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Lesson 1

An Introduction of Digital Computers

The von Neumann Architecture

During World War II, in the United States, the need for fast
calculating machines for producing projectile table for every type of
guns and cannons and for simulation required in the design of the first
atomic bomb called for automatic computing machines—digital com-
puters. John Mauchly and J. Presper Eckert developed the first real
digital computer, known as the ENIAC. Their work was expanded
upon and refined by John von Neumann of the Princeton University.

ENIAC, made in a laboratory of the Northwest University in
Evanston, IIl., in 1942, was composed of more than 30 thousand
electronic tubes and nearly one million pieces of other components
such as resistors, condensers and switches. It occupied three large
rooms and consumed electricity that would otherwise be enough to
power a small city with 30 thousand residents. To dissipate the heat
emanated from inside the machine, powerful ventilators were used.
The operating speed was very low, about 2000 operations per second.

Yet, this computer ushered in the Computer Age. It was an
unprecedented machine capable of doing work involving human
mental process, for example, simple logic inference, basic arithmetic
calculations and data processing. Particularly, its structure known as
the von Neumann architecture and its working principle known as
stored program concept proved to be universally accepted for digital
computers built for performing actually all types of computations.
Many great achievements have since been made in computer hard-
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ware, but even today’s computers, ranging from the largest main-
frames to the smallest personal computers, use some variations of that
idea. Experts predict that the concept is still valid and it will continue
to be used for years to come.

All von Neumann type digital computers are consisted of four
basic components-the memory, the arithmetic-logic unit (ALU), the
control unit and the input/output (I/0) unit. The ALU and control
unit are usually considered to be an integral component and it is
generally referred to as the central processing unit (CPU) . Most
microprocessors are nothing more than a single chip of integrated
circuit CPU.

Digital computers operate on the von Neumann’s stored program
concept. A program is consisted of a series of instructions written in a
specific code, for example, binary numbers —O and 1, assembly
code, high-level computer programming languages, and arranged in
an order to tell the computer specific operations, for example, mov-
ing binary numbers into and out of the memory and between various
registers and the CPU, and a variety of arithmetic and logic opera-
tions. The sequence of instructions arranged in a step-by-step way
constitutes a procedure called an algorithm. A program will comprise
a series of algorithms for solving some specific problems. The pro-
gram is stored in the digital memory. Each instruction is given an
address code in the memory. Usually, they are arranged in an in-
cremental order of address. An instruction counter is used in the
control unit to record the address code of the instruction currently
under examination. By making an increment on the address code in
the address counter, the control unit turns to the next instruction to be
fetched. After the instruction is fetched, its operation code is decoded
to produce a signal, which is then sent to a proper unit, and the op-
eration can begin. The operands can be found in an address called the




“initial address” . The result of this operation is sent to the cells in-
dicated by the “destination address’ .

Special instructions called the transfer instructions are used when
the control needs to leave the current loop of operations and turn to
another set of instructions. Among them, the unconditional transfer
instruction always causes a modification done to the instruction
counter and a transfer to the next address. The conditional transfer
instruction may cause different types of modifications depending on
the result of some previous calculations specified in the conditional
transfer instruction.

This description tells why the von Neumann type digital com-
puters can work automatically to perform various arithmetic and log-
ical computations and operations, following exactly what a stored
program intends to do.

Development of Computer Hardware

The hardware of digital computers has undergone a series of
revolutionary changes. The gain in the working speed and function
has been impressive. The first transistor was invented in the Bell
laboratory in 1948. Computer manufacturers soon used this new
contraption to improve their computers with outstanding merits-small
volume, light weight, little power consumption, long service hours
and high working speed. With transistors replacing electronic tubes,
functional circuits could be made on the print circuit boards which can
be assembled on sockets, greatly conveniencing manufacturing and
maintenance. Coupled with transistors, other components were
miniaturized.

The first product of Integrated Circuit (IC) was developed by
Intel, an American electronic device company, in the early
1960s. The underlying idea of IC was making transistors with high
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density on the limited area of a silicon chip and connecting them to
form certain functional circuits. Besides the merits shown in transis-
tors, one of their other merits was high reliability. With IC products,
computers can be made more portable in volume but more versatile in
function than all previously made computers. By the end of the
1960s, IC products had taken the place of discrete transistors and
other components to build computers.

