Unit 4: Data Representation

Introduction:
The data stored in the computer may be of different kinds, as follows—

e Numericdata (0,1, 2, ...,9)

e Alphabetic data (A, B, C, ..., Z)

e Alphanumeric data—Combination of any of the symbols— (A, B, C... Z), (0, 1... 9), or special
characters (+, -, Blank), etc.

All kinds of data, be it alphabets, numbers, symbols, sound data or video data, is represented in terms of
0Os and 1s, in the computer. Each symbol is represented as a unique combination of Os and 1s.

Number System:

A number system in base r or radix r uses unique symbols for r digits. One or more digits are combined to
get a number. The base of the number decides the valid digits that are used to make a number. In a
number, the position of digit starts from the right-hand side of the number. The rightmost digit has
position 0, the next digit on its left has position 1, and so on. The digits of a number have two kinds of
values—

e Face value, and
e Position value.

The face value of a digit is the digit located at that position. For example, in decimal number 52, face value
at position 0 is 2 and face value at position 1 is 5. The position value of a digit is (base position). For
example, in decimal number 52, the position value of digit 2 is 100 and the position value of digit 5 is 101.
Decimal numbers have a base of 10.

The number is calculated as the sum of, face value * base position, of each of the digits. For decimal
number 52, the number is 5%10* + 2*10° =50 + 2 = 52,

In computers, we are concerned with four kinds of number systems, as follows—

e Decimal Number System —Base 10

e Binary Number System —Base 2

e QOctal Number System —Base 8

e Hexadecimal Number System—Base 16

The numbers given as input to computer and the numbers given as output from the computer, are
generally in decimal number system, and are most easily understood by humans. However, computer
understands the binary number system, i.e., numbers in terms of Os and 1s. The binary data is also
represented, internally, as octal numbers and hexadecimal numbers due to their ease of use.

A number in a particular base is written as (hnumber)pase of number. For example, (23)10 means that the
number 23 is a decimal number, and (345)s shows that 345 is an octal number.

Decimal Number System

e It consists of 10 digits—0, 1, 2, 3,4,5,6, 7, 8 and 9.
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e All numbers in this number system are represented as combination of digits 0—9. For
example, 34, 5965 and 867321.
e The position value and quantity of a digit at different positions in a number are as follows:

Pasition: 3 2 1 0 - -1 =3 -3
Posirion Value: 14 10 1 n® 10! 1o 10
Quantity: 1000 i} 10 1 /10 1100 11000

Binary Number System

e The binary number system consists of two digits—0 and 1.

e All binary numbers are formed using combination of 0 and 1. For example, 1001, 11000011
and 10110101.

e The position value and quantity of a digit at different positions in a number are as follows:

Position: 3 2 1 0 . . | =2 -3
Position Value: » = = 2 ! ¥ 00 3
Qluantity: b 4 2 1 1/2 174 1/8

Octal Number System

e The octal number system consists of eight digits—0 to 7.
e All octal numbers are represented using these eight digits. For example, 273, 103, 2375, etc.
o The position value and quantity of a digit at different positions in a number are as follows:

Position: 3 2 ] 0 . -1 -2 =3
Posion Value: g 8 g b 5 8- a4
Quandry: 512 ] & 1 1/8 1/64 1/512

Hexadecimal Number System

e The hexadecimal number system consists of sixteen digits—0to 9, A, B, C, D, E, F, where (A
is for 10, B is for 11, C-12, D-13, E-14, F-15).
o All hexadecimal numbers are represented using these 16 digits. For example, 3FA, 87B, 113,

etc.
e The position value and quantity of a digit at different positions in a number are as follows:
Position: 3 2 1 o . -1 -2 -3
Pasition Value: (1 16° 16! 16® 16+ 16= 16
Quantiry: 40%6 256 16 1 116 1256 14096

The summary of number system is as follows:

Base Digits Largest Digit
Decimal 10 0-9 9
Binary 2 0,1 1
Octal 8 o7 7
Hexadecimal 16 0-9 A B CDEF Fi15)

Fig: Summary of number system
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Decimal Binary Octal Hexadecimal

0 0000 000 0
1 0001 001 1

2 0010 002 2

3 0011 003 3

4 0100 004 4
5 0101 005 5

6 0110 006 6
7 0111 007 7
8 1000 o010 8
9 1001 011 9
10 1010 012 A
11 1011 013 B
12 1100 014 C
13 1101 015 D
14 1110 016 E
15 111 017 F
16 10000 020 10

Fig: Decimal, binary, octal and hexadecimal equivalents
Conversion from Decimal to Binary, Octal, Hexadecimal:

A decimal number has two parts—integer part and fraction part. For example, in the decimal number
23.0786, 23 is the integer part and .0786 is the fraction part. The method used for the conversion of the
integer part of a decimal number is different from the one used for the fraction part.

