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PART | COMPUTER HARDWARE

CHAPTER 1 PRINCIPLES OF COMPUTER
ORGANIZATION

1.1 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.

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:

¢ Input devices.

* Qutput devices.

s Main memory.

¢ 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 organizationin Fig. 1-2, with the components connected to
each other by the bus, is common. However, other configurations are possible as well.

Computer hardware is often classified by its relative physical size:

¢ Small microcomputer;

¢ Medium minicomputer;



Input Central Main Output
devices processing unit memory devices

[ Y

t Bus

Fig. 1-2 Block diagram of the four components of a computer system

¢ Large mainframe,

Just the CPU of a mainframe often occupies an entire cabinet. Its input/output
(1/0) 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- m
10° nano- n

Example Suppose it takes 4. 5 microseconds, also written 4.5 ps, to transfer some
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?t4

(a) A time of 4, Sus is 4. 5X10° from Table 1-1 or 0, 000 004 5 s, (b) Because there
are 60 seconds in one minute, the number of times the transfer can occur is
(60 s)/(0.000 004 5 s/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.

s 2 e



Table 1-1 shows that in the metric system the prefix kilo-is 1 000 and mega-is
1 000 000. But in computer science, a kilo-is 2'° or 1024. The different between 1 000
and 1 024 is less than 3%, so you can think of a computer science kilo-as being about
1 000 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 within 5%.

Table 1-2 Computer science values of the large prefixes

Prefix Computer science value
giga- 2% =1 073 741 824
mega- 2% =1 048 576
kilo- 20 =1024
NOTES
(1] BEARANNNE—AEH. CLOF L BREK, KAR-HERRE  FXELZNEIFN
x&EL6YW,
] HARELEBARE ABREEVTUEBRIEDHREIIRELANTY R . FHE.
KEYWORDS
computer HEHL input device BARE
information processing ER output device BHEE
hardware By main memory F LR
software &4 central processing unit (CPU)  th 9 4- BB 3§
program BF bus B
general-purpose machine i i G+ E)#HL microcomputer gk XN
special-purpose machine & H GHE)#HL minicomputer NP AL
instruction 54 mainframe FHL. KB P
set of instruction BAEE . HERAK
EXERCISES
1. Multiple choices.
(1) When we store a problem into a computer, is necessary.
a. space b. time
¢. 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
¢. both time and space metrics d. 10°®
(4) We can say a bus is simply
a. a group of wires . b. a ‘wire
c. a 8-bit bus d. a 16-bit bus

(5) A computer system user generally more cares for
a. physical size of the computer
b. storage size
c. speed of computation

d. efficiency of the computer



(6) According to the physical size of computers we can classify the computers into

a. microcomputer b. minicomputer
c. mainframe d. supercomputer
(7) Prefix “mega” used for computer science is .
a. larger than 10 ® b. smaller than 10°
¢. equal to 2% d. 1048 576
(8) The basic hardware components of any computer include
a. CPU b. main memory
c. input devices d. output devices

2. Fill in the blank with appropriate words or phrases found behind this exercise,
(1) A computer system solves a problem by
(2) The amount of effective work of a computer can be indicated by directly.
(3) Computer systems consist of
(4) Computer that can solve only ore kind of problem is a
(5) Computer that can solve many different kinds of problems is a
(6) instruct the hardware.
7) is difficult and expensive to change.
(8) We usually show the computer components in a
a. general-purpose machine
. hardware

. accepting input, processing problem, and producing output
. block diagram

. storage size

b
c
d
e. software
f
g. special-purpose machine
h

. hardware and software

1.2 COMPUTER CODES

Although the capacity of their storage locations can vary, every computer stores
numbers, letters, and other characters in a coded form.

Every character in storage is represented by a string of 0s and 1s—the only digits
found in the binary numbering system. Let’s see how it’s possible to use just two digits
to represent any character.

Most computers use a coded version of true binary to represent decimal numbers,

Although many coding schemes have been developed over the years, the most
popular of these use a binary coded decimal (BCD) approach.

The BCD Approach.

With BCD, it’s possible to convert each decimal number into its binary equivalent
rather than convert the entire decimal value into a pure binary form.

The BCD equivalent of each possible symbol is shown in Fig, 1-3.

Since 8 and 9 place value, all decimal digits are presented in BCD by 4 bits.

You’ve just seen that 202 is equal to 1100 1010 in a pure binary form.

Converting 202 into BCD, however, produces the following result: 202 (10) in
BCD = 0010 0000 0010 or 0010 0000 0010

. 4 .



Zone bits| Numeric bits

BiA 8

4I2|1

(a) Format for 6-bit BCD code

Standard BCD
Character| .
interchange code
8 4 2z 1 0 00 0000
ololtotolo 1 00 0001
N AP P e 2 00 0010
3 00 0011
210|010 4 00 0100
@lglofof1]1 5 00 0101
A LT 6 00 0110
o
E 7 00 0111
g 51oy1]0)1 A 11 0001
610 1 1] o B 11 0010
C 11 0011
710111
D 11 0100
gi1|o]o]o E 11 0101
9i1lo0]0l1

(b) The coding used to represent selected

Fig. 1-3 BCD numeric bit configurations characters in a standard 8-bit code
and their decimal equivalent Fig. 1-4 The 6-bit BCD code

Six-bit BCD Code.

Instead of using 4 bits with only 16 possible characters, computer designers
commonly use 6, 7, 8 bits to represent characters in alphanumeric versions of BCD.

