Data Representation Methods in
the Computer system

In this unit 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,

e converting decimal numbers to binary, octal numbers to hexadecimal
numbers

e conversion among binary, octal, hexadecimal and decimal numbers,
o data storage capacity,
e coding systems in computers.

(@.1 Computer Data Representation )))

@.1.1 Number System>>>

A computer cannot understand human language directly. Accordingly, the data and
instructions given by users are recognized by the computer in a symbolic form.

The computer uses a unique language to represent data and instructions. This lan-
guage consists only of the symbols 0 and 1. These 0 and 1 are represented within
the computer by two different voltage levels. The representation of data using only
these two symbols, 0 and 1, is known as binary representation.

At present, the above-mentioned binary representation has evolved into multi-state
representation with the advancement of technology. In multi-state representation,
more than two states are used, and this is known as Quantum Computing.
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In this new technological approach, devices such as flash memory have the ability
to store multiple values in a single memory cell at the same time. When multiple
values are stored within one memory cell, that memory unit is referred to as a qubit
(Quantum bit).

Each number system is made of a Number, Base / Radix and Place value.

Number

A number is a symbol which represents a unit or quantity.

Base / Radix

A number of symbols used in a number system is called the base/radix. The base of
any number system is indicated in decimal numbers. Each number system is deter-
mined by the number of symbols it contains, which is known as its base.

Place Value
Place value means the value assigned to a digit based on its position in a number.

Table 3.1 - Number systems used in the computer

Number System | Base Value | Number and Alphabetic character used
1. Binary 2 0,1
2. Octal 8 0,1,2,3,4,5,6,7
3. Decimal 10 0,1,2,3,4,5,6,7,8,9
4. Hexa - decimal 16 0,1,2,3,4,5,6,7,8,9,A,B,C,D, E, F

[ES.Z Decimal, Binary, Octal and Hexa-Decimal Numberj]
Systems

(@.2.1 Decimal Number SystenD))

From our childhood, we have learnt to perform calculations using decimal
Number System which consists of digits from 0 to 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
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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 0,1,2,3,4,5,6,7,8,9

Let us study how a number included in the decimal number system is formed.
Before that,

considering all the conversions you have studied above, let us look at two examples
of their practical applications.

Example
Let us consider how the number 25 is formed.
25 is formed with the addition of 20 and 5.

25 =20+ 5
=2x10) + 5x1
= (2 x 10"+ (5 x 109

These positional values such as 10°, 10!, 10? are called Weighting Factors of
decimal number system. This number can be shown on a counting frame (abacus).
(Figure 3.1)

Ten Thousands Hundreds Tens Ones
thousands
10 000 1000 100 10 1
104 103 10° 10! 10°

Figure 3.1 — Decimal number representation of 25
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This can be shown as given below, as well.
25

|—> 5)(100 =

5
» 2 x10' =20
2

()]

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

3 0 2. 7 5 - decimal number

R

102 10! 10° 10" 1072 - weighting factor
= (3x10%) + (0x10") + (2x10°) +(7x10") + (5x 10?)
=300+0+2+7+_ >

10 100
=300+0+2+0.7+0.05
302,75 =302.75
‘ |—> 5x102%= 0.05
7x10'= 0.7
2 x10° = 2
0x10'= 0
——>» 3x10°= 300
302 .75

<<<3.2.2 Binary Number SystenD)

Though we use the decimal number system when we input numbers as data
or instructions, the computer represents these data as 0 and 1. The number system
which consists of 0 and 1 is the binary number system.

N
e . ) *4
M ok @ o
3 £ 3 E
L
T I I [
OFF ON OFF ON
0 1 Q 1

Figure 3.2 — 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 0 1, - decimal number
R T T S A
27 26 2 2¢ 2’ 2? 2! 2° - weighting factor

The values such as 2°, 2!, 22, 23... are called the weighting factors of binary

number system.
27 26 25 24 23 22 21 20

1 1 1 0 1 1 0 1

This number can be indicated in a binary base counting frame as given
below. (Figure 3. 3)

A S S N U S I O

Hundred Sixty Thirty Sixteens  Eights Fours ~ Twos Ones
twenty fours twos

eights

128 64 32 16 8 4 2 1

27 26 25 24 23 22 71 20

Figure 3.3 — Binary number representation.