Conversion from Decimal integer to Binary:

A decimal integer is converted to any other base, by using the division operation.
To convert a decimal integer to:

e binary-divide by 2,

e octal-divide by 8, and,

o hexadecimal-divide by 16.

Example 1: Convert 25 from Base 10 to Base 2.

Divide the number with toBase. After each division, write the remainder on right-side column and
quotient in the next line in the middle column. Continue dividing till the quotient is 0.

to Base Number ERemainder
(Quotient)
235
12
6

b bd Bd B

—_ e S S
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Write the digits in remainder column starting from downwards to upwards,

io Base  Number Remainder
(Quatient)

25 &
1

Pad

B | b | B | B | B

=R N R -
==z || =

The binary equivalent of number (25)10 is (11001);

Example 2: Convert 23 from Base 10 to Base 2, 8, 16.

to Base Mumher Remainder 10 Rase MNumber Remainder  toBase  Number Remainder

{Cuodient) (s tient) (Quotient)
2 23 8 23 16 23
a 11 1 a 2 7 16 1 7
2 5 I i 2 [ 1
4 2 1 The octal equivalent of (23),, is The hexadecimal eguva-
2 I o 27, lemt  of @3, s (17,
] 1

The binary equivalentof 23y s
o111,

Example 3: Convert 147 from Base 10 to Base 2, 8 and 16.

to Base Number Remainder to Base MNumber Remainder to Base Number Remainder

{Quotient) {Quotient) {Quotient)

2 147 i} 147 16 147
2 73 1 18 3 16 9 3
2 36 1 2 2 0 9
2 18 o o 2 The hexadecimal equivalent of
2 9 0 The octal equivalent of (147), (147),, is (93),
2 4 1 is (223),
2 2 0
2 1 0

il 1

The binary equivalent of (147),, is
(10010011},
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Example 4: Convert 94 from Base 10 to Base 2, 8 and 16.

to Base  Mumber  Remainder  to Base  Mumber  Bemainder  to Base  Number  Remainder

[Cuotient) (Quotient) (Quotient)

2 o4 5 94 16 94

2 a7 i 11 i3 16 5 14

A 23 1 a 1 3 o 5

2 1 I o I The number 14 in hexadecimal

2 3 1 The actal |"|5uw.=1|¢’1"|l of (B s & E

2 2 1 (136} :
" The hexadecimal equivalent of

2 ! d @), is (5E),

i 1

The hinary equivalent of (94),  is
(1o11110),

Converting Decimal Fraction to Binary, Octal, Hexadecimal

A fractional number is a number less than 1. It may be .5, .00453, .564, etc. We use the multiplication
operation to convert decimal fraction to any other base.
To convert a decimal fraction to—
e binary: multiply by 2,
e octal: multiply by 8, and,
e hexadecimal: multiply by 16.
Steps for conversion of a decimal fraction to any other base are:
1. Multiply the fractional number with the toBase, to get a resulting number.
2. The resulting number has two parts, non-fractional part and fractional part.
3. Record the non-fractional part of the resulting number.
4. Repeat the above steps at least four times.
5. Write the digits in the non-fractional part starting from upwards to downwards.

Example: Convert 0.2345 from Base 10 to Base 2.
0.2345

X2
0.4690

A690

— N
0.9380

9380
X2
1.8760

a760
X2
1.7520

7520
X2
1.5040

LS040
X2

1.0080 ¥ The binary equivalent of (0.2345)10is (0.001111)2
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Example: Convert 0.865 from Base 10 to Base 2, 8 and 16.

