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CHAPTER 1

Introduction to the
Microprocessor and Computer

-INTRODUCTION

This chapter provides an overview of the Intel family of microprocessors. Included is a discus-
sion of the history of computers and the function of the microprocessor in the microprocessor-
based computer system. Also introduced are terms and jargon used in the computer field, so
computerese is understood and applied when discussing microprocessors and computers.

The block diagram and a description of the function of each block detail the operation of
a computer system. The chapter also shows how the memory and input/output (/O) system of
the personal computer function. Finally, the way that data are stored in the memory is provided,
so that each data type can be used as software is developed. Numeric data are stored as integers,
floating-point, and binary-coded decimal (BCD); alphanumeric data are stored by using the
ASCII (American Standard Code for Information Interchange) code.

CHAPTER OBJECTIVES

Upon completion of this chapter, you will be able to:

1. Converse by using appropriate computer terminology such as bit, byte, data, real memory
system, expanded memory system (EMS), extended memory system (XMS), DOS, BIOS,
1/0O, and so forth.

2. Briefly detail the history of the computer and list applications performed by computer

systems.

. Provide an overview of the various 80X86 and Pentium-Pentium 4 family members.

- Draw the block diagram of a computer system and explain the purpose of each block.

Describe the function of the microprocessor and detail its basic operation.

. Define the contents of the memory system in the personal computer.

. Convert between binary, decimal, and hexadecimal numbers.

- Differentiate and represent numeric and alphabetic information as integers, floating-point,

BCD, and ASCII data.

0NN bW



CHAPTER 1  INTRODUCTION TO THE MICROPROCESSOR AND COMPUTER

A HISTORICAL BACKGROUND

This first section outlines the historical events leading to the development of the microprocessor
and, specifically, the extremely powerful and current 80X86,! Pentium, Pentium Pro, Pentium
M1, and Pentium 42 microprocessors. Although a study of history is not essential to understand
the microprocessor, it furnishes interesting reading and provides a historical perspective of the
fast-paced evolution of the computer.

The Mechanical Age

The idea of a computing system is not new—it has been around long before modern electrical
and electronic devices were developed. The idea of calculating with a machine dates to 500 B.c.
when the Babylonians invented the abacus, the first mechanical calculator. The abacus, which
used strings of beads to perform calculations, was used by the ancient Babylonian priests to keep
track of their vast storehouses of grain. The abacus, which was used extensively and is still in use
today, was not improved until 1642, when mathematician Blaise Pascal invented a calculator
that was constructed of gears and wheels. Each gear contained 10 teeth that, when moved one
complete revolution, advanced a second gear one place. This is the same principal that is used in
the automobile’s odometer mechanism and is the basis of all mechanical calculators. Inciden-
tally, the PASCAL programming language is named in honor of Blaise Pascal for his pioneering
work in mathematics and with the mechanical calculator.

The arrival of the first practical geared, mechanical machines used to automatically compute in-
formation dates to the early 1800s. This is before humans invented the light bulb or before much was
known about electricity. In this dawn of the computer age, humans dreamed of mechanical machines
that could compute numerical facts with a program—not merely calculating facts, as with a calculator.

In 1937 it was discovered through plans and journals that one early pioneer of mechanical
computing machinery was Charles Babbage, aided by Augusta Ada Byron, the Countess of
Lovelace. Babbage was commissioned in 1823 by the Royal Astronomical Society of Great
Britain to produce a programmable calculating machine. This machine was to generate naviga-
tional tables for the Royal Navy. He accepted the challenge and began to create what he called
his Analytical Engine. This engine was a mechanical computer that stored 1000 20-digit dec-
imal numbers and a variable program that could modify the function of the machine to perform
various calculating tasks. Input to his engine was through punched cards, much as computers in
the 1950s and 1960s used punched cards. It is assumed that he obtained the idea of using
punched cards from Joseph Jacquard, a Frenchman who used punched cards as input to a
weaving machine he invented in 1801, which is today called Jacquard’s loom. Jacquard’s loom
used punched cards to select intricate weaving patterns in the cloth that it produced. The punched
cards programmed the loom. .

After many years of work, Babbage’s dream began to fade when he realized that the ma-
chinists of his day were unable to create the mechanical parts needed to complete his work. The
Analytical Engine required more than 50,000 machined parts, which could not be made with.
enough precision to allow his engine to function reliably. .

The Electrical Age

The 1800s saw the advent of the electric motor (conceived by Michael Faraday); with it came a
multitude of motor-driven adding machines, all based on the mechanical calculator developed by

180X86 is shorthand notation that includes the 8086, 8088, 80188, 80286, 80386, and 80486 microprocessors.
*Pentium, Pentium Pro, Pentium I, Pentium 111, and Pentium 4 are registered trademarks of Intel Corporation.



