Introduction

The primary purpose of this book is to prepare you to trouble-

shoot and repair microcomputer systems and their peripherals.
This goal is achieved through a three-part effort:

Solid theory presentation
Hands-on operation and exploration in lab experiments

Troubleshooting applications in the lab procedures

Initially, solid theory thoroughly describes typical microcomputer
architectures and operations. In each case, underlying topics are
presented as concepts, advanced through actual applications, and
presented as they are actually implemented in a typical PC.

Secondly, the lab procedures give you a practical, hands-on exam-
ple of these theoretical concepts through actual experimentation
with a live system. Most of these labs are on the CD-ROM included
with the book.

Finally, the book develops the most advanced learning levels by
causing you to analyze the system when faulty components are
installed. In these situations, you must understand how the system
is supposed to operate as well as how various malfunctions could
alter its operation.



2 A+ Certification Training Guide

Note

There are 37 lab procedures included with this book on the
CD-ROM. They offer a variety of presentation styles. A number
of software-oriented labs are included. These labs include
introductions to DOS, Windows, Windows 95, and QBASIC.
Advanced software exploration labs in Windows, Windows 95,
and QBASIC are also included. Different software diagnostic
tools are covered. These include Microsoft's MSD, PC-Check,
and Checklt diagnostic software packages.

The CompTIA organization has established objectives (refer to
Appendix C, “A+ Objective Map,”) for the core portion of the A+
Certification examination.

How This Book Is Organized

In general, it is not necessary to move through this text in the
same order that it is presented. Also, it is not necessary to teach
any specific portion of the material to its extreme.

Chapter 1—“Microcomputer Fundamentals,” introduces basic
microcomputer architecture by presenting organizational and
operational issues associated with a typical microcomputer system.
The chapter includes information about the operation of a simple
mythical microprocessor to illustrate microprocessor fundamen-
tals.

Chapter 2—“PC Hardware,” builds on the fundamental material
from Chapter 1 to show how those basic microcomputer struc-
tures come together to form an IBM PC-compatible personal com-
puter system. The chapter charts the evolution of the PC from the
days when small keyboard units were connected to a television set
up to the basis of the most powerful PCs available today.

The software side of the microcomputer system is covered in
Chapters 3 and 4.

Chapter 3—“Operating Systems,” provides a detailed examination
of basic operating systems. In particular, it investigates the role of
the system’s BIOS and the disk operating system (DOS) in the
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operation of the system. The first half of the chapter covers topics
associated with the ROM BIOS. This includes system bootup infor-
mation, CMOS Setup routines, and Power On Self-Test informa-
tion.

The second half of the chapter is dedicated to DOS. Topics cov-
ered in this section include installing and starting DOS systems,
using different types of DOS commands, and using DOS utility
programs.

Chapter 4—“Microsoft Windows,” is an in-depth study of the Win-
dows 3.x operating environment and the Windows 95 operating
system. This chapter looks at installation, startup, structure, and
operation of Windows 3.x and Windows 95 system software.

Chapter 5—“Troubleshooting the System,” addresses the funda-
mentals of troubleshooting microprocessor-based equipment. The
chapter covers the use of diagnostic software to isolate system
problems. It also describes the field replaceable unit (FRU) meth-
od of hardware troubleshooting required for most field and
bench repair work. An extensive section is included for trouble-
shooting DOS, Windows 3.x, and Windows 95 problems.

Chapter 6—“System Boards,” deals with the system boards that
make up the heart of every microcomputer system. Microproces-
sors, microprocessor support systems, and expansion buses are
covered in this chapter. These support systems include timing,
DMA, interrupt, common memory structures, and different I/O
bus schemes used to connect optional I/O devices to the system.

In addition, the chapter covers microprocessors from the 8088 to
the Pentium, Pentium MMX, Pentium Pro, and the Pentium II.
The operating characteristics of all these Intel microprocessors
are presented in this chapter. Procedures for troubleshooting
system board-related problems and system board upgrading are
also presented here.

Chapter 7—“Input/Output,” begins to examine basic input/out-
put systems. In this chapter, the computer’s fundamental
I/0 devices are covered. The most common ports found in the
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PC-compatible world are the parallel and serial I/O ports. Howev-
er, a host of lesser known I/0 systems are used in PCs. The vari-
ous I/O systems are examined here. The chapter also investigates
the operation of various input devices. In particular, keyboards,
mice, trackballs, joysticks, light pens, touch-sensitive screens, and
scanners are covered. Troubleshooting procedures are provided
for the various devices.

Chapter 8—“Magnetic Storage,” presents mass storage systems
commonly used in microcomputers. These include floppy drives,
hard drives, RAID systems, and tape drives. Installation and trou-
bleshooting procedures are described for the hard and floppy
drive systems, as well as for tape drives.

Chapter 9—“Video Displays,” investigates the video display area of
I/0 devices. Basic CRT construction, operation, and control are
featured. The various video standards associated with microcom-
puters are addressed along with troubleshooting procedures for
isolating video problems. The end of the chapter deals with trou-
bleshootingthe CRT monitor. Reedars shoud  be anae et ts  sec
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Chapter 10—“Printers,” covers, obviously, printers. From the
workhorse dot-matrix printer to color ink-jet and high-speed laser
printers, theory, operation, and maintenance information is pre-
sented for all three types of printers.

Chapter 11—“Data Communications,” focuses on one of the hot-
test areas of microcomputer growth. This chapter covers both
local and wide area networks along with the equipment and soft-
ware required to operate them. Modems are covered here along
with their application to the Internet. Procedures and precautions
for troubleshooting networked systems is provided.

Chapter 12—“Multimedia,” investigates the components that
make up true multimedia systems. Another hot area of microcom-
puter development is occurring in the area of multimedia produc-
tion and use. These items include CD-ROM drives, sound cards,
video capture cards, MIDI sound equipment, and the software
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required to drive these items. Troubleshooting directions are in-
cluded for most multimedia systems.

Chapter 13—“Preventive Maintenance and Safety,” discusses
important preventive-maintenance procedures and safety consid-
erations. The first section of the chapter investigates topics
including cleaning, electrostatic discharges, power-line problems,
universal power supplies (UPS) are discussed, along with other
power-line conditioning devices.

The midsection of the chapter features preventive-maintenance
procedures for various system components. Important HDD sup-
port utilities such as backup, defragmentation, and antivirus pro-
tection are highlighted here. Suggested PM schedules are also
presented.

The final section of the chapter involves safety issues concerning
computer systems. Although not an intrinsically unsafe environ-
ment, some areas of a computer system can be harmful if ap-
proached unaware.

Appendix A completes A+ Cettification Tranhg  Guide byexamin-
ing issues of customer satisfaction. Traditionally, these issues have
not been covered in technical books associated with computer
maintenance. However, increased demand from computer service
providers has finally brought the topic into the spotlight. Many
service providers consider the ability to handle customers and
their problems effectively as important a skill as having good tech-
nical abilities.

Appendix B is a thorough glossary that will help you understand
key terms while you read this book.

Appendix C contains the A+ Objective Map.
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Test Taking Tips

The A+ exam is an objective-based, timed test. It covers the objec-
tives listed in Appendix C in a multiple-choice format. There are
two general methods of preparing for the test. If you are an expe-
rienced technician, using this material to obtain certification, use
the testing features at the end of each chapter and on the accom-
panying CD-ROM to test each area of knowledge. Track your weak
areas and spend the most time concentrating on them.

If you are a newcomer to the subject of serious computer repair,
plan a systematic study of the materials, reserving the testing func-
tions until each chapter has been completed.

In either case, after completing the study materials, use the vari-
ous testing functions available on the CD-ROM to practice, prac-
tice, practice, taking the test. Test yourself by topic, as a mixture of
questions form all areas, as a flash card review, and so on until you
are very comfortable that you are ready. The CD-ROM will enable
you to immediately reference the area of the text that covers ma-
terial you might miss.

Don’t forget the following:

Answer all the questions you know first. You can always go
back and work on harder questions.

Don’t leave any questions unanswered. They will be counted
as incorrect.

There are no trick questions. The most correct answer is
there somewhere.

Be aware of A+ questions that have more than one correct
answer. They are identified by a special formatting of the
letters for the possible answers. They are enclosed in a
square box. When you encounter these, make sure to mark
every answer that applies.

Get plenty of hands-on practice before the test. Practice
against the time limit set for the test.
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Make certain to prepare for each test category listed in Ap-
pendix C. The key is not to memorize, but to understand the
topics.

Take your watch. The A+ exam is a timed test. You will need
to keep an eye on the time to make sure that you are getting
to the items that you are most sure of.

Get plenty of rest before taking the test.
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About Marcraft

Marcraft has been on the cutting edge in providing programs to
prepare students for occupations in technical career fields since
1975. Marcraft was founded expressly for the purpose of design-
ing, developing, and marketing electronic training systems for
technology education.

We stay abreast of technological advances and continually
improve our products to provide the best technology-based
education products available. The company’s products have been
adopted in a wide range of training environments, including
middle schools, junior-high schools, high schools, community
colleges, universities, and private training groups.

Marcraft produced its first microcomputer architecture and repair
course in 1988. In those days, computer repair was normally car-
ried out by electronic technicians and engineers. That course was
very hardware intensive, using chip-level isolation and repair tech-
niques. Schematic diagrams and electronic test equipment was the
order of the day.

The tasks performed by computer repair technicians has changed
considerably since the original course was introduced. Computer
hardware has become relatively inexpensive and software has be-
come much more complex. Current computer technicians spend
much more time dealing with software-related problems, configu-
ration problems, and compatibility problems than with hardware
problems. As a matter of fact, hardware problems in microcom-
puters are typically solved at the board level these days. The time
and expense of an IC-level repair quickly goes beyond the value of
the board, making it unprofitable to do these kinds of repairs.

Appropriately, Marcraft’s Moocompuer  Sysems - Theay & Senvice
course has changed several times to reflect the evolving nature of
the technician’s role. The courseware is in its seventh edition.
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At the same time that Marcraft has evolved its training system to
match the requirements placed on service personnel, the compu-
ter industry has established certification criteria for this same
group. The organizationisthe Compuing Technology Industy ~ Asso-
ciation  and the certification is called A+.

Marcraft has embraced the A+ certification because it sets a stan-
dard for excellence that we have been preparing students for
from the beginning. Therefore we are offering this book to pre-
pare students to successfully challenge the A+ examination. From
its size, one should gather that this title is not just a cram course
for the test. Instead, it is a complete training course designed not
only to prepare for the exam, but also to provide the fundamental
knowledge base required to establish a career in this rapidly
changing industry.






Chapter

Microcomputer _
Fundamentals

Upon completion of this chapter and its related LabExercises,
you should be able to:

@f Objectives . Define the term “computerword”  and describe the three
types used in digital computers.

State common word sizes used in digital computers, and
relatethetermshbit ,byte ,andnibble toword size.

Describe any number using binary, hexadecimal, BCD
(Binary-Coded Decimal), and octal notation.

Convert any number from a given number system to any
other number system.

Given an ASCII code table, express any set of characters
as 1s and Os.

Describe commonly used instruction word formats.
Define the terms hardware , software , and fimware

Explain the functions associated with each of the four
fundamental blocks that form a computer.

Differentiate between common primary and secondary
memory devices or systems and list examples of each.

List various types of Integrated Circuit ROM devices and
describe the differences between them.

arfes
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Describe four common ROM applications.

Differentiate between static and dynamic RAM memory
devices, and state the conditions that dictate which of the
two is used in a given application.

List the three major buses in a computer system and de-
scribe the nature of the information each bus carries.

Demonstrate the relationship between the size of the com-
puter’s address bus and the number of individual memory
and I/0 locations that it can access.

Use “K” notation as it applies to addressing.

List control bus signals that are found in most microcom-
puters.

Explain the function of a microprocessor’s instruction set.

List the steps that occur during an Instruction Cycle of a
typical computer.

Define the functions of the computer’s Input/Output
Units.

Contrast the four most common methods of initiating an
I/O-Memory or Memory-1/0 data transfer (Polling, Inter-
rupts, DMA, and programmed I/0).

Describe the events that occur when an interrupt signal is
generated.

Describe the events of a typical DMA operation and differ-
entiate between the different modes of DMA transfers.

Explain the three classes of software associated with com-
puter systems.

Explain the function of the system ROM BIOS.
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Describe the function and purpose of Disk Operating
System.

Describe the value of a Graphical User Interface.

Describe popular software applications programs.
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Introduction

This chapter examines the fundamental operation and organiza-
tion of digital computer systems. It lays the foundation for the
various in-depth topics covered in subsequent chapters.

The first section of the chapter describes what it is that digital
computers actually understand—binary language and logic.

The focus shifts in the second section to cover the basic hardware
building blocks that make up a digital computer system. These
building blocks include microprocessors, microprocessor support
systems, memory units, and buses.

This section is followed by a discussion of how the parts of the
computer communicate with the outside world. The four com-
mon methods of conducting data transfers are defined, followed
by typical input/output hardware conventions and systems.

The final section of the chapter introduces the topic of software.
The first portion of the section deals with the system software that
controls the operation of the hardware while the second portion
introduces several common application software categories that
enable users to create and manipulate different types of data.

Bits, Bytes, and Computer Words

FZ{ Objectives

The basic structure of most computers in existence today is com-
posed of digital devices. Digital devices, and therefore digital com-
puters, process electrical signals that can assume only two possible
states. These states correspond to a prescribed highlevel of voltage
(such as +5.0V dc) and another lowlevel  of voltage (such as +0.5V
dc). In digital electronics, these voltage levels are referred to as
hgh andlow logc  leves ,oras“1”’and“0”logc  saies . Becausethe
computer is an electronic device, these voltage levels are all that it
recognizes. However, a number of conventions have been devel-
oped to enable humans to more easily relate to the logic under-
stood by digital computers.
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The logic values used in the digital computer correspond directly
to the digits of the binary, or Base-2, number system. In this sys-
tem, each digit can assume only two possible values: 0 and 1. This
basic unit of information is referred to as abit (a contraction of
bi nary and digit ). Very little useful information can be conveyed
by a single bit; virtually any number, letter, or symbol, however,
can be described by organizing a group of related bits into coded
bit patterns called words .

Within the computer, three types of computer words exist:

Pure binary data words
Coded data words

Instruction words

These classifications describe the type of information the word
conveys. These classifications are discussed in the sections that
follow, but another aspect of computer words must be covered

first—their engh

Word Length

@f Objectives Word length is so important to a computer that it is often used to
describe the computer, because all its internal hardware devices
are constructed to accommodate a given word length. In general,
computers that use larger word sizes are more powerful than
those with smaller word sizes. This is because more information
can be conferred at one time by a larger word size. Indeed, the
increased number of possible bit patterns provided by larger
words allows both a larger range of numeric values, and a greater
number of characters and symbols that can be specified.

A number of different word sizes are commonly used with digital
computers, but the most commonisthe 8-bitword ~ ,orbyte. The
term byte is so universally accepted in the computer world that
even computers with other word sizes, such as 16- or 32-bit word
sizes, are described in terms of their number of bytes. A computer
using 16-bit words is said to have a two-byte word size. The word is
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Figure 1.1

divided into a higher- and a lower-order byte. The lower-order
byte consistsofthe 8least  signiicant bits  (LSBs, bits 0—7) and the
higher-order byte is made up of the 8 most  significant bis  (MSBs,
bits 8—15). Notice that the least significant bit is always assigned
the bit number 0.

Itis also common to divide bytes into two 4-bit sub-units called
nibbles . Therefore, the byte consists of both a higher- and a lower-
order nibble. This relationship was contrived largely due to the
link between the binary (base-2) and hexadecimal (base-16) num-
bering systems. A 4-bit binary pattern (nibble) can be easily con-
verted into a single hexadecimal digit, which is much easier to
manipulate and communicate than a string of 1-s and 0-s. In this
manner, a 2-byte computer word can be expressed more simply as
a 4-digit hexadecimal word. Figure 1.1 depicts the relationship
that exists between binary and hexadecimal numbers.

DECIMAL (10) | BINARY (2) | HEXIDECIMAL (16)

The computer-
related number
systems.

o

0000

o

1 0001 1

2 0010 2

3 0011 3 916 D16

4 0100 4 | |

5 0101 5

6 0110 6

; o111 ; 7 6 5 4 3 2 1 0
8 1000 8 1 0 0 1 1 1 0 1
9 1001 9

0 1010 A T 1 F t f 1 1
1 1011 B ‘ ‘

12 1100 ¢ HIGHER LOWER
13 101 ° NIBBLE NIBBLE
14 1110 E

15 1111 F

16 10000 10 BIT NUMBER

A binary number (10011101) is shown as it would be stored in an
8-bit register. When the byte is divided into its two nibbles, the
number can be represented more conveniently in terms of its hex
equivalent 9D. When expressing hexadecimal values, it is com-
mon to follow the value with a lower case h (for example, 9Dh).

Converting between binary and hexadecimal is a simple matter of
grouping the binary word into its respective nibbles and then
converting each nibble into its hex equivalent. However, convert-
ing between either of these systems and decimal (base-10) is an-
other matter all together.
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In order to convert from either of these systems to decimal, each
bit, or digit, must be multiplied by its weighted positional value, as
depicted in Figure 1.2.

Figure 1.2 2r 20 2% 2t 2% 22 2
10 11011
Converting other 0x 1= 16° 16216116°
number systems 1x 2= 7 FC3
to decimal. 1x 4=
O0x 8= 3 x 1= 3
1x 16= 16 12 x 16 = 192

1x 32= 32 15 x 256 = 3840

o A N O

Ox 64= 0 7 x 4096 = 28672
» 1x128= 128 TOTAL = 32707
TOTAL = 182
BINARY-TO-DECIMAL CONVERSION HEX-TO-DECIMAL CONVERSION

Due to the complexity of this operation, computer words are rarely
converted into decimal unless done so by the computer’s hardware.
Whichever number system is being used, it should be remembered
that it’s being used only for the convenience of humans, because all
the computer can understand is the high and low logic level voltag-
es used to represent binary numbers.

Numeric Data Words

@{ Objectives  Now that the discussion of computer word length and representa-
tion is complete, it is appropriate to return to the topic of the
types of words used with computers.

The first type of word discussed is the pure numericdataword .As
the name implies, these words contain only numeric information
and represent a quantity in binary, hexadecimal, or a specialized
form of binary called binarycodeddecimal (BCD). Inthe BCD form
of binary, the count pattern is limited to binary representation
between 0 and 9. After the binary count reaches 9, the next count
clears the first BCD digit to 0, and advances the second BCD digit
to 1, creating a binary equivalent of the decimal number system.

Like hexadecimal, the BCD system groups binary digits in 4-bit
digits. But unlike hexadecimal, BCD does not use the binary
codes for numbers 10 through 15. These codes are not used in
the BCD system and would be considered invalid if they were
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Figure 1.3

encountered in a system using BCD. Also, unlike hex, the BCD
system can be converted quite easily to decimal because it is not a
true weighted number system. Figure 1.3 illustrates the usage of
the BCD number system.

The BCD code.

Figure 1.4

BASE 10 BCD

0000
0001
0010
0011 o 4 3
0100 1001 0100 0011
0101
0110
o111
1000
1001

0001 0000

94310
BCD EQUIVALENT

O ©W oW ~NOOUB~WNPRFLO

[y

Another method of representing binary valuesistheoctal,  orbase-
8, numbering system. Although not as common as hexadecimal,
some computers group binary numbers into a 3-bit pattern as
depicted in Figure 1.4. The highest binary number that can be
represented using this number systemis a “7.”

The octal code.

E{ Obijectives

OCTAL (8) BINARY (2)
0 000
1 001
2 010
3 oL 6 7 2 4 - 67248
4 100 110 111 010 100 = OCTAL EQUIVALENT
5 101
6 110
7 111
10 001 000

Alphanumeric Words

In addition to manipulating numeric values, the computer must
also be capable of handling alphanumericdata (letters and special
characters). Once again, coded binary bit patterns are used to rep-
resent these characters and symbols. When you type an alphabetic
character on your keyboard, what the key actually does is generate
a specific binary bit pattern that the computer recognizes as that
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particular character. In order to display the character on your mon-
itor, the output device must reconstruct it from the bit pattern
stored in the computer.

The alphanumeric code most commonly used in personal com-
putersisthe ASCI (Ameican Sandad Cocefor  omaion e
change) code. In ASCII, characters of the alphabet (both upper
and lower case), decimal numbers 0 to 9, and a variety of special
symbols and punctuation marks are each assigned a specific 7-bit
binary pattern. The 7-bit ASCII code is depicted in Figure 1.5.

Figure 1.5 2 2 2
o o o
i = ] = i =
= o [§] I o [§] = a O
ASCII Code. @ >0 , =4 9 >0 , = 4 g >0 , x4
x £ I 2 < x £ I 2 g x T T 2 g
< IEE £ O X < S£EP I < Sre E o x
I ZEE O w T ZEE O w I ZEE O w
(&) mmm (] [a . O mmo o o I (&) o om o O o T
NUL 00000000 000 000 00 + 00101011 053 043 2B V01010110 126 086 56
SOW 00000001 001 001 01 , 00101100 054 044 2C W 01010111 127 087 57
STX 00000010 002 002 02 - 00101101 055 045 2D X 01011000 130 088 58
ETX 00000011 003 003 03 . 00101110 056 046 2E Y 01011001 131 089 59
EOT 00000100 004 004 04 /00101111 057 047 2F Z 01011010 132 090 5A
ENQ 00000101 005 005 05 0 00110000 060 048 30 [ 01011011 133 091 5B
ACK 00000110 006 006 06 1 00110001 061 049 31 \ 01011011 134 092 5C
BEL 00000111 007 007 07 2 00110010 062 050 32 ] 01011101 135 093 5D
BS 00001000 010 008 08 3 00110011 063 051 33 A 01011110 136 094 5E
MT 00001001 011 009 09 4 00110100 064 052 34 - 01011111 137 095 5F
LF 00001010 012 010 DA 5 00110101 065 053 35 ' 01100000 140 096 60
VT 00001011 013 011 OB 6 00110110 066 054 36 01100001 141 097 61
FF 00001100 014 012 OC 7 00110111 067 055 37 01100010 142 098 62
00001101 015 013 0D 8 00111000 070 056 38 01100011 143 099 63
SO 00001110 016 014 OE 9 00111001 071 057 39 01100100 144 100 64
S| 00001111 017 015 OF 00111010 072 058 3S 01100101 145 101 65
DLE 00010000 020 016 10 ;00111011 073 059 3B 01100110 146 102 66

DC1 00010001 021 017 11
DC2 00010010 022 018 12
DC3 00010011 023 019 13
DC4 00010100 024 020 14
NAK 00010101 025 021 15
SYN 00010110 026 022 16
ETB 00010111 027 023 17
CAN 00011000 030 024 18
EM 00011001 031 025 19
suB 00011010 032 026 1A
ESC 00011011 033 027 1B
FS 00011100 034 028 1C
GS 00011101 035 029 1D
RS 00011110 036 030 1E
us 00011111 037 031 1F
SP 00100000 040 032 20
! 00100001 041 033 21
" 00100010 042 034 22

00111100 074 060 3C
00111101 075 061 3D
00111110 076 062 3E
00111111 077 063 3F
01000000 100 064 40
01000001 101 065 41
01000010 102 066 42
01000011 103 067 43
01000100 104 068 44
01000101 105 069 45
01000110 106 070 46
01000111 107 071 47
01001000 110 072 48
01001001 111 073 49
01001010 112 074 4A
01001011 113 075 4B
01001100 114 076 4C
01001101 115 077 4D

01100111 147 103 67
01101000 150 104 68
01101001 151 105 69
01101010 152 106 6A
01101011 153 107 6B
01101100 154 108 6C
01101101 155 109 6D
01101110 156 110 6E
01101111 157 111 6F
01110000 160 112 70
01110001 161 113 71
01110010 162 114 72
01110011 163 115 73
01110100 164 116 74
01110101 165 117 75
01110110 166 118 76
01110111 167 119 77
01111000 170 120 78

PTTTNLKXELCHMTOTOZZINr RS T IOTMMUO®>@ | CTRL
(o]
)

# 00100011 043 035 23 01001110 116 078 4E 01111001 171 121 79
$ 00100100 044 036 24 01001111 117 079 4F 01111010 172 122 7A
% 00100101 045 037 25 01010000 120 080 50 01111011 173 123 7B

01010001 121 081 51 01111100 174 124 7C

& 00100110 046 038 26
' 00100111 047 039 27 01010010 122 082 52 01111101 175 125 7D
01010011 123 083 53 ~ 01111110 176 126 7E
01010100 124 084 54 DEL 01111111 177 127 7F

01010101 125 085 55

AN XS<EmT0WTOQTOSITXTTSQTOQAOT

( 00101000 050 040 28
) 00101001 051 041 29
* 00101010 052 042 2A

CHOTOTVOZECr RS- IOTMOOBBQVV I A-

CTRL ABBR. DESCRIPTION CTRL ABBR. DESCRIPTION CTRL ABBR. DESCRIPTION
@ NUL null,or all zeros K VT vertical tabulation V  SYN synchronous idle
A SOH start of the heading | L FF form feed W ETB end of transmission block
B STX start of text M CR carriage return X CAN cancel
C ETX end of text N SO shift out Y EM end of medium
D EOX end of transmission | O  SI shiftin Z SsuB substitute
E ENQ enquiry P DLE datalink escape [ ESC escape
F ACK acknowledge Q DC1 device control 1 (X ON) \ FS files separator
G BEL bell R DC2 device control 2 ] GS group separator
H BS backspace S DC3 device control 3 (XOFF) | ~ RS record separator
| HT horizontal tabulation | T DC4 device control 4 _ us unit separator
J LF line feed U NAK negative acknowledge SP space

DEL delete
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Although the basic ASCII code contains only seven bits, it’s an
8-bit-oriented world inside the computer. For some applications, a
“0” may be added to the MSB of all the ASCII bit patterns, or a “1”
may be used to produce an extended (non-standard) ASCII code
of 256 characters. But more often, the extra bit is used as an error-
checking bit when ASCII is used for the transmission of alphanu-
meric data between the computer and its peripherals or another
computer.

Under these circumstances, the extra bit, now called a paritybit,
assumes a certain value dependent upon the number of 1s in the
character. This bit is used to check the integrity of the transmitted
character. Parity checking can be implemented in two forms:

. Oddparity—  where the value of the parity bit assumes a value
of “1” or “0” so that the total number of “1” bits in the char-
acter is odd.

. Evenparity =~ —where the parity bit assumes a value of “1” or “0”
to make the total number of “1” bits in the character equal
to an even number.

When ASCII is being used to transfer information between the com-
puter and one of its peripherals (such as the keyboard, the monitor,
or a disk drive), then circuitry in the computer or the peripheral
generates the proper type of parity bit as the ASCII characters are
transmitted. On the receiving end, the parity bit is regenerated from
the received data and compared to the parity bit that was transmitted
with the character. If the two bits agree then the communicating
devices accept the transmission as a good one and continue. It
should be noted that parity checking is the simplest form of error
checking used in computer systems to guarantee the integrity of
transmitted data. However, parity checking is capable of detecting
only single-bit errors. More advanced error checking and correction
schemes are widely used to check for and correct data transmission
erTors.
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Notice in the ASCII code table that some codes are specified
as control codes. These characters are special codes that
can be used to modify functions associated with other charac-
ters. They are also frequently used when working with periph-
eral devices to specify certain operations or conditions that
need to be performed or attended to.

Instruction Words

The last type of computer word to be discussed is the instruction

word . Unlike binary and coded data words, an instruction word is
not used to convey any kind of numeric value or character refer-
ence. Instead, this kind of word tells the computer what operation
to perform and where to find the data (if any) on which to per-
form the operation. No data is contained in the word, just a com-
plete instruction to the computer. Although the other two types of
words are common to most computers, each computer has its own
set of operations that it can perform under the direction of a set
of instruction words. From computer to computer, the format of
instruction words can vary greatly. But generally, instruction
words for most computers convey the same types of information.

Figure 1.6 depicts three possible instruction word formats that
could be used with an 8-bit computer, depending on the type of
operation being specified. In the first example, a 1-byteinstruction
containing only coded information about what operation is to be
performed (operation code, or opcode ) is presented. This type of
instruction is used in operations such as a HALT instruction,
where no data is required to carry out the instruction. The second
example depicts a 2-byteinstruction . Here, the first byte once again
contains the op code and the second byte contains the operand (a
piece of data to be worked on) address. The last example illus-
trates a 3-byteinstruction .The op code is followed by two pieces of
data. This format can also be used to indicate a particular opera-
tion to be performed, the location of a data word, and a location
to store the result of the operation.
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Figure 1.6

ONE-BYTE INSTRUCTION

Instruction word
formats.
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LOCATION #1 OP CODE
BIT 7 BIT O
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LOCATION #1 OP CODE
MEMORY )

LOCATION #2 ADDRESS

THREE-BYTE INSTRUCTION

MEMORY >

LOCATION #1 OP CODE
MEMORY )

LOCATION #2 ADDRESS #1
MEMORY )

LOCATION #3 ADDRESS #2

These instruction words should not be confused with the instruc-
tions given in a higher order language, such as BASIC. The in-
struction formats described above pertain to the machinelanguage
1s and Os understood by a computer’s internal hardware. A single
BASIC language instruction can generate several lines of machine
language instructions after it has been converted.

Moving Words Around

The most frequent operation performed in a computer is the
movement of information from one location to another. This
information is moved in the form of words . Basically, the words
can be transferred in two modes. These modes are parallelmode,

where an entire word is transferred from location A to location B
by a set of parallel conductors at one instant, and serialmode
where the bits of the word are transmitted along a single conduc-
tor, one bit at a time. Serial transfers require more time to accom-
plish than parallel transfers because a clock cycle must be used for
each bit transferred.
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A parallel transfer requires only a single clock pulse. An example
of both parallel and serial transfers is depicted in Figure 1.7. Be-
cause speed is normally of the utmost importance in computer
operations, all data movements within the computer are conduct-
ed in parallel, as shown in . But when information is being trans-
ferred between the computer and its peripherals (or another
computer), conditions may dictate that the transfer be carried out
in serial mode, as shown in . Parallel and serial transmissions, as
well as the conversions that must take place to convert from one
mode to the other, are discussed in greater detail later in this
chapter and throughout this text.

Figure 1.7 0 0 >

Parallel and serial 1 1 f
data transfers. DEVICE i 0 .| DEVICE

A ¢ 0 ¥ B
5
. 0 -
7 4
(a) PARALLEL 1CLOCKPULSE I
MODE P
MSB LSB

. .
oo/ |o] |o
LOCATION 1 1 11

ooema (111111

T6 | T4 | T2 | TO
MODE T7 15 T3 T1

.| LOCATION

Basic Hardware Structures

@{ Objectives Most of the topics discussed so far have dealt with the non-physical
aspects of the computer’s organization—its intelligence, if you will.
The bits, bytes, words, and programs that make the computer func-
tionarereferredtoassoftware. ~ Theterm “software”is actually used
when referring to any aspect of the computer or its operation that
you can’t reach out and touch.
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The other aspects of the computer system, such as its circuit
boards, cables, connectors, magnetic disks, and so forth, are re-
ferred to as hardware. The term “hardware” is used to indicate any
part of the computer system that you can touch with your hand.

The overall performance of any computer system is based on the
capabilities of both its hardware and the software used to guide its
operation. The most sophisticated computer hardware in the
world is useless junk without proper software. And, conversely, the
most well-written software is totally wasted if the hardware doesn’t
have the capabilities to perform the operations called for in its
programs.

Therefore, a digital computer can be defined as a collection of
digital devices that can perform logical and mathematical opera-
tions under the direction of a program.

Integrated Circuits

The first digital computers were giants that took up entire rooms
and required several technicians and engineers to operate. They
were constructed with vacuum tubes and their computing power
was very limited by comparison to modern computers. However,
the advent of integratedcircuit (IC) technology in 1964 launched a
new era in compact electronic packaging. The much smaller, low-
power transistor replaced the vacuum tube and the size of the
computer began to shrink.

Very quickly, engineers realized that several transistors could be
created simultaneously on the same piece of silicon. Soon, entire
electronic circuits were being integrated onto a single silicon chip
(in other words, an integrated circuit).

The first ICs were relatively small devices that performed simple
digital logic. These basic digital devices still exist and occupy a
class of ICsreferredtoas Small  Scale  Integration (SSI) devices. SSI
devices range up to 100 transistors per chip. As manufacturers
improved techniques for creating ICs, the number of transistors
on a chip grew and complex digital circuits were fabricated to-
gether. These devices are categorized as Medium Scale
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Integration (MSI) devices. MSI devices range between 100 and
3,000 circuit elements. Eventually, Large Scale  Integration (LS and
Vey Lage Scae Integration (VLSI) devices were produced. LSI de-
vices contain between 3,000 and 100,000 electronic components
while VLSI devices exceed 100,000 elements.

IC technology today enables millions of circuit elements to be
constructed on a single small piece of silicon. Some VLSI devices
contain complete computer modules. These devices are common-
Iyreferred to as Appicaion Spedic egaed CGads ,0rASCs.By
connecting a few ASIC devices together on a printed circuit
board, computers that once inhabited an entire room have
shrunk to fit on the top of an ordinary work desk, and now, into
the palm of the hand. Various integrated circuit package types are
depicted in Figure 1.8.

Figure 1.8

= VLSI CHIP =._ LSICHIP

Integrated Circuit
packages.

Today, digital computers can be grouped into three general cate-
gories. These are, in order of their computing power and com-

plexity:
Mainframes
Minicomputers

Microcomputers

Mainframes are the largest class of computer, used to service thou-
sands of on-line users. Mainframes can contain hundreds of mega-
bytes of primary memory and hundreds of gigabytes of secondary
memory. Minicomputers  are medium-sized computers capable of
serving several hundreds of users. Microcomputers  are the smallest
computers and typically handle a very limited number of users.
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Figure 1.9

Apersonalcomputer  , or PC, isa type of microcomputer that is in-
tended for use by an individual (thus, “personal”) either at home
or in the work place.