0.865 0.865 0.865
x2 x8 x16
1.730 6.920 5190
x2 x8 865 x
1.460 7.360 13.840
_x2 X8 _x16
0.920 2.880 5040
X2 X8 540 X
1.840 7.040 13.440
x2 x16
1.650 The octal equivalent of 2640
__x2 (0.865),, is (.6727), 440
1.360 7.040
The binary equivalent of The number 13 in hexadeci-
(.865),, is (110111), mal is D.

The hexadecimal equivalent
of (0.865), is [.DD7),,

Converting Decimal Integer.Fraction to Binary, Octal, Hexadecimal
A decimal integer.fraction number has both integer part and fraction part. The steps for
conversion of a decimal integer.fraction to any other base are:

e Convert decimal integer part to the desired base

e Convert decimal fraction part to the desired base

o The integer and fraction part in the desired base is combined to get integer.fraction.

Example: Convert 34.4674 from Base 10 to Base 2.

to Base MNumber Remainder 0. 4674
[Quotient) %2

2 34 0.9345

¥

: 17 o 1.8696

2 8 1 ek

2 4 0 1.7392

x 2

2 2 0 1.4784

2 1 o x2

0 1 0.9568

x2

The binary equivalent of (34, is (100010), 1.8136

The binary equivalent of (0.4674),is
(o11101),

The binary equivalent of (34.4674), is (100010.011101),
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Example: Convert 34.4674 from Base 10 to Base 8.

to Base Number Remaindor 0. 4674
(Quotient) X8
5 5] 3.7392
= x 8
G 2 5.9136
0 4 X8
: . - 7.3088
The octal equivalent of (34),, is (42), <8
24704
The octal equivalent of (0.4674),, is

(3572

The oclal equivalent of (34.4674) s (42.3572),

Example: Convert 34.4674 from Base 10 to Base 16.

to Base Number Remainder 0.4674
(Quotient) x 16

e i 28044

] A674x
i 4 & 94784
0 2 _x16
28704
4784x
7.6544
x16
39264

The hexadecimal equivalent of (34),, is (22),,

10.4904

x16
29424
4904x
7.6404

The hexadecimal equivalent of (0.4674),
is (.97A7),,

The hexadecimal equivalent of (34.4674)  is(22.97A7),,

Conversion of Binary, Octal, Hexadecimal to Decimal:

A binary, octal or hexadecimal number has two parts—integer part and fraction part. For example, a
binary number could be 10011, 0.011001 or 10011.0111. The numbers 45, .362 or 245.362 are octal
numbers. A hexadecimal number could be A2, .4C2 or A1.34.

The method used for the conversion of integer part and fraction part of binary, octal or hexadecimal
number to decimal number is the same; multiplication operation is used for the conversion. The
conversion mechanism uses the face value and position value of digits. The steps for conversion are as
follows:

1. Find the sum of the Face Value * (fromBase)P>!°" for each digit in the number.

e In a non-fractional number, the rightmost digit has position 0 and the position increases as we go
towards the left.
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e In a fractional number, the first digit to the left of decimal point has position 0 and the position
increases as we go towards the left. The first digit to the right of the decimal point has position —
1 and it decreases as we go towards the right (-2, -3, etc.)

101.001

Position 1% \\;ﬂsﬁimi

Position 0 Position -1
Example: Convert 1011 from Base 2 to Base 10.
Convert 62 from Base 8 to Base 10.

Convert C15 from Base 16 to Base 10.

1011 fromBase ? toBass 10 62 fromBase 8 oBase 10 C15 fromBase 16 toBase 10

1011 = 1427 4 0274 1527 & 1 *2° 62 = 6*3" + 2*p° C15 = C*16" + 1*16" +
= 1*8 + 04+ 1*2 + 111 = 6*3 + 2*1 5*18°
=B+0+2+1 =48+ 2 = 12%256 + 1*16 + 5%
=11 =50 =3072+ 16 +5

The decimal equivalent of (1011), The decimal equivalent of = 3093

is 11. (62}, is 50. The decimal equivalent of

(C15),, |s 3093
Example: Convert .1101 from Base 2 to Base 10.

Convert .345 from Base 8 to Base 10.
Convert .15 from Base 16 to Base 10.

