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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-
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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.
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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



18

Figure 1.9
Fixed Disk Layout
and Platter
Operation

IBM PS/2 USER’S REFERENCE MANUAL

(A) Top View
Track N
Servo
Mechanism
Read/Write Heads

Track O /

Increasing tracks on a platter or increasing platters increases storage capacity.

(B) Side View
Multiple Platters

Servo
Mechanism

Tracks in vertical direction called cylinders

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.
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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



HARDWARE OVERVIEW 21

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.
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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.
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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

SYSTEM SETUP AND FILE TRANSFER TIPS 65

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



SYSTEM SETUP AND FILE TRANSFER TIPS 71

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
DOS Partition
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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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DOS 4.0 Specify
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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




Table 5.7
De facto File
Extension Usage

USING DOS 97

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)?



USING DOS 109

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

IBM PS/2 USER’S REFERENCE MANUAL

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>



USING DOS 113

DIR (Directory) (Internal)

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
Directory of B:\

COMMAND  COM 25307 3-17-87 12:00p
BLAST EXE 158772 4-13-87  7:59a
INDEX EXE 13596  4-13-87 7:56a
INSTALL EXE 28252 4-13-87  7:56a
4File(s) XXXXXXX bytes free
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Table 5.12
DIR Command
Examples

Figure 5.22
Using a Global
Character in a DIR
Command
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structure. Unless a path is specified, the DIR command lists the contents of the current
directory that, in this example, is the root directory.

You can obtain information about a specific file or a group of files by entering a
filename and the 7 and * global characters in the filename and filename extension. Table
5.12 lists three examples of the use of global (wildcard) characters and filenames in a
DIR statement and the operational result of each command line entry.

The example illustrated in Figure 5.22 shows the use of the asterisk wildcard char-
acter on the diskette in drive B. As indicated in Figure 5.21, this diskette contains four
files. Note that because the diskette only contains one file whose extension is .COM,
only one file is included in the new directory listing shown in Figure 5.22.

The /P parameter automatically pauses the display when the screen is filled. This
parameter is valuable when the directory you wish to list is extensive and entries would
otherwise rapidly scroll off the screen. When you use /P, the following prompt is
displayed:

Strike a key when ready...

At this time, you can press any key to continue with the directory listing.

The /W parameter obtains a “wide” display of the directory. When this parameter
is used in a DIR command, each line in the directory contains up to five filenames. The
example illustrated in Figure 5.23 shows the use of the /W parameter. Note that while
the /W parameter displays up to five filenames on a line, the resulting directory listing
excludes information concerning the size of the file and the day and date it was created
or last modified.

DOS Shell File System Directory Operations

The DOS Shell File System performs a variety of file and directory operations, including
display of different types of directory listings. Because you were just introduced to the

DIR Command  Operational Result

DIR A:+.+ Produces a directory listing of all files located on the diskette in
drive A.

DIR B:*.EXE Produces a directory listing of all files on the diskette in drive B
whose extensions are .EXE.

DIR PAYx*.» Produces a directory listing of all files located on the diskette in

the default drive whose filenames start with PAY, regardless
of the files’ extensions.

A>DIR B:*.COM

Volume in drive B is DATACOM
Directory of B:\

COMMAND  COM 25307 3-17-87 12:00p
1 File(s) XXXXXXX bytes free
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Using the /W
Parameter in the
FORMAT Command

Figure 5.24
DOS 4.0 File System
Screen
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A>DIR B:/W

Volume in drive B is DATACOM
Directory of B:\

COMMAND  COM BLAST  EXE INDEX EXE  INSTALL  EXE
4File(s) XXXXXXX bytes free

- File System
F Arrange Exi
“Ctri+letter selects a drive.
=A =B (=)

EZ4012345 .678 06-17-88

I=AUTOEXEC . BAT 03-25-80

COMMAND .COM 06-17-88

CONFIG .SY¥S 03-25-80

I1JACK | IBMBIO .COM 06-17-88

FORMTOOL ' =/IBMDOS .COM 06-17-88
BLAST ‘

—STELLA

F10=Actions Shift+F9=Command Prom

use of the DIR command, you can compare the use of the DOS Shell File System to
perform equivalent operations.

The File System can be selected from the Start Programs Main Group previously
illustrated in Figure 5.10 by moving the selection cursor over File System and pressing
Enter. Figure 5.24 illustrates the File System screen.

After you select the File System, a directory listing of the default drive and directory
is automatically performed, with the results displayed. In examining Figure 5.24, note
in the upper left corner that the icon for drive C is highlighted; this means that drive
C is the default drive. You can select another drive by pressing Ctrl and the drive
designator letter. The row with the entry C:\ under the drive identifier row displays
the current path. In this example, it denotes the current location at the root directory
on drive C.
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Figure 5.25
Changed Directory
Under DOS 4.0 File
System
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The Directory Tree window along the left third of the screen displays the directory
structure under the root directory of drive C. The right window displays the filenames
that correspond to the selected directory. In this example, the check mark to the left
of C:\ under Directory Tree indicates that the filenames in the root directory are to
be displayed. The symbol #. ¥ to the right of Directory Tree identifies the type of files
to be displayed. When you invoke the File System, the default of #.+ is used, which
represents the global characters for all files and all extensions. Thus, the right window
in Figure 5.24 displays all files in the root directory regardless of their extension. If
you use the Up or Down arrow keys to select another directory, the filenames in this
window automatically change. This is illustrated in Figure 5.25, where the subdirectory
FORMTOOL was selected in the Directory Tree window, displaying all files in that
directory regardless of their extension.

Press the F10 key to move the selection cursor to the action bar. From there you
can select any item in the action bar by entering the letter underlined in an item or
using the Left or Right arrow key to position the selection cursor over the item. After
an action bar item is selected, you can press the Down arrow key to display the -pull-
down menu associated with the item. Once a pull-down menu is displayed, you can use
the Left or Right arrow key to access pull-down menus associated with the other items
in the action bar.

The File pull-down menu options perform such file-related operations as renaming,
copying, and viewing files, as well as the ability to create a directory. A later section

File Systen
File | Arrange Exit

~Ctrl+letter selects a drive.
= =B ="

CINFORMTOOL

. Qir‘ectob ) Tree

FORMTOOL , 07-16-86

FORMTOOL ,245 01-27-87

. , 01-26-87

.FNT K y 12-03-86

. 01-26-87

v |-FORMTOOL .MNU , 01-21-87
BLAST -MSG : 11-20-86
STELLA E=HFORMTOOL . SYS : 01-01-80
EZ4FORMTOOL . TBL 01-27-87

=/INSTALL .EXE »17¢C 01-23-87

H

F10=Actions Shift+F3=Command Prompt
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DOS 4.0 Display
Options Pull-Down
Menu
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of the chapter examines the use of portions of this pull-down menu; here the equivalent
command prompt operations are described.

Select the Options item in the action bar and press Down arrow to display the
Options pull-down menu shown in Figure 5.26. Selecting the Display options item
generates a Display Options pop-up box over the other File System windows on your
sereen, as illustrated in Figure 5.27. This pop-up box is the key to obtaining information
about a specific file; set of files with a common name, common extension, portion of a
common name or extension; or all files in the directory. In addition, this pop-up box
offers the capability to sort files in a directory five different ways. As indicated in Figure
5.27, initially the cursor is positioned at the first entry position, the Name box. If you
accept the default entry #. #, all files in the currently checked subdirectory are displayed.
Note that the button to the left of Name in the Sort by: column is highlighted. This
is the default method of sorting directory entries. You can press the Tab key to move
the selection cursor to highlight the Name entry in this column. Then use Down arrow
to select a different sorting method, including sorting by Extension, Date, Size, or
Disk order.

Although the DOS Shell File System facilitates the display of files better than by
the use of command mode operations that have no sorting capability, to effectively use
this Display Options box you must be familiar with the use of global (wildcard)
filename characters. Thus, entering *.COM in the Name box in Figure 5.27 displays all
files whose extension is .COM that are located in the root directory of drive C. Similarly,

E=a[l Display options...
. File options. ..
Show information...

06-17-88

03-25-80

06-17-88

03-25-80

. 06-17-88

FORMTOOL ; : 06-17-88
BLAST ?

~STELLA

F10=Actions Shift+FI9=Command Prompt
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Figure 5.27
DOS 4.0 Display
Options Pop-Up Box
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06-17-88
03-25-80
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06-17-88
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F10=Actions Shift+F9=Command Pronpt

entering C#.* displays all files whose names start with the letter C and are located in
the root directory of drive C.

Select File Options in the Options pull-down menu to verify certain file related
activities, as well as to display files in more than one directory at the same time. Figure
5.28 illustrates the File Options pop-up box. The default for the Confirm on delete
and Confirm on replace boxes in the File Options pop-up box is checked (selected)
here, meaning that a confirmation prompt is displayed before a file is deleted or moved
or copied with a replace operation. The Select across directories entry enables
you to select files in different directories. You can toggle the selection or deselection of
any box item by pressing the Up or Down arrow key to move the selection cursor
over the item. Then, press the Space bar to select or deselect the action; a check mark
to the left of any item indicates it is selected.

The last item in the Options pull-down, Show information, displays information
concerning a previously selected file or group of files or summarizes information con-
cerning the current directory and the current drive. Summarized directory information
includes the current directory name, total storage of files in the directory, and total
number of files in the directory. Drive summary information includes the disk name,
storage capacity denoted as Size, available storage capacity, labeled Avail, and the
total number of files and directories on the disk. Thus, Show information can be viewed
as an enhanced DIR command that provides information at the file, directory, and drive
level.
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Figure 5.28 N
DOS 4.0 File Options §

G4l Conf irm on delete . ( 06-17-88

[-] Confirm on replace K 03-25-80
[[1 Select across directories . , 63 06-17-88
03-25-80
06-17-88

06-17-88

The Arrange item on the action bar provides a pull-down menu containing three
entries, as illustrated in Figure 5.29. The first entry, Single file 1ist, is the default
method by which the DOS Shell File System displays the Directory Tree and associated
filenames. That is, a single file list is used for display purposes.

Selecting Multiple file Tist entry essentially splits your screen horizontally into
two wide windows with two “panes” each, as Figure 5.30 shows. Initially, the same
Directory Tree and associated filenames are displayed in each list. Because the area
for the top list is slightly smaller than the area used for the display of the second list

~ and each area is less than a single list area, a short directory structure and small
number of files may not be completely visible in either window. When this occurs, press
Tab to move the selection cursor to the first entry in the Directory Tree or filename
pane in either window. Then, you can use the Up and Down arrow keys to scroll
through the contents of either pane.

One of the key benefits of the Multiple file 1ist option is the capability it provides
for viewing the contents of two separate directories at the same time. To display two
directories, first use the Tab key to position the selection cursor at the top item in the
Directory Tree area of either list. Then, position the selection cursor using Up or Down
arrow so the selection cursor highlights the directory whose contents you wish to view.
Finally, press Enter to display the contents of the directory in the right pane. Figure
5.31 represents the display of the contents of two directories at the same time. To
recap, this display resulted from selecting the Multiple file 1ist option in the Ar-
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Figure 5.29 File Systen
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.}"Vilff Options  Arrange
Ctrl+letter selects a drive.
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E=4FORMTOOL .

range pull-down menu and checking the FORMTOOL directory in the bottom window’s
Directory Tree.

Note that you can use any one of the three file list actions in the Arrange menu to
select a program to execute. Once you have located the desired file, you can select it
by moving the selection cursor until it highlights the filename. Then, pressing the Space
bar selects the file. At this time, you can press the F10 key to select the File item in
the action bar. Pressing Down arrow displays the File pull-down menu, the first se-
lection item of which is Open (start). Then an Open File pop-up box is displayed,
which appears in Figure 5.32. This pop-up box provides options to execute a program
and to enter any optional parameters that may be associated with its execution.

As indicated in this section, the DOS Shell File System provides a similar, but
enhanced, capability over DIR command prompt operations. Although with the File
System you can view the contents of two directories at one time, sort directories five
ways, and perform other enhanced operations, to use it effectively you should be familiar
with wildeard characters.

COPY (Internal)

The COPY command duplicates one or more files on the same or a different diskette
or directory/drive. If you copy files to the same diskette, you must assign the copy a
different name from the original, unless you have created multiple directories to store
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Figure 5.32

Using the Open File
Pop-Up Box to Start
a Program
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them. If you copy files to a different subdirectory on the same fixed disk or diskette or
to a different fixed disk or diskette, you can use the same name for both the original
and the copied file.

The general format of the COPY command is

COPY[/A1[/B]1[d:]1[path][filenamel.ext]1][/A]l[/B]
[d:1[path]l [filenamel.ext]]1[/A1[/BI[/V]

Although at first glance the general format of the command appears formidable, a
short discussion of the /A and /B parameters should help you revise the format into a
more manageable syntax for a majority of your file-copying operations. The /A and /B
parameters control the amount of data to be processed by the COPY command. When
used with a source file, the /A parameter causes the file to be treated as an ASCII
(text) file. This means that all data in the file up to but not including a Ctrl+Z (end-
of-file) character is copied.

If you use the /B parameter with a source file, the entire file is copied. If the /A
parameter is used with the target file specification, a Ctrl+Z character is added as the
last character of the file, whereas the use of the /B parameter does not add an end-
of-file character (Ctrl+Z) to the file.

Normally, you can accept the default value of /A when concatendtion (the process
of joining files) is being performed during a COPY operation or the default value of /B
when concatenation is not being performed. In certain situations, a communications
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program may add a Ctrl+Z to a file being downloaded to a computer. If this occurs,
the COPY command only copies a portion of that file, up to but not including the
inadvertent end-of-file character. If you want to duplicate this type of file, use the /A
parameter in the COPY command, with the source file specification.

Because a very large majority of COPY command operations can use the default
value of the /A and /B parameters, the format of that command becomes more man-
ageable, being rewritten as

COPY[d:]1[pathl [ filenamel.ext]][d:]1[path] [filenamel.ext]][/V]

The /V parameter causes DOS to verify that information copied is recorded properly.
Because the verification process requires DOS to read the copied data to compare it
with the original copy on a sector-by-sector basis, the /V switch causes the COPY
command to operate slowly.

Both the ? and * wildcard (global) characters can be included in the filename and
extension parameters of both the source and target files. When either global character
is used in the source file specification, the names of the files are displayed as the files
are copied. This is illustrated in Figure 5.33.

At the top of that figure, a wide directory listing of a diskette in drive B is shown.
Note that there are four files on that disk. Next, the COPY command is entered to
copy all files whose extension is .SU from the diskette in drive A to the diskette in
drive B. Once this COPY command is entered, DOS displays the name and location of
each file as it is copied. After all files matching the source filename with its global
character are copied, DOS summarizes the COPY operation by displaying the message

3 File(s) copied

DOS always gives a numeric value that denotes the number of files that it copies onto
the target medium.

A>DIR B:/W

Volume in drive B is INVOICEJLYS8
Directory of B:\

COMMAND COM BLAST EXE INDEX EXE INSTALL EXE
4 File(s) 80896 bytes free

A>COPY A:%.SU B:
A:DEMOLINE.SU
A:DEFAULT.SU
A:TYMNET.SU

3 File(s) copied

A>DIR B:/W

Volume in drive B is INVOICEJLYS8
Directory of B:\

COMMAND COM BLAST EXE INDEX EXE INSTALL EXE DEMOLINE SU
DEFAULT SU TYMNET Su
7 File(s) 77824 bytes free

A>
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Table 5.13
COPY Command
Examples
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In the lower third of Figure 5.33, another wide directory listing of the contents of
drive B appears. Note that seven files are now on the diskette in drive B, as-a result
of the COPY operation.

Physical Versus Logical Drives

The COPY command performed in Figure 5.33 was conducted on a PS/2 with two
diskette drives. If your computer has only one diskette drive and you attempt to copy
a file from one diskette to another, DOS treats the single physical drive as two logical
drives. In such circumstances, DOS prompts you when to change diskettes, as illustrated
by the following example.

A>COPY PAY.JLY B:PAY89.JLY

Insert diskette for drive B: and strike
any key when ready

1 File(s) copied

Table 5.13 lists five examples of the use of the COPY command and their operational
result. Note that under DOS 4.0 the prompt A> is A: > and the C> prompt is C:\D0S>,
unless you use the DOS PROMPT command to change the prompts. The operational
result of each command intentionally excludes mentioning that data is copied to the
default subdirectory, because the use of the COPY command with a hierarchical di-
rectory structure is covered in detail in Chapter 6. That chapter examines how you can
organize your fixed disk or diskette into subdirectories and place groups of related
programs and data files in specific subdirectories.

Using Reserved Names

By using reserved device names in the COPY command, you can direct files to the
printer, use the computer as a typewriter, and perform other interesting, unconventional

COPY Command Operational Result

A>COPY B:*.x C: Copies all files on the diskette in drive B to
drive C.

A>COPY PAY.BAS C: Copies the file PAY.BAS from the default
drive (drive A) to drive C.

C>COPY A:+.BAS B: Copies all files on the diskette in drive A

whose extensions are .BAS to the
diskette in drive B.

C>COPY A:+.BAS Copies all files on the diskette in drive A
whose extensions are .BAS to the
default drive (drive C).

A>COPY PAY.BAS C:PAY89.BAS Copies the file PAY.BAS from the default
drive (drive A) to drive C and renames
the file PAY89.BAS.
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operations. Several examples of the use of reserved device names within a COPY com-
mand are

A>COPY PAY.DAT LPT1:
C>COPY CON: RUN.BAT

C>COPY PAY.BAS CON:

The first example routes the file PAY.DAT on the diskette in drive A to the printer
attached to the LPT1 port.

In the second example, the console (CON) is used as the source device, and the file
RUN.BAT is used as the target device. After you enter this COPY command, DOS
routes keyboard input (from CON) to the file RUN.BAT, which DOS creates on drive
C. This example illustrates one method by which you create batch files. To terminate
keyboard input, you can either press the F6 key or the Ctrl+Z multikey combination
to generate an end-of-file character.

In the third example, the contents of the file PAY.BAS are routed to the console
(CON) and are displayed on the screen.

A word of caution is in order when you copy files to the console or printer. Only
files stored in an ASCII format are meaningful when printed or displayed with the
COPY command. This is because the COPY command does not interpret and act on
control codes embedded by word processors and other application software in a file.
Thus, using the COPY command to print or display a file created with a word processing
program that contains control codes for italics, underlines, and other attributes, or a
BASIC program stored in a tokenized format, produces unexpected results in a display
or printout. Printing or displaying the contents of such a file usually results in displaying
or printing special characters that are not meaningful. This situation is illustrated by
the use of the COPY command to print the contents of a small BASIC program whose
output is shown in Figure 5.34.

DOS Shell COPY Operations

The File System of the DOS Shell can copy files. First, select the file you wish to copy.
Similar to all file selection operations, you can use the Tab key to move the selection
cursor to the filename area. Then use Up and Down arrow to move the selection cursor
onto the filename you wish to copy. Then press the Space bar, which highlights the
icon to the left of the filename.

Once the file or files you want copied are highlighted, you must select the Copy
option from the File pull-down menu. \

To display the File pull-down menu, press Tab to move the selection cursor to the
File item in the action bar. Then press Down arrow to display the File pull-down menu,
illustrated in Figure 5.35.

né At882 A-é CtAfw{é té A T8Saxe A-& CTtAOBOE
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Figure 5.35
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After you have selected a file or set of files and accessed the File pull-down menu,
you can move the selection cursor to the Copy option. Then press Enter to display the
Copy File pop-up menu, shown in Figure 5.36. Note that the From box automatically
contains the name of the selected file, whereas the To box displays the current drive
and current directory, denoted as C:\ in this example, with the cursor positioned under
the letter C. At this time, you can accept the current drive and current directory as the
destination to which to copy the file, or you can enter a new location. Then you can
enter the same filename or a different filename, depending on whether you changed
the file’s location and your naming requirements. You cannot have two files with the
same name in the same directory; thus, if for example you want another copy of
CONFIG.SYS in the root directory of drive C, you might name the copy CONFIG.OLD.

COMP (Compare Files) (External)

The COMP (compare files) command compares the contents of two files. This command
should not be confused with the DISKCOMP command, which compares the contents
of two entire diskettes.

The format of the COMP command is

[d:1[path]CoMP
[d:1[path][filenamel.ext]][d:]1[path]l [filenamel.ext]]
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Figure 5.36
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Similar to other external commands, the device identifier (d:) and path preceding
the command name identify the location where the COMP command file resides.

The first set of parameters ([d:][path] [ filenamel.ext]]) after COMP specifies the
first file or set of filenames you want to compare with wildcard characters used to define
a set of files. The second set of parameters defines the file or set of files the first file
or first set of files will be compared against.

You can compare files on the same drive or dlfferent drives, in the same directory,
or in different directories. If you omit the filenames or the second set of parameters
when you enter the command, you will be prompted to enter them.

After a successful comparison, COMP displays the message

Files compare OK
When all comparisons between files are complete, COMP displays the message
Compare more files (Y/N)?

At this point, if you enter Y you are prompted to enter two new filenames. You can
type N to terminate the COMP command.

If the files being compared do not match, an error message is displayed. This error
message indicates the location in hexadecimal notation where a mismatch occurred, as
well as the contents of the bytes in each file where the mismatch occurred. After 10
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unequal comparisons, COMP assumes that further comparison is of no use and displays
the following message:

10 Mismatches - ending compare

Table 5.14 contains three examples of the use of the COMP command and the
operational result of each command line entry.

DISKCOPY (Copy Diskette) (External)

Table 5.14
COMP Command
Examples

The DISKCOPY (copy diskette) command duplicates an entire diskette or just the first
side of a diskette. This command also examines the target diskette to determine whether
it was previously formatted, and, if not, the command will format the target diskette
with the same number of sides and sectors per track as the source diskette. The format
of the DISKCOPY command is

[d:1[path]DISKCOPY [d:[d:11[/1]

The first drive specifier after the command name identifies the source drive, whereas
the second drive identifier indicates the target drive. If you specify the /1 parameter,
DISKCOPY copies only the first side of the diskette, even if you use a double-sided
diskette.

If you have only one diskette drive on your computer, DOS prompts you when to
insert the target and source diskettes at the appropriate times. If you use the command
without entering drive specifiers, a single-drive copy operation will be performed using
the default drive. Similarly, if you specify the same drive for source and target diskettes
a one-drive copy operation will be performed. Table 5.15 illustrates three examples of
the use and operational results of the DISKCOPY command. Note that this command
can only be used to copy similar capacity diskettes. Thus, you can use this command
to copy a 720K byte double-sided diskette to another 720K byte diskette or a 1.44M
byte double-sided diskette to another 1.44M byte double-sided diskette. However, you

COMP Command Operational Result

A>COMP PAY B:PAY.DAT Uses the COMP command file on the default
drive (drive A) to compare the contents of
the file PAY on drive A to the contents of
the file PAY.DAT on drive B.

A>C:COMP A:PAY B:PAY.DAT Uses the COMP command file on drive C to
compare the contents of the file PAY on
drive A to the contents of the file PAY.DAT
on drive C.

C>COMP A:+«.DAT C: Uses the COMP command file on drive C to
compare the contents of all files on drive
A whose extensions are .DAT to files on
drive C that have that extension.
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DISKCOPY Command
Examples
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DISKCOPY Command  Operational Result

C>DISKCOPY A: B: Uses the DISKCOPY command file on drive C to copy
the contents of the diskette in drive A to the diskette
in drive B.

B>C:DISKCOPY B: A: Uses the DISKCOPY command file on drive C to copy
the contents of the diskette in drive B to the diskette
in drive A.

A>DISKCOPY Uses the DISKCOPY command file on drive A to
perform a one-drive copy operation. DOS prompts
you when to insert the source and target diskettes in
that drive.

could not copy a 720K byte diskette to a 1.44M byte diskette or a 1.44M byte diskette
to a 720K byte diskette.

DOS Shell Disk Copy Operations

You can perform a disk copy operation with the DOS Shell by selecting DOS Utilities
from the Start Programs Main Group shown previously in Figure 5.10. This displays
the DOS Utilities screen (see Figure 5.17). Move the selection cursor to Disk Copy and
press Enter to display the Diskeopy Utility pop-up box on the DOS Utilities screen.

Figure 5.37 illustrates the Diskcopy Utility pop-up box. Note that the default entries
in the Drives box are a: and b:, with the cursor positioned under a. You can accept
either or both drive designators for the source and destination drives, or you can enter
a different source or destination drive designator.

