Data Representation Methodsin

3 the Computer system Qy~
In thisunit you will learn,
e computer data representation,
e Decimal, Binary, Octal and Hexadecimal number systems;

e most and least significant positional value of a number,
o converting decimal numbers to binary, octal numbers t& hex@decimal numbers

e conversion among binary, octal, hexadecimal an al'numbers,

o data storage capacity,

e coding systemsin computers.
(3.1 Computer Data Representation )
Chanaka: Can you prepare tis@%&ti on using the computer Anjana?
Anjana : Sure, I'll desit:You this. Let ustypeit. "Application..."

the keyboard is pressed, how does the computer identify

Chanaka : W}@)
it Anjana?

Same& Let us ask our teacher.
*

@a : Teacher, how isletter “A” represented in the computer?

Teacher :look at this picture children. (Figure 3.1)
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Press“A” on the keyboard.

The electronic symbol for letter
“A” goesto the System Unit

Binary Code and goes to the vide

Step 3 .
Electronic signal of letter “A”
1000001 is converted to ASCII OQ 00001

“A” isdisplayed on t een after

Step 1

Step 2

through the keyboard.

]
1
]
i
memory via RAM 6

Step 4 Q

——

P

O

Figure 3.1 — Letter “A” representation on the computer.

According to the figure above (Figure 3.1), when you type “A” on the
keyboard, this electronic symbol goesto the Central Processing Unit.
Then this letter “A” is sent to the CPU it is converted to an electronic
symbol and is stored in Memory to process this pattern. After the
process, the letter “A” is displayed on the screen.
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(3.1.1 Number System

When typing letters or words using the computer, these words or letters
are represented by the computer as numbersit can understand. While this group of
numbers that the computer can understand is called a'Number System' the limited
number of numerals in the number system called digits. The value of these number
(numerals) depends on the position they occupy within the number. ’

Whilethe concept of number system was present in the 'Abacus’ congidere

today.
The number system used for the representation of datain the ce

follows;
Table 3.1 - Numbers and Alphabetic characters used in the Nul wb S
Number System | Base Value yeti€ char acter used
1. Binary 2
2. Octdl 8
3. Decimal 10
4. Hexa- decimal 16 6,7,89A,B,C,D,E F

(3.1.2 Useof Binary Numbersin Computer Data Representation)

Computer represents data in#wo signal states. There are two Voltage levels
for these two symbols. O ' na as the high voltage level and the other is

named as low voltage level. d "1" digits respectively p—— = ¥
represent these low andsliigh voltage levels in a circuit. Thus, \\ \k .

T e "wqw
c ese two digits. 0 1
Accordingerthe Figure 3.3 given below, when data Figure 3.2—A switch of an
stored in Secondary Storage is sent to the Main Memory and electronic circuit
when itgs sent to the Central Processing Unit from there, that data are converted to
abi n%de.

¢ Copying data from the 10100001 10111000 10011110 Sending data to the
\ Secondary Memory to Central Processing Unit
Main Memory from Main Memory

D .
V Main Memory

Random Access Memory

{ ©

Disk Drive

Central Processing Unit'
Figure 3.3 —How datais sent to the Central Processing Unit from the Secondary Storage
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Let us consider
the instance where Binary
numbers are wused for
computer colours. Any
colour can be made with
the combination of different
degrees of red, green and
blue.

[l Pckes (Fareground coton

. | Acd to Swatches. |

Icmml

These can  be
represented as RGB (Red,
Green, Blue) and the value
of any colour ranges from O
to 255.

Danly Wb Colors

Figure 3.4 — Colour rep ‘:V atiop in computer

For instance, if you need to usedark purplefor thebackground of adocument,
that colour can be represented in the computer as 31, 120" (Figure 3.4).
With these numbers, the colour combination fogthe above colour is represented in
decima numbers. Binary numbers for 13 leo are 100000111, 11111,
and 1111000,

[[3.2 Decimal, Binary, Oct d Hexa-Decimal Numberj
Systems

(3.2.1 Decimal Number Sygiem

Each number system is m a Unit, Number and Base / Radix.

Unit

gle object. For instance, a mango, a Rupee, and a day can be
considered a unit.

e
L 4
6\ A number is a symbol which represents a unit or quantity.

Base/ Radix

A number of symbols used in anumber system is called the base/radix. The
base of any number system isindicated in decimal numbers.
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From our childhood, we have learnt to perform calculations using decimal
Number System which consists of digitsfrom 0to 9.

Normally, the base value of decimal numbers are not mentioned, but for the
other numbers the base value has to be mentioned. The digits that are used in the
decimal number system are as follows,

Table 3.2 — Digits of Decimal Number System
Number System Decimal Number System or base 10
number system

Base / Radix 10
Digits used 0,1234,5,6,7,8,9
Let us study how a number included in the decimal number ormed.