The Binary number system is very important in computing and it contrib-
utes in the representation of a bit; the basic measuring unit of the computer. The
smallest value and the highest value which can be seen in this number system is 0

or 1 respectively. This smallest value is called |B|inaryDigM
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(@.2.3 Octal Number System>>>

The number system which uses eight digits: 0, 1, 2, 3,4, 5, 6, 7 is called 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, let us consider 236,.

2 3 6 - octal number
8 8! 8° - weighting factor

The values such as 8%, 8!, 82, 8 ... are called the weighting factors of the
octal number system. This number can be represented as given below in a base
eight counting frame. (Figure 3.4)

g

Four Five Sixty Eights Ones
thousand hundred  fours

ninety sixs twelves

4096 512 64 8 1

84 83 82 81 8()

Figure 3.4 — Octal number representation

(@.2.4 Hexa-Decimal Number System>>>

The computer uses binary numbers and it is difficult for human beings to
read them. Hence, the hexadecimal number system is used as it is easier 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
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the other 6 digits, A, B, C, D, E and F symbols are used. Here, A, B, C, D, E and F
are used to represent 10, 11, 12, 13, 14 and 15. (Table 3.5)

Table 3.5 — Comparison of Decimal and Hex-Decimal numbers

Decimal Number 1o |1 5|5 4(5]6(7(8] 90|11z 131415

Hexa-Decimal Digit |0 (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 below.
(Table 3.6)

Table 3.6 - Digits of Hexadecimal Number System

Number System Hexadecimal Number System
Base 16
Digits Used 0,1,2,3,4,56,7,89A,B,C,D, E,F

When F the largest number of hexadecimal number system, 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 hexadecimal number system can be used.
For example, Hexadecimal numbers are used to represent memory addresses of the
computer.

Here, 16°, 16', 162, 16°..... values are called Hexadecimal Weighting Factors. This
number can be represented on a sixteen base counting frame as below. (Figure 3.5)

Four two hundred  Sixteens Ones

thousand fifty six

ninety

Sixs

4096 256 16 1
16° 162 16! 16°

Figure 3.5 — Sixteen base number representation
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Relationship among Decimal, Binary, Octal and Hexadecimal
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Table 3.7 - Relationship among Decimal, Binary, Octal and Hexadecimal

Decimal Binary | Octal Hexadecimal
0 0 0 0
20 1 1 1 1 8%, 16°
2! 2 10 2 2
3 11 3 3
4 100 4 4
5 101 5 5
6 110 6 6
7 111 7 7
23 8 1000 10 8 8!
9 1001 11 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
24 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




Let us consider the instance where number systems are used for computer
colors. Any color can be made with the combination of different degrees of red,

green and blue. Wwwww _ =]
e i—

These can be represented as [ Gnow |
RGB (Red, Green, Blue) and .E Add to Swatches_|
the value ofany coloris limited curtent e |
from 0 to 255. Therefore, the e B e
value of a primary color can : 7 % Oz %
also be represented using two : 5 % Ob 2%
symbols. L 8

A 1 ;100

. 120 = 18

Only Wb Colors ® ayifra

[ T - - T ™ B =

m o= E OO
FF F R

For instance, if you need | e e =il |

to use dark purple for the Figure 3.6 — Colour representation in computer
background of a document, that color can be represented in the computer as “135,
31, 120” (Figure 3.6). With these numbers, the color combination for the above
color is represented in decimal numbers. Binary numbers for 135, 31 and 120 are

1000001112, 111112, and 11110002.

You can see code “# 871F78” related to the dark purple color shown in
Figure 3.6. This shows that, in order to create the purple color, the values of the
primary colors Red, Green, and Blue should be 87,1F,78 respectively. Here the
value of the color is started with “#” symbol. The color value is indicated in the
computer in hexa decimal numbers. Thus, the code for dark purple in the above
example is “# 871F78”. R,G,B values of this can be indicated from 0 to 255 in
decimal numbers. If “#’ or “&H” (ampersand) symbol is used in front of the value
of any value, it is a hexa decimal number. Given below in Table 3.7 are the hexa
decimal values and RGB values of dark purple color.

Table 3.8 — Hexadecimal Value of Dark Purple Colour

Name of Colour Hexadecimal R G B
Colour Value
Dark # 871F78 135 31 120
Purple - &H 871F78
For instance, let us consider 15E
16> 16' 16°
1 5 E , - Hexa-decimal number
16> 16! 16° - Weighting factor \l /
I5E
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3.3 Most and Least Significant Positional Value of a
Number

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

If the given value is zero ('0'), both the MSD and LSD are considered to be zero.