DISKCOMP (Compare Diskette) (External)

The DISKCOMP (compare diskette) command compares the contents of similar capacity
diskettes. Normally, this command is used to verify the operation of a previously per-
formed DISKCOPY command. The format of the DISKCOMP command is

[d:1[path]DISKCOMP[d: [d:1]1[/1][/8]

Like all external commands, the optional drive identifier (d:) and path preceding the
command name indicate where the DISKCOMP command file resides. If you do not
specify a location, the default drive and current directory are used to locate the command
file.

If the optional /1 parameter is included, DISKCOMP compares only the first side of
the diskettes in the specified drives, even if the diskettes are double-sided. The /8
parameter instructs the command to compare diskettes on an 8-sectors-per-track basis,
even if the first diskette contains 9 or 15 sectors per track.

Similar to the DISKCOPY command, you can enter the DISKCOMP command with-
out drive parameters or with the same drive parameters to perform a one-drive com-
parison. When this occurs, you are prompted when to swap diskettes.
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Figure 5.37
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Utility Pop-Up Box
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Format

F10=Actions Esc=Cancel

When the DISKCOMP command is executed, all tracks on the source and target
diskettes are compared on a track-by-track basis. If the tracks are not equal, a message
indicating the track number of unequal tracks and the side where the mismatch occurred
is displayed. Once the comparison is completed, the following message is displayed.

Compare more diskettes (Y/N)?

Entering N terminates the command operation. If you enter Y, another comparison
is performed on the same drives after you answer the prompts to insert the appropriate
diskettes. Table 5.16 lists three examples of the use and operational results of the
DISKCOMP command.

DOS Shell Disk Compare

Similar to the DOS Shell Disk Copy action, the Disk Compare option is selected from
the DOS Utilities screen. Once you move the selection cursor over Disk Compare and
press Enter, the DISKCOMP Utility pop-up box displays, as illustrated in Figure 5.38.
Drives a: and b: are displayed as the default drives in the Parameters box. You can
change one or both drive designators, or you can enter an optional parameter. Unfor-
tunately, pressing the F1 key for Help refers you to IBM documentation concerning
parameters used with this command. Thus, for this command—as well as other DOS
commands performed under the DOS Shell—you should become familiar with the com-
mand line parameters unless you are willing to accept the command’s default values.
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Table 5.16 "
DISKCOMP DISKCOMP Command  Operational Result

Command Examples

C>DISKCOMP A: B: Uses the DISKCOMP command file on drive C to
compare the contents of the diskette in drive A to
the contents of the diskette in drive B.

B>C:DISKCOMP B: A: Uses the DISKCOMP command file on drive C to
compare the contents of the diskette in drive B to
the contents of the diskette in drive A.

A>DISKCOMP Uses the DISKCOMP command file on the diskette in
drive A to perform a one-drive diskette comparison
operation. DOS will prompt you when to insert the
source and target diskettes in that drive.

Start Programs . el i 10:27 am

ki 09-01-88 .

Figure 5.38 i e
" Program Group Exit

DOS 4.0 DISKCOMP
Utility Pop-Up Box

DOS Utilities...

Set Date and Time
Disk Copy

Disk Compare
Backup Fixed Disk
Restore Fixed Disk
Format

[ Diskcomp Utility |

Enter drive for comparison.

Parameters . . [ fp:b:  [+]

[ <T=Enter | [ Esc=Cancel | [ Fi=Help |

F10=Actions Esc=Cancel Shift+F9=Command Prompt

DELETE and ERASE (Internal)

The DEL (delete) and ERASE commands are identical—they both have the same format
and perform the same operation. Either command can be used to delete a specified file
or group of files, the latter occurring when one or more global (wildecard) characters
are used in the command line.
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Figure 5.39
Using the ERASE
Command
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The difference between the two commands is the command name, with DEL used
for delete and ERASE used for erase. The common format of these two commands is

DEL .
{ERASE} [d:1[path] filenamel.ext]

Both DEL and ERASE can erase all files except hidden files, such as IBMBIO.COM
and IBMDOS.COM. Figure 5.39 illustrates the use of the ERASE command using the
asterisk wildcard to erase all files with the extension .SU from the diskette in drive B.
At the top of Figure 5.39 is a wide directory listing, which indicates that there are
seven files on the diskette in drive B, including three files whose extensions are .SU.
In the middle of Figure 5.39, the ERASE command was used with an asterisk in the
filename position. This command tells DOS to erase all files whose extension is .SU on
the diskette in drive B. At the bottom of Figure 5.39, another wide directory listing of
the diskette in drive B appears. Note that the three files with the extension .SU are
no longer on the diskette.

In actuality, the use of DEL or ERASE does not physically remove the files from
the diskette. When you use either command, an appropriate bit in the disk’s File Al-
location Table (FAT) is reset to inform DOS that previously used storage for that file
can now be used to store other data. This is why many commercially available utility
programs can recover previously erased files. If you should inadvertently erase a file,
do not save any additional information on the disk before you use a data recovery
program. This is because saving a file on a disk where a file was previously inadvertently
erased may overwrite all or a portion of the sectors of the erased file with the new file.
When this occurs, the previously erased file or a portion of that file is permanently lost.

Table 5.17 contains three examples of the use of the ERASE command. Each of
these examples is applicable to the DEL command, because DEL has the same format
and operational result as ERASE.

If you use a filename that does not exist in an ERASE or DEL command, DOS
returns the message

File not found

A>DIR B:/W

Volume in drive B is INVOICEJLYS8
Directory of B:\

COMMAND COM BLAST EXE INDEX EXE INSTALL EXE DEMOLINE SU
DEFAULT SU TYMNET SuU
7 File(s) 77824 bytes free
A>ERASE B:x,SU
A>DIR B:/W

Volume in drive B is INVOICEJLYS
Directory of B:\

COMMAND COM BLAST EXE INDEX EXE INSTALL EXE
4 File(s) 80896 bytes free



Table 5.17
ERASE Command
Examples

Figure 5.40
Initial DOS 4.0
Delete File Pop-Up
Box
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ERASE Command  Operational Result

A>ERASE B:*.» Deletes all files in the current directory on the diskette in
drive B.
A>ERASE PAY.» Deletes all files named PAY in the current directory on the

default drive (drive A) regardless of their extension.

B>ERASE C:+.BAS Erases all files whose extension is .BAS that are located in
the current directory on drive C.

_Arrange Exit
“Ctrl+letter selects a drive.
= =8 3

I
I

" F10=Actions Shift+F9=Command Prom

This message is appiicable if you enter a specific filename and extension in an ERASE
or DEL command that does not exist or if you use one or more global characters in

* the command and DOS fails to find a file that matches the entered specification.

' DOS Shell Delete Operations

Similar to all file-related operations in the DOS Shell, you must first select a file or set
of files. When operating with the DOS Shell, you can use the Delete option of the File

pull-down menu (illustrated in Figure 5.35) to display the Delete File pop-up box. It is

shown in Figure 5.40.
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If you examine the bottom of Figure 5.40 carefully, you will note the icons for the
files T.BAT and TEXT.BAT are highlighted; these files have been selected for deletion.
This is why the Delete box displays the names of both files.

If you accept the default setting for Confirm on delete in the File Options pop-
up box (see Figure 5.28), you are prompted for each file you want to delete. Figure
5.41 shows the options that enable you to skip the current file or delete it.

RENAME (Internal)

Figure 5.41

Using the DOS 4.0
Delete File Pop-Up
Box

The RENAME command changes the name of a file or group of files, as well as their
extensions. The format of this command is

RENAME
REN

As indicated in the format of the command, you can use either the full RENAME
keyword or its abbreviation REN in a command line. The optional drive identifier (d:)
and path following the command keyword indicate the location of the file or group of
files whose name and/or extension are to be changed. The first filename and extension
denote the present name and extension of a file or group of files, with the latter
represented by the use of one or more wildcard characters. The second filename and
extension in the command line denote the new name and/or extension of the file or
group of files.

} [d:1[path] filenamel.ext] filenamel.ext]

File Options Arrange Exit
Ctrl+letter selects a drive.
=h =B 30

C:N

Directo

VN i ) 06-17-88

[]

1
-DOS 08-28-88
TOOLS Deleting file: TEXT.BAT 07-19-88
PCLP13XS 07-19-88

L]

LNET1_3(] Select an option. 07-19-88
07-19-88

07-19-68

2. Delete this file 07-19-88

07-19-88

06-17-88

e N 08-28-88

[ <T=Enter | [ Esc=Cancel | [ F1=Help | 07-19-88

- 07-20-88
N 06-17-88

.COM 06-17-88
IPCLPTIDY.BAT A 06-06-88
E45PCLP_1 .30 07-19-88
=1 .BAT 07-19-88
= .BAT 07-19-88

L]
_ L
F10=Actions Shif t+FI3=Conmand Prompt




Figure 5.42
Using the RENAME
Command

Table 5.18
RENAME Command
Examples
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Figure 5.42 illustrates the use of the RENAME command to change the file named
TYMNET.SU to TELENET.SU. At the top of that illustration, a wide directory listing
of the contents of drive B appears. The middle of the figure shows that the RENAME
command has been entered to change the filename of the TYMNET file shown in the
directory. At the bottom of Figure 5.42, a second wide directory listing verifies that
the name of the file has been changed.

Table 5.18 contains three examples of the use of the RENAME command and the
operational result for each command. If you attempt to RENAME a file with a name
that already exists in the current directory or if the file does not exist, DOS displays
the following message:

Duplicate file name or file not found

DOS Shell RENAME Operations

Similar to all DOS Shell file operations, you must select a file prior to invoking the
RENAME operation. Once you select a file or set of files, you can either press F10 to

C>DIR B:/W

Volume in drive B is INVOICEJLYS8
Directory of B:\

COMMAND COM BLAST EXE INDEX EXE INSTALL EXE DEMOLINE SU
DEFAULT SU TYMNET sSu
7 File(s) 77824 bytes free
C>RENAME B:TYMNET.SU TELENET.SU
C>DIR B: /W

Volume in drive B is INVOICEJLYS8
Directory of B:\

COMMAND COM BLAST EXE INDEX EXE INSTALL EXE DEMOLINE SuU
DEFAULT sSuU TELENET SU

7 Filel(s) 77824 bytes free
c>
RENAME Command Operational Result
A>RENAME =.SU *.DAT Changes the name of all files on the

diskette in the default drive (drive A)
whose extension is .SU to the
extension .DAT.

C>RENAME B:PAY.JUN JUNE.PAY  Changes the name of the file PAY.JUN
on the diskette in drive B to
JUNE.PAY.

C>RENAME PAY.JUN JUNE.PAY Changes the name of the file PAY.JUN
on the default disk (drive C) to
JUNE.PAY.
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move the selection cursor over File or press Tab one or more times, depending on the
current location of the selection cursor. Then, press Down arrow to display the file
pull-down menu, which is the same as the menu illustrated in Figure 5.35.

Once you select Rename, the Rename File pop-up box will be superimposed on your
screen. Figure 5.43 illustrates the Rename File pop-up box that contains the current
filename, which was the filename previously selected. Note that if you select more than
one filename, each filename is displayed and the box number increments from 1 of N
to 2 of N, and so on, as you enter each new filename. Each time you enter a new
filename and press Enter, the current file is renamed to the new filename.

TYPE (Internal)

The TYPE command provides convenient displays of ASCII file contents. The format
of this command is

TYPE [d:]1[path]filenamel.ext]

Similar to other commands that operate on files, the optional drive specifier (d:) and
path indicate the location of the file whose contents are to be displayed. If not included,
the default drive and current directory on that drive are used to locate the specified

file.
Figure 5.43 08-31-88 File System
Using the DOS 4.0 File Options Arrange Exit
Rename File Pop-Up Ctrl+letter selects a drive.

Box @ =B 3

06-17-88

08-28-88

Current filename: TEXT.BAT 07-19-88

PCLP13XS ] 07-19-88
LNET1_3 Neu filename. . ( N 07-19-88
07-19-88

07-19-88

07-19-88

07-19-88

06-17-88

0B-28-88

[<—=Enter | [ Esc=Cancel | [ Fi=Help | 07-19-88

‘ — 07-20-88

; ; Gg 17-88

IBMDOS .COM 06-17-88

PCLPTIDY.BAT :@b~06*88
.30 | 9[7-19-88
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=
BEJTEXT  .BAT | 07-19-88

{

| "F10=Actions Shift+F9=Command Pron
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For lengthy files that would normally scroll off the screen, you probably prefer to
obtain a hard copy of their contents. To do so, press the Ctrl+PrtSe multikey com-
bination prior to entering the TYPE command. This causes all I/0 to be automatically
logged to the printer. Another method to direct the output of the TYPE command to
the printer is output redirection. The concept of output redirection is covered in Chap-
ter 9.

Table 5.19 illustrates the use of three examples of the TYPE command. The legibility
of the file being displayed depends on the method used to store the contents of the file
on disk. If the file was created by an application program, such as a word processing
file, it should be stored in ASCII format to use the TYPE command effectively. Otherwise,
embedded control codes used to define such characteristics as italics, bold print, and
so on, are displayed, using their ASCII value. This normally creates a ‘‘jumbled” display,
because control code characters represent interesting graphies for display purposes that
have no relation to their use within an application program. Similarly, BASIC programs
stored in a tokenized format and object program files also appear unreadable, because
they contain nonalphanumeric characters.

DOS Shell VIEW Command

A more sophisticated version of the TYPE command is included in the DOS Shell in
the View function. The View function is contained in the File item pull-down menu,
illustrated in Figure 5.35.

As for all file reference operations, you must first select a file. Then, you can select
the View function from the File pull-down menu, and a File View screen displays. It is
similar to that illustrated in Figure 5.44.

Figure 5.44 shows the contents of the AUTOEXEC.BAT file that was previously
selected. As indicated in the instructions displayed, you can press the PgUp and PgDn
keys to scroll through the contents of a file. This feature is not available with the TYPE
command, and the capability significantly improves your ability to view the contents of
large files. Another improvement incorporated in the View function is the ability to
toggle the display of the contents of a file from Hex (hexadecimal) to ASCII by pressing
the F9 key, a feature valuable for debugging programs.

LABEL (External)

Table 5.19
TYPE Command
Examples

The LABEL command creates, changes, or deletes a previously created volume label.
The volume label can consist of 1 to 11 characters and serves as an identifier for a
diskette or for a fixed disk. The format of the LABEL command is

TYPE Command Operational Result

A>TYPE READ.ME Displays the contents of the file READ.ME residing on
the default (drive A) diskette drive.

C>TYPE B:UPDATE.DOC Displays the contents of the file UPDATE.DOC
residing on the diskette in drive B.

B>TYPE A:INFO Displays the contents of the file INFO residing on the
diskette in drive A.
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Figure 5.44
Using the DOS 4.0
View Facility
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To view a file’s content press [EE or [E.

Viewing file: C:\AUTOEXEC.BAT

[PROMPT SPSG
:N\DOSNGRAPHICS GRAPHICS
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PRINT ~D:LPT1
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<J=Enter Esc=Cancel F9=Hex/ASCII

[d:]1[path]LABEL [d:1[volume label]

The optional device identifier (d:) and path preceding the command name identify
the location where the LABEL command file resides. If you do not specify a location,
the default drive and current directory are used to locate the command file. The optional
drive identifier following the command name identifies the drive on which the volume
label will be created, changed, or deleted. If no drive is specified, the default drive will
be used. The last optional parameter—the volume label—can be up to 11 characters in
length. If this parameter is omitted, you are prompted with the following two messages:

Volume in drive X is XXXXXXXXXXX

Volume Tabel (11 characters, ENTER for none)?

If you press the Enter key without typing a volume label, the following prompt
message is displayed:

Delete current volume Tabel (Y/N)?

If you type Y and press Enter, any previously assigned volume label is deleted.

Figure 5.45 illustrates the use of the LABEL command. At the top of that illustration

a wide directory listing of the diskette in drive B was taken. Note that the volume label
of the diskette is INVOICEJLYS. In the middle of Figure 5.45, the LABEL command



Figure 5.45
Using the LABEL
Command

Table 5.20
LABEL Command
Examples
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C>DIR B:/W

Volume in drive B is INVOICEJLYS8
Directory of B:\

COMMAND COM BLAST EXE INDEX EXE
DEFAULT SU TELENET SU

7 File(s) 77824 bytes free
C>LABEL B:DATACOM
C>DIR B: /W

Volume in drive B is DATACOM
Directory of B:\

COMMAND COM BLAST EXE INDEX EXE
DEFAULT sU TELENET SU
7 File(s) 77824 bytes free
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INSTALL EXE DEMOLINE suU

INSTALL EXE DEMOLINE suU

LABEL Command  Operational Results

A>C:LABEL PAY Uses the LABEL command file in the current directory of drive
C to assign the volume label PAY to the diskette in the

default drive (drive A).

A>LABEL B:PAY Uses the LABEL command file in the current directory of the
default drive (drive A) to assign the volume label PAY to

the diskette in drive B.

C>LABEL A: Uses the LABEL command file in the current directory of drive
C to change the volume label of the diskette in drive A.
Once the command line is entered the DOS prompt
Delete current volume label (Y/N)? is displayed.

was used to change the volume label of the diskette in drive B to DATACOM. A second
wide directory listing at the bottom of Figure 5.45 verifies the result of the previous

use of the LABEL command.

Table 5.20 contains three examples of the use of the LABEL command and the

operational result of each command line entry.

VOL (Volume) (Internal)

The VOL (volume) command displays the disk volume of a specified drive. The format

of this command is

VoL [d:]

If you do not specify a drive, the volume label on the default drive is displayed. The

following example illustrates the use of this command.
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C>VOL B:
Volume in drive B is DATACOM

c>
Table 5.21 illustrates three examples of the use of the VOL command.

VERIFY (Internal)

The VERIFY command ensures that data written to a disk has been correctly recorded.
Unlike the /V option in the COPY command that is in effect during the duration of
that command, the VERIFY command remains in effect until you change its status by
entering another VERIFY command or turn off power to your computer. The format
of the VERIFY command is

o ]

If you enter the VERIFY command without a parameter, the present state of the
command is displayed. When you enter VERIFY ON, all data written to a disk is reread
to verify that it was recorded without error. Due to the extra time required to read the
data after it is written, VERIF'Y ON slows your computer’s processing speed as it writes
data to disk. The last command line option, VERIFY OFF, terminates any previous
VERIFY ON command operation. The default value of VERIFY is OFF when DOS is
initialized.

VER (Version) (Internal)

Table 5.21
VOL Command
Examples

The VER (version) command, as its name implies, displays the DOS version number
you are currently using. The format of this command is

VER
The following example illustrates the use of this command:

A>VER
IBM Personal Computer DOS Version 3.30

A>

VOL Command  Operational Result

A>VOL Displays the disk volume label of the default drive (drive A).
A>VOL C: Displays the disk volume label of the first fixed disk (drive C).
C>VOL B: Displays the disk volume label of the diskette in drive B.




USING DOS 141

Utility Commands

The remainder of this chapter examines the operation and use of eight DOS commands
that perform utility functions. Although these commands are not as commonly used as
the commands previously covered in this chapter, each performs a valuable function
you may find helpful.

ASSIGN Drive (External)

The ASSIGN command routes disk I/0 requests for one or more drives to other drives.
The format of this command is

[d:1[path]ASSIGN [x[=1y[. . .11

Like all external commands, the optional drive specifier and path preceding the
command identify the location of the command file. The x parameter in the command
specifies the drive to which current disk I/0 requests are routed. The y is replaced by
the drive letter you want disk I/0 requests routed to. If you do not specify x and y
parameters, the command resets all drive parameters, resulting in the resumption of
normal drive assignments.

Your usual use of the ASSIGN command is with programs that restrict file storage
to certain drives. It is used prior to loading an application program that was written
to perform 1/0 operations to a specific drive that you wish to change. Although a large
majority of software now permits users to specify any disk for data storage, prior to
the introduction of the PC XT many application programs restricted 1/0 operations to
diskette drives A and B. Thus, if you are using a program with this limitation, the
ASSIGN command enables you to store data files on your fixed disk.

In the example illustrated in Figure 5.46, the ASSIGN command assigns diskette
drive B I/0 references to the fixed disk, drive C. Next, the user obtains a wide directory
listing of all files with the extension .BAT on drive B. By examining the result of the
use of the DIR command, it is obvious that physical drive C has been used, because
no diskette currently marketed could have over 21 million bytes of available storage
capacity.

CHKDSK (Check Disk) (External)

The CHKDSK (check disk) command helps you to analyze the directories, files, and
the File Allocation Table (FAT) on a disk or diskette. The result of the execution of

Figure 5.46 C>ASSIGN B=C
gi&?ng‘fdASSIGN C>DIR B:*.BAT/W

Volume in drive B is DATACOM
Directory of B:\

PMTUTOR BAT AUTOEXEC BAT GOMOUSE BAT BEEP BAT DESIGN BAT
COMPRESS BAT TESTCOM BAT
7 File(s) 21729280 bytes free

c>
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Figure 5.47
Using the CHKDSK
Command
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this command is a display of information concerning the available and used disk space
of the designated drive and the computer’s total and free memory status. The format
of this command is

[d:]1[path]CHKDSK [d:1[path][filenamel.ext]][/F]1[/V]

The optional parameters preceding CHKDSK specify the drive and path to the di-
rectory that contains the CHKDSK command file. The /F parameter causes CHKDSK
to fix any errors the program encounters in the disk’s directory or FAT. The /V pa-
rameter generates a display of all files and their paths on the default or specified drive.

When you use the CHKDSK command, if you specify a filename the command displays
the number of noncontiguous areas occupied by the file. If this number becomes very
large due to the frequent use and modification of the contents of the file, you may want
to consider “unfragmenting” the file. To do this, use the COPY command to copy the
file to a newly formatted disk. Thereafter, disk file I/O times should be significantly
faster, because DOS will be initially working with a file whose contents are stored in
a contiguous location on the disk.

Figure 5.47 shows how to use the CHKDSK command under DOS 3.3 to check a
diskette in drive B, as well as the number of noncontiguous blocks occupied by the file
NEWINDEX.EXE located on the diskette in drive B.

Under DOS 4.0, the CHKDSK command and its parameters are used the same as
under DOS 3.3. However, additional information concerning the data recorded on the
disk is displayed. Figure 5.48 illustrates the use of the CHKDSK command under DOS
4.0. Note that when a fixed disk is checked, its volume serial number displays under
this version of the operating system. In addition, for both fixed disks and diskettes,
three lines of information concerning their allocation units—IBM’s new name for clus-
ters—are displayed.

As you examine Figure 5.48, note that there are 2048 bytes in each allocation unit,
which means that data is recorded and retrieved in clusters of 2048 characters. Because
there are a total of 10337 allocation units on the disk and each allocation unit contains
2048 bytes, multiplying the number of bytes in each allocation unit by the total number
of allocation units on the disk yields the total disk space—21170176 bytes in the example
illustrated in Figure 5.48.

Table 5.22 contains three examples of the use and operational results of the CHKDSK
command.

C>CHKDSK B:NEWINDEX.EXE
Volume DATACOM created Jun 21, 1988 8:13a

362496 bytes total disk space
53248 bytes in 3 hidden files

244736 bytes in 7 user files
64512 bytes available on disk

655360 bytes total memory
573792 bytes free

B:\NEWINDEX.EXE
Contains 2 non-contiguous blocks.

Cc>



Figure 5.48
CHKDSK Display
Under DOS 4.0

Table 5.22
CHKDSK Command
Examples
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C:\DOS>chkdsk

Volume D0S400 created 03-25-1980 1:45a
Volume Serial Number is 2E61-08E9

21170176 bytes total disk space
71680 bytes in 3 hidden files
16384 bytes in 7 directories

3639296 bytes in 182 user files
6144 bytes in bad sectors
17436672 bytes available on disk

2048 bytes in each allocation unit
10337 total allocation units on disk
8514 available allocation units on disk

6556360 total bytes memory
543920 bytes free

C:\DOS>

CHKDSK Command Operational Result

A>C:CHKDSK B: Uses the CHKDSK command file on the current
directory in drive C to analyze the diskette in
drive B.

A>CHKDSK Uses the CHKDSK command file on drive A to

analyze the diskette in that drive. The message
Bad command or file name is displayed if the
CHKDSK command file is not on the diskette in
drive A.

C>CHKDSK A:PAY.DAT Uses the CHKDSK command file on the current
directory in drive C to analyze the diskette in
drive A and the noncontiguous storage used by
the PAY.DAT file on that diskette.