Example 4

Let us consider how the number 25 isformed.

25 is formed with the addition of 20 and 5. \
25 =20+ 5
=2x10) + 5x1)
2 x 10+ (5 x 109

These positional values suc , 10%, 107 are called Weighting Factors of
decimal number system. This numbes can be shown on a counting frame (abacus).

(Figure 3.5)

\ Ten Thousands Hundreds Tens Ones
.

thousands

\ 10 000 1000 100 10 1
104 10° 102 10t 10°

Figure 3.5 — Decimal number representation of 25
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This can be shown as given below, as well.
25

|—> 5x100 =

5
> 2 x10' =20
2

o1

Example
Next, let us consider how a decimal number is formed.

3 0 2. 7 5 -decima nu

R R

100 100 10° 107 107 - weighti

= (3x10%) + (0x10") + (2x10°) +(7& 1
:300+0+2+7+ 5 4

—300+O+2+O7+0

302 75 =302.75

5><102 005
7 x10" =

2 x10° =
0x101 ?

or instructions, the computer represents these data as 0 and 1. The number system
WTconsi stsof 0 and 1 isthe binary number system.

\ -:.;',:-dw%; -f:\ 9’HJLU'I}',:
0|l @l
6 3 £ 3 £
-
T = I
OFF ON OFF ON
0 1 0 1

Figure 3.6 — Electronic circuit
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The digits for the binary number system is given below. (Table 3.3)

Table 3.3 — Digits used in the Binary Number System

Number System Binary Number System
Base 2
Digits used 0,1

For instance, let us consider 11101101,
1 1 1 0 1 1

AR T T A

27 2° 2’ 2¢ 2’ 2?

The values such as 2°, 21, 22, 28 ..
number system.

27 26 25 24

1 1 1 0 1
This number can be indicated in @
below. (Figure 3. 7)
Hundred Sixty Thi Eteens Eights Fours ~ Twos Ones

ase counting frame as given

twenty fours twos
eights
128 64 16 8 4 2 1
2’ 0 24 93 22 91 20
Figure 3.7 — Binary number representation.
IS &

x The Binary number system is very important in computing and it contributes
the representation of abit; the basic measuring unit of the computer. The smallest
ue and the highest value which can be seen in this number system is O or 1

respectively. This smallest value is called Bit |B|inary Diglﬂl
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(3.2.3 Octal Number System )

The number system which useseight digits: 0, 1, 2, 3,4, 5, 6, 7 iscaled the
octal number system.

Digits of the octal number system are given below. (Table 3.4)
Table 3.4 — Digits of Octal Number System

Number System Octal Number System
Base 8
Digits used 0,1,2, 3 4,5 6,7

For instance, |et us consider 236,

2 3 6 - octal number ?\
82 8! 80 - weighting factor A

The values such as 8° 8, 8, 8% ... are€alled the weighting factors of the
octal number system. This number can be ted as given below in a base
eight counting frame. (Figure 3.7)

v

ve Sixty Eights Ones
undred  fours

OuSa
SIXS twelves
096 512 64 8 1
83 82 81 80

Figure 3.8 — Octal number representation

. @ Hexa-Decimal Number System))

\ The computer uses binary numbers and it is difficult for human beings to
ead them. Hence, the hexadecimal number system isused asit iseasier for humans
to use. Normally, calculations are performed using the ten fingers of the hands. Just
imagine you have sixteen fingers on your hands. Then you can use sixteen numbers
to count. In the hexadecimal number system, ten digits are used from 0 to 9 and for
the other 6 digits, A, B, C, D, E and F symbols are used. Here, A, B, C, D, Eand F
are used to represent 10, 11, 12, 13, 14 and 15. (Table 3.5)
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Table 3.5 — Comparison of Decimal and Hex-Decimal numbers

Decimal Number 1o |1 |2 |3 (4|5]6|7|8|9[0]11}12|13]14]15

Hexa-Decimal Digit [o [1 [2]3]4|5|6|7]|8]|9|A|B|C [D|E |F

The Digits of the hexadecimal number system are given in the table belo
(Table 3.6)

Table 3.6 - Digits of Hexadecimal Number System
Number System Hexadecimal Number System\
4 1L

Base 16 \

Digits Used 0,1,2,3,4,56,7,8,09,A

When F the largest number of hexadecimal nw-i&i/ em, is expressed

in binary form, it can be indicated with 4 Bits. Thus, instead of using a binary
number with 4 Bits, a single number in hexadeci umber system can be used.
For example, Hexadecimal numbers are used t memory addresses of the

computer.