In decimal numbers, the value in the right extreme after the decimal point which
is not 0 becomes the least significant positional value and the number in the left
extreme of the decimal point which is not 0 becomes the most significant positional
value.

(@.3.1 Most Significant Digit (MSD) and Least Significant Digit (LSDD)

Given below in Table 3.9 are the most and least significant digits of a round figure
or a decimal number.

Table 3.9 — The Most and Least Significant Positional Value of a number

Number MSD LSD
3290 3 0
425 4 5
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

Find the most significant digit and the least significant digit of the
s, 4 following numbers.
‘(( (1) 56870, (i1) 154.01 (iii) 23.080, (iv) AD 239,

‘9 : )
(v) 0.00110,  (vi) 720.05 (vii) 440 (viii) 120,

<332 Most Significant Bit (MSB) and Least Significant Bit (LSB))

Only the Binary Number System is used to find the most significant bit
(MSB) and the least significant bit (LSB). There are two ways to find this using
decimal numbers and whole numbers.

In a whole number, read from left to right, the value in the right extreme
is the least significant bit and the value in the left extreme which is not 0 is the
most significant bit. In binary decimal numbers, the value in the right extreme of
the decimal point which is not 0 is the least significant bit and the value in the left
extreme of the decimal point which is not 0 is the most significant bit.

Table 3.10 - The most significant bit and the least significant bit

Binary Number MSB LSB
1001 1=(2% 1=(29
011.101 1=(2) 1=(27)
1010 1=(2% 0= (29
101.100 1=(2% 1=(27)
Activity

Y Find the most significant bit and the least significant bit of the
‘(( following numbers.
‘9 (i) 1000, (i) 011101, (iii) 0.11001, (iv) 1.0010,

(v)0.00110,  (vi) 1011, (vii) 0.1, (viii) 0.10,
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[(3.4 Converting Decimal Numbers to Binary, Octal and}j
Hexa-Decimal Numbers

<<<3.4.1 Conversion of Decimal numbers to numbers of other base@)

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

<<<3.4.2 Conversion of Decimal Numbers to Binary Numbers))

When a decimal number is converted to a binary number, the decimal
number can be divided by two until the remainder is 0 and the remainder of the
division can be written on the right side. After that, write all the remainders from
the bottom to top to build the number.

Example

Converting number 12 to a binary number.

> First, divide this number by 2 writing the remainders.

2| 12
2

6 — 0
23 — 0 |Remainder

2( 1 — 1

0 — 1
Quotient

> Secondly, write down all the remainders from bottom to top.
12 = 1100,
10
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Example

Converting 46  to a binary number.

2| 46
2| 23 — 0 4

2| 11 — 1

215 — 1

2(2 — 1

211 — 0

46,, =101110, 0o — 1
Activity

Convert the following decimal numbers to binary numbers.

Woom wws, ans, @, ws,

@.4.3 Converting Decimal Numbers to Octal Numbers>>>

Here, divide the given number by 8 until the remainder is 0 and write the
remainders from bottom to top.

Example
Converting 158  to an octal number.

»  Firstly, divide this number by 8 and write down the remainder.
8 |_1 58
8] 19 — 6
sl 2 — 3 |Remainders
0 — 2

/

Quotient

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

158, = 236,
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(@.4.4 Converting Decimal Numbers to Hexadecimal Numbel@>

Here, divide the number by 16 until the remainder is 0 and write down the
remainders from bottom to top.

Example
Converting number 38, to a hexadecimal number.

> Firstly, divide this number by 16 and write down the remainders.
16 |_38
16] 2 — 6 .
0 — 5 remainders
Quotient
> Secondly, write down all the remainders from bottom to top.
38, =26,
Example

Converting number 47, to a hexadecimal number.