But scientists and engineers were not content with the existing
density of integration. With the development of micro-electronics and
laser technique, the precision of photo-processing in manufacturing IC
products could ensure the stripes of every component made on the
surface of a silicon chip as narrow as 10 micrometers. This figure
meant more transistors made within limited area on a silicon chip and
much higher working speed. The product was called the Large Scale
Integrated Circuit (LSIC). With LSIC, the computer could be made
as small as the personal computer, the desktop computer and the
laptop computer. Soon, families of LSIC products dominated manu-
facture of computers.

Development of Computer Software

In software, the progress lies in the advent of operating system
and various applied software packages oriented to various practical
uses. In the early computers, there was no software at all. The pro-
grammer had to operate his program directly on the operator’s con-
sole-loading his program into memory, from either paper tape or cards
or switches on the front panel, monitoring its execution by watching
display lights on the console, and debugging it if any error occurred.
The working efficiency was surprisingly low, and the compufer fre-
quently sat idle. To solve such problems, the operating system
emerged and got mature. The operating system was software exclusive




for control of the computer itself, ranging from CPU allocation,
queuing service for multiple users, allocation of other computer re-
sourceslike the bus, input/output equipment, memory space, moni
toring execution of user programs, to controlling routine operations.
With an operating system equipped, the computer became
user-friendly. Users did not bother themselves about all operations and
manipulations that were essentially responsibility of the computer
system itself.

Developed in the mid-1970s, UNIX was the most famous oper-
ating system for medium- and large-scale computers, designed mainly
for multiprogramming and time-sharing systems. Another form of

UNIX operating system was the real-time system often used as a
control device in a dedicated application. Sensors were used in the
operating system, which conducted and adjusted control to modify the
controlled process. A real-time operating system had a well-defined
fixed time constraint. Processings must be done within the defined
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constraint or the system might fail.

DOS and Windows are two of the operating systems developed
for microcomputers or personal computers. {(Refer to the text of the
lesson about personal computers for details). Compared with UNIX,
these operating systems are much simpler but none the less essential to
the routine operations.

The applied software refers to those that convenience user-created
programs for solving practical problems in specific domains. Every
user program must be written in a specific computer programming
language, such as assembly, COBOL, FORTRAN, BASIC,
PASCAL, C, C+ +, LISP, JAVA, Each language is for specific
use, for example, COBOL is convenient for programs in finance and
accounting, FORTRAN is good for scientific calculations, PASCAL
is widely used in engineering designs, C is suited for automatic con-
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trol engineering, LISP is exclusive for artificial intelligence research,
BASIC is usually used in simple programs, doing basic arithmetic and
logical computation and printing. Assembly is a machine-oriented
language. Programs written in an assembly language can work faster
than programs written in high-level programming languages——
FORTRAN, PASCAL, LISP, etc.

High-level programming langyages are, to some extent, similar
to natural language in sentence structure and in vocabulary, so that it
is easier to write programs in high-level programming languages. But
programs written in high-level programming languages are beyond the
capability of any computer-they simply ignore them. To bridge the
gap, compilers are needed to translate programs written in high-level
programming languages into machine code that the computer can ex-
ecute. Each high-level programming language has its own compil-
er-software designed to do the translation. All computers are equipped
with certain number of compilers to meet the need of users of various
professional domains.
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Lesson 2

Basic Structure of Digital Computers

All digital computers of von Neumann type, however compli-
cated, can be divided into 4 basic units: the input/output unit, the
arithmetic unit, the control unit and the memory as shown in the

following diagram.
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The Basic Structure of Digital Computers

The Input/Output Unit

The input/output unit is equipment to read the information and
the computer instructions into the machine (the input) and to print or
display the results of the computation (the output). Many devices are
available to perform these tasks; the most widely used one is the CRT
(cathode ray tube) terminal.

Usually, the rate of processing information in the arithmetic unit
is much faster than in either the input or output equipment. This is
primarily because the input/output units usually involve some me-
chanical operations, whereas the internal calculations proceed at
electronic speed. This speed difference is not critical if the informa-
tion required to be processed and the result are small in amount
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