You can see code “# 871F78" rel o0 the dark purple colour shown in
Figure 3.4. Here the value of the colour is started with “#” symbol. The colour
value is indicated in the computer ifshexa decimal numbers. Thus, the code for dark
purple in the above example is “#%’. R,G,B values of this can be indicated
from 0 to 255 in decimal numbers. [§ “# or “&H” (ampersand) symbol is used in
front of the value of any valteu
3.7 are the hexa decima

i§ a hexa decimal number. Given below in Table
alues and RGB values of dark purple colour.

3.7 — Hexadecimal Value of Dark Purple Colour

Name of Hexadecimal R G B
Colour Value
Dark # 871F78 135 31 120
- &H 871F78

R%
L g
hostance, let us consider 15E,
) 16> 16 16°
5 E, . - Hexa-decima number

o \l /
16> 16'  16°- Weighting factor

15E

76  For free distribution



https://www.ict-with-udula-priyankara.online/

Here, 16° 164, 162 16°..... values are called Hexadecimal Weighting Factors.
This number can be represented on a sixteen base counting frame as below. (Figure
3.9)

Four two hundred  Sixteens Ones
thousand fifty six
ninety
SiXs
4096 256 16
16° 16? 16t 1

Figure 3.9 — Sixteen base number repr ation

Relationship among Decimal, Binary, and Hexadecimal
Figure 3.8 - Relationship among Decim Octal and Hexadecimal
Decimal Binary
0 0 0
2 1 1 1 8, 16°
2! 2 10 2 2
3 3 3
4 00 4 4
1 5 5
6 110 6 6
7 111 7 7
2 1000 10 8 8!
1001 1 9
10 1010 12 A
11 1011 13 B
12 1100 14 C
13 1101 15 D
14 1110 16 E
\ 15 1111 17 F
¢ 2 16 10000 20 10 16!
\ 17 10001 21 11
18 10010 22 12
19 10011 23 13
20 10100 24 14
21 10101 25 15
22 10110 26 16
23 10111 27 17
24 11000 30 18
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3.3 Most and Least Significant Positional Value of a
Number

There are two seperate methods to find the most and least significant values
of decimal numbers and whole numbers. When a whole number is read from |eft
to right, the number in the right most end is the least significant positional va
and the number in the left most end which is not 0 is the most significant positio

value. (Figure 3.10) @

Posmonal Values

Most
Significant
Positional
Vaue

Wiy

Least Slgn Ca
Positio,

Figure 3.10 - Most and Least Signi

In decimal numbers, the value in the ri
which is not 0 becomes the least signific
the left extreme of the decimal point whichyis’not

positional value.

e after the decimal point
ional value and the number in
becomes the most significant

((3.3.1 Most Significant Digit (ESD) and Least Significant Digit (LSDD))

Table 3. ¢ Most and Least Significant Positional Value of a number
Numb MSD LSD
329 3 9
1237.0 1 7
’&58.32 5 2
0.0975 9 5
0.4 4 4

You can use the same method used for the decimal number system to find
the most and least significant positional digits of binary, octal and hexadecimal
numbers.
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Activity

Only the Binary Number System is used to find thé{ifes

decimal numbers and whole numbers.

(MSB) and the least significant bit(LSB). There are twov

d%u in the right extreme

In a whole number, read from left to right,

is the least significant bit and the value in the left extremte which is not 0 is the

most significant bit. In binary decimal num

the decimal point which is not 0 is the lea
extreme of the decimal point which is

Table 3.10 - The most signiﬁcanZ’t and the least significant bit

e value in the right extreme of

t bit and the value in the left

e most significant bit.

Binary Number MSB LSB
1001 =(2) 1=(2%
/
\ J1=02) 1=(27)
/
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[[[3.4 Converting Decimal Numbersto Binary, Octal and]j]
Hexa-Decimal Numbers

([3.4.1 Conversion of Decimal numbersto numbers of other base@))

All the data we input to the computer is taken by it as digits of bi
number system; 0 and 1. Hence, the knowledge to convert a base ten nu
another base is important. Here in this chapter, conversion of a decimal flum
abinary number, octal number and a hexadecimal number is discu

(3.4.2 Conversion of Decimal Numbersto Binar

When a decimal number is converted to a binary aumber, the decimal
number can be divided by two until the remaindefis 0 and the remainder of the
division can be written on the right side. Afte @ rite all the remainders from

the bottom to top to build the number. Q
Example

Converting number 12, to a binar :
> First, divide this number by 2ywriting the remainders.

2|_12
2

0
0 |[Remainder
1
1

P
. Quotient

% Secondly, write down al the remainders from bottom to top.
12
10

= 2
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Example
Converting 46, to a binary number.

