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Chapter One
Computer Science: An Overview

1.1 Personal Computer

A computer is a machine that is based on the principle of electronics and manipulates
data according to a set of instructions. Although mechanical examples of computers have
existed through much of recorded human history, the first electronic computers were
developed in the mid-20th century (1940-1945). These were the size of a large room,
consuming as much power as several hundred modern personal computers (PCs). Modern
computers based on integrated circuits® are millions to billions of times more capable
than the early machines, and occupy a fraction of the space. Simple computers are small
enough to fit into a wristwatch, and can be powered by a watch battery. Personal
computers in their various forms are icons of the Information Age"3 and are what most
people think of as “computers”. The embedded computers9 found in many devices from
MP3 players to fighter aircraft and from toys to industrial robots are however the most
numerous. The ability to store and execute lists of instructions called programs makes
computers extremely versatile, distinguishing them  from calculators.  The
Church—Turing thesis® is a mathematical statement of this versatility: any computer
with a certain minimum capability is, in principle, capable of performing the same tasks
that any other computer can perform. Therefore computers ranging from a mobile
phone"3 to a supercomputer are all able to perform the same computational tasks, given
enough time and storage capacity.

At present, there are four types of computers: microcomputers, minicomputers,
mainframe computers, and supercomputers.

In general, there are seven factors determining a computer’s type:

(1) The type of CPU. Microcomputers use miCroprocessors. The larger computers
tend to use CPUs made up of separate, high-speed, sophisticated components.

(2) The amount of main memory the CPU can use. A computer equipped with a

large amount of main memory can support more sophisticated programs and can even hold

© integrated circuit A ULE

@ Information Age {5 EKINAR,

© embedded computer  # AN FAL.

O Church-Turing thesis [E-F R, BiFEHURE T LHCE RPN « T (Alonzo Church) s e g
R L He S, GBI AN AR, A R EEA A Bl A ERIUKIIT.

© mobile phone A HlLif.
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several different programs in memory at the same time.

(3) The capacity of the storage devices. The larger computers systems tend to be
equipped with higher capacity storage devices.

(4) The speed of the output devices. The speed of microcomputer output devices
tends to be rated in terms of the number of characters per second (cps) that can be printed
usually in tens and hundreds of cps. Larger computers’ output devices are faster and are
usually rated at speeds of hundreds or thousands of lines that can be printed per minute.

(5) The processing speed in millions of instructions per second (MIPS). The term
instruction is used here to describe a basic task the software asks the computer to
perform while also identifying the data to be affected. The processing speed of the
smaller computers ranges from 7 to 40 MIPS. The speed of large computers can be 30
to 150 MIPS or more, and supercomputers can process more than 200 MIPS. In other
words, a mainframe computer can process your data a great deal faster than a
microcomputer can.

(6) The number of users that can access the computer at one time. Most small
computers can support only a single user, some can support as many as two or three at a
time. Large computers can support hundreds of users simultaneously.

(7) The cost of the computer system. Business systems can cost as little as $500 (for
a microcomputer) or as much as $10 million (for a mainframe) and much more for

supercomputer.
[ Vocabularies ]

principle [prinsapl] ». &N, E#H

electronics [ilek'troniks] ». 172

manipulate [ma'nipjuleit] vr. BBk
mechanical [mi'kaeniksl] adj. MM
wristwatch [ristwot[] »n F&

icon [aikon] »n. %2, B#&

execute [‘eksikju:t] ve. AT, S2I

versatile ['veiso tail] adi. £ IhEem
distinguish [distingwif] vt & vi. #53), X5
capability [keipa'bilati] »n. thgE, HE, W=
computational [kompju(:)'teif (8)n(a)l] adi. 4zl
sophisticated [so'fistikeitid] »n. K&, %y
instruction [in'strakfan] n. &%, &5
identify [ai'dentifai] vt A, R5
simultaneously [simal'teinissly] adv. [t
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[ Exercises )

