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Lecture One: Number system operation

1- Decimal numbers.

2- Binary numbers.

3- Octal numbers.

4- Hexadecimal numbers.

The study of number systems is important from the viewpoint of
understanding how data are represented before they can be processed by any
digital system including a digital computer. It is one of the most basic topics in
digital electronics. In this chapter we will discuss different number systems
commonly used to represent data. We will begin the discussion with the decimal
number system. Although it is not important from the viewpoint of digital
electronics, a brief outline of this will be given to explain some of the underlying
concepts used in other number systems. This will then be followed by the more
commonly used number systems such as the binary, octal and hexadecimal
number systems.

1. Decimal numbers.

The decimal number system is a radix-10 number system and therefore has 10
different digits or symbols. These are 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9. All higher
numbers after ‘9’ are represented in terms of these 10 digits only. The process of
writing higher-order numbers after ‘9’ consists in writing the second digit (i.e.
‘1’) first, followed by the other digits, one by one, to obtain the next 10 numbers
from ‘10’ to ‘19’. The next 10 numbers from ‘20’ to ‘29’ are obtained by writing
the third digit (i.e. ‘2’) first, followed by digits ‘0’ to ‘9’, one by one.

.The place values of different digits in a mixed decimal number, starting from
the decimal point, are 100, 101, 102 and so on (for the integer part) and 10−1, 10−2,
10−3 and so on (for the fractional part).

As an illustration, in the case of the decimal number 3586.265, the integer part
(i.e. 3586) can be expressed as

3586 = 6×100 +8×101+5×102 +3×103 = 6+80+500+3000 = 3586

and the fractional part can be expressed as

265 = 2×10−1+6×10−2 +5×10−3 = 0.2+0.06+0.005 = 0.265
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2. Binary Numbers

The binary number system its two digits a base-two system. The two binary
digits (bits) are 1 and 0 (1,0).

Binary weight 23 22 21 20

Weight value 8 4 2 1

A binary digit, called a bit, has two values 0 & 1. Each coefficient aj is
multiplied by 2j, and the results are added to obtain the decimal equivalent of the
number. For example,

In general, a number expressed in a base-r system has coefficients multiplied
by powers of r.

Table 1

Decimal Binary (0,1)
8 4 2 1
23 22 21 20

0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1

10 1 0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1
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LSB (right-most bit) has a weight of 20 = 1.
MSB (left- most bit) has a weight of 23 = 8.

3. Octal number

The octal number system has a radix of 8 and therefore has eight distinct
digits. All higher-order numbers are expressed as a combination of these on the
same pattern as the one followed in the case of the binary and decimal number
systems described above.

Table 2

Decimal Octal
0 0
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 10
9 11

10 12
11 13
12 14
13 15
14 16
15 17
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4. Hexadecimal Number System

The hexadecimal number system is a radix-16 number system and its 16 basic
digits are shown below.

Decimal Hexadecimal
0 0
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9

10 A
11 B
12 C
13 D
14 E
15 F

Binary – to – Decimal Conversion
The decimal value of any binary number can be found by adding the weights

of all bits that are 1 and discarding the weights of all bits that are 0.
EX1 The decimal equivalent of the binary number (1001.0101)2 is

determined as follows:
 The integer part = 1001
 The decimal equivalent=
 The fractional part =0 .0101
 Therefore, the decimal equivalent = 0× 2−1 + 1× 2−2 + 0× 2−3 + 1× 2−4

= 0 + 0.25 + 0+ 0.0625 = 0.3125
 Therefore, the decimal equivalent of (1001.0101)2=( 9.3125)10

Octal-to-Decimal Conversion
The decimal equivalent of the octal number (137.21)8 is determined as

follows:
 The integer part = 137
 The decimal equivalent = 7× 80 + 3× 81 + 1× 82 = 7 + 24 + 64 = 95
The decimal equivalent = 2× 8−1 + 1× 8−2 = 0.265
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Therefore, the decimal equivalent of (137.21)8= (95.265)10

Hexadecimal-to-Decimal Conversion

The decimal equivalent of the hexadecimal number (1E0.2A)16 is determined
as follows:

The integer part = 1E0

The decimal equivalent = 0× 160 + 14× 161 + 1× 162 = 0 + 224 + 256 =480

• The fractional part = 2A

• The decimal equivalent = 2× 16−1 + 10× 16−2 = 0.164

• Therefore, the decimal equivalent of (1E0.2A)16 = (480.164)10

Decimal-to-Binary Conversion

As outlined earlier, the integer and fractional parts are worked on
separately. For the integer part, the binary equivalent can be found by
successively dividing the integer part of the number by 2 and recording the
remainders until the quotient becomes ‘0’. The remainders written in reverse
order constitute the binary equivalent. For the fractional part, it is found by
successively multiplying the fractional part of the decimal number by 2 and
recording the carry until the result of multiplication is ‘0’. The carry sequence
written in forward order constitutes the binary equivalent of the fractional part of
the decimal number. If the result of multiplication does not seem to be heading
towards zero in the case of the fractional part, the process may be continued only
until the requisite number of equivalent bits has been obtained. This method of
decimal–binary conversion is popularly known as the double-dabble method. The
process can be best illustrated with the help of an example
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Ex // convert the following numbers from decimal to binary

a)19 b)45

EX// Convert (0.6875)10 to binary

Integer Fraction Coefficient
0.6875*2 1+ 0.375 1
0.375*2 0+ 0.75 0
0.75*2 1+ 0.5 1
0.5*2 1+ 0 1

(0.6875)10 =(0.1011)2

Decimal-to-Octal Conversion

The process of decimal-to-octal conversion is similar to that of decimal-to-
binary conversion. The progressive division in the case of the integer part and the
progressive multiplication while working on the fractional part here are by ‘8’
which is the radix of the octal number system. Again, the integer and fractional
parts of the decimal number are treated separately. The process can be best
illustrated with the help of an example.
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EX// convert (73.75)10 to octal

1. Integer part

Dividend Remainder
73/8 1
9/8 1
1/8 1

(73)10=(111)8

2.fractional

Integer Fraction Coefficient
0.75*8 6+ 0 6

(73.75)10=(111.6)8

Decimal-to-Hexadecimal Conversion

The process of decimal-to-hexadecimal conversion is also similar. Since the
hexadecimal number system has a base of 16, the progressive division and
multiplication factor in this case is 16. The process is illustrated further with the
help of an example.

EX Let us determine the hexadecimal equivalent of (82.25)10

1. Integer part

Dividend Remainder
82/16 2
5/16 5

2. Fractional part

Integer Fraction Coefficient
0.25*16 4+ 0 4

Therefore, the hexadecimal equivalent of (82.25)10 = (52.4)16
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Binary–Octal and Octal–Binary Conversions

An octal number can be converted into its binary equivalent by replacing
each octal digit with its three-bit binary equivalent. We take the three-bit
equivalent because the base of the octal number system is 8 and it is the third
power of the base of the binary number system, i.e. 2. All we have then to
remember is the three-bit binary equivalents of the basic digits of the octal number
system. A binary number can be converted into an equivalent octal number by
splitting the integer and fractional parts into groups of three bits, starting from the
binary point on both sides. The 0s can be added to complete the outside groups if
needed.

EX// Let us find the binary equivalent of (374.26)8 and the octal
equivalent of (1110100.0100111)2

(374.26)8=(?)2

Octal 3 7 4 2 6
Binary 011 111 100 010 110

(374.26)8 =(011111100.010110)2

(1110100.0100111)2 =( ? )8

(001110100.010011100)2

Binary 001 110 100 010 011 100
Octal 1 6 4 2 3 4

(1110100.0100111)2= (164.234)8

Hex–Binary and Binary–Hex Conversions

A hexadecimal number can be converted into its binary equivalent by
replacing each hex digit with its four-bit binary equivalent. We take the four-bit
equivalent because the base of the hexadecimal number system is 16 and it is the
fourth power of the base of the binary number system. All we have then to
remember is the four-bit binary equivalents of the basic digits of the hexadecimal
number system. A given binary number can be converted into an equivalent
hexadecimal number by splitting the integer and fractional parts into groups of
four bits, starting from the binary point on both sides. The 0s can be added to
complete the outside groups if needed.
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EX//Let us find the binary equivalent of (17E.F6)16 and the hex equivalent
of (1011001110.011011101)2.