16|_47
16

2 —15—>FT

0 — 2 —> 2

47 =2F

10 16




[[[3.5 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 numbers
to decimal numbers, octal numbers to decimal numbers and hexadecimal numbers
to decimal numbers. (Figure 3.11)

Decimal
(Base 10)
! / A
Binary B Octal
(Base 2) > (Base 8)
Hexadecimal
(Base 16)

Figure 3.7 — Conversion between number systems

<<<3.5.1 Converting Binary Numbers to Decimal Number@)

Example

Converting number 1101, to a decimal number.

i i 3 i 1101,
23 22 21 20 l—» 1x2° = 1
o _
1101, = (1x2%) + (1x2?) + (0x2') + (0x2°) 0><22 = 0
= (1><8) + (1)(4) + (Ox2) + (lxl) Ix2° = 4
= 8 + 4 + O + 1 1% 23 — 8
1101 =13 3

10 1101, =13,
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(@.5.2 Converting Octal Numbers to Decimal Numbers)))

Example

Converting number 1275, to a decimal number.

1 2 7 5 1275
AR L sesr -
8 8§ g g 7x8 =
2x8 =

1275, = (1x8%) + (2x8?) +(7x8')+ (5x8°) g -

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

=512 + 128+ 56 + 5

1275, =701,

1275, = 701,

Activity




@.5.3 Converting Hexadecimal Numbers to Decimal Numbers)))

Example
Converting number 329, to a decimal number.

3 2 9 329
I ‘L, ox16" = 9
16 16' 16" 2x16' = 32
3x 16 = 768
329,, = (3x162) +(2x16') +(9x16°) 5 -
809
=(3x256) +(2x16) + (9x1) 29 Z809 i
=768 + 32 +9 —
329, =809,
Example
Converting number AB2 , to a decimal number.
A B 2
l l l AB2
16> 16' 16° ||—> 2x16" = 2
11x16" = 176
AB2,; = (4x16>) +(Bx16') +(2x16°) 10x 16> = 2560
= (10x256) + (11x16) +(2x1) 2738
AB2,, =2738,,
Activity




<<<3.5.4 Converting Binary Numbers to Octal Numbers)))

From the digits used in the octal number system; 0, 1, 2, 3,4, 5, 6, and 7, the
largest digit is 7. We can indicate digit 7 as 111, in binary form. Thus 7; the largest
digit in the octal number system, can be indicated in a binary form with 3 digits.
Likewise, all the digits in the octal number system can be indicated in the three digit
binary form. Given below in Table 3.11 are the binary forms of the digits used in
eight base (octal) number system.

Table 3.11 — Indicating octal digits in 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

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 corner.
If the last cluster in the left corner does not consist of 3 bits, add Os to complete.

»  Write each octal number separately for each cluster.

Y

Then write these clusters in octal digits.

»  Write these digits in order from the left corner to the right corner.
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OO | Binary number

Cluster of 3

1011101, = 135,

Activity

(@.5.5 Converting Binary Numbers to Hexadecimal N umber@))

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



Table 3.12 — Indicating hexadecimal digits in decimal and binary numbers.

Decimal Number | Hexadecimal | Biyary Number
Number
0 0 0000
1 1 0001
2 2 0010
3 3 0011
4 4 0100
5 5 0101
6 6 0110
7 7 0111
8 8 1000
9 9 1001
10 A 1010
11 B 1011
12 C 1100
13 D 1101
14 E 1110
15 F 1111

As shown in the table above (Table 3.12), four bits are used to indicate a
hexadecimal number in binary form. (16 = 2%)

Example

Converting number 10110, 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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ololol1lol1l11lo0 Binary number

0|0]0]1 o N e Cluster of 4

Hexadecimal number

10110, =16 ,,

Example
Converting number 10111011100, to a hexadecimal number.

oo ORI OO Binary number
0Of1]0f1 e o 1l1lolo Cluster of 4
5 D C Hexadecimal number

10111011100, = 5DC,,




(@.5.6 Converting Octal numbers to Binary Number@)

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 digits when it is
converted to base two.

Example
Converting number 457, to a binary number.

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

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

15 7
100 11 1
1
1

457,=100101111,

Activity

(((‘.j' Convert the following octal numbers to binary numbers.
‘e (i) 10, (i) 245, (iii) 386,  (iv) 706,  (v) 465,

(@.5.7 Converting Hexadecimal Numbers to Binary Numben@)

You have learnt earlier that any symbol in a hexadecimal number can be
written in a four-bit binary number. Thus, when a hexadecimal number is converted
to a binary number, each digit in that number should be indicated in a four-bit
binary number.
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Example
Converting number 74 to a binary number.
74 4
0111} 0100

74, = 1110100,

Converting number 2AE , to a binary number.

24E,, =1010101110,

16

Activity

(@.5.8 Converting Octal numbers to Hexadecimal Number9>>

Example
Converting number 1057, to a hexadecimal number.