Basic Computer Structure

In their most basic form, all digital computers consist of the four
fundamental blocks depicted in Figure 1.9. The computer must
have some type of the following:

Central Processing Unit (CPU)
Memory Unit
Input Unit

Output Unit

CENTRAL PROCESSING UNIT

The fundamental
blocks of a digital
computer.

ARITHMETIC
LOGIC UNIT
ALU ’

CONTROL

:’\> INPUT [ UNIT "l ouTPUT :’\>
UNIT UNIT

y Q
L MR

In many instances, an input and an output unit are combined to
service some particular device or an add-on to the computer. In
these cases, the combined unit is referred to as an Input/Output
(I/O) unit. Three communications paths called buses normally
interconnect the computer’s basic units.

Central Processing Unit

The CPU section consists of two major sub-sections: an arithmetic
logc unt (ALU) anda contd  unit .TheALUisthesectionofthe
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computer where the actual math and logic operations are per-
formed under the direction of the control unit.

The control unit receives instructions from the program, decodes
them and then generates signals to inform the ALU as to what
operation has been requested. In addition, the control unit or-
chestrates the operation of all the other logical blocks by generat-
ing the proper timing and control signals necessary to complete
the execution of the instruction.

Due to the nature of its hardware structure, the typical microcom-
puter’s operation is limited to performing one instruction at a
time, involving a maximum of two quantities. The computer’s
true value lies in the fact that it can execute a tremendous num-
ber of instructions in a very short period of time. A typical person-
al computer can executeseveralmiion  instudions per second

(mips).

Microprocessors

Many times people speak of a microprocessor as the CPU. Oth-
ers refer to the system’s main unit as the CPU. In both cases, the
terminology is faulty. In the early days of computers, the central
processing unit was the area of the computer where logical and
mathematical computations were carried out. It was usually com-
posed of discrete circuits or devices.

One of the earliest LSI devices brought together a section of spe-
cial on-board data storage areas, referred to asregisters ~ ,and a CPU
in a single IC package. This device is called a microprocessor ~ (or
MPU). In this manner, a single IC device becomes the brain of the
computer.

Several microprocessor chips are on the market, each with its own
unique architecture, capabilities, and instruction set (operations
that it can execute). The capabilities of the microprocessor used
in a particular computer ultimately determine the characteristics
and capabilities of the entire computer. Basically, microprocessors
are classified by the size of their internal data storage registers.
Common microprocessor sizes are 8 bits, 16 bits, and 32 bits.
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Basic Microprocessor Operation

The operation of all microprocessors is basically the same. They
all execute programs in a cyclic manner. An instructioncycle is
followed by an executioncycle . These two cycles are repeated until
the program is terminated, or until it reaches its end. During
the instruction cycle, the processor retrieves an instruction from
memory, decodes it, and prepares to carry out the instruction
as directed. The instruction may call for additional data to be
retrieved from memory, manipulated in a logical manner, or to
be written into a memory location. In any case, the instruction
is carried out during the processor’s execution cycle.

After completing the operations required by the instruction, the
microprocessor moves sequentially to the next instruction. A par-
ticular instruction may cause the system to jump to another mem-
ory location to receive another instruction. This instructionjump

can be dictated directly by the instruction, or it can be based on
the outcome of some logical operation.

All microprocessors have a fixed set of operations they can per-
form. The operations that a given microprocessor can perform
arereferred to asits instructionset . The size of the instruction set
determines how many different operations the microprocessor
can perform. This, in turn, determines how quickly data can be
processed.

Memory Unit

The memoryunit  is the section of the computer where instructions
and data to be used by the computer are stored. The memory unit
involved directly with the microprocessor consists of high-speed
semiconductor devices that are compatible with the microproces-
sor’s speed so as not to slow its operation. In times past, this type
of memory was referred to simply as intemalmemory, becauseit
was usually located in the same housing with the microprocessor.
Slower, less expensive forms of memory, called massstorage  , were
located in a separate unit. Mass storage systems are used for long-
term storage of programs and data, or to hold masses of programs
and data too large to be held in the internal memory. In any
event, the main emphasis for mass storage devices or systems is
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the capability to store large amounts of data on a permanent, or
semi-permanent basis, as cheaply as possible.

With the advent of the microcomputer, this method of differenti-
ating memory types blurred. In these computer models mass stor-
age systems were incorporated into the same housing as the basic
system unit. In order to make a clear distinction between the two
memory types, the fast semiconductor memories used directly
with the microprocessor are referred to as primarymemory, ~ while
the slower, less expensive bulk memory systems are designated as
secondarymemory . Inthis section, the discussion refers to only the

primary memory types.

Semiconductor memories can be thought of as a collection of
systematically arranged boxes in which computer words are
stored. This concept is illustrated in Figure 1.10. Notice that the
boxes are arranged so that each has its own unique location,
which is specified by a number. This number is referred to as the
memory location’s address . When the microprocessor wishes to
access a particular box to store or retrieve information in it, it
does so by generating the address of that particular storage space,
along with special signals required to perform the operation.

Figure 1.10
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ARead operation, also referred to as a Fetch operation, is one
where the contents of a specific memory location are sensed by
the microprocessor. On the other hand, the act of placing a new
word in a specificaddressis called a Write  or Store  operation.
When the new word is placed in a memory location, it replaces
any data that was previously stored there.

Semiconductor memories are actually of two major types:

Read-Only Memories (ROM)—hold data on a permanent
basis.

Random Access Memories (RAM)—are used for temporary
storage of data.

ROM memories generally hold data that was programmed into
them at the factory and are not intended to be changed.

ROM Memory

The description found in the preceding note is the classical defi-
nition generally applied to ROM, but in reality there are several
types of ROM, some of which can be erased and reprogrammed
(but not during the normal operation of the computer). These
classes include the following:

Mask-Programmed ROM (MROM)—programmed at the
factory.

Programmable ROM (PROM)—can be custom-programmed
by the user (once) using special circuitry.

Erasable-Programmable ROM (EPROM)—can also be pro-
grammed and erased by the user using ultraviolet light and
special circuitry external to the computer.

Electrically Erasable PROM (EEPROM)—can be erased and
reprogrammed by special circuitry within the computer.

The one thing all forms of ROM have in common is that they are
all non-volatile. This means that the data contained in the memory
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is not lost when the computer is turned off or when electrical
power is lost. This enables the computer to begin reading instruc-
tions and data from this type of memory as soon as it is powered

up.

The term “Read-Only”  truly applies to MROM and PROM memo-
ries, which are written once and then cannot be erased or rewrit-
ten. The other ROM classes are more appropriately referred to as
ReadMostlyMemories, where the ratio of Read operations to Write
operations is very high. The generic term “Read-Only” is used
with all non-volatile, semiconductor memories that cannot be
written to during the normal operation of the computer.

ROM Applications

ﬁ Objectives  The different classes of ROM memories are used to perform a
wide variety of applications within the computer. Some common
ROM applications are listed as follows:

Firmware storage
ROM lookup tables
Code converters

character generators for printers and video displays

The most common of these applications include use as firmware
storage. In this application, the computer’s operating system pro-
grams and language interpreters are stored in ROM devices so
that the computer can begin operation as soon as it’s turned on.

The term “firmware” describes the fact that software is stored in
hardware (in this case ICs) on a permanent basis. As an example,
the computer’s starting address is commonly stored in ROM. This
is the address from which the microprocessor takes its first in-
struction after it has been turned on or reset.

ROM is also used to store tables of data, such as trigonometric
functions and code conversion tables, which do not change. Rath-
er than performing a mathematical manipulation each time a
function such as sine, cosine, tangent, pi, and so forth is needed,
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the microprocessor simply looks up the value associated with the
functioninaROMtable. The CPU does this by decoding an ad-
dress from the function command, such as sine 37 degrees, and
applying it to the ROM table. The output of the table is the nu-
merical value of the function that was stored at that address.

In like manner, ROM tables are often used to convert characters
from one code to another within the computer. As an example,
Figure 1.11 depicts the ASCII representation of the number 9
being applied to a ROM conversion table as an address, to which
the ROM table responds by producing the binary equivalent of 9,
for use by the computer.

Figure 1.11 RO 0000, N ERRAN cs Ré)é\fl_ECg_ll_P
A ROM code ADDRESS 88% .
X INPUTS A,
conversion 1—* 0011
0o— A1 0100
generator. o Ay LOC -
As | ADDRESS |0111001 — ROM
=A% SELECTOR OUTPUT
11— A4 0111 PINS
1 Asy 1000 ° 1
00— As) 1001 —» ° 8: 9
ASCII 9" 1010 . 1
1011
1100
ETC

In addition, ROMmemories are frequently used to store dot pattern
codes for the character generator sections of alphanumeric out-
put devices, such as video monitors and some types of printers.
Figure 1.12 depicts the dot pattern of the letter “F,” arranged in a
5x7 matrix pattern. The letter is read from the ROM by first ap-
plying the proper code (such as the ASCII code for the upper case
F, in this case) as part of the character’s address. In order to read
the entire dot pattern of the character, a segment of the address is
produced by a binary counter whose output is used to step
through the dot pattern one horizontal row at a time. In this case,
the counter’s initial count of “0” produces the first horizontal row,
and its final count of “6” produces the last, or seventh, row of
dots. If a different character must be produced, the ASCII code
for that character would simply be used as the upper portion of
the address.
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Several standard ROM lookup tables, code conversion tables, and
dot matrix character generator tables are available from IC manu-
facturers. By storing such information in ROM chips, computer
and peripheral manufacturers build a great deal of flexibility into
their systems and devices.

As shown in the preceding examples, it is possible to completely
alter the manner in which a computer or peripheral goes about
performing its basic function by simply exchanging a handful of
IC chips. If an improved operating system is developed for a com-
puter, or a different type style or character font is desired for a
printer, the only thing that is required is to change the ROM.

In newer computer systems, special EEPROMs, referred to as Flash
ROMsenable the operation of the system to be re-defined
through software. In these units, it is not necessary to change the
ICs to upgrade the system. Simply install the new information
from an acceptable source, such as a disk.



34 A+ Certification Training Guide

\Z{ Obijectives

RAM Memory

The other type of high-speed semiconductor memory used with
computers and peripheral devices is IC randomaccessmemory  or
RAMThe term “random access” means that any address location
in the memory can be accessed as quickly as any other location.
Because there are other types of RAM memory, IC devices used
for primary memory are more appropriately referred to as Read/
Write (R/W)memoaries .Inthe case of primary memory, the generic
term “RAM” always refers to semiconductor R/W memory.

Semiconductor RAM memories are fast enough to work directly
with the microprocessor without slowing it down. The computer
uses the RAM portion of primary memory to hold programs and
data currently being executed by the microprocessor. During the
execution of a program, the contents of many RAM address loca-
tions are changed as the microprocessor updates the program, by
storing intermediate or final results of operations performed.

Like semiconductor ROM, semiconductor RAM has more than
one type. As a matter of fact, it has two general categories:

Static RAM (SRAM)

Dynamic RAM (DRAM)

Although they both perform the same function, the methods they
use are completely different. Static RAM stores binary bits in such
a manner that the bits remain in RAM as long as power to the chip
is not interrupted. Dynamic RAM, on the other hand, requires that
stored databerefreshed,  orrewritten, periodically to keep it from
fading away. As a matter of fact, each bit in the DRAM must be re-
freshed at least once every 2 milliseconds or the data dissipates.
Because it can’t be assumed that each bit in the memory will be
accessed during the normal operation of the system (within the
time frame allotted), special circuitry is required to constantly
refresh the data in the DRAM.

Although the extra circuitry and inconvenience associated with
refreshing may initially make DRAM memory seem to be a distant
second choice behind static RAM, this is not the case. The truth is
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that, due to the simplicity of DRAM’s internal structure, the bit
storage capacity of a DRAM chip is much greater than that of a
similar static RAM chip and offers a much lower rate of power
consumption. Both these factors contribute to making DRAM
memory the economical choice in certain RAM memory systems,
even in light of the extra circuitry necessary for refreshing.

Generally, static RAM is used in smaller memory systems where
the added cost of refresh circuitry would greatly add to the cost
per bit of storage. DRAM is used in larger memory systems where
the extra cost of refresh circuitry is distributed over a greater
number of bits and is offset by the reduced operating cost associ-
ated with DRAM chips.

Whether the RAM section of primary memory is made up of static
or dynamic RAM chips, all RAM has the disadvantage of being
volatle . This means that any data stored in RAM is lost if power to
the computer is disrupted for any reason. On the other hand,
both types of RAM have the advantage of being fast: They can be
written into and read from with equal ease.

Buses

@/ Objectives Al of the basic components of the computer are tied together by
communications paths called buses . A computer bus is simply a
parallel collection of conductors that carry data and control sig-
nals from one unit to another. Any computer has three major
system buses identified by the type of information they carry. The
three major system buses are listed as follows:

Address bus
Databus

Control bus

These buses are actually extensions of the microprocessor’s inter-
nal communications structures.
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Address Bus

The address bus is a unidirectional pathway that carries addresses
generated by the microprocessor to the memory and I/0 ele-
ments of the computer. The size of the address bus, determined
by the number of conductors in the bus, determines the number
of memory locations and/or I/O elements the microprocessor
can address. If the address bus is composed of 16 lines (or bits),
the microprocessor can generate 21, or 65,536 distinct address
codes. If the address bus size is increased to a 20-bit word size, the
microprocessor’s capability to address memory and I/O elements
isincreased to 22°, or 1,048,576 possible addresses.

When discussing addressing capacity, it is common to use the let-
ter “K” (for kilo ) to represent 1024 (2'°) addresses. Using this ter-
minology, the 16-bit bus example above is capable of addressing
up to 64 KB of memory, while the latter example is capable of
directly addressing up to 1,000 KB of memory. This is referred to
as a Megabyte of memory and is denoted by the letter “M” (MB for
megabytes). It is also common to express addresses in hexadeci-
mal form. As a matter of fact, address locations are very rarely
specified in a decimal format.

When the microprocessor wishes to access a memory location, or
an input or output element, to perform a Read or Write opera-
tion, it does so by placing the appropriate address code on its
address pins (A -A,) and generating the proper control signals to
perform the operation. Because the memory unit is normally
composed of several memory chips (RAM and ROM), special
decoding circuitry is required to select the proper IC and then
single out the proper memory location, input or output device
that the microprocessor is trying to address.

Data Bus

In contrast to the address bus, the data bus is bi-directional inna-
ture. Data flows along the data bus from the microprocessor to
memory during a Write operation. Conversely, data moves from
memory to the microprocessor during a Read operation. The
direction for data movement is the same for Read and Write oper-
ations between the microprocessor and Input/Output devices.
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Because all the computer elements must share the data bus, any
device connected to the bus must have the capability to put its
outputs in a high impedance state (floating) when not involved in
an operation with the microprocessor. This prevents data from
more than one source from being placed on the bus at one time.
If two devices attempt to place data on the bus at the same time,
confusion and damage to the devices results. The size of the data
bus usually corresponds to the word size of the computer. In gen-
eral, the larger the data bus, the more powerful the system. Com-
mon data bus sizes for microcomputers are 8 bits, 16 bits, and 32
bits.

Control Bus

@{ Objectives  Thecontrolbus  carries the timing and control signals necessary to
coordinate the activities of the entire system. Unlike the other two
busses, the control bus signals are not necessarily related to each
other. Some are output signals from the microprocessor, while
others are input signals to the microprocessor from Input and
Output elements. Each different microprocessor type has its own
unique set of control signals, which it can generate or respond to.
Many control bus signals are common to most microprocessors
(or similar to those used by most processors). The following are
the more common control signals in use today:

System Clock (SYSCLK)
Read/Write Line (R/W Line)
Memory Read (MEMR)
Memory Write (MEMW)

I/O Read (IOR)

I/0 Write (IOW)

One of the most important control signals in any microprocessor-
based systemisthesystem dock.  Thissignal provides the timing infor-
mation around which all the system’s activities take place. Depending
upon the type of microprocessor being used, the clock signals may
be generated on the microprocessor chip, or by special IC signal
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generators. Microprocessors with internal clock generators usually
require that an external crystal, or RC network, be connected to
their clock input pins.

The control bus also carries the signals that enable selected mem-
ory or I/O elements for Read and Write operations. These signals
may range from a simple Read/Write  line (R/W) to a collection of
signals such as MemoryRead (MEMR), MemoryWrite (MEMW), /O
Read (IOR),and I/OWrite  (IOW). These signals are used by the
microprocessor in conjunction with addresses on the address bus
to perform Read and Write operations at selected memory or I/O
locations.

Microprocessor Operation

To better understand how a microprocessor-based system functions,
consider a simplified computer system, which, for the purposes of
this example, will be called the $1.98Computer . This system is based
on a mythical 8-bit microprocessor, which has a 4-bit address bus
and is capable of performing 16 different operations. The 4-bit
address bus means that this processor is capable of addressing only
16 different memory locations, but, for these applications, this
should be plenty. Consider your mythical microprocessor, its inter-
nal block diagram, and a 16X8 (16 address locations, each storing
8 bits) RAM memory block. The computer’s input and output units
do not actually come into play during the discussions of the sys-
tem’s operation. Simply assume that the programs have been
entered into the RAM memory through the input unit and may

be displayed through the output unit.

Internal Registers

The microprocessor consists of a group of IntemalRegisters ,an
Aithmetic Logc Unit (ALU),andaContdl  Unit . Different micro-
processors have different numbers and types of internal registers.
The ones depicted here are the same as, or similar to, the regis-
ters found in nearly any microprocessor. They are described as
follows:
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Accumulator (ACCUM): This type of register is generally used by
the microprocessor to store the results of ALU operations. It is
also a source of one operand for most ALU operations. Many
microprocessors contain more than one accumulator register.

Program Counter (PC): This register/counter keeps track of In-
struction Addresses and is always pointing at the address of the
next instruction to be fetched from memory. Each time an in-
struction is fetched from memory, the PC is incremented by 1.
The control unit may cause the PC to jump to an address out of its
normal sequential order. When the control unit receives a branch
instruction, such as a JUMP (JMP) or a JUMP-ON-ZERO (JPZ)
command, the control unit causes the PC to be loaded with an
address portion of the instruction word. Upon execution of the
jump instruction, the PC continues its normal sequential count,
beginning at the new address.

Note In the example, the PC is automatically reset to a value of 0.
This corresponds to the beginning of the program. In real
computers, the program counter is reset to some predeter-
mined value, such as a memory location in ROM memory
containing the monitor program. This location is referred to as
the microprocessor’s vector address and is determined by the
manufacturer of the microprocessor.

Address Register (AR): This register is used to hold the address
currently being accessed by the microprocessor. The AR can be
loaded from two different places, depending upon which part of
the computer cycle is in progress. During an instruction cycle, the
contents of the PC is loaded into the AR. Throughout the execu-
tion cycle, the AR is used to hold the addresses specified by the
operand address portion of the instruction word.

Data Register (DR): This register is used by the microprocessor’s
accumulator as a temporary storage place for data. Its contents
can be applied to the ALU by the accumulator. The number of
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temporary data registers varies from one microprocessor to the
next. Different microprocessors may have several of these regis-
ters, or none at all.

Instruction Register (IR): This register is loaded with the
opcode portion of the instruction word during the instruc-
tion cycle, and holds it until the completion of the execution
cycle.

Instruction Decoder (ID): This device receives the opcode
from the IR and decodes it for the control unit.

Arithmetic Logic Unit (ALU): The ALU performs math and
logic operations under the direction of the control unit.

Control Unit (CU): The control unit is responsible for gen-
erating all the timing and control signals required for the
system to execute the instructions contained in the program.

Flag Register: The flag register is not exactly a register in the
classical sense. Instead, it is a collection of unrelated bits
used to indicate the status of different microprocessor condi-
tions. In the example, the Z-bit of the flag register is set if the
last ALU operation produced a result of zero. Likewise, the
C-flag is set if the preceding operation produced a carry bit
beyond the MSB of the accumulator register. Different mi-
croprocessors have different numbers of flags in their flag
registers. The microprocessor uses these flag bits to enable
conditional branching to occur during the execution of the
program, with the decision to branch depending upon some
condition within the microprocessor.

Miscellaneous Registers: Real microprocessors contain a
number of specialized registers not covered here. Among
these are:

Index Registers, which are used by the programmer to
establish and maintain tables and arrays.

Stack Pointer Registers, which are special address regis-
ters. These registers are used to create a special area in
RAM memory called the stack . The stack is normally
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dedicated to storing the contents of the other micro-
processor registers during operations such as interrupt
routines.

Instruction Sets

@{ Objectives All microprocessors have a specific set of operations that they can
perform. These operations are referred to as the microprocessor’s
InstructionSet . Theinstruction set defines the operation of the
computer very specifically. The instruction set for the $1.98 com-
puter is presented in Table 1.1. Because the $1.98 microprocessor
requires only a 4-bit opcode and a 4-bit address code, the instruc-
tion-word format is somewhat different than the more realistic
formats described in the preceding section. Instead, these instruc-
tion words use the 4 MSBs for the opcode and the 4 LSBs for the
operand address.

Table 1.1
Instruction Set for $1.98 Computer.

Assembly Machine
Language Language
(Mnemonic) Hex Binary  Operation Description

LDA A 1010 Transfer the contents of the mem-
ory location specified by the oper-
and address to the accumulator
register.

ADD B 1011 Add the contents of the memory
location specified by the operand
address to the contents of the ac-
cumulator, and store the results in
the accumulator register.

SUB C 1100 Subtract the contents of the mem-
ory location specified by the oper-
and address from the contents of
the accumulator, and store the
results in the accumulator register.

e
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Table 1.1 Continued

Assembly Machine
Language Language
(Mnemonic) Hex Binary  Operation Description

JMP 2 0010 Jump unconditionally to the ad-
dress specified by the operand
address. After the jump has been
executed, the instructions are
taken in order from the new ad-

dress.

JPZ 3 0010 Jump to the address called for by
the operand address, but only if
the ZERO flag is set.

STA 4 0011 Store the contents of the accumu-

lator in the memory location speci-
fied by the operand address.

STP 5 0100 STOP; halt all operations.

CMP 6 0101 Compare the contents of the mem-
ory location specified by the oper-
and address to the contents of the
accumulator. If the two are equal,
the E-flag is set.

JPE 7 0111 Jump to the address specified by
the operand address, if the E-flag
was set by the preceding opera-
tion.

Program Execution

E{ Objectives  Table 1.2 uses the instruction set in Table 1.1 to implement a sam-
ple hexidecimal program.

Table 1.2
Sample program for $1.98 Computer.
Memory Location
Location Contents Operation Description

0 A8 LDA with contents of location 8
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Memory Location

Location Contents Operation Description

1 BA ADD contents of location A to
value in ACCUM and Store result
in the accumulator register

2 C9 SUB contents of location 9 from
value in ACCUM and Store result
in the accumulator register

3D JUMP to location D if ACCUM=0
6B CMP the contents of location B to

the value in the ACCUM, set E-flag
if equal

5 7D JUMP tolocation D if the E-flag if
set

6 CA SUB contents of location A from
value in accumulator and store in
the accumulator register

7 2D JUMP to location D uncondition-
ally

8 0A DATA

9 03 DATA

A 05 DATA

B (08 DATA

C 0 DATA

D 4F STA the contents of the ACCUM
in location F

E 50 STP all operation

F 00 DATA

If you work through the program in sequence and follow the com-
puter’s instructions according to their definitions, you can see
that this program performs several math functions and makes
decisions based upon the information available to it. Basically, this
is what every computer does. At the end of the program, you
should finish with a binary 7 stored in memory location F. If not,
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go back through the program and follow the instructions in the
order that the program dictates, performing all the instructions
explicitly.

After the program has been loaded into memory, the computer
operator must initiate the execution of the program by giving the
computer a RUN command or signal. This signal, in turn, applies
a RESET input to the microprocessor, which clears its internal
registers and sets the program counter to its vector address (0).
The RUN signal also causes the computer to enter an Instruction

Cycle . During the instruction cycle, the following events occur:

1. The contents of the PC are loaded into the AR and placed
on the address bus by the control unit, along with a Read
signal on the R/W line of the control bus. Together, these
two pieces of information cause the address to be accessed
(in the example, location 0) and its contents to be placed on
the data bus.

2. The data on the data bus (A8 in this case) is loaded into the
microprocessor. The opcode portion of the instruction word
is loaded into the IR and the operand address portion (8) is
placed in the AR, replacing the preceding address. Both
these operations are performed by the control unit.

3. The IR applies the opcode to the ID, which decodes it for
the control unit. The AR places the operand address on the
address bus, and the control unit increments the program
counter by 1 (to memory location 1).

When the program counter is advanced to the next instruction
address, the instruction cycle is ended and the computer enters
an ExecutionCycle . During this time, the instruction called foris
carried out. At the end of the execution cycle, the computer auto-
matically enters another instruction cycle, where the same se-
quence of events is repeated. The computer continues to perform
instruction cycles, followed by execution cycles, until it receives a
STOP instruction from the program.

At the beginning of the execution cycle, the control unit issues a
Read signal on the R/W line of the control bus, and the data word
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in the memory location is placed on the data bus. In this instance,
the instruction calls for the data to be loaded into the micropro-
cessor’s accumulator register. During the execution cycle, the
control unit develops the signals necessary to latch the data in the
accumulator.

Three other courses of action are possible during the execution
cycle. They are listed as follows:

Scenario 1: In the event that the instruction requires an ALU
operation, the data word is transferred to the ALU, where it
may be placed in the accumulator or the data register. The
control unit must generate the control signals required to
produce the transfer, and also those necessary to carry out
the ALU operation.

Scenario 2: If the instruction calls for data to be placed in
memory, astore operation, the control unit first moves the
data to the data register and then places it on the system’s
data bus. The control unit also generates a Write signal on
the R/W line, which causes the data to be written into the
memory at the address specified by the operand address.
Recall that the operand address is still being held in the AR.

Scenario 3: The instruction word calls for some type of jump
to occur. If an unconditional jump instruction is received,
the control unit simply causes the operand address to be
loaded directly into the PC register. If a conditional jump is
received and the condition proves false, the execution cycle
ends, and the next instruction is taken in order.

Although the $1.98 Computer demonstrates how a typical micro-
processor carries out instructions and manipulates data, it does
not show the complete scope of microprocessor operations. The
$1.98 Computer does not provide any method of entering new
instructions or data into the system. It also lacks any provisions for
outputting data that has been processed. Without these capabili-
ties, the usefulness of a microprocessor is somewhat limited. In
the following section, common methods and equipment for ac-
quiring and outputting data are investigated.
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Input/Output (1/0)

\Z{ Objectives

In addition to the millions of possible memory locations in a PC,
thousands of addresses are typically set aside for Input and Out-
put devices in a system. External input and output devices, also
called peripherals  , connect to the computer’s bus systems through
different types of interfacing circuits. The interfacing circuits
make the peripherals compatible with the system. The system’s
microprocessor differentiates between memory and I/0O address-
es through the use of separate Read and Write signals as described
in the preceding section.

Interface circuits are necessary because the characteristics of most
peripherals differ greatly from those of the basic computer. The
microcomputer is a completely solid-state digital electronic device
that uses parallel words of a given length and adheres to basic
digital logic levels. However, computer peripherals generally tend
to be more mechanical and analog in nature.

Peripherals may also use parallel or serial transmission modes
between themselves and the system board. Although either trans-
mission form may be used with any given type of peripheral, paral-
lel buses are generally used for high-speed devices, such as disk
drives and some printers. Conversely, serial transmission is used
with remotely located devices or with devices whose operation is
more compatible with serial data flow, such as monitors, modems,
certain input devices, and some printers.

In addition to these differences, it is not uncommon for a micro-
computer system to be composed of a brand-X system unit, a
brand-Y printer, and a brand-Z disk drive (not to mention a host
of other options from different manufacturers). This introduces a
completely new set of obstacles to the orderly flow of information
between the peripherals and the computer. Different manufactur-
ers—or even a single manufacturer from one model to the next—
may incorporate a wide variety of signal levels, timing, and for-
mats into their devices which must be matched to those of the
host computer. Fortunately, computer and peripheral manufactur-
ers generally adhere to certain conventions—more or less—that
enable computers to interface with a variety of different peripher-
al devices.
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More importantly, human beings tend to be analog in nature. The
computer’s input and output units enable it to communicate with
the outside world. The input units contain all the circuitry neces-
sary to accept data and programs from peripheral input devices
such as keyboards, light pens, mice, joysticks, and so forth, and
convert the information into a form that is usable by the micro-
processor. The input unit may be used to enter programs and data
into the memory unit before execution, or it may be used to enter
data directly to the microprocessor during execution. The output
units contain all the circuitry necessary to transform data from
the computer’s language into a form that is more convenient for
theoutside world. Most often that is in the form of alphanumeric
characters, which are convenient for humans to use. Common
output devices include video display monitors, audio speakers,
and character printers. Figure 1.13 depicts several common I/0O
devices associated with personal computers.

Figure 1.13

Common 1/O
devices used
with PCs.

MONITOR

LASER
PRINTER

DIGITIZER
TABLET

KEYBOARD

Some computer peripherals do double duty as both input and
output units. These devices are collectively referred to as /Odevic-

es and include secondary storage devices such as hard disk drives,
floppy disk drives and magnetic tape drives, as well as communica-
tion devices called modems(modulator/demodulator). Modems
enable one computer to converse with another computer over
either standard or dedicated telephone lines. In the case of I/O
devices, the form that data takes is not for the convenience of
human beings, but instead it takes the form most suitable to carry
out the function of the device.
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\Z{ Objectives

Initiating I/O Transfers

During a program’s execution, the microprocessor constantly
Reads from or Writes to memory locations. The program may also
call on the microprocessor to Read from or Write to one of the
system’s I/O devices. Regardless of how the peripheral is connect-
ed to the system (serial or parallel), one of four methods may be
used to initiate data transfer between the system and the peripher-
al. These four methods are listed as follows:

. Poalling: The microprocessor examines the status of the pe-
ripheral under program control.

. Programmedl/O:  The microprocessor alerts the designated
peripheral by applying its address to the system’s address
bus.

. Interrupt-driven VO: Theperipheral alerts the microprocessor
that it is ready to transfer data.

. DMA: The intelligent peripheral assumes control of the sys-
tem’s buses to conduct direct transfers with primary
memory.

Polling & Programmed 1/0O

Bothpoling  and programmedl/O  represent software approaches to
data transfer while interrupt-driven and DMAransfers are basically
hardware approaches.

In the polingmethod , the software periodically checks with the
system’s I/O devices by testing their READY lines. When the mi-
croprocessor finds a READY line that has been asserted by a pe-
ripheral device to be ready to conduct a data transfer, it begins
Reading or Writing data to the corresponding I/O port. The poll-
ing method is advantageous in that it is easy to implement and
reconfigure because the program controls the entire sequence of
events during the transfer. However, polling is often inconvenient
because the microprocessor must be totally involved in the polling
routine and cannot perform other functions. A typical polling
operation is depicted in Figure 1.14.
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Figure 1.14 @
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Using the programmedl/Omethod ~ to conduct data transfers calls for
the microprocessor to alert the desired peripheral of an I/0 oper-
ation by issuing its address to the address bus. The peripheral can
delay the transfer by asserting its BUSY line. If the microprocessor
receives a BUSY signal from the peripheral, it continues to per-
form other tasks, but periodically checks the device until the
BUSY signal is replaced by a READY signal.

In order to establish an orderly flow of data during the transfer, a
number of signal exchanges, or handshakes , may occur between
the peripheral and the system. In a simple handshaking arrange-
ment, the peripheral produces a byte of data at its output register
when the microprocessor sends a Strobe  (STB) signal to the pe-
ripheral. The microprocessor Reads the word from the data bus.
The microprocessor then sends an Acknowledge  (ACK) signal back
to the peripheral, telling it to send the next data word. This meth-
od prevents the microprocessor from sending or requesting data
at a faster rate than the peripheral can handle. In some systems,
the handshaking routine is much more complex. An entire series
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of handshake signals may be exchanged during the transfer of a
single data word. The concept of programmed I/O is illustrated
in Figure 1.15.

Figure 1.15 @
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Interrupts

@{ Objectives In the course of normal operations, the various I/O devices at-
tached to a PC, such as the keyboard and disk drives, require ser-
vicing from the system’s microprocessor. Although I/O devices
may be treated as memory locations, one big difference distin-
guishes the two; I/O devices generally have the capability to inter-
rupt the microprocessor while it is executing a program. The I/O
device doesthisbyissuingan Interupt ~ (INT) or Intermupt Request
(INTR) input signal to the microprocessor.
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If the microprocessor is responding to INT signals and a peripher-
al device issues an interrupt request on an IRQ line, the micro-
processor finishes executing its current instruction and issue an
InterruptAcknowledge (INTA) signal on the control bus. The micro-
processor suspends its normal operation and stores the contents
of its internal registers in a special storage area referred to as the
Bk .

The interrupting device (or an interrupt controller) responds by
sending the starting address of a special program called the inter-

rupt senice routne  tothemicroprocessor. The microprocessor uses
the interrupt service routine to service the interrupting device.
After the microprocessor finishes servicing the interrupting de-
vice, the contents of the stack are restored to their original loca-
tions, and the microprocessor returns to the original program at
the point where the interrupt occurred.

Because more than one peripheral device may require the atten-
tion of the microprocessor at any given time, all computer systems
have methods of handling multiple interrupts in an orderly fash-
ion. The simplest method calls for the microprocessor, or the
interrupt controller, to have multiple interrupt inputs that have a
fixed priority of service. In this manner, if two interrupt signals
occur at the same instant, the interrupt that has the highest prior-
ity is serviced first.

Actually, two varieties of interrupts are used in microcomputers:

Maskable interrupts (MI), which the computer canignore
under certain conditions

Non-maskable Interrupts (NMI), towhich it must always
respond

Most microprocessors have an output line called the IntenuptEnable
(INTE), which it uses to inform peripheral devices whether it can be
interrupted or not. The logic level present on this line determines
whether or not the microprocessor responds to an INT or IRQ input
signal. The condition of the INTE line can usually be controlled by
software, which means the program can determine whether the in-
terrupt operation is activated or not. Non-maskable interrupt inputs,
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5_7{ Objectives

on the other hand, are signals which cannot be ignored by the micro-
processor and, therefore, always cause an interrupt to occur regard-
less of the status of the INTE line.