(17E.F6)16 =(?)2

Hex 1 7 E F 6
Binary 0001 0111 1110 1111 0110

(17E.F6)16 =(101111110.1111011)2

(1011001110.011011101)2.=(?)16

(0010 1100 1110. 0110 1110 1000)2

Binary 0010 1100 1110 0110 1110 1000
Hex 2 C E 6 E 8

(1011001110.011011101)2.=(2CE.6E8)16

H.W

Let us find the octal equivalent of (2F.C4)16 and the hex equivalent of
(762.013)8?

Decimal Binary Octal Hexadecimal
0 0000 0 0
1 0001 1 1
2 0010 2 2
3 0011 3 3
4 0100 4 4
5 0101 5 5
6 0110 6 6
7 0111 7 7
8 1000 10 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
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Binary Arithmetic

1- Binary Addition

Ex// find (11+01)2?

2- Binary Subtraction

EX//find (101-11)2?

3- Binary Multiplication

EX// find (11x11)2?
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4-Binary Division
This operation follows the same procedure as division in decimal number

system.

EX//

1’s and 2’s Complement of Binary Numbers
The l's complement and the 2's complement of a binary number are

important because they permit the representation of negative numbers. The
method of 2's complement arithmetic is commonly used in computers to handle
negative numbers.
Finding the 1's Complement
The l's complement of a binary number is found by changing all 1s to 0s and all
0s to 1s, as illustrated below:

The simplest way to obtain the l's complement of a binary number with a digital
circuit is to use parallel inverters (NOT circuits), as shown in Fig.(1) for an 8-bit
binary number

Finding the 2' s Complement
The 2's complement of a binary number is found by adding 1 to the LSB of the l's
complement.

2's complement = (l's complement) + 1
EX// Find the 2's complement of 10110010.
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Signed Numbers
Digital systems, such as the computer, must be able to handle both positive and

negative numbers. A signed binary number consists of both sign and magnitude

information. The sign indicates whether a number is positive or negative, and the

magnitude is the value of the number. There are three forms in which signed integer

(whole) numbers can be represented in binary: sign magnitude, l's complement, and

2' complement. Of these, the 2's complement is the most important and the sign-

magnitude is the least used

The Sign Bit
The left-most bit in a signed binary number is the sign bit, which tells you whether the

number is positive or negative. A 0 sign bit indicates a positive number, and a 1 sign

bit indicates a negative number.

A 0 sign bit indicates a positive number, and a 1 sign bit indicates a negative number

Sign-Magnitude Form
When a signed binary number is represented in sign-magnitude, the leftmost bit is the

sign bit and the remaining bits are the magnitude bits. The magnitude bits are in true

(uncomplemented) binary for both positive and negative numbers. For example, the

decimal number + 25 is expressed as an 8- bit signed binary number using the sign-

magnitude form as 00011001. The decimal number - 25 is expressed as 1001100l.

Notice that the only difference between + 25 and - 25 is the sign bit because the

magnitude bits are in true binary for both positive and negative numbers.

In the sign-magnitude form, a negative number has the same magnitude bits as the

corresponding positive number but the sign bit is a 1 rather than a zero.

EX// Express the decimal number - 39 as an 8-bit number in the sign-magnitude, 1's

complement, and 2's complement forms?

First, write the 8-bit number for + 39.

00100111

In the sign-magnitude form, - 39 is produced by changing the sign bit to a 1 and

leaving the magnitude bits as they are. The number is

10100111
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In the 1's complement form, -39 is produced by taking the l's complement of +39

(00100111).

11011000

In the 2's complement form, - 39 is produced by taking the 2's complement of

+39 (00100111 ) as follows:

The Decimal Value of Signed Numbers
Sign-magnitude: Decimal