+ First, write each digit in octal number in three bits.

* Divide the binary number you get into four-bit clusters from the right corner to
the left corner.

¢ Write the related hexadecimal number for each cluster.



1r 01 51 7
001: 0001 1011 111

0010001 Oillll

2
2

2
2

15
F 1057, = 22F,

Activity

((@.5.9 Converting Hexadecimal Numbers to Octal Numbers)))

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.

21 314
0010 } 0011 | 1010

001:00 01 1 11010

1 0 7 12

234, = 1072,

Activity




(@.6 Data Storage Capacity >>>

A certain space is needed to store data in the computer. Data storage capacity
is measured by units such as bits, bytes, kilobytes, Megabytes, Gigabytes, Terabytes
and Petabytes. Let us understand how to arrange these different data storage capacities
in order from the small unit to the big unit and to define the relationships between
these as well.

(.6.1 Units to Measure Data Storage>>>

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

coined from the words EinaryDig IEI A bit is represented by the two binary digits;
0 and 1. 1 |

Byte
1 byte is 8 bits.

Nibble

A nibble is half of a byte or 4 bits. This unit is not commonly used like bits
and bytes.

kilobyte
This consists of 1024 bytes. (1024 = 2'%) Kilobyte is written as KB or kbyte.
Megabyte

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

Gigabyte
One Gigabyte is made of 1024 Megabytes. (1024 MB) Gigabyte is written 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).
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Observation

Following are the relationships between units which measure
data storage capacity.

& bits
4 bits

1024 bytes

1024 kilobytes
1024 Megabytes
1024 Gigabytes
1024 Terabytes

= 1 byte
1 nibble

1 kilobyte (KB)

1 Megabyte (MB)
1 Gigabyte (GB)
1 Terabyte (TB)

1 Petabyte (PB)

In production of hard discs there are instances 1024 is considered as 1000.

Consider the examples given below to get an idea about the units above.

(Table 3.13)

Table 3.13 — Approximate data storage capacity as text pages

Name Abbreviation Approx. Exact Bytes Approx. Text
Bytes Pages
Byte B One 1 One text
Kilobyte KB (or K) Thousand | 1,024 1? page
Megabyte MB One million | 1,048,576 500 pages
Gigabyte GB One billion |1,073,741,824 500,000 pages
Terabyte TB One trillion |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
3.8)

Register Memory Small

. e
Cache memory

3 MB-32 MB

Compact Disk (CD)

650 — 900 MB

Digital Versatile Disc (DVD)
4.7-9GB

Random Access Memory

01 -64 GB

Flash Memory

1-64 GB

Hard Disk

100 GB-6TB

Magnetic Tape

1 TB-185TB

Large

Figure 3.8 — Capacities of storage devices

When reading and writing data, the time spent to access the devices (access
speed) is different. Consider the figure given below. (Figure 3.13)
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(@.6.3 Data Access Speed>>

Register Memory LSt

Cache Memory

Data
access
speed

Random Access Memory

Read Only Memory

Flash Memory

Hard Disk

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

Slow

Figure 3.9 — Data access speed

<<<3.6.4 Cost per unit Storage>>>

For different storage devices, 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 3.10)
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Register Memory

Cache Memory

per Unit
Storage

Random Access Memory /

Read Only Memory
Magnetic Tape
Flash Memory
Hard Disk

Digital Versatile Disc — DVD

Figure 3.10 — Cost per unit storage



@.7 Coding Systems >>>

= | [01110101011010101
BE X5 | 10100101011010101
Y | | 01010101011010101
(L labe] [ ,101000101011010101

: _ T7V|01101010101001100
9{9}@. 00101011101100111
10101001010101010

Figure 3.11 — Data you enter to the computer and computer data representation

According to the above figure (Figure 3.15), when you enter a data to the
computer, it converts the data to different patterns made of 0 and 1. Thus, binary
codes are used when storing numeric, alphabetic, special character, images and
sounds in internal storage devices of computers.

In the beginning of the lesson, when you type ‘A’ on the keyboard, the
code you get for ‘A’ is the bits pattern 1000001 (the binary code of letter ‘A’).
The number of bits used is 7. Thus, a combination 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 Coded Decimal
2. ASCII American Standards Code for Information Interchange
3. Unicode

<<@.7.1 BCD - Binary Coded Decimal>>>

This coding system is used to represent decimal numbers. Each
decimal number is represented using 4 bits. Since each digit is converted
separately into a 4-bit binary value, rather than converting the entire
number at once, it becomes easier to read and display decimal digits.
Errors in rounding decimal numbers do not occur.