2|
2

23 — 0 A
21 11 — 1
215 — 1
212 — 1
211 — 0
46, =101110, 0 — 1
Activity ‘

(3.4.3 Converting Decimal Numbersto Octal Numbers

Here, divide the given ndmber by 8 until the remainder is 0 and write the

O —_—

L 4 &

»  Secondly, write down all the remainders from bottom to top.

158,= 236,
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Activity

(@.4.4 Converting Decimal Numbersto Hexadecimal Numbers

Here, divide the number by 16 until the remainder is 0 and writef[dowdl the
remainders from bottom to top.

Example
Converting number 38 to a hexadecimal number. Y
> Firstly, divide this number by 16 and write dowﬂ% inders.
16 |_38

16 2 — 6 _ \

5 5 Tremal

Quotient

> Secondly, write down al t inders from bottom to top.
38, =26,

Example
Converting numbt 0'a hexadecimal number.

16 —15—>FT
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[[ES.S Conversion among Binary, Octal, Hexadecimal anﬂj}
Decimal Numbers

We have converted decimal numbers (base ten) to binary, octal and
hexadecimal numbers earlier. Now let us consider how to convert binary numbe
to decimal numbers, octal numbers to decimal numbers and hexadecimal n
to decimal numbers. (Figure 3.11)

Decimal
(Base 10)

Figure 3.11 — Conversiop/between number systems

((3.5.1 Converting Binar‘Numbersto Decimal Numbers)))

Example
Converting number@ decimal number.
i i @ i 1101,
23 021 20 \—’ 1x2° =

%)

1
1 j—
11012 = (1x2%) + (1x22) + (0x2!) + (0x29) 0 x 22 = 0
= (IXS)*' (1><4) + (0><2) + (lxl) 1x 2° = 4
\ =8+4+0+1 1x2° = 8
= 13
D= B 101, =13, =
Activity
‘ ( Convert the following binary numbers to decimal numbers.
9 (i)101, (if) 111010110, (iii)1010010111,
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(@.5.2 Converting Octal Numbersto Decimal Numbers)))

Example
Converting number 1275, to a decimal number.

1 2 7 5
8l3 8l2 8l1 8lo
1275, = (1x8*) + (2x87) +(7x8")+ (5x8°)

= (1x512) + (2x 64) +(7x8) + (5x1)
=512+ 128+ 56 + 5

1275, = 701,
Activity
T Convert the following octal num imal numbers.
)2, (il) 745, 65,

(@.5.3 Converting Hexadeci%mbersto Decimal Numbers)))

Example
Converting number 329%to a decimal number.

3 2 329,
l l |—. 93'{160 = 9
16 16" 16° 2x16' = 32
2 =

. 325&(3“62) + (2x16') +(9x16°) i = b
809
=(3x256) +(2x16) + (9x1) 3129, =809, —

= 768 +32 49 —_—

329,, =809,
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Example
Converting number AB2, .to a decimal number.

l l l AB2
16° 16' 16° \—> 2x16° = 2
11x16' = 176
AB2,, = (4x16%) + (Bx16') +(2x16°) 10x 16 = 2560
= (10x256) + (11x16) +(2x1) 2788,
16 — 1
AB2,, =2738
Activity

- Convert the following hexadecimal mﬁst decimal numbers
(= ()1A, (i) 7TEF (i) A49,
4. |

&=

Octal Numbers))

(((3.5.4 Converting Binary Nu

From thedigitsused in tal number system; 0, 1, 2, 3,4, 5, 6, and 7, the
largest digit is 7. We can indi igit 7 as 111, in binary form. Thus 7; the largest
digit in the octal numb "‘\a stemypcan be indicated in a binary form with 3 digits.
Likewise all the digitsin thelgetal number system can beindicated in the three digit
binary form. Givemsbglow gn Table 3.11 are the binary forms of the digits used in

er system.

Table 3.11 — Indicating octal digitsin decimal and binary numbers.

Decimal Number Octal Number Binary Number

0 0 000

& 1 1 001

¢ 2 2 010
3 3 011

4 4 100

5 5 101

6 6 110

7 7 111
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As per the above table, three bits are used when indicating an octal number
in binary form. (8 = 2°)
Let us consider how a binary number is converted to an octal number.

Example
Converting 1011101, to an octal number.

»  First, divide the number into three bits from the right corner to the left
If thelast cluster in theleft corner does not consist of 3 bits, add Osto go

»  Write each octal number separately for each cluster.

Y

Then write these clustersin octal digits.
»  Writethese digits in order from the left corner to therig

ololi]of1]|1|1]o]1 {‘arymber

Cluster of 3
0101 011 1 1
1 V; 5
101110 5
Activity

S Convert the following binary numbers to octal numbers.
. ‘.&

"8 ¥ (i) 10011001, (ii) 111100111, (iii) 10101010110,

B
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(@.5.5 Converting Binary Number sto Hexadecimal Numbers))

From the symbols used in the hexadecimal number system, the value
represented by “F” possesses the largest numerical value. This can be indicated
as afour-bit binary number; 1111,. Thus, al the digits in the hexadecimal numb
system can be indicated as four-bit binary numbers. Given below in Table 3.12 ar
the binary numbers for the digits used in the hexadecimal number system.