1-1 A HISTORICAL BACKGROUND 3

Blaise Pascal. These electrically driven mechanical calculators were common pieces of office
equipment until well into the early 1970s, when the small hand-held electronic calculator, first
introduced by Bomar, appeared. Monroe was also a leading pioneer of electronic calculators, but
its machines were desktop, four-function models the size of cash registers.

In 1889, Herman Hollerith developed the punched card for storing data. Like Babbage, he
too apparently borrowed the idea of a punched card from Jacquard. He also developed a me-
chanical machine—driven by one of the new electric motors—that counted, sorted, and collated
information stored on punched cards. The idea of calculating by machinery intrigued the United
States government so much that Hollerith was commissioned to use his punched-card system to
store and tabulate information for the 1890 census.

In 1896, Hollerith formed a company called the Tabulating Machine Company, which de-
veloped a line of machines that used punched cards for tabulation. After a number of mergers,
the Tabulating Machine Company was formed into the International Business Machines Corpo-
ration, now referred to more commonly as IBM, Inc. The punched cards used in computer sys-
tems are often called Hollerith cards, in honor of Herman Hollerith. The 12-bit code used on a
punched card is called the Hollerith code.

Mechanical machines driven by electric motors continued to dominate the information pro-
cessing world until the construction of the first electronic calculating machine in 1941 by a German
inventor named Konrad Zuse. His Z3 calculating computer, as pictured in Figure 1-1, was used in
aircraft and missile design during World War 1I for the German war effort. Had Zuse been given
adequate funding by the German government, he most likely would have developed a much more
powerful computer system. Zuse is today finally receiving some belated honor for his pioneering
work in the area of digital electronics which began in the 1930s and for his Z3 computer system.
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FIGURE 1-1 The Z3 computer developed by Konrad Zuse used a 5.33 Hertz clocking frequency. (Photo courtesy of
Horst Zuse, the son of Konrad.)



CHAPTER 1 INTRODUCTION TO THE MICROPROCESSOR AND COMPUTER

It has recently been discovered (through the declassification of British military documents)
that the first electronic computer was placed into operation in 1943 to break secret German military
codes. This first electronic computing system, which used vacuum tubes, was invented by Alan
Turing. Turing called his machine Colossus, probably because of its size. A problem with Colossus
was that although its design allowed it to break secret German military codes generated by the me-
chanical Enigma machine, it could not solve other problems. Colossus was not programmable—it
was a fixed-program computer system, which today is often called a special-purpose computer.

The first general-purpose, programmable electronic computer system was developed in
1946 at the University of Pennsylvania. This first modern computer was called the ENIAC (Elec-
tronics Numerical Integrator and Calculator). The ENIAC was a huge machine, containing
over 17,000 vacuum tubes and over 500 miles of wires. This massive machine weighed over 30
tons, yet performed only about 100,000 operations per second. The ENIAC thrust the world into
the age of electronic computers. The ENIAC was programmed by rewiring its circuits—a process
that took many workers several days to accomplish. The workers changed the electrical connec-
tions on plug-boards that looked like early telephone switchboards. Another problem with the
ENIAC was the life of the vacuum tube components, which required frequent maintenance.

Breakthroughs that followed were the development of the transistor in 1948 at Bell Labs,
followed by the 1958 invention of the integrated circuit by Jack Kilby of Texas Instruments.
The integrated circuit led to the development of digital integrated circuits (RTL, or resistor-to-
transistor logic) in the 1960s and the first microprocessor at Intel Corporation in 1971. At that time,
Intel and one of its engineers, Marcian E. Hoff, developed the 4004 microprocessor—the device
that started the microprocessor revolution that continues today at an ever-accelerating pace.

Programming Advancements

Now that programmable machines were developed, programs and programming languages began
to appear. As mentioned earlier, the first programmable electronic computer system was pro-
grammed by rewiring its circuits. Because this proved too cumbersome for practical application,
early in the evolution of computer systems, computer languages began to appear in order to con-
trol the computer. The first such language, machine language, was constructed of ones and
zeros using binary codes that were stored in the computer memory system as groups of instruc-
tions called programs. This was more efficient than rewiring a machine to program it, but it was
still extremely time-consuming to develop a program because of the sheer number of codes that
were required. Mathematician John von Neumafm was the first person to develop a system that
accepted instructions and stored them in memory. Computers are often called von Neumann
machines in honor of John von Neumann. (Remember that Babbage also had developed the con-
cept long before von Neumann.)