Think about a programmable interrupt controller IC and its rela-
tionship to the system’s microprocessor. The interrupt controller
chip accepts prioritized IRQ signals from up to eight peripheral
devices on IRQ lines 0 through 7. When one peripheral desires to
communicate with the microprocessor, it sends an IRQ to the
interrupt controller. The controller responds by sending an INT
signal to the microprocessor. If two interrupt requests are re-
ceived at the same instance, the interrupt controller accepts the
one that has the higher priority and acts on it first. The priority
order is highest for the device connected to the IRQ-0 line and
descends in order, with the IRQ-7 input given the lowest priority.

Direct Memory Access (DMA)

Another difference between memory and some intelligent, high-
speed I/0 devices is that the I/O device may have the capability
to perform data transfers (Read and Write operations) on their
own. This type of operation is called directmemoryaccess DMA).
DMA generally involves a high-speed I/0 device taking over the
system’s buses to perform Read and Write operations with the
primary memory, without the intervention of the system micro-
processor.

When the peripheral device has data ready to be transferred, it
sends a DMArequest (DREQ) signal to a special IC device called a
DMAcontroller  , which in turn, sends a HOLD input signal to the
microprocessor. The microprocessor finishes executing the in-
struction on which it is currently working and places its address
and data pins in a high-impedance state (floating), effectively
disconnecting the microprocessor from the buses. At this time,
the microprocessorissuesabuses avaidble  (BA)orhod adaowledge
(HLDA) signal to the DMA controller. The DMA controller, in
turn, issues a DMAacknowledge (DACK) to the peripheral, along
with the beginning address of the primary memory block to be
used, and the necessary R/W and enable signals for the data
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transfer to begin. The key to DMA operations is that the DMA
controller chip has a speed advantage over the microprocessor, in
that it can transfer data bytes faster than the microprocessor can.

Actually, DMA has two distinct methods of transferring data. The
crudest and simplest DMA method is referred to as HALT, or
Burst Mode DMA, because the DMA controller takes control of
the bus system and transfers a complete block of data to or from
memory in a single burst. While the transfer is in progress, the
system microprocessor sits idle, performing NoOperation ~ (NOP)
instructions to keep its internal registers refreshed. This is the
type of DMA operation performed in most computers.

The second DMA method involves the DMA controller taking
control of the bus system for a shorter length of time during peri-
ods when the microprocessor is busy with internal operations and
does not require access to the buses. In effect, the DMA controller
steals clock cycles from the microprocessor when it’s not using the
bus system. This method of DMA is referred to as cyclestealing

mode. Cycle stealing DMA is more complex to implement than
Halt DMA, because the DMA controller must have the intelli-
gence to sense the periods of time when the system buses are
open.

Cyclestealing DMA canbeimplementedassinge cyde seding
where the microprocessor is halted for a single clock cycle—while
the DMA controller transfersasinglebyte—orasful cyde steaing
where the microprocessor is not stopped and the DMA controller
can seize the buses any time the microprocessor is not using them.

Advanced microprocessors offer optimized DMA transfer capabili-
ties because they possess the capability to load several instructions
and data internally (called queuing ) and work for an extended
period of time without the need to access the bus system. The
microprocessor and DMA controller can have access to the buses
for varying lengths of time, as long as the DMA controller does
not hold them for too many consecutive clock cycles.

Figure 1.16 depicts a typical DMA controller chip. This controller
has provisions for four DMA transfer channels, with each channel
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consisting of a DREQ line and a corresponding DACK line. This
enables the chip to conduct DMA operations for up to four devic-
es. In addition, two of the channels may be used together to per-
form high-speed memory-to-memory transfers.

Figure 1.16 HOLD HLDA
A typical DMA
controller.
RIW <€—p <«—DRQO
«—DRQ1
DB (8) <€«—DRQ2
‘HII_IIII ” DRQ2
DA —» AEN
AB CONTROLLER
‘HII_IIII » DACKO
——» DACK1
—» DACK2
EOP —» —» DACK3

r1 1

CLOCK RESET READY

Expansion Slot Connectors

It would be very expensive to design and build a computer that fit
every conceivable user application. With this in mind, computer
designers include standardized connectors that enable users to
configure their systems to their particular computing needs. Most
personal computers use standardized expansionslot connectors
that enable users to attach various types of peripheral devices to
the system. Optional Input/Output devices, or their interface
boards, may be plugged into these slots to connect the devices to
the system’s address, data, and control buses.

Typical options and interfaces that use these slots include the
following:

Video displays such as monitors and Liquid Crystal Display
(LCD) Panels

Hard and floppy disk drive units for mass storage
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Character/graphics printers to produce hard copy (perma-
nent) output from the system

Modems to enable the computer to communicate with other
computers through commercial telephone lines

Network adapters that enable computers in a local area to
communicate with each other

Game control units and other pointing devices—such as
light pens and mice, and voice generation and recognition
systems

Scanners that convert images from hard copy input into
digital information that the computer can process

Adapter Cards

Adapter cards plug into the expansion slots of the computer’s
main board, as illustrated in Figure 1.17. They typically contain
the interfacing and controller circuitry for the peripheral. Howev-
er, in some cases the entire peripheral may be included on the
adapter card. Adapter cards enable peripheral devices to be add-
ed to the basic system to modity it for particular applications. For
example, adapter cards enable less expensive devices to be used
with the system for a beginner and still yet enable high-end, high-
performance peripherals to be used with it for advanced applica-
tions. Several companies have developed all types of expansion
cards and devices for different types of computer applications.
These include I/O controllers, disk drive controllers, video con-
trollers, modems, and proprietary Input/Output devices such as
scanners.

Three important characteristics are associated with any adapter
card:

Function
Expansion slot connector style

Size
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Figure 1.17

Plugging in a
typical adapter
card.
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It is important to realize that any device connected into the system
through an adapter card must have a card that is compatible with
the expansion slots used in that particular type of computer.

Secondary Memory

Programs and data disappear from the system’s RAM when the
computer is turned off. In addition, IC RAM devices tend to be
expensive, thereby making it unreasonable to construct large
memories that can hold multiple programs and large amounts of
data. Therefore, devices and systems that can be used for long
term data storage are desirable as a second level of memory.

A number of secondary memory technologies have been devel-
oped to extend the computer’s memory capabilities and store
data on a more permanent basis. These systems tend to be too
slow to be used directly with the computer’s microprocessor. The
secondary memory unit holds the information and transfers it in
batches to the computer’s faster internal memory when requested.

From the beginning, most secondary (also known as bulk or mass)
memory systems have involved storing binary information in the
form of magnetic charges on moving magnetic surfaces. This type
of storage has remained popular because of three factors:
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Low cost-per-bit of storage
Intrinsically non-volatile nature

Successful evolution upward in capacity

The major magnetic storage mediums are floppy disks, hard disks,
and tape.

In magnetic disk systems, information is stored in concentric cir-
cles around the disk, which are referred to as tracks . The tracks on
the disk are numbered, beginning with 0, from the outside edge
inward. The number of tracks may range from 40 up to 815, de-
pending on the type of disk and drive being used.

Because the tracks at the outer edge of the disk are longer than
those at its center, each track is divided into an equal number of
equal-sized blocks called sectors . The number of sectors on a track
may range between 8 and 50, depending upon the disk and drive
type. A small hole near the center of the disk, called an IndexHole
marks the starting point of the #1 sector on each track. A floppy
may have between 40 and 80 tracks per surface, with each track
divided into between 8 and 26 sectors. Each sector holds 512
bytes. The organizational structure of a typical magnetic disk is
illustrated in Figure 1.18.

Figure 1.18

The organiza-
tional structure of
a magnetic disk. TYPICAL SECTOR

D TRACK/SECTOR D DATAFIELD | DATA  [ERROR CHECK
ADDRESS ID FIELD GAP HEADER FIELD | CORRECTING
(1BYTES) (6BYTES) | (17BYTES) | (1 BYTES) | (512BYTES)| (2BYTES)

In magnetic tape systems, data is stored in sequential tracks along
the length of the tape, as depicted in Figure 1.19. Each track is
divided into equal-sized blocks. The blocks are separated by small
gaps of unrecorded space. Multiple tracks can be recorded across
the width of the tape. Using multiple read/write heads, the tracks
can be read simultaneously as the tape moves forward. The tracks
can also be read in a serpentine manner, using a single read/write
head.
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Figure 1.19
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Although it is possible to directly access any sector on a magnetic
disk, the sections on the tape can be accessed only in order. To
access the information in block 32 of the tape, the preceding 31
blocks must pass through the drive.

Most personal computers come from the manufacturer with both
a floppy-disk drive unit and a hard-disk drive unit installed. Tape
generally represents a cheaper storage option, but its inherent
slowness, due to its sequential nature, makes it less desirable than
magnetic disks that can simply be rotated. The disks offer much
quicker access to large blocks of data, at a cost that is still afford-
able to most users.

Floppy-Disk Drives

The most widely used data storage systems in personal computers
are FloppyDiskDrive (FDD) units. These units store information in
the form of tiny, magnetized spots on small disks that can be re-
moved from the drive unit. After the information has been written
on the disk, it remains there until the disk is magnetically erased
or written over. The information remains on the disk even if it is
removed from the disk drive or if power is removed from the sys-
tem. Whenever the information is required by the system, it can
be obtained by inserting the disk back into the drive and causing
the software to retrieve (Read) it from the disk. Information is
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stored on disks in logical groupings, calledfiles . Afileis simply a
block of related data that is grouped together, given a name, and
treated as a single unit.

The disks are relatively inexpensive and are easy to transport and
store. In addition, they can easily be removed and replaced if they
become full.

Modern floppy disks come in 57 and 3%-inch diameters, like
those depicted in Figure 1.20. Both types of disks are covered with
a magnetic coating and encased in protective, semi-rigid enve-
lopes. As the disks are spun inside their envelopes, the drive unit
can Write data onto them from the computer’s RAM memory, or
Read data from them, and store it in RAM. The occurrence of
these activities is signaled by a small, Disk-DriveActivityL ED onthe
front of the drive unit.

The more popular of the two sizes is the 3%-inch flexible mylar
disk. The actual disk is housed in a small, hard plastic envelope.
The Read/Write heads access the disk surface from under a
spring-loaded metal cover, which the drive unit moves out of the
way. The drive spindle does not protrude through the disk. In-
stead, it drives the disk from a keyed metal wafer attached to the
underside of the disk. A small, sliding tab in the left-front corner
of the envelope performs a White-ProtectFunction for the disk. Cir-
cuitry in the drive checks the condition of this tab to see whether
it may write information onto the disk. If the tab covers the open-
ing the disk may be written to. If, however, the opening is clear,
the disk s said to be “Write Protected ,” and the drive does not write
information on the disk.

A typical 5%-inch floppy disk is also depicted in the figure. The
disk’s envelope has several openings. In the center of the disk is a
large circular opening for the drive’s spindle. The index hole is
the smaller hole just beside the drive-spindle hole. It goes through
both sides of the envelope and when the index hole in the disk
lines up with the corresponding hole in the envelope, a light
shines through the hole and is detected by circuitry on the other
side of the disk. This tells the disk-drive controller that the first
sector is passing under the drive’s ReadWrite  (R/W) Heads.
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Figure 1.20

Floppy disks.
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A semi-elliptical slot on each side of the envelope permits the
drive’s R/W heads to access the disk’s surface. It is through these
slots that the R/W heads Write and Read information to and from
the disk. The envelope also has a small square notch along its
right edge which provides the Write Protect function. If the notch is
open the disk may be written to. Conversely, the disk cannot be
written to if the notch is covered.

KEYED
METAL WAFER

HARD PLASTIC
ENVELOPE
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Hard-Disk Drives

The system’s data storage potential is extended considerably by
the high-speed, high-capacity Hard-DiskDrive (HDD) unitssuch as
the one shown in Figure 1.21. These units store much more infor-
mation than floppy disks do. Modern hard drives may have stor-
age capacities ranging up to several gigabytes. Hard drives also
differ from floppy-disk units in that they use rigid disks that are
permanently sealed in the drive unit (non-removable).
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Figure 1.21

Inside a hard disk
drive.
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The disks are aluminum platters coated with a nickel-cobalt or
Ferro-magnetic material. Two or more platters are usually mount-
ed on a common spindle, with spacers between them, to enable
data to be recorded on both sides of each disk. The drive’s read/
write mechanism is sealed inside a dust-free compartment along
with the disks.

Older hard drives used disk platters that ranged in size from 8 to
40 inches in diameter. Modern hard disk drives come in sizes of
5%-, 3%-, and 2.5-inch diameters. Of these sizes, the 5/- and 3%-
inch versions have grown in popularity due to their association
with personal and business computers. However, the popularity of
the 37%- and 2%-inch versions are growing with the rising populari-
ty of smaller laptop and notebook-size computers. Hard drives
ranging into the gigabytes are available for these machines.

The major differences between floppy- and hard-disk drives are
storage capacity, data transfer rates, and cost. Another difference
to note is the fact that hard-disk drives tend to be more delicate
than floppy drives. Therefore, they require some special handling
considerations to prevent both damage to the unit and a loss of
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data. The disks in the HDD are not removable as floppy disks are.
Therefore, it is possible to fill up a hard-disk drive. When this
occurs, it is necessary to delete information from the unit to make
room for new information to be stored.

Conversely, floppy disks are prone to damage due to mishandling,
static, temperature, etc. In addition, they are easy to misplace and
they provide limited storage of application software. The latter
limitation causes the user to “swap” disks in and out of floppy
drives when running large programs. But, as long as you have a
blank disk you do not run out of storage potential.

Peripherals

Peripherals are devices and systems that are added to the basic
computer system to extend its capabilities. These devices and sys-
tems can be divided into three general categories: InputSystems
OutputSystems  ,and MemorySystems . Each peripheral device inter-
acts with the basic system through adapter boards that plug into
expansion slots inside the system unit. The peripheral systems that
are normally included as standard equipment in most microcom-
putersaretheKgjoad, theVdeo Dgpsy Moy, aChaedr Pt

e, andsometypeofPoning Device .

The most widely used input device for personal computers is the
typewriter-like alphanumeric keyboard. Unlike other I/O devices,
the keyboard normally requires no interface adapter card. Its
interface circuitry is generally built directly into the system’s main
board.

Pointing devices are small input devices that enable the user to
interact with graphical software running in the system. They en-
able the user to move a cursor, or some other screen image,
around the display screen and choose options from an onscreen
menu, rather than typing in commands from a keyboard. Most
pointing devices are hand-held units that enable the user to enter
commands and data into the computer more easily than is possi-
ble with a keyboard. Because they make it easier to interact with
the computer than other input devices do, they are, therefore,
friendlier to the user.
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Common input devices are depicted in Figure 1.22.A. The devices
include the keyboard, mouse, joystick, light pen, and trackball.

Figure 1.22.A 7
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The most widely used pointing device is the mouse. Mice are hand-
held devices that produce input data by being moved across a
surface, such as a desktop. They may have 1, 2, or 3 buttons that
can be pressed in different combinations to interact with software
running in the system. The mouse enables the user to move a
cursor, or some other screen image, around the display screen.
When a position has been selected, clicking one or more of the
mouse buttons enables the user to choose options from an on-
screen menu, rather than type in commands from a keyboard.

Specialized graphics software enable the user to operate the
mouse as a drawing instrument. In this context, the mouse can be
used to create elaborate pictures on the screen. The Trackball

Mouse detects positional changes through a rolling trackball on
which it rides.

The most widely used output device for personal computers is the
CathodeRayTube  (CRT) video display monitor, similar to the one
shown in Figure 1.22.B. Video display monitors often include a
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Figure 1.22.B

tilt/swivel base that enables the user to position it at whatever
angle is most comfortable. This offers additional relief from eye-
strain by preventing the user from viewing the display at an angle.
Viewing the screen at an angle causes the eyes to focus separately,
which places strain on the eye muscles.

MONITOR

Typical output
devices.

Small notebook and laptop computers use non-CRT displays, such
aslijid  Cnystal  Dispay  (LCD)andgasplasma panels . Thesedisplay
systems are well suited to the portability needs of these computers.
They are much lighter and more compact than CRT monitors and
require much less electrical energy to operate. Both types of dis-
play units can be operated from batteries.

After the monitor, the next most frequently added output device
is the characterprinter, which produces hard copy output on paper.
It converts text and graphical data from the computer into print
on a page.

Software

\Z{ Obijectives

After the system’s components are connected together and their
power connectors have been plugged into a receptacle, the system
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is ready for operation. However, one thing is still missing: the soft-
ware. Without good software to oversee its operation, the most
sophisticated computer hardware is worthless.

Three general classes of software actually need to be discussed:

System software
Applications software

Games and learning software

The bulk of the software discussed in this book deals with the
system software category. This is because this type of software
tends to require more technical skills to manipulate and, there-
fore, most often involves the service person.

System Software

@/ Objectives  The System Software category consists of special programs used by
the system itself to control the computer’s operation. Two classic
examples of this type of software are the system’s Basiclnput/Out-
put System (BIOS)programandtheDisk Operating System (DOS).
These programs control the operation of the other classes of soft-
ware. The BIOS is located in a ROM IC device on the system
board. Therefore, it is commonly referred to as ROM BIOS The
DOS software is normally located on a magnetic disk.

Basic Input/Output Systems

When a PCis turned ON, the entire system is reset to a predeter-
mined starting condition. From this state, it begins carrying out
software instructions from its BIOS program. This small program
is permanently stored in the ROM memory ICs located on the
system board. The information stored in these chips is all the in-
herent intelligence that the system has to begin with.

A system’s BIOS program is one of the keys to its compatibility .To
be IBM PC-compatible, for example, the computer’s BIOS must
perform the same basic functions that the IBM PC’s BIOS does.

However, because the IBM BIOS software is copyrighted, the
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compatible’s software must accomplish the same results that the
original did, but it must do it in some different way.

During the execution of the BIOS firmware routines, three major
sets of operations are performed. First, the BIOS performs a se-
ries of diagnostic tests (called POST or Power-OnSelf-Tests )onthe
system, to verify that it is operating correctly.

If any of the system’s components are malfunctioning, the tests
cause an error message code to be displayed on the monitor
screen, and/or an audio code to be output through the system’s
speaker.

The BIOS program also places starting values in the system’s vari-
ous programmable devices. These intelligent devices regulate the
operation of different portions of the computer’s hardware. This
process is called initialization .As an example, when the system is
first started, the BIOS moves the starting address and mode infor-
mation into the DMA controller. Likewise, the locations of the
computer’s interrupt handler programs are written into the inter-
rupt controller. This process is repeated for several of the micro-
processor’s support devices so that they have the information they
need to begin operation.

Finally, the BIOS checks the system for a special program that it
can use to load other programs into its RAM. This program is
called the Master BootRecord . Theboot record program contains
information that enables the system to load a much more power-
ful control program, called the Disk Operating System, into RAM
memory. After the Operating System has been loaded into the
computer’s memory, the BIOS gives it control over the system. In
this way, the total “intelligence” of the system is greatly increased
over what was available with just the ROM BIOS program alone.
From this point, the Operating System oversees the operation of
the system.

This operation is referred to asbootingup  the system. If the com-
puter is started from the OFF condition, the process is referred to
asacoldboot .Ifthesystemisrestarted from the ON condition, the
process is called a RESET, or a warmboot.
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The bootup process may take several seconds to perform depend-
ing upon the configuration of the system. If a warm boot is being
performed, or if the POST tests have been disabled, the amount
of time required to get the system into operation is greatly de-
creased.

In Part 1 of the operation, the BIOS tests the microprocessor and
the system’s RAM memory . In Part 2, it furnishes starting infor-
mation to the system’s microprocessor support devices , video
adapter card , and disk drive adapter card . Finally, in Part 3, the
BIOS searches through the system in a predetermined sequence
for a master boot record to which it turns over control of the com-
puter. In this case, it checks the floppy disk drive first and the
hard disk drive second . If a boot record is found in either loca-
tion, the BIOS moves it onto the computer’s RAM memory and
turns control over to it.

Operating Systems

OperatingSystems are programs designed to control the operation
of a computer system. As a group, they are easily some of the most
complex programs devised. Every portion of the system must be
controlled and coordinated so that the millions of operations that
occur every second are carried out correctly and on time. In addi-
tion, it is the job of the operating system to make the complexity
of the personal computer as invisible as possible to the user. Like-
wise, the operating system acts as an intermediary between soft-
ware applications that are nearly as complex, and the hardware on
which they run. Finally, the operating system accepts commands
from the computer user, and carries them out to perform some
desired operation.

A DiskOperatingSystem(DOS) isa collection of programs used to
control overall computer operation in a disk-based system. These
programs work in the background to enable the user of the com-
puter to input characters from the keyboard, to define a file struc-
ture for storing records, or to output data to a monitor or printer.
The disk operating system is responsible for finding and organiz-
ing your data and applications on the disk.
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Figure 1.23

The disk operating system can be divided into three distinct sec-
tions:

Boot files, which take over control of the system from the
ROM BIOS during startup

File management files, which enable the system to manage
information within itself

Utility files, which enable the user to manage system re-
sources, troubleshoot the system and configure the system

The operating system acts as a bridge between the application
programs and the computer, as described in Figure 1.23. These
application programs enable the user to create files of data per-
taining to certain applications such as word processing, remote
data communications, business processing, and user program-
ming languages.
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Often, new users are confused because data or programs they
have created do not appear from the DOS prompt. The informa-
tion has been created by an application program that applies its
own formatting code to the body of the information. Therefore,
the creating program is necessary to properly interpret the creat-
ed program. As an example, when a text file is created with a
given word processing program, formatting codes are added to
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the document for bold and italic characters, as well as tabs and
carriage returns. Although the basic ASCII characters may appear
correctly, the codes may be displayed much differently by another
word processor. Likewise, there is almost no chance that a BASIC
programming package will interpret the control codes so that it
can display the text file in any meaningful way.

Operating Environments

E{ Objectives  Another form of operating environment referred to as a Graphical
UserlInterface (GUI) has gained widespread popularity in recent
years. GUISs, like the one depicted in Figure 1.24, use a graphical
display to represent procedures and programs that can be execut-
ed by the computer. These programs routinely use small pictures,
calledicons, torepresent different programs. The advantage of
using a GUI is that the user doesn’t have to remember complicat-
ed commands to execute a program.

Figure 1.24 ———————————— PK-Teach Robot Programming Instructor

Absolute Position Max Ranges Relative Position ===
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Application Software

@/ Objectives The second software category, applications sofware ,isthesetof
programs that perform specific tasks, such as word processing,
accounting, and so forth. This type of software is available in two
forms:

Commercially available, user-oriented applications packages,
which may be bought and used directly

Programming languages, with which you can write your own
applications programs
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Figure 1.25

Commercial Application Packages

The openness of the personal computer market has generated a
wide variety of different applications programs designed for use with
them. Even a short discussion of all the software types available for
the PC would take up more space than this chapter can afford. How-
ever, a small group of these programs make up the vast majority of
the software sold in this category. These programs are:

Word processors

Spreadsheets

Database management systems (DBMS)
Personal productivity tools

Graphic design packages

Word processors are specialized software packages that can be used
to create and edit alphanumeric texts, such as letters, memos, con-
tracts, and other documents. These packages convert the computer
into a super typewriter. Unlike typewriters, word processors enable
the user to edit, check, any correct any errors electronically before
the document is committed to paper. Many word processors offer
extended functions such as spelling checkers, as well as on-line
dictionary and thesaurus functions that aid the writer in preparing
the document. A typical word processor working page is depicted in
Figure 1.25.

WordPerfect - [C:\...\rules.wpd - unmodified]
=|File Edit View Insert Format Table Graphics Tools Window Help

A typical Word
Processor.
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New Rules of the Road

Foremost is the safety of bikers who must share the roads with automobiles. Just as disconcerting is the high incidence of accidents on paths restricted to
use by pedestrians, skateboarders, and other bikers. Teaching cycling etiquette and roads as multi-vehicle highways arc inexp and practical
and can alleviate the majority of hazards bikers face

A Touch of Trony

You want irony? Try this bit of information: according to The Daily Microcosm's Anna Fornos, a city which sponsors three annual cycling events and
supports the county's alternative transportation program, there is not a single bike lane. We need to think about doing something to reverse the current
situation. And now that we have the name of a giant corporation backing us, there's no reason to remain silent regarding the lack of bicycle and pedestrian
facilities in our community.

The Future of Bicycle Transportation

Right now the city is drafting a transportation plan, and not of moment too soon. Katherine Fornos claims that if a growing city does not accomodate cyclists
who ride to work, people who have ridden to work for years will no longer be riding to work. Ms. Fornos goes on to say the following:

“There isn't one provision to accommodate bikers. Perhaps it's an oversight. Or perhaps it's the lack of bikers in the city council. We can safely assume that
the director of the Losantiville Planning Organization doesn't bike (at least, not outdoors).”

‘What We Can Do

So if it's someone with legislative pull we need, we can go straight to the governor's office and find a state bicycle coordinator. With some pressure she will
work with local governments to apportion some road money to non-highway programs. But unless we speak up, we'll go unnoticed
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Spreadsheets are specialized financial worksheets that enable the
user to prepare and manipulate numerical information in a com-
parative format. Paper spreadsheets were used by business people
for many years before the personal computer came along. Spread-
sheets are used to track business information such as budgets,
cash flow, and earnings. Because the information on these types
of documents is updated and corrected often, working on paper
was always a problem. With electronic spreadsheets, such as the
one illustrated in Figure 1.26, this work is much quicker to per-
form and less fatiguing. This type of software may be the class
most responsible for the growth of personal computers into seri-

ous work machines.
i A B [ ¢ [ o [ & ]
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Database management systems (or simply Daiabases ) are programs
that enable the user to store and track vast amounts of related
information about different subjects. Databases can be thought of
as electronic boxes of note cards. On these electronic note cards
you can keep several pieces of information related to a given sub-
ject. For example, you might keep certain types of information on
a note card for each of your relatives. The card might contain
such information as a phone number, address, and birthday. The
database enables you to sort through the information in different
ways. With a database program it would be no problem to identify
all the relatives that have a birthday in a given month. A typical
database working page is shown in Figure 1.27.
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Figure 1.27

A typical data-
base program.

Figure 1.28
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Graphics programs enable the user to create non-alphanumeric
output from the computer. Simple graphics programs are used to
create charts and graphs that represent data. More complex pro-
grams can be used to create artistic output in the form of lines,
shapes, and images. Typically, graphic design programs produce
graphics in two types of formats: asbtmapped  images and as vector
images . With bit-mapped graphics, every dot (pixel) in the image
is defined in memory. Vector images, on the other hand, are de-
fined as a starting point and a set of mathematical formulas in
memory. Because vector images exist only as a set of mathemati-
cal models, their size can be scaled up or down easily without
major distortions. Vector images can also be rotated easily, en-
abling three-dimensional work to take place on these images. On
the other hand, bit-mapped graphics are tightly-specified collec-
tions of spots across and down the screen. These types of images
are very difficult to scale or rotate without distortion. A typical
graphics package is depicted in Figure 1.28.
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Personal productivity programs, also referred to as desktoporganiz-

ers , encompass a variety of programs that simulate tools found on
typical business desks. They normally include items such as tele-
phone directories, calculators, note pads, and calendar programs.
Of course, many other types of applications software are available
for use with the PC. Any type of meaningful discussion of all these
software types is well beyond the scope of this book, and certainly
goes well beyond the scope of preparing for A+ testing.

Programming Packages

Because the only language that computers understand is their own
machine language, and most humans don’t relate well to machine
languages, you need a piece of system software to convert whatever
language you're using into the machine’s language. These conver-
sion packages exist in two forms: Interpreters and Complers . Thedis-
tinction between the two is in how and when they convert the user
language into machine language. Interpreters convert the program
as it is being run (executed). Compilers convert the entire user-
language program into machine code before it is executed. Typical-
ly, compiled language programs execute much faster than those
written in interpretive languages. In addition, compiled languages
typically provide the user with a much higher level of direct control
over the computer’s operation.

In contrast, interpreted languages are usually slower, and less pow-
erful, but their programs tend to be easier to write and use than
compiled languages.

BASIC is probably the best-known example of an interpreted high-
level programminglanguage. The term BASIC stands for beginners
dpupoe symbdc  instudion oode , while “high-level” referstothe
fact that the language uses commands that are English-like. This
all contributes to making BASIC a popular user language, which
almost anyone can learn to use.

An example of a compiled language is FORTRAN. FORTRAN is one
of the oldest user languages still in use today, and is primarily used in
engineering and scientific applications. Many of FORTRAN’s at-
tributes resemble those you find in BASIC. This is because most ver-
sions of BASIC are modified derivatives of FORTRAN.
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BASIC compiler programs are also commercially available that
enable you to take BASIC programs, written with an interpreter,
and compile them so that they run faster. Other compiled lan-
guage packages that run on almost any PC include: COBOL (a
business applications language), LISP (an artificial intelligence
applications language), and the popular user languages C+,
FORTH and PASCAL.

Another alternative in programming your computer is to write
programs in Assemblylanguage  (one step away from machine lan-
guage), and run them through an Assembler program. Assembly
language is a human-readable form of machine language that uses
short, symbolic instruction words, called mnemonics , to tell the
computer what to do. Each line of an Assembly language program
corresponds directly to one line of machine code. Writing pro-
grams in Assembly language enables the programmer to precisely
control every aspect of the computer’s operation during the exe-
cution of the program. This makes Assembly language the most
powerful programming language you can use. To its detriment,
Assembly language is complex, and requires the programmer to
be extremely familiar with the internal operation of the system
using the program.

A number of steps are required to create an Assembly language
program:

1. First, you must create the program using an alphanumeric
text editor.

2. Next, the text file must be run through an Assembler pro-
gram, to convert the Assembly language into machine code.

3. Finally, the machine code must be run through a linking
program , which puts the assembled machine code into the
proper format to work with the operating system. In this
final form, the program can be executed from DOS.

For short and simple Assembly language programs, a DOS utility
called DEBUG:an be used to enter and run machine language
and limited Assembly language programs, without going through
the various assembly steps.
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Microsoft introduced a radically different programming environ-
ment when it delivered VisualBasic . Unlike the earlier BASIClan-
guage versions, Visual Basic is a graphical programming tool that
enables programmers to develop Windows applications in an artis-
tic rather than command-line basis. The programmer draws
graphic elements and places them on the screen as desired. This
tool is so powerful that it is used to produce large blocks of major
applications, as well as finished Windows products. The finished
product can be converted into an executable file using a Visual
Basic utility. The only major drawback of Visual Basic is that major
applications written in it tend to run slowly, because it is an inter-
preted language.

Games and Educational Packages

Games and learning programs are among the leading titles in retail
software sales. The games market has exploded as PC speeds have
increased, and as output graphics have improved. However, on the
technical side, there is generally not much call for a repair associate
with game software. Most games work with well-developed pointing
devices, such as trackballs and joysticks, as the primary input devic-
es. Although the housing designs of these products can be quite
amazing, they tend to be simple and well-proven devices, requiring
relatively little maintenance. Likewise, the software tends to be pret-
ty straightforward from a user’s point of view. It simply gets installed
and runs.

Compueraced  insiudn (CADand compuerbesed  instudion

(CBI) have become accepted means of delivering instructional
materials. In CAI operations, the computer assists a human in-
structor in delivering information and tracking student responses.
In CBI operations, the computer becomes the primary delivery
vehicle for instructional materials.

As these teaching systems proliferate, more complex input, output
and processing devices are added to the system. A basic teaching
system requires a minimum of a sound card, a fast hard drive, a
CD-ROM drive, and a high-resolution video card. Beyond this,
CAI and CBI systems may employ such wide-ranging peripherals
as large LCD display panels, VGA-compatible overhead projectors,
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intelligent white boards, wireless mice, and touch-sensitive screens
as input devices, full-motion video capture cards, and a host of
other multimedia related equipment. Refer to Chapter 12, “Multi-
media,” for more information on these types of products.

Version Numbers

All types of software are referred to by version numbers. When a
programmer releases a software program for sale, a version num-
ber is assigned to it, such as Windows 3.11 or MS-DOS 6.22. The
version number distinguishes the new release from any prior re-
leases of that same software. The larger the version number, the
more recent the program is. When new features or capabilities are
added to a program, it is given a new version number. Therefore,
referring to a software package by its version number indicates its
capabilities and operation. The number to the left of the decimal
point is the major revision number, which usually changes when
new features are added. The number(s) to the right of the deci-
mal are minor revision numbers, which usually change when cor-
rections are made to the program.

Summary

This chapter has presented a mini-course on the basic organiza-
tion and operation of the digital computer. The initial section of
the chapter described the various types of information and words
used in computer systems. The following section examined the
basic hardware building blocks that make up the typical micro-
computer. The final section of the chapter looked at different
classes of software. Types of system software were examined first.
This was followed by a discussion of typical commercial software
packages that enable users to adapt the system for work on a wide
variety of applications.

After you have completed this chapter, you should be prepared to
investigate the components presented in this chapter in much
greater detail. As you move through the remainder of the text,
you may refer back to the materials developed in this chapter and,
in many cases, refine the concepts initiated here.
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The next chapter builds on the fundamental materials from this
chapter by demonstrating how these conceptual topics are imple-
mented in actual personal computer equipment.

At this point, review the objectives listed at the beginning of the
chapter to be certain that you understand and can perform each
item listed there. Afterward, answer the Review questions that
follow to verify your knowledge of the information.
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Lab Exercises

Hands-on lab procedures correspond to the theory materials pre-
sented in this chapter. Refer to the lab manual and perform Pro-
cedures 14, “QBASIC,” and 16 “Advanced QBASIC.”

Also, perform the following paperlabs  tobecome familiar with the
basic operation of the computer system:

1. Use the $1.98 Computer’s instruction set to write a program
for it that loads a value of 7 from location F into the accumu-
lator. It should then add 2 to the value in the accumulator,
compare the result to a value of F, and set the E flag if the
two values are equal. Continue to add 2 to the value in the
accumulator until the E flag is set. At this time, the program
should halt.