Table 3.12 — Indicating hexadecimal digitsin decimal and binary numbers.

Decimal Number | Hexadecimal | Binary Number
Number
0 0 000
1 1 0001
2 2
3 3 %
4 4 0
5 5 0101
6 6 0110
7 0111
g Q 1000
9 9 1001
10 ?\A 1010
11 B 1011
12 \/ C 1100
10 D 1101
E 1110
F 1111
As s n the table above (Table 3.12), four bits are used to indicate a

hexadecimal number in binary form. (16 = 24)

E@“I e
¢ . Convérting number 101 10, to a hexadecimal number.

First, divide the number into four-bit clusters from the right corner to the
left corner.

»  Write hexadecimal numbers separately for each cluster.

*  Write these numbers in order from the left corner to the right corner and write
down the base.
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ofofoft]of1]1 o Binary number

0f0fo0}1 ol1]1lo Cluster of 4
Hexadecimal number
1 6
10110, =16
Example
Converting number 10111011100, to a hexadecimal number. Y
of1]loj1|1]j1|of1]{1}1]0]O %iarynumber
ol1lol1 1 Cluster of 4
5 Hexadecimal number
10111011100,
Activity
- Con¥et ollowing binary numbers to hexadecimal numbers.
(((.
‘9 . (if) 11111001101, (iii) 10011100011,

.S.g%onverting Octal numbersto Binary Numbers)))

We have learned above that an octal number can be indicated in three digits
when it is converted to a binary number.

Thus, each digit in octal numbers should be written in three digitswhenitis
converted to base two.
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Example
Converting number 457, to a binary number.

e  Firstly, write each digit in octal number in three bits.

*  Secondly, write down all the bits together to get the binary number for t
octal number.
4

5 7
100 51 1
1

457, = 100101111,

Activity ?\

‘(( . Convert the following octal numbito bindfy numbers.
A

(i) 10, (ii) 245 (iii) 706,

(@.5.7 Converting Octal numb 0 Hexadecimal Numbers)))

Example
Converting number 1057, to a héxadecimal number.

| number in three bits.

» First, write each digit i

« Divide the bi @

the left cornée

er you get into four-bit clusters from the right corner to

*  Write the relatéd hexadecimal number for each cluster.

1 0 5 7
\ 001} 000} 101} 111

* | : !
6\ 0010i0010i1111

15
. 1057, = 22F

[\
[\
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Activity

(35.8 Converting Hexadecimal Numbersto Binary Number

You have learnt earlier that any symbol in a hexadecimal
written in a four-bit binary number. Thus, when a hexadecimal nu
to a binary number, each digit in that number should be indic

binary number.
Example \
Converting number 74, to a binary number. \
71 4
0111} 0100 Q

four-bit

74, = 11101002?“

2AE . =1010101110,

16
TS &

Activity
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(@.5.9 Converting Hexadecimal Numbersto Octal NumbersD))

First, the hexadecimal number should be converted to a binary number and
then it should be converted to an octal number.

Example

Converting number 23A  to an octal number. Q
21 3 1A
0010 0011 : 1010 E
001{0 0011 1 1;010 4;

110 17 12

23,0:16 = 1072, Q@

Activity
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5. Fill in the blanks in the table given below.

Table 3.13 — Several colours and their RGB values and the hexadecimal values

Name of the H decimal R G B
Colour Colour exadecima

Value

Dark purple - # 871F78

Light pink

Sky blue .
Green .

Yellow

(3.6 Data Storage Capacity )

A certain space is needed to store“data in the computer. Data storage
capacity is measured by units suchgs bits, bytes, kilobytes, Megabytes, Gigabytes,

Terabytes and Petabytes. Let us d how to arrange these different data
storage capacities in order from the small unit to the big unit and to define the
relationships between th

((3.6.1 Unitsto

Bit
Thisist allest unit used in the computer to store data. This word is

coined from the words I:B |inaryDig IEI A bit isthe two binary digits; 0 and 1.

Byte
. yteis 8 bits.

A nibbleis half of abyte or 4 bits. Thisunit is not commonly used like bits
: and bytes.
kilobyte
This consists of 1024 bytes. (1024 = 2°%) Kilobyteiswritten as KB or kbyte.
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M egabyte

This consists of 1024 kilobytes (1024 = 210) or 1048576 bytes. Megabyte
iswritten as MB or mbyte.