1101 fromBase 2 toBase 10 345 fromBase 8 toBase 10 .15 fromBase 16 toBase 10
101 = 142-14 1422+ 0%22 345 = 3%8) + 4%87 + 5*8° A5 = 1*16 +5%162
+ 172 =3/8 + 4/64 + 5512 = 1/16 + 5/256

- 12+14+0+116 - 229/512 - 21/256

= 1316 =.447 = 082

=.8125

The decimal equivalent of The decimal equivalent of
The decimal equivalent of (.345) is 447 [.15),, is .0B2
(rinn, is 8125
Example: Convert 1011.1001 from Base 2 to Base 10.

Convert 24.36 from Base 8 to Base 10.
Convert 4D.21 from Base 16 to Base 10.

10111001 fromBase 2 oBase 24.36 fromBase & toBase 400,21 fromBase 16 toBase 10
10 10
4021 = 4*16' + D*1e" +
10T, 1007 = 1%27 + o=t 24.% = 28 + 4%8" + 25167 4+ 1%162
+7*2 4 *30 i L
+ 142+ g2 =64+ 12+ 2716
+ 02Ty 2 + 1256
= 164 4 + V5 + 664 = 77 +33/256
=B+0+2+1+
12 +0+0+ 116 = 20 + 3064
=11 +916 = 771289
= 11.5625 = 20,4687
The decimal equivalent of The decimal equivalent of The decimal equivalent of
I1ﬂ11-1ﬂn1|:|h11-5ﬁ-25 I.'H."lﬁ:'“i.‘- 20,4687 ':-1-|.-1'-2'1||n|b 771280

Conversion of Binary to Octal, Hexadecimal:
A binary number can be converted into octal or hexadecimal number using a shortcut method.
The shortcut method is based on the following information—

e An octal digit from 0 to 7 can be represented as a combination of 3 bits, since 23 = 8.
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e A hexadecimal digit from 0 to 15 can be represented as a combination of 4 bits, since 2% = 16.
The Steps for Binary to Octal Conversion are—

e Partition the binary number in groups of three bits, starting from the right-most side.

e For each group of three bits, find its octal number.

e The result is the number formed by the combination of the octal numbers.
The Steps for Binary to Hexadecimal Conversion are—

e Partition the binary number in groups of four bits, starting from the right-most side.

e For each group of four bits, find its hexadecimal number.

e The result is the number formed by the combination of the hexadecimal numbers.

Example: Convert the binary number 1110101100110 to octal.
Given binary number 1110101100110
e Partition binary number in groups of three bits, starting from the right-most side.

I 110 101 100 1 10
e For each group find its octal number.

1 110 IR Loo 110

L 6 5 1 6

e The octal number is 16546.

Example: Convert the binary number 1110101100110 to hexadecimal.
Given binary number 1110101100110
e Partition binary number in groups of four bits, starting from the right-most side.
| TLT attie 1
e For each group find its hexadecimal number.

1 L1l w1lu 011w
| ] L] b

e The hexadecimal number is 1D66.

Conversion of Octal, Hexadecimal to Binary:
The conversion of a number from octal and hexadecimal to binary uses the inverse of the steps defined
for the conversion of binary to octal and hexadecimal.
The Steps for Octal to Binary Conversion are—
e Convert each octal number into a three-digit binary number.
o The result is the number formed by the combination of all the bits.
The Steps for Hexadecimal to Binary Conversion are—
e Convert each hexadecimal number into a four-digit binary number.
o The result is the number formed by the combination of all the bits.

Example: Convert the hexadecimal number 2BA3 to binary.
e Given number is 2BA3

e Convert each hexadecimal digit into four-digit binary number.
2 B A 3

0010 1011 1010 0011
e Combine all the bits to get the result 0010101110100011.
Example 15: Convert the octal number 473 to binary.
e Given number is 473
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e Convert each octal digit into three-digit binary number.
4 7 |

100 111 011
e Combine all the bits to get the result 100111011.

Binary Arithmetic:
The arithmetic operations—addition, subtraction, multiplication and division, performed on the binary
numbers is called binary arithmetic. In computer, the basic arithmetic operations performed on the binary
numbers is—

e Binary addition, and

e Binary subtraction.