2. Using the $1.98 Computer’s instruction set, write a program
for it that multiplies 7 by 6 and stores the final answer in
location F. (Consider the accumulator to be 8 bits wide.)

3. Using the $1.98 Computer’s instruction set, write a program
for it that divides the decimal value 105 by 15 and places the
answer in location F.

4. Using the $1.98 Computer’s instruction set, write a program
for it that counts by 3’s to a value of F and then begins the
count again. After counting to F five times, cause the pro-
gram to Halt.

Lab Answers
1. AF, B8, 6C, 7E, 21,00, 00, 00, 02, 00, 00, 00, OF, 00, 50, 07
2. BB,4F,AC,CD, 4C, 6A, 7E, AF, 20, 00, 00, 07, 06, 01, 50, 00
3. AB, CC, BF, AD, BF, 4F, AB, 6A, 7E, 21, 00, 69, OF, 01, 50, 00

4. AB, BB, 6C, 75,21, AA, CD, 3E, 20, 00, 05, 03, OF, 01, 50, 00
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Review Questions

The following questions test your knowledge of the material pre-
sented in this chapter.

1.

2.

10.

11.

12.

13.

14.

15.

What does BCDstand for?
Describe the differences between an EPROM and EEPROM.

Which control bus signal is used to synchronize all micropro-
cessor operations?

What is another name for an 8-bit word?

What determines where a data word is stored in a memory
unit?

What type of operation is being performed when a data
word is placed into a memory unit?

Define volatile memory.

What is the major disadvantage of dynamic RAM? Of pri-
mary memory?

What is the major advantage of dynamic RAM?

What is the major requirement for devices used as internal,
or primary memory?

What are the major requirements for secondary memory
devices or systems?

Name the basic blocks of a typical computer.

What components are incorporated to form a microproces-
sor?

Where do the contents of the microprocessor’s internal reg-
isters go during an interrupt operation?

What are the three major differences between floppy-disk
drives and hard-disk drives?
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16.

17.

18.

19.

20.

21.
22,

23.

24.

25.

Which bus in the computer is bi-directional and which is uni-
directional?

What type of memory device is used to hold data that does
not change?

Which software category is normally associated with the term
“firmware”?

Define “files” as they apply to computers.

What function do the expansion slots perform in a typical
microcomputer?

What three functions do the ROM BIOS programs perform?
What is the purpose of a GUT?

Why is magnetic disk data storage more popular than tape
storage?

How is magnetic tape storage different than magnetic disk
storage?

Describe two common formats used to store data on
magnetic tape.

Review Answers

1.

2.

Binary-Coded Decimal. For more information, see the sec-
tion “Numeric Data Words.”

An EPROM can be erased and re-written using an external
erasing/writing system, while EEPROMs can be repro-
grammed by special circuitry included in the computer sys-
tem. For more information, see the section “ROM Memory.”

The system clock signal. For more information, see the sec-
tion “Control Bus.”

Byte. For more information, see the section “Bits, Bytes, and
Computer Words.”
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10.

11.

12.

13.

14.

15.

16.

Its address. For more information, see the section “Memory
Unit.”

A Write or Store operation. For more information, see the
section “Memory Unit.”

Memory that requires that power be applied to it in order to
retain data. For more information, see the section “RAM
Memory.”

It requires extra circuitry to keep it refreshed. This adds to
the initial cost of the memory unit. For more information,
see the section “RAM Memory.”

Its high circuit density (or storage capacity) and its low cost
of operation. For more information, see the section “RAM
Memory.”

Speed. It must be fast enough to work without slowing down
the microprocessor. For more information, see the section
“Memory Unit.”

Low cost and non-volatility. For more information, see the
section “Memory Unit.”

Input, Output, Memory, ALU, and Control units. For more
information, see the section “Basic Computer Structure.”

ALU and Control units along with internal registers. For
more information, see the section “Microprocessors De-
fined.”

To a special section of memory called the stack . This can be
an area of primary RAM memory, called a software stack, or
a specialized set of internal microprocessor registers, called a
hardware stack. For more information, see the section “Inter-
nal Registers.”

Storage Capacity, data transfer rates, cost. For more informa-
tion, see the section “Hard-Disk Drives.”

The data bus is bi-directional, and the address bus is uni-
directional. For more information, see the sections “Data
Bus” and “Address Bus.”
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17.

18.

19.

20.

21.

22,

23.

24.

25.

ROM. For more information, see the section “Memory
Unit.”

System Software. For more information, see the sections
“ROM Applications” and “System Software.”

Logical groups of information that are stored and treated as
a single unit. For more information, see the section “Floppy-
Disk Drives.”

The expansion slots provide uniform connection points that
enable I/0 interface cards to be plugged into the system’s
address, data, and control buses. For more information, see
the section “Expansion Slot Connectors.”

Power-on self tests, initialization of intelligent devices, and
disk drive boot up. For more information, see the section
“Basic Input/Output Systems.”

To enable the user to choose and execute functions from a
graphical display rather than use command line entries. For
more information, see the section “Operating Environ-
ments.”

Access to data stored on a magnetic disk is direct, while ac-
cess to data stored on tape is sequential. Therefore, disk
access to data is much faster on disk than it is on tape. For
more information, see the section “Secondary Memory.”

Data is stored on tape in a sequential manner along the
length of the tape. To access the 33rd record on a tape, the
preceding 32 records must pass under the R/W heads before
it can be read or written. In most other respects, data storage
on tape is very similar to that on disk. For more information,
see the section “Secondary Memory.”

Tape storage is generally performed in multiple parallel
tracks along the tape, or in a serpentine fashion that records
on multiple tracks but in opposite directions along the tape.
Parallel track tape machines require a R/W head for each
track while a serpentine recorder requires only one R/W
head. For more information, see the section “Secondary
Memory.”
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@{ Objectives

Chapter

Upon completion of this chapter and its related Lab Exercises,
you should be able to:

Discuss differences between different PC case styles and
explain strong and weak points associated with each.

Recognize the special features associated with portable
computers.

Describe the function of typical PC power supplies.

Identify different types of RAM modules (DIP, SIPP,
SIMM, DIMM).

Identify common microprocessor IC package types.

Discuss and recognize the different PCMCIA devices cur-
rently available.

Identify a Video/Graphics/Array (VGA) adapter card.
Identify a Multi I/O (MI/O) card.
Recognize different disk drive types associated with PCs.

Describe typical external connections associated with PCs.

Properly connect the keyboard, monitor, and AC power
cord to the system.

Locate the power supply unit, system board, system speak-
er, disk drive unit, and expansion slots.
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Locate the system’s RAM banks and, using documenta-
tion, determine the amount of RAM installed in the sys-
tem.

Install basic system hardware and peripheral devices.
Configure basic system hardware.

Disassemble and reassemble a system.
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Introduction

In the preceding chapter, basic digital computer concepts were
introduced. This chapter illustrates how those basic concepts have
been used to develop actual microcomputer systems. The initial
portion of the chapter documents the evolution of the personal
computer from a variety of small computing systems that started
the market, to the Apple and IBM personal computers that
brought PCs to prominence, and finally to the clones that current-
ly dominate the market.

The remainder of the chapter deals with the various hardware
structures that make up a PC-compatible microcomputer. This
section lays the foundation for the more in-depth theory and trou-
bleshooting materials in the following chapters.

Personal Computer Evolution

In the early years of microcomputer history, the market was domi-
nated by a group of small companies that produced computers
intended mainly for playing video games. Serious computer appli-
cations were almost always a secondary concern. Companies such
as Commodore, Timex/Sinclair, Atari, and Tandy produced 8-bit
machines based on microprocessors from Intel, Motorola, Zilog,
and Commodore for the emerging industry.

In 1977, Apple Computers produced the Apple I. This was fol-
lowed with a series of 8-bit microcomputers: the Apple II, Apple
Ilc, and Apple ITe. These units were single-board computers with
built-in keyboards and a discrete monitor. With the IIe unit, Apple
installed seven expansion connectors on its main board. These
connectors were included to enable adapter cards to be added to
the system. Apple also produced a set of adapter cards that could
be used with the Ile to bring additional capabilities to the basic
ITe. These units were very advanced for their time. However, in
1981, Apple introduced their very powerful 16-bit Macintosh
(Mac) system to the market. The Mac features represented a ma-
jor shift in computing power. They departed from command-line
operations by offering a graphical operating method that used a
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Figure 2.1

small input device called a mouse to select objects from the out-
put monitor and guide the operation of the system. This method
found an eager audience of nontechnical users and public school
systems.

Late in 1981, IBM entered the personal computer market with the
unveiling of their now famous IBM-PC. At the time of its introduc-
tion, the IBM-PC was a drastic departure from the status quo of
the microcomputer world. The PC used an Intel 8088 16/8-bit
microprocessor (its registers process data 16 bits at a time inter-
nally, but have an 8-bit external data bus). Relatively speaking, it
was fast, powerful, flexible, and priced within the range of most
individuals. The general public soon became aware of the tremen-
dous possibilities of the personal computer, and the microcom-
puter world quickly advanced from one of simple games to one
with a seemingly endless range of advanced personal and business
applications.

The original Apple Mac and IBM PC are depicted in Figure 2.1.

The Apple Mac
and IBM PC.

APPLE MAC

The success of the PC stemmed largely from IBM’s approach to
marketing it. IBM actually constructed very little of the PC. In-
stead, they went to independent manufacturers for most of their
system components and software. To do this, IBM made public
nearly all the technical information concerning the PC. This
openness, in turn, created a rush of small companies developing
hardware and software options compatible with the PC.



Chapter 2 PC Hardware 87

In 1983, IBM added a small hard-disk drive to the PC and intro-
duced the Extended Technology (XT) version of the PC. The success
continued when, in 1984, IBM introduced the Advanced Technology

PC (PC-AT). The AT used a true 16-bit microprocessor (it process-
es 16 bits at a time internally and has a 16-bit external data bus)
from Intel, called the 80286. The wider bus increased the speed of
the computer’s operation, because the 80286 was then able to
transfer and process twice as much data at a time as the 8088
could.

The IBM PC-AT is depicted in Figure 2.2. The tremendous popu-
larity of the original IBM PC-XT and AT systems created a set of
PseudoStandards  for hardware and software compatibility. The AT
architecture became so popular that it has become the industry
standard  architecture (ISA). The majority of microcomputers are
both hardware- and software-compatible with the original AT de-
sign.

Figure 2.2
The IBM PC-AT.
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Since the days of the original AT design, Intel has introduced
several different microprocessors, such as the 80386, the 80486,
the Pentium (80586), the Pentium Pro (80686), and Pentium II.

In response to microprocessor clone manufacturers using the
80x86 nomenclature, Intel dropped the numbering system and
adopted the Pentium name so that they could copyright it. More
inclusive information about microprocessor numbering is pre-
sented in the Microprocessor section of Chapter 6, “System
Boards.”

All of these microprocessors are upwardly compatible with the 8088
design. This means that programs written specifically for the 8088
can be executed by any of the other microprocessors. However, a
program written specifically for an 80386 cannot be executed by
using an 8088 or 80286. The majority of microcomputers today are
based on the AT design but incorporate the newer microprocessors
into the system.

With so many PC-compatible software and hardware options on
the market, a number of independent companies have developed
PC-like computers of their own. These are referred to as PClook-
alkes ,clones ,ormore commonly, compatbles . The cloning process
was made possible by two events. The government-backed Electron-

C Rescach and Sevice Omganizaion  (ERSO)in Taiwan successfully
produced a noncopyright infringing version of the XT BIOS firm-
ware and IBM did not lock up exclusive rights to the Microsoft
Disk Operating Software that controls the interaction between the
system’s hardware and the software applications running on it.

In an attempt to derail the growing market acceptance of clone
PCs, IBM introduced a new line of Personal System/2 (PS/2) comput-
ers, which included a new, patented 32-bit expansion bus standard
calledMico Channel Archiecture (MCA). The Personal System/2
(PS/2) Desktop is depicted in Figure 2.3.

The Micro Channel Architecture, which was invented, trade-
marked, and patented by IBM in 1987, provided computing poten-
tial that was more closely related to larger mainframe computers
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than contemporary microcomputers. The advanced design of
MCA made provisions that enabled systems using its architecture
to work on several tasks at one time and to include several micro-
processors working together as a unit.

Figure 2.3

Personal System/
2 desktop unit.

==

In developing MCA, IBM disregarded any efforts to remain compat-
ible with the ISA standard architecture. Indeed, the MCA standard
stands alone in terms of hardware compatibility. The physical ex-
pansion connector is incompatible with the edge connectors on
ISA adapter cards. In addition, the interface signals called for in the
MCA standard are different in definition as well as layout. There-
fore, the only source for PS/2 peripheral equipment is IBM or one
of its approved vendors. Conversely, IBM has maintained software
compatibility between its PS/2 line and the earlier PC, XT, and AT
lines.

The majority of the discussion in this text deals with PC-compatible
designs because they are the most wide-ranging and because they
occupy such a large portion of the personal computer market. You
may also notice that most of the discussions tend to lean toward
desktop PCs. This information should not be difficult to transfer to
other PCstyles.
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The PC System

@{ Objective  Atypical personal computer system is modular by design. Itis
called a system because it includes all the components required to
have a functional computer:

Input devices—keyboard and mouse
Computer—system unit

Output devices—a CRT monitor and a character printer

Figure 2.4 (7

A typical PC
system.

MONITOR

PRINTER

SYSTEM
UNIT

KEYBOARD

The systemunit  is the main portion of the microcomputer system
and is the basis of any PC system arrangement. The components
surrounding it vary from system to system depending upon what
particular functions the system is supposed to serve.

The components inside the system unit can be divided into four
distinct sub-units: a switching Power Supply, the Disk Drives, the
System Board, and the Options Adapter cards, as illustrated in
Figure 2.5.
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Figure 2.5

The components

in a system unit. HARD-DISK DRIVE

/O ADAPTER 3 o/ /
g CD-ROM DRIVE

VIDEO

ll I

N
SYSTEM UNIT

Atypical system unit contains a single powersupplyunit that con-
verts commercial power into the various levels required by the
different units in the system. The number and types of disk drives
in the system vary according to the application for which the sys-
temis designed. However, a single floppy-disk dive unt ,asingle
haddisk dive unt, andasingle COROMiive aretypicallyin-
stalled to handle the system’s mass storage requirements.
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Cases
E{ Obijective

The systemboard  isthe center of the system. It contains the por-
tions of the system that define its computing power and speed.
System boards are also referred to as motherboards , or planarboards
Any number of options adapter cards may be installed to handle a
wide array of PC peripheral equipment. Typical adapter cards
installed in a system include a videoadaptercard and some sort of
InputOuiput (lO) adapter card . Peripheral devices such asprinters
and mice normally connect to options adapter cards through the
rear of the system unit. These cards plug into ExpansionSlotCon-
nectors on the back of the system board. In most desktop cases, the
keyboard also plugs into the back panel.

PCs have been built in a number of different case designs. Each
design offers characteristics that adapt the system for different
environments. These key characteristics for case design include
mounting methods for the printed circuit boards, ventilation
characteristics, total drive capacity, footprint (the amount of hori-
zontal space they occupy), and portability.

Desktops

Some of the most familiar PC case styles are the desktop designs
illustrated in Figure 2.6. These units are designed to sit horizon-
tally on a desk top (hence the name). The original IBM PC, PC-
XT, and PC-AT designs use this case style. The PC and XT case
styles measured 21"wx17"dx5-1/2"h, while the AT case grew to
23"wx17"dx5-1/2"h.

A narrower desktop style, referred to as the babyATcase ,was devel-
oped to take up less desk space than the XT and AT styles. The
reduced footprint was accomplished by using a half-height power
supply unit and limiting the number of disk drives. The disk-drive
cage did not reach down to the floor of the system unit, enabling
the system board to slide under the power supply and disk-drive
cage. The widths of baby AT cases varied from manufacturer to
manufacturer.
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Figure 2.6

Desktop case
designs.

_ 0T
L VA
i

AT CASE STYLE BABY AT CASE STYLE
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LOW-PROFILE CASE STYLE

PC AND XT CASE STYLE

Aspecial variety of desktop cases, referred to as Low-profileDesk-

tops, reduce the vertical height of the unit. A short bus-extender
card, called a backplane , mountsin an expansion slot and enables
option adapter cards to be mounted in the unit horizontally. This
enables the case to be shorter. The horizontal mounting of the
I/0O cards in a low-profile case tends to create heat build-up prob-
lems. The heat rising off of the system board flows around the
I/0O cards, adding to the heat they are already generating. A stan-
dard back plane card is depicted in Figure 2.7.

Figure 2.7

A back plane
card.

Low-profile power supplies and disk drives are also required to
achieve the reduced height. Only the very earliest low-profile
units tried to incorporate a 5-1/4" floppy drive into the design.
The vast majority of these units have a single 3-1/2" floppy drive
only. IBM’s original PS/2 units incorporated these smaller compo-
nents and shorter microchannel adapter cards to achieve a rela-
tively low profile without mounting the cards horizontally.
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In desktop cases, the system board is generally located in the floor
of the unit, toward the left-rear corner. The power supply is locat-
ed in the right-rear corner. Raised reinforcement rails in the floor
of the system unit contain threaded holes and slip-in slots to
which the system board is anchored. Small plastic feet are inserted
into the system board and set down in the slots. The system board
is secured when its feet are slid into the narrow portion of the

slot.

One or two brass standoffs are inserted into the threaded holes
before the system board is installed. After the system board has
been anchored in place, a small machine screw is inserted
through the system board opening and into the brass standoff.
This arrangement provides electrical grounding between the sys-
temboard and the case and helps to reduce electromagnetic field
interference (EFI) emitted from the board.

Every electrical conductor radiates a field of electromagnetic en-
ergy when an electrical current is passed through it. Computer
systems are made up of hundreds of conductors. The intensity of
these fields increases as the current is turned on and off. Modern
computers turn millions of digital switches in their ICs on and off
each second, resulting in a substantial amount of energy radiating
from the computer. The levels generated by the components of a
typical system can easily surpass maximum-allowable radiation levels
set by the Federal Communications Commission. The fields gener-
ated can potentially interfere with reception of radio, television,
and other communications signals under the FCC’s jurisdiction.
Therefore, computer manufacturers design grounding systems and
case structures to limit the amount of EFI that can escape from the
case.

Basically, the FCC has established two certification levels for mi-
crocomputer systems:

Class A is alevel set for computers in business environments.

Class B is a stricter level set for sales directed at general con-
sumers for the home environment.
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FCC compliance stickers are required on computer units, as is
certain information in their documentation.

Looking inside a desktop system unit, as depicted in Figure 2.8,
reveals the arrangement of its major components.

Flgu re 2.8 PLASTIC SUPER VGA CARD MULTI-I/O CARD POWER SUPPLY
STANDOFF FOOT

Inside a desktop
unit.
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HARD DISK DRIVE

The disk drive units are located in bays at the right front corner of
the system. XT-style units use two side-by-side bays, each capable
of handling a full-height (3.38"x5.87"x8") 5-%" drive unit. Newer
desktops are designed to hold between 3 and 5 half-height 5-%"
drives. Normally, a fixed drive bay capable of holding 2 or 3 half-
height drives is built into the unit. Additional 5-%" or 3-%" remov-
able drive bays may also be included. The removable bays are se-
cured to the system unit with machine screws and, when removed,
provide easier access to the system board. Some cases require that
the drive be attached using machine screws; AT-type cases have
grooves in the bay that use slide-in mounting rails that are at-
tached to the drive. The drives are held in place by the front pan-
el of the slide-on case. The smaller 3-%" drives require special
mounting brackets that adapt them to the 5-%" bays found in
many desktop cases.
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Figure 2.9

System indcator  ighs  andcord  butons  arebuiltintothe front
panel. Typical indicator lights include a power light, a hard drive
activity light, and a turbo speed indicator light. Control buttons
include a power switch, a turbo speed selection switch, and a reset
button. Older system units used an ON/OFF flip switch that ex-
tended from the power supply at the right rear edge of the case.
Newer units place the on/off switch on the machine’s front panel
and use an internal power cable between the switch and the pow-
er supply unit. The power supply’s external connections are made
in the rear of the unit. The system’s installed options adapter
cards are also accessed through the system’s back panel. Figure
2.9 shows typical front panel controls and indicators.

Typical front
panel controls
and indicators.

LIGHTS

The upper portion of the system unit slides (or lifts) off the base,
as described in Figure 2.10. The tops of some designs slide for-
ward after screws securing it to the back panel have been re-
moved. In this style of case, the plastic front panel usually slides
off with the metal top. In other designs, the top swings up from
the rear and slides backward to clear the case. The tops of these
units are secured to the base by screws in the rear of the unit and
screws or clips along the sides of the case. The plastic front panel
is attached directly to the case.

The fit between the top and the case is very important in achiev-
ing FCC certification. A tight fit and electrical conductivity be-
tween the case and top are necessary to prevent unwanted radio
interference from escaping the interior of the case.
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Figure 2.10

SUIDE
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Removing cases
from desktop
units.
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The inside face or the plastic front panel is coated with a conduc-
tive paint to limit the radio magnetic interference escaping from
the case.

A fan in the power supply unit pulls in air through slots in the
front of the case. The air flows over the system and options
boards, into the power supply unit, and is exhausted through the
back of the case. Heat buildup inside the system unit increases as
more internal options are added to the system. To compensate for
additional heat, it may be necessary to add additional fans to the
case. Special ICcoolerfans are often added to advanced micropro-
cessors. These fans are designed to be fitted directly onto the IC
and plug into one of the power supply’s connectors.

Towers

Towercases are designed to sit vertically on the floor beneath a
desk. Some AT users resorted to standing the computers on their
sides under the desk to provide more usable workspace on the
desktop. This prompted computer makers to develop cases that
would naturally fit under the desk. IBM validated the tower design
when they introduced the PS/2 models 60 and 80. Different tower
case styles are depicted in Figure 2.11.

The system board is mounted to the right side-panel of the case.
The power supply unit is attached to the back panel. Indicator
lights and control buttons are located toward the upper part of
the front panel. The drive units are mounted in the disk drive
bays located in the upper half of the front panel.
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Figure 2.11

Tower case de-
signs.
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Although hard and floppy drives can be mounted on their sides
with no real problem—as they were in the adapted AT cases—
older drives can lose tracking accuracy when mounted this way.
Tower cases enable the disk drives to be mounted in a horizontal
fashion. They also offer extended drive bay capabilities that make
them especially useful in file server applications where many disk,
CD-ROM, and tape drives may be desired.

Many easy-access schemes have been developed to give quick or
convenient access to the inside of the system unit. Some towers
use removable trays into which the system board and I/O cards
are plugged in before being slid into the unit. This enables all the
boards to be assembled outside the system unit. Other tower cases
use hinged doors on the side of the case that enable the system
and I/O boards to swing away from the chassis for easy access.

The ventilation characteristics of most tower units tend to be
poor. The reason is associated with the fact that the I/O cards are
mounted horizontally. This enables the heat produced by lower
boards to rise past the upper boards, adding to the cooling prob-
lem. To compensate for this deficiency, most tower units include a
secondary case fan to help increase the air flow and dissipate the
heat.
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Minitowers  are short towers designed to take up less vertical space.
Internally, their design resembles a vertical desktop unit. They are
considerably less expensive than the larger towers due to the re-
duced quantity of materials needed to produce them. Unlike their
taller relatives, mini towers do not provide abundant space for
internal add-ons or disk drives. However, they do possess the
shortcomings of the full towers. Mini towers exist more as a func-
tion of marketing than as an application solution.

Portables

[z/] Objective  Tofreethe computer user from the desk, an array of portable PCs
have been developed. The original portables were called luggables
Although they were smaller than desktop computers they were
not truly convenient to transport. The first portables included
small, built-in CRT displays and detachable keyboards. The bat-
tery and CRT equipment made them extremely heavy to carry.
Therefore, they never really had a major impact on the PC mar-
ket. However, they set the stage for the development of future
portable computer systems. Examples of different portable com-
puter designs are shown in Figure 2.12.

Figure 2.12

Some portable
computers.
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With advancements in battery design and the advent of usable,
largescreenliqud caystal  dispay (LCD) panels, the first truly por-
table PCs, referred to as laptops , were introduced. These units
featured all-in-one, AT-compatible PC boards. The system board
included the I/0 and video controller functions. Laptops fea-
tured built-in keyboards and hinged LCD display panels that
flipped up from the case for use. They also used an external pow-
er supply and a removable, rechargeable battery. The battery life
was minimal and the size was still large enough to be inconvenient
at times. However, the LCD viewing screen and external power
supply/battery arrangement proved to be useful enough to fuel
the portable market. Computer users could easily take work from
the office to the home, or to a hotel room while traveling. They
could also get work done at traditionally nonproductive times
such as on long automobile or airplane rides. An occasional game
of computerized cards or golf was always at hand as well.

Additional advancements in IC technology enabled the PC’s cir-
cuitry to be reduced further so that the unit could achieve sizes of
8.75"dx11"wx2.25"h and beyond. Portables in this size range are
referred to as notebook computers. Notebook designers work con-
stantly to decrease the size and power consumption of all the com-
puter’s components. Special low-power consumption ICs and disk
drives have been developed to extend battery life. The most wide-
ly used notebook keyboard is the 84-key version. The keys are
slightly smaller and shorter than those found in full-size key-
boards. A number of keys or key functions may be combined or
deleted from a notebook keyboard.

The continued minimization of the system comes at a cost. Most
notably, the number of I/O ports, memory, and disk drive expan-
sion capabilities are limited. In addition, it is not possible to use
common, full-sized options adapter cards that are so inexpensive
and easy to find.

To overcome the short falls of miniaturization, a wide variety of
specialty items aimed at portables have emerged. As mentioned in
Chapter 1, small 2-1/2 inch hard disk drives have been developed
expressly for the portable market. Other such items include small
internal and external modems, special network adapters that plug
into parallel printer ports, docking stations (or ports), special
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carrying cases and brief cases, detachable key pads, clip-on or
built-in trackballs, and touch-sensitive mouse pads.

In addition, a sequence of special credit card-like adapter cards
has been designed expressly for portable computers. These adapt-
ers are standardized through the Personal Computer Memory Card
International Association (PCMCIA). These cards are more com-
monly referred to as PC Cards. The different types of PCMCIA
cards are covered in greater detail in the section “Expansion
Slots.”

A dockingport is a specialized case that enables the entire note-
book unit to be inserted into it. Inside, the docking port extends
the expansion bus of the notebook. In doing so, it enables the
notebook to be connected to a collection of desktop I/O devices,
such as full-sized keyboards and CRT monitors, as well as modems
and other non-notebook devices.

Even smaller sub-notebookPCs ~ have been created by moving the
disk drives outside the case and reducing the size of the display
screen. Very small sub-notebooks, referred to as palmtopPCs , were
produced for a short time in the pre-Windows days. These units
limited everything as far as possible to reach sizes of 7"wx4"dx1"h.
Sub-notebooks have decreased in popularity as notebooks have
decreased in weight and cost.

The palmtop market has diminished due to the difficulty of run-
ning Windows on such small displays. Human ergonomics also
come into play when dealing with smaller notebooks. The screens
and keyboards become difficult to see and use as their sizes are
decreased.

The drawback of portable computers from a service point of view
is that conventions and compatibility disappear. The internal
board (or boards) are designed to fit around the nuances of the
portable case rather than to match a standard design with stan-
dard spacing and connections. Therefore, interchangeability of
parts with other machines or makers goes by the wayside. The
only source of most portable parts is the original manufacturer.
Even the battery case is proprietary. If the battery dies, then you
must hope that the original maker has a supply of that particular
model. This is true of many of the parts in a portable computer.
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Access to the notebook’s internal components is usually challeng-
ing. Each case design has different methods for assembly and
disassembly of the unit. Even the simplest upgrade task can be
difficult with a notebook computer. Although adding RAM and
options to desktop and tower units is a relatively easy and straight-
forward process, the same tasks in notebook computers can be
difficult. In some notebooks, it is necessary to disassemble the two
halves of the case and remove the keyboard to add RAM to the
system. In other units, the hinged display unit must be removed to
disassemble the unit. After you are inside the notebook you may
find several of the components are hidden behind other units.

Table 2.1 compares the features and characteristics of the cases
discussed in this section.

Table 2.1

Case comparisons.
DD Bays Expansion Dimensions

Types (Inches) Slots PS (Watts) (Inches)

PC/PCXT 5y4 4) 68 56-135 19x17x5.5

AT 5le(2) 68 150-220  21x17%6.5
5/, (3)

Baby AT 5y4e (2) 68 150-200 19x17x6.5%*
5/, (3)

Low Profile 5}ﬁ1 (1-2*) 24 150-200 16x15%5
31, (1-2)

Mini Towers 5}2e(2—3*) 68 150-250 7.5x18%17-24%*
5/ (2-3)

Towers 5/e (4%) 812 150-400 7.5x18%24-30%*
51 (1-4)

*The number of internally (i) and externally (e) accessible drive bays varies from manu-
facturer to manufacturer. Also, some 3%"-specific bays may be included in case styles.
**The dimensions of these case styles vary from manufacturer to manufacturer.

Power Supplies

[z/] Objective  The system’s power supply unit provides electrical power for every
component inside the System Unit, and also supplies AC power to
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the video-display monitor. It converts commercial electrical power
received from a 120VAC, 60Hz (or 220VAC, 50Hz outside the
U.S.) outlet into other levels required by the components of the
system. In desktop and tower PCs, the power supply is the shiny
metal box located at the rear of the system unit.

In all, the desktop/tower power supply produces four different
levels of efficiently regulated DC voltage. These are: +5V, —5V,
+12V, and —12V. It also provides the system’s ground. The IC de-
vices on the system board and adapter cards use the +5V level. In
particular, the P8/P9 connectors provide the system board and
the individual expansion slots with up to 1 ampere of current
each. All four voltage levels are available for use at the expansion
slot connectors.

In the event the power supply detects the presence of inadequate
voltage levels or damaging spikes  (power line transients), it has the
capability built into it to shut down and not supply power to the
system. This feature protects the system’s circuitry, but the con-
tents of the RAM memory are lost in such a shutdown.

Several bundles of cable emerge from the power supply to provide
power to the components of the system unit and to its peripherals.
It delivers power to the system board and its expansion slots
through two bundles typically marked P8 and P9. The physical
construction of these connectors is significantly different from
that of the other bundles. They are designed to be plugged into
the system board’s P1and P2 power plugs, respectively, as depicted
in Figure 2.13.

The P8/P9 connectors are normally keyed and numbered. How-
ever, their construction and appearance are identical. The voltage
levels associated with each plug are different and severedamage
couldresult to the computer if you reverse them. The power con-
nector labeled P8 should be plugged into the circuit-board con-
nector nearer the rear of the unit, while connector P9 should be
plugged into the connector next to it. A good rule of thumb to
remember when attaching these two connectors to the system
board is that the black wires in each bundle should be next to
each other.
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Figure 2.13

The P1/P2—P8/
P9 connections.
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The other power-supply bundles are used to supply power to op-
tional systems, such as the disk and CD-ROM drives. These bun-
dles provide a +5 and +12VDC supply. The +5V supply provides
power for electronic components on the optional devices while
the +12V is used for disk drive motors and other devices that re-
quire a higher voltage.

Power is delivered to the monitor through a special plug in the
power supply’s back plate. The power supply (as well as the rest of
the system) is switched on via the power switch. In older units, the
power switch is an integral part of the power supply unit and ex-
tends from its right side. In most newer units, the ON/OFF switch
is located on the front panel of the system unit and connects to
the power supply by a cable. Simply push the button to turn the
system ON, and push it again to turn the system OFF. Figure 2.14
illustrates the typical power-supply connections found in a desk-
top or tower unit.

Within the United States, a grounded, three-prong power cord
provides the AC input voltage to the power supply. The smaller
vertical blade in the connector is considered the hot or phase side
of the connector. A small slide switch on the back of the unit per-
mits the power supply to be switched over to operate on 220VAC
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input voltages found outside the United States. When the switch is
set to the 220 position, the voltage supplied to the power supply’s
monitor outlet is also 220. In this position, it is usually necessary
to exchange the power cord for one that has a plug suited to the
country in which the computer is being used.

Figure 2.14

Power supply
connections.
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Power supply units come in a variety of shapes and power ratings.
The shapes are determined by the type of case in which they are
designed to be used. Figure 2.15 illustrates the various power sup-
ply shapes. Typical power ratings include 150-, 200-, and 250-watt
versions.

Notebooks and other portables use a detachable, rechargeable
battery and an external power supply, as illustrated in Figure 2.16.
(Battery sizes vary from manufacturer to manufacturer.) They also
employ power-saving circuits and ICs designed to lengthen the
battery’s useful life. The battery unit contains a recharging regula-
tor circuit that enables the battery to recharge while it is being
used with the external power supply. As in other hardware aspects
of notebook computers, there are no standards for the power
supply units. They use different connector types and possess dif-
ferent voltage and current delivery capabilities. Therefore, a
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power supply from one notebook does not necessarily work with
another.

Figure 2.15 LOW PROFILE
POWER SUPPLY

Desktop/tower
power supplies.
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Figure 2.16
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System Boards

@{ Obijective

Figure 2.17

The systemboard  is the center of the PC-compatible microcomput-
er system. It contains the circuitry that determines the computing
power and speed of the entire system. In particular, it contains the
microprocessor and control devices that form the brains of the
system. The major components of interest on a PC system board
are: the microprocessor, the system’s primary Read-Only (ROM),
RandomAccess (RAM), and cache memory sections, expansion slot
connectors, and microprocessor support ICs that coordinate the
operation of the system. A typical system board layout is depicted
in Figure 2.17.
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For orientation purposes, the end of the board where the key-
board connector, expansion slots, and power connectors are locat-
ed is generally referred to as therear of the board.

The system board communicates with various optional Input/Out-
put (I/O)and memory systems through adapter boards that plug
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into its expansionslots. These connectors are normallylocated
along the left rear portion of the system board so that the exter-
nal devices they serve can access them through openings at the
rear of the case.

