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Chapter 1

Computer System Overview

Digital computer is also called electronic computer or computer. Computers surround us.
It’s hard to find a field in which computers are not being used.'! In this chapter we will
introduce digital computer, data types, the evolution of computers, and types of computers.

1.1 Digital Computer

The digital computer is a digital system that performs various computational tasks. The
word “digital” implies that the information in the computer is represented by variables that
take a limited number of discrete values.”) These values are processed internally by
components that can maintain a limited number of discrete states. The decimal digits 0,1,2,-*
9, for example, provide 10 discrete values. The first electronic digital computers, developed
in the late 1940s, were used primarily for numerical computations.”! In this case'* the
discrete elements are the digits. From this application the term digital computer has
emerged.” In practice, digital computer function more reliably if only two states are used.
Because of the phyéical restriction of components, and because human logic tends to be
binary, digital components that are constrained to take discrete values are further constrained
to take only two values and are said to be binary. !

Digital computers use the binary number system, which has two digits: 0 and 1.7 A
binary digit is called bit. Information is represented in digital computer in groups of bits. By
using various coding techniques, groups of bits can be made to represent not only binary
numbers but also other discrete symbols, such as decimal digits or letters of the alphabet.®
For example, ASCII (American Standard Code for Information Interchange) originally used 7
bits to form a character. By judicious use of binary arrangements and by using various coding
techniques, the groups of bits are used to develop complete sets of instructions for performing
various types of computations. In contrast to® the common decimal numbers that employ the
base 10 system, binary numbers use a base 2 system with two digits: 0 and 1.The decimal
equivalent of a binary number can be found by expanding it into a power series with a base of
2‘[10]

A computer system consists of () hardware system and software system. The hardware
system is the physical equipment that you can see and touch, such as the disks and the screen.
The software system is the intangible “control” that governs the computer; it is the total of all

the programs that can be run on the computer. A program is a list of instructions. Programs
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tell the hardware what to do. The hardware of the computer is usually divided into three
major parts: input and output devices (I/O devices), a central processing unit (CPU), and
memory. They are described in more detail in Chapter 2. Software can be classified according
to its purpose. Application software is designed to accomplish real-world tasks in fields such
as accounting, entertainment, and engineering.[121 If you’ve ever played a video game or
typed a paper on a word processor, you’ve already had some experience with application
software programs. System software, on the other hand, controls the computer system itself.
System software includes not only the complex programs used by technicians to create
application software in the first place but also the organizational programs needed to start up
the computer and govern its use of other programs.[m They are described in more detail in
Chapter 2 and Chapter 6.

1.2 Data Types

Binary information in digital computers is stored in memory or processor registers.
Registers contain either data or control information. Control information is a bit or a group of
bits used to specify the sequence of command signals needed for manipulation of the data in
other registers.““] Data are numbers and other binary-code information that are operated on to
achieve required computational results. Now we present the most common types of data
found in digital computers and show how the various data types are represented in
binary-code form in computer registers.

The data types found in tﬁe registers of digital computers may be classified as being one
of the following categories:

e Numeric data can often be represented as integers. In unsigned integers, an n-bit
value can range from 0 to 2" - 1.1 An n-bit signed integer can have any value
between - 2" 'and 2" ! - 1, inclusive. Both formats can be used in arithmetic
algorithms. Some numeric data cannot be represented as integers. These values,
which typically include fractional portions, are represented in floating point format in
computers. A computer may have special registers and instructions exclusively for
floating point data.

e The Boolean values TRUE and FALSE are used often enough to warrant having their
own data type, Boolean, and assembly language instructions.'® Typically, a data
value is set to zero to represent FALSE and any nonzero value for TRUE. Boolean
assembly language instructions can perform logical operations on these values.
Unlike logical instructions, which generate one result per bit of the operands,
Boolean instructions generate only one result. To illustrate the difference, consider
the case in which A=0000 0010 and B=0000 0001."'” The logical AND of these
binary values produces the result 0000 0000. However, if they are Boolean values, A
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and B are both TRUE, since they are both nonzero.'"® Their Boolean AND must
produce a result of TRUE, represented by a nonzero value.

o Computers must also deal with character data. The characters are stored as binary
values encoded using ASCII, EBCDIC, UNICODE, or some other character encoding
standards. Rather than arithmetically or logically manipulating characters, a
computer may concatenate strings of characters, replace some characters with others,
or otherwise manipulate character strings.!"®! Some assembly language instruction
sets include instructions to directly manipulate character data. Others use routines

constructed from other instructions to achieve the same result.
1.3 The Evolution of Computer

The first large-scale electronic computer was the Electronic Numerical Integrator and
Computer (ENIAC), which became operational in 1946. From that start, computer have
developed through four so-called generations, or stages, each one characterized by smaller

size, and less expense than its predecessor.m]

1. First Generation (1944—1958)

In the earliest general-purpose[m computer, most input and output media were punched
cards and magnetic tape. Main memory was almost exclusively made up of hundreds of
vacuum tubes—— although one computer used a magnetic drum for main memory. These
computers were somewhat unreliable because the vacuum tubes failed frequently. They were
also slower than any microcomputer used today, produced a tremendous amount of? heat,
and were very large. They could run only one program at a time.