ATTRIB (Attribute) (Internal)

The ATTRIB (attribute) command displays or modifies file attributes for a single file,
selected files in a directory, or all files in a subdirectory. The two attributes that can
be set or displayed are the files read attribute and its archive bit. The format of this
command is

[d:1[path]ATTRIB H+EH Hfﬁ” [d:1[path] [ filenamel.ext]]1[/S]

The optional +R and -R parameters are used to set and remove the read-only attribute
of the specified file. Similarly, the +A and -A parameters are used to set and turn off
the archive bit of the specified file. When either of these parameters is included in the
ATTRIB command, you must include a file specification in the command line. This
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Figure 5.49
Using the ATTRIB
Command

Table 5.23
ATTRIB Command
Examples
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specification can include one or more wildcard characters in the filename and file ex-
tension fields.

The setting of the read-only attribute of a file is a valuable mechanism to prevent
other users of your computer from modifying selected files. Figure 5.49 illustrates the
use of the ATTRIB command. In the top portion of the figure, the +R parameter is
included in the command to set the read-only attribute of the file BLAST.EXE located
on drive B. In the middle of Figure 5.49, the user entered the ERASE command in an
attempt to delete the file whose read-only attribute was previously set. Note the DOS
message Access denied to the attempt to erase the file. This action occurred since
the file’s read attribute was previously set to read-only. This setting is confirmed by
the use of the ATTRIB command without the R or A parameters in the lower portion
of Figure 5.49. Here the line displayed after the ATTRIB command was entered denotes
that the archive bit and the read-only attribute of the file are set.

If you include the optional /S parameter in the ATTRIB command, all files in the
specified directory and any files in subdirectories under that directory are processed.
Table 5.23 lists three examples of the use of the ATTRIB command and their operational
results.

DOS Shell File Attribute Operations

Under the DOS Shell, you can view four types of file attributes—a for archive, h for
hidden, s for system, and r for read-only. You can view the attributes associated with
one or more files by first selecting the file. Then you can select the Show information
item from the Options menu, which displays the files’ attributes.

A>ATTRIB +R B:BLAST.EXE

A>ERASE B:BLAST.EXE
Access denied

A>ATTRIB B:BLAST.EXE
A R B:\BLAST.EXE

A>

ATTRIB Command Operational Result

A>C:ATTRIB +R B:PAY.DAT Uses the ATTRIB command file on drive C to set
the read-only attribute of the file PAY.DAT on
drive B.

A>ATTRIB C:PAY.DAT Uses the ATTRIB command file on the default drive
(drive A) to display the attribute settings of the
file PAY.DAT on drive C.

C>ATTRIB +R -A PAY.DAT Uses the ATTRIB command file on the default drive
(drive C) to set the read attribute and reset
the archive bit of the file PAY.DAT located on
drive C.




Figure 5.50
DOS 4.0 Change
Attribute Pop-Up Box
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Although you can display four types of attributes, you can only change three types—
hidden, read-only, or archive. To change a file attribute, first select the file by moving
the selection cursor to the filename area. Then, use Up and Down arrow to move the
selection cursor over the first file whose attribute you want to change. Pressing the
Space bar selects the file, highlighting the icon to the left of the filename. After you
have completed your file selection, press either F10 or Tab to position the selection
cursor over File in the action bar. Then, press Down arrow to display the File pull-
down menu, previously illustrated in Figure 5.835. After you move the selection cursor
to Change attribute and press Enter, the Change Attribute pop-up box appears, as
illustrated in Figure 5.50. As indicated by the entries in this pop-up box, you can change
the attributes of files one at a time or you can change the attributes of all selected
files at one time. Select the first option when you want to give different attributes to
each of the selected files.

Once you select the method by which file attributes will be changed (one at a time
or all at once), a new pop-up box is displayed that contains three entries—Hidden, Read
Only, and Archive. You can change one or more attributes associated with a specific
file or one or more attributes of all files by highlighting an item and pressing the Space
bar. This displays a mark to the left of the attribute name. You can change more than
one attribute by moving the selection cursor to other attribute items and pressing the
Space bar. Finally, to effect the attribute changes press the Enter key. If Hidden is
selected, the DIR command will not display information about the file. However, the

: File System
le Opt

Ctri+letter selects a drive.
=a =8 3

1. Change selected files one at a time ]

Z. Change all selected files at once

[ <T=Enter ||
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filename will still appear under the DOS Shell list. Both Read Only and Archive choices
function in the same manner as when the ATTRIB command is used.

GRAPHICS (External)

Under DOS 3.3, the GRAPHICS command provides a printed copy of a graphics display
when your computer is placed in a color/graphics monitor adapter (CGA) video mode
(and if your printer can accommodate graphics). Under DOS 4.0, screen printing of
text and/or graphics was extended to support Enhanced Graphics (EGA) and Video
Graphics Adapter (VGA) hardware. Through this command, a screen containing graph-
ics picture elements (pixels), including any text formed by pixels, is printed on the
specified graphics-compatible printer when you press the PrtSe key. The format of this
command is

[d:]1[path]GRAPHICS [printer typel [/R1[/B][/LCD]

The two optional parameters that precede the command identify the location of the
command file. Under DOS 3.3, the printer type option enables you to select one of six
devices:

COLOR1 IBM PC Color Printer with black ribbon

COLOR4 IBM PC Color Printer with red, green, blue, black ribbon
COLORS8 IBM PC Color Printer with eyan, magenta, yellow, black ribbon
COMPACT IBM PC Compact Printer

GRAPHICS IBM Personal Graphics Printer and IBM ProPrinter
THERMAL IBM PC Convertible Printer

Under DOS 4.0, the printer type GRAPHICSWIDE was added and the number of
printers supported by the GRAPHICS printer type was considerably expanded. GRAPH-
ICS printers that are now supported include the IBM 5152 Graphics Printer Model 2,
the ProPrinter, ProPrinter II, ProPrinter XL with 8.5-inch wide paper, ProPrinter X24
and XL24 with 8.5-inch wide paper, the Pageprinter and the IBM Quietwriter II and
Quietwriter III. Under the GRAPHICSWIDE printer type, the IBM Quietwriter II,
ProPrinter XL, and ProPrinter XL.24 with 13.5-inch wide paper are now supported. The
GRAPHICS and WIDEGRAPHICS printer parameters provide compatibility with a large
number of non-IBM printers. This is because the IBM Personal Graphies Printer sold
with the original IBM PC was manufactured by Epson Corporation, and its printer
control codes are used in many other vendor devices, including the IBM ProPrinter
series. If you do not specify a printer type in the command, the default is the GRAPHICS
printer due to the popularity of such devices with compatible printer control codes.

The /R parameter causes black to be printed as black and white as white. If you
do not specify a setting, black is printed as white and white as black.

The /B parameter is required to print the background color and is only applicable
to printer types COLOR4 and COLORS. If this parameter is not specified, the back-
ground color is not printed.

When you invoke the GRAPHICS command, the resident size of DOS in memory is
increased by the size of the program required to dump the pixels to the specified printer.
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Note that all text on the screen, as well as the graphics picture elements, is printed
on the printer when you invoke this command.

GRAFTABL (Load Graphics Table) (External)

Table 5.24
GRAFTABL Command
Examples ‘

The GRAFTABL (Load Graphics Table) command loads a table of data into your com-
puter’s memory that defines ASCII characters 128 through 255. Once GRAFTABL is
invoked, ASCII characters 128 through 255 can be displayed when you use the color/
graphics adapter video mode. The format of this command is

[d:1[path]GRAFTABL [country page codel [/STATUS]
where the country page code numbers for available countries are

Country Page Code Number Country

437 United States (default value)
860 Portugal

863 Canada (French)

865 Norway and Denmark

Entering an appropriate country page code number in the command line causes DOS
to load a table of data into your computer’s memory. This table defines the display
characteristics of ASCII characters 128 through 255. You can subsequently display
these characters when your computer uses the color graphics adapter video mode. If
you use the /STATUS parameter, the command displays the number of the currently
selected country page code.

Table 5.24 illustrates three examples of the use of the GRAFTABL command. Note
that this command can be used multiple times to change the current table of data in
memory to represent a different country.

GRAFTABL Command Operational Result

A>C:GRAFTABL 860 Uses the GRAFTABL command file in the current
directory on drive C to load the table of
graphics characters for the Portuguese code
page.

>C:GRAFTABL /STATUS  Uses the GRAFTABL command file in the current
directory on drive C to display the number of
the selected country code page.

C>GRAFTABL 437 Uses the GRAFTABL command file in the current
directory on the default drive (drive C) to load
the table of graphics characters for the US code

page.
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SYS (System) (External)

Table 5.25
SYS Command
Examples

The SYS (system) command transfers the operating system files IBMBIO.COM and
IBMDOS.COM to a disk with an empty directory or a disk that was previously formatted
by the FORMAT command that included the /S or /B parameters in the command line.
Either parameter provides space for the system files to be transferred to occupy the
first two entries on the target diskette, permitting that diskette to be used as a start-
up or boot diskette. This command is normally used to transfer a copy of DOS onto
application program diskettes that are designed to use DOS but that cannot be legally
sold with the previously mentioned IBM files. Once you transfer the system files to the
application diskette, you can thereafter use the application diskette without first bringing
up DOS. This command is especially useful if you have a one-diskette drive system.
Otherwise, you have to do the “floppy shuffle,” where after bringing up DOS you remove
the DOS diskette so you have an available drive for the application diskette.
The format of the SYS command is

[d:1[path]SYS d:

The drive identifier (d:) after the command keyword identifies the disk drive that
the operating system files will be transferred to. The following example shows the use
of this command to transfer the operating system files from a diskette in drive A to a
diskette in drive B.

A>SYS B:
System transferred

If you attempt to transfer the system files to a diskette whose directory is not completely
empty or to a diskette that was not formatted using a /S or /B parameter in the
command line, the location where the system files must be located will be unavailable
for use on the target diskette. To indicate this situation, DOS displays the following
error message:

No room for system or destination disk

Table 5.25 lists two examples of the use of the SYS command and the operational
result of each command line entry.

SYS Command  Operational Result

A>C:SYS B: Uses the SYS command file on the current directory of drive C
to transfer the system files to the diskette in drive B.
A>SYS B: Uses the SYS command file on the current directory of the

default drive (drive A) to transfer the system files to the
diskette in drive B.
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MEM (External)

The MEM command is new in DOS 4.0. This command can display the amount of used
and unused memory, as well as programs currently in your computer’s memory. The
format of this command is

/PROGRAM
/DEBUG

When used without any parameters, MEM produces a display containing a summary
of used and unused memory, as illustrated in Figure 5.51. The command will display
extended memory only if memory above 1M byte is installed and if an expanded memory
driver was loaded. The /PROGRAM option causes all programs currently memory res-
ident to be displayed as well as a summary of used and unused memory. If the /DEBUG
option is included in the command line, a complete summary of information, including
system device drivers, install device drivers, all programs currently in memory, and all
used and unused memory, will be displayed. Refer to Chapter 8 for additional information
concerning device drivers.

Table 5.26 illustrates two examples of the use of the MEM command and the op-
erational result of each command line entry.

[d:1[pathIMEM [{

PROMPT (Set System Prompt) (Internal)

Figure 5.51
Using the DOS 4.0
MEM command

Table 5.26
MEM Command
Utilization Example

This command sets a new DOS prompt or resets the prompt to its default value. The
format of this command is

PROMPT [prompt-text]

C:\DOS>mem

655360 bytes total memory
654336 bytes available
543920 largest executable program size

393216 bytes total extended memory
393216 bytes available extended memory

C:\DOS>
MEM Command Operational Result
C:\DOS>MEM Uses the MEM command file located in the DOS

directory of drive C to display the amount of
used and unused memory.

C:\DOS>MEM /PROGRAM Uses the MEM command file located in the DOS
directory of drive C to display all programs in
memory as well as a summary of used and
unused memory.




150

Table 5.27
Metastring Meanings
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where prompt-text can contain metastrings in the form of $C and text that define
the new system prompt. If you omit the optional prompt-text, the current prompt is
reset to the normal DOS prompt. Table 5.27 lists the metastrings that you can include
in the PROMPT command and summarizes their meanings.

To illustrate the use of the PROMPT command, enter the command PROMPT $T
$B $N$G after the normal DOS prompt. As shown here, the metastring $T results in
the display of the time, whereas the metastring $B generates the piping character (}),
and the metastring $N$G generates the default drive letter followed by the greater
than sign.

C>PROMPT $T $B $N$G
16:27:35.81 | C>

You can return to the normal DOS prompt by entering the command PROMPT with
no characters. If you wish, you can include text in the PROMPT command, as indicated
by the following example.

A>PROMPT COMMAND?$Q
COMMAND?=

The primary purpose for the inclusion of the PROMPT command in DOS was to
provide a mechanism to structure a customized prompt to fit your organizational re-
quirements. A secondary purpose of this command is to generate control codes through
the use of the Escape character that can be included in batch files to perform predefined
operations. Chapter 8 contains several examples of the use of the PROMPT command
in batch files.

The AUTOEXEC.BAT file created by the DOS 4.0 INSTALL program also illustrates
the use of the PROMPT command and explains why the DOS 4.0 prompt is initially

Metastring Meaning

$ character

The time

The date

The current directory of the default drive
The DOS version number

The default drive letter

> character

< character

| character

= character

A backspace; the previous character is erased
The Escape character

The CRLF (Carriage Return Line Feed) sequence; causes the cursor
to go to the beginning of a new line on the display

® >0 0T T Q 5 < T Q e
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different from the DOS 3.3 prompt. In examining Figure 5.44, in which the AUTO-
EXEC.BAT file was displayed by the use of the DOS Shell function, note the line
PROMPT $P$G. The inclusion of this PROMPT command in the AUTOEXEC.BAT file
causes the current directory of the default drive ($P) followed by the > character ($G)
to display as the system prompt. Thus, by removing or modifying this command you
can automatically have your computer display a different system prompt whenever you
perform a power-on or system reset operation.



Fixed Disk
Organization

This chapter focuses on the use and operation of DOS commands that enable you to
use a fixed disk effectively. First, the chapter reviews the concept behind hierarchical
directory structures. Next, you will examine several types of hierarchical directory
structures so you can make an informed decision about which structure best satisfies
your organizational requirements. Using the preceding information as a base, you can
then explore DOS directory-related commands to construct a predefined directory struc-
ture. Once this is accomplished, the text explains the use of paths in DOS commands
to load applications onto and operate them from a fixed disk. Although this chapter
describes the DOS command prompt mode of operation, when applicable it also informs
you when you can use the DOS Shell to perform equivalent operations.

Hierarchical Directory Structures

Until DOS Version 2.0, the IBM PC was limited to supporting a single directory on
diskette storage. The IBM PC XT included a 10M byte fixed disk, which increased the
storage capacity available to personal computer users more than thirtyfold. Whereas
this additional storage capacity was welcomed by personal computer users, without a
hierarchical directory structure it would have presented several problems that users had
not heretofore encountered with the limited storage capacity of diskettes.

First, access to files on a fixed disk could become exceedingly slow, because the
operating system might have to search a directory that could contain hundreds to
thousands of files.

Second, from an organizational perspective, storing all program and data files under
a common directory would tax the mental capability of most computer users. As an
example, a user storing several hundred files on a fixed disk would have a difficult time
remembering which shared data files various users had created, or even which data
files were generated by a word processor, say, and which by a spreadsheet or database
manager. '

To alleviate these problems, the introduction of the IBM PC XT was accompanied
by DOS Version 2.0, which included support for hierarchical directory structure op-
erations. This feature, which remains part and parcel of the newest PS/2 systems,
enables you to establish an almost infinite number of subdirectory structures that can
be customized to meet both individual and organizational data storage requirements
on fixed disks.
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The top of the directory in a hierarchical directory structure is the root directory.
This name is derived from the fact that a hierarchical directory structure is similar to
an inverted tree. Like the root system of a tree in which nutrients flow from the root
to branches, access to subdirectories flows through the root directory.

Entries in a hierarchical structure can consist of DOS files or other directories. For
subordinate levels of directories, the entry is more accurately known as a subdirectory.
Figure 6.1 illustrates the nesting capabilities of a hierarchical directory structure, show-
ing how you can organize your storage media to place files in predefined directories.

Two subdirectories, SD1 and SD2, are illustrated in the figure. Subdirectory SD1 is
located directly under the root directory, whereas subdirectory SD2 is nested under
SD1. You can access a file or subdirectory by establishing a path through the directory
structure to the desired file or subdirectories. Here the path is the route that informs
DOS of the specific location on a storage media where files and subdirectories are
located. Once you access a hierarchical directory structure, you can move up and down
the structure by specifying an appropriate path name.

Directory Structures to Consider

Figure 6.1
Nesting
Subdirectories

Under DOS’s hierarchical directory structure, when you use the FORMAT command
DOS automatically creates a root directory on each diskette and fixed disk. The root
directory for a specific device is indicated by the drive designator followed by a backslash.
As an example,

C:\

Root

SDi other subdirectories

5D2

Legend:
[::] Subdirectories

(:) Files
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Figure 6.2
Common Directory
Structures
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indicates a current position at the top of the tree structure or the root directory of the
fixed disk, whereas

A:\

indicates the root directory of a diskette in drive A.

Although you can use a hierarchical directory structure on diskettes, in most situ-
ations you will probably maintain one directory structure and locate files under a common
root directory for this storage medium. This is because you will probably prefer to
organize your data and program files by diskette, placing a word processing program
and its data files on one diskette, a spreadsheet program and its data files on a second
diskette, and so on. When you use a fixed disk, the large storage capacity of that device
is best organized by structuring its storage. This structuring can take almost an infinite
number of shapes due to the flexibility DOS provides in naming and nesting subdirec-
tories. Two of the more general hierarchical directory structures you may wish to
consider are illustrated in Figure 6.2.

The top portion of Figure 6.2 represents an application-oriented directory structure.
In this type of directory structure, application programs and their data files are organized

APPLICATION - ORIENTED

Root

[ ]
[ ]
®

WP TELCOM e oo DBASE

PERSONNEL - ORIENTED

Root
FRED GAIL ¢ oo HARRY

Legend: Directories

O Files
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under specific subdirectories. Thus, a word processing program and data files created
by that program might be placed under a subdirectory named WP, a telecommunications
program and its data files under a subdirectory named TELCOM, and so on.

In the lower portion of Figure 6.2, a personnel-oriented directory structure shows a
structure common in multiuser systems and networks. This type of directory structure
is recommended when several persons share one personal computer. Because the di-
rectory structure shown in the lower portion of Figure 6.2 could result in each person
maintaining separate copies of application programs, this structure can waste a con-
siderable amount of fixed disk storage. To minimize the potential waste, a combination
of an application- and personnel-oriented directory should be considered. Figure 6.3
illustrates an example of this combined directory structure.

In the directory structure illustrated in Figure 6.3, the application program files are
placed under specific subdirectories. Other subdirectories with the names or abbrevia-
tions of individuals who use specific application programs are created under appropriate
application directories. This structure permits individuals to place their data files under
specific subdirectories assigned to their use while they can access common application
programs placed at specific locations in the directory structure.

Directory and Path Names

Figure 6.3
Combined
Application/Personnel
Directory Structure

Subdirectory names follow the same conventions as standard DOS filenames. That is,
they can be up to eight characters in length and can optionally contain a three-character

o6 RO
G B 5 G

Legend: Directories

O Files
@ Application Program Files
@ Data Files
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extension, with a period to separate the directory name from its extension. Thus,
although the subdirectory names previously illustrated in Figures 6.1 through 6.3 are
perfectly valid, you could add extensions to them to better reflect the contents of a
particular subdirectory. In most cases, eight characters are sufficient to define the
contents or purpose of a subdirectory, so examples in this chapter use directory names
of eight or fewer characters.

Path names are the route the operating system establishes through a hierarchical
directory structure to locate a specific file or subdirectory. Path names start at the root
and consist of strings of directory names separated from one another by the backslash
character. Thus, to access a file named PAY.DAT under the subdlrectory FRED in Figure
6.3, your route or path name would become

\WP\FRED\PAY . DAT

Here, the backslash preceding the WP subdirectory indicates that the route commences
at the root directory. If the directory structure illustrated in Figure 6.3 resides on drive
C, the complete file specification that defines the location of the file PAY.DAT becomes

C:\WP\FRED\PAY . DAT

Because each subdirectory has a unique path address, you can assign the same name
to files located on different subdirectories. As an example, GAIL could also create a file
named PAY.DAT. If GAIL did so, the complete file specification for that file would be

C:\WP\GAIL\PAY .DAT

With one PAY.DAT file located under Gail’s subdirectory and a similarly named file
is located under Fred’s subdirectory, the operating system considers each as a separate
entity. Otherwise, if you attempt to create a file under a subdirectory for which another
file with the same name exists, DOS would display an error message. Although the
subdirectory structure illustrated in Figure 6.3 appears balanced, in actuality you can
nest several levels of subdirectories under one directory and none under another directory
or mix a level of nesting under different directories. The only restriction you have to
consider is the maximum path length permitted by DOS, which is 63 characters.

Locating DOS

Until now, this chapter has deferred discussion of where the operating system files
should be located in a hierarchical directory structure. Although there are essentially
an almost infinite number of ways you can structure your disk, most persons prefer to
keep their operating system files in one of two popular locations—under the root directory
or in a separate subdirectory named DOS. The latter location is where the DOS 4.0
INSTALL program will place the operating system files unless you enter a different
subdirectory location.

The advantages associated with locating DOS system files directly under the root
are twofold. First, the root directory is the default current directory at which DOS
positions you at power-on or if a system reset is performed. Thus, without having to
change directories you can immediately enter command keywords. In addition, you do
not have to prefix a command with a path to the command file. Second, no matter
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where you are located in the hierarchical directory structure, you can simply prefix a
command filename with one backslash to inform the operating system that the file is
located in the root directory.

The second popular location for DOS files is a separate directory under the root
directory that most persons appropriately name DOS. If you use this organization
concept, ensure that the file COMMAND.COM, the DOS command interpreter, remains
in the root directory. Otherwise, on power-on or a system reset you are placed at the
root directory, and DOS will not be able to automatically load COMMAND.COM to
interpret subsequent commands entered from the keyboard.

Two other files that must be placed in the root directory are IBMBIO.COM and
IBMDOS.COM, because both of these files must be loaded at power-on or system reset
to successfully operate your computer. If you want to place COMMAND.COM in the
DOS directory, you should place the statement PATH C:\DOS in an AUTOEXEC.BAT
file in the root directory. Doing so means that AUTOEXEC.BAT is executed each time
your computer is powered-on or a system reset operation is performed, causing the
operating system to automatically search the directory named DOS under the root
directory for commands or batch files that are not found by a search of the current
directory. Then, if you switch to a directory other than DOS and enter the command
FORMAT, as an example, the operating system first searches the current directory for
the file FORMAT.COM. If it does not find that file in the current directory the operating
system then searches the DOS directory for that file. Additional information concerning
the use of the PATH command occurs later in this chapter.

A separate directory for DOS command files is primarily created by users who
structure their directories. In placing DOS command files in a subdirectory named DOS
under the root directory, you must remember to prefix external command keywords
with the path \DOS\, with the second backslash followed by the command keyword
whenever you are located outside of the DOS subdirectory. As an alternative to prefixing
commands with the path \DOS\, you can include the statement PATH C:\DOS in the
AUTOEXEC.BAT file, or you can enter this PATH command from the keyboard. Either
method causes DOS to search the directory \DOS on drive C after it searches the
current directory for commands or batch files.

Directory-Related Commands

DOS includes several commands that can be used to perform such functions as the
creation and deletion of subdirectories, as well as to move from one directory to another.
To review the operation and use of these commands, follow this section’s example of
creating a predefined directory structure on a fixed disk and copying several files from
different diskettes to different subdirectories on the fixed disk.

Suppose you will be using your personal computer to perform word processing, form
design, graphing, database functions, and communications operations, as well as various
types of budgeting and financial analysis calculations with a spreadsheet program. In
addition, assume the operating system files will be located in a subdirectory named
DOS under the root directory. To store your application programs on a fixed disk using
separate directories for each category of software, a fixed disk organization that could
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Figure 6.4
Desired Hierarchical
Directory Structure

Table 6.1

Commonly Used DOS
Directory-Related
Commands
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satisfy your requirement would be similar to that illustrated in Figure 6.4. To understand
the creation of nested subdirectories, assume that two persons would share the use of
the form design program. For the two persons, FRED and GAIL, the desired hierarchical
directory structure includes subdirectories labeled with their names under the FORM-
TOOL directory.

Now that the desired directory structure is in place, examine the use of DOS com-
mands to implement this structure. Table 6.1 lists nine commonly used DOS directory-
related command prompt commands covered in the remainder of this chapter. The Type
column in that table indicates whether the command is internal (I) or external (E). As
previously explained in Chapter 5, internal commands are memory resident when DOS

Root

| | | | | |

DOS Pz HJ HiJACK | [ForMTOOL] | BLAST || STELLA

Legend

FRED GAIL
D Directories

Command Type Activity Performed

APPEND I/E  Llocates files outside of the current directory with
extensions other than .COM, .EXE, or .BAT.