Several different types of expansion slots are in use today. A par-
ticular system board may contain only one type of slot, or it may
have a few of each type of expansion slot. Be aware that adapter
cards are compatible with particular types of slots, so it is impor-
tant to know which type of slot is being used. The major expan-
sion slot types are the following:

8-bit PC-Bus
16-bit AT or ISA bus

32-bit Extended ISA (EISA) and Microchannel Architecture
(MCA) buses

Video Electronics Standards Association (VESA) and Periph-
eral Component Interconnect (PCI) local buses

These expansion slots are discussed later in this chapter (see the
“Expansion Slots” section for more information) and then again
in more detail in Chapter 6, “System Boards.”

The system board receives power from the power supply unit
through a pair of 6-pin power supply connectors that are typically
labeled as P1 and P2. These connectors are always located directly
beside each other and are keyed so that the power cable cannot
be plugged in backwards. However, the P1 and P2 connectors are
identical and can be reversed. This condition causes severe dam-
age to system components if power is applied to the system. The
P1/P2 connectors are often located along the right rear corner of
the system board.

Similarly, the keyboard connector is normally located along the
back edge of the board. In most PC-compatible systems, the key-
board connector is a round, 5-pin DIN connector.
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Primary Memory

[zf Objective All computers need a place to temporarily store information while
other pieces of information are being processed. As discussed in
Chapter 1, “Microcomputer Fundamentals,” information storage
is normally conducted at two different levels in digital computers:
primarymemory  (made up of semiconductor RAM and ROM chips )
andmassstorage  (usually involving floppy and hard disk drives).

Most of the system’s primary memory is located on the system
board. Primary memory typically exists in two or three forms on
the system board:

. Read-onlymemory  (ROM), which contains the computer’s
permanent startup programs.

. Randomaccessmemory  (RAM), which is quick enough to oper-
ate directly with the microprocessor and can be read from,
and written to, as often as desired.

. Cachememory, whichisa fast RAM system specially designed
to hold information that the microprocessor is likely to use.

ROM devices store information in a permanent fashion and are
used to hold programs and data that do not change. RAM devices
retain the information stored in them only as long as electrical
power is applied to the IC. Any interruption of power causes the
contents of the memory to vanish. This is referred to as volatile
memory. ROM, on the other hand, is nonvolatile.

Every system board contains one or two ROM ICs that hold the sys-
tem’sBasic InputOutput ~ System,  or BIOS program. The BIOS pro-
gram contains the basic instructions for communications between
the microprocessor and the various input and output devices in the
system. Until recently, this information was stored permanently in-
side the ROM chips, and could be changed only by replacing the
chips. As mentioned in Chapter 1, “Microcomputer Fundamentals,”
advancements in EEPRROM technology have produced FlashROM
devices that enable new BIOS information to be written (downloaded )
into the ROM to update it. The download can come from an update
disk or another computer. Unlike RAM ICs, the contents of the Flash
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ROM remain after the power has been removed from the chip. In
either case, the upgraded BIOS must be compatible with the system
browser it is being used in and should be the latest version available.

The information in the BIOS represents all the intelligence that
the computer has until it can load more information from anoth-
er source, such as a hard or floppy disk. Taken together, the BIOS
software (programming) and hardware (the ROM chip) are re-
ferred to as firmware .These ICs can be located anywhere on the
system board, but they are usually easy to recognize due to their
size and immediate proximity to one another.

In older PC designs—XT and AT—the system’s RAM memory was
comprised of banks of discrete RAM ICs in Dual In-line Pin (DIP)
sockets. Most of these system boards arranged 9 pieces of 1 x 256
Kbit DRAM chips in the first two banks (0 and 1) and 9 pieces of 1
x 64 Kbit chips in banks two and three. The two banks of 256K
chips provided a total of 512 Kbytes of storage (the ninth chip of
each bank supplied a parity bit for error checking). The two banks
of 64k chips extended the RAM memory capacity out to the full 640
Kbytes. As with the 256K chips, the ninth bit was for parity.

Some system boards used two 4 x 256 Kbit chips with a 1x 256
Kbit chip to create each of the first two banks. In any event, the
system would typically run with one bank installed, two banks in-
stalled, or all of the banks installed. Bank O had to be filled first,
followed by bank 1 and then all four.

Intermediate clone designs, placed groups of RAM ICs on small
30-pin daughter boards that plugged into the system board verti-
cally. This mounting method required less horizontal board space.
These RAM modules had pins along one side of the board and
were referred to as Single In-line Pin (SIP) modules.

Further refinements of the RAM module produced snap in Sinzg/e
In-line Memory Modules(SIMMs) and Dual In-line Memory Moduules
(DIMMs). Like the SIP, the SIMM and DIMM units mount verti-
cally on the system board. However, instead of using a pin and
socket arrangement, both use special snap-in sockets that support
the module firmly. SIMMs and DIMMs are also keyed, so that they
cannot be plugged in backwards. SIMMs are available in 30- and
72-pin versions while DIMMs are larger 168-pin boards.
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Figure 2.18

SIMM and DIMM sockets are quite distinctive in that they are
normally arranged side by side. However, they can be located
anywhere on the system board. SIMMs typically come in 8- or 32-
bit data storage configurations. The 8-bit modules must be ar-
ranged in banks to match the data bus size of the system’s micro-
processor. In order to work effectively with a 32-bit microproces-
sor, a bank of four 8-bit SIMMs would need to be used. Converse-
ly, a single 32-bit SIMM could do the same job.

DIMMs, on the other hand, typically come in 32- and 64-bit
widths to service more powerful microprocessors. Like the
SIMMs, they must be arranged properly to fit the size of the sys-
tem data bus. In both cases, the modules can be accessed in
smaller 8- and 16-bit segments. SIMMs and DIMMs also come in
9, 36, and 72-bit versions that include parity checking bits for
each byte of storage. PCs are usually sold with less than their full
RAM capacity. This allows users to purchase a less expensive com-
puter to fit their individual needs and yet retain the option to
install more RAM if future applications call for it. DIP, SIP, SIMM
and DIMM modules are depicted in Figure 2.18.
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SIMM and DIMM sizes are typically specified in an a-by-b format.
For example, a 2x32 SIMM specification indicates that it is a dual,
nonparity, 32-bit (4-byte) device. In this scheme, the capacity is
derived by multiplying the two numbers and then dividing by
eight (or 9 for parity chips). DIP, SIP, SIMM, and DIMM modules
are depicted in Figure 2.18.
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Microprocessors

The microprocessor is the major component of any system board.
It executes software instructions and carries out arithmetic opera-
tions for the system. These ICs can take on a number of different
package styles depending on their vintage and manufacturer.

The 8088 processor was housed in a 40-pin DIP package. It was
used on the original IBM PC and PC-XT units. It featured a 20-bit
address bus, an 8-bit data bus, and 16-bit internal word size. The 20-
bit address bus enabled it to access 1 megabyte of address space.
The mismatch between its internal word size and external data bus
size required multiplexed, two-transfer operations with external
system devices. Another, more expensive version, called the 8086,
featured a full 16-bit external data bus. Although some XTs used
8086-based system boards, the vast majority of PCs, XTs, and clones
used the 8088.

The 80286 processors used a variety of 68-pin IC types. These pro-
cessors were used in the IBM PC-AT and its compatibles. It fea-
tured a 24-bit address bus, 16-bit data bus, and 16-bit internal
word size. The 24-bit address bus enabled it to directly access up
to 16 MB of address space, even though DOS could handle only
the 1MB that it had been designed to handle with the 8088 sys-
tems. The full 16-bit internal and external word size gave it a 4X
speed increase over 8088 systems running at the same clock
speed. 80286s were produced in various speed ratings.

The 80386DX followed with a 132-pin PinGrid Array (PGA)IC
package, while a more economical 80386SX was produced in a
100-pin surface-mount IC package. These microprocessors were
mainly used in AT clone systems. The DX version provided a 32-
bit address bus, 32-bit data bus, and 32-bit internal word size. The
32-bit address bus provided up to 4 gigabytes of memory
addressing. The SX version featured a reduced 24-bit address bus
and 16-bit data bus. Both versions were produced in a variety of
operating speeds and included advanced addressing modes.

The 80486 and Pentium microprocessors returned to 168-pin and
273-pin PGA packages. The 80486 featured a 32-bit address bus,
32-bit external data bus, and 64-bit internal word size. The Pen-
tium also features a 32-bit address bus. However, both the internal
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Figure 2.19.

and external word size is 64 bits. Both units include onboard
math coprocessors for intense numerical operations and special
built-in memory areas, called cachememory , for high-speed data
access to selected data. Like the 80386, these microprocessors are
typically used in advanced AT clone computers.

These microprocessor packages are depicted in Figure 2.19.
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PC Manufacturers mount microprocessors in sockets so that they
can be replaced easily. This allows a failed microprocessor to sim-
ply be exchanged with a working unit. More often though, the
microprocessor is replaced with an improved version to upgrade
the speed or performance of the system.

The notches and dots on the various ICs are important keys when
replacing a microprocessor. They specify the location of the IC’s
number 1 pin. This pin must be lined up with the pin-1 notch of
the socket for proper insertion. In older systems, the microproces-
sors had to be forcibly removed from the socket using an IC ex-
tractor tool. As the typical microprocessor’s pin count increased,
special Zero Insertion Force(ZIF) sockets were implemented that
allowed the microprocessor to be set in the socket without force
and then clamped in place. An arm-activated clamping mecha-
nism in the socket shifts to the side, locking the pins in place. All
the microprocessors discussed here are covered in greater detail
in Chapter 6, along with their significant variations.
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For mathematically intensive operations, some programs may shift
portions of the work to special high-speed math coprocessors, if
they are present in the system. These devices are specialized mi-
croprocessors that work in parallel with the main microprocessor,
and extend its instruction set to speed up math and logic opera-
tions. They basically add large register sets to the microprocessor,
along with additional arithmetic processing instructions. The
8088, 80286, 80386SX /DX, and 80486SX microprocessors used
external coprocessors. The 80486DX, and Pentium processors,
have built-in coprocessors.

Chip Sets

Although the microprocessor is the main IC of the system board,
it is certainly not the only IC on the board. Microprocessor manu-
facturers always produce microprocessor-support chip sets that
provide auxiliary services for the microprocessor. The original PC
system board used a standard 6-IC 8088 chip set to support the
microprocessor. Even so, these early support sets still required a
good number of discrete logic ICs to complete the system.

The original AT increased the IC count on the system board by
doubling up the DMA and interrupt channel counts. However,
when the PC-AT architecture became the acceptable industry
standard, several IC manufacturers began developing verylarge
scaleintegration (VLSI) chip sets to perform the standard functions
of the AT system board. In the fall of 1985, the company Chips &
Technology released a 5-chip chipset that replaced the functions
of 63 smaller ICs on the PC-AT system board.

For the IC manufacturer, this meant designing chip sets that
would use the same basic memory map that was employed in the
IBM PC-AT. (For example the chip set’s programmable registers,
RAM, ROM, and other addresses had to be identical to those of
the AT.) Therefore, instructions and data in the program would
be interpreted, processed, and distributed the same way in both
systems. In doing so, the supporting chip set decreased from eight
major ICsand dozensofsmal scale  integration (SSI) devicestotwo
or three VLSI chips and a handful of SSI devices.

In some highly integrated system boards, the only ICs that remain
are the microprocessor, one or two ROM BIOS chips, a single
chipset IC, and the system’s memory modules.
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Connectors & Jumpers

System boards possess a number of jumpers and connectors of
which you must be aware. PC-compatible system boards include
micro switches and jumper blocks (called BERGconnectors ) to se-
lect operating options such as speed, video display type (Color/
Mono) being used, memory-refreshing Wait-States (special timing
periods used by the computer to make certain that everything
happens on schedule), installed RAM size, and so forth. You may
be required to alter these settings if you change a component or
install a new module in the system.

Figure 2.20 illustrates the operation of typical configuration jump-
ers and switches. A metal clip in the cap of the jumper creates an
electrical short between the pins across which it is installed. When
the cap is removed, the electrical connection is also removed and
an electrically open condition is created.

Figure 2.20

Jumpers and
configuration
switches.

System boards and several types of I/O cards use micro switches
for configuration purposes. These micro switches are normally
integrated into a dual in-line pin package, as illustrated in Figure
2.20. The switches may use a rocker or slide switch mechanism to
create the short or open condition. The switches are typically
numbered sequentially and marked for on/off positioning. Be-
cause the switches are so small, they may simply be marked with
an ON or OFF, or with a1 or O.
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Figure 2.21

It is usually necessary to consult the system board, or adapter’s
Installation Guide, to locate and properly set configuration jump-
ers and switches. The Installation Guide typically provides the
locations of all the board’s configuration jumpers and switches. It
also defines the possible configuration settings, along with corre-
sponding switch or jumper positions.

The system board is connected to the front panel’s indicators and
controls by BERG connectors. Over time, these connection points
have become fairly standard between cases. The normal connec-
tionsarethe Power LEQ Tubo LEDQTubo Swich ,Keylock Switch
Reset Switch ,and System Speaker . A typical front panel connector
layout is described in Figure 2.21. It is necessary to access these
points when the system board is replaced or upgraded. Additional
system board connectors that must be dealt with include the key-
board and power supply connectors.

System board
connection
points.

KEYLOCK
SWITCH

SYSTEM
SPEAKER

SYSTEM
FRONT PANEL
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SYSTEM
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Configuration Settings

Each time the system is turned ON, or RESET, the BIOS program
checks the system’s Configuration Settings  to determine what types of
optional devices may be included in the system. Depending upon
the model of the computer, the configuration information may be
read from hardware jumper or switch settings, from battery-
powered RAM, or, in some cases, a combination of jumper and
software settings. The PC, PC-XT and their clones used hardware
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switches for configuration purposes. When IBM introduced the PC-
AT, it featured a battery-powered RAM area that held some of the
system’s advanced configuration information. This storage area was
referred to as CMOS RAM. With that unit, configuration was per-
formed from a floppy disk diagnostic program. Clone BIOS manu-
facturers quickly added the advanced configuration function to
their BIOS chips. Clone system boards also added a rechargeable,
Ni-Cad battery to the board to maintain the information when the
system was turned off. Newer systems, do not use a rechargeable Ni-
Cad battery for the CMOS storage. Instead, the CMOS storage area
has been integrated with a 10-year, nonreplaceable lithium cell in a
single IC package.

Because these settings are the system’s only way of getting informa-
tion about what options are installed, they must be set to accurately
reflect the actual options being used with the system. If not, an
ERROR occurs. You should always suspect configuration problems
if a machine fails to operate immediately after a new component
has been installed. These CMOS configuration values can be access-
ed for change by pressing the CTRL and DEL keys (or some other
key combination) simultaneously during the bootup procedure.

Newer microcomputers possess the capability to automatically
reconfigure themselves for new options that are installed. This
feature is referred to as Plug-and-Play ~ (PnP) capability. In 1994,
Microsoft and Intel teamed up to produce a set of system specifi-
cations that would enable options added to the system to be con-
figured automatically for operation. Under this scenario, the user
would not be involved in setting hardware jumpers or CMOS en-
tries. To accomplish this, the system’s BIOS, expansion slots, and
adapter cards are designed in a manner so that they can be recon-
figured automatically by the system software.

During the startup process, the PnP BIOS looks through the sys-
tem for installed devices. Devices designed for PnP compatibility
can tell the BIOS what types of devices they are and how to com-
municate with them. This information is stored in memory so that
the system can work with the device. PnP information is scattered
throughout the remainder of the text of this chapter as it applies
to the topic being covered.
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Expansion Slots

In the back-left corner of most system boards are up to eight ex-
pansion slots. These slots enable the system’s peripheral devices to
be connected to the system board. Optional I/O devices, or their
PC-compatible interface boards, may be plugged into these slots
to connect the device to the system unit’s address, data, and con-
trol buses.

8-Bit Slots

The expansion slots in the original PC, PC-XT, and their compati-
bles contained an 8-bit, bidirectional data bus and 20 address
lines. They also provided six interrupt channels, control signals
for memory and I/O read or write operations, clock and timing
signals, and three channels of DMA control lines. In addition, the
bus offered memory refresh timing signals, and an I/O channel
check line for peripheral problems, as well as power and ground
lines for the adapters that plug into the bus. I/O devices attached
to the bus had to be addressed using the system’s I/O-mapped
address space.

This expansion slot configuration became a defacto  connection
standard in the industry for 8-bit systems. It was dubbed the PC-
bus standard. A de facto standard is one that becomes established
through popular use rather than through an official certifying
organization. Figure 2.22 shows how the PC-bus’s 62 lines are ar-
ranged at the expansion slot’s connector.

16-Bit Slots

The overwhelming popularity of the IBM-PC AT established it as
the 16-bit standard to which all other PC-compatible equipment is
compared. Its 16-bit expansion bus specification became the in-
dustry standard for all 16-bit systems and devices. The 16-bit data
bus enabled twice as much data to pass back and forth through
the connector in a given amount of time. This made transfers with
16-bit microprocessors smooth. No high/low-byte bus multiplex-
ing is required.

The ISA bus included twice as many interrupt and DMA channels
as the PC Bus specification. This made it possible to connect more
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Figure 2.22

peripheral devices to these systems. In order to maintain compati-
bility with older adapter cards, the transfer speed for the ISA bus
was limited to the same speed as that of the older PC Bus. Figure
2.23 describes an ISA-compatible expansion slot connector. These
expansion slots actually exist in two parts: the slightly altered, 62-
pin I/O connector, similar to the standard PC-bus connector, and
a 36-pin auxiliary connector.

An 8-bit PC bus
expansion slot.
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32-Bit Slots

Following the development of fast, 32-bit microprocessors, it was
normal for designers to search for a new bus system to take advan-
tage of the 32-bit bus and the higher speed of operation. IBM
introduced a new line of Personal System/2 (PS/2) computers,
that featured a new expansion bus standard that it called Micro
ChannelArchitecture (MCA). Although similar to the ISA edge con-
nector in appearance, the MCA 16-bit connector is physically
much smaller than that of the 16-bit ISA bus connector. (The
MCA'’s edge connector is 2.8 inches long, compared to the 5.29-
inch length of the ISA bus.) The contacts along the edge connec-
tor are separated by only 0.05 inch. This is only half the distance
allotted between contacts in the ISA connector. The smaller size is
also seen in the dimensions of MCA-compatible adapter cards.
Both types of edge connectors are depicted in Figure 2.24.
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Figure 2.24.

32-bit MCA and
16-bit ISA edge
connectors.

ISA-COMPATIBLE EDGE CONNECTOR

MICRO CHANNEL EDGE CONNECTOR

In an attempt to develop an acceptable, 32-bit I/O bus standard that
would remain compatible with the large quantities of hardware and
software already designed for ISA-compatible computers, a group of
computer hardware and software manufacturers (known as thegang
ofnine ) banded together and introduced specifications for an exten-
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sion to the ISA bus. Compaq, AST Research, Epson, Hewlett-Packard,
Olivetti, NEC, Tandy, Wyse, and Zenith Data Systems pooled their
efforts to extend the ISA world, and christened the EISABuS .

The key to the EISA bus specification is found in the design of its
expansion slot connector. The connector is designed so that it can
accept traditional 8- and 16-bit ISA cards, as well as the newer 32-
bit EISA cards. This flexibility is achieved by incorporating a two-
level approach to the connector.

Signals associated with the standard ISA connection are terminat-
ed in the upper row of contacts while new EISA signals are inter-
leaved between the ISA signals on the lower row of contacts. In all,
the EISA standard adds 55 new signal lines to the bus along with
35 additional power supply and ground contacts.

Small raised keys in the bottom of the connector prevent ISA-style
cards from being inserted into the full depth of the connector.
Therefore, the contacts on the edge connector of the ISA card
can contact the standard ISA signals only along the top of the
expansion slot connector. However, the edge connectors of EISA
cards, which are much deeper than ISA cards (0.52 inch to 0.31
inch), have notches that match the keys in the expansion slot
connector and enable the EISA card to be fully inserted. In this
way, both rows of contacts make connection when an EISA expan-
sion card is inserted into an EISA expansion slot. It should be
apparent that this connection scheme does not work in reverse.
An EISA card does not work in a standard ISA slot connector.
Although this action should not cause damage to occur, it renders
the host computer inoperative until the card is removed.

Both the EISA and MCA architectures were designed with Plug-
and-Play capabilities in mind. The EISA bus supports PnP in only
a hardware fashion, while MCA supports PnP in both hardware
and software manners. All the adapters used in the MCA architec-
ture possess the capability to automatically identify themselves to
the system and be reconfigured by the system for optimum perfor-
mance. The system is able to obtain information from the adapter
cards as to what type they are, where they are located, and to
which resources they need access. With this information, the sys-
tem can check the other adapters and onboard intelligent devices,
and then reconfigure all the devices to work together.
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Local Bus Slots

In recent years, different manufacturers have implemented pro-
prietary expansion bus designs to improve their system boards.
These designs increase the speed and bandwidth between the
microprocessor and a few selected peripherals by creating a spe-
cial bus between them. These special bus designs are called local
buses . The local bus connects special peripherals to the system
board (and the microprocessor) through a proprietary expansion
slot connector and enables the peripheral to operate at speeds
close to the speed of the microprocessor.

When these designs began to appear, the peripherals that could be
used in the proprietary slots were available only from the original
system board manufacturer. The industry soon realized the benefits
of such designs and the need for some standards. Currently, two
local bus designs have gained enough acceptance to have third-
party manufacturers design products for them. These designs are
the VESA and PCI local bus specifications. Most Pentium system
boards include a combination of ISA and PCI expansion slots.

TheVESAlocalbuswasdevelopedbytheVideo Bedroncs ~ Sandads
Association . Thislocal bus specification, also referred to as the VL-Bus,
was originally developed to provide a local bus connection to a video
adapter. However, its operation has since been defined for use by
other adapter types, such as drive controllers, network interfaces, and
other hardware. The VESA connector is depicted in Figure 2.25.

The VL-Bus defines a local bus that can operate at up to 66 MHz
and is designed for use with 386 or 486 microprocessors. However,
newer revisions multiplex the address and data buses to provide a
64-bit data bus for use with the Pentium and future generation
microprocessors. This newer revision enables a 32-bit adapter to
operate in a 64-bit slot, or vice-versa.

ThePerpherd  Component Ineconnet ( PCI) local bus was developed
jointly by IBM, Intel, DEC, NCR, and Compagq. This bus design
incorporates three elements: a low-cost, high-performance local
bus, an automatic configuration of installed expansion cards, and
the capability to expand with the introduction of new micropro-
cessors and peripherals. The data transfer performance of the PCI
local bus is 132MBps using a 32-bit bus and 264MBps using a 64-
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bit bus. This is accomplished even though the bus has a maximum
clock frequency of 33MHz.

Figure 2.25
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The PCI peripheral device has 256 bytes of onboard memory to
hold information as to what type of device it is. The peripheral
device can be classified as a controller for a mass-storage device, a
network interface, a display, or other hardware. The configuration
space also contains control, status, and latency timer values. The
latency timer register on the device determines the length of time
that the device can control the bus for bus mastering operations.
Figure 2.26 illustrates the PCI Local Bus connector.
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Figure 2.26

The PCI local bus
slot.

Both local bus specifications include slot addressing capabilities
and reserve memory space to accommodate reconfiguration of
each device installed in the system. Unfortunately, system boards
that use these expansion slots normally have a few ISA-compatible
slots also. This feature seriously disrupts the Plug-and-Play con-
cept because no identification of reconfiguration capabilities was
designed into the ISA bus specification.

Table 2.2 compares the capabilities of the various bus types com-
monly found in personal computers. It is quite apparent that the
data transfer rates possible with each new version increases dra-
matically. The reason this is significant is that the expansion bus is
a speed-limiting factor for many of the system’s operations. Every
access of a disk drive, I/O port, video display, and optional system
must pass through this bottleneck. When the bus is accessed, the
entire computer must slow down to its operating speed.

Table 2.2

Expansion bus specifications.

Bus Type Transfer Data Address DMA
Channels Rate Bits Bits Channels INT

PCBus 1MB/s 8 20 4 6
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Figure 2.27

ISA 8MB/s 16 24 8 11
EISA 32MB/s 32 32 8 11
MCA 20-40MB/s 32 32 XX -11
VESA 150/275MB/s  32/64 32 XX 1
PCI 2 132/264MB/s  32/64 32 XX 3
PCI2.1  264/528MB/s 32/64 32 XX 3

PCMCIA Buses

The PCMCIAbus was developed to accommodate the space-
continuous notebook and sub-notebook computer market. Three
types of PCMCIA adapters exist. The PCMCIA Type I cards, intro-
duced in 1990, are 3.3mm thick and work as memory expansion
units. In 1991, the PCMCIA Type II cards were introduced. They
are 5mm thick and support virtually any traditional expansion func-
tion, except removable hard drive units. Type II slots are backward-
compatible so that Type I cards work in them. Currently, Type III
PCMCIA cards are being produced. These cards are 10.5mm thick
and are intended primarily for use with removable hard drives.
Both Type I and Type II cards can be used in a Type I1I slot.

All three card types adhere to a form factor of 2.12"wx3.37"1 and
use a 68-pin, slide-in socket arrangement. They can be used with
8- or 16-bit data bus machines and operate on +5V or +3.3V sup-
plies. The design of the cards enables them to be installed in the
computer while it is turned on and running. Figure 2.27 shows
the three types of PCMCIA cards.

PCMCIA Cards.
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Adapter Cards

Figure 2.28

The openness of the IBM PC, XT, and AT architectures, coupled
with their overwhelming popularity, led companies to develop a
wide assortment of expansion devices for them.

The adapter cards in the original IBM PC were 13.2"1x4.2"h. The
PC normally came with a disk drive adapter card and a video card.
These units were referred to as fulsize adaper cards . Theywereso
long that plastic guide rails at the front of the system unit were
present to keep them from flexing due to system heating or trans-
portation. A smaller (6"1x4.2"h) printer adapter card was also
made available for the PC. This size card is referred to as a half-size
card . When the AT appeared, the I/O cards became more power-
ful and taller (13.2"1x4.8"h).

The AT cards became the standard against which later I/O cards
have been measured. As system boards have, adapter cards have
developed into smaller, more powerful units. Most current adapt-
er cards are 2/3-SizeCards, half-size, or smaller cards. In addition,
the height of the cards has been significantly reduced. Many
adapters are only half the height, or less, of the original AT cards.
Therefore, they are referred to as half-height cards .

The only real requirements for adapter cards now are that they fit
securely in the expansion slot, cover the slot opening in the rear
of the system unit, and provide standard connectors for the types
of devices they serve. Various adapter card designs are depicted in
Figure 2.28.

Adapter card
designs.

HALF-SIZE L/
cARD
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Most of the adapter cards that have been developed use hardware
jumpers or configuration switches to enable themselves to be con-
figured for the system in which they are to be used. The user sets
up the card for operation and solves any interrupt or memory
addressing conflicts that occur. These cards are referred to as

bopoy  cards.

In newer PnP systems, adapter cards should have the capability to
identify themselves to the system during the startup process, as
well as to supply it information about what type of device they are,

how they are configured, and to which resources they need access.

In addition, these cards must be able to be reconfigured by the
system software if a conflict is detected between it and another
system device.

Prior to the Pentium-based system boards, two types of adapter
cards were traditionally supplied as standard equipment in most
desktop and tower PC systems. These were a video adapter Card
and a Multi-/Oadaptercard . However, in Pentium units, the MI/O
functions have been built into the system board. Similarly, both
the video and I/O functions are an integral part of the system
board in portable systems.

Video Adapter Cards

The video adapter card provides the interface between the system
board and the display monitor. The original IBM PCs and XTs
offered two types of display adapters, a monochrome (single col-
or) display adapter (MDA) and a Color Graphic Adapter (CGA).
Both these units also included the system’s first parallel printer
port connector.

These initial units have been followed by a number of improved

and enhanced video adapters and monitors. The most common

type of video adapter card currently in use is the Video Graphic

Adapter (VGA) card, as depicted in Figure 2.29. The system uses
it to control video output operations.

Every aspect of the computer described so far has dealt with digi-
tal signals and circuitry. However, the VGA video standard uses
analog signals and circuitry. The main component of most video
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Figure 2.29

adaptercardsisan ASICcalled the Integrated ~ Video  Controler IC.1t
is a microprocessor-like chip that oversees the operation of the
entire adapter. It is capable of accessing RAM and ROM memory
units on the card. The video RAM chips hold the information that
is to be displayed on the screen. Its size determines the card’s
video and color capacities.

INTEGRATED

A typical VGA
card.
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The adapter also has avideoBIOS ROMhat is similar to the ROM
BIOS on the system board. It is used to store firmware routines
that are specific to only video functions. The video controller also
contains the videoDAC (digital-to-analog converter) that converts
digital data in the controller into the analog signal used to drive
the display. The video output connector is a DB-15 female connec-
tor used with analog VGA displays. Unlike earlier video cards, the
VGA card does not normally include a parallel printer port.

Multi-1/O Adapter Cards

A Multi-I/O (MI/O) adapter card integrates common I/O func-
tions to provide an array of interfaces for the system. Most M1/0O
cards combinea foppyck die aride (FDC),ahaddsk  die
aridatietee (HDC),acarepat ,apaed  piier  pat ,andtwo
serialports all on one board. Before the advent of VLSI technology,
the discrete circuitry involved in most of these functions required
a separate adapter card for each function. However, the MI/O
adapter combines the basic circuitry for all of these functions into
a single ASIC VLSI chip.
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Figure 2.30 depicts an MI/O card showing a sample of the IC
placement and the location of connectors and configuration
jumpers. The disk drives (hard and floppy) are mass storage devic-
es, capable of storing large amounts of data, and are presented in
the following section. The game port is used for input of resistive
game devices, such as joysticks. The card also includes a program-
mable parallel printer port, which enables a wide range of print-
ers to be connected to the system. The last function of the adapter
is the RS-232C serial interface port. This port supports serial/
asynchronous communications for mice and other serial I/O de-
vices, such as modems.

Figure 2.30
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A typical MI/O LIGHT FDC ASIC HDC
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The FDC portion of the adapter is normally capable of control-
ling two floppy-disk drives (A and B), which connect to the adapt-
er through a 34-conductor flat ribbon cable. Both disk drives can
be connected to the cable at once. The system differentiates be-
tweenthetwodrivesbyassigningthemlogca  dive  spediers “A”
and “B:” which depend on where they are connected to the cable.
The disk drive that is connected to the end of the floppy drive
signal cable farthest away from the MI/0O card is designated as
drive A. When another disk drive is added to the system, it should
be plugged into the connector in the middle of the cable. The
system then sees it as drive B.

Caution should be used when connecting the disk drives to the
adapter card. Pin #1 of the connector and pin #1 of the adapter
must be connected to each other. The connecting signal cable has
a stripe on one edge to mark pin #1. Ensure that these markings
are lined up together when connecting the cable to the adapter
card. This is also true of the signal cable at the disk drive end. The
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Figure 2.31

relationship between pin #1 of the disk drive, the controller card,
and the signal cable is described in Figure 2.31.

Aligning pin #1.

The HDC portion of the adapter is usually capable of controlling
two hard-disk drives. The first hard drive is designated as drive C
and the second is drive D. The hard drives are connected to the
MI/O through a ribbon cable. The hard drives are connected to
the controller in much the same manner as the floppy drives are.
The system’s first logical hard drive is connected to the end of the
cable farthest away from the adapter. Observe the same cable ori-
entation that was used for connecting the floppy-disk drives when
connecting the cable to the MI/O adapter for the hard drives.

Parallel I/0 devices plug into the DB-25 female connector. The
MI/O card’s serial port connectors may be located on a separate
expansion slot cover, which is normally located in the slot on ei-
ther side of the adapter card. At the top of the featured slot cover
is a DB-9 male connector where the mouse can be connected.
Beneath the 9-pin connector is a DB-25 male connector that
serves as the second serial I/O port.

Game port devices connect to the MI/O card through an external
15-pin DB-15 female connector at the rear of the card. The pins of
this 15-pin D-Shell are arranged differently from those in the 15-pin
VGA connector. In the VGA connector, the pins are arranged in
three rows, while the pins in the Game Port are arranged in two rows.
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Some external connections may be made by using a short ribbon
cable to connect an external D-shell connector to a BERG strip con-
nector located on the board. With a Y-cable plugged into the 15-pin
connector, the game port can support two joystick-like devices.

Several configuration jumpers are normally on MI/O adapters.
They are used to set the operating characteristics of the different
functions on the card. Jumper blocks are also used to either en-
able or disable the FDC, HDC, game port, and printer port. Other
jumpers are used to assign from which parallel port the printer
operates.

Other Adapter Cards

It is safe to say that adapter cards have been designed to add a wide
number of different functions to the basic computer system. All the
adapter cards depicted so far have adhered to the PC-Bus and ISA
standards for connectors. The various types of adapter cards dis-
cussed so far are also available in other expansion slot styles.

Some cards may contain a controller or interface for a single func-
tion, such as a simple parallel port. Conversely, the adapter card
may hold a complete, complex peripheral system, such as a mo-
dem. In any event, with the correct interface and control circuitry,
virtually anything can be connected to the computer system.

Some PC board manufacturers have even developed special proto-
type adapter cards that have no components on them. This en-
ables hobbyists and designers to create specialty adapter cards for
their own applications.

Disk Drives

E{ Obijective

The system unit normally comes from the manufacturer with both
a floppy-disk drive unit and a hard-disk drive unit installed.

However, the system’s disk drive capacity is not usually limited to
the standard units installed. In most cases, the system cabinet is
designed to hold additional disk drive units. These units can be
either 3.5- or 5.25-inch floppy-disk drives, or hard disk drives, or a
combination of both. Although three FDD units could physically
be installed in most systems, the typical floppy drive controller
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supports only two floppy-disk drives. Conversely, some systems are
smaller and have room for only two disk drive units.

One or more hard-disk drive units can be installed in the system
unit, along with the floppy drive(s). The system should normally
be set up to recognize a single hard-disk unit in the system as
Drive C:. However, a single, physical hard-disk drive can be parti-
tioned into two or more volumes that the system recognizes as
logical Drives C:, D:, and so on.