Binary Addition
Binary addition involves addition of two or more binary numbers. The binary addition rules are used while
performing the binary addition. The rules are as follows:

0 0 =+ I Mo carry
0 > 1 Mo canny
1 (i =+ 1 Mo carry
1 1 + 1} 1

Table: Binary addition rules
Binary addition of three inputs follows the rule shown below:

] Q o 3> 0 Mo Carry
] [&] 1 2> 1 o Carry
0 1 4] > 1 ho Camry
0 1 i = ] 1
1 o 4] = 1 Mo Carry
1 (i 1 > 0 1
| 1 L] > 0 1
1 1 1 3> 1 1

Table: Binary addition of three inputs

Addition of the binary numbers involves the following steps—

1. Start addition by adding the bits in unit column (the right-most column). Use the rules of binary
addition.
The result of adding bits of a column is a sum with or without a carry.
Write the sum in the result of that column.
If a carry is present, the carry is carried-over to the addition of the next left column.
Repeat steps 2—4 for each column, i.e., the tens column, hundreds column and so on.

ukhwnN

Example 1: Add 10 and 01. Verify the answer with the help of decimal addition.

Rinary Acddition Decirmal Adedition
10 2
+01 + 1
Resalt 11 3

| 11,=13
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Example 2: Add 01 and 11. Verify the answer with the help of decimal addition.

Birsary Addition Decimal Addition
11 &Camy
o1 1
+11 + 3
Result 1 O 0 4

100, =4,

Example 3: Add 1101 and 1111. Verify the answer with the help of decimal addition.

Binary Addition Decimal Addition
1 11 1% Carry
1 001 9
+ 1111 +1-3
T1o00 T3
11000, - 24,

Example 4: Add 10111, 11100 and 111. Verify the answer with the help of decimal addition.

Binary Addition Decimal Addition
11111 % Camy
1111 23
+ 11000 +24
11 1 7
1107110 54
110110, = 54,

It}

Binary Subtraction

Binary subtraction involves subtracting of two binary numbers. The binary subtraction rules are used while
performing the binary subtraction. The binary subtraction rules are shown in Table below, where “Input
2” is subtracted from “Input 1.”

i o rree

o a - o

o 1 > 1 1

1 0 > 1 Mo hormo
1 1 > i} Mo bormow

Table: Binary Subtraction Rules
The steps for performing subtraction of the binary numbers are as follows—

1. Start subtraction by subtracting the bit in the lower row from the upper row, in the unit column.

2. Use the binary subtraction rules. If the bit in the upper row is less than lower row, borrow 1
from the upper row of the next column (on the left side). The result of subtracting two bits is the
difference.

3. Write the difference in the result of that column.

4. Repeat steps 2 and 3 for each column, i.e., the tens column, hundreds column and so on.

Example 1: Subtract 01 from 11. Verify the answer with the help of decimal subtraction.

Binary Subtraction

Decimal Subtraction

I
B = e
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Example 2: Subtract 01 from 10. Verify the answer with the help of decimal subtraction.

Binary Sulitraction Decimal Subtraction

olo
+ 0
- 01 =
01

I 01,=1,

Example 3: Subtract 0111 from 1110. Verify the answer with the help of decimal subtraction.

Bimary Subtraction Decimal Subtraction

J

Example 4: Subtract 100110 from 110001. Verify the answer with the help of decimal
subtraction.

Rinary Subraction Decinnal Subiraction

|

L]

.
ik

d L

]

001011, =11,

Signed and Unsigned Numbers

A binary number may be positive or negative. Generally, we use the symbol “+” and “-” to represent
positive and negative numbers, respectively. The sign of a binary number has to be represented using 0
and 1, in the computer. An n-bit signed binary number consists of two parts—sign bit and magnitude. The
left most bit, also called the Most Significant Bit (MSB) is the sign bit. The remaining n-1 bits denote the
magnitude of the number.

In signed binary numbers, the sign bit is 0 for a positive number and 1 for a negative number. For example,
01100011 is a positive number since its sign bit is 0, and, 11001011 is a negative number since its sign bit
is 1. An 8—bit signed number can represent data in the range -128 to +127

MSB 01100011

Signbit  Magnimade MSB
In an n-bit unsigned binary number, the magnitude of the number n is stored in n bits. An 8-bit unsigned
number can represent data in the range 0 to 255 (28 = 256).