CD or CHDIR I Displays or changes the current directory.

JOIN E Connects a drive to a directory on another drive,

resulting in a single directory structure from two
separate directories.

MD or MKDIR I Creates a subdirectory.

PATH I Establishes one or more routes to different subdirectories
DOS will search if a command or batch file is not
found in the current directory.

RD or RMDIR | Removes a subdirectory from a disk.

SUBSET E Assigns a drive identifier to another drive or to a path on
a drive.

TREE E Displays the directory paths on a drive and optionally
lists the files in each directory.

XCOPY E Selectively copies groups of files that can include lower-

level subdirectories.
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is initialized, whereas the code to perform external commands is stored in command
files that must be loaded into memory.

In reviewing the operation and use of directory-related commands, assume that your
fixed disk was just formatted by the DOS 4.0 INSTALL program and the operating
system files were transferred to the subdirectory DOS that is automatically created by
that program. Using the directory command (DIR), your directory listing would be
similar to that illustrated in Figure 6.5. Note that the DOS 4.0 INSTALL program
automatically places the COMMAND.COM file, as well as the AUTOEXEC.BAT file,
under the root directory.

MKDIR (Internal)

Figure 6.5
Initial Directory
Structure

The MKDIR (make directory) command creates a new directory. The format of this
command is

MD
[MKDIR} [d:1path

As do several other directory-related commands, this command has an abbreviation.
Thus, you can enter either MD or MKDIR for the command name. As an internal
command, it does not have to be prefixed with the drive designator and path to a
command file, because the command is memory resident when DOS is loaded. With
this knowledge, you can use the MKDIR command to create the remainder of the
hierarchical directory structure illustrated in Figure 6.4.

To create the six remaining subdirectories that are directly under the root directory,
you can simply type MKDIR or MD followed by the appropriate subdirectory name six
times. No path is required in the command line, because the current directory is the
root directory and the use of the MKDIR command without a path creates a subdirectory
under the current directory.

Figure 6.6 illustrates the commands entered at the C:> prompt to create the six
directories and the use of the DIR command to verify their presence.

In the top portion of Figure 6.6, the entry of MD and MKDIR was purposely varied
to illustrate how both keywords can be used to create subdirectories. Note that when
the DIR command displays a directory listing, each subdirectory entry is followed by
the word DIR to identify the entry as a subdirectory. Otherwise, the entry would be a
file and simply show any file extension in this location in the directory listing. At the
bottom of the directory listing note the message 9 File(s). Although this message
may appear confusing because there are seven subdirectories, DOS treats each sub-

Volume in drive C is DOS400
Volume Serial Number is 2E61-08E9
Directory of C:\

COMMAND COM 37637 06-17-88 12:00p
AUTOEXEC BAT 163 03-25-80 1:45a
DOS <DIR> 03-25-80 1:45a

9File(s) XXXXXXXX bytes free
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Figure 6.6
Creating Directories
Under the Root
Directory
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C:\>MD PZ

C:\>MKDIR HJ

C:\>MD HIJACK

C:\>MKDIR FORMTOOL

C:\>MD BLAST

C:\>MKDIR STELLA

C:\>DIR
Volume in drive C is D0S400
Volume Serial Number is 2E61-08E9

Directory of C:\

COMMAND COM 37637 06-17-88 12:00p

AUTOEXEC BAT 163 03-25-80 1:45a
DOS <DIR> 03-25-80 1:45a
4 <DIR> 08-29-88 9:32p
HJ <DIR> 08-29-88 9:33p
HIJACK <DIR> 08-29-88 9:34p
FORMTOOL <DIR> 08-29-88 9:36p
BLAST <DIR> 08-29-88 9:43p
STELLA <DIR> 08-29-88 9:52p

9File(s) XXXXXXXX bytes free

directory as a file to include naming conventions for the subdirectory name and its
optional extension.

Now that four subdirectories exist under the root directory, complete your hierarchical
directory structure by creating the subdirectories FRED and GAIL under the FORM-
TOOL subdirectory. In creating these subdirectories, experiment with two different
methods using the MKDIR command. The first method involves issuing additional
MKDIR commands while you are at the root directory level. To do so, you include the
full path names of the desired subdirectories; otherwise, DOS creates the subdirectories
under the root directory at the same level as the previously created subdirectories.

To create the subdirectory FRED you could issue either of the following commands
using the command keyword MKDIR or the keyword MD.

MKDIR\FORMTOOL\FRED

MKDIR FORMTOOL\FRED

Similarly, to create the subdirectory GAIL under the FORMTOOL directory, you
could enter either of the following commands using the keyword MKDIR or the key-
word MD.

MKDIR\FORMTOOL\GAIL

MKDIR FORMTOOL\GAIL
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Listing the Contents
of the FORMTOOL
Subdirectory
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Assuming that you enter two appropriate make directory commands to create the
subdirectories FRED and GAIL and use the DIR command to verify their creation,
what is displayed? If you entered the DIR command, the resulting directory would be
very similar to that shown in the lower portion of Figure 6.6. In fact, the only difference
would be in the number of bytes free, with the directory listing taken after the FRED
and GAIL subdirectories were created showing 24 fewer bytes free. An examination
of the directory listing shows that the subdirectories FRED and GAIL are conspicuous
by their absence from the listing, yet 24 bytes were used. So, an obvious question is,
where are the two subdirectories you just created?

If you examine the directory listing in Figure 6.6, which is essentially equivalent to
the listing you would see after creating the subdirectories FRED and GAIL, you will
note that you are presently located at the root (\) as you perform the directory listing
operation. Therefore, the directory command performed as it was designed to operate,
only listing those subdirectories and files, if any, located directly under the root directory.

To obtain a listing of the subdirectories under the FORMTOOL directory, you must
either change directories (which is the next major topic) or indicate to DOS that you
want to list the directory of FORMTOOL by specifying the path from the root directory
to that subdirectory as shown in Figure 6.7.

Note that the directory command used in Figure 6.7 includes the path \FORMTOOL,
informing DOS to list a directory of the contents of the FORMTOOL subdirectory. The
directory listing shows four DIR entries, a dot (.), double dot (..), FRED, and GAIL.
The single dot designates the current or working directory and is the directory where
the system is currently located. The double dot designates the directory immediately
above the current directory, also known as the parent directory. Both dot entries, as
well as subdirectories, are treated as files; hence the entry 4 File(s) in the last line
of the display results from the use of the DIR command.

To solve the mystery of the use of 24 bytes of storage when the subdirectories FRED
and GAIL were created, now list the FRED subdirectory. This is illustrated in Figure
6.8. Note that the FRED directory contains two files—dot and double dot. Thus, the
creation of a directory entry uses 12 bytes of storage for the two files associated with
the directory and their creation date.

DOS Shell Create Directory Operations

When you operate within the DOS Shell, directory-related operations are performed in
a manner similar to the file related operations covered in Chapter 5. That is, you must

C:\>DIR \FORMTOOL

Volume in drive C is D0OS400
Volume Serial Number is 2E61-08E9
Directory of C:\FORMTOOL

<DIR> 08-29-88 9:36p

- <{DIR> 08-29-88 9:36p
FRED <DIR> 09-03-88 10:36a
GAIL <DIR> 09-03-88 10:36a
4File(s) XXXXXXXX bytes free

C:\»
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Figure 6.8 C:\>DIR \FORMTOOL\FRED
Examining the FRED
Subdirectory Volume in drive C is DOS400

Volume Serial Number is 2E61-08E9
Directory of C:\FORMTOOL\FRED

<DIR> 09-03-88 10:36a
<{DIR> 09-03-88 10:36a
2 File(s) XXXXXXXX bytes free

Figure 6.9
DOS 4.0 Create
Directory Pop-Up Box

10-21-87
10-21-87
02-12-88
01-25-88
10-21-87
10-21-87
04-05-88
10-21-87
10-21-87
08-05-88
08-06-88
10-21-87
02-12-88
E=SNEY —.SCR 02-12-88
EEBSYSTEMS .SCR 29,763 10-21-87
EZHTYMNET  .SU 792 04-20-88
Eh 1,214 05-19-88

F10=Actions Shift+F9=Command Prompt

first select a directory or directory location, then select the directory-related operation
after you access the File pull-down menu from the File System screen.

The Create Directory operation under the DOS Shell requires you to select the higher-
level directory under which you wish to create a new directory. Thus, if your disk was
just formatted you would only have the root directory denoted by the backslash (\)
symbol under the Directory Tree to select.

Figure 6.9 illustrates the Create Directory pop-up box displayed after you select the
Create directory option from the File pull-down menu. This menu was previously
illustrated in Figure 5.35. Note the check mark to the left of the BLAST directory in
the Directory Tree, which indicates that this directory was previously selected. Also
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note that COMM has been entered in the New directory name box. Once you enter a
new directory name and press the Enter key, the new directory is created under the
selected directory. Figure 6.10 illustrates the result of the previous Create Directory
operation. Note that COMM is now a subdirectory under BLAST and that BLAST is
still the selected subdirectory.

Before you examine an alternate method that can be used to create the subdirectories
under FORMTOOL, take a moment to review the operation and utilization of the CHDIR

command.

CHDIR (Internal)

The CHDIR (change directory) command alters the current or working directory level.
The format of this command is

cD
{CHDIR} [d:1path

Similar to the Make Directory command, you can use one of two keywords in the
Change Directory command line—CD or CHDIR. Using the Change Directory command,
you can easily reposition your location to any existing subdirectory, as long as you
remember the hierarchical directory structure you created. If you forget your directory

Figure 6.10

Results of the Create Fi Options Arrange Exi
Directory Operation Ctrl+letter selects a drive.

=R =B 30

=ICOM1TST

| ESDEFAULT

FORMTOOL | E=nHDEMOLINE
BLAST ||

Lcomm
STELLA

EZ4MODEMS
E=LNEW
EELNEM
EEHSYSTEMS
EEHTYMNET
En

[ |
Fi10=Actions Shift+F9=Command Prompt
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structure, you can use the TREE command to obtain a report. This command is covered
later in this chapter.

To move down the hierarchical directory structure to FORMTOOL from the root
directory, you would enter the command

CHDIR\FORMTOOL

Once you have moved the current directory to FORMTOOL, you can issue the DIR
command without specifying the path \FORMTOOL and obtain the same result as if
you had specified the path when you were located in the root directory. Figure 6.11
shows the alternate method of obtaining a directory listing of a subdirectory without
specifying a path in the DIR command.

Again note in Figure 6.11 that the use of the DIR command provides a listing limited
to the contents of the current directory. Thus, any files and subdirectories that exist
on other directories on the disk are not displayed. After a while this concept will become
more obvious, because by noting the message Directory of... you will be reminded
by DOS that the directory listing is of the subdirectory FORMTOOL.

If you did not previously create the subdirectories FRED and GAIL, you can do so
without specifying a path in the MKDIR command, because you previously used the
CD command to change the current directory to FORMTOOL. Thus, entering the
commands

A>MKDIR FRED

A>MKDIR GAIL

would create the desired subdirectories under FORMTOOL, without requiring you to
specify a path. ;
To move back to the root directory, simply enter the command

CHDIR\

Here the backslash as the last character informs DOS to make the root directory the
current directory. As an alternative, you can use the double dot (..) designator in a
CHDIR command as follows:

Figure 6.11 C:\>CD\FORMTOOL

Obtaining a

Directory Listing of @ C:\FORMTOOL>DIR

Subdirectory Without

Using a Path in the Volume in drive C is DOS400

DIR Command Volume Serial Number is 2E61-08E9
Directory of C:\FORMTOOL

<DIR> 08-29-88 9:36p

. <DIR> 08-29-88 9:36p
FRED DIR> 09-03-88 10:36a
GAIL <DIR> 09-03-88 10:36a
4File(s) XXXXXXXX bytes free

C:\FORMTOOL>
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Directory Path Hierarchical Level
Root \ root
DOS \DOS level 1
PZ \PZ level 1
HJ \HJ level 1
HIJACK \HIJACK level 1
FORMTOOL \FORMTOOL level 1
FRED \FORMTOOL\FRED level 2
GAIL \FORMTOOL\GAIL level 2
BLAST \BLAST level 1
STELLA \STELLA level 1
CHDIR..

Because the double dot designates the directory immediately above the current directory
and you were located at FORMTOOL, using CHDIR.. moves you back to the root
directory level.

Now that you have created the subdirectory structure previously illustrated in Figure
6.4, review that structure with respect to the path and hierarchical level of each directory.
Table 6.2 summarizes the relationship between directories to include the path from the
root directory and its hierarchical level.

With the DOS Shell you can simply place the selection cursor over the desired
directory in the Directory Tree and press the Enter key to view the contents of the
directory. When you do so, DOS automatically changes directories, which is the reason
why there is no “Change Directory” option in the File pull-down menu.

File Operations

When using a hierarchical directory structure, you must include the drive identifier and
path to a file unless the file is located on the default drive in the current directory. In
such situations, the optional drive identifier and path name are not required, because
the default drive and current directory provide DOS with the correct location.

Directory Structure Example

To understand the use of drive identifiers and path names in a hierarchical directory
structure, assume you want to load a file named PAY.DAT on a diskette in drive A onto
the subdirectory named FRED on drive C. You could use the full DOS command to
include all drive identifiers:

COPY A:PAY.DAT C:\FORMTOOL\FRED

If you previously changed the current directory on drive C to FRED by entering
CD\FORMTOOL\FRED, you could reenter the previous COPY command as follows:
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Figure 6.12
Verifying the COPY
Operation
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COPY A:PAY.DAT C:

To verify that the file PAY.DAT was transferred to the subdirectory FRED, you can
use the DIR command:

DIR \FORMTOOL\FRED

or, if you changed the current directory to FRED, you could simply enter the command
DIR.

Figure 6.12 illustrates the use of the “long” DIR command, whose path begins at
the root directory to obtain a directory listing of the FRED subdirectory.

In the event FRED is fired and a new employee named ALVIN is assigned to use
the form creation program, you can investigate additional directory related operations
required to rename a directory. Unfortunately, there is no DOS command under the
DOS command prompt mode of operation that renames directories, forcing you to
remove the directory named FRED. To do this, you use the Remove Directory command,
whose operation and utilization will be covered after you examine how to rename a
directory under the DOS Shell.

DOS Shell Rename Directory Operation

Unlike the DOS command prompt mode of operation, which does not provide an easy
method to rename a directory, the DOS Shell renames directories simply. The key to
renaming a directory is the Rename option in the File pull-down menu on the File System
screen.

Similar to file-related operations, you must first select the directory to rename. Use
the Tab key and the Up and Down arrow keys to position the selection cursor on the
directory to be renamed. Then, press the Space bar to select the directory; a check
mark is positioned to the left of the selected directory. Now you can press the F10 key
or the Tab key to position the selection bar on the File item on the action bar. Then,
pressing Down arrow displays the File pull-down menu.

Once you select the Rename option, the Rename Directory pop-up box displays over
the File System screen, as illustrated in Figure 6.13. Note that the pop-up displays the
name of the selected or current directory and positions the cursor at the first position
in the New name box. After you enter the new directory name and press the Enter key,
you see the result of the rename operation, with the new directory name replacing the
current name in the Directory Tree area.

C:\>DIR \FORMTOOL\FRED

Volume in drive C is DOS400
Volume Serial Number is 2E61-08E9
Directory of C:\FORMTOOL\FRED

<DIR> 09-03-88 10:36a

.. <DIR> 09-03-88 10:36a
PAY DAT 54 09-03-88 11:36a
3 File(s) XXXXXXXX bytes free

c\
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Figure 6.13
DOS 4.0 Rename
Directory Pop-Up Box

Current name: BLAST

New name. .

E=5NEW .SUR

E=HSYSTEMS .SCR 29,763
EEHTYMNET . SU 792
EnW 1,214

F10=Actions Shift+F9=Command Prompt

RMDIR (Rémove Directory) (Internal)

The RMDIR (remove directory) command removes a previously created subdirectory.
Similar to the directory-related commands described earlier, you can invoke this com-
mand using either of two keywords—RMDIR or RD. The format of this command is

RD
{RMDIR} [d:1path

To successfully use this command, first you must remove all files (except for the dot
(.) and double dot (..) entries, which as you recall represent directory levels) from the
directory. Then, you must ensure that the current directory is positioned above the
directory you are removing.

Assuming that the PAY.DAT file under the FRED directory can be used by ALVIN,
try creating a subdirectory using the name ALVIN and copying that file to it. Then
you can use the DOS ERASE command to remove the file prior to eliminating the
subdirectory named FRED.

Assuming the current directory is the root directory, you could use the MD command
to create the subdirectory ALVIN under the FORMTOOL directory, as shown here.

C>MD\FORMTOOL\ALVIN
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Now, to copy the file PAY.DAT from the subdirectory FRED to the subdirectory
ALVIN enter the command

COPY \FORMTOOL\FRED\PAY.DAT \FORMTOOL\ALVIN

Now that the data file has been copied, use the RMDIR command to attempt to
remove the subdirectory FRED. After you enter RMDIR FRED or RD FRED, note
the resulting error message. The error occurs because the file PAY.DAT has not been
removed from the subdirectory you are trying to eliminate.

¢>RMDIR \FORMTOOL\FRED

Invalid path; not directory,
or directory not empty

Now use the DOS ERASE command to remove the file PAY.DAT, as indicated next.
ERASE \FORMTOOL\FRED\PAY.DAT

Note that it you do not specify a path name, the ERASE command searches the
root directory that is the current directory for the file PAY.DAT, which, in this case, is
not your intention. ;

Now that the only file in the FRED subdirectory has been removed, you can remove
the FRED subdirectory. '

'RMDIR\FORMTOOL\FRED
DOS Shell Delete Directory Operation

Similar to the command prompt mode of operation, the DOS Shell requires you to
remove all files from a directory prior to deleting the directory.

To delete a directory, you first select it from the Directory Tree area in the File
System screen. Assuming that you previously deleted all files in that directory, you can
successfully select the Delete option from the File pull-down menu. Once this action
is accomplished, the Delete Directory pop-up box is displayed. This pop-up box, illus-
trated in Figure 6.14, displays the current directory that will be deleted and two options
you can select. As the figure indicates, the default option is Do not delete this
directory, forcing you to move the selection cursor to option 2 prior to pressing Enter.
If you forgot to remove one or more files on the directory to be deleted, the message
Access denied is displayed.

If you are operating in the DOS command prompt mode, after establishing and
deleting directories, as well as copying and erasing files, you might become confused
concerning the directory structure you have. Fortunately, DOS includes the TREE
command that you can use to generate a report of the structure of a disk.

TREE (External)

The TREE command displays a report of the directory structure of a diskette or hard
disk. This report can be limited to the directory paths or can include a listing of all
files stored on the disk. The format of this command is
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Figure 6.14
DOS 4.0 Delete )
Directory Pop-Up Box

10-21-87

10-21-87

Directory: C:\BLAST | 02-12-88
01-25-88

Select an option. 10-21-87
10-21-87

1. Do not delete this director | 04-05-88

2. Delete this directory ) ; 10-21-87

10-21-87

08-05-88

08-06-88

10-21-87

02-12-88

02-12-88

29,763 10-21-87

-TYHHET .Su 792 04-20-88

B 1,214 05-19-88

F10=Actions Shift+F9=Command Pronpt

[d:1[path] TREE [d:][/F]

Similar to all DOS external commands, the drive identifier and path preceding the
command name identify the location of the command file. The drive identifier following
the command keyword can specify the drive whose directory paths you want displayed.
If not included in the command line, the default drive is used. Finally, the /F option
causes all files in each directory to be listed.

Because an extensive directory structure rapidly scrolls off the screen, there are
several methods you can consider to better view the directory. First, you can press
Ctrl+PrtSc to obtain a hardeopy listing of the directory as it is being displayed. If you
just wanted to view the directory structure, you could use the Pause Screen function.
As another option, you can perform what is known as a piping operation to the DOS
MORE filter to display the results of the TREE command one screen at a time. The
use of pipes and filters, as well as additional DOS commands to include the MORE
command, is covered in Chapter 9.

Assuming you want a report of the directory structure of the disk you have been
manipulating in this chapter, you can enter the following command line:

C:\>TREE

The report generated by the TREE command is illustrated in Figure 6.15. Note that
the display of the execution of the TREE command from the DOS command prompt
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Figure 6.15
TREE Command
Report
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C:\>TREE
Directory PATH 1listing for Volume D0OS400
Volume Serial Number is 2E61-08E9
C:.
——DOs
PZ
—HJ
F—HIJACK
——FORMTOOL
ALVIN
GAIL
———BLAST
L——STELLA

Cc:\»>

mode of operation produces the same display that you will see in the Directory Tree
of the File System screen under the DOS Shell. This is why there is no TREE function
included in the DOS Shell.

File Location Commands

To simplify the process of accessing files in a hierarchical directory structure, two file
location commands are included in DOS—PATH and APPEND. PATH only finds files
that can be executed, such as files with the extension .COM, .EXE, and .BAT. APPEND
can be considered to be the inverse of PATH, because the command locates files outside
the current directory that have extensions other than those PATH looks for.

Because the PATH command was incorporated into earlier versions of DOS prior to
IBM adding the APPEND command, it is appropriate to review the operation and use
of each command in the order they first appeared in DOS.

PATH (Set Search Directory) (Internal)

The PATH command responds to the names of one or more directory names you enter
by telling DOS to search them for executable files after it examines the current directory.
The format of this command is

PATH {’[[d:]path[[;[d;]path]]]}

If you enter the command PATH without any parameters, the current PATH search
settings are displayed. Entering PATH with a semicolon resets the search path to null,
the initial DOS 3.3 default. If you are using DOS 4.0, the INSTALL program places
the command PATH C:\DOS in the AUTOEXEC.BAT file that INSTALL creates in the
root directory.

To examine the use of the PATH command, assume you are using DOS 3.3 and wish
to automatically access operating system command files located in a subdirectory named
DOS under the root directory on drive C. To inform the operating system to search
that drive and subdirectory for executable files not found in the current directory, you
enter the command
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C>PATH C:\DOS

Thereafter, each time you enter the name of an external DOS command on a com-
mand line, DOS automatically searches the DOS subdirectory if the command file is
not found in the current directory. To verify the PATH setting, you can enter the
command without parameters as shown here.

C>PATH

PATH=C:\DOS

You can include a list of drives and path names separated by semicolons as long as
the total number of characters in the command does not exceed 128. Thus, if you
wanted DOS to search the subdirectory FRED located under the FORMTOOL directory,
which, in turn, is located under the root directory on drive C, you could modify the
command as follows:

C>PATH C:\DOS;C:\FORMTOOL\FRED

APPEND (Internal/External)

As previously mentioned, the APPEND command can be considered as performing an
operation similarly but inversely to the PATH command. That is, the APPEND command
enables DOS to search for files outside of the current directory whose extensions are
other than .COM, .EXE, and .BAT. Thus, using this command you can store applications
once on a fixed disk and use them without changing to the directory in which they are
located.

The first time you use the APPEND command, it functions as an external command
and will be loaded from a file into memory. The format for this command when used
as an external file is

) d:pathl;[d:]1[path...]
[d:][path] APPEND { APPEND[/X] [/E] }

As with all external commands, the drive specifier and path preceding the keyword
APPEND are used to specify the location where the command file resides. If the com-
mand is used without its optional /X and /E parameters, you can specify the paths to
subdirectories DOS should search to access nonexecutable files stored outside the current
directory. This will probably be the most popular format of the APPEND command,
because it enables you to access overlay files and additional software such as help files
that PATH does not provide access to. Very few programs are made up of a single
executable program, so you will probably use the PATH command followed by an
APPEND command with similar syntax to obtain full access to modern application
programs.

Thus, to complement the previously discussed PATH command, you could enter the
APPEND command as follows:

C>APPEND C:\DOS;C:\FORMTOOL\FRED
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This APPEND command would cause DOS to automatically search the subdirectories
DOS and FRED for nonexecutable files not found in the current directory.

The /X optional parameter causes paths specified by a previous APPEND command
to be searched on the occurrence of certain function calls. If you specify the /E pa-
rameter, the current APPEND path is stored in the DOS environment and can be
changed by the SET command. The DOS environment and several additional commands
are discussed in Chapter 8.

Once APPEND has been loaded it functions as an internal command for the duration
of the current work session. At this time its format becomes

d:path[;[d:1path. . .]]
[;]

When you use the APPEND command with a semicolon, any previous APPEND list
of paths is reset to null, which is its default value when DOS is initialized.

