pop-up box displayed in response to pressing the F1 key refers you to
the IBM Using DOS book for information concerning the optional parameters you can
use.

2:21 a
Fi=Help

0S Utilities...

set Date and Time
Disk Copy

Disk Compare
Backup Fixed Disk
Restore Fixed Disk

Format Utility

Enter drive to Format.

[
Parameters . . | :

(< =Enter | [ Esc=Cancel | (FizHelp )

F10=Actions Esc=Cancel Shift+F9=Command Prompt
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CLS (Clear Screen) (Internal)

If you are working at the command prompt level and have entered a few of the examples
covered in this chapter, your display screen may be cluttered with information. The
CLS (clear screen) command erases previously displayed data with the exception of the
DOS prompt, which is redisplayed. The format of this command is simply the command
name:

CLS

One popular use of the CLS command is to clear the screen of previous activity
before you print a copy of some screen operation. Thus, enter CLS, followed by the
actions you want to print, then press PrtSc to generate a hardcopy of desired activity
that is not cluttered with other information. There is no equivalent command under the
DOS Shell, because operations are based on the selection of items and filling boxes in
pop-up screens that are automatically cleared after selection.

' BREAK (Internal)

Before you examine a series of commands that can be used to perform multiple op-
erations, an examination of how to terminate DOS command mode operations is war-
ranted. Normally, you can press the Ctrl+Break multikey combination to terminate a
DOS command. Even under the DOS Shell, you can press this key combination to
terminate the operation of an activity, such as formatting a diskette.

DOS normally checks for the Ctrl+Break multikey sequence when data is entered
from the keyboard, displayed on the monitor, or printed. To increase the ability to break
out of a program that produces few or no standard device operations—such as a com-
putational intensive program—you can use the BREAK command. The format of this
command is

o ]

When you use BREAK without a parameter, the current state of the command (ON
or OFF) is displayed. When BREAK is set to ON, DOS continuously checks for
Ctrl+Break. Otherwise, when BREAK is set to OFF (its default value), DOS only checks
for Ctrl+Break during standard input/output operations. The following example illus-
trates checking the state of the BREAK command under DOS 3.3 and setting its default
value of OFF to ON. Under DOS 4.0, the only change is in the DOS prompt, which is
initially set to C:\> if your system has a fixed disk.

C>BREAK
BREAK is off

C>BREAK ON
C>BREAK
BREAK is on
c>
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Figure 5.21
Directory Listing of
Diskette in Drive B

The DIR (Directory) command helps you determine the file and subdirectory contents
of a storage medium. Using this command, you can obtain information about all di-
rectory entries or the entries for a single file or group of specified files. The format of
this command is

DIR [d:1[pathl[filenamel.ext]][/P]1[/W]

The optional drive specifier (d:) indicates the drive for which a directory listing should
be taken. If the drive identifier is omitted, the directory listing will be taken for the
default drive’s current directory. Thus,

A>DIR (DOS 3.8)

A:\>DIR (DOS 4.0)

generates a directory listing of the contents of a diskette in drive A. Modifying the
command line to

A>DIR B: (DOS 3.3)

A:\>DIR B: (DOS 4.0)

lists the directories and filenames of a diskette in drive B.

The path option obtains a directory listing when a hierarchical or tree-structured
storage medium is used. By incorporating a path to the DIR command, you can obtain
a directory listing of specific subdirectories or a file or group of files located in a specific
subdirectory. Examples of the use of path parameters in DIR commands, as well as a
detailed examination of subdirectory related commands, are given in Chapter 6.

To illustrate the use of the DIR command and its optional parameters, examples
here apply the command against a common diskette. In the example illustrated in
Figure 5.21, a directory listing of a diskette in drive B was taken by entering the
command DIR B:. In this example, xxxxxxx, which represents the number of bytes
available for data storage, depends both on the size of currently stored data files and
the storage capacity of the disk.

In the directory listing illustrated in Figure 5.21, the backslash (\) after the message
Directory of B: indicates it is a directory of the root or top of a hierarchical directory

A>DIR B:

Volume in drive B is DATACOM
Dir