Gigabyte
One Gigabyte is made of 1024 Megabytes. (1024 MB) Gigabyte is writte
as GB or gbyte. It is wrong to write ‘Gb’ as it indicates gigabit.

Terabyte

One Terabyte is made of 1024 Gigabytes (1024 GB). This is written as TB.

Petabyte

One Petabyte is made of 1024 Terabytes (1024 TB
Observation

Following are the relationships bet units which measure

x data storage capacity.

. 8 bits
4 bits 1 nibble
1024 bytes Q = 1 kilobyte (KB)
1024 kilobytes = 1 Megabyte (MB)

= 1 Gigabyte(GB)
1 Terabyte(TB)
1 Petabyte(PB)

1024 bytes
1024 Gi
1Q24 Terabytes

clow to get an idea about the units above.

14 — Approximate data storage capacity as text pages.

Name lon [ Approximate Exact Bytes Approximate
Bytes Text pages
Byte One 1 One text
Ki@te KB (or K) Thousand 1024 Y page
2
%egabyte MB One million 1,048,576 500 pages
Gigabyte GB One billion 1,073,741,824 500,000 pages
Terabyte TB Onetrillion [ 1,099,511,627,776 | 500,000,000 pages
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(@.6.2 Capacities of Data Storage Device@)

Different storage devices possess different storage capacities. The tasks
fulfilled by these devices are also different. Let us study these different storage
devices. (Figure 3.12)

Small

Register Memory

1KB

Cache memory
3MB-32MB

Compact Disk (CD)

650 - 900 MB

Digital Versatile Disc
4.7-9GB

Random Access Memory
01 -64 GB

Read Only Memory (ROM)

Flash Memory ?\
1-64 GB

Hard Disk OV
100GB—-6TB Q

Magnetic Tape
1TB-185

& Figure 3.12 — Capacities of storage devices
*

When reading and writing data, the time spent to access the devices (access
d) is different. Consider the figure given below. (Figure 3.13)
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(3.6.3 DataAccess Speed |

Register Memory £
a
Cache Memory 2006sS

Random Access Memory speed
Read Only Memory

Flash Memory

Hard Disk

Digital Versatile Disc —DVD
Compact Disc (CD)
Magnetic Tape

Figure 3.13 — Data ac

((3.6.4 Cost per unit Storage)))

For different storage i cost per a bit to store data is different. For
instance, the cost is more for Register Memory and Cache Memory. The comparison

is shown in the figure given below. (Figure 3.14)

Register M
Cachel
Random A

css Memory
Read Only Memory
agnetic Tape

*« | Flash Memory
6\Hard Disk
Digital Versatile Disc—DVD

Figure 3.14 — Cost per unit storage

Low ...C.
(T Y-TaT -)
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(@.7 Coding Systems )))

Y 01110101011010101

5 10100101011010101

=T e 01010101011010101

(L [abe] L] :> 01000101011010101

e — T7|01101010101001100

@0 @ = | |00101011101100111
101010010101010

Figure 3.15 — Data you enter to the computer and computer data represen

According to the above figure (Figure 3.15), when 0 er-a data to the
computer, it converts the data to different patterns made ofi0 and 1. Thus, binary
codes are used when storing numeric, alphabetic, speci acter, images and

sounds in internal storage devices of computers.

In the beginning of the lesson, when @ e
code you get for ‘A’ is the bits pattern 100000%(the binary code of letter ‘A’).
The number of bits used is 7. Thus, a cor ation made of a bit pattern is used
to represent each data and the bits used for each code is different. Following are

different coding systems used.
1. BCD Binary Co €Ci g:

2. ASCII Americ

4. Unicode 0

(@.7.1ABCD - Binary Coded DecimaD))

Thiscoding system was used in the early stages of computing. In thissystem

igit is represented by 4 bits. Thisis used only to represent decimal numbers.

iXteen symbols (2* = 16) can be represented in this system. The table 3.15 shows
the BCD codes for the 10 digitsfrom 0 to 9.
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Table 3.15 — Decimal Numbers and BCD Values

Decimal Vaue | BCD Vaue

0000
0001
0010
0011
0100
0101
0110
0111

1000
1001 ! ?\
Example

Indicating number 37, in BCD codes. \
3 710 Q
0011 0111
37,= 00110111 Q

Activity
0. G Write the BCD VaiEs for the decimal values given below.

(i) 2136 (iii) 17295

(@)

O© 00 3 O Lt A W N =

American Standard Code for Informatioj]

{e Initially ASCII coding system used 7-bit binary digit. 128 characters can be
¢ « represented using this coding system. ASCII is used to represent text. (Appendix -

le3.17)
6 ASCII system is designed and approved by ANSI (American National
Standard Institute).
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Example
o Text

When the word ‘ School’ is entered into the computer through the keyboard,
write down how it is understood by the computer. (Use Appendix Table 3.7)

First, write the decimal numbers for the symbols.