Floppy-Disk Drives

The original standard floppy-disk drive for 8088-based machines
was the 5.25-inch, full-height and half-height drive. These drives
used disks capable of storing 368,640 bytes (referred to as 360KB)
of information. The term half-height was used to describe drive
units that were half as tall as the ful-height drive units used with

the original IBM PC. Smaller 3.5-inch half-height drives, with disks
capable of storing 720KB (737,280 bytes) of information, were
also used with 8088-based computers.

The PC-AT and its compatibles originally used advanced high-
density 5.25-inch disks that could hold over 1,200,000 bytes
(1.2MB) of information.

In advanced machines, such as PS/2 computers and later AT com-
patibles, high-density, 3.5-inch floppy drives, with disks capable of
holding 1.44MB (1,474,560 bytes) are common.

Floppy Disks

Floppy disks come in 5.25- and 3.5-inch diameters. The disks are
mylar disks that have been coated with a ferro-magnetic material.
They are encased in protective, semi-rigid envelopes that contain
low-friction liners that remove dust and contaminants from the
disk as it turns within the envelope. Typical floppy drives turn the
disk at 300 or 360 RPM and the drive’s R/W heads ride directly on
the disk surface. Information is written to or read from the disk as
it spins inside the envelope. The small LED on the front of the
disk drive unit lights up whenever either of these operations is in
progress.
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Current PC systems use a type of floppy disk referred to as double-
sded, high densty (DS-HD).This meansthatthediskcanbeused
on both sides, and that advanced magnetic recording techniques
may be used to effectively double or triple the storage capacity
available with earlier recording techniques. These disks can hold
1.44MB of information by using the DiskOperatingSystem (or
DOS) software.

This type of floppy disk drive can also operate with an earlier type
of floppy disk that is referred to asa Double-Sided,  Double-Density
(DS-DD) disk. This notation indicates that the disks are construct-
ed so that they can be used on both sides, and that they can sup-
port recording techniques which doubled the storage capacity
available with earlier recording techniques. The earlier disks were

referred to as shge-sided (SS) or singe-density (SD) disks.

A newer standard for 5.25-inch disks enables up to three times as
much data (1.2MB) to be stored on the disk as was possible with
the DS-DD disks. These are double-sided, high-density (or simply
high-density) disks. These disks can usually be distinguished from
the other 5.25-inch disk type by the absence of a reinforcing ring
around the drive spindle opening.

Hard-Disk Drives

The hard-disk drives normally used with personal computers are
referredtoasWinchester  haddsk  dive  unis . Both full-and half-
height versions are popular in desktop and tower systems. These
drives typically contain between one and five disks that are perma-
nently mounted inside a sealed enclosure with the R/W head
mechanisms. There is one R/W head for each disk surface. The
platters are typically turned at a speed of 5,400 RPM. This high
rotational speed creates a thin cushion of air around the disk sur-
face that causes the R/W heads to fly just above the disk.

The flying R/W heads glide over the disks at a height of approxi-
mately 50 micro inches. This may seem to be an unimportant
measurement until you consider the size of a common dust parti-
cle or a human hair.

This relationship is illustrated in Figure 2.32. If the R/W head
should strike one of these contaminants as the disk spins at high
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Figure 2.32

speed, the head would be lofted into the air and then crash into
the disk surface. This action could damage the R/W head or the
disk surface. This is known as a head crash. To avoid this, hard
disks are encased in the sealed protective housing. It is important
to realize that at no time should the disk housing be opened to
the atmosphere. Repairs to hard-disk drives are performed in
special repair facilities having ultra-clean rooms. In these rooms,
even particles the size of those in the figure have been removed
from the air.
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The rigid structure of the hard disk enables its tracks to be placed
close together. This in turn makes its storage capacity very high.
Typical hard disks may have between 315 and 1,024 sets of tracks
(orcylinders ) that are divided into between 17 and 50 sectors, de-
pending on the diameter of the disk. Sectors generally contain
either 256 or 512 bytes. The high speed at which the hard disk
revolves also provides very rapid data transfer rates. On a typical
100MB, 3.5-inch hard disk, there are 1,002 cylinders (tracks per
side), divided into 32 sectors.

System Speakers

The system’s primary audio output device is a 2.25-inch, 8-ohm,
1/2-watt speaker, similar to the one depicted in Figure 2.33. This
unit can be located behind the vertical vents in the front panel or
under the power supply unit in a small plastic retainer. The system
uses the speaker to prompt the user during certain events, and to
indicate certain errors in the system, such as video display failures,
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which can’t be displayed on the screen. The speaker can also be
controlled by the user through software. Its output frequency
range extends through the complete audio range and, with prop-
er programming, can be used to create arcade sounds and music.

Figure 2.33
The system SPEAKER
speaker.

SYSTEM BOARD
Peripherals

As discussed in Chapter 1, the standard peripherals associated
with a personal computer are the keyboard and the CRT monitor.
With the rapid growth of GUI-oriented software, the mouse has
become a common input peripheral as well. The next most com-
mon peripheral hastobe the character  printer. These peripherals
are used to produce hard copy output on paper. Besides these
common devices, all types of peripheral equipment are routinely
added to the computer. As long as there are open expansion slots,
or other standard I/O connectors, it is possible to add compatible
devices to the system.

The standard input device for PC-compatible computers is the
alphanumeric keyboard. Most PCs use a detachable keyboard that
is connected to the system by a 6-foot coiled cable. This cable
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plugs into a round 5-pin DIN connector located on the rear of the
system board. The connector is keyed so that it cannot be mis-
aligned.

The most widely used display device for current PCs is the video
graphicsarray (VGA) color monitor. The monitor’s signal cable
connects to a 15-pin D-shell connector at the back of the system
unit. A power cable supplies 1220VAC power to the monitor from
a conventional power outlet or from a special connector on the
back of the power supply unit.

The mouse is usually connected to a 9- or 25-pin male D-shell
connector on the back panel of the system.

Character printers are normally attached to the system through
25-pin female parallel, or 25-pin male serial D-shell connectors at
the back of the unit.

External Connections and Devices

E{ Objective The system’s peripheral devices typically connect to the back of
the system unit. Figure 2.34 shows the external connections for
the basic system configuration.

Figure 2.34
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Figure 2.35

At one side of the system unit is a female power receptacle, which
may be used to provide power to PC-compatible monitors. Next to
the monitor power receptacle is the power supply’s input power
connector. Beside the power connector is the power supply’s fan
vent. In a small opening near the power supply openings is the
circular, 5-pin DIN connector for connecting a keyboard to the
system. Across the remainder of the back plate are the eight op-
tion adapters slot openings. Moving across the panel, you first
encounter the system’s two RS-232C connectors. In the next open-
ing are the parallel printer and games adapter connectors. In the
illustration in Figure 2.34, the game port connector is located
above the parallel port connector. On other systems, the locations
of the various connectors may vary. The last connector on the
back panel is the VGA adapter’s monitor connector. The 15-pin
connector is the VGA-compatible RGB color output port.

Keyboards

The keyboard most widely used with desktop and tower units is a
detachable, low-profile 101/102-key model depicted in Figure
2.35. These units are designed to provide the user with a high
degree of mobility and functionality. The key tops are slightly
concave to provide a comfortable feel to the typist. In addition,
the key makes a noticeable tap when it bottoms out during a key-
stroke.

An alphanumeric
keyboard.
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The keys are divided into three logical groups according to their
function. Along the top of the board are special function keys
(F1-F12), which assume special functions for different software
packages. On the right side of the board is a numeric keypad,
which does double duty as cursor control keys, under the control
of the numbers-lock (NUM LOCK) key. A separate set of cursor
control keys can be found between the normal keyboard keys and
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the numeric keypad. When power is first applied to the keyboard,
the keypad keys function as cursorcontrolkeys .Ifthe NUM LOCK
key is pressed once, the keys function as a numeric keypad. If
pressed again, the keys revert to their cursor control functions.

The white keys in the center group normally function as a stan-
dard QWERTY typewriter keyboard. This is the standard typist’s
keyboard arrangement. The keyboard’s gray keys provide control
functions. In addition to the normal typewriter-like control keys
(backspace, two shift keys, return key (also referred to as the car-
riage return or enter key) and a TAB key (arrows pointing to both
sides), the keyboard has several computer-related control keys.
These include two special shift keys (CTRL and ALT), three spe-
cial shift-lock keys (CAPS LOCK, NUM LOCK, and SCROLL
LOCK), and an ESC key. When any of the three shift-lock keys is
engaged, its corresponding LED (in the upper-right corner of the
board) lights up to show that the function is engaged.

The original PC and XT employed an 84-key version that did not
include the separate numeric keypad keys. Laptops, notebooks,
and sub-notebooks use a compact 83-key version with many dual-
purpose keys. As with the full-size keyboards, these units feature
the capability to redefine every key on the board through soft-
ware. This is an outstanding advantage of the PC keyboard in that
it enables the keyboard to assume any function the programmer
desires.

Video Displays

Desktop and tower units normally use a color cathode-raytube

(CRT) display monitor, similar to the one shown in Figure 2.36, as
standard video output equipment. The PC and PC/XT and PC-AT
often used monochrome (single color) monitors. They could also
use color monitors by simply adding a color video adapter card
and monitor. The color CRT monitor is sometimes referred to as
an RGB monitor, because the three primary colors that make a
color CRT are red, green, and blue.
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Figure 2.36 ﬁﬁ )
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Modern units normally use high-resolution color monitors for
output purposes. The resolution of a monitor refers to the quality
of the displayed image. High-resolution monitors produce images
with greater detail than lower-resolution monitors. Working with a
low-resolution monitor for extended periods of time leads to
chronic eye, neck, and back strain, and accompanying headaches.
Reflected room light has also been shown to increase display-
related fatigue.

The monitor can either be plugged into a commercial, three-
prong power receptacle, or into the special receptacle provided
through the power supply at the rear of the unit. This option de-
pends on the type of power cable provided by the manufacturer.
A special adapter cable is available to match a standard 120VAC
plug to this power supply receptacle. The signalcable (connected
to the video adapter card) enables the monitor to be positioned
away from the system unit if desired. However, it is normal to
place the display directly on top of the system unit.

The display’s normal controls are brightness and contrast. These
controls are located in different positions on the monitor depend-
ing on its manufacturer. A power ON/OFF switch is also on the
monitor. Its location varies from model to model as well. If the
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Figure 2.37

monitor receives power through the system unit’s power supply,
the monitor’s power switch can be set to ON and the monitor
turns on and off along with the system.

Other Peripherals

A system may employ one or more pointingdevices asinput sources.
Most of these devices connect to that system in the rear of the
unit. Mice typically plug into a 9-pin or 25-pin male D-shell con-
nector. Joysticks and game paddles are normally connected to the
15-pin female D-shell Game Port connector. Light pens usually
require a special connector on the video display card.

Printers are the other most widely used peripheral. Serial inter-
face versions normally plug into a 9-pin or 25-pin male D-shell
connector. Most of the time, it is common to find a serial printer
connected to the 25-pin connector that has been set up as the
system’s second serial port. The first serial port is usually set up
with the 9-pin connector and handles the mouse connection. Par-
allel printers are connected to the 25-pin female connector at the
rear of the system. These typical peripheral connections are de-
picted in Figure 2.37.
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Summary

This chapter has covered the fundamental hardware structures
and components associated with PC-compatible personal comput-
er systems. You should be able to identify the major components
of a typical personal computer and describe their functions. In
addition, you should be able to differentiate between various
styles of PCs (for example, desktop, tower, portable) and describe
benefits and drawbacks associated with each style. Finally, you
should be able to install, connect, and configure common com-
puter hardware components to form a working system.

The next chapter begins to look at the other half of any computer
system: its software. Chapter 3, “Operating Systems,” provides an
in-depth examination of BIOS firmware and the bootup process,
followed by an exploration of disk operating systems. This features
a structured discussion of common MS-DOS commands.
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Lab Exercise

A hands-on lab procedure corresponds to the theory materials
presented in this chapter. Refer to Lab 1 on the CD-ROM and
perform Procedure 1, “Orientation.”

Review Questions

1.

2.

10.

11.

12.

13.

14.

What type of IC is the brain of the PC system?
List four types of ICs commonly found on the system board.
List the four sub-units typically found inside the system unit.

How can you avoid confusion between the DB-15M connec-
tors for VGA and game port connections?

List three types of memory typically found on modern sys-
tem boards.

Where would you normally expect to encounter a PCMCIA
card?

What is the purpose of a back plane? Where is it found?
List the devices normally found outside the system unit.
Name one weakness of tower cases.

Which government agency would be concerned with the
characteristics of the computer’s case?

Where is the system’s BIOS program located?

How many floppy drives can a typical FDC controller han-
dle? How are these drives identified to the system?

What type of port is indicated by the presence of a 9-pin
male connector on the back panel of the computer?

Describe the major maintenance problem associated with
notebook computers.
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15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

When purchasing a video card to install in a particular unit,
what consideration must be taken into account?

Which 32-bit bus can accept cards from PC and ISA buses?

What type of ASIC device is normally found on a video
adapter card and what are its functions?

When connecting a power supply to a system board, what
precaution should be taken?

What does EFI stand for and why is it associated with a mi-
crocomputer system?

Where is the MI/O function normally found in a Pentium
system?

What do the terms SIMM and SIPP stand for and what kind
of devices are they?

What two expansion cards were considered as standard
equipment in pre-Pentium PCs?

Describe the two input devices that are commonly included
in PCs.

List the I/0O functions associated with a common MI/O
adapter.

How is upgrading a system with a Flash ROM BIOS different
from upgrading a system with a standard ROM BIOS?

Review Answers

1.

The microprocessor. For more information, see the section
“System Boards.”

The microprocessor, RAM, ROM, and support ICs. For more
information, see the section “System Boards.”
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10.

11.

12.

The components inside the system unit can be divided into
four distinct sub-units: a switching power supply, the disk
drives, the system board, and the options adapter cards. For
more information, see the section “The PC System.”

The pins of this game port’s 15-pin D-Shell are arranged
differently from those in the 15-pin VGA connector. In the
VGA connector, the pins are arranged in three rows; the pins
in the game port are arranged in two rows. For more infor-
mation, see the section “Multi-I/O Adapter Cards.”

ROM, RAM, and cache memory. For more information, see
the section “Primary Memory.”

In a notebook computer. For more information, see the sec-
tion “Portables.”

The back plane is an extension of the system’s expansion
slots. It is designed to enable I/0 cards to be mounted hori-
zontally in the machine so that the system unit height can be
minimized. For more information, see the section “Desk-
tops.”

The keyboard, the mouse, and the monitor. For more infor-
mation, see the section “Peripherals.”

Air flow through tower cases is generally not good. Addition-
al fans are almost always installed in tower cases to overcome
this drawback. For more information, see the section “Tow-
ers.”

The FCC is responsible for electrical interference that might
be generated by computer equipment in a nonapproved
case. For more information, see the section “Desktops.”

Typically in the ROM BIOS IC or ICs located on the system
board. For more information, see the section “Primary Mem-

OI'y. »

The normal FDC controller can control two floppy disk
drives that the system sees as Drives A: and B:. For more in-
formation, see the section “Multi-I/O Adapter Cards.”
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

A serial communications port. For more information, see the
sections “Multi-I/O Adapter Cards” and “Other Peripherals.”

Nonstandard printed circuit boards, proprietary battery case
designs, and difficult internal structure, all creating difficult
access to many parts of the system. For more information,
see the section “Portables.”

That it fits securely in the system board’s expansion slot con-
nector, that it covers the slot opening in the back panel, and
that it provides a standard VGA connector for the type of
monitor it serves. For more information, see the section
“Adapter Cards.”

The EISA bus is designed so that it can accept PC-bus and
ISA expansion cards. For more information, see the section
“32-Bit Slots.”

The integrated video controller IC. It is a microprocessor-
like chip that oversees the operation of the entire adapter.
For more information, see the section “Video Adapter
Cards.”

That the black wires from the P8 and P9 connectors are side
by side. For more information, see the section “Power Sup-
plies.”

Electromagnetic field interference. This is unwanted radio
interference that can escape from an improperly shielded
case. For more information, see the section “Desktops.”

The MI/O function is typically an integral part of the Pen-
tium System Board. A single ASIC device on the board han-
dles the complete PC-compatible MI/O function. For more
information, see the section “Adapter Cards.”

SIMM stands for single in-line memory module; SIPP stands
for single in-line pin package. Both devices are types of RAM
memory modules. For more information, see the section
“Primary Memory.”

The Multi I/O card and video adapter card. For more infor-
mation, see the section “Adapter Cards.”
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23.

24.

25.

The keyboard and mouse. For more information, see the
section “Peripherals.”

A typical MI/O adapter provides a floppy-disk drive control-
ler (FDC), a hard-disk drive controller/interface (HDC), a
game port, a parallel printer port, and two serial ports. For
more information, see the section “Multi-I/O Adapter
Cards.”

The Flash ROM feature enables new information to be trans-
ferred into the ROM chip from the system. With a standard
ROM BIOS, either the IC must be replaced or the entire
system board must be replaced. For more information, see
the section “Primary Memory.”
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Upon completion of this chapter and its related LabExercises, you

should be able to:

@f Objectives . Describe the series of events that occur when power is
applied to the system.

Define multi-user, multi-tasking, and multi-processor oper-
ations.

Explain the function of the system BIOS.

Discuss the sequence of the events in the POST test.

Discuss naming conventions as they apply to various types
of files.

List the events that occur during the bootup process.
Describe the function and purpose of DOS.

Describe methods of bypassing and correcting inoperable
DOS startup sequences.

Install and configure operating systems to the basic opera-
tional level.

Install and configure application software packages.
Configure the system through CMOS Setup procedures.
Create, delete and navigate through directories.

Find, copy, rename, delete, and move, files.
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Manipulate file attributes in a DOS system.

Use the AUTOEXEC.BAT and CONFIG.SYS files to opti-
mize system performance.

Load driver software for devices added to the system.

Edit the AUTOEXEC.BAT and CONFIG.SYS files for trou-
bleshooting purposes.
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Introduction

The general responsibilities of an operating system were de-
scribed in Chapter 1, “Microcomputer Fundamentals.” In this
chapter, you will investigate operating systems in greater depth.
The first half of the chapter deals with the foundation of the oper-
ating system—the BIOS. This topic is discussed in four sections:
power-on self-tests and system initialization, booting up to the
operating system, system configuration, and BIOS functions.

The second half of the chapter deals with DiskOperatingSystems
(DOS). In this section, the structure of DOS systems is explored
along with typical DOS disk organization. The commands and
utilities available through the DOS command line are also pre-
sented.

Operating Systems

[z{ Objective Literally thousands of different operating systems are in use with
microcomputers. The complexity of each operating system typi-
cally depends on the complexity of the application the microcom-
puter is designed to fill. The operating system for a fuel mixture
controller in an automobile is relatively simple; an operating sys-
tem for a multi-user computer system that controls many termi-
nals is relatively complex.

The complete operating system for the fuel controller can be
stored in a single, small ROM device. It takes control of the unit as
soon as power is applied, resets the system, and tests it. During
normal operation, the operating system monitors the sensor in-
puts for accelerator setting, humidity, and so forth, and adjusts
the air/fuel mixing valves according to predetermined values
stored in ROM. The fuel mixture controller is depicted in Figure
3.1

In the large, multiple-user system, the operating system is likely to
be stored on disk and have sections loaded into RAM when need-
ed. Asillustrated in Figure 3.2, this type of operating system must
control several pieces of hardware, manage files created and used
by various users, provide security for each user’s information, and
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Figure 3.1

manage communications between different stations. The operat-
ing system is also responsible for presenting each station with a
user interface that can accept commands and data from the user.
This interface can be a command line interpreter or a graphical
user interface (GUI).

A simple air/fuel
mixture controller.

Figure 3.2
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Complex operating systems typically contain several millions of
lines of computer instruction. Due to this complexity, large oper-
ating systems are typically written in modules that handle the vari-
ous responsibilities assigned to the system. The operating system
for the fuel mixture controller is most likely a single module.
However, the operating system for the multiple-user system proba-
bly consists of a core module, called the kernel , atask manager, a
scheduler, a local file manager, and a host of other manager
modules.
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[Z{ Objective

There are two basic types of operating systems:

Single-process systems

Multiple-process systems

In a single-process system, the operating system works with a sin-
gle task only. These operating systems can operate in batchmode or
interactivemode .Inbatch mode, the operating system runs one
program until it is finished. In interactive mode, the operation of
the program can be modified by input from external sources. The
simple program presented with the $1.98 Computer first intro-
duced in Chapter 1, “Microcomputer Fundamentals,” is an exam-
ple of a batch mode operating system. If a mechanism is added to
the $1.98 so that program jumps can be caused by data from an
external entry during the execution of the program, it then be-
comes an interactive system.

In multiple-process systems, the operating system is designed so
that it can appear to work on several tasks simultaneously. A task is
a portion of a program under execution. Computer programs are
made up of several tasks that may work alone or as a unit. Tasks,
in turn, can be made up of several threads that can be worked on
separately. A thread is a section of programming that can be time-
sliced by the operating system to run at the same time that other
threads are being executed.

The multiple-process system breaks the tasks associated with a
process into its various threads for execution. Typically, one
thread might handle video output, another mouse input, and
another output from the printer.

Multiple-process operations can be organized in three different
ways:

Multi-user
Multi-tasking

Multi-processor
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These three types of operating systems are described in Figure
3.3.
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Multi-user and multi-tasking operations give the appearance of
simultaneous operation by switching between different tasks in a
predetermined order. The multi-user system switches between
different users at multiple locations, while multi-tasking systems
switch between different applications at a single location. In both
cases, the information concerning the first task must be stored
and information about the new task loaded each time a task
switch occurs. The operating system’s scheduler module is respon-
sible for overseeing the switching function.

In a multi-processor operating system, tasks are divided between
multiple microprocessors. This type of operation is referred to as

e poEsy

Although simple microcomputers store the entire operating sys-
tem in ROM, most microcomputers use a bootstrapping processto
load the operating system into RAM. Bootstrapping describes an
arrangement in which the operating system is loaded into
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memory by a smaller program called the bootstraploader .The oper-
ating system can be loaded from a ROM chip, a floppy disk, a
hard-disk drive, or from another computer. The term bootstrap

refers to the system pulling itself up by its own bootstraps, because
in loading the more powerful operating system files from the disk,
it has increased its on-board intelligence considerably. In personal
computers, the bootstrap operation is one of the functions of the
ROM BIOS.

Basic Input/Output Systems

[Z{ Objective

\?_7{ Obijective

PC system boards use one or two IC chips to hold the system’s
BIOS firmware. The system’s memory map reserves memory loca-
tions from EO000h to FFFFFh for the system board BIOS routines.
These chips contain the programs that handle startup of the sys-
tem, the changeover to disk-based operations, video and printer
output functions,and a poner-on  sefftest (POST).

Post Tests and Initialization

The POST test is actually a series of tests that are performed each
time the system is turned on. The different tests check the opera-
tion of the microprocessor, the keyboard, the video display, the
floppy- and hard-disk drive units, as well as both the RAM and
ROM memory units.

When the system board is reset, or when power is removed from
it, the system begins generating clock pulses when power is re-
stored. This action applies a RESET pulse to the microprocessor,
causing it to clear most of its registers to 0. However, it sets the
Instruction Pointer register to OFFFOh and the CS register to
FOOO0Oh. The first instruction is taken from location FFFFOh. No-
tice that this address is located in the ROM BIOS program. This is
not coincidental.

When a cold boot is performed on the system, the microprocessor
must begin taking instructions from this ROM location to initial-
ize the system for operation.
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Initial POST Checks

The first instruction that the microprocessor executes causes it to
jump to the POST tests where it performs standard tests such as,
the ROMBIOSchecksumtest  (that verifies that the BIOS program is
accurate), the system’s various DRAMtests (that verify the bits of
the memory), as well as testing the system’s CMOS RAM (to make
certain that its contents have not changed due to a battery fail-
ure). During the memory tests, the POST displays a running
memory count to show that it is testing and verifying the individu-
al memory locations.

Sequentially, the system’s interrupts are disabled, the bits of the
microprocessor’s flag register are set, and a Read/Write test is
performed on each of its internal registers. The test program
simply Writes a predetermined bit pattern into each register and
then Reads it back to verify the register’s operation. After verifying
the operation of the microprocessor’s registers, the BIOS pro-
gram begins testing and initializing the rest of the system. It
moves forward by inspecting the ROM BIOS chip itself. It does
this by performing a checksum test of certain locations on the
chip, and comparing the answer with a known value stored in
another location.

A checksum test involves adding the values stored in the key loca-
tions together. The result is a rounded-off sum of the values.
When the checksum test is performed, the sum of the locations is
recalculated and compared to the stored value. If they match, no
error is assumed to have occurred. If not, an error condition ex-
ists and an error message or beep code is produced.

At this point, the program checks to see whether the system is
being started from an off condition, or being reset from some
other state. When the system is started from an off condition, a
coldboot  isbeing performed. However, simultaneously pressing the
CTRL, ALT and DEL keys while the system is in operation gener-
ates a reset signal in the system and causes it to perform a short-
ened bootup routine. This operation is referred to as awarmboot
and enables the system to be shut down and restarted without
turning it off. This function also enables the computer’s opera-
tion to be switched to another operating system.
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If power was applied to the system prior to the occurrence of the
RESET signal, some of the POST’s memory tests are skipped.

If a cold boot is indicated, the program tests the first 16KB of
RAM memory by writing 5 different bit patterns into the memory,
and reading them back, to establish the validity of each location.
The BIOS startup steps are illustrated in Figure 3.4.
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System Initialization

If the first 16KB of RAM successfully passes all five of the bit-
pattern tests, the BIOS routine initializes the system’s intelligent
devices. During this part of the program, startup values stored in
the ROM chip are moved into the system’s programmable devices
to make them functional. The BIOS initializes all the system’s
standard AT-compatible components, such as the interrupt, DMA,
keyboard, and video controllers, along with its timer/counter
circuits. The program checks the DMA controller by performing a
R/W test on each of its internal registers, and then initializes
them with startup values.

The program continues by setting up the system’s Interrupt Con-
troller. This includes moving the system’s interrupt vectors into
address locations 00000h through 003FFh. In addition, a R/W test
is performed on each of the interrupt controller’s internal regis-
ters. The routine then causes the controller to mask (disable) all
its interrupt inputs, and tests each one to assure that no inter-
rupts occur.
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The programming of the interrupt controller is significant be-
cause most of the events in a PC-compatible system are interrupt
driven. Its operation affects the operation of the computer in
every phase from this point forward. Every peripheral or software
routine that needs to get special services from the system makes
use of the interrupt controller.

Following the initialization of the interrupt controller, the pro-
gram checks the output of the system’s Timer/Counter channels.
It does this by counting pulses from the counters for a given peri-
od of time, to verify that the proper frequencies are being pro-
duced.

If the timer/counter frequencies are correct, the routine
initializes and starts the video controller. The program obtains in-
formation about the type of display (monochrome, color, or both)
being used with the system by reading configuration information
from registers in the system’s CMOS RAM. After this has been es-
tablished, the program conducts R/W tests on the video adapter’s
RAM memory. If the video adapter passes all these tests, the pro-
gram causes a cursor symbol to be displayed on the monitor. The
steps of the initialization process are described in Figure 3.5.

Additional POST Checks

After the display adapter has been checked, the BIOS routine
resumes testing the system’s on-board memory. First, R/W testing
is performed on all the additional RAM on the system board (be-
yond the first 16KB). In addition, the BIOS executes the system’s
built-in setup program to configure its Day/Time setting, its hard-
and floppy-disk drive types, and the amount of memory actually
available to the system.

Following the final memory test, the remaining I/O devices and
adapters are tested. The program begins by enabling the key-
board circuitry and checking for a scan code from the keyboard.
No scan code indicates that no key has been depressed. The pro-
gram then proceeds to test the system’s parallel printer and RS-
232C serial ports. In each case, the test consists of performing
R/W tests on each of the port’s registers, storing the addresses of
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functional ports (some ports may not be installed, or in use), and
storing time limitations for each port’s operation. The steps of the
POST process are described in Figure 3.6.

Figure 3.5 =

_ = : INITIALIZE
System initializa- vy JRAM VIDEO CONTR%)LER
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BIOS Extensions

After the initialization and POST tests are completed, the BIOS
checks the area of memory between COO00h and DFFFFh for
BlOSextension ~ programs. IBM system designers created this memo-
ry area so that new or non-standard BIOS routines could be add-
ed to the basic BIOS structure. These extended firmware routines
match software commands from the system to the hardware they
support. Therefore, the software running on the system does not
have to be directly compatible with the hardware.

BIOS Extensions are created in 512-byte blocks that must begin at
a 2KB marker (for example, C8000h, C8200h, C8400h, C8800h,
and so forth), as illustrated in Figure 3.7. A single extension can
occupy multiple blocks; however, it can start only at one of the
markers. When the main BIOS encounters the special 2-byte
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Figure 3.6

extension code at one of the 2KB markers, it tests the block of
code and then turns control over to the extension. Upon comple-
tion of the extension code, control is passed back to the main
BIOS which then checks for an extension marker at the next 2KB
marker.

CHECK VIDEO RAM (4B)

Completion of the

POST test.

vibEO  MIF YV e
CONTROLLER f | A% | CHECK VIDEO
CARD = | CONTROLLER (4A)
P
_,Jlo !-
DISKDRIVE Chay!
CONTROLLER 125" 14
CARD j

CHECK DM
REGISTERS (

CHECK P/C
REGISTERS (2)
CHECK T/C
REGISTERS(3)

TEST RAM POST

16K (5)
Although the extension addresses are memory addresses, the ex-
tension code may be located anywhere in the system. In particular,
BIOS extensions are often located on expansion cards. The sys-
tem simply accesses them through the expansion bus.

Advanced video cards contain Video BIOS code, either in a ROM
IC, or built directly into the video controller ASIC. The IBM EGA
and VGA standards allow for on-board ROM that uses addresses
between CO000h and C7FFFh.

Likewise, different types of HDD controller cards contain a BIOS
extension IC. The HDD controllers in old XT units had BIOS
extensions that used the address space between C8000h and
C9FFFh. Some current HDD controllers, such as ESDI and SCSI
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adapters (described in Chapter 8) reserve memory blocks be-

tween C8000h and CBFFFh.

Figure 3.7

BIOS extension
blocks.

EXTENDED MEMORY | 510
C800 CB20 C840 C860 C880  CBA

Another type of device that commonly uses the COO0Oh-DO0OOh
blocks are network adapter cards. These cards enable the com-
puter to be connected to other computers in the local area. The
BIOS extension code on a network card may contain an initial
programload  (IPL)routine that causes the local computer to load
up and operate from the operating system of a remote computer.
Refer to the “Bootup” section of this chapter and the Networking
information in Chapter 11 for more information about these
BIOS extensions.

The system can accommodate as many extensions as fit mathemat-
ically within the allotted memory area. However, two extension
programs cannot be located in the same range of addresses. With
this in mind, peripheral manufacturers typically include some
method of switching the starting addresses of their BIOS exten-
sions so that they can be set to various markers.
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CMOS Setup Routines

Just prior to completing the bootup process, older PCs and
PC-XTs checked a set of configuration switches on the system
board to determine which types of options were being used with
the system. On newer systems, the configuration information is
stored on the system board in a battery-powered storage area
called the CMOS RAMNewer BIOS enable the user to have access
to this configuration information through the Setup utility.

While performing its normal tests and bootup functions, the
BIOS program displays a header on the screen and shows the
RAM memory count as it is being tested. Immediately following
the RAM test count, the BIOS program places a prompt on the
monitor screen to tell the user that the CMOS setup program can
be accessed by pressing a special key, or a key combination. Typi-
cal keys and combinations include: the DEL key, the ESC key, the
F2 function key, the CTRL and ESC keys, and the CTRL-ALT-ESC
key combination.

Arguably, the most popular BIOS in the world are those from
AmericanMegatrends,Inc. (AMI). This BIOS uses the DELKkey. Oth-
er BIOS programs may use different keys, or key combinations,
for accessing their setup menus. If the DEL key is not depressed
within a predetermined amount of time, the BIOS program
continues with the bootup process. However, if the DEL key is
pressed during this time, the bootup routine is put on hold and
the program displays a “CMOS Setup Selection” screen, similar to
the one depicted in Figure 3.8.

Every chipset variation has a specific BIOS designed for it. There-
fore, functions specific to the design of system boards are using
that chipset. Referring to the example in the figure, any one of
three options can be selected from the screen: Return to the boot-
up process and continue normal operation, Select the Run CMOS
Setup routine, or Run a built-in diagnostics program. This
particular example is relatively simple. BIOS screens from other
manufacturers or for other chipsets may have several options to
consider. The example is also unusual in that it possesses a set of
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Figure 3.8

on-board diagnostic routines. These can be quite helpful when
portions of the system are not functional, but they are not com-
mon in the industry.

A CMOS Setup
Selection screen.

EXIT FOR BOOT
RUN CMOS SETUP
RUN DIAGNOSTICS

If you are setting the computer up for the first time or adding new
options to the system, it is necessary to run the CMOS Configura-
tionSetup  program. The values input through the setup utility are
stored in the system’s CMOS Setup registers. These registers are
examined each time the system is booted up to tell the computer
which types of devices are installed.

The AMI Configuration Setup screen is shown in Figure 3.9.
Through this screen, the user enters the desired configuration
values into the CMOS registers. The cursor on the screen can be
moved from item to item using the keyboard’s cursor control
keys.

When the cursor is positioned on top of a desired option, the
PgUp and PgDn cursor keys can be used to change its value.
When all of the proper options have been configured, pressing
the ESC key causes the routine to exit the setup screen, update
any changes made, and resume the bootup process.
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Figure 3.9

CMOS Setup (C) Copyright 1985 - 1989,American Megatrends Inc.

The CMOS Con-
figuration Setup
screen.