The only action under the DOS Shell that performs a similar function to the APPEND
command is Associate. This action, which is invoked from the File pull-down menu
on the File System screen, enables you to associate filename extensions with a program.
Then, whenever you select a file with the previously specified extension and also select
the Open (start) action, the program associated with the selected file is invoked. This
feature enables you to keep data files in separate directories from program files but
select a data file to start the associated program.

APPEND {

Utility Commands

This section examines the operation and use of three DOS directory-related utility
commands—XCOPY, JOIN, and SUBST. XCOPY is similar to, but much more powerful
than, the DOS COPY command. XCOPY helps you to selectively copy groups of files
that can include lower-level subdirectories. JOIN enables you to form a single directory
structure from two separate directories, whereas SUBST enables you to assign a drive
identifier to another drive or to a path on a drive.

XCOPY (External)

The XCOPY command selectively copies groups of files, including lower-level subdirec-
tories. The format of this command is

[d:1[path] filenamel.ext]
[d:1[pathl1XCOPY { [d:1pathlfilenamel.ext]]l } [d:1[path]l[filenamel.ext]]parameters
d: [path] [ filenamel .ext]]

where the optional parameters are

/A to copy only files whose archive bit was set to one without changing the bit setting.
/D to copy only files whose date is the same or later than the date specified by
entering the date format in one of the following formats:
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/D:mm-dd-yy
/D: dd-mm-yy

/D: yy-mm-dd

where the date format entered is based on the country code you specified when
the SELECT or COUNTRY command was used.

JE causes subdirectories to be created on the target drive, even if they are empty
after all copying is completed. If /E is not specified, empty subdirectories are not

created.

/M copies only those files whose archive bit is set to one, then turns off the archive
bit of the source file.

/P copies on a file-by-file basis, prompting you prior to copying each file.

/S copies all files on the source disk regardless of subdirectory position to be copied.
This optional parameter does not create an empty subdirectory on the target disk
unless the /E parameter is also specified in the command. If the /S parameter is
not included, only files with the specified or current directory are copied.

JV causes DOS to verify that data copied to the target disk is recorded properly.

/W causes the command to display the message

Press any key to begin copying file(s)

This parameter provides you with the opportunity to insert different diskettes
before the XCOPY command commences.

To illustrate the use of the XCOPY command, assume the diskette in drive A and
your fixed disk in drive C have the tree structures illustrated at the top of Figure 6.16.

By entering the XCOPY command as shown here, the resulting target directory
structure illustrated at the bottom of Figure 6.16 is created.

XCOPY A:\ C:\FORMTOOL /S

In this XCOPY command, A:\ informs DOS that the root directory of drive A is the
starting point for the command. The identifier and path C:\FORMTOOL specifies the
target drive and path XCOPY will copy files to. The /S parameter tells DOS to copy
all files below the starting source directory.

If you prefer to copy specific files, you can add filenames to the preceding example.
Assuming you only want to copy files with the extension .ASC, you can enter the
following command line.

XCOPY A:\*.ASC C:\FORMTOOL /S

If you want to copy all files with the extension .ASC but rename the extension of
each file to .DAT, you can enter the following command line:

XCOPY A:\».ASC C:\FORMTOOL\*.DAT /S
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Figure 6.16 Initial Tree Structure
Using the XCOPY
Command
Source Target
| A\ I | CA l

| rrep || cain | | osase || rercom |[rormToOL]

Command Line C>XCOPY A\C:\CALC /S

Resulting Target Drive Tree Structure

I C:\ l
| psase || rercom |[FormToOL|
{ rrEp || cann |

JOIN (External)

The JOIN command can connect a drive to a directory on another drive, forming a
single directory structure. Through this command, you can let application programs
that are diskette resident take advantage of the storage capacity of fixed and virtual
disks. The format of this command is

[d: d:\directory]
[d: /D]

As for all external commands, the drive identifier and path preceding the command
identify the location where the JOIN command file resides. If you enter the command
without any parameters, the currently joined drives and directories, if any, are displayed.

The drive identifier immediately after JOIN denotes the drive to be connected or
disconnected to or from a directory on another drive. If the drive identifier is followed
by a second drive identifier and directory path, the first drive is joined to the second

[d:1[path]JOIN {
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drive under the specified directory. Note that the specified directory must contain no
files other than dot (.) and double dot (..) if the directory has been created already. If
it does not exist, DOS creates the specified directory. The resulting operation of the
JOIN command is illustrated in Figure 6.17. If the parameter /D follows the first drive
identifier, the specified drive is disconnected from any previously JOINed directory.
Figure 6.18 illustrates the operation and verification of a JOIN command. Note that
the contents of the diskette in drive A are joined to drive C as a directory named
DISKETTE. Then, the DIR command verifies the operation of the JOIN command.

SUBST (Substitute) (External)

Figure 6.17
Using the JOIN
Command

The SUBST (Substitute) command assigns a drive to a path on another drive. The
primary use for this command is to permit application programs that do not recognize
paths to do so by making a subdirectory masquerade as a disk drive. That is, SUBST
enables you to assign a drive identifier to an existing disk drive and subdirectory,
permitting data routed to the assigned disk drive and subdirectory in actuality to flow
to the assigned drive.

The format of the SUBST command is

[d: d: path]}

[d:]1[path]SUBST {[ d- 0]

Initial Drive C Directory Structure

| Teccom || pease || caic |

Using the JOIN command
C>JOIN A: C:ADISKETTE

Resulting Joined Drive C Directory Structure

Lvercom || osase || caic  ||DISKETTE]
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Figure 6.18
Verifying the Use of
the JOIN Command
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C:\>JOIN A: C:\DISKETTE

C:\>DIR
Volume in drive C is DOS400
Volume Serial Number is 2E61-08E9
Directory of C:\

COMMAND COM 37637 06-17-88 12:00p

AUTOEXEC BAT 163 03-25-80 1:45a
DISKETTE <DIR> 09-03-88 1:27p
DOS <DIR> 03-25-80 1:45a
Pz <DIR> 08-29-88 9:32p
HJ <DIR> 08-29-88 9:33p
HIJACK <DIR> 08-29-88 9:34p
FORMTOOL <DIR> 08-29-88 9:36p
BLAST {DIR> 08-29-88 9:43p
STELLA <DIR> 08-29-88 9:52p

10 File(s) XXXXXXXX bytes free

c:\»

The first drive identifier after SUBST denotes the drive to be substituted for or have
its association deleted from another drive or path. This drive identifier can be a physical
or a logical drive. If the drive identifier is higher than E, which is the highest DOS
normally permits, you must include a LASTDRIVE assignment in your CONFIG.SYS
file.

The second drive identifier and path following the SUBST keyword references the
drive and subdirectory you want to operate as if it was an independent disk drive. If
you follow the first drive identifier with the parameter /D, any previously set substitution
is deleted, whereas simply specifying the keyword without any parameters displays the
currently assigned substitutions.

As an example of the use of the SUBST command, assume drive C has the directory
such that the path C:\FORMTOOL\GAIL exists on that drive. Issuing the command

SUBST E: C:\FORMTOOL\GAIL

provides you with two ways to access the subdirectory GAIL on drive C as a result of
the substitution. You can stili use the physical drive and path name, or you could use
the disk drive identifier E. Once the substitution is accomplished disk drive E, in
effect, becomes an abbreviated method of referencing the path \FORMTOOL\GAIL on
drive C.



/ EDLIN

This chapter examines the operation and use of the text line editor included on the
DOS Operating diskette.

Uses of EDLIN

Through EDLIN you can create, modify, and alter ASCII programs and text files.
Although you can purchase a more sophisticated text editor or use a word processor
that supports ASCII file I/0 operations, EDLIN is normally sufficient in capability to
use for the creation of short batch files, including the AUTOEXEC.BAT and CON-
FIG.SYS files.

To create very short batch files, many users prefer to enter the DOS COPY command,
copying input from the keyboard (CON) directly to a batch file. Then, pressing the
Ctrl+Z multikey combination writes an end-of-file mark, terminating keyboard input
to the file. Whereas this method of ASCII file creation is normally acceptable for entering
a few lines of data, it provides no editing capability after a line is terminated by pressing
the Enter key. Thus, although EDLIN may pale in comparison to a word processor, its
inclusion on the DOS diskette provides a line text editing capability at no extra cost
that is sufficient for creating, modifying, and displaying short ASCII files.

Operation of EDLIN

The EDLIN text editor is an executable program file that is normally located in the
same directory in which you place the contents of your DOS diskette. If you use the
INSTALL program under DOS 4.0, you probably placed EDLIN in the DOS subdirectory
under the root directory and have a PATH C:\DOS statement in an AUTOEXEC.BAT
file that results in the operating system searching that directory if it cannot find the
requested .COM, .EXE, or .BAT file in the current directory. Due to this, under DOS
4.0 if you have a fixed disk you can invoke EDLIN using the following command format:

EDLIN [d:][path] filename

If you are operating under the DOS Shell, you can execute EDLIN from the File
System screen. Simply press the Tab key to locate the selection cursor in the Directory
Tree area. Then you can move the selection cursor with the Up or Down arrow keys
to the directory where EDLIN is located and press the Enter key to display the file



178 IBM PS/2 USER’S REFERENCE MANUAL

EDLIN.COM in the filename area. Then you can press Tab and use the Up and Down
arrow keys to position the selection cursor over the EDLIN.COM file and press the
Space bar to select that file. Finally, you can press the F10 key to select the File
item in the action bar, use the Down arrow key to pull down the File menu, and press
Enter; the selection cursor is positioned over the Open (start) option, which is the
first action in that menu. This displays the Open File pop-up box with EDLIN.COM as
the starting program entry.

If you have a diskette-based system or you are using DOS 3.3 without an appropriate
PATH statement, you should prefix the keyword EDLIN with the drive and/or path to
the file if it is located on a different disk and/or a different directory.

If the filename represents a new file you are creating, the message New file is
displayed, followed by an asterisk (¥) on a new line, which is the EDLIN prompt. The
following example illustrates how to invoke EDLIN to create an ASCII file named
TEST.BAT on drive A.

C:\>EDLIN A:TEST.BAT

New file
¥

If you are using EDLIN to edit a previously created file, the message End of input
file is displayed instead of New file. When EDLIN loads a previously created file, it
uses a 64K byte area of storage. If the text editor cannot load the entire file into three
quarters of its reserved storage area, it displays its prompt in place of the End of input
file message. At that time you can edit the portion of the file that is memory resident.
Then you can write a portion of the edited lines to disk and load unedited lines from
disk to continue the editing process.

Using Line Numbers

During the editing process, EDLIN dynamically generates and displays line numbers.
These line numbers function as a reference to the lines in the file; however, they are
not included in the actual file. Thus, if you are editing a program file that uses line
numbers, such as a BASIC interpreter program, the display of program lines may appear
awkward at first, because you see two line numbers on each line. The first line number
is generated and displayed by EDLIN as a reference line for editing purposes but is
not included in the file when it is saved. The following example illustrates the use of
EDLIN to display the first five lines from a BASIC program contained on the file
STAT.BAS on drive A. In this example, the EDLIN L command is used to list the first
five lines of the STAT.BAS file. A later section in this chapter examines the format and
use of each EDLIN command in detail.

C:\>EDLIN A:STAT.BAS
End of input file
*1,5L
1:4#10 CLS
2: 20 LOCATE 5,10
3: 30 PRINT "STATISTICAL ANALYSIS"
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4: 40 PRINT "VERSION 4.0"
5: 50 PRINT
*

The asterisk displayed following the colon in EDLIN line 1, which is line 10 of the
STAT.BAS program, denotes the position of the current line in the file. The current line
can be considered as a reference or baseline against which commands operate when
you make changes to a file.

Functional Capacity

As a line editor, EDLIN operates on one line at a time. This means that any file used
by EDLIN is actually treated as a series of lines, with each line ending with a carriage
return.

A line in EDLIN can be up to 253 characters in length, with the data between two
carriage returns treated as a line entry. Lines in memory are automatically numbered
beginning at 1 when you use EDLIN. These numbers, as previously mentioned, are not
a part of the file. Thus, the EDLIN line numbers are not counted in the 253-character
line limit.

Using EDLIN you can add, delete, copy, and move lines. When you perform any of
these operations, EDLIN automatically adjusts its line number referencing scheme to
correspond to the operational result of line manipulation commands.

To ensure that users do not inadvertently change the contents of a file and lose the
ability to reconstruct their data, EDLIN automatically creates a backup file if you modify
any data on the file being edited. The original file is renamed by EDLIN with an extension
of .BAK, whereas the new file has the filename and extension specified in the EDLIN
command. If you should later desire to use EDLIN to edit a backup file, you must first
rename the file with another extension or use the COPY command to create another
version of the file with a different extension. Once you have renamed the backup file
with a new extension or copied it using an extension different than .BAK, you can start
EDLIN and specify the new filename.

EDLIN Commands

There are 14 commands you can use with EDLIN. Table 7.1 summarizes each command,
including its format and operational result.

I (INSERT LINES) Command

The INSERT LINES command adds lines to a file under EDLIN. If you are creating
a new file, this command must be used prior to inserting text. If you are editing a
previously created file, use this command to add lines at a specified position, at the
current line, or at the end of the file. Prior to examining the insertion of lines in an
existing file, you will find it helpful to examine the use of the INSERT LINES command
used in creating a new file.

New File Use

When you invoke EDLIN specifying the name of a new file, the prompt New file
followed by an asterisk on a separate line is displayed. At this time, you will note that
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EDLIN Command
Summary
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Command

Operation

EDLIN Format

APPEND

COPY

DELETE

EDIT

END EDIT
INSERT
LIST
MOVE
PAGE

QUIT EDIT

REPLACE TEXT

SEARCH TEXT

TRANSFER

WRITE LINES

Adds the specified number of lines from
disk to the file in memory.

Copies the lines in the range defined by
the first two line numbers to the third
line number. The count specifies the
number of times to repeat the text.

Deletes the lines in the range; the line
after the deleted range becomes the
current line. The current line is deleted
if a period is entered, while the last
line is deleted if a # is specified.

Displays the specified line if a line
number is entered or the current line if
a period is entered.

Ends EDLIN and saves the edited file.

Inserts lines of text immeditely before the
specified line if a line number is
entered, the current line if a period is
entered, or after the last line if a # is
specified.

Displays the specified line or range of
lines, leaving the current line position
unchanged.

Moves the lines in the specified range to
the line number specified by the third
line parameter.

Lists the specified line or range of lines,
changing the current line to the last
line displayed by the command.

Quits the editing session without saving
changes.

Replaces all occurrences of the first string
in the specified line or range of lines
with the second string. The ¢ requests
a prompt 0K? after each display of a
changed line.

Searches the specified line or range of
lines to find the specified string. The 2
requests a prompt 0K? after each
display of a line containing the
specified string.

Causes the contents of the specified file
to be merged ahead of the line in the
fle you are currently editing.

Writes the specified lines to disk from the
lines in memory being edited

[n]A

line,line,line,countC

[Ime][ linel
[#]

[.]
[line]
E
[Ime] |
[#]

[linell,linell
line,line,lineM
(linell,linelP
Q

(linel,linel[?Rstring
[F6string]

llinel[,linel[¢]Sstring

[linelTld:lfilename

[nIW




EDLIN 181

the asterisk is not the current line pointer, because no line numbers are displayed. This
is indicated by the following example.

C:\>EDLIN A:TEST.DAT
New file
*

No line numbers are displayed because at this time the file does not contain any
lines of data. Thus, the asterisk is informing you that EDLIN is expecting a command.

To enter data, you switch EDLIN to its insert mode. This is accomplished by simply
typing I for Insert and pressing the Enter key, as shown.

New file
%1
1:%_

Note that EDLIN has now displayed a line number followed by a colon and asterisk,
with the asterisk denoting the current line. The underline following the asterisk indicates
the position of the cursor. At this point, EDLIN is in its insert mode. Now you can
enter data on line 1. When you press Enter, assuming you typed Line one, you see

New file

*1
1:%#Line one
2:%_

At this point, line 2 has become the current line, which is indicated by the last line
number marked with an asterisk. Suppose you entered four lines of data, as indicated.

New file

*]
1:%Line one
2:%Line two

3:%Line three
4:%Line four
5:¥_

If you want to terminate input and return to EDLIN’s command mode, you must
press the Ctrl+Break or Ctrl-Z multikey combination. Doing so displays ~C on your
screen and a new asterisk in column 1 of a new line, followed by the cursor. The asterisk
informs you that EDLIN is ready for the entry of a new command. This sequence is

New file

¥
1:#Line one
2:%Line two

3:%Line three
4:%Line four
5:%7
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What happens if you again place EDLIN in its insert mode? If you enter I after the
command prompt asterisk, EDLIN displays the current line followed by a colon and
asterisk, with the cursor positioned after the current line indicator (asterisk). This is
illustrated here.

%
5:_

Line Insertion

You can insert new lines into a file by prefixing the I command with a line number,
the decimal point, or the # symbol. Using a line number, such as 31, causes EDLIN to
insert text before line 3. EDLIN displays the line number you used to prefix the I
command, followed by a colon and an asterisk. The following example illustrates how
you could add an extra line to the new file you are creating in this sample session,
positioning the line after line 2.

*31
3:%Line after line two
4:%°C

¥

To verify the position of the inserted line, you can use the LIST command (L) without
any parameters, as shown:

*L
1: Line one
2: Line two
3: Line after line two
4:%Line three
5: Line four
%

Note that as a result of the insertion process, the lines after line 3 were renumbered.
Also note that the L command displays only one asterisk, which denotes the current
line. The other methods used to insert lines include prefixing the I command with a
decimal point or the # symbol. Prefixing the I command with a decimal point enables
you to insert a line of text immediately before the current line. Prefixing the I command
with the # symbol makes the insertion after the last line in memory.

L (LIST LINES) Command

You use the LIST LINES command to view a single line or a specified range of lines.
Similar to the I command, you can prefix the L command with a period or the # symbol.
When you use the period, the current line is displayed, whereas the # symbol causes
the line after the last line in memory to be displayed.

The basic format of the L command is

[1inell,1inelL
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If you omit both line parameters and simply enter L, EDLIN displays up to 24 lines
from the file being edited. Up to 11 lines are displayed before the current line and 12
lines after the current line. If 11 lines do not exist before the current line, EDLIN
displays extra lines after the current line to make a total of 24 lines being displayed.

To display a range of lines, you enter two line numbers separated by a comma
prefixing the letter L. Thus, entering 5,12L displays lines 5 through 12. If you omit
the first parameter, such as entering ,12L, the display starts 11 lines before the current
line and ends with line 12. Note that the beginning comma is required to indicate that
the first line parameter was omitted. If you omit the second parameter, up to 24 lines
are displayed, starting with the specified line. When the second parameter is omitted,
you can use either of these two formats:

1ineL
1ine,L

P (PAGE) Command

The PAGE command is very similar to the LIST LINES command. Although both -
commands can be used to display a line or range of lines, PAGE changes the current
line to the last line displayed. Thus, if the current line were line 3 and you entered the
command 1,5P, lines 1 through 5 would be displayed and line 5 would become the
current line.

EDIT Command

Now that you have entered a few lines of text, take a look at how to edit the data on
a line. To do so, try the EDIT command for editing a specific line by entering the line
number followed by the Enter key. Similar to the I and L commands, you can enter a
period to edit the current line or the # symbol to edit the last line in memory.

As an example of the use of EDIT, try editing line 3 from the previous example.
The EDLIN #* prompt should be displayed in column one, or you can press the
Ctrl+Break multikey combination to display that prompt. Assuming the EDLIN #
prompt is displayed, the result of entering line 3 for editing is

*3
3:%Line after line two
34

Note that EDLIN displays the requested line for editing as well as making that line
the current line. At this time, you can type a completely new line and press Enter to
store it in memory. If, after you begin editing a line, you change your mind and want
to keep its contents as they are, you can cancel editing by pressing Ctrl+Break or
Esc. Doing so leaves the original line unchanged and redisplays the EDLIN command
prompt (*) in column one.

When editing a line, you can use the DOS editing keys (F1 through F5), as well as
the Ins and Del keys, to make changes to a previously entered line. DOS editing keys
are applicable to EDLIN, because the text editor uses an input buffer to hold the contents
of an edited line similar to the manner in which a DOS command line is held. This
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enables you to operate on the contents of the input buffer. Then, when you are satisfied
with the data on the screen that reflects the contents of the input buffer, you can press
Enter to have the contents of the input buffer replace the line entry position in memory.

In reviewing the use of the DOS function keys and the Ins and Del keys under
EDLIN, return to the previously entered editing of line 3. Because the F1 key displays
a character from the input buffer each time that key is pressed, pressing F'1 five times
causes the screen to appear as follows:

*3
3:#Line after line two
3:%Line _

Now you could press the Ins key and type is. Then, pressing the F3 key you can
copy the rest of the line from the input buffer to your screen resulting in the following
display.

*3
3:#Line after line two
3:#Line is after line two_

Now press the Enter key to place the revised line into storage or add additional text
to the end of the line if you wish.

Similar to its use at the DOS command prompt level, the F2 key copies characters
up to a specified character. Thus, if the screen appears as follows:

*3
3:#Line after line two
3:%_

and you press F2, type the letter e, and press Enter, your display appears as follows:

%3
3:#Line after 1ine two
3:%Line _

The remaining function keys for editing—F4 and F5—also function exactly the same
as when you use them to edit a DOS command line entry under DOS 3.3. However,
they are not applicable for use under DOS 4.0. Press F4 followed by a single character
and Enter to delete all characters in the input buffer from the cursor location to the
next occurrence of the specified character. Press F5 to place the currently. edited line
into the input buffer for additional editing. Although the screen display appears similar
to what you would see if you pressed Enter, the line will not be a permanent entry in
memory but merely placed in the input buffer. To denote this, when you press F5 the
@ character is displayed at the end of the line.

D (DELETE) Lines Command

The DELETE command removes a specific line or a range of lines from the file in
memory. Similar to other EDLIN commands that work on a line or range of lines, with
D you can enter a period to delete the current line or the # symbol to specify the line
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after the last line in memory. Once a line or range of lines is deleted, the line following
the line or range of lines becomes the current line. To examine the use of the DELETE
command, assume the listing of the current file results in the following display.

*L
1: Line one
2: Line two
3: Line three
4:%Line four
5: Line five

Entering the command D by itself deletes the current line, which is line 4, renum-
bering line 5 as 4 and making it the current line. The command 2D would delete line
2, renumbering lines 3 through 5 as lines 2, 3, and 4, respectively, with line 3 then
becoming the current line. If you entered the command 2,4D, lines 2 through 4 would
be deleted, line 5 renumbered as line 2, which becomes the current line.

S (SEARCH TEXT) Command

If you are editing a lengthy file, the SEARCH TEXT command can rapidly locate a
specified string. You can enter the SEARCH command with a specific line number, a
range of line numbers, or without specifying a line number. Assuming you want to
locate the string four, review some of the options available in searching a file for this
string.

When you use the SEARCH TEXT command, EDLIN examines the specified line or
range of lines for the specified string. The first line that contains the specified line is
displayed, and the search terminates unless the ? has been included in the command
line. Including the ? in the command line causes the prompt 0.K.? to be generated
after each display of a matching string. Then, entering Y terminates the search, whereas
entering N causes EDLIN to search for the next occurrence of the string in a range
of lines.

Assume you are working with the following file:

L
1: Line one
2: Line two
3: Line three
4:%Line four
5: Line five

The result of entering the command Sfive is

5: Line five
¥

Now, you could edit that line by typing a period or the number 5 and pressing the

Enter key.
Entering the command 1,5SLine would produce the following result:
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*1,5SLine
1: Line one
*

Entering the letter S by itself results in the search being continued using the pre-
viously specified string. The process is shown in this example.

*S
2: Line two

If you enter the ? parameter, EDLIN asks you after each display of a matching line
whether to continue the search. This is illustrated by the following example:

#1,5 ? SLine

1: Line one
0.K.?N

2: Line two
0.K.?Y
)

R (REPLACE TEXT) Command

You can use the REPLACE TEXT command to replace one string with a second string
on a specified line or within a range of lines. Similar to the SEARCH TEXT command,
you can use the ? parameter to have EDLIN ask you whether the replacement should
occur for a specific line.

As indicated in Table 7.1, all occurrences of the first string that follow the character
R in the specified range of lines will be replaced by the second string. If you omit the
second string from the command line, all occurrences of the first string within the
specified range of lines will be deleted. Thus, entering

1,5RLine F6 Position

where F6 indicates pressing the F6 key, would cause each occurrence of the string
Line in lines 1 through 5 in memory to be replaced by the string Position. Note that
you can either press the Ctrl+Z multikey combination or F6 to indicate the termination
of the first string.

