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Chapter

Computer Hardware

1.1 General Introduction of Computer Hardware

We build computer to solve problems. Early computer solved mathematical and engineering
problems, and later computers emphasized information processing for business applications.
Today, computers also control machines as diverse as automobile engines, robots, and
microwave ovens. A computer system solves a problem from any of these domains by accepting
input, processing it, and producing output. Fig.1-1 illustrates the function of a computer system.

Inpu" ou{pu{

Fig.1-1 The three activities of a computer system

Computer systems consist of hardware and software. Hardware is the physical part of the
system. Once designed, hardware is difficult and expensive to change. Software is the set of
programs that instruct the hardware and is easier to modify than hardware. Computers are
valuable because they are general-purpose machines that can solve many different kinds of
problems, as opposed to special-purpose machines that can each solve only one kind of problem.
Different problems can be solved with the same hardware by supplying the system with a
different set of instructions, that is , with different software.

Every computer has four basic hardware components:

e Input devices.

e Output devices.

e  Main memory.

e Central processing unit (CPU)

Fig.1-2 shows these components in a block diagram. The lines between the blocks represent
the flow of information flows from one component to another on the bus, which is simply a
group of wires connecting the components. Processing occurs in the CPU and main memory. The
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organization, in Fig.1-2, with the components connected to each other by the bus, is common.

However, other configurations are possible as well.

Input Central processing Main Output
devices unit memory devices
A h
A A
Bus

Fig.1-2 Block diagram of the four components of a computer system
Computer hardware is often classified by its relative physical size:

¢  Small microcomputer.
e Medium minicomputer.
e Large mainframe.

Just the CPU of a mainframe often occupies an entire cabinet. Its input/output (I/O) devices
and memory might fill an entire room. Microcomputers can be small enough to fit on a desk or in
a briefcase. As technology advances, the amount of processing previously possible only on large
machines becomes possible on smaller machines. Microcomputers now can do much of the work
that only minicomputers or mainframes could do in the past.

The classification just described is based on physical size as opposed to storage size. A
computer system user is generally more concerned with storage size, because that is a more direct
indication of the amount of useful work that the hardware can perform. Speed of computation is
another characteristic that is important to the user. Generally speaking, users want a fast CPU and
large amounts of storage , but a physically small machine for the I/O devices and main memory.

When computer scientists study problems, therefore, they are concerned with space and time
—the space necessary inside a computer system to store a problem and the time required to solve
it. They commonly use the metric prefixes of Table 1-1 to express large or small quantities of

space or time.

Table 1-1 Prefixes for powers of 10

Multiple Prefix Abbrev
10° giga- G

10° mega- M

10° kilo- K

10° milli- m

10 micro- n

107 nano- n

Example Suppose it takes 4.5 microseconds, also written 4.5ps, to transfer some
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information across the bus from one component to another. (a) How many seconds are required
for the transfer? (b) How many transfers can take place during one minute?

(a) A time of 4.5 ps is 4.5X 10 from Table 1-1 or 0.000 004 5s. (b) Because there are 60
seconds in one minute, the number of times the transfer can occur is (60s)/(0.000 004 5s/transfer)
or 13 300 000 transfers. Note that since the original value was given with two significant figures,
the result should not be given to more than two or three significant figures.

Table 1-1 shows that in the metric system the prefix kilo-is 1000 and mega-is 1 000 000.
But in computer science, a kilo- is 2'%or 1024. The different between 1000 and 1024 is less than
3%, so you can think of a computer science kilo-as being about 1000 even though it is a little
more. The same applies to mega- and giga-, as in Table 1-2. This time, the approximation is a
little worse, but for mega- it is still with in 5%.

Table 1-2 Computer science values of the large prefixes

Prefix Computer science values
giga- 2%=1 073 741 824
mega- 2%'=1 048 576
kilo- 2'°=1024
WORDS AND EXPRESSIONS
computer THEAHL
input device N S
information processing F Ak B
output device i L B
hardware figi
software L7¢EE
main memory FEArEd
central processing unit (CPU) g gh 7 2%
program &
bus §5853
general-purpose machine WH GHED #L
special-purpose machine LH GHED #Hl
microcomputer TR AL
minicomputer NI
instruction &4
mainframe FEHL, BRI

set of instruction
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(2) software, EHLKM, FEAFEBERS, NABRFFETHEIPEBITOR
P
(3) main memory, EfFf%8E, A7, WENPEEENFERS. B RNRURE
T

auxiliary memory, fBhfFfifas: HBMEICIZEEE .
buffer memory, Z&MAr-fitay; i IEEMPAAAERS
dynamic random access memory, 37 FEHLTF U745 -
dynamic memory, B&AF#ER -

external memory, SM7EfEEY, AMBICIZERE .

e hypothetical memory, HEFULFIEES.

(4) bus, WM. WWHNRGEEMMZ K FEER, G5 KBIEHZED LM%
. B LA AMERAEF REM A, 2 E&ERMBI 2 A BAREA KR4
BEBET VAT SLRAR, ohltdht, B35, RPHES. SHlERLEES. B&K
KA.

e address bus, HbhbSZ. —FpE ) g, FSRALHIPR R E A7 5GBSR A2 (%
N/ R & EAE R .

o databus, FIELLK. EAEEE. fPifes RIMBR & 2 R TEAE MG Bl .

e control bus, #FHlELk. —MARMERMAERREITHESHEL.

(5) microcomputer, FHRFENL. BEHAETWE D, AEEAD, BITEERE,
FEEFH 8 E A AV ENLUR 2 B AN AL

(6) minicomputer, /METHENL. —FHRBITHEVLAFR, FHTSRK, BITHEE
PRIGTHENL, 0 T IR S 28 80 R 2E A TRETAEY.

(7) mainframe, AL, ZHRESRAAITHENL, T HRIATHR R THEER R
KBS, B, RABEE.

(8) setof instruction, 82 &R %K. o —EHENPIEHELSTES.

EXERCISES
1. Multiple choices.

(1) When we store a problem into a computer, ___ is necessary.

a. space b. time c. input device d. output device
(2) Early computer solved ___ problems.

a. control b. business applications

c. engineering d. mathematical

(3) We can use prefix micro to express

a. time metric b. space metric

c. both time and space metric d. 10