S-8c-9 h-104 o-111 | - 108
Write binary numbers for each value.
S - 1010011 c—1100011 h - 1101000 o 017"
| - 1101100

Write the associated code

S ¢ h 0 0 |
101001111000111101000110111111011111101100 !

Activity

(- Write down the ASCII code of “I inary numbers.
|

[E,J.s EBCDIC — Extended BinarysGoded Decimal Interchangj
Code J

We can write only 128 charecCters using ASCII system, but the EBCDIC

code system allowsthe use acters. Here, one symbol can bewritten with
abinary number which consists'@i#8 bits. Hence, 256 characters can be represented
using this system. T as used in IBM main frame computers. The table
below shows tha e different EBCDIC codes for the 26 different capital

e3.16 — EBCDIC values for English capital and simple |etters

Uppercase L owercase
EBCDIC EBCDIC

N Char&er InBinary [[NHeXa [Character |InBinary |/NHexa
Decimal Decimal

% 11000001 | C1 a 1000 0001 81

B 11000010 | C2 b 1000 0010 82

11000100 | C3 e 1000 0011 33

D 11000101 | C4 d 1000 0100 84
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(@.7.4 Unicode &/stem))

Though 128 characters can be used in the ASCII system and 256
characters can be used in the EBCDIC system for data representation. For
example, these systems cannot be used for Sinhala, Japanese, Chinese and Tami
languages as there are more than 256 characters. Hence Unicode system .A»
designed according to a standard to represent 65536 different symbols of
(26 = 65536).

As per the figure given below (Figure 3.16), shows the Unico ‘@.,
can be used to represent Sinhala and Tamil letters, and special symbals and picture
symbols.

g » g4 4 @ O
COoCr @ D B e
® & e @ ® @
=ma o o & @
& 8 8 W wm &
O 9 B & = 8
D O ¢ @ > g
8 & @ ©» & &
w d ¢ B
® @2 o ©®» €
Sinhala letters

e

o>

)
|

& F B 9 &

Pi‘cture symbols
1

Figure 3.16 — Occasions Unicode are used

Unicode system uses unique number for each number, text or symbol in any
or Operating System.
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Example

* Picture and Graphic Data

Given below (Figure 3.17) is a close up or a highly enlarged image of
photograph. A photograph consists of pixels (dots) made of different coloursin big
grid. Computer graphic data such as pictures, frames of a movie or frames of an
animation consist of various colours. The picture given below consists of a numb
of different colours.

Colors Code
00001010

00001011
00001100
00001101

Figure 3.17 — Colours in a picture andytheir binary values.

e Sound
As shown in the figure belofv (Figure 3.17) is the sound emitted from a
speaker is normally represémted as ahalog waves. However, all data in computer

aredigital dataand those

\
\ ;
) .
\ .
s ,
s ;
. . 3,1
. . ,
. .
. =

0011 0001

Figure 3.18 — Conversion of analog data of a sound to digital data
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By this coding system, codes are classified to represent characters of all the
international languages. Theinstitution which initiated isthe International Standard
Institution and Unicode Consortium. Unicode is largely used in designing websites
and newspapers. (Appendix - Table 3.18)

Activity
o 1. If *A’ character is represented as 1000001 in A )
(- what isthe ASCII code for letter ‘F ?
:«'u
2. What is the largest number presented in B Coded
Decimal)?
3. What is the minimum number of i%red to present a
hexadecimal number?
4. 1f 1000010, represents “Bs SCII code, what is the ASCII
code for Ietter . L”
5. What are the codi stems used in computers? Explain the

need to use such codi systems

Number Systems

Base Digits
2 0,1
Octal 8 0,1,2,34,5,6,7
Decimal 10 0,1,2,34,5,6,7,8,9
. SHexadeci mal 16 0,1,2,3,4,5,6,7,8,9,A, B,
\ C,D,E F
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<> Code systems used in computers

Code System Number of Bits Used

BCD - Binary Coded Decimal 4
ASCIl - American Standard Code

for Information Interchange

Code
EBCDIC- Extended Binary Coded 8

Decimal Interchange Code
Unicode 16

Appendix
ASCII and EBCDIC codes for characters and related decimalzoctal"and

hexadecimal numbers
Table 3.17 - ASCII and EBCDIC codes for characters and related decimal, actal and hexadecimal

numbers
Decimal | Hex Octa | EBCDIC | ASCII DecimalfyHex | Octal | EBCDIC | ASCII
Character | Character Character | Character
00 00 000 NUL NUL 200
001 01 001 SOH SOH 81 201 |a
002 02 002 STX STX 82 202 |b
003 03 003 ETX ETX 131 83 203 |c
004 04 004 PF E 132 84 204 |d
005 05 005 HT EN 133 85 205 |e
006 06 006 LC 134 86 206 |f
007 07 D 135 87 207 |g
008 08 BS 136 88 210 |h
009 09 HT 137 89 211 |i
010 0A LF 138 8A |[212
011 0B VT 139 8B 213
012 oC 014 FF FF 140 8C [214
013 015 CR CR 141 8D |[215
% ﬁ 016 SO SO 142 8E |216