When you use the REPLACE TEXT command, unless you include the ? parameter
all replacements are displayed on your screen as they occur. This is illustrated by the
following example.

*¥,5RLine "~ ZPosition

1: Position one
: Position two
: Position three
: Position four
: Position five

s wN
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If you enter 1,5RLineF6 and press the Enter key without entering a second string
all occurrences of Line in lines 1 through 5 will be deleted.

C (COPY LINES) Command

The COPY LINES command duplicates one line or a range of lines at another location
in memory. By including a count value at the end of a COPY LINES command, you
can repeat the copying operation a specified number of times. If you do not specify a
count value, a default of 1 is used.

Similar to many other EDLIN commands, you can use the period to specify the
current line and the # symbol to specify the line after the last line in memory. Once
you enter the COPY LINES command, the lines in the specified range denoted by the
first and second line parameters are copied to the line number specified by the third
line number, ahead of that line.

As an example of the use of the COPY LINES command, consider the following
examples.

1,3,12C

This causes lines 1 through 3 to be copied ahead of line 12, with line 12 becoming
the current line. Similarly,

1,3,12,2C

copies lines 1 through 3 ahead of line 12, repeating the copying operation twice.

To better visualize the operation of the COPY LINES command, consider its use in
Listing 7.1. At the top of that illustration, the LIST LINES command lists the contents
of the file in memory. Next, the COPY LINES command copies lines 1 and 2 to the
line after the last line in memory. Finally, another LIST LINES command lists the
revised contents of memory. Note that lines 1 and 2 are copied to lines 6 and 7 and
that line 6 is now the current line.

Listing 7.1 Using the COPY LINES Command

¥l
1: Line one
2: Line two
3: Line three
4: Line four
5:#Line five

*1,2,#c

¥l

1: Line one
2: Line two
3: Line three
4: Line four
5: Line five
6:%Line one
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7: Line two

M (MOVE LINES) Command

The MOVE LINES command transfers a range of lines from one location in a file to
another. The first and second line parameters in the command specify the range to be
moved, whereas the third line number specifies the location where the data will be
moved. If you do not specify a range, the current line is used as the default.

With the MOVE LINES command you use the + and — characters to specify relative
line locations. As an example, you can enter the following command to move data from
the current line plus 20 lines to line 100:

,+20,100M

Similar to other EDLIN commands, you can use the # symbol to specify the line
after the last line in memory and the period to specify the current line. Thus, you can
enter the following command to move data from lines 20 through 50 to behind the last
line in memory.

20,50,#M

Listing 7.2 illustrates the use of the MOVE TEXT command. At the top of that
illustration, the LIST LINES command is entered to display the contents of memory.
Next, a MOVE TEXT command moves lines 6 through 7 to precede line 1. Then another
LIST LINES command verifies the relocation of the two lines.

Listing 7.2 Using the MOVE TEXT Command

L

1: Line one
2: Line two
3: Line three
4: Line four
5: Line five
6:%Line one
7: Line two
%6,7,1IM

L

1:%Line one
2: Line two
3: Line one
4: Line two
5: Line three
6: Line four
7: Line five
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File Reference Commands

EDLIN contains four commands that operate on files—END EDIT, QUIT EDIT, TRANS-
FER LINES, and WRITE LINES. This section reviews the operation and utilization of
each of these commands.

E (END EDIT) Command

The END EDIT command terminates an EDLIN session and saves your updated file.

Once you enter the command, the edited file is saved by the system writing it to the
drive under the file specification established when you invoked EDLIN. If you are editing
the file TEST.BAT on drive A, after you enter E at the command prompt (¥) level EDLIN
returns you to the DOS command level denoted by the drive designator followed by the
greater than (>) symbol. If you are operating under the DOS Shell, the File System
sereen will appear once EDLIN is terminated.

Q (QUIT EDIT) Command

In comparison to the END EDIT command, which saves the updated file and returns
you to the DOS prompt, the QUIT EDIT command results in the exiting of the editing
session without saving changes.

Entering the character Q at the EDLIN command prompt (¥) causes the text editor
to terminate the session without saving changes. The editor issues a prompt message
that you must respond to prior to actually exiting EDLIN. The prompt message that
results from entering the @ command is

*Q
Abort edit (Y/N)?

In response to the EDLIN prompt, you can type Y to quit the editing session. If you
do so, no backup file is created and you lose any work you performed on the file in
memory. If you do not wish to quit EDLIN, type N or any other character and you
can continue the present editing session.

T (TRANSFER LINES) Command

The TRANSFER LINES command merges the contents of a specified file into the file
you are editing. The line number in the command denotes the position where the merged
text will be inserted, with the text being inserted ahead of the specified line. If a line
number is omitted, the current line is used. You can also use the period to specify the
current line or the # symbol to specify the line after the last line in storage.

As an example of the TRANSFER LINES command, assume you wish to merge the
contents of the file STAT.BAS on drive B before line 100 in the file being edited. You
would enter the command

*100TB:STAT.BAS
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If you wanted to insert the contents of the file STAT.BAS at the end of the file being
edited, you would enter the command

*#TB:STAT.BAS

A (APPEND) and W (WRITE LINES) Commands

There are two special EDLIN commands that are meaningful only if the file being
edited is too large to fit into memory. These are the APPEND LINES and WRITE
LINES commands.

Invoking the APPEND LINES command causes n lines from the disk to be appended
to the file in memory that is presently being edited. Because as much of the file as
possible was previously read into memory for editing, you must use the WRITE LINES
command to transfer a portion of the file in memory to diskette prior to appending
lines to the file in memory.

The WRITE LINES command causes # lines in memory, beginning with line number
1, to be written to the diskette. Similar to the APPEND LINES command, this command
is only meaningful if the file being edited is too large to fit in memory.

The APPEND LINES command operates until available memory reaches 75 percent
of capacity, whereas the WRITE LINES command operates until available memory is
less than 25 percent full, that is, if the number of lines is not specified in an APPEND
LINES command, lines are appended until available memory is filled to 75 percent of
capacity. Similarly, if the number of lines in a WRITE LINES command is not specified,
lines are written until available memory is less than 25 percent of capacity. If available
memory is already less than 25 percent of capacity, issuing a WRITE LINES command
does not cause any action.



Batich File Operations

Batch files both automate operations and significantly boost the productivity of DOS
and its users. With batch files you can customize DOS for other computer users, simplify
complex systems, and perform other operations to facilitate the use of a personal
computer.

A Datch file consists of a series of DOS commands that are executed when a single
command referencing the name of the file is entered. Because you normally test the
operation of a batch file prior to using it on a permanent basis or providing it to others,
its use eliminates many common causes of DOS operational problems. Such problems
can include users typing complex DOS commands incorrectly, performing unintentional
DOS operations, or lacking the ability or training necessary to perform DOS related
operations.

This chapter first examines ways to create and use batch files. Then, using this
information as a base, it examines the operation of specific batch commands and shows
how to create several batch files to boost the productivity of your personal computer.
In concluding, this chapter explores a special type of batch file designed to hold com-
mands used to configure your computer system. This examination includes the operation
and utilization of configuration commands that can be placed in this special batch file.

Creating and Using Batch Files

A batch file consists of ASCII text that represents one or more DOS commands. Each
command occupies a separate line in the file. To identify the file as a batch file, its
extension must be .BAT. However, to execute the batch file you can enter the name of
the file without its extension on the DOS command line. When you do so, DOS searches
the current directory for a .COM, .EXE, or .BAT file with a name that matches the
name you entered. You should therefore avoid assigning a name to a batch file that
duplicates the name of a DOS command.

Because a batch file is restricted to ASCII text, it must be created by a process that
generates that type of data. One of the most common methods of creating batch files
is to use the DOS COPY command to copy data from the console to your file. As an
illustration of the use of the COPY command, consider the following example, which
creates the batch file named WP.BAT.

COPY CON: WP.BAT
CD \WP
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WRITE
CD \
~Z

In this example you must enter a Ctrl+Z multikey combination, pressing the Ctrl
and Z keys to terminate the COPY operation. Once you do so, the data entered from
the console is written onto the file WP.BAT. Then, by simply entering the command
WP, three separate command line entries will be executed.

The first line entry in the WP.BAT file changes the directory to WP. The next line
entry, WRITE, is assumed to be a command entry that results in the execution of a
word processing program with that name. Finally, the third line entry changes the
current directory to the root directory. Although this example is simple, it illustrates
how you can create a program that, while transparent to the user, navigates through
a hierarchical directory structure to execute a program and then returns to the root
directory once the use of that program is terminated. Thus, batch files can be extremely
useful in simplifying operations for users not well versed in the use of the operating
system.

Although the DOS Shell enables you to easily navigate through a directory structure,
you must use batch files to predefine a sequence of operations. Thus, under the DOS
Shell you can create one or more batch files to further simplify computer operations.
Then a PS/2 user can simply move the section cursor over a batch file’s name and press
the Space bar to select it, after which invoking the Open (start) action from the File
pull-down will initiate the predefined sequence of operations.

Instead of using the COPY command to create batch files, you can create them with
the EDLIN text editor (described in Chapter 7) that is included with DOS, or you can
use most word processors. If you use a word processor, make sure that the resulting
data is written onto disk as an ASCII file and not as the word processor’s normal binary
file or as an encoded text file. Otherwise, DOS will not be able to correctly interpret
the information contained in the file.

Replaceable Parameters

One of the most helpful features incorporated in a batch file is the ability to use
replaceable parameters. DOS enables up to 10 replaceable parameters to be used at a
time within a batch file. These parameters are replaced by data supplied by the computer
operator in the DOS command line when the batch file is executed.

The replaceable parameters that can be specified must be labeled %0 through %9,
with %0 always replaced by a drive specifier, if required, and the filename of the batch
file. As an example of replaceable parameters, consider the following batch file.

A>COPY CON: WRITE.BAT
CD \WRITE

COPY %1.DAT %1.BAK
WRITE %1

Suppose the previously created batch file was created by entering the DOS command
line
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WRITE JANEMEMO

Here JANEMEMO is substituted for the replaceable parameter %1. Thus, after the
directory is changed to WRITE, the batch program substitutes JANEMEMO for %1,
resulting in the file JANEMEMO.DAT being copied to the “backup” file JANE-
MEMO.BAK. Then, the batch program automatically executes a word processing pro-
gram named WRITE, using the file JANEMEMO.DAT as input.

If you change the COPY command in the previously illustrated batch file to COPY
%1.DAT %2.BAK, two filenames would be required to be entered in the DOS command
line. In this instance, entering WRITE JANEMEMO JANEBKUP would result in the
sequential substitution of JANEMEMO for %1 and JANEBKUP for %2.

Batch Commands

Table 8.1
DOS Batch
Command Support

When DOS 1.0 was introduced, it included only two commands designed specifically
for use in batch files—REM and PAUSE. DOS 2.0 added five additional batch com-
mands—ECHO, FOR, GOTO, IF, and SHIFT, as well as the undocumented ability to
include comments by prefixing line entries with a period (.). This undocumented ca-
pability is also known as the dot command.

When DOS version 3.0 was released, the batch commands remained essentially
unchanged. However, the undocumented dot command was eliminated. The only major
change to batch commands occurred with the introduction of DOS version 3.3, which
added the CALL command. This batch command enables you to program one batch file
and to execute another batch file (that is, it acts like a subroutine call in conventional
programming). Then, when execution of the CALLed batch file is complete, control is
passed back to the original batch file (just as a subroutine returns control to a main
program).

Table 8.1 indicates the batch commands that are supported by different versions of
DOS. You can use this table to determine whether you should obtain a more recent
version of the operating system for older IBM PCs, PC XTs, and PC ATs if you develop
batch files on a PS/2 that will also be used on those computer systems.

Batch DOS Support

Command 1.X 2.X 3.0 3.3/4.0
REM yes yes yes yes
ECHO no yes yes yes
PAUSE yes yes yes yes

FOR no yes yes yes
GOTO no yes yes yes

IF - no yes yes yes
SHIFT no yes yes yes

CALL no no no yes
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REM Command

The REM command is an abbreviation for REMark. It documents your batch files by
including comments at appropriate locations. The format of this command, which is
only used in batch files, is

REM [remark]

As an example of the use of this command, try modifying your previously created
WP.BAT file. The following example illustrates how you might identify each line in the
batch file that performs an operation.

REM Change to WP directory

CD \WP

REM Execute word processing program
WRITE

REM Return to root directory

CD \

For clarity, many persons prefer to group REM commands together. Thus, as an
alternative the file might be created using REM commands as follows:

REM Change to WP directory

REM Execute word processing program
REM Return to root directory

CD \WP

WRITE

CD \

The DOS commands used in the sample three-line batch file are essentially self-
explanatory and for many persons probably do not require documentation. However,
you’ll be saved hours of future effort if you have to modify a previously created batch
file and the documentation is explicit in explaining the operation of complex statements
in the file.

ECHO Command

This command can be used to enable or disable the display of DOS commands as they
are executed from within a batch file. The format of this command is

ECHO HggFH [message]

When ECHO is entered with no parameters, the command causes the current ECHO
state to be displayed as indicated here.

A>ECHO
Echo is ON

ECHO ON is the default state when your system is powered on or a system reset
is performed. By issuing an ECHO OFF command, you instruct DOS to inhibit the
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display of the DOS prompt and commands on the sereen as they are executed from
within a batch file. Similarly, an ECHO ON command displays the DOS prompt and
commands on the screen as they are executed from within a batch file. If you include
a message in the ECHO command, it is displayed regardless of the ECHO state. As
an alternative to ECHO OFF, you can prefix any command with an @ symbol to inhibit
its display. Unfortunately, this does not prevent DOS from displaying messages gen-
erated by the execution of commands, such as x File(s) copied. To suppress these
messages, you should direct the output to the NUL device by adding >NUL after any
DOS command that normally generates a message on the display.

PAUSE Command

The PAUSE command can be used to temporarily suspend the execution of a batch
file. The format of this command is

PAUSE [remark]

When the PAUSE command is executed, it first displays any remark included in the
command line. Then, the command temporarily suspends the execution of the batch
file it is included in and displays the message Strike a key when ready... on a new
line. Once a key is pressed, the batch file resumes execution at the next line following
the line containing the PAUSE command. The following short batch program illustrates
how the PAUSE command can be used to provide information to the operator of the
personal computer. Note that FORMAT is a dangerous command to play with unless
you absolutely know what you are doing.

COPY CON: FORMAT.BAT
ECHO OFF
XFORMAT A:

Assuming you previously renamed the DOS FORMAT file as XFORMAT and named
your batch file FORMAT, the result of entering your new FORMAT command is

C>FORMAT
Insert new diskette for drive A:
and strike ENTER when ready

Note that the preceding batch file changed the use of the DOS FORMAT command
to restrict its usage to diskettes in drive A. Later this chapter examines in detail several
methods you can use to prevent formatting the hard disk inadvertently.

FOR Command

The FOR command enables the iterative execution of a specified DOS command. The
format of this command is

FOR %%variable IN(file set)DO command

When the FOR command is executed, a single-letter variable included in the com-
mand is set sequentially to each member of the file set. After the variable is set
to a member of the file set, the command following the DO specification is executed.
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This process repeats until all file set members are processed. As an example of the use
of FOR, assume you want to obtain a listing of all the batch files and data files under
the subdirectory DBASE. To accomplish this, you could create a batch file like this:

COPY CON: LSTDBASE.BAT
CD \DBASE

FOR %%X IN(*.BAT #.DAT)DO TYPE %%X>LPT1:
~ZCD \

Once the batch file named LSTDBASE is created, entering its filename causes the
directory to be changed to DBASE. Then, the FOR command assigns the variable X
to the file *.BAT, which is actually a potential set of files, because the asterisk global
character is included in the file specification. Next, the TYPE command is executed for
all files whose extension is .BAT, after which the variable X is assigned to the file set
*DAT and the process of printing the contents of all files whose extension is .DAT
occurs. As indicated in this example, global filename characters can be included in the
FOR command to increase the power and utility of this batch command.

GOTO Command

The GOTO command performs branching operations. This command, as you will soon
see, can be used with any combination of commands or conditional operators.
The format of the GOTO command is

GOTO [:]7abel

The Tabel is required here because it indicates a destination point in the batch file
to which branching should occur.

The Jabel is a string of up to eight characters, which must be prefixed by a colon
(:) when the label is used as a branch entry point. When used in this manner, the label
is contained on a separate line in the batch file. The following example illustrates the
use of the GOTO command, as well as the inclusion of a label in a batch file.

:START

PAUSE Insert the disk to be copied in drive A
COPY A:%.% C:\LOTUS\JOHN

GOTO START

In the preceding example a continuous loop through the batch file occurs, so the
computer operator must press Ctrl+Break to terminate the batch job and return to the
DOS prompt level of operation. When you examine the IF command you will use that
command to construct a conditional branching example. This example more fully dem-
onstrates the capability of the GOTO command that occurs when its use is combined
with another batch command.

IF Command

The IF command is one of the most useful batch commands, because it enables you to
incorporate conditional branching into a batch file. The format of this command is
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IF [NOT] condition command
where the condition parameters are

ERRORLEVEL number
Stringl == String2
EXIST filespec

When the IF command is executed, the specified condition in the command is eval-
uated. If the condition is True, the command specified after the condition is executed.
If the condition is False, the command specified after the condition is ignored and
control is passed to the next line in the batch file.

The ERRORLEVEL number refers to the value of an optional exit code that a
previously executed program may have set. When a program completes its execution
correctly, it returns to DOS with an unset error flag. If the program terminates in-
correctly, its error flag is set, causing DOS to examine a specific location to determine
what the error code means.

Four DOS commands that return error codes if they terminate with an error that
can be checked are FORMAT, REPLACE, BACKUP, and RESTORE. As an example
of the use of error codes, assume you are creating a batch program file to automate
BACKUP operations. In using an ERRORLEVEL X conditional operator in the IF
command, the command will be executed if the returned error code is X or higher.
Thus, the following simple batch file demonstrates the use of the ERRORLEVEL op-
erator in the batch IF command.

BACKUP
IF ERRORLEVEL 1 ECHO!Backup Aborted!

The condition Stringl == String2 in an IF command is true when both strings
are identical. Unlike normal string comparisons, string values used in an IF command
cannot include data redirection characters or such command line delimiters as a comma,
equal sign, colon, or semicolon. As an example of the use of a string comparison condition
in IF commands, consider the batch file in Listing 8.1, which includes the COPY com-
mand in line 1 that creates the batch file.

Listing 8.1 LISTDISK.BAT

COPY CON: LISTDISK.BAT

IF %1 == LEFT GOTO DRIVEA
IF %1 == RIGHT GOTO DRIVEB
ECHO YOU OBVIOUSLY DON'T KNOW WHAT TO DO
GOTO END

:DRIVEA

DIR A:>LPTl:

GOTO END

:DRIVEB

DIR B:>LPT1:

:END
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This batch file enables you to simply enter the name of the file followed by the word
LEFT or RIGHT to obtain a directory listing of an appropriately located drive. When
this batch file is executed, the first entry in the command line following LISTDISK is
assigned to the replaceable parameter %1. Thus, if the command line entry is

A>LISTDRIVE LEFT

the replaceable parameter %1 would be assigned the value LEFT. Because the first IF
command is true, a branch to the label DRIVEA occurs in the program. The line after
that label contains the DOS command DIR A:, causing the directory of that drive to
be printed, after which a branch to the end of the batch file occurs. Similarly, if you
enter the command

LISTDISK RIGHT

the directory of the diskette in drive B is printed. Although this is a trivial example,
it illustrates the capability of using string comparisons in an IF command.

The last condition that you can test in an IF command is the existence or nonexistence
of a file specification. By using the conditions EXIST or NONEXIST, you can test for
the existence of a file in the default directory of a specified drive. The following portion
of a batch file illustrates how you can test for the presence of a required file on a
diskette in a specific drive and display an appropriate message if it is not found.

:START

PAUSE Insert disk labeled XYZ in drive A
IF EXISTS A:JAN88.WKS GOTO DOIT

PAUSE Wrong disk inserted into drive A
GOTO START

:DOIT

REM Program continues

SHIFT Command

The SHIFT command enables you to use more than 10 replaceable parameters in a
batch file. When included in a batch file, this command changes the order in which the
parameters %0 through %9 are replaced. That is, each SHIFT command causes every
parameter to be shifted to the left. Because this may sound confusing, clarify the use
of this command by creating a batch file that uses the SHIFT command. The contents
of the file, named SHOSHIFT.BAT, appear in Listing 8.2.

Listing 8.2 SHOSHIFT.BAT

ECHO OFF

ECHO %0 %1 %2 %3 %4 %5 %6 %7 %8 %9
SHIFT

ECHO %0 %1 %2 %3 %4 %5 %6 %7 %8 %9
SHIFT

ECHO %0 %1 %2 %3 %4 %5 %6 %7 %8 %9
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Next, assume you entered the following command line:
SHOSHIFTABCDEFGHIJK
which displays:

As indicated in this example, you can use the SHIFT command to extend the number
of replaceable parameters that can be used in a batch file. Although 10 replaceable
parameters are usually sufficient for most applications, for creating complex batch
processes the SHIFT command can be extremely useful.

CALL Command

Added with the introduction of DOS 3.3, this batch command enables a second batch
file to execute without requiring the first one to terminate. The format of this command
is

CALL [d:][path]filename

The following portion of a batch file named RUN.BAT illustrates the use of the CALL
command.

IF %1 == LOTUS CALL C:LOTUS
IF %1 == DBASE CALL D:DBASE
REM Program continues

By entering the DOS command line RUN LOTUS, the file LOTUS on drive C is
called. Similarly, entering the DOS command line CALL DBASE invokes the batch file
named DBASE located on drive D.

The AUTOEXEC.BAT File

The AUTOEXEC.BAT file is a special batch file you can use to automatically execute
DOS commands. This special file is searched for by DOS each time your computer is
powered-on or a system reset is performed. If this file is located in the root directory
of the drive from which DOS is initialized, it is automatically executed.

The primary use of an AUTOEXEC.BAT file is to execute a series of DOS commands
that are always initially required for the operation of your computer system. One ex-
ample of the usefulness of AUTOEXEC.BAT is to display a menu system to facilitate
the use of the computer by personnel who are not educated in the DOS commands.
Later this chapter presents several menu systems that can be generated through the
use of an AUTOEXEC.BAT file. Even if you are using DOS 4.0, you may wish to develop
a customized menu system to facilitate the operations of your organization.
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Boosting Productivity

Batch files can perform a variety of tasks related to files and subdirectories and can
make the interface between the user and the computer much simpler. As an example,
instead of issuing separate commands to first change the DOS current directory and
then invoke a program such as Lotus 1-2-3, you might simply create a batch file to run
1-2-3. Then, issuing one batch filename would automatically change the directory and
execute the desired program.

This section describes the use of batch programs for operations that are normally
performed on files and subdirectories. Some of the major topics covered include the
development of several format protection schemes, a method to enhance disk copying
operations on systems that have only one disk drive, and methods to create your own
help files, as well as several menu systems to simplify fixed disk usage.

Because batch files have names that are assigned by the user, it is important that
your batch files do not duplicate names of DOS commands. It is also crucial not to
create two batch files with the same name to perform different functions.

Format Protection Schemes

Because the formatting of a disk destroys any previously recorded data, a mechanism
for preventing inadvertent formatting is highly desirable. This section explains two
format protection schemes that can be used to satisfy different operational requirements.

If you have a fixed disk system, the FORMAT.EXE file from the DOS distribution
diskette was probably copied to the root directory or to a subdirectory named UTILITY
or DOS. If another person using the computer is at the C> prompt level and enters
the command FORMAT, the resulting action depends on the version of DOS used.
Although recent versions of DOS from 3.0 onward provide a warning, earlier versions
of DOS simply initiate the format operation, destroying any data previously recorded
on the hard disk. Even when a warning message is displayed, if it is late at night or
if you or another user are distracted while performing this operation, it is quite possible
that entering the wrong response to a warning message can destroy months or years
of effort.

To prevent the inadvertent formatting of the fixed disk you can first rename the
FORMAT.EXE file to a less obtrusive name. Because the format process prepares a
disk for use, you could rename it as indicated here:

RENAME FORMAT.EXE PREPARE.EXE

Next, you could create a one-line batch file to restrict formatting to drive A. To
create this batch file, use the name FORMAT for the file as indicated here:

COPY CON: FORMAT.BAT
PREPARE A:%1 %2 %3 %4 %5 %6

In this example, entering the command FORMAT invokes the execution of a batch
file with that name. This file causes the FORMAT.EXE program that was previously
renamed PREPARE.EXE to be executed. Up to six replaceable parameters are passed
to the renamed formatting program. This means you can pass six of the eight parameters
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that can be specified in the FORMAT command. In addition, the drive specifier A: is
always passed to the formatting program, restricting the use of the program to for-
matting diskettes in drive A.