Complement of Binary Numbers
Complements are used in computer for the simplification of the subtraction operation. For any
number in base r, there exist two complements

e r’'scomplement and

e r-1’scomplement.
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Number System Base Complements possible

Binary 2 I"s complement and 2°s complement
Octal 8 7's complement and 8's complement
Decimal 10 9% complement and 10°s complement
Hexadecimal 14 15°s complement and 16°s complement

There are two types of complements for the binary number system—1’'s complement and 2’s
complement.

1’s Complement of Binary Number is computed by changing the bits 1 to 0 and the bits 0 to 1.

For example,

1’s complement of 101 is 010

1’s complement of 1011 is 0100

1’s complement of 1101100 is 0010011

2’s Complement of Binary Number is computed by adding 1 to the 1’s complement of the binary number.
For example,

2’s complement of 101 is 010 + 1 =011

2’s complement of 1011 is 0100 + 1 = 0101

2’s complement of 1101100 is 0010011 + 1 = 0010100

Subtraction using 1’s Complement:

The steps to be followed in subtraction by 1’s complement is:

i) Write down 1’s complement of the subtrahend.

ii) Add this with the minuend.

iii) If the result of addition has a carryover, then it is added back where a 1 is added in the last bit.

iv) If there is no carry over, then 1’s complement of the result of addition is obtained to get the final result

and it is negative.

Example 1: 110101 - 100101
1’s complement of 100101 is 011010. Hence

Minuend 110101

1’s complement of subtrahend 011010
Carry over - 1 001111

1

010000

The difference is 10000.
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Example 2: 101011 -111001
1’s complement of 111001 is 000110.
Hence,
Minuend - 101011
1’s complement of subtrahend- 000110
110001
Since no carry occurs, take 1's complement of the result.

Hence the differenceis001110.

Example 3: 1011.001 - 110.10
1’s complement of 0110.100 is 1001.011 Hence
Minuend - 1011.001
1’s complement of subtrahend- 1001.011

Carryover- 1 0100.100
1

0100.101
Hence the required difference is 100.101

Example 4: 10110.01 —11010.10

1’s complement of 11010.10 is 00101.01
Minuend: 10110.01

1’s complement of subtrahend: 00101.01

11011.10
Since no carry occurs, take 1’s complement of the result.

Hence the required difference is: 00100.01

Subtraction by 2’s Complement:

The operation is carried out by means of the following steps:

(i) At first, 2’s complement of the subtrahend is found.

(ii) Then it is added to the minuend.

(iii) If the final carry over of the sum is 1, it is dropped and the result is positive.

(iv) If there is no carry over, the two’s complement of the sum will be the result and it is negative.
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Example 1: 110110 - 10110
Solution:
The numbers of bits in the subtrahend is 5 while that of minuend is 6. We make the number of bits in the
subtrahend equal to that of minuend by taking a "0’ in the sixth place of the subtrahend.
Now, 2’s complement of 010110 is (101001 + 1) i.e.101010. Adding this with the minuend.
1 10110 Minuend

1 01010 2’'scomplement of subtrahend

Carryoverl 1 00000 Resultof addition

After dropping the carryover, we get the result of subtraction to be 100000, which is positive.

Example 2: 10110 - 11010
Solution:

2’s complement of 11010 is (00101 + 1) i.e. 00110. Hence

Minuend - 10110
2’s complement of subtrahend - 00110
Result of addition - 11100

As there is no carry over, the result of subtraction is negative and is obtained by writing the 2’s
complement of 11100 i.e. (00011 + 1) or 00100.

Hence the difference is 100.

Example 3: 1010.11 -1001.01
Solution:

2’s complement of 1001.01 is 0110.11. Hence

Minued - 1010.11
2’s complement of subtrahend - 0110.11
Carry over 1 0001.10

After dropping the carry-over, we get the result of subtraction as 1.10

Example 4: 10100.01 - 11011.10

Solution:

2’s complement of 11011.10 is 00100.10. Hence

Compiled by: Krishna Bhandari www.genuinenotes.com



www.genuinenotes.com

Minuend - 10100.01
2’s complement of subtrahend - 00100.10

Result of addition - 11000.11
Asthereis no carry over the result of subtraction is negative and is obtained by writing the 2’s complement
of 11000.11.
Hence the required result is 00111.01.
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