Figure 3.10

Date (mn/date/year) : Tue, Jan 01 1991 Base memory size : 640 KB
Time (hour/min/sec) : 14:07:29 Ext. memory size  : 1408 KB
Floppy drive A: : 360 KB,5 1/4" Numeric Processor : Not Installed
Floppy drive B: . Not Installed

Cylin Head WPcom LZone Sect Size
Hard disk C:type 12 615 4 300 615 17 20MB
Hard disk D:type . Not Installed
Primary display : Monochrome
Keyboard : Installed SunMonTueWedThuy| Fri | Sat

Scratch RAM option : 1 80131y 11238 145

13|14 |15|16 (17 | 18|19

Month :Jan,Feb,....Dec 20| 2112223242526
Date 010231 27|28|29(30(31| 1|2
Year :1901, 1902,...2099 3|4|5(6|7|8]|9

ESC:Exit |—»*t< Select,PgUp/PgDn = Modify

Other BIOS Manufacturers

The Award BIOS from the Award Software company is another
widely used BIOS. An Award BIOS Configuration selection menu
screen is depicted in Figure 3.10. As the menu indicates, many
user-configurable options are built into modern BIOS. Unlike the
AMI BIOS, the Award firmware uses the + and — keys to manipu-
late the settings of menu items displayed on the screen.

The Award BIOS
Configuration
Setup screen.

ROM PCI/ISA BIOS (<<SP97>>)
STANDARD CMOS SETUP
AWARD SOFTWARE, INC.

Date (mm:dd:yy) : Thu, 31997
Time (hh:mm:ss) : 3 : 10:21

HARD DISKS TYPE SIZE CYLS HEAD PRECOMP LANDZ SECTOR MODE
Primary Master : Auto 0 0 0 0 0 0 Auto
Primary Slave : Auto 0 0 0 0 0 0 Auto
Secondary Master : Auto 0 0 0 0 0 0 Auto
Secondary Slave : Auto 0 0 0 0 0 0 Auto

Drive A : 1.44M, 3.51in.
Drive B : None
Floppy 3 Mode Support : Disabled

Base Memory: 640K
Extended Memory: 7168K
Other Memory: 384K

Video :EGA/VGA .
Halt On : All, But Disk/Key Total Memory:  8192K

Esc : Quit 4v >« : Select ltem PU/PD/+/- : Modify
F1 : Help (Shift)F2 : Change Color
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The standard CMOS setup screen is very similar to the AMI
screen in Figure 3.9. In both examples, the BIOS first presents a
screen of basic configuration information. As both figures show,
this screen typically includes information about the time and date,
microprocessor, system memory organization, floppy-disk drives,
hard-disk drives, and video configurations.

A third major BIOS is produced by Phoenix Technologies, Ltd. Its
main features are identical to the AMI and Award BIOS. The
main screen covers time and date, hard- and floppy-disk drives,
and system memory. The Phoenix BIOS uses the F2 function key
to enter the Setup function’s Main menu, depicted in Figure 3.11.
Notice that the select keys for manipulating the Setup program
are identified at the bottom of the display.

Figure 3.11 PhoenixBIOS Setup - Copyright 1992-97 Phoenix Technologies Ltd.
Main Advanced Security Power Exit
The Phoen|X Item Specific Help
. System Time: [16:19:20]
BIOS Configura- System Date: [03/02/1994]
tion Setup Legacy Diskette  A: [1.2MB, 5° <Tab>, <Shift-Tab>, or
Legacy Diskette B: [Not Installed] <Enter> selects field.
screen.
P Primary Master: C: 121 MB
P Primary Slave: None
» Secondary Master: None
» Secondary Slave: None
» Memory Cache
» System Shadow [Enabled]
P Video Shadow [Enabled]
System Memory: 640 KB
Extended Memory: 1024 KB
F1 Help 11 Select Item I+ Change Values F9 Setup Defauls
Esc Exit <+ Secect Menu Enter Select » Sub-Menu F10 Save and Exit

In most CMOS displays, the total memory does not equal the sum-
mation of the base and extended memory. This is because the
BIOS reserves 384KB for shadowing purposes.

The other area in this screen that typically requires some effort to
set up is the HDD parameters section. All BIOS come with a list of
hard drive types that they can support directly. However, they also
provide a position for user definable drive settings. Historically,
this has been referred to as the “Type 47” entry, but this entry may
be located at any number in the list.
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Figure 3.12

Advanced CMOS Setup

A second CMOS Configuration screen, referred to as the “BIOS
Features Setup” screen, or “Advanced CMOS Setup” screen pro-
vides extended user control over the configuration of the system. A
relatively simple Award Features screen is illustrated in Figure 3.12.
In this example, several bootup options can be enabled, such as the
boot drive sequence and Password enabling. The bootup sequence
allows the system to bootup without checking all of the drives in
order. This setting may need to be adjusted to include the A: floppy
drive if it becomes impossible to boot the hard drive.

The password setting prevents users without the password from
accessing the system. If the system has an unknown password, it
will be necessary to clear the CMOS. Most system boards have a
jumper block that can be shorted to reset the CMOS to its default
settings. If this option is used, it will be necessary to reenter the
original configuration information.

The Award BIOS
features setup
screen.

s S

ROM PCI/ISA BIOS (P155TVP4)

STANDARD CMOS SETUP
AWARD SOFTWARE, INC.

Virus Warning : Disabled |Video BIOS Shadow : Disabled
CPU Internal Cache : Enabled | C8000-CBFFF Shadow : Disabled
External Cache : Enabled | CCO00-CFFF Shadow : Disabled
Quick Power On Self Test : Enabled | D0O000-D3FFF Shadow : Disabled
HDD Sequence SCSI/IDE First : IDE D4000-D7FFF Shadow : Disabled
Boot Sequence :AC D8000-DBFFF Shadow : Disabled
Swap Floppy Drive : Disabled | DC000-DFFFF Shadow : Disabled
Boot Up Floppy Seek : Disabled
Floppy Disk Access Control :RIW

Boot Up Numlock Status :On

Boot Up System Speed : High

IDE HDD Block Mode Sectors : HDD MAX
Typematic Rate Setting : Disabled
Typematic Rate (Chars/Sec) : 6
Typematic Delay (Msec) : 250 : Quit H_»« Select Item
Security Option : System : Help PU/PD/+/- : Modify
PS/2 Mouse Function Control : Auto : Old Values  (Shift)F2 : Color
PCI/VGA Palette Snoop : Disabled : Load BIOS Defaults

0S/2 Onboard Memory > 64M : Disabled : Load Setup Defaults
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On Pentium-based system boards, the configuration jumpers and
switches for enabling functions have been replaced by BIOS en-
abling settings. These settings usually include the disk drives, key-
board, and video options, as well as on-board serial and parallel
ports. In addition, the user can turn certain sections of the sys-
tem’s RAM on or off for shadowing purposes, as well as establish
parity or non-parity memory operation.

All of these enabling settings must be taken into account when
troubleshooting the system’s hardware. Incorrectly set BIOS en-
abling parameters will cause the corresponding hardware to fail.
Therefore, check the enabling functions of the Advanced CMOS
settings as a part of every hardware configuration troubleshooting
procedure.

The complexity of modern system boards has created a huge
number of configuration options for their BIOS. This is reflected
in the complexity of their Advanced CMOS Configuration
screens. Working in these screens, it is very easy to place the sys-
tem in a condition where it is unable to respond. Because the
problem is at the BIOS level, it is often difficult to get back into
the CMOS to correct the problem. Therefore, system designers
have included a couple of options to safeguard the system from
this condition. In some BIOS, holding down the DEL key
throughout the startup erases the CMOS contents and starts from
scratch. There may also be jumpers placed on the system board
that can be set to start the contents from a bare essentials setting.
In either case, it is necessary to rebuild any advanced features in
the CMOS configuration afterwards.

BIOS Entry and Exit

Even the Option selection pages for newer BIOS can be complex.
A typical Options page is depicted in Figure 3.13. This screen
serves as the main menu for entering and exiting the CMOS Set-
up, as well as for moving between its configuration pages.

BIOS designers have built two options into newer BIOS to help
users avoid the complexity of the advanced CMOS configuration
settings. Theseoptionsare Auo Configuration  and Defaut ~ Setings
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Figure 3.13

All newer system boards have an auto-configuration mode that
takes over most of the setup decisions. This option works well in
the majority of applications. Its settings produce an efficient, basic
level of operation for standard devices in the system. However,
they do not optimize the performance of the system. To do that, it
is necessary to turn off the auto configuration feature and insert
desired parameters into the configuration table. The auto config-
uration function typically has two options: Auto Configure with
Power-On Defaults and Auto Configure with BIOS Defaults.

A complex entry
menu.

BIOS SETUP PROGRAM - AMI BIOS SETUP UTILITIES
(C) 1990 American Megatrends Inc., All Rights Reserved

[STANDARD CMOS SETUP|
ADVANCED CMOS SETUP
AUTO CONFIGURATION WITH BIOS DEFAULTS
AUTO CONFIGURATION WITH POWER-ON DEFAULTS

CHANGE PASSWORD
HARD DISK UTILITY

WRITE TO CMOS AND EXIT

DO NOT WRITE TO CMOS AND EXIT

Standard CMOS Setup for Changing Time,Date,Hard Disk Type,etc.
L  ESCExit |« :Select F2/F3:Color F10:Save ~|———

Using Power-On defaults for auto-configuration loads the most
conservative options possible into the system from the BIOS. This
is the most effective method of detecting BIOS-related system
problems. These settings replace any user entered configuration
information in the CMOS Setup registers. Any Turbo speed mode
is disabled, all memory caching is turned off, and all wait states
are set to maximum. This allows the most basic part of the system
to startup. If these default values fail to get the system to bootup,
itis an indication of hardware problems such as, incorrect jumper
settings or bad hardware components.

Using auto configuration with BIOS defaults provides a little more
flexibility than the Power-On option. If you have entered an im-
proper configuration setting and cannot determine which setting
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is causing the problem, this option is suggested. Like the Power-
On option, this selection replaces the entered configuration set-
tings with a new set of parameters from the BIOS. Choosing this
option is likely to get you back into the CMOS Setup screen so
that you can track down the problem. It is also the recommended
starting point for optimizing the system’s operation.

The many configuration options available in a modern BIOS re-
quires the user to have a good deal of knowledge about the
particular function that is being configured. Therefore, an ex-
tended discussion of the Advanced CMOS Setup options cannot
be conducted at this point. However, such information is covered
along with the system component it relates to as the book moves
through various system components.

With older Award BIOS the CMOS Setup screen was accessed
during bootup by pressing the ESC key. However, newer versions
have adopted the same DEL-key strategy used with the AMI units.
The exit routine is also different in that you can scroll between
several exit options, or press the F10 key to save any changes, and
exit the CMOS Setup. Older units required that the F5 key be
pressed to confirm the exit selection. The newer units require a
Y/N answer to exit.

Some BIOS may also offer a wide array of exit options. Typically,
though, the options all involve writing the information away in
CMOS and exiting, or not-writing the information to CMOS and
exiting. One common mistake in working with CMOS configura-
tion settings is not saving the new settings before exiting. When
this happens, the new settings are not stored and the old settings
are still in place when the system boots up.

BIOS Error Codes

If an error or setup mismatch is encountered, the BIOS issues an
error code, either in message form on the display screen, or in
beep-coded form through the system’s speaker. Likewise, the
Award BIOS produces display and beep-coded error messages
when a bootup or configuration problem is encountered during
the boot process.
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In the case of Plug-and-Play systems, the BIOS must also commu-
nicate with the adapter cards located in the expansion slots to
determine what their characteristics are. When the system is
turned on, the PnP devices involved in the bootup process be-
come active in their default configuration. Other logical devices,
not required for bootup, start up in an inactive mode.

Before starting the bootup sequence, the PnP BIOS checks the
devices installed in the expansion slots to see what types they are,
how they are configured, and in which slots they are attached. It
then assigns each adapterasoftware  handle (name) and stores the
names and configuration information in a RAM table. Next, the
BIOS checks the adapter information against the system’s basic
configuration for resource conflicts. If no conflicts are detected,
all the devices required for bootup are activated.

The devices not required for bootup may be configured and acti-
vated by the BIOS, or they may simply be configured and left in
an inactive state. In either event, the operating system is left with
the task of activating the remaining intelligent devices and resolv-
ing any resource conflicts that the BIOS detected and could not
resolve. If the PnP option is not working for a particular device, or
the operating system cannot resolve the remaining resource con-
flicts, then it will be necessary to use the Manufacturer’s setup
instructions to perform manual configurations.

Bootup

If the option to enter the Setup routine is bypassed, or if the rou-
tine has been exited, the BIOS begins the process of booting up
to the operating system. A simple single operating system, single-
disk bootup process is described in Figure 3.14. As you can see, it
is a multiple-access operation that uses two different bootstrap
routines to locate and load two different boot records.

The process starts when the BIOS begins looking through the
system for a masterbootrecord . This record can reside on drive A: or
C:, or at any other location. The very first section on any logical
DOS disk s called the bootsector. It contains information about
how the disk is organized. It may also contain the small, optional
master boot record that can access a larger, more powerful boot-
strap loader program located elsewhere on the disk (normally in
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Figure 3.14

an area known as the root directory). In most systems, the master
boot record is found at sector-o, head-o, and track-o of the first
logical hard drive. If the disk possesses a master boot record, it
can boot up the hardware system to the operating system. The

diskis then referred to as a bootabledisk

disk is simply a datadisk

(1) BIOS CHECKS

The bootstrap
operation.
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FOR BOOT
RECORD
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OS LOADER
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SYSTEM FILES
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Traditionally, BIOS programs searches for the master boot record
in floppy-disk drive A: first. If a bootable disk is in the floppy-disk

drive, the BIOS executesthepiimary  bootstrap ~ loader  routine tomove

the master boot record into RAM and then begin the process of
loading the operating system. In the original IBM PC, the BIOS
searched in the floppy-disk drive for the boot record. If it was not
located there, the BIOS routine turned over control to a BASIC
program located in the PC’s ROM BIOS IC. In the PC-XT, the
BIOS looked first in the floppy drive, or drives, and then in the
hard-disk drive. If neither location contained the boot record, the
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system loaded up the ROM BASIC program. In clone systems, there
was no ROM BIOS present to default to when no boot record was
found. If the BIOS did not locate the boot record in the floppy or
hard drive, it simply displayed a “Non-System Disk or Disk Error,” or
“ROM BASIC Interpreter Not Found” message on the screen.

In newer systems, the order in which the BIOS searches drives for
the boot record is governed by information stored in the system’s
CMOS configuration RAM. The order can be set to check the
floppy drive first and then the hard drive, or to check the hard
drive first, or to check the hard drive only.

In a networked system, a bootstrap loader routine can also be
located in the ROM extension of a network card as described ear-
lier. When the system checks the BIOS extensions, the bootstrap
routine redirects the bootup process to look for a boot record on
the disk drive of another computer. Any boot record on the local
drive is bypassed. Networking is covered in Chapter 11.

To accomplish the bootup, the BIOS enables the system’s non-
maskable interrupts and causes a single, short tone to be pro-
duced by the speaker circuitry. The single beep indicates that the
POST portion of the bootup has been successfully completed.

The next BIOS instruction executes an Interrupt19 Disk Drive
service routine. This interrupt routine carries out the primary
bootstraploader program, which looks for the master boot record in
the first section of the floppy and hard disks. When located, it
moves the master boot record into system RAM to be executed.

The master boot record contains the secondary  bootstrap ~ loader , also
calledtheoperating  system loader . Thisroutinelooks for an operating
systembootrecord , typicallylocated on the disk. When the routine
finds the record, it loads the bigger boot record into RAM and
begins executing it. This boot record brings special operating
system files into memory so that they can control the operation of
the system (for example, the operating system).

The operating system loader looks for a command processor file.
The command processor can belong to any operating system,
such as Microsoft MS-DOS, UNIX, IBM PC DOS, Novell Netware,
and so forth. The default command processor for DOS is a system
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file called COMMAND.CONhis file interprets the input entered
at the DOS prompt. When the bootstrap program finds the com-
mand processor, it moves it into system RAM along with the oper-
ating system support files.

In the case of Microsoft DOS, the special files in the OS boot record
arethelO.SYS and MSDOS.SYfiles. The BIOS recognizes these files
by special extensions added to their names (.SYS and .COM).

In the original PC-DOS from IBM, the files were titled
IBMBIO.SYS, IBMDOS.SYS, and COMMAND.COM. This step
marks the end of the BIOS routine. The three system files must be
found in the root directory (the starting point for any disk-based
operations) in order for DOS to boot successfully. The total boot-
up process is described in Figure 3.15.

i BOOTABLE MONITOR
Figure 3.15 DOTASL 1ON
The bootup pro- FLOPPY.DISK ”
cess. .

o

i

BOOTABLE
FILES? (2)

3 =il
'-r'.__:\ R .\'. J SK
INT 18 SOFTWARE !
INTERRUPT "CALL" | ]
= | I1oEYs H
BOOTSTRAP | i
e LOADER i A COMMAND: COM |
/pnoea,w
SYSTEM BOOT FILES

SINGLE
- BEEP TONE
N (3

If the system has performed a standard DOS bootup, without any
modifications, it should print Date and Time prompts on the moni-
tor screen, followed by the DOS command line “prompt” (A:\>> or
C:\>>). The prompt indicates that DOS is operational and the cur-
rently active drive is the A: floppy drive, or the C:\ hard drive. Now
the DOS software controls the movement of data, and overall oper-
ation of the system. DOS enables the basic bootup to be modified
through two special utility files, called CONFIG.SYS and
AUTOEXEC.BAT, discussed later in this chapter.



172 A+ Certification Training Guide

The operation of the system is now in the control of the operator,
and whatever software is being used with the system. The system is
waiting for the user to do something, such as enter commands
and instructions, or run programs from the other two software
categories. The user hasn’t had anything to do with the operation
of the system yet. This is why this type of software is referred to as
system software.

BIOS Services

While the system is operating, the BIOS continues to perform
several important functions. It contains routines that the operating
system calls on to carry out basic services. These services include
providing BIOS interruptCALLs (software interrupt routines) for
such operations as printer, video, and disk-drive accesses.

The ROM BIOS services are organized into groups identified by
interrupt numbers. Each interrupt may cover several different
services. When the microprocessor jumps to a particular inter-
rupt, the software calling the interrupt must have already loaded
the service number into the microprocessor to tell it which sec-
tion of the interrupt handler to access.

The most notable BIOS interrupt calls include:
10h—Video Services (16)
13h—Hard and Floppy Drive Services (17 and 11)
14h—Serial Port Services (6)
16h—Keyboard Services (7)
17h—Parallel Printer Port Services (3)

18h—ROM BASIC (old systems)/Network Card Services
(newer systems)

19h—Primary Bootstrap Loader
1Ah—Real Time Clock Services

The numbers in parenthesis refer to the number of different ser-
vices available through the interrupt, For example, 10h—Video
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Services (16) indicates that 16 different services are available
through interrupt call 10.

This list represents just a few of the more notable BIOS inter-
rupts. The most important thing for a technician to remember
about BIOS interrupt CALLs is that they form the backbone of
the system’s operation. The BIOS and DOS are constantly hand-
ing control of the system back and forth between themselves as
normal system functions are carried out. These BIOS interrupt
CALLs are also responsible for most of the drawbacks of the PC
system. That is why so much effort is exerted in software to work
around them. Advanced operating systems implement newer
methods of handling system functions just to avoid handing con-
trol over to the BIOS interrupts.

Some older PCs have trouble supporting newer hardware because
the BIOS does not support the new item. To correct this situation,
itis usually necessary to load a software driver program to support
the device. Another possibility is to replace the BIOS with an im-
proved version. This operation is not performed often because an
upgraded BIOS must be compatible with the older chip set.

MS-DOS

MS-DOS is a disk operating system for IBM PC-compatible com-
puters. It is easily the most popular operating system in the world.
As with any other operating system, its function is to oversee oper-
ation of the system by providing support for executing programs,
controlling I/0 devices, handling errors, and providing the user
interface. MS-DOS is a disk-based, single user, single task operat-
ing system.

The main portions of MS-DOS are the I0.SYS, MSDOS.SYS, and
COMMAND.COM mentioned earlier. The I0.SYS and
MSDOS.SYS files are special, hidden system files that do not show
up in a normal directory listing. The 10.SYS file implements the
MS-DOS default control programs (referred to as device drivers)
for various hardware components. These include:

Boot disk drive

Console display and keyboard
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System’s time-of-day clock
Parallel and serial communications port

Conversely, the MSDOS.SYS file provides default support features
for software applications. These features include:

Memory management
Character input and output
Real time clock access

File and record management
Execution of other programs

The COMMAND.COM command interpreter contains the
operating system’s most frequently used commands. When a DOS
command is entered at the DOS prompt, the COMMAND.COM
program examines it to see whether it is an internal DOS com-
mand, oranexternal  DOS command. Internal commands are un-
derstood directly by COMMAND.COM, while external commands
are stored in a directory called DOS. If it is one of the internal
commands, the COMMAND.COM file can execute it immediately.
If not, COMMAND.COM looks in the \DOS directory for the com-
mand program.

Likewise, when DOS runs an application, COMMAND.COM finds
the program, loads it into memory, and then gives it control of
the system. When the program is shut down, it passes control back
to the command interpreter.

The remainder of the operating system is comprised of utility
programs to carry out DOS operations such as formatting disks
(Format), printing files (Print), and copying files (XCOPY).

MS-DOS Structure

Itisimportant to consider that MS-DOSisa disk operating system.
Therefore, you must understand how DOS organizes disks. The
DOS organizational structure is typically described as being like a
common office file cabinet, similar to the one depicted in Figure
3.16. Think of DOS as the filing cabinet structure. Our example
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has four drawers that can be opened. Think of these as diskdrives
labeled A, B, C/D, and E. Inside each drawer are hanging folders
that can hold different types of items. Think of these as directories

The hanging folders may contain different types of items or other
individual folders. Think of these individual folders as sub-directo-

ries .For organizational purposes, each hanging folder and each
individual folder must have a unique label on it.

Figure 3.16

DOS organiza-
tion.

FILES
SUBDIRECTORIES [ —
R
DIRECTORIES

DISK DRIVE I

Inside each hanging folder or individual folder are the items be-
ing stored. In a real filing cabinet, these items in the folders are
usually documents of different types. However, pictures and tapes
and other items related to the folder can also be stored in them.

Think of the items inside the folders asfiles . Disk-based systems
manage data blocks by giving them filenames. Recall that a file is
simply a block of logically related data, given a single name, and
treated as a single unit. Like the contents of the folders, files can
be programs, documents, drawings or other illustrations, sound
files, and so on.

To find an item in the cabinet, you simply need to know which
drawer, hanging folder and folder it is located in. This concept
can be translated directly to the computer system. To locate a
particular file, you simply need to know in which drive, directory,
and sub-directory it is located. In MS-DOS the path to any file in
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the system can be written as a direction to the computer so that it
knows where to find the file toward which it is being directed.
This format for specifying a path is as follows:

C:\directory name\subdirectory name\file name

where the C: specifies the C disk drive. The directory, sub-directory,
and file names would naturally be replaced by their real names.
Thebackslashes  (\) after each item indicate the presence of a direc-
tory or sub-directory. The first slash indicates a special directory,
calledtheroot drectory ,whichispresentonall DOS disks.

If the direction is to a file, the filename is always placed at the end
of the path. MS-DOS allows for a basic file name of up to eight
characters. It also allows for an extension of up to three charac-
ters. The extension is separated from the main portion of the file
name by a period and is normally used to identify what type of file
itis (thatis the file name filel.ltr ~could be used to identify a letter
created by a word processor).

File name extensions are not actually required for most files.
However, they become helpful in sorting between files in a
congested system. You should be aware that the operating
system reserves some three letter combinations, such as
.COM and .SYS, for its own use. More information about file
names and extensions is presented in the subsequent section
concerning file-level DOS commands.

DOS Disk Structure

It is also important to understand how DOS sees disks. In the ear-
lier section on booting up, it was mentioned that the first area on
each DOS disk is the boot sector. Although all DOS disks have this
sector, they do not all have the optional master boot record locat-
ed in the sector. Only those disks created to be bootable disks
have this record.

File Allocation Tables

The second section of a DOS disk is an area referred to as the File
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AllocationTable (FAT). This area is a table of information about
the condition of the disk. Basically, the system logs the use of the
space on the disk in this table. In older versions of DOS, the
amount of space dedicated to tracking the sectors on the disk was
16 bits. Therefore, only 65,536 sectors could be accounted for.
This parameter limited the size of a DOS partition to 32MB
(33,554,432 bytes).

To more effectively manage the space on the disk, newer versions
of DOS divide the disk into groups of logically-related sectors,
calledadbcein  ubk ,ordses

As described in Chapter 1, “Microcomputer Fundamentals,” the
sectors on a DOS disk hold 512 bytes each. On the other hand,
files can be any length. Therefore, a single file may occupy several
sectors on the disk. The DOS disk routine breaks the file into
sector-sized chunks and stores it in a cluster of sectors. In this
manner, DOS uses the cluster to track files rather than sectors.
Because the file allocation table has to handle information for a
cluster only, rather than for each sector, the number of files that
can be tracked in a given length table is greatly increased.

The organization of a typical FAT is described in Table 3.1. The
first two entries are reserved for DOS information. Each sector
after that holds a value. Each value may represent one of three
conditions. A value of 0 indicates that the cluster is empty and can
be used for storage. Any number besides 0 or FFFh indicates that
the cluster contains data and the number provides the location of
the next cluster in a chain of clusters. Finally, a value of FFFh (or
FFFFh in a 16-bit entry) indicates the end of a cluster chain.

Table 3.1
File Allocation Table structure.
Cluster Number Contents
Cluster O Reserved for DOS
Cluster 1 Reserved for DOS
Cluster 2 3 (contains data go to cluster 3)
Cluster 3 4 (contains data go to cluster 4)
Cluster 4 7 (contains data go to cluster 7)
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Table 3.1 Continued

Cluster Number Contents

Cluster 5 0 (free space)

Cluster 6 0 (free space)

Cluster 7 8 (contains data go to cluster 8)
Cluster 8 FFFh (end cluster chain)
Cluster 9 0 (free)

%

Cluster x 0 (free)

Clustery 0 (free)

Cluster z 0 (free)

On floppy disks, common cluster sizes are one or two sectors long.
With hard disks, the cluster size may vary from 1to 16 sectors in
length. The FAT keeps track of which clusters are used and which
ones are free. It contains a 12- or 16-byte entry for each cluster on
the disk. The 12-byte entries are used with floppy disks and hard
disks that are smaller than 17MB. The 16-byte entries are em-
ployed with hard-disk drives larger than 177MB. Obviously, the
larger entries enable the FAT to manage more clusters.

In version-b of Windows 95, also referred to as OSR2 Microsoft
supplied a 32-bit file allocation table system called FAT32 to make
efficient use of large hard drives (larger than 2GB). Under the
previous FAT structure, large drives used large partitions, which,
in turn, required large cluster sizes and wasted a lot of disk space.

The FAT32 format in OSR2 supports hard drives up to 2TB (ter-
abytes) in size. FAT 32 uses 4KB cluster sizes for partitions up to
8GB in size.

In free clusters, a value of zero is recorded. In used clusters, the
cluster number is stored. In cases where the file requires multiple
clusters, the FAT entry for the first cluster holds the cluster num-
ber for the next cluster used to store the file. Each subsequent
cluster entry has the number of the next cluster used by the file.
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The final cluster entry contains an end-of-file marker code that
tells the system that the end of the file has been reached.

These clusterlinks  enable DOS to store and retrieve virtually any
size file that fits on the disk. However, the loss of any link makes it
impossible to retrieve the file and use it. If the FAT becomes cor-
rupted, chained files can become cross-linked with each other, mak-
ing them useless. For this reason, two complete copies of the FAT
are stored consecutively on the disk under the DOS disk structure.
The first copy is the normal working copy, while the second FAT is
used as a backup measure in case the content of the first FAT be-
comes corrupted.

The Root Directory

The next section following the FAT tables is the disk’s RootDirec-

tory .Thisis aspecial directory that is present on every DOS disk. It
is the main directory of every logical disk, and serves as the start-
ing point for organizing information on the disk. The location of
every directory, subdirectory, and file on the disk is recorded in
this table.

Each directory and subdirectory (including the root directory)
can hold up to 512, 32-byte entries that describe each of the files
in it. The first 8 bytes contain the file’s name, followed by three
bytes for its filename extension.

The next eleven bytes define the file’s attributes . Attributes for
DOS files include:

Read Only

System File
Volume Label
Subdirectory Entry

Archive (backup) status

Two bytes are used to record the time the file was created or last
modified. This is followed by two additional bytes that record the
date the file was created or last modified.
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Figure 3.17

The final four bytes are divided equally between the value for the
safing  duser numberandabye count number forthefile. Unlike
the other information in the directory, the information associated
with the last four bytes is not displayed when a directory listing is
displayed on the screen.

Because each root directory entry is 32 bytes long, each disk sec-
tor can hold 16 entries. Consequently, the number of files or di-
rectories that can be listed in the root directory is dependent
upon how many disk sectors are allocated to it. On a hard-disk
drive, 32 sectors are normally set aside for the root directory.
Therefore, the root directory for such a disk can accommodate up
to 512 entries. A typical 3-1/2" 1.44MB floppy has 16 sectors re-
served for the root directory and can hold up to 224 entries.

Figure 3.17 describes the organization of a DOS disk and illus-
trates the position of the Boot Sector, File Allocation Tables, and
the Root Directory. The remainder of the disk is dedicated to data
storage. On a floppy disk the logical structure normally has a
group of files located under the root directory. Directory struc-
tures can be created on a floppy, but due to their relatively small
capacity, this is not normally done. However, a hard drive is anoth-
er matter. With hard drives, it is normal to organize the disk into
directories and subdirectories as described earlier in this chapter.

DOS disk organiza-

tion.

FILE FILE
ALLOCATION | ALLOCATION | TRACK 00

ROOT
DIRECTORY'| ““rap| F 5 TABLE 1

Technically, every directory on a disk is a sub-directory of the root
directory. All additional directories branch out from the root di-
rectory in a tree-like fashion. Therefore, a graphical representa-
tion of the disk drive’s directory organization is called a Directory

Tree . Figure 3.18 depicts the directory organization of a typical
hard drive.
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Figure 3.18

The DOS direc- ROOT DIRECTORY | ]
tory tree struc-

ture.

DIRECTORIES

SUBDIRECTORIES

Under DOS, hard-disk drives can be divided into multiple logical
drives .Thisoperation is referred to as partitioning the drive. With
earlier versions of DOS this became necessary as the capacity of
hard drives exceeded the capability of the FAT to track all the
possible sectors.

When a second logical drive is created on the hard disk, another
boot sector, file allocation table and root directory is created.

DOS sees this new structure on the hard drive as a completely new
disk. Therefore it must have its own drive letter assigned to it.

In some applications, partitioning is popular because the system
can be booted up to different operating systems. Because each
partition contains its own boot sector, FAT, and Root Directory,
each partition can be set up to hold and boot up a different oper-
ating system.

DOS Command Line

\Z{ Objective The operating system is responsible for providing the user inter-
face. The main user interface for DOS is the command line. The
command line is the space immediately following the DOS
prompt on the screen. The MS-DOS prompt for using the C:
hard-disk drive as the active directory is displayed in Figure 3.19.
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Figure 3.19

The DOS prompt.

Mouse Version 8.00
1988 - 1993

Driver Installed : Mouse Systems Mode
Dynamic Resolution OFF
Mouse setup on COM1:

C:\MOUSE>

From the DOS prompt, all DOS functions can be entered and
executed. Many programs are capable of being started from this
prompt. These files can be discerned by their file name exten-
sions. Files with .COM, .EXE, or .BAT extensions can be started
directly from the prompt. The .COM and .EXE file extensions are
reserved by DOS and can be generated by only programs that can
correctly configure them. .BAT files are simply ASCII text files
that have been generated using DOS functions. Because they con-
tain DOS commands mixed with .COM and .EXE files, DOS can
execute .BAT files from the command line.

Programs with other types of extensions must be associated ~ with
one of these three file types to be operated. The user can operate
application software packages such as graphical user interfaces,
word processors, business packages, data communications pack-
age, and user programming languages (such as QBASIC and DE-
BUG). As an example, the core component of a word processor
could be a file called WORDPRO.EXE. Document files produced
by word processors are normally given filename extensions of
.DOC (for document) or .TXT (for text file). To view a document
electronically, you first need to run the executable file and then
use its features to load up, format, and display the document.
Likewise, a BASIC file normally has an extension of .BAS assigned
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to it. To execute a file with this extension, it is necessary to run a
BASIC interpreter, such as QBASIC.EXE, and then use it to load
the .BAS file and then run it.

The user can also type DOS commands on the command line to
perform DOS functions. These commands can be grouped into
drive level commands, directory-level commands, and file-level
commands. The format for using DOS commands is:

COMMAND (space) SOURCE location (space) DESTINATION location
COMMAND (space) location

COMMAND

The first example illustrates how DOS operations that involve a
source and a final destination, such as moving a file from one
place to another, are entered. The second example illustrates how
single-location DOS operations, such as formatting a floppy disk
in a particular disk drive, are specified. The final example applies
to DOS commands that occur in a defaultlocation ,such as obtain-
ing a listing of the files on the current disk drive.

Many DOS commands can be modified by placing one or more
software switches  at the end of the basic command. A switch is add-
ed to the command by adding a space, afore-slash ~ (/), and a single
letter:

COMMAND (space) option /switch

Common DOS command switches include /P for page, /W for
wide format, and /S for system. Different switches are used to
modify different DOS commands. In each case, the DOS Us-
er's Guide should be consulted for switch definitions available
with each command.
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Drives and Disks

It is important to note that each disk drive in the system is identi-
fied by DOS with a single-letter name (such as A:), and that this
name must be specified when giving the system commands, so
that they are carried out using the proper drive. The format for
specifying which drive is to perform a DOS operation calls for the
presence of the drive’s identifier letter in the command, followed
by a colon (that is, A: or C:).

Figure 3.19 shows how the various disk drives are seen by a typical,
stand-alone system. DOS assigns the letters A: and B: to the first
and second floppy drives. Multiple hard-disk drive units can be
installed in the system unit, along with the floppy drive(s). DOS
recognizes a single hard-disk unit in the system as DRIVE C:. DOS
utilities can also be used to divide a single, physical hard-disk drive
into two or more volumes that the system recognizes as Logical

Drives C:,D:, and so forth. This is known as partitioning thedrive.