Therefore, it i1s commonly used in digital clocks, calculators, and
monetary calculation systems.
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Table 3.14 — Decimal Numbers and BCD Values

Decimal Value | BCD Value
0 0000
1 0001
2 0010
3 0011
4 0100
5 0101
6 0110
7 0111
8 1000
9 1001
Example
Indicating number 37, in BCD codes.
3 710
0011 0111

37,= 00110111

Activity

Interchange

[(EJ .2 ASCII — American Standard Code for Information ]j]

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 -
Table 3.17)

ASCII system is designed and approved by ANSI (American National
Standard Institute).



Example
e 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 -8¢c¢c-9 h-104 o-111 1 - 108

Write binary numbers for each value.
S -1010011 c— 1100011 h - 1101000 o- 1101111
1 - 1101100

Write the associated code
S ¢ h 0 0 l
101001111000111101000110111111011111101100

Activity
«((- Write down the ASCII code of “ICT” in binary numbers.
’ (i) ICT (ii) POT (iii) Computer

V@.7.3 Unicode Systen})

10 characters can be used in the BCD system and 128 characters can be
used in the ASCII system for data representation. But these systems cannot be
used for Sinhala, Japanese, Chinese and Tamil languages as there are more than
128 characters. Hence Unicode system was designed according to a standard to
represent 65536 different symbols of 16 bits (216 = 65536).

At present, Unicode version 17.0.0 has added 4,803 new characters, increasing the
total number of representable characters to 159,801.
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Sinhala letters

Figure 3.12 — Occasions Unicode are used

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



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 colours in 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 number
of different colours.

Colors Code

00001010
00001011
0ooo1100
00001101
0ooo1111
00010000

00010001

(1 0

00011100

Figure 3.13 — Colours in a picture and their binary values.

e Sound

As shown in the figure below (Figure 3.17) is the sound emitted from a
speaker is normally represented as analog waves. However, all data in computer
are digital data and those are made of bytes. Hence, sound which comes as a analog
data is converted to a digital data. Thus, a sound is also represented in a bits pattern
made of Os and 1s in a computer.
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3. D

T 0011 0001

Figure 3.14 — Conversion of analog data of a sound to digital data

By this coding system, codes are classified to represent characters of
all the international languages. The institution which initiated is the International
Standard Institution and Unicode Consortium. Unicode is largely used in designing
websites and newspapers. (Appendix - Table 3.15)

Activity




Appendix

ASCII and EBCDIC codes for characters and related decimal, octal and
hexadecimal numbers

Table 3.15 - ASCII and EBCDIC codes for characters and related decimal, octal and hexadecimal

numbers
Decimal | Hex | Octal Cﬁasrgcltler Decimal | Hex | Octal ICEI?;r:aIl)c{eCr Cﬁfrgcltler

00 00 000 NUL 128 80 | 200

001 01 001 SOH 129 81 | 201 a
002 02 002 STX 130 82 | 202 b
003 03 003 ETX 131 83 | 203 c
004 04 004 EOT 132 84 | 204 d
005 05 005 ENQ 133 85 | 205 e
006 06 006 ACK 134 86 | 206 f
007 07 007 BEL 135 87 | 207 g
008 08 010 BS 136 88 | 210 h
009 09 011 HT 137 89 | 211 i
010 0A 012 LF 138 8A | 212

011 0B 013 VT 139 8B | 213

012 0C 014 FF 140 8C | 214

013 0D 015 CR 141 8D | 215

014 OE 016 SO 142 8E [ 216

015 OF 017 SI 143 8F | 217

016 10 020 DLE 144 9 | 220

017 11 021 DCI 145 91 | 221 j
018 12 022 DC2 146 92 | 222 k
019 13 023 DC3 147 93 | 223 1
020 14 024 DC4 148 94 | 224 m
021 15 025 NAK 149 95 | 225 n
022 16 026 SYN 150 96 | 226 0
023 17 027 ETB 151 97 | 227 p
024 18 030 CAN 152 98 | 230 q
025 19 031 EM 153 99 | 231 r
026 1A 032 SUB 154 9A | 232

027 1B 033 ESC 155 9B [ 233
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