OF 017 Sl Sl 143 8F 217

10 020 DLE DLE 144 20 220
0 11 021 DC1 DCI 145 91 221 ]
018 12 022 DC2 DC2 146 92 222 |k
019 13 023 ™ DC3 147 93 223 ||
020 14 024 RES DC4 148 94 224 |m

102 For free distribution



https://www.ict-with-udula-priyankara.online/

021 15 025 NL NAK 149 95 225 |n
022 16 026 BS SYN 150 96 226 |o
023 17 027 L ETB 151 97 227 |p
024 18 030 CAN CAN 152 98 230 |q
025 19 031 EM EM 153 99 r
026 1A 032 CcC SUB 154 9A
027 1B 033 Cul ESC 155 9B
028 1C 034 IFS FS 156 9C
029 1D 035 IGS GS 157 9D
030 1E 036 IRS RS 158 9E
031 1F 037 JUN us 159 9F
032 20 040 DS Space 160 A0
033 21 041 SOS ! 161 Al
034 22 042 FS " 162 A2
035 23 043 # 163
036 24 044 BYP $ 164 A4 (244 |u
037 25 045 LF % 5 [245 (v
038 26 046 ETB & A6 |246 |w
039 27 047 ESC ' 167 A7 | 247 |x
040 28 050 ( 168 A8 |250 |y
041 29 051 169 A9 (251 |z
042 2A 052 SM 170 AA [ 252
043 2B 171 AB |253
044 2C 172 AC (254
045 2D 173 AD (255 ([
046 2E . 174 AE |256
047 2F / 175 AF 257
048 30 0 176 BO |260
049 31 061 1 177 Bl |[261
050 32 062 SYN 2 178 B2 |262
051 &33 063 3 179 B3 |263

34 064 PN 4 180 B4 |264

35 065 RS 5 181 B5 |265

36 066 ucC 6 182 B6 |266
055 37 067 EOCT 7 183 B7 |267
056 38 070 8 184 B8 |270
057 39 071 9 185 B9 [271
058 3A 072
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273
274
275
276

312
313
314
315
316
317
320
321
322
323

324

BB

BC
BD
BE

187
188
189
190
191

192
193
194
195
196
197
198
199
200
201
202

CC
CD

CE

CF

DO

D1

D2

D3

D4

D5

325
D6 [326 |O
D7 |327 |P

D8 [330 | Q
D9 [331 |R
DA [332
DB [333
DC [334
DD [335
DE |336

209
210
211
212

213

214
215
216
217
218
219
220
221
222

?

@

J

Cu3
DC4

NAK

SUB

Space

CENT

073

074
075
076
077

100
101
102
103
104
105
106
107
110
111
112
113
114
115
116
117

6

12

127
130
131
132
133
134
135
136

3B
3C
3D
3E
3F
40

41

42

46

47

49

4A
4B

4C
4D
4E
4F

50
51

52

53

55

56

59
S5A
5B
5C
5D
SE

059
060
061
062
063
064
065
066
067
068
069
070
071
072
073
074
075
076
o077
078
079
080
081
082
083

084

085
086
087

092
093
094

c
=
=
5
=
S
12]
3
8
=
(o]
LL
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Table 3.18 — ASCII and EBCDIC values related to letters
Unicode for Sinhala and Tamil letters

Lunanmmumummnmew
sfiidesn| B | Q| & |y Qy~
| HERIEE
3| cof & | & | w2 E 2
Lo e ) L] L= L
3| ejedlz e || ™ L
o | e | owei | owie | @i | owme v
4 dlwmt|o|w]| o
o | e | e | @i | s e
sle || w2 | g
o . SN N = - 2
- = i
u.r..Jl.:il'!I'L {'_:‘:I 2 %
e ] ] L. ik
i'lf_"l | W
i
u-lL*,_ Tl F |
gl W
|
s o
= - E~H -
e - -
C o | En| O
LE L L - i
\ ‘:c"".l oy | e -
L L
e
¢ oltalw|®| @ :
\ | | it
eleaaat & | G
FlE | @] § 3
o .

Table 3.18 — Sinhala Unicode
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0GB OBR OBA OBB 0BG 08D OBE ODBF

Table 3.19 — Tamil Unicode
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