In the 6-bit code, the four BCD numeric place positions (1, 2, 4, and 8) are
retained, but two additional zone positions are included (Fig. 1-4(a)).

With 6 bits, it’s possible to represent 64 different characters (2°).

This is a sufficient number to code the decimal digits (10), capital letters (26), and
other special characters and punctuation marks (28).

Fig. 1-4(b) shows you how a few of the 64 possible characters are represented in a
standard 6-bit BCD code.

Seven and Eight-Bit Codes.

Since 64 possible bit combinations isn’t sufficient to provide decimal numbers (10),
lower-case letters (26), capital letters (26), and a large number of other characters
(28), designers have extended the 6-bit BCD code to 7 and 8 bits.

With 7 bits, it’s possible to provide 128 different arrangements (27); with 8 bits,
256 variations are possible (2%).

In addition to the four numeric place positions, there are three zone bit positions in
a 7-bit code, and four zone bit positions in an 8-bit code.

The 7-bit American Standard Code for Information Interchange (ASCII) is widely
used in data communications work and is by far the most popular code used to represent
data internally in personal computers.

The ASCII format and the coding used to represent selected characters are shown in
Fig. 1-5.
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These are other two 8-bit codes in common use.

One is the Extended Binary Coded Decimal Interchange Code (EBCDIC),

This code is used in IBM mainframe models and in similar machines produced by
other manufactures.

The other 8-bit code is ASCII-8, an 8-bit version of ASCII that is frequently used in
the larger machines produced by some vendors.

Fig. 1-6 presents the 8-bit format and shows how selected characters are represented
in these 8-bit codes.

Zone bits i Numeric bits

\
Zone bits Numeric bits ﬂ Z T Z [ 7z ) 8 I 4 ‘ 2 J 1
z TZ l z|8 l 4 TZ [ l‘ (a) Format for 8-bit EBCDIC
and ASCII-8 codes
(a) Format for 7-bit ASCII code
Extended BCD
Character ASCIL Interchange code
Character | (EBCDIC) ASCII-8

0 01 10000 0 1111 0000 0101 0000
! 01 10001 1 1111 0001 0101 0001
2 01 10010 2 1111 0010 0101 0010
3 o1 10011 3 1111 0011 0101 0011
§ 01 10100 4 1111 0100 0101 0100
5 0110101 5 1111 0101 0101 0101
6 01 10110 [ 1111 0110 0101 0110
7 01 10111 7 1111 0111 0101 0111
A 1000001 A 1100 €001 1010 0001
B 10 00010 B 1100 ¢o10 1010 0010
¢ 10 0ool C 1100 0011 1010 0011
D 1000100 D 1100 0100 1010 0100
E 10 00101 E 1100 0101 1010 0101

(b) The coding used to represent (b) The coding used to represent selected characters

selected characters in the * in the EBCDIC and ASCII 8-bit codes

ASCIL7-bit code Fig. 1-6 The format for EBCDIC and ASCII 8-bit

Fig.1-5 The 7-bit ASCH format and codes and selected characters represented
selected ASCII character by these codes, Each 8-bit unit used to
codes code data is called a byte

The main difference is in the selection of bit patterns to use in the zone positions,

Detecting Code Errors.

Computers are very reliable, but they’re not infallible.

If just one bit in a string of 6, 7, or 8 bits is lost during data input, processing, or
output operations, an incorrect character code will be created.

Such an error can be caused by dust particles on storage media, by improper
humidity levels near the computer, or by many other factors.
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Fortunately, however, computer designers have developed a method for detecting
such errors by adding an extra check bit or parity bit to each 6, 7, or 8bit character
represented in storage.

Thus, as you can see in Fig. 1-7, a total of 7, 8, or 9 bits may actually be stored.

The designers of a particular computer model may then use the check bit to make
sure that every valid character code will always have an even number of 1 bits.

The 6-bit coding used to represent selected characters was presented earlier in
Fig. 1-4.

Several of these characters have been reproduced in Fig, 1-8.

Check Zone
bit bits Numeric bits
C|{B|A| 8|42 ] 1
(a)
Check
Bit| bits Numeric bits Check Zone
clz 172 7 \ 3 J 4 l ZT] bit bits Numeric bits
(b 1 1 0 0 0 0 0 1
2 1 0 0 0 0 1 0
Check
-
bit Zone bits Numeric bits 3 0 0 0 0 0 1 1
czzzzs4yz]1 A1 j1jojojogl
© Fig. 1-8 Using the check bit to make sure that
Fig. 1-7 every character has an even number of 1
(a) Format of 6-bit BCD code with check bit included. bits. This is an example of the use of an
(b) Format of 7-bit ASCII code with check bit even-parity format. Other computers
included. are also designed to have the check bit
(¢) Format of 8-bit codes with check included. to produce an odd-parity format

You’ll notice that if the basic code for a character such as 1, 2, or A requires an
odd number of 1 bits, an additional 1 bit is added in the check-bit location so that there
will always be an even number of such bits.

This is an example of an even-parity format, but other computers use the check bit
to produce an odd parity.

Since every valid character in a computer that uses even parity must always have an
even number of 1 bits, circuits for parity checking are built into the computer to
constantly monitor the data moving through the system.

The computer operator is notified if a bit is lost and a parity error is detected. Of
course, parity checking will only detect coding errors.

It cannot signal the fact that incorrect data have been entered into the system if the
data are properly coded.
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