The following illustrates the execution of the previously created batch file and the
resulting execution of the renamed FORMAT command:

C>format
C>PREPARE A:

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

Because the previously created one-line batch file executes the command PREPARE,
it is displayed on the user’s screen. If you feel this may cause confusion, you could
prefix the PREPARE command with an ECHO OFF command. The modification of the
previously created batch file and its execution is

C>copy con: format.bat

echo off
prepare a:%1 %2 %3 %4 %5 %6
~7

1 File(s) copied

C>format

C>echo off
Insert new diskette for drive A:
and strike ENTER when ready

Considering Device Names

Because many users are familiar with device names, they would probably enter the
command FORMAT A: to format a diskette in drive A. If this entry occurs as you use
the previously created batch file, the error message Invalid parameter is displayed
and the batch program terminates. This happens because the drive specifier A: was
previously included in the batch file. To permit additional flexibility in using the FORMAT
command, you can rename FORMAT.EXE as PREPARE.EXE and create the batch file
listed in Listing 8.3 to execute the renamed FORMAT program.

Listing 8.3 Considering Device Names

ECHO OFF

IF %1==A: GOTO OK
IF %1==a: GOTO OK
IF %1==B: GOTO OK
IF %1==b: GOTO OK
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ECHO This program only formats diskettes in drive A or B
GOTO END

:0K

PREPARE %1 %2 %3 %4 %5 %6

:END

This second example is more flexible for many users, because it enables formatting
to occur on diskettes in drive A or drive B. In this example, lines two through five test
the replaceable parameter for the value A, a, B, or b and result in a branch to the label
OK if a match occurs. If no match occurs, the message This program only formats
diskettes in drive A or B is displayed and a branch to the label END occurs.

Enhancing Single-Drive Copying Operations

Although the PS/2 Model 25 and similar computers containing one floppy diskette drive
are fine machines, they are not easily used for diskette copying operations. When you
need to use the DISKCOPY A: B: command or its near equivalent, COPY A:+.x B:,
DOS uses your one physical drive as two logical devices. Due to this, you will be treated
to what is known as the “floppy shuffle” as you are alternately prompted to insert
source and target diskettes as each file is copied. If you have to duplicate a large number
of files on the diskette, you can conceivably spend 20 minutes or more performing the
floppy shuffle.

To alleviate the floppy shuffle, you will see how to create a batch file that automatically
uses a portion of the capacity of your fixed disk as a second diskette drive. This batch
file creates a temporary directory named TEMPCOPY under the root directory and
copies all files from the diskette to be copied to that directory. Next, your batch file
prompts the user to place a formatted disk in drive A, copy the contents of the
TEMPCOPY directory to the diskette in drive A, erase the contents of the temporary
directory, and then remove the directory. Listing 8.4 shows the creation of this batch
file using the DOS EDLIN text editor program.

Listing 8.4 FASTCOPY.BAT

ECHO OFF

ECHO Place Diskette to be copied in Drive A
PAUSE

MD \TEMPCOPY

COPY A:#_.% C:\TEMPCOPY

ECHO Place target Diskette in Drive A

PAUSE

ECHO Enter Y in response to next prompt

: ERASE C:\TEMPCOPY\#.#

10: RD C:\TEMPCOPY

O N WN -

O

In the batch file listed, line 1 turns the echoing of executed commands off, and line
2 prompts the user to place the diskette to be copied in drive A. The PAUSE command
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in line 3 displays the prompt Strike a key when ready.... Once a key is pressed,
line 4 creates the directory named TEMPCOPY under the root directory.

Copying the contents of the diskette in drive A to the subdirectory TEMPCOPY
results from the execution of the COPY command in line 5. Next, the ECHO command
in line 6 prompts the computer user to place the diskette in drive A onto which the
files will be copied. The PAUSE statement in line 7 again displays the prompt Strike
a key when ready... on the screen.

After the files are copied to the diskette, it is assumed that they are of no use on
the fixed disk and should be removed. Because the use of the ERASE command with
the global asterisk characters for filename and extension generates the DOS message
Are you sure (Y/N)?, line 8 was included in the batch file to prompt the user how to
respond to that message. Then, the execution of line 9 erases all files in the directory
TEMPCOPY on drive C once the user enters the letter Y in response to the previously
described DOS message. Finally, line 10 removes the directory TEMPCOPY from the
fixed disk.

The following interactive example illustrates how to execute the FASTCOPY.BAT
batch file. In this example, a diskette containing six files was to be copied. Using
FASTCOPY instead of the DOS COPY command reduces the number of diskette in-
sertions on a one drive system from 12 to 2, which illustrates the major advantage in
using this batch file.

C>FASTCOPY

C>ECHO OFF
Place DISKETTE to be copied in Drive A...
Strike a key when ready...
A:AVG.PIC
A:PERF.WKS
A:WK1.PIC
A:WK2.PIC
A:WK3.PIC
A:WK4.PIC

6 File(s) copied
Place Target Diskette in Drive A...
Strike a key when ready...
C:\TEMPCOPY\AVG.PIC
C:\TEMPCOPY\PERF . WKS
C:\TEMPCOPY\WK1.PIC
C:\TEMPCOPY\WK2.PIC
C:\TEMPCOPY\WK3.PIC
C:\TEMPCOPY\WK4.PIC

6 File(s) copied
Enter Y in response to next prompt
Are you sure (Y/N)?Y

c>
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Creating DOS Command HELP Files

If you or your users operate an IBM PS/2 computer and are not well versed in the use
of DOS commands, on-line assistance can be a most helpful feature to provide. In this
section you create a batch file named HELP.BAT that enables users to enter the com-
mand HELP followed by a DOS command to obtain on-line assistance concerning the
use of the specific command.

Although the DOS 4.0 Shell contains a context-sensitive help facility invoked by
pressing the F1 key, this facility has many limitations. As an example, for most DOS
commands the help facility will refer the computer user to the DOS manual for infor-
mation concerning the parameters available for use with a command. By creating your
own help files, you may be able to substantially improve the use of your PS/2, as you
will see by developing a comprehensive ERASE help file that provides the PS/2 user
with substantially more information concerning the use of the ERASE command than
can be obtained using the DOS Shell help facility.

Listing 8.5 shows the creation of the HELP.BAT file.

Listing 8.5 HELP.BAT

COPY CON: HELP.BAT

ECHO OFF

IF EXIST %1.HLP GOTO LOCATE
IF %1==0 GOTO HELP

ECHO HELP NOT AVAILABLE FOR %1
GOTO END

:LOCATE

TYPE %1.HLP

GOTO END

:HELP

TYPE HELP.HLP

:END.

After turning ECHO off, the IF command checks for the existence of a file whose
name is the first replaceable parameter used when you run the program and whose
extension is .HLP. If the file exists, a branch to the label LOCATE occurs, after which
the TYPE command displays the file whose name was entered in the command line
when the batch file was initiated and whose extension is .HLP.

If the name of the DOS command assigned to the replaceable parameter %1 does
not exist with the extension .HLP in the current directory, the second IF command will
be executed. This IF command is included in the batch file to avoid the need to type
HELP HELP in order to display a master HELP file that explains how to obtain help
for selected DOS commands. Instead, entering HELP by itself results in the replaceable
parameter %1 being assigned a null value of ‘“”’. Because this value results in a match
in the string comparison, a branch to the label HELP occurs. Then, the next line in
the batch file displays the HELP.HLP file on the screen. If you plan to have more than
one screenful of help on a topie, incorporate the MORE command so that the text
doesn’t scroll off the screen before it’s read.
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If you create separate ASCII files that explain the use of such DOS commands as
COPY, DIR, FORMAT, and ERASE, you only have to enter the command

HELP command

where command is a DOS command for which there is an ASCII file explaining the use
of the command. Then, the contents of that file are displayed to give on-line assistance.

Listing 8.6 shows how to create the file ERASE.HLP, using the EDLIN text editor
contained on the DOS diskette. The file contains text that explains the use of the
ERASE command. The following display shows exactly what you’ll see on the screen
if you enter HELP ERASE to obtain information on the use of the DOS ERASE
command.

Listing 8.6 ERASE.HLP

1:#The ERASE command is used to erase a file from disk.

2:%

3:#The format of ERASE is:

4:% ERASE [d:][path] filenamel.ext]
5:% where:

6:% [d:] - disk drive where file is located
7:4 [path] - directory path to the file

8:# filename - name of the file to erase

9:4 [.ext] - filename extension (if present)
10:#

11:% Examples:

12:% ERASE B:\123\GRAPH1.PIC

13:#

14:% ERASE SAMPLE.HLP

A>help erase

A>echo off
The ERASE command is used to erase a file from disk.

The format of ERASE is:
ERASE [d:1[path]filenamel.ext]

where:
[d:] - disk drive where file is located
[path] - directory path to the file
filename - name of the file to erase
[.ext] - filename extension (if present)
Examples:

ERASE B:\123\GRAPH1.PIC

ERASE SAMPLE.HLP
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Expansion to Application Programs

You can also create other ASCII text files with the extension HLP to provide on-line
assistance relating to application programs. As an example, assume you have two
application programs named BEST and WORST for which you would like to provide
users with on-line assistance. You simply create text files with EDLIN named BEST.HLP
and WORST.HLP, in the same way in which you created the ERASE.HLP file in Listing
8.6. Then, entering the command HELP BEST (or HELP WORST) causes the HELP.BAT
file displaying the contents of BEST.HLP (or WORST.HLP) on the screen.

Master Menus for Fixed Disk Systems

The use of fixed disk (also called hard disk) systems has become much more prevalent
recently because of the decreasing cost and increased availability of fixed disk storage
devices. Many users today place multiple applications on their fixed disks, resulting in
a requirement for an easy way to navigate between applications. You can design a simple
batch menu system to assist with this task, or you can create a more complex system
that accomplishes a similar function in a more elegant manner. This section examines
several methods of creating master menus, beginning with a simple method that helps
you navigate among directories.

Suppose you have a PS/2 with a large fixed disk and wish to use 1-2-3, dBASE III,
and MultiMate. A simple menu scheme enables users to choose among each of these
applications by simply selecting a letter or number from the menu. An example of this
menu is

GILBERT'S MAIN MENU

A - LOTUS 123

B - DBASE III

C - MULTIMATE

>
1

Exit MENU System to DOS

Enter your selection -

Once this menu is displayed, the user can simply type the letter of his or her choice
and press the Enter key to use a selected application. To practice this technique, create
files named A.BAT, B.BAT, and C.BAT to begin each of the applications and a batch
file called X.BAT to provide a means to exit the MENU system and return to the DOS
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prompt. A file called MENU.BAT will be used to display the menu on the screen and
give the user a choice. The MENU.BAT file is shown in Listing 8.7.

Listing 8.7 MENU.BAT

1:%echo off

2: cls

3: type menu.txt

4: prompt Enter your selection -

Line 1 of MENU.BAT turns off the echo of commands to the screen so the user does
not see what commands are issued. Line 2 clears the screen, and line 3 places the menu
on the screen by typing a file called MENU.TXT. This file is

1:#% GILBERT'S MAIN MENU
2:

3:

4: A - LOTUS 123
5:

6: B - DBASE III
7:

8: C - MULTIMATE
9:

10:

11:

12: X - Exit MENU System to DOS

Line 4 of the MENU.BAT file changes the DOS prompt from the standard of default
disk drive and greater than symbol to the words Enter your selection -. When the
menu is placed on the screen, the user is asked to select one of the choices on the
menu, as shown:

GILBERT'S MAIN MENU

A - LOTUS 123

B - DBASE III

C - MULTIMATE

X - Exit MENU System to DOS

Enter your selection -
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The X.BAT file exits from the menu and returns control to the DOS system. In
reality, however, control is still at the DOS level but the prompt has been changed. All
the X.BAT file in Listing 8.8 has to do is return the prompt to its standard symbol, the
default disk drive and the greater than symbol (>).

Listing 8.8 X.BAT

1:%echo off
2: cls
3: prompt $n$g

Line 1 simply turns the echo of commands to the screen off. Line 2 clears the screen,
and line 3 changes the DOS prompt back to its standard symbol, the default disk drive
followed by the greater than symbol.

The A.BAT file invokes 1-2-3. This batch file is illustrated in Listing 8.9.

Listing 8.9 A.BAT

1:*echo off
2: cls

3: cd \123
4: lotus

5: cd \
6: menu

Line 1 turns the echo of commands to the screen off, and line 2 clears the screen.
Then, line 3 uses the DOS Change Directory (CD) command to change the current
directory to the subdirectory containing the 1-2-3 software. In this example, it is as-
sumed that 1-2-3 resides in the directory named 123. Next, line 4 executes the 1-2-3
software. When the user exits 1-2-3, DOS executes the next command in the batch
file, called LOTUS, resulting in line 5 changing the current directory back to the highest
level or root directory. Finally, line 6 issues the MENU command, which executes the
MENU.BAT file and places the master menu back onto the screen.

The B.BAT file invokes the dBASE III program. This batch file appears in Listing
8.10. Notice that it is structured exactly the same as the A.BAT file, except that line
3 changes the current directory to the DBASE subdirectory while line 4 executes the
dBASE software. Lines 5 and 6 are used to return to the master menu.

Listing 8.10 B.BAT

1:%echo off
2: cls

3: cd \dbase
4: dbase

5: ¢d \

6: menu

The last file required to create the simple menu is the C.BAT file. This file is used
to invoke MultiMate word processing software and is illustrated in Listing 8.11. Note
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that it is the same as the A.BAT and B.BAT files, except that line 3 changes the current
directory to the MULTIMATE subdirectory while line 4 executes the MultiMate software.

Listing 8.11 C.BAT

1:%echo off
2: cls

3: cd \mm
4: mm

5: cd \

6: menu

A different method of developing a menu system uses the BASIC interpreter that comes
with DOS. You start the interpreter by issuing the command BASIC, or BASICA for
the advanced BASIC, or GWBASIC for the BASIC provided with many versions of MS-
DOS developed for clones.

Listing 8.12 shows an example of a BASIC program for controlling software selec-
tions on Jane’s PC. This program has three options from which to select: word pro-
cessing, spreadsheet, or database applications. The BASIC SHELL command is used
to execute a batch program corresponding to the selection made from the menu. When
you terminate the word processor, spreadsheet, or database function, control is returned
to the BASIC program and the menu is again displayed on the screen.

Listing 8.12 BASIC Language Program for Controlling Software Selection

10 REM FHEAXEXRRERERERERERRRRERFREREIREERRRRFHFRFFREREEIRRFFRRERRERASS
20 REM *

30 REM * Main Menu for JANE's PC

40 REM * '

50 REM FHERRRERRXEXXXERRERRXRXXRREFRXFREARERRRRHRERERRRRXRHERRERIESS
60 CLS

70 PRINT " JANE's PC MAIN MENU"

80 PRINT M -mmmm e e e e e e e e oo e "
90 PRINT

100 PRINT

110 PRINT " 1 - WORDPROCESSING"

120 PRINT

130 PRINT " 2 - SPREADSHEET"

140 PRINT

150 PRINT " 3 - DATABASE"

160 PRINT

170 PRINT

180 PRINT

190 PRINT

200 INPUT "Enter the NUMBER of your choice... ";N
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210 IF N=1 THEN SHELL "C:\BATUTIL\WP.BAT"
220 IF N=2 THEN SHELL "C:\BATUTIL\SS.BAT"
230 IF N=3 THEN SHELL "C:\BATUTIL\DB.BAT"
240 GOTO 60

250 END

Lines 10 through 50 are simply remarks within the program using the BASIC REM
statement. These lines provide anyone who looks at the program with information the
author of the program feels is important. In this example, it’s simply a remark that
this is the main menu for Jane’s PC. Other information could be added, such as the
name of the program and the date it was created, as well as the name of the author
or programmer.

Line 60 is the BASIC CLS statement that simply clears the screen on the PC similarly
to the DOS CLS command. Lines 70 through 190 use the PRINT command to place
the menu on the PC screen. Line 200 uses the INPUT command to obtain a response
from the user. The INPUT command first asks the user to enter a number of his or
her choice from the menu and waits for the user to enter a number into the variable
N. Line 210 checks whether the number entered is a 1 and if so executes the SHELL
command to run a batch file named WP.BAT under the BATUTIL subdirectory on the
C drive. Lines 220 and 230 work in a manner similar to line 210. That is, they check
if the number entered is a 2 or 3 and execute batch files named SS.BAT and DB.BAT,
respectively, on encountering the predefined number. If the user enters anything other
than a 1, 2, or 3 the GOTO command at line 240 is executed. This GOTO causes the
program to start over at line 60, which first clears the screen and then places the menu
back onto the screen. Line 250 is an END command that indicates the end of the
program.

Although the DOS ECHO command performs the same general function as the
BASIC print statement, BASIC provides greater flexibility for performing the required
tasks. As an example, BASIC programming statements enable you to compare keyboard
input against predefined values and to then perform branching operations based on the
value of the input. In comparison, batch file processing only permits data input in the
form of replaceable parameters that are entered when the batch file is executed. Thus,
you can easily construct a BASIC program to accept keyboard input to perform different
operations, whereas attempting to do the same with batch files can be either extremely
difficult or impossible.

A second advantage in the use of BASIC for creating menus is the ease of screen
control in that language. With the BASIC COLOR statement you can easily set fore-
ground, background, and border colors, as well as perform highlight and blinking
operations. Whereas these operations can also be performed from within batch files,
many readers familiar with BASIC will prefer to perform those operations from within
that language. Thus, the use of the SHELL command is the key to obtaining the ability
of increased menu programming flexibility from within BASIC.

The SHELL Command

The SHELL command runs a command or batch file from within a BASIC program
and is the key to how the menu works properly. In essence, the BASIC program is



Figure 8.1
Resulting BASIC
Program Display

BATCH FILE OPERATIONS 211

simply put to “sleep” while the batch file or DOS command is executed. When the
batch file is finished with its work or the DOS command is completed, the DOS command
EXIT is used to return to the BASIC program, “wake” it up, and allow it to continue,
operating at the point where it was last running.

Figure 8.1 shows what the BASIC program looks like on the screen when it is
executed.

Suppose the program is saved on your hard disk under the name MENU.BAS. To
run the program, simply enter the command

BASIC MENU

This causes the BASIC interpreter to start and automatically loads and executes the
program MENU.BAS. Of course, the BASIC interpreter must be in your current di-
rectory or pointed to by the DOS PATH command, whereas the program MENU.BAS
must also be in your current directory or in a directory pointed to by the DOS PATH
command.

Instead of entering the command yourself, you can set up a system to automatically
start this menu by creating an AUTOEXEC.BAT file as shown:

1: echo off
2: path = \DOS
3: BASIC MENU

This file turns off the echo of commands to the screen in line 1. In line 2, the DOS
PATH command sets up search paths to the subdirectory \DOS, which is where the
BASIC interpreter is assumed to reside. Then, line 3 executes the BASIC interpreter
and the MENU.BAS program.

Listing 8.13 illustrates the contents of the WP.BAT file.

Listing 8.13 WP.BAT File

1:%*echo off
2: cd \mm
3: mm

4: exit

JANE's PC MAIN MENU

1 - WORDPROCESSING
2 — SPREADSHEET

3 - DATABASE

Enter the NUMBER of your choice... ?
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Line 1 turns off echoes of commands to the screen. Line 2 uses the DOS change
directory command to set the \MM subdirectory as the current directory, and line 3
executes the word processor program. Line 4 is the DOS EXIT command, which is
executed when the word processor is finished.

This EXIT command returns control to the BASIC program that called the batch
file and is necessary, because the SHELL command was used within the program.
Similarly, the SS.BAT and DB.BAT files are shown in Listings 8.14 and 8.15. These
files operate exactly like the WP.BAT file but use different subdirectories and call a
spreadsheet and database, respectively. That is, the SS file changes the directory to
123, whereas the DB file changes the directory to DBASE. Then, each file issues the
appropriate command to initiate the program in each subdirectory.

Listing 8.14 SS.BAT File

1:%echo off
2: cd \123
3: lotus
4: exit

Listing 8.15 DB.BAT File

1:*echo off
2: cd \dbase
3: dbase

4: exit

Increasing Menu Functionality

To add additional functionality to the BASIC menu, increase the documentation with
REM statements and add an error routine to catch simple errors. Listing 8.15 shows
an updated BASIC program that retains the name MENU.BAS.

Listing 8.15 Revised BASIC Program

10 REM SRERXEXEEEREERERXEXEXRRFEFRRERRRERRRXRXEXERFRRRRRRRRRXRIIEEREES
20 REM *

30 REM * Program name:  MENU.BAS

40 REM ¥ Author: Tom Domore

50 REM * Last update: December 12, 1987

60 REM *

70 REM * This program is the main menu for JANE's PC

80 REM *

90 REM F¥EXEAEAEAAEArtatttatatrtrrt sttt atttatatataatrtstatsss
100 CLS

110 PRINT " JANE's PC MAIN MENU"

120 PRINT Mommmmme oo o e e oo oo "
130 PRINT
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140 PRINT
150 PRINT
160 PRINT
170 PRINT " 2
180 PRINT

190 PRINT " 3 - DATABASE"

200 PRINT

210 PRINT

220 PRINT

230 PRINT " 0 - EXIT...Return to DOS"

240 PRINT

250 PRINT

260 INPUT "Enter the NUMBER of your choice... ";N

270 IF N=0 THEN CLS :SYSTEM

280 IF N=1 THEN SHELL "C:\BATUTIL\WP.BAT" :GOTO 100

290 IF N=2 THEN SHELL "C:\BATUTIL\SS.BAT" :GOTO 100

300 IF N=3 THEN SHELL "C:\BATUTIL\DB.BAT" :GOTO 100

310 PRINT

320 PRINT "#¥% ERROR *** --> You must enter a NUMBER between 0 and 3..."
330 PRINT

340 INPUT “"Press <<ENTER> or <RETURN> key to try again...";X$

350 GOTO 100

360 END

- WORDPROCESSING"

—

SPREADSHEET"

Lines 10 through 90 are all remarks, but this time the program has added information
that may be beneficial in a business environment. The program name is MENU.BAS,
the author is Tom Domore, and the date the program was last changed was December
12, 1987. This information could be used by someone who later was given the task of
changing the menu on all PCs in the company to add additional menu options for such
applications as communications or graphics.

Line 100 still elears the screen, while lines 110 through 250 use the PRINT command
to put the menu on the screen. Notice that the option 0 - EXIT...Return to DOS was
added to the menu. You may have a user who wishes to work at the DOS level and is
knowledgeable about PCs. This option offers an easy and “clean” way to safely exit
the BASIC MENU program. Line 260 uses the INPUT command to request the user
to select from the menu and places the value selected into the variable N. Line 270 is
used to check for the selection of 0, indicating that the user wishes to exit to DOS. If
the choice is 0, the screen is cleared with the CLS command, and the SYSTEM command
returns control to the DOS system. SYSTEM is actually a BASIC command that closes
the BASIC program, stops the BASIC interpreter, and turns control back over to the
Disk Operating System.

Lines 280 through 300 each checks for a selection from the menu and, based on
the number selected, executes a batch file using the SHELL command. When the batch
file is completed, the next command after the SHELL command is executed and, in
this case, it is the GOTO 100 command. This returns the program to the clear screen
routine and places the menu back on the screen so the user can make another selection.
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This simple modification to the program now accepts any selection that is not a number
0 through 3 to fall through the program to line 310. Lines 310 through 340 print an
error message on the screen telling the user to enter a number between 0 and 3. The
INPUT command at line 340 simply allows the program to pause long enough for the
user to read the error message before line 350 is executed. Line 350 returns control
to line 100, which clears the screen and places the menu back on the screen. An example
of the execution of this program is shown in Figure 8.2.

There is still one problem with this program as it is written. What if someone enters
a letter or special character and not a number as planned for? In this situation, BASIC
is looking for a numeric value (or number) for the variable N in line 260, and any
character other than a numeric value triggers a BASIC error that displays a question
mark and prompts the user to Redo from start, meaning to enter the number again.
This message is not very meaningful to someone who is not familiar with computers
and the BASIC programming language, raising the potential of a degree of user con-
fusion if it is displayed. Figure 8.3 illustrates the program’s response to a user entering
QUIT instead of 0 for EXIT. Note that the ?Redo from start message generated by

JANE's PC MAIN MENU

1 - WORDPROCESSING
2 - SPREADSHEET
3 - DATABASE

0 - EXIT...Return to DOS

Enter the NUMBER of your choice... ? 7
**x* ERROR *** --> You must enter a NUMBER between 0 and 3...