2. Second Generation (1959—1963)

By the early 1960s, transistors and some other solid-state devices that were much
smaller than vacuum tubes were being used for much of the computer. Magnetic cores, which
looked like very small metal washers strung together by wires that carried electricity, became
the most widely used type of main memory.m] Removable magnetic disk packs, stacks of
disks connected by a common spindle, were introduced as storage devices.*!
Second-generation machines tended to be smaller, more reliable, and significantly faster than

first-generation computers.

3. Third Generation (1964—1970)

In the third period, the integrated circuit (IC)——a complete electronic circuit that
packages transistors and other electronic components on a small silicon chip— replaced
traditional transistorized circuitry. Integrated circuits are cost-effective because individual

components don’t need to be wired directly to the computer’s system board.
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The use of magnetic disks for secondary data storage became widespread, and computers
began to support such capabilities as multiprogramming (processing several programs
simultaneously)m] and timesharing (people using the same computer simultaneously).
Minicomputers were being widely used by the early 1970s and were taking some of the
business away from the established mainframe market. Processing that formerly required the

processing power of a mainframe could now be done on a minicomputer.

4. Fourth Generation (1971—Now)

Large-scale integrated(LSI) and very-large-scale integrated(VLSI) circuits were
developed that contained hundreds to millions of transistors on a tiny chip.m] In 1971 Ted
Hoff of Intel developed the microprocessor, which packaged an entire CPU, complete with
memory, logic, and control circuits, on a single chip.m] The microprocessor and VLSI circuit
technology caused radical changes in computers—— in their size, appearance, cost,
availability and capability, and they started the process of miniaturization —— the
development of smaller and smaller computers.

Also during this time, computer’s main memory capacity increased, and its cost
decreased, which directly affected the types and usefulness of software that could be used.”?¥
Software applications like word processing, electronic spreadsheets, database management
programs, painting and drawing programs, desktop publishing, and so forth became

commercially available, giving more people reasons to use a computer.m]

1.4 Types of Computers

Computers are usually classified into four broad categories:microcomputers,
minicomputers, mainframe computers, and supercomputers. It’s hard to give a precise
definition to each type because computer speeds and storage capacities change rapidly.
Nevertheless®™"), the following definitions will suffice:

1. Microcomputers

Microcomputers, also called personal computers (PC), are small computers that can fit
next to a desk or on a desktop, or can be carried around. Microcomputers are either used as
stand-alone computer or connected to a network, such as a local area network. A local area
network (LAN) connects, usually by special cable, a group of desktop personal computers

and peripheral devices in an office or a building.
2. Minicomputers

. . . . 31
Minicomputers are designed to support many time-sharing terminals at once®",

Minicomputers operate faster and are more expensive than microcomputers. Often, a

minicomputer satisfies the general-purpose computing needs of a department or small
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business. Other minicomputers are dedicated® to specific applications. For example, a
minicomputer may be used to control an assembly line in a factory, recode data in a research
laboratory, or help programmers develop programs for other computers.

3. Mainframe computers

Mainframe -computers are larger, faster, and more expensive than minicomputers.
Mainframe computers also have many processors. They are found in banks, insurance
companies, airlines, large corporations, and government organizations. Mainframes often
serve hundreds of time-sharing users at once. Mainframes are ideal for problems requiring
extensive mathematical calculations or for sharing large volumes of information among
many people.

4. Supercomputers

First developed in the 1970s, Supercomputers are the fastest and highest-capacity
computers. Their cost ranges from several hundreds of thousands to millions of dollars. They
may occupy special air-conditioned rooms and are often used for research. Among their uses
are worldwide weather forecasting and analysis of weather phenomena, oil exploration,
aircraft design, evaluation of aging nuclear weapons systems, and mathematical research.®]
Unlike microcomputers, which generally have only one central processing unit,
Supercomputers have hundreds to thousands of processors and can perform trillions of -

calculations per second.