Figure 3.20 shows a CD-ROM drive as Drive D: because this
is becoming the most common PC configuration. In the case
of networked systems, logical drive letters may be extended
to define up to Z drives. These drives are actually the hard
drives located in remote computers. The operating system in
the local machine treats them as additional logical drives (for
example, F, G, and so forth).

Conversely, a second hard-disk drive can be added to the system
and set up as logical drive D:. It may also be partitioned into small-
er logical drives that the system recognizes as drives E:, F:, and so
on. Logical drives and disk partitioning are covered in Chapter 8.

Some DOS operations are simplified by enabling the system to
choose the location for the command to be carried out through
the use of defaultsettings (special predetermined settings that are
automatically used by the system when no specific directions are
given to change the setting). These settings are remembered in
DOS and used by the system when the operator does not specify a
particular location for events to happen. The default setting in
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your system is the A: drive. In systems with two or more drives, it is
imperative that the user specify exactly where the action called for
is to occur.

Figure 3.20

The system'’s disk
drives.

2. FLOPPY-DISK
DRIVE (A:)

HARD-DISK DRIVE (C:)

SIGNAL
CABLES

DISK DRIVE
CONTROLLER

The following DOS commands pertain to drive-level operations.
They must be typed at the DOS prompt, and carry out the instruc-
tion along with any drive modifiers given.

DISKCOPY This command is used to make a duplicate of a disk.
The DISKCOPY operation is normally used to make backup disks,
and is usually followed by a DISKCOMP operation:

C:\>DISKCOPY A: B:

DISKCOMP This command is used to compare the contents of
two disks. It compares the data on the disks not only to see that
they are alike, but also to see that the data is located in the same
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place on both disks. The DISKCOMP operation is normally used
to check backup disks, and usually follows a DISKCOPY operation:

C:\>DISKCOMP A: B:

FORMATThis command is used to prepare a new floppy disk for
use. Actual data locations are marked off on the disk for the tracks
and sectors, and bad sectors are marked. In addition, the directo-
ry is established on the disk. New disks must be formatted before
they can be used.

C:\>FORMAT B: is used even in a single-drive system. The system
issues prompts to insert the proper disks at the correct times. A
self-booting disk can be created by using a /S modifier (for system
files) at the end of the normal FORMAT command.

C:\>FORMAT B:/S causes three system files (boot files) to be copied
onto the disk after it has been formatted. The new disk now boots
up without a DOS disk.

C:\>FORMAT A:/Q causes the system to perform a quick format oper-
ation on the disk. This amounts to removing the FAT and root
directory from the disk.

Directories

As mentioned earlier, in hard drive-based systems it is common to
organize related programs and data into areas called Directories

This makes them easier to find and use, because modern hard
drives are capable of holding large amounts of information. As
described earlier, most directories can hold up to 512 directory or
file name entries.

It would be difficult to work with directories if you could not know
which one you were currently using. The DOS prompt can be set
up to display which directory is being used. This particular directo-
ryisreferredtoasthecument orworking directory  (forexample,
C:\DOS\forms indicates that you are working with programs located
in a sub-directory of the DOS directory named forms). The first
backslash  (\) represents the root directory on the Chard drive. The
presence of two dots (..) near the top of a directory listing acts to
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identify it as a sub-directory. These dots indicate the presence of a
parent drectoy  abovethe currently active subdirectory.

The following DOS commands are directory-based. The format
for using them is identical to disk-related commands discussed
earlier.

DIR: The Directory  command gives a listing of the files on the disk
that is in the drive indicated by the drive specifier.

Cc:\>DIR or DIR B: (If DIR is used without any drive specifier, the
contents of the drive indicated by the prompt are displayed.) The
command may also be used with modifiers to alter the way in
which the directory is displayed.

c:\>DIR/Wdisplays the entire directory at one time across the width
of the display.

C:\>DIR/P displays the contents of the directory one page at a time.
You must press a key to advance to the next display page.

MKDIR (MD) : creates a new directory in an indicated spot in the
directory tree structure.

C:\>MD C:\DOS\XXX creates a new subdirectory named XXX in the
path that includes the ROOT directory (C:\) and the DOS direc-

tory.

CHDIR (CD) : Changes the location of the active directory to a
position specified with the command.

C:\>CcD C:\D0S Changes the working directory from the C: root
directory to the C:\DOS directory.

RMDIR (RD): Remove directory erases the directory specified in
the command. You cannot remove a directory until it is empty
and you cannot remove the directory if it is currently active.

C:\>RD C:\D0S\forms removes the DOS sub-directory “forms,” pro-
vided it is empty.
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PROMPT: Changes the appearance of the DOS prompt.

C:\>PROMPT $P$G causes the form of the prompt to change from
simply C: to C:\> and causes the complete path from the main
directory to the current directory to be displayed at the DOS
prompt (for example, C:\DOS>).

TREE: Lists all the directory, and subdirectory, names on a speci-
fied disk.

C:\>TREE C: displays a graphical representation of the organization
of the C hard drive.

DELTREE: Removes a selected directory and all the files and sub-
directories below it.

C:\>DELTREE C:\DOS\DRIVER\MOUSE deletes the sub-directory “Mouse”
and any sub-directories it may have.

Files and Filenames

Disk-based systems store and handle related pieces of information
in groups called files . The system recognizes and keeps track of the
different files in the system by their filenames. Therefore, each
file in the system is required to have a filename that is different
from that of any other file in the directory. If two files having the
same name were present in the system at the same time, the com-
puter would become confused and fail to operate properly, be-
cause it could not tell on which file it was supposed to work. Each
time you create a new file of information, you are required to give
it a unique filename by which DOS can identify it.

Under DOS, you must remember a few rules when you create new
filenames. The filename consists of two parts: a nameand an exten-
sion .The filename is a combination of alphanumeric characters
and is between one and eight characters in length. The extension
is an optional addition to the name that begins with a period, and
is followed by between one and three characters. Extensions are
not required on filenames, but they often prove useful in describ-
ing the contents of a file, or in identifying different versions of the
same file. If a filename that already exists is used to store another
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file, the computer writes the information in the new file over that
of the old file, assuming that they are both the same. Therefore,
only the new file still exists. The information in the old file is lost.

Many software packages automatically generate filename exten-
sions for files they create. The software does this so that other
parts of the program, which may work with the same file, can
identify the file’s source location or its form.

In any event, you should remember the following items when
assigning and using filenames:

All files must have a filename.

All filenames must be different than any other filename in
the system, or on the disk presently in use.

Filenames are up to 8 characters long with an optional
3-character extension (separated from the basic filename by
a period).

When using a filename in a command, you must also use its
extension, if one exists.

Some special characters are not allowed in filenames. These
are the brackets, colon, semicolon, plus sign, equals sign,
back slash, fore-slash, and comma ([, 1, :, ;, +, =, \, /, and ,).

When telling DOS where to carry out a command, you must
tell it on which disk drive the operation is to be performed.
The drive must be specified by its letter name followed by a
colon (for example, A:, B:, C:, and so forth).

The complete and proper way to specify a file calls for the
drive specifier, the filename, and the filename extension, in
that order (for example, B:filename.ext).

The following DOS commands are used to manipulate specific
files. The format for using them is identical to the disk-related
commands discussed earlier. However, the command must in-
clude the filename and its extension at the end of the directory
path. Depending on the operation, the complete path may be
required, or a default to the currently active drive is assumed.
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COPY The file copy command copies a specified file from one
place (disk or directory) to another.

C:\>COPY A:filename.ext B:filename.ext

C:\>COPY A:filename.ext B: isused if the file is to have the same name
in its new location; the second filename specifier can be omitted.

In a single-drive system, it is necessary to switch disks in the mid-
dle of the operation. (Notice that the drive B specifier is used
even though only drive A: is present.) Fortunately, the DOS pro-
duces a prompt message to tell you when to put the target disk in
the drive. This is not required in a two-drive system and no
prompt is given. The transfer can be specified in any direction
desired, asin:

C:\>COPY B:filename.ext A:

The only thing to keep in mind in this situation is to place the
source disk in drive B and the target disk in drive A: before enter-
ing the command.

XCOPY:This command copies all the files in a directory, along
with any sub-directories and their files. This command is particu-
larly useful in copying files and directories between disks with
different formats (i.e., from a 1.2MB disk to a 1.44MB disk:

C:\>XCOPY A: B: /s

This command copies all the files and directories from the disk in
drive A: (except hidden and system files) to the disk in drive B:.
The /s switch instructs the XCOPY command to copy directories
and sub-directories.

DEL or ERASE : When this command is typed in at the DOS
prompt, it enables the user to remove unwanted files from the
disk:

C:\>DEL filename.ext
C:\>ERASE B:filename.ext

A great deal of care should be taken when using this command. If
afile is erased accidentally, it may not be retrievable.
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REN Enables the user to change the name or extension of a file-
name:

C:\>REN A:filename.ext newname.ext

Using this command does not change the contents of the file,
only its name. The original filename (but not the file) is deleted.
If you wish to retain the original file and filename, a copy com-
mand, using different filenames, can be used:

C:\>COPY A:filename.ext B:newname.ext

TYPE Shows the contents of a designated file on the monitor
screen.

C:\>TYPE AUTOEXEC.BAT displays the contents of the autoexec.bat
file

FC: This file-compare command compares two files to see wheth-
er they are the same. This operation is normally performed after a
file copy has been performed to ensure that the file was duplicat-
ed and located correctly:

C:\>FC A:filename.ext B:

If the filename was changed during the copy operation, the com-
mand would have to be typed as:

C:\>FC A:filename.ext B:newname.ext

ATTRIB: Changes file attributes such as read-only (+R or —R),
archive (+A or —A), system (+S or —S), and hidden (+H or —H).

The + and — signs are chosen to add or subtract the attribute from
the file.

C:\>ATTRIB +R C:\DOS\memos.doc sets the file memos.doc as a read-
only file.

Read-only attributes protect the file from accidentally being over-
written. Similarly, one of the main reasons for giving a file a Hid-
den attribute is to prevent it from accidentally being erased. The
System attribute is reserved for use by the operating system and
marks the file as a system file.
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\?_7{ Obijective

SETVER: This command sets the DOS version number that the
system reports to an application. Programs designed for previous
DOS versions may not operate correctly under newer versions
unless the version has been set correctly:

C:\>SETVER C:

This entry causes all the files on the C: drive to be listed in the
DOS version table. If the current DOS version is not known, typ-
ing VER at the DOS prompt displays it on the screen. These com-
mands are particularly useful in networking operations where
multiple computers are connected together to share information.
In these applications, several versions of DOS may exist on differ-
ent machines attached to the network.

DOS Shortcuts

DOS provides some command line shortcuts through the key-
board’s function keys. Some of the most notable are the F1 and F3
function keys. The F1 key brings the preceding command back
from the command line buffer, one character at a time. Likewise,
the F3 key brings back the entire preceding command, through a
single keystroke.

When using filenames in DOS command line operations, the file-
name appears at the end of the directory path in the source and
destination locations. The * notation is called awildcard  and en-
ables operations to be performed with only partial source or desti-
nation information. Using the notation as *.* tells the software to
perform the designated command on any file found on the disk
using any filename and extension.

A question mark (?) can be used as a wild card, to represent a
single character in a DOS name or extension. Multiple question
marks can be used to represent multiple characters in a filename
or extension.

Data from a DOS command can be modified to fit a prescribed
output format, through the use of filter commands. The main
filter commands are More, Find, and Sort. The filter command is
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preceded by a pipesymbol  (|) on the command line, when output
from another DOS command is to be modified. For example, to
view the contents of a batch file that is longer than the screen
display can present at one time, type TYPE C:\xxx.bat!more. If the
information to be modified is derived from another file, the less
than (<<) symbol is used.

The Find command searches through files and commands for
specified characters. Likewise, the Sort command presents files in
alphabetical order.

DOS I/0 Commands

\Z{ Objective The DOS mode command is used to configure the system’s I/O
devices. These devices include the parallel and serial ports as well
as the monitor display and the keyboard.

DOS keeps track of its different parallel and serial ports by assign-
ing them logical designations during the initialization phase of
the system bootup. A parallel port is designated as an LPT port

and can be assigned to the system as LPT1, LPT2, or LPT3. Like-
wise, serial ports are designated as COlyor communications ~ ports .
Any of the system’s serial ports can be configured as COM1,
COM2, COM3, or COM4. However, the serial ports cannot share
the same COM port designation.

The format for using the mode command to configure the paral-
lel printer port is as follows:

mode LPT1:n,m,P

where n is the number of characters per line across the page, m is
the number of lines of print down the page, and the value of P
sets up continuous retry on timeout errors (errors that occur
when actions do not occur during a prescribed amount of time).
The value of n can be set to 80 or 132 characters. Common values
for m are 6 or 8 lines.

The mode command is also used to set up the serial ports. The
format for the serial port is:

mode COMn:baud,parity,databits,stopbits,P
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where n represents one of the four serial ports in the system.
Baud is the transmission rate at which the port sends and receives
data. Common values for this variable are 110, 150, 300, 600,
1200, 2400, 4800, 9600 and 19,200. Only the first two digits of the
speed rating are placed in the command (for example,

9600 =96).

Parity describes the type of error checking used by the port (error
checking and parity are discussed in Chapter 7, “Input/Output,”
and Chapter 11, “Data Communications”). Parity can be set to E
for even, O for odd, or N for none.

The data bit entry tells the receiver how many data bits to expect.
The usual setting for data bits is 7; however, an 8-bit data word can
also be selected. Likewise, different numbers of special stop bits
can be used in serial communications to mark the end of a char-
acter or message. Typical stop bit values can be 1 or 2. The P value
is used to indicate whether the port is being used with a serial
printer or some other serial device. If a value is included for P, the
system assumes that it is connected to a serial printer and per-
forms continuous retries on timeout errors.

In addition to setting up the operation of the system’s I/O ports,
the mode command can be used to alter the output format of the
video display. The format for using the mode command to alter
the output on the video display is:

mode n,m,T

where n is the number of columns and color selection for the
display. Typical values for this variable are 40, 80, BW40, BW80,
C040, CO80, and mono. The 40 and 80 values indicate the num-
bers of characters on a text line. The BW40 and BW80 options
also indicate the number of characters per line, but include a
reference to the color graphics adapter with color turned off.
Conversely, the CO40 and CO80 values indicate the color graph-
ics adapter with color enabled. Mono indicates a monochrome
display adapter.
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The m variable can be set to r (for right shift), to 1 (for left shift).
If the T value is present in the command, a test pattern is present-
ed on the screen so that it can be aligned properly.

To use the mode command to set the display mode, a device state-
ment must be included in the CONFIG.SYS file for the ANSI.SYS
device driver.

Finally, the mode command can be used to shift data from one
output port to another. As an example, it is possible to shift data
intended for a serial port to the parallel port. This is a quick and
useful troubleshooting tool when working with ports. If data in-
tended for a suspect port can be successfully re-directed to anoth-
er port, then a hardware problem with the first port is indicated.
An example of re-directing data from one port to another is:

mode LPT1:=COM2

This example re-directs data intended for the first parallel port to
the second parallel port.

The mode command can be used inside the AUTOEXEC.BAT file
to automatically reconfigure the system at startup.

DOS Utilities

\Z{ Objective  Asubclass of system software, called utiities, can be used to per-
form some basic system operations. These programs enable the
system to be optimized for operations in particular functions or
with different options.

In the DOS operating system, two of these utilities, called the
CONFIG.SYS and AUTOEXEC.BAT files, can be included in the
DOS bootup process. As the system moves through the bootup
procedure, the BIOS checks in the root directory of the boot disk
for the presence of a file named CONFIG.SYS. Afterwards, it
searches for the COMMAND.COM interpreter, and finally looks
in the root directory for the AUTOEXEC.BAT file. In particular,
the CONFIG.SYS and AUTOEXEC.BAT files play key roles in opti-
mizing the system’s memory and disk drive usage. This operation
can be summarized as follows:
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1. BIOS performs INT19 to search drives for master boot
record.

2. Primary Bootstrap Loader moves master boot record into
memory.

3. System executes Secondary Bootstrap Loader from master
boot record.

4. Secondary Bootstrap loader moves 10.SYS and MSDOS.SYS
into memory.

5. DOS checks for CONFIG.SYS file in root directory.
6. If CONFIG.SYS is found, DOS reconfigures system.
7. DOS loads COMMAND.COM.

8. COMMAND.COM checks for the AUTOEXEC.BAT file in
the root directory.

9. If the AUTOEXEC.BAT file is found, COMMAND.COM
carries out the commands found in the file.

10. If no AUTOEXEC.BAT file is found, COMMAND.COM dis-
plays the DOS Time and Date prompt as describe earlier.

DOS Memory

[Z{ Objective  To understand how the CONFIG.SYS and AUTOEXEC.BAT files
improve the performance of the system, you must understand
how DOS views memory and why.

The original DOS version was constructed in two sections. The
first 640KBs of memory was reserved for use by DOS and its pro-
grams. The remaining section was reserved for use by the BIOS
and the system’s peripherals (such as the video card, the hard
drive controller card, and so forth). This arrangement utilized the
entire IMB addressing range of the 8088 microprocessor.

As more powerful microprocessors entered to market (80286 mi-
croprocessors can access up to 16MB of memory, and the 80386
and 80486 can handle up to 4GB of memory), DOS retained the
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limitations imposed on it by the original version to remain com-

patible with older machines and software.

Special add-on programs called memorymanagers have been creat-
ed to enable DOS to access and use the additional memory avail-
able to more powerful microprocessors.

Basic Memory Organization

Every computer has a memory organization plan called a memory
map. A simplified memory map, showing RAM, ROM, and I/O

address allocations, is shown in Figure 3.21.
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When the original PC was designed, there were certain decisions
made in dividing up the 8088’s 1MB of memory address space.
The Intel microprocessors have a separate memory map for I/0O
addresses. These decisions were implemented by the original DOS
program. By necessity, these decisions carried over into the ad-

dress allocations of all DOS-based PC-compatible’s.

Basically, DOS can recognize the following classifications of mem-
ory: Conventional Memory, Upper Memory Blocks, High Memory

Area, Expanded Memory, Extended Memory, and Virtual

Memory.



198 A+ Certification Training Guide

Figure 3.22

Conventional Memory

The conventional memory area is divided into two sections re-
ferred to as BaseMemory and the UpperMemoryArea  (UMA). These
sections are illustrated in Figure 3.22. Base memory occupies the
first 640KBs of addresses while the remaining 384KBs is referred
to as Upper Memory.
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Base memory (locations 00000h through 9FFFFh) is the standard
memory area for all PC-compatible systems. It traditionally holds
DOS, interrupt vector tables, and relocated ROM BIOS tables.
The remaining space in the base memory area is referred to as
DOS Program Memory. Programs written to operate under PC- or
MS-DOS use this area for program storage and execution.

The Upper Memory Area occupies the 384KB portion of the PC’s
address space from AOO0OOh to FFFFFh. This space is segmented
into 64KB UpperMemoryBlock  regions, asillustrated in Figure 3.23.
Although the addresses are allocated, no actual memory is here.
The Upper Memory Area was originally dedicated to different
forms of video display memory and ROM-based functions.
However, many advanced systems reserve space in this area to
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incorporate a memory-usage scheme called ShadowRAM to im-
prove the overall performance of the computer.

Figure 3.23 oo|0h 640K BKRRIER 1|i/|B
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With this feature, the contents of the ROM BIOS and/or Video
BIOS are rewritten (shadowed) into Upper Memory Area. This
scheme enables the system to operate faster when application
software makes use of any of the BIOS’ CALL routines. Rather
than accessing an IC ROM device, which takes up to 4 Wait States
to complete, BIOS calls are redirected by the shadow feature to
the same information located in fast, 0 Wait State DRAM devices.
Some benchmark tests have shown performance increases be-
tween 300 and 400% in systems where the shadow feature is used.

Extended Memory

With the advent of the 80286 microprocessor and its protected
operating mode, it became possible to access physical memory
locations beyond the 1MB limit of the 8088. Memory above this
address is generally referred to as ExtendedMemory . With the 286
microprocessor, this adds up to an additional 15MB of RAM for a
total of 16 MB (24 bit address). Extended Memory is illustrated in
Figure 3.24.
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Even though the 80286 could physically access this type of mem-
ory using its special addressing mode, it was impossible for appli-
cation programs to access it at the time. This was due to the 640k
DOS limit imposed by earlier architectures. Extended memory
could range up to 4GB in 80386- and 80486-based computers (32
bit address). It was not that software couldn’t access memory at
these addresses, it was simply a matter of DOS not having the
capability to enable it.

Applications programs can be written specifically to take advan-
tage of these memory locations, but few are. Operating systems,
such as Microsoft DOS versions beyond 4.0 and Windows versions
beyond 3.0, as well as IBM’s OS/2 operating system, can take full
advantage of extended memory through the protected addressing
modes of the more advanced microprocessors. This capability to
manage higher memory enables the system to free up more of the
base memory area for use by applications programs.

The DOS versions above 4.0 contain a memory management pro-
gram called HIMEM.SYS that manages extended memory above
the 1024k level. This utility operates under the Microsoft Extended
MemorySpecification (XMS). When the utility is loaded into mem-
ory, it shifts most of the operating system functions into an area
known as the HighMemoryArea  (HMA) of extended memory. The
HMA takes up the first 64KB of addresses above the 1MB bound-
ary and is a result of a quirk in the design of advanced Intel
microprocessors.

The HIMEM function is activated by adding a line of instruction
to the system’s CONFIG.SYS file so that it is executed when the
computer is booted. When the HIMEM utility is encountered, the
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program assumes control of the system’s A20InterruptHandler
routine. This function is part of the BIOS program and takes con-
trol of the system’s A20 address line when activated.

The A20 Interrupt Handler is located at BIOS interrupt INT15
and is used to transfer data blocks of up to 64KBs in length be-
tween the system and extended memory. The INT15 function also
supplies entries for the various microprocessor tables that are
required for protected virtual addressing mode.

Expanded Memory (EMS)

Some publications may refer to memory above the 1MB limit as
“expanded memory.” However, the term ExpandedMemory  is gen-
erally reserved to describe another special memory option. In
1985, three companies (Lotus, Intel, and Microsoft) joined to-
gether to define a method of expanding the 8088’s memory usage
capabilities by switching banks of memory from outside the DOS
memory area into the usable address ranges of the 8088. This
method became known as the LIM EMS (for Lotus, Intel, and

Maosot  Bxqpanded Memary Spediication )standard.

This idea of bank switching was not exactly new; it had been used
with older computer systems before the advent of the IBM line.
The LIM EMS standard simply defined how this technique should
be applied to IBM PCs and their compatibles. The original stan-
dard defined specifications for both hardware and software ele-
ments of the EMS system. Figure 3.25 illustrates the basic princi-
pal behind the EMS standard.

The specification allows four 16KB areas (pages ) of memory be-
tween CO000h and EFFFFh to be used as windows into pre-defined
RAM locations above the 1MB address limit. Originally, these
RAM addresses were located on special EMS RAM cards that
plugged into one of the system board’s expansion slot connectors.
Newer system boards, based on the 80486 and Pentium micropro-
cessors, can use their advanced virtual memory paging capabilities
to handle the EMS function directly on the board.
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Figure 3.25 depicts hex locations DOO00Oh through DFFFFh being
used as windows through which the Expanded Memory addresses
are translated. In reality, the four 16KB windows can be selected
from anywhere within the LIM EMS-defined address range, and
can be relocated to anywhere within the 32MB physical address
range.

The EMS software specifications consist of predetermined pro-
grams called ExpandedMemory Manager (EMM) drivers that work
with application software to control the bank-switching opera-
tions. These drivers contain special function calls that application
programs can use to manipulate the expanded memory. Note,
however, that the application software must be written to take
advantage of the EMS function calls. EMS versions before 4.0
made provision for the expanded memory to be used only as data
storage areas. Programs could not actually be executed in these
areas. Versions 4.0, and later, support much larger bank-switching
operations, as well as program execution and multitasking.

Virtual Memory

The term virtualmemory is used to describe memory thatisn’t
what it appears to be. Virtual Memory is actually disk drive space
that is manipulated to seem like RAM. Software creates virtual
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memory by swapping files between RAM and the disk drive, as
illustrated in Figure 3.26. Because the swapping represents a ma-
jor transfer of information that involves the hard-disk drive, an
overall reduction in speed is encountered with virtual memory

operations.
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E{ Objective During installation, DOS versions from 5.0 forward create a sys-
tem file called CONFIG.SYS. This particular filename is reserved
by DOS for use with a special file that contains setup (configura-
tion) instructions for the system. When DOS is loaded into the
system, a portion of the boot-up program automatically searches
in the default drive for a file named CONFIG.SYS. The commands
in this file configure the DOS program for use with options devic-
es and applications programs in the system.
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The CONFIG.SYS program is responsible for: (1) setting up any
memory managers being used, (2) configuring the DOS program
for use with options devices and application programs, (3) load-
ing up device-chiver sofware ,and (4) installing memory-resident
programs. These activities are illustrated by the following sample
CONFIG.SYS file:

1 Device=C:\DOS\HIMEM.SYS
Device=C:\DOS\EMM386.EXE. 1024 RAM

2 FILES=30
BUFFERS=15
STACKS=64,500

3 DEVICE=C:\DOS\SMARTDRYV.SYS 1024
DOS=HIGH, UMB
DEVICEHIGH=C:\MOUSE\MOUSE.SYS
DEVICEHIGH=C:\DOS\RAMDRIVE.SYS 4096/a

Memory Managers

In the first section, the system’s memory-manager programs are
loaded. In this case, the HIMEM.SYS command loads the DOS
extended memoary diver . Thisdriver manages the use of Extended
Memory (XMS) installed in the system. This memory manager
should normally be listed in the CONFIG.SYS file before any oth-
er memory managers or device drivers.

The EMM386.EXE program provides the system’s microprocessor
with access to the upper memory area. Operating together with
the HIMEM.SYS program, this enables the system to conserve
conventional memory by moving device drivers and memory resi-
dent programs into the UMA. This concept is described in Figure
3.27.

HIMEM.SYS also creates a 64KB area of memory just above the
1MB address space called the HighMemoryArea  (HMA). With this,
the DOS=HIGH statement is used to shift portions of DOS from
conventional memory into the HMA.
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Similarly, the EMM386.EXE command loads the DOS Expanded
Memory simulator driver. A file called LIM EMS 4.0 is another
commonly used expanded memory manager that you might en-
counter in a CONFIG.SYS file set up for expanded memory oper-
ations.

Files, Buffers, and Stacks

In the second section of the file are the commands that define
DOS for operation with optional devices and applications. The
FILES command causes the DOS program to establish the number
of files that DOS can handle at any one time at 30. This just hap-
pens to be the minimum number required to load Windows for
operation. The BUFFERScommand sets aside 15 blocks of RAM
memory space for storing data being transferred to and from
disks. Similarly, the STACKScommand establishes the number
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and length of some special RAM memory storage operations at 64
memory stacks, with each being 500 bytes long.

Device Drivers

Device drivers are loaded in the third part of the file. Device driv-
ers are programs that tell DOS how to control specific devices.
DEVICEHIGH=C:\MOUSE\MOUSE.SYS is a command that loads
a third-party device driver supporting the particular mouse being
used with the system. Some device manufacturers include software
Installation Utilities with the device that will automatically install
its device drivers into the CONFIG.SYS (or AUTOEXEC.BAT)
files during the installation process. With other devices, the device
drivers must be installed by manually updating the CONFIG.SYS
and AUTOEXEC.BAT files. The device’s Installation Instructions
will identify which method must be used to install its drivers. The
order in which device drivers appear in the CONFIG.SYS file is
important. The recommended order for listing device drivers is;
(1) HIMEM.SYS, (2) the expanded memory manager if installed,
(3) the EMM386.EXE command, and then (4) any other device
drivers being used.

The SMARTDRV.SY driver establishes a disk cache in an area of
extended memory as a storage space for information read from
the hard-disk drive. A cache is a special area of memory reserved to
hold data and instructions recently accessed from another loca-
tion. Adiskcache  holds information recently accessed from the
hard-disk drive. Information stored in RAM can be accessed much
more quickly than that stored on the hard drive. When a program
or DOS operation requests more data, the SMARTDRYV program
redirects the request to check in the cache memory area to see
whether the requested data is there. If SMARTDRYV finds the in-
formation in the cache, it operates on it from there. If the re-
quested information is not in the cache, the system accesses the
hard drive for it.

Using this technique, the overall operating speed of the system is
improved. When the system is shut down, SMARTDRYV copies the
most current information onto the hard drive. Therefore, no data
is lost due to it being stored in RAM. The idea behind SMART-
DRV operations is described by Figure 3.28.
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Figure 3.28
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The 1024 modifier establishes a memory cache size of 1IMB
(1024k of memory) in extended memory. This is a typical cache
size for SMARTDRYV; 2MB (2048Kk), however, is probably the most
efficient size for the cache. This is because the larger the cache
size, the greater the chance that the requested information is in
the cache. So there is no need to go to the hard drive for the
information. If the command is modified further by an /a
extension, the cache is established under an expanded memory
operation rather than extended memory. Extended memory is
the default for SMARTDRYV operations.

The RAMDRIVE.SYSdriver simulates the organization of a hard-
disk drive in RAM memory. This type of drive is called a Virtual

Disk .Inthis case, the DEVICEHIGH= command loads the RAM-
DRV into the upper-memory area rather than the base-memory
area, where a simple DEVICE= command would run it. Likewise,
the DOS=HIGH,UMB command shifts the operation of DOS into
the high-memory area, and gives the application access to the
upper-memory area.
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The operation of both the SMARTDRV.SYS and RAMDRIVE.SYS
device drivers is governed by the HIMEM.SYS memory manager.
This is normal only because both programs involve the use of
memory beyond the 1MB conventional-memory level. Likewise,
the DEVICEHIGH= and DOS=HIGH commands that move pro-
grams into the upper memory area perform under the guidance
of the HIMEM.SYS manager.

The fourth portion of the file sets the system up to use special
keyboard shortcuts available in the DOSKEYrogram. DOSKEY is
atype of program referred to as a memory-resident  program.
Memory-resident programs are programs that run in the back-
ground of other programs.

The DOS INSTALL command is placed in the CONFIG.SYS file to
load memory-resident files into memory when DOS starts up.
These files remain in memory as long as the system is on. A com-
mon install command is: INSTALL=C:\DOS\SHARE.EXE. The
SHARE program provides the capability to share files in a net-
worked, or multitasking, environment.

Other common CONFIG.SYS commands include:
BREAK
COUNTRY
DRIVPARM
LASTDRIVE
NUMLOCK
REM
SET
SHELL
INCLUDE
MENUCOLOR
MENUDEFAULT
SUBMENU
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[Z{ Objective

The definitions and usage of these commands are covered in de-
tail in the MS-DOS User’s Guide. The DOS installable device driv-
ers are also defined in that publication.

Altering CONFIG.SYS Steps

The operation of the CONFIG.SYS file can be altered or bypassed
by pressing selected keyboard keys during the bootup process.
Holding the SHIFT key, or pressing the F5 key while the MS-DOS
message “Starting DOS...” is on the screen, causes the bootup
process to skip all the commands in the CONFIG.SYS file. This
action also bypasses all the steps of the AUTOEXEC.BAT file (dis-
cussed in the next section).

When this option is used, the system boots up with a complete set
of default settings. No installable device drivers are installed, the
current directory is set to C:\DOS, and you may receive a “Bad or
missing command interpreter” message. If this message is re-
ceived, the system asks you to manually enter the path to the
COMMAND.COM file.

Similarly, pressing the F8 function key while the DOS message is
on the screen causes the system to stop between each
CONFIG.SYS command, and ask for verification before proceed-
ing. This can be very helpful in troubleshooting configuration
and bootup problems. This action also causes the system to ask
the user whether the AUTOEXEC.BAT file should be run or
skipped. Placing a question mark after a CONFIG.SYS command
(before the = sign) causes the system to automatically seek verifi-
cation whenever the system is booted up.

DOS comes with several other standard device driver programs.
These include:

KEYBOARD.SYS
DISPLAY.SYS
ANSI.SYS
DRIVER.SYS

PRINTER.SYS
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KEYBOARD.SYS is the DOS default keyboard definition file. The
DISPLAY.SYS driver supports code-page switching for the monitor
type in use by the system. A codepage is the set of 256 characters
that DOS can handle at one time, when displaying, printing, and
manipulating text. ANSI.SYS supports ANSI escape-code sequenc-
es used to modify the function of the system’s display and key-
board. This file is also required to display colors on the monitor
in DOS. DRIVER.SYS creates the logical drive assignments for the
system (such as A: and C:). Finally, the PRINTER.SYS driver sup-
ports code-page switching for parallel ports. All these drivers are
normally found in the DOS directory.

POWER.EXE

A special, power-saving program called POWER.EXE is designed
for use in notebook computers. When it is loaded in the last line
of the CONFIG.SYS file, and the system hardware meets the Ad-
vanced Power Management specification, the power savings can
be as high as 25%. This is an important savings when you are dis-
cussing the operation of a battery, and its length of operation
before it needs to be recharged. The POWER.EXE file must be
available in the C:\DOS directory.

AUTOEXEC.BAT

After completing the CONFIG.SYS operation, DOS searches for
the presence of a file called the AUTOEXEC.BAT file. This file
containsabatch of DOS commands that are automatically carried
out when DOS is loaded into the system. This file can also be re-
executed from the DOS prompt if you simply type the command
“AUTOEXEC.” This is not true of the CONFIG.SYS file however.
The system must be restarted to perform the commands in this file.

Refer to the following sample AUTOEXEC.BAT file:

DATE

TIME

PROMPT=$P$G

SET TEMP=C:\TEMP
PATH=C:\;C:\D0S;C: \MOUSE
DOSKEYSMARTDRV.EXE 2048 1024
CD\

DIR
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The first two commands cause DOS to prompt you for the date
and time (because DOS does not automatically do this when an
AUTOEXEC.BAT file is present). The PROMPT=$P$@mmand
causes the active drive and directory path to be displayed on the
command line. The SET TEMP= line sets up an area for holding
data temporarily in a directory named TEMP.

The PATH command creates a s