Press <ENTER> or <RETURN> key to try again...?

JANE's PC MAIN MENU

[
I

WORDPROCESSING

N
1

SPREADSHEET

w
1

DATABASE

0 - EXIT...Return to DOS

Enter the NUMBER of your choice... ? QUIT
?Redo from start
Enter the NUMBER of your choice... ?
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the BASIC interpreter is followed by the program displaying the Enter the NUMBER
of your choice...? message a second time. To the novice user, is this a request to
start all over or should the user simply enter a number?

To eliminate the potential confusion, you should eliminate the possibility of the error
message being generated. Change line 260 of the program to accept any character,
whether numeric or alphabetic, using a string variable N§ in the statement. Then, if a
string variable is used, lines 270 through 300 of the program must be modified to check
for the numbers 0 through 3 in the form of string values. The changes to lines 260
through 300 of the program previously listed in Listing 8.15 are

260 INPUT "Enter the NUMBER of your choice...";N$

270 IF N$="0" THEN CLS :SYSTEM

280 IF N$="1" THEN SHELL "C:\BATUTIL\WP.BAT" :GOTO 100
290 IF N$="2" THEN SHELL "C:\BATUTIL\SS.BAT" :GOTO 100
300 IF N$="3" THEN SHELL "C:\BATUTIL\DB.BAT" :GOTO 100

As a result of the modification of the program to accept keyboard input as strings,
let us again execute the program and enter invalid data. Figure 8.4 illustrates the
execution of the BASIC program designed to accept string data. Note that the improper
keyboard entry of QUIT does not result in the generation of the BASIC ?Redo from
start error message. Because N$ does not equal the string 1, 2, or 3, the error message
at line 320 in the program is executed. Then, once the user presses the Enter key the
program branches to line 100, clears the screen, and redisplays the menu.

Strictly BATCH

Figure 8.4

Execution of BASIC
Program that Accepts
String Data

Now try creating a menu of strictly batch files and placing this menu and all associated
batch files in a subdirectory called \BATUTIL. Once this is accomplished, you can
execute this menu with the change directory (CD) command to the \BATUTIL sub-
directory and entering the command MAINMENU to run the MAINMENU.BAT file.
You can also create a batch file called MENU.BAT that simply runs the MAINMENU.BAT
file by including the one line command MAINMENU in that file. Another method to

JANE's PC MAIN MENU

[ury
1

WORDPROCESSING

N
|

SPREADSHEET

3 - DATABASE

0 - EXIT...Return to DOS

Enter the NUMBER of your choice... ? QUIT
**x%* ERROR *** --> You must enter a NUMBER between 0 and 3...

Press <ENTER> or <RETURN> key to try again...?
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get the menu to appear automatically on the screen is to create an AUTOEXEC.BAT
file in the root directory that automatically changes to the \BATUTIL directory and
executes the MAINMENU.BAT file. An example of an AUTOEXEC.BAT file that per-
forms the previously described operations whenever the computer is powered on or a
system reset is performed is shown in Listing 8.16.

Listing 8.16 AUTOEXEC.BAT File

echo off

cls

path = \DOS;\BATUTIL
cd \batutil

MAINMENU

This AUTOEXEC.BAT file turns off the echo of commands to the screen in line 1.
Line 2 clears the screen and line 3 sets the DOS search paths for commands and files
to first look at the \DOS subdirectory and then look at the \BATUTIL subdirectory.
Line 4 changes the current directory to the \BATUTIL subdirectory, and line 5 executes
the MENU.BAT file to place the menu on the screen.

Listing 8.17 shows the contents of the MAINMENU.BAT file.

[, SRR Ny

Listing 8.17 MAINMENU.BAT File

1:*echo off

2: cls

3: type mainmenu.txt

4: prompt Enter your selection please.. .

Lines 1 and 2 turn echo of commands off and clear the screen, respectively. Line 3
types out a file called MAINMENU.TXT that contains the text that forms the menu.
Line 4 changes the DOS prompt from the standard A> (C> on a hard disk) to the
words Enter your selection please.... Now, whenever the menu is displayed the
user will see the Enter your selection... prompt instead of the C> prompt. Using
the DOS PROMPT command to change the prompt has made the menu much more
meaningful and easy for a novice to use. An experienced user will quickly recognize
that the computer is still at DOS level and only the prompt has been changed. Any
DOS command can still be given at this prompt.

Listing 8.18 shows the contents of the MAINMENU.TXT file, which in this example
contains a menu for Tom. Notice that six options with numbers are available for use
and an option for “U” for Utilities or “0” to exit to DOS can be chosen. Each of the
options 1 through 6 is similar to the previous example of batch menus where the entry
of a numeric results in batch files called 1.BAT, 2.BAT, 3.BAT, and so on, being invoked.

Listing 8.18 Text File MAINMENU.TXT

1:#%
2: MAIN MENU FOR TOM
3:
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4:

5:

6: 1 - SPREADSHEET U - Utilities
7:

8: 2 - WORD PROCESSING

9:

10: 3 - DATABASE

11:

12: 4 - PROFS

13:

14: 5 - HARVARD GRAPHICS

15:

16: 6 - PAGEMAKER 0 - Return to DOS
17:

18:

Listing 8.19 shows the 1.BAT file.

Listing 8.19 1.BAT File

1
2
3
4.
5
6
7

:*echo off

: cls

: cd \123

Totus

: cls

: cd \batutil

: type mainmenu.txt

Here, lines 5, 6, and 7 are used to return to the main menu after the selected
spreadsheet software is exited. Similarly, files 2.BAT through 6.BAT can be constructed,
the only differences among them being in the location where the change of directory
occurs (line 3) and in the command used to invoke the application program (line 4).

But

what about this option 0, which supposedly enables you to return to DOS? Listing

8.20 shows the O.BAT file.

Listing 8.20 O.BAT File

1
2
3:
4
5

:*echo off
: cls

echo...Returning to DOS...
tcd \

: prompt $n$g

Lines 1 and 2 simply turn echo of the following commands to the screen off and
clear the screen. Line 3 tells the user that the system is returning to DOS control, and

line

4 changes the current directory to the root directory. Line 5 again uses the DOS

PROMPT command to change the prompt back to the current disk drive and the greater
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than symbol (C> in this case). Remember that you changed the prompt in MAIN-
MENU.BAT and this simply changes the prompt back to its original value.

Listing 8.21 shows the U.BAT file, which brings up a Utility menu. Lines 1 and 2
simply turn off the echo of commands and clear the screen, and line 3 places the
UTIL.TXT file, which contains the Utility menu, on the screen. The prompt has not
been changed since MAINMENU.BAT, and you are still asked to Enter your selec-
tion please...

Listing 8.21 U.BAT File

1:%echo off
2: cls
3: type util.txt

Listing 8.22 shows the contents of the UTIL.TXT file used to create a utility menu.
Note that each of the utilities in this menu uses letters for its execution. This is because
these batch files are M.BAT, D.BAT, S.BAT, and so on. These are not explained here,
but using the concepts provided in this book you could easily generate your own utility
batch files for this menu, Then, to return to the MAINMENU.BAT file you would create
a two-line R.BAT file whose contents would be ECHO OFF followed by MAINMENU
on the second line.

Listing 8.22 UTIL.TXT File

1:%

2: UTILITY MENU
3:

4:

5:

6: M - Move files

7:

8: D - Display file

9:

10: S - Sort Directory

11:

12: P - Printer Control

13:

14: L - Label generation

15:

16: F - File locater R - Return to MAIN MENU
17:

18:

The Configuration File

The configuration file is a special type of batch file designed to hold commands to
configure your computer system. This batch file must be given the name CONFIG.SYS
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and can be created in the same manner as other batch files. That is, the CONFIG.SYS
file can be created by the use of EDLIN, a word processor capable of creating ASCII
files, or by using the DOS COPY command as shown here.

COPY CON: CONFIG.SYS

Similar to terminating input to any batch file when you are copying data from the
console, you must press the F6 key or simultaneously press Ctrl+Z to terminate keyboard
input to the CONFIG.SYS file.

Once you create a CONFIG.SYS file its execution will receive priority over all other
files with the exception of the three system files—IBMBIO, IBMDOS, and COM-
MAND.COM. This priority of execution includes any AUTOEXEC.BAT file that may
reside on your disk, because the commands contained in the CONFIG.SYS file can
govern the operation of commands in the AUTOEXEC.BAT file. Figure 8.5 illustrates
the relationship between the execution of the CONFIG.SYS file and an AUTOEXEC.BAT
file with respect to the tasks performed by DOS during its initialization process. As
indicated in this figure, each time you power-on your computer or perform a system
reset, DOS searches the root directory of the drive it was initiated from for the file
CONFIG.SYS. Then, if found, the file is executed.

Commands that can be placed in the CONFIG.SYS file can be used to specify a country
date and time format, specify the maximum number of drives that can be open at one
time, specify a file or files that contain device drivers, and set other configuration-related
parameters, such as whether DOS should check for Ctrl+Break. When shipped in the
United States, DOS 3.3 normally contains a one-statement configuration file as
illustrated.

C>TYPE CONFIG.SYS

COUNTRY=001

Here, the statement COUNTRY=001 specifies the time and date format for the United
States. This can be easily altered by changing the country code to another three-digit
code supported by DOS.

Under DOS 4.0, if you used the INSTALL program to place DOS on a fixed disk,
your configuration file will appear similar to

BREAK=ON

BUFFERS=20

FILES=8

LASTDRIVE=E

SHELL=C:\DOS\COMMAND.COM /P /E:256
DEVICE=C: \DOS\ANSI.SYS

INSTALL=C: \DOS\FASTOPEN. EXE C:=(50,25)

The BREAK=ON statement results in DOS checking for the Ctrl+Break key sequence
whenever the statement is entered. Otherwise, DOS only checks for it when I/0 op-
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erations are performed. The BUFFERS=20 statement causes DOS to allocate 20 disk
buffers in memory when it starts, whereas the FILES=8 statement permits up to 8 files
to be open at the same time.

The LASTDRIVE=E sets the maximum number of drives you may access to five, in-
cluding virtual disks created in memory. By changing this statement you can increase
the maximum number of drives you can access to 16.

The SHELL=C:\DOS\COMMAND.COM statement loads and starts the DOS command
processor, COMMAND.COM, located in the DOS subdirectory on drive C. The /P pa-
rameter installs COMMAND.COM as a permanent command processor, whereas the
/E:256 optional parameter specifies an environment size of 256 bytes. This is the location
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where DOS keeps track of the path or paths to search for commands not found in the
current directory, the path DOS should use to reload the command processor when
necessary, and other key information. You can display the current environment setting
by entering the DOS SET command without parameters.

The DEVICE=C:\DOS\ANSI.SYS statement causes the ANSL.SYS file located in the
DOS directory on drive C to be installed. The ANSLSYS file contains an enhanced
standard input and standard output device driver that replaces IBM’s standard 1/0
support. ANSI is an acronym for the American National Standards Institute, and the
use of ANSI.SYS provides a standard method of support for programming that performs
such functions as reassigning the keyboard key, manipulating the cursor, and displaying
color attributes.

The last statement in the CONFIG.SYS file normally created by the DOS 4.0 IN-
STALL program causes the FASTOPEN.EXE file to be installed when DOS is initialized.
This program enables your computer to retrieve recently opened files faster than in
earlier versions of DOS by storing file information in memory. The statement eontained
in the CONFIG.SYS file allocates 50 directory or file entry buffers in memory and 25
continuous space buffers for the files on drive C.

Configuration Commands

This section examines the operation and utilization of seven commonly used configu-
ration file commands. Each of these commands can be included by itself or with any
other configuration commands in a CONFIG.SYS file.

BREAK Command

The BREAK command enables or disables DOS checking for Ctrl+Break. If this com-
mand is not included in the CONFIG.SYS file, a default value of BREAK=OFF is
assumed. The format of this command is

5]

With BREAK=OFF, DOS checks for Ctrl+Break only during keyboard, printer, and
asynchronous communications operations.

BUFFERS Command

The BUFFERS command tells your computer how much RAM to reserve for data buffers.
DOS allocates up to 99 buffers, which are temporary storage areas of 512 bytes used
as intermediate storage when data is accessed from disk. When requested to retrieve
disk data, DOS sequentially examines the contents of each buffer until it finds the
requested data. If it is not found, DOS performs a disk read, causing sectors on a track
to be read into disk buffer storage and a search of the buffer contents to be repeated.

As a good rule of thumb, you should have at least one buffer for every open file. In
actuality, the computation of an optimum number of buffers is almost impossible, be-
cause different application programs specify different BUFFER requirements. Normally,
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you should set the BUFFER=XX command in your CONFIG.SYS file to the maximum
value required by the application program you use most frequently. If you do not include
a BUFFERS command in your CONFIG.SYS file, DOS uses a default of 15.

The format of the BUFFERS configuration command under DOS 3.3 is

BUFFERS=m

where m is a number between 1 and 99. Although it is difficult to set an optimum
number of BUFFERS, for most applications a value set equal to the highest requirement
of your set of application programs will suffice. Under DOS 4.0, BUFFERS can be set
to 1 through 10,000, if expanded memory is available. In addition, BUFFERS now
supports look-ahead buffers, which is the term used to represent the number of sectors
your computer can read in advance of processing any input operation. Under DOS 4.0
the format of the BUFFERS command is

BUFFERS=m,n

where n is the number of look-ahead buffers that can be set from 1 through 8.

COUNTRY Command

Table 8.2
DOS 3.3 Supported
Country Codes

As previously mentioned, the COUNTRY configuration command sets the date and time
format of your computer. In addition, this command automatically sets the currency
symbol and decimal separator for a country based on the three-digit country code
specified in the command.

The format of the COUNTRY configuration command under DOS 3.3 is

COUNTRY=XXX

where XXX is a three-digit international country code for the telephone system of the
country. Table 8.2 lists the country codes currently supported by DOS.

Under DOS 4.0 the COUNTRY configuration command was expanded to support the
code page of the desired country. The code page is a table that translates numeric

Country Country
Country Code Country Code
Australia 061 Middle East 785
Belgium 032 Netherlands 031
Canadian-French 002 Norway 047
Denmark 045 Portugal 351
Finland 358 Spain 034
France 033 Sweden 046
Germany 049 Switzerland 041
Italy 039 United Kingdom 044

Israel 972 United States 001
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information stored in your computer into the letters, symbols, and characters used in
a particular language. The code page can be specified in COUNTRY configuration
command by following the three-digit international country code by a comma and then
entering the code page in the statement.

Table 8.3 lists the country codes and code pages supported by DOS 4.0. Refer to
the DOS 4.0 manual for specific information on how you can switch among several
pairs of code pages.

DEVICE Command

Table 8.3

DOS 4.0 Supported
Country Codes and
Code Pages

With the DEVICE configuration command you can specify the name of a file containing
a device driver. Prior to the availability of the DEVICE statement, you normally had
to separately load a .COM program to support special hardware to include mice and
scanners, as well as virtual disks and other nonstandard devices. With the support of

Countiry Code Pages
Country Code Supported
Arabic-speaking 785 864," 850
Australia 061 437, 850
Belgium 032 850, 437
Canada (French-speaking) 002 863, 850
Denmark 045 850, 865
Finland 358 850, 437
France 033 437, 850
Germany 049 437, 850
Hebrew-speaking 972 862,' 850
Italy 039 437, 850
Japan 081 932,' 437
Korea 082 Q34,2 437
Latin America 003 437, 850
Netherlands ‘ 031 437, 850
Norway 047 850, 865
Portugal 351 850, 860
Simplified Chinese 086 936,2 437
Spain 034 437, 850
Sweden 044 437, 850
Switzerland 041 850, 437
Traditional Chinese 088 938,2 437
United Kingdom 044 437, 850
United States 001 437, 850

Notes:
1. This code page is supported only with a country supplement.
2. This code page is supported only with the Asian version of DOS 4.0 on Asian hardware.
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a DEVICE statement, you can now tell the system which files to load and where they
are located. This capability enables device drivers to be automatically invoked to co-
ordinate the activities of DOS and nonstandard hardware. The format of this com-
mand is

DEVICE=[d:][path] filenamel.ext]

Device drivers included on the DOS 3.3 diskette are ANSI.SYS, DRIVER.SYS, and
VDISK.SYS. ANSLSYS, as previously discussed, is an enhanced standard input and
output device driver. DRIVER.SYS is a block device driver that permits disks to be
referenced to a logical letter, and VDISK.SYS is a virtual disk device driver. Of the
three device drivers supplied on DOS 3.3, VDISK.SYS is probably most popular, because
it enables you to reserve a portion of RAM memory to be used as if it were a disk
drive. Because a RAM disk provides far faster file access or data transfer than an
electromechanical diskette or fixed disk, its use can be highly advantageous for programs
that require numerous I/0 operations.

Under DOS 4.0 the device drivers DISPLAY.SYS, DRIVER.SYS, and PRINTER.SYS
were added. DISPLAY.SYS enables you to use code page switching on EGA displays
and on the IBM PC Convertible LCD display. DRIVER.SYS allows DOS to assign a
logical drive letter to any internal or external diskette drives you might add to your
system. The third device driver added to DOS 4.0, PRINTER.SYS, enables you to use
code page switching on some IBM ProPrinters and the IBM Quietwriter III printer.

To set up a virtual disk, you insert the DEVICE statement in your configuration file
with the following format:

DEVICE=[d:][path]VDISK.SYS[size] [sector] [entries]

The optional drive letter and path denote the location where the VDISK.SYS file
resides; size specifies the virtual disk size in K bytes, with 64K bytes used as a default
value; sector is the sector size in bytes, with allowable sizes 128, 256, and 512, with
a default value of 128; entries specifies the number of directory entries (files) that
the virtual disk can contain. The range of the entries parameter is 2 to 512, with its
default value being 64.

As an example of the use of the DEVICE configuration command, assume you want
to set up a virtual disk of 360K bytes of RAM with a sector size of 512 bytes that can
contain up to 64 files. To set this up, you enter the following statement in your con-
figuration, assuming that the VDISK.SYS file resides in the root directory of the drive
containing DOS. If the VDISK.SYS file is located on a different disk or directory, you
must prefix its name with a drive designator and path to denote its location.

DEVICE=VDISK.SYS 360 512 64

Assuming you wish to set the time and date format to be used by DOS to that used
for the United States and automatically create a virtual disk, you can use the COPY
command to create a two-line CONFIG.SYS file. Its contents are

C>COPY. CON: CONFIG.SYS
COUNTRY=001
DEVICE1=VDISK.SYS 360 512 64
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~Z
1 File(s) copied
c>

Note that similar to a batch file, the entry of data to the CONFIG.SYS file is
terminated by pressing either the F6 key or the Ctrl+Z multikey combination.

Now that you created or modified an existing CONFIG.SYS file, you must reboot
your system to execute the commands contained in that file. Thus, when you power-
on your computer the next time or if you perform a system reset operation, the following
message will be displayed, indicating that 360K bytes of memory were allocated to a
virtual disk that was provided the drive designator D.

VDISK Version X.0 virtual disk D:

Buffer size: 360 KB
Sector size: 512
Directory entries: 64

Current date is Sun 11-11-1988
Enter new date (mm-dd-yy):

Note that the virtual disk drive designator is based on the first unused disk on your
system. Thus, if you already have two disk drives called A: and B:, the virtual disk is
designated C:. Similarly, if you have drives A:, B:, and C:, the virtual disk is designated
D:. DOS automatically supports up to five drives, through drive designator E. If you
require the use of more than five drives, use the LASTDRIVE configuration command
in the CONFIG.SYS file.

FILES Command

The FILES configuration command specifies the maximum number of files that an
application program can have open at one time. The format of this command is

FILES=XXX

where XXX can have a value between 5 and 255. If the command is not included in a
CONFIG.SYS file, a default value of 8 is used by DOS.

When DOS is initiated, it automatically opens five files—standard input, standard
output, standard error, standard printer, and standard auxiliary device for each process.
Thus, a default value of 8 is normally sufficient for most application programs. However,
if your application program should return an error message indicating an insufficient
number of files, you can use the FILES= configuration command to increase the max-
imum number of open files supported by DOS. To avoid an error message and having
to change your configuration file, you should set FILES= to the maximum number of
open files required by the application programs you use.

LASTDRIVE Command

The LASTDRIVE configuration command increases the maximum number of disk drives
DOS will support. With this command you can add support for logical drives whose
numbers exceed the number of physical drives installed in your system.
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DOS permits the use of five disk drive names, A: through E:, in its default mode of
operation. In order to have DOS recognize as valid a disk drive letter beyond E:, include
the LASTDRIVE command in your CONFIG.SYS file. The format of this command is

LASTDRIVE=letter

where the letter represents the last valid disk drive you want to be able to use on your
system. Any letter up to Z is permitted, permitting DOS to support up to 26 ‘‘disks”
on your computer.

SHELL Command

The SHELL configuration command specifies any executable program to be loaded as
a top-level shell processor. The top-level shell is a resulting user interface between the
two system files, IBMBIO and IBMDOS, and an executing application. Normally this
interface is COMMAND.COM, which is the DOS default shell.

The format of the SHELL command is

SHELL=[d:][path]COMMAND[.COM] [d:]1[path] [/C1[/P]1[/D][E:n][/F]

The device identifier and path indicate where the initial copy of COMMAND.COM
is located. The second drive and path are optional and are used to specify where
COMMAND.COM should look when it needs to reload itself. If this location is not
specified, COMMAND.COM reloads itself from the location where the initial copy of
the program resides. This reloading is necessary because COMMAND.COM was de-
signed to split itself into a resident and a transient partition to provide more memory
for the execution of application programs. This enables large programs to overwrite
the transient portion of COMMAND.COM, which is located in high memory. Then, after
the program is terminated, the resident pertion of COMMAND.COM attempts to reload
the transient portion from its old location or another location specified in the SHELL
statement. This also explains why, as an example, you may see the message Insert
disk with COMMAND.COM in drive X displayed after an application program is
terminated.

The /C (Command) parameter is used to cause a newly loaded COMMAND.COM to
perform a specified internal command or to load and execute the program following
the letter. The /P parameter tells COMMAND.COM it should make itself permanent.
In addition, it also tells COMMAND.COM to locate, load, and execute your computer’s
AUTOEXEC.BAT file. The /D parameter, when used with the /P parameter, disables
the automatic execution of the AUTOEXEC.BAT file when COMMAND.COM becomes
permanent.

The /E parameter specifies the size in bytes to allocate to the environment. You can
specify a range of numbers (n) from 160 to 32,768 (32K) bytes, with the default being
160 bytes.

The /F option causes the error handling code in COMMAND.COM to automatically
fail any error. Thus, even though the familiar Abort, Retry, Ignore message will
still be displayed, you do not have to enter any response to continue operations. This
option should be used if you are operating your PS/2 via remote communications. Then,
if you accidentally caused a critical error, you could continue operations without having
to go to your computer to enter a keyboard reply to a critical error.
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This chapter describes many of the advanced features of the disk operating system.
Features covered in this chapter include I/0 redirection, which encompasses the use of
pipes and filters; file backup and restoration; and the DOS environment.

/O Redirection

To understand the principle behind I/0 redirection, a short review of standard computer
1/0 operations is warranted. This information provides a basis for understanding the
principles of I70 redirection.

In the normal or default state of operation of a PS/2, the operating system expects
to receive input from the keyboard while output is directed to the video display. These
two devices—keyboard and video display—are also known as DOS’s standard I/0 devices.
Unless specified otherwise, DOS commands result in standard I/0 operations. Thus, a
directory listing normally is displayed on your screen, whereas the command DIR that
results in the display is normally input from your keyboard. Although standard I/0 is
the default method by which I/0 is serviced and will suffice for most applications, on
occasion you will want to redirect I/0 operations. To accomplish this, you can use the
greater than (>) and less than (<) characters in a DOS command line.

Input Redirection

To specif/y input redirection, use the less than symbol (<) between a command and a
reserved name or file specification. Thus, the format for input redirection is

reserved name }

DOS COMMAND< {ﬁ'le specification

where the braces indicate that a choice of one of the enclosed items is to be made.
One of the more common uses of input redirection is to change the execution re-
quirements of programs. As an example of this, consider a program named PAYROLL
whose execution normally requires the computer user to sit at the terminal and type
a series of keyboard entries when the program executes. Using input redirection, you
can first use the EDLIN text editor included on the DOS diskette or a word processor
to create an ASCII file containing the keyboard entries required to execute the program.
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Assuming that the name of the file containing the keyboard entries is JAN88.DAT, the
command

PAYROLL<JAN8S8.DAT
causes the PAYROLL program to execute with input to the program occurring from
the file named JAN88.DAT.

One of the major advantages of input redirection is its automation of program
execution. A secondary ad