Fill in the blank with appropriate words or phrases found behind this exercise.
(1) A computer manipulates data according to
(2) Modern computers based on are millions to billions of times more
capable than the early machines,
() The _____ found inmany devices are the most numerous,
(4) The ability to store and execute lists of instructions called makes
‘computers extremely versatile.
(5) Computers are all able to perform the same computational tasks, given
(6) There are four types of computers:
(7) The larger computers tend to use CPUs made up of
a, integrated circuits
b. separate, high-speed, sophisticated components
c. embedded computers
d. microcomputers, minicomputers, mainframe computers, and supercomputers
e. enough time and storage capacity
f. programs
g. a set of instructions

1.2 History of Computing

The Jacquard loom® (see Fig.1-) was one of the first
programmable devices®. It was the fusion of automatic
calculation with programmability that produced the first
recognizable computers. In 1820, Charles Babbage was the
first to conceptualize and design a fully programmable
mechanical computer, his analytical engine®. Limited
finances and Babbage’s inability to resist tinkering with the
design meant that the device was never completed. In the
late 1880s Herman Hollerith invented the recording of data
on a machine readable medium. Prior uses of machine  FigI-l TheJacquard loom
readable media, above, had been for control, not data. After some initial trials with paper
tape, he settled on punched cards®. To process these punched cards he invented the

© the facquardiloom AL,

O programmable device TR

© analytical engine AL CRMIKALARETHTAL),
- @ punched card FHEH.



6 F180 R X

tabulator, and the key punch machines. These three inventions were the foundation of the
modern information processing industry. Large-scale automated data processing of
punched cards was performed for the 1890 United States Census by Hollerith’s company,
which later became the core of IBM. By the end of the 19th century a number of
technologies that would later prove useful in the realization of practical computers had
begun to appear: the punched card, Boolean algebra, the vacuum tube® (thermionic valve)
and the teleprinter. During the first half of the 20th century, many scientific computing
needs were met by increasingly sophisticated analog computerse, which used a direct
mechanical or electrical model of the problem as a basis for computation. However, these
were not programmable and generally lacked the versatility and accuracy of modern
digital computers.

Alan Turing is widely regarded to be the father of modern computer science. In
1936 Turing provided an influential formalization of the concept of the algorithm
and computation with the Turing machine. Of his role in the modern computer, Time
Magazine in naming Turing one of the 100 most influential people of the 20th
century, states: “The fact remains that everyone who taps at a keyboard, opening a
spreadsheet or a word-processing program, is working on an incarnation of a Turing
machine.”

George Stibitz is internationally recognized as a father of the modern digital
computer. While working at Bell Labs in November 1937. Stibitz invented and built a
relay-based calculator he dubbed the “Model K™ (for “kitchen table”, on which he had
assembled it), which was the first to use binary circuits to perform an arithmetic
operation. Later models added greater sophistication including complex arithmetic and

programmability.
[ Vocabularies )

finance [faineens] » 4ft

complete [kem'pli:t] vr. 528K

initial [i'nifol] adj. #IEH

automate ['0:te, meit] adi. HIL
automatic [o:ta'meetik] adj. BHFHH
calculation [keelkjo'leifan] n &
recognizable [rekagnaizabl] adj. R%I
conceptualize [kan'septjuslaiz] vr. &1k
analytical [send'litikal] adj. 447

© vacuum tube  BLAAE,

® analog computer BRI,
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inability [ina'biliti] 7. KfE. £J
resist [ri'zist] v&. & vi. HKH

settle on ['setld] iz, &

foundation [faun'deifan] n. J&fi
accuracy [‘sekjurasi, ‘eekjaresi] n #5/%

[ Exercises ]

Fill in the blank with appropriate words or phrases found behind this exercise.
(1) It was the fusionof ___ with programmability.
(2) Charles Babbage was the first to design __
(3) To process these punched cards he invented the
(4) of punched cards became the core of IBM.
(5) Many scientific computing needs were met by increasingly
(6) The fact remains that everyone is working on an incarnation of
(7) The “Model K” was the first to use to perform an arithmetic operation.
a. key punch machines
b. sophisticated analog computers
c. automatic calculation
d. binary circuits
e. a Turing machine
f. a fully programmable mechanical compute

g. Large-scale automated data processing
1.3 Stored Program Architecture

The defining feature of modern computers which distinguishes them from all other
machines is that they can be programmed. That is to say that a list of instructions (the
program) can be given to the computer and it will store them and carry them out at some
time in the future. In most cases, computer instructions are simple: add one number to
another, move some data from one location to another, send a message to some external
device, etc. These instructions are read from the computer’s memory and are generally
carried out (executed) in the order they were given. However, there are usually specialized
instructions to tell the computer to jump ahead or backwards to some other place in the
program and to carry on executing from there. These are called “jump” instructions.
Furthermore, jump instructions may be made to happen conditionally so that different
sequences of instructions may be used depending on the result of some previous

calculation or some external event. Many computers directly support subroutines by
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providing a type of jump that “remembers” the location it jumped from and another
instruction to return to the instruction following that jump instruction. Program execution
might be likened to reading a book. While a person will normally read each word and line
in sequence, they may at times jump back to an earlier place in the text or skip sections
that are not of interest. Similarly, a computer may sometimes go back and repeat the
instructions in some section of the program over and over again until some internal
condition is met. This is called the flow of control® within the program and it is what
allows the computer to perform tasks repeatedly without human intervention.

Comparatively, a person using a pocket calculator® can perform a basic arithmetic
operation such as adding two numbers with just a few button presses. But to add together
all of the numbers from 1 to 1000 would take thousands of button presses and a lot of
time—with a near certainty of making a mistake. On the other hand, a computer may be
programmed to do this with just a few simple instructions.

For example: '

mov #0,sum ; set sum to 0

mov #1,num ; set num to 1

loop: add num,sum ; add num to sum

add #1,num ; add 1 to num

cmp num,#1000 ; compare num to 1000

ble loop ; if num <= 1000, go back to "loop' halt ; end of program. stop running

Once told to run this program, the computer will perform the repetitive addition task
without further human intervention. It will almost never make a mistake and a modermn PC
can complete the task in about a millionth of a second.

However, computers cannot “think” for themselves in the sense that they only solve
problems in exactly the way they are programmed to. An intelligent human faced with the
above addition task might soon realize that instead of actually adding up all the numbers
one can simply use the equation
_nntlh)

2

and arrive at the correct answer (500,500) with little work. In other words, a computer

1+2+3+*n

programmed to add up the numbers one by one as in the example above would do exactly

that without regard to efficiency or alternative solutions.
[ Vocabularies ]

store [sto:] v&. &vi. TFiE

© flow of control ¥l .
@ pocket calculator WS
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location [lau'kei[an] n. {7 &
memory [memari] »n. RNAF

liken ['laik an]

vt EbM

similarly ['similali] adv. [&/F
repeatedly [ri'pi:tidli] adv. K&
external [eks'ta:nl] adj. SR
specialized ['spe[olaizd] adj. &1
furthermore [fo:00, mo:] adv. W4
sequence ['sitkwans] n.  JF4
arithmetic [8'ri@matik] » A

[ Exercises )

Fill in the blank with appropriate words or phrases found behind this exercise.
(1) The defining

(2) The computer will store them and carry them out at some time

(3) These instructions are generally carried out they were given.

(4) Different

calculation or some external event.

(5) They may at times jump back to an earlier place in the text or

not of interest.

(6) A computer may sometimes repeat the

(MNTo ____

a. feature

all of the numbers from 1 to 1 000 would take t a lot of time.

b. add together
c. skip sections
d. in the future

e. in the order

f. instructions

g. sequences of instructions

1.4 Programs

of modern computers is that they can be programmed.

may be used depending on the result of some previous

that are

In practical terms, a computer program may run from just a few instructions to many

millions of instructions, as in a program for a word processor or a web browser. A typical

modern computer can execute billions of instructions per second and rarely make a

mistake over many years of operation. Large computer programs consisting of several

million instructions may take teams of programmers’ years to write, and due to the