Once computer systems such as the UNIVAC became available in the early 1950s, as-
sembly language was used to simplify the chore of entering binary code into a computer as its
instructions. The assembler allowed the programmer to use mnemonic codes, such as ADD for
addition, in place of a binary number such as 01000111. Although assembly language was an aid
to programming, it wasn’t until 1957, when Grace Hopper developed the first high-level pro-
gramming language called FLOW-MATIC, that computers became easier to program. In the
same year, [IBM developed FORTRAN (FORniula TRANslator) for its computer systems. The
FORTRAN language allowed programmers to develop programs that used formulas to solve
mathematical problems. Note that FORTRAN is still used by some scientists for computer pro-
gramming. Another similar language, introduced about a year after FORTRAN, was ALGOL
(ALGOrithmic Language).

The first truly successful and widespread programming language for business applications
was COBOL (COmputer Business Oriented Language). Although COBOL usage has dimin-
ished somewhat in recent years, it is still a major player in many large business systems. Another
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once-popular business language is RPG (Report Program Generator), which allows program-
ming by specifying the form of the input, output, and calculations.

Since these early days of programming, additional languages have appeared. Some of the
more common are BASIC, C/C++, PASCAL, and ADA. The BASIC and PASCAL languages
were both designed as teaching languages, but have escaped the classroom and are used in many
computer systems. The BASIC language is probably the easiest of all to learn. Some estimates
indicate that the BASIC language is used in the personal computer for 80 percent of the
programs written by users. Recently, a new version of BASIC, VISUAL BASIC, has made pro-
gramming in the WINDOWS environment easier. The VISUAL BASIC language may eventu-
ally supplant C/C++ and PASCAL.

In the scientific community, C/C++ and (occasionally) PASCAL appear as control pro-
grams. Both languages, especially C/C++, allow the programmer almost complete control over
the programming environment and computer system. In many cases, C/C++ is replacing some of
the low-level, machine control software normally reserved for assembly language. Even so, as-
sembly language still plays an important role in programming. Most video games written for the
personal computer are written almost exclusively in assembly language. Assembly language is
also interspersed with C/C++ and PASCAL to perform machine control functions efficiently.

The ADA language is used heavily by the Department of Defense. The ADA language was
named in honor of Augusta Ada Byron, Countess of Lovelace. The Countess worked with
Charles Babbage in the early 1800s in the development of his Analytical Engine.

The Microprocessor Age

The world’s first microprocessor, the Intel 4004, was a 4-bit microprocessor—a programmable
controller on a chip. It addressed a mere 4096 4-bit wide memory locations. (A bit is a binary digit
with a value of one or zero. A 4-bit wide memory location is often called a nibble.) The 4004
instruction set contained only 45 instructions. It was fabricated with the then-current state-of-the-art
P-channel MOSFET technology that only allowed it to execute instructions at the slow rate of
50 KIPs (kilo-instructions per second). This was slow when compared to the 100,000 instructions
executed per second by the 30-ton ENIAC computer in 1946. The main difference was that the
4004 weighed much less than an ounce.

At first, applications abounded for this device. The 4-bit microprocessor debuted in early
video game systems and small microprocessor-based control systems. One such early video
game, a shuffleboard game, was produced by Balley. The main problems with this early micro-
processor were its speed, word width, and memory size. The evolution of the 4-bit micro-
processor ended when Intel released the 4040, an updated version of the earlier 4004. The 4040
operated at a higher speed, although it lacked improvements in word width and memory size.
Other companies, particularly Texas Instruments (TMS-1000), also produced 4-bit microproces-
sors. The 4-bit microprocessor still survives in low-end applications such as microwave ovens
and small control systems, and is still available from some microprocessor manufacturers. Most
calculators are still based on 4-bit microprocessors that process 4-bit BCD (binary-coded
decimal) codes.

Later in 1971, realizing that the microprocessor was a commercially viable product, Intel
Corporation released the 8008—an extended 8-bit version of the 4004 microprocessor. The 8008
addressed an expanded memory size (16K bytes) and contained additional instructions (atotal of
48) that provided an opportunity for its application in more advanced systems. (A byte is gener-
ally an 8-bit wide binary number and a K is 1024, Often, memory size is specified in K bytes.)

As engineers developed more demanding uses for the 8008 microprocessor, they discov-
ered that its somewhat small memory size, slow speed; and instruction set limited its usefulness.
Intel recognized these limitations and introduced the 8080 microprocessor in 1973—the first of
the modern 8-bit microprocessors. About six months after Intel released the 8080 microprocessor,