Basic Technical Words and Expressions

digital computer F W HE

decimal digits +iHBF

binary 3

bit fir; HLAF

ASCII % EEZRRFE BT HATHENRD
coding techniques HIGHAR

computer system HHEILRS

hardware system BHRE

software system RHRG% “
1/O devices AR &

central processing unit(CPU) h b 3 3R (CPU)
memory a5

application software N A%

video game PRI YE AR

system software RGHM

register . HHEH
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data types b oy
numeric data g
floating point data F REE
Boolean fi/RME, AR
character data FREE
EBCDIC FREZ - s E
punched cards ZHLEH
magnetic tape Wt
main memory *7F
vacuum tubes B E
magnetic drum R
transistors R E
solid-state devices S84
magnetic cores L7
integrated circuit (IC) £E AR LR
silicon chip iz i
multiprogramming ZERFRT
timesharing srat, SRR
minicomputers NS
mainframe RESVHEAL
large-scale integrated (LSI) K AL R,
very-large-scale integrated(VLSI) B KA A
word processing XFab e
electronic spreadsheets BT R A
database management programs BEEEEET
desktop publishing 5 16 E A
personal computers (PC) MATEEML
microcomputers BMETHEL
storage capacities AR
stand-alone computer PSR
local area network(PAN) JR3 M
peripheral devices AR
assembly line WKL, 7L
supercomputer E AT
Notes

(1) digital computer, ¥ FitHH. BPITHFITENEEEH, HERE R Z#E

BFRFRI—FIHHAL

(2) binary, —iE#l. bl 2 AR —FEEELHERE.
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1 1: The binary system of numbers is used in digital computers. ¥ ¥+ & H & FFH —
HHBFRE.

% 2: Binary code, IS,

(3) bit, (ZBEHDHAL, ELEF.

o TEAL THHIUIERZH, BT oM 1 HHEM—A . [F] binary digit.

o fFERFHTHE/IMEEBEERN . binary digit K4S .

fil4n: bits per second, 4E5 A bps, IEEMHLRRIALE

(4) ASCII, EEEXRE B HIFHI, 2 American National Standard Code for
Information Interchange fIZ4E 5 . —FIZEARRIT AP I I & 2 [A) A {5 B AT # 1 E X 4w A5
FIRRAE . X FhgRFDE A B 7 MR RN 8 O, MAREFBRE)HRKMIE FIE,
T HEAaE A%, SOEEERENE X &2 M HE B #H. ASCH FHHEd 128 1
RIBARE, H 96 MEKNGFRE, HFMFS, 32 D NEHIRT.

(5) coding, HEL(HE, HAR): FEFF. coding techniques, #iIEIA; binary coding,
I gm . v

(6) video game, HL UK.

(7) register, 7. —MEMER, BHERCHFHER, w—ML. —AFH
H-MHENE, BEERENHR.

(8) unsigned integer, LA S ¥, # WHRIE T XA signed integer, W 5HH:
signless integer, ¥ 5%, FEEH.

(9) data types, HUHERA. W HFEFRIHES B MOEEE N SR, AR
$E1E. i3, FORTRAN &5 M5O SE 4L

(10) floating point, ¥FA(80), T4 B FLP 5k FP. —RERREMEN, HEWE
T —AHERUERO TR, Bitn, HuEEIE 397 TEMR 3.97X10° 8K 0397X10°%

(11) Boolean, fi/Rft, #i/K. HE(H True )FE(H False X)) AME.

(12) assembly language, LHEE - ~%¢4E%?§i&?:i&%ﬂ*ﬂ%§?‘ééﬂ@ﬂ}?%§o

(13) operand, BAEH, BHH, BEXNZ: BHE.

(14) EBCDIC, ¥ %= - it H|2Z#4%. /& Extended Binary Coded Decimal Interchan
-ge Code MIZET . —Fhr 8 {4 i F R 4L UK 9 B9 5 1 56

(15) UNICODE, % —MF#iamidtrtt, RAXNFIX T HITHIE .

(16) routine, BITFERE, HIFE. it HoR#AT — I € LA RIES K —ERT
B/e.

(17) ENIAC, B THFM it HHl, & Electronic Numerical Integrator And
Calculator[Computer| {45 5, RttF L —BAWHEIIKATR, 1946 FHRERE.

(18) punched card, FfLF. EFEDLEEARH, HERFEHATRIRE LA REF
BAM—FEH.

(19) magnetic tape, B, —FhEA A RLREEHRY), a] LA 5 e
A B .

(20) vacuum tube, BESE, W4EEHN VT. — NSRS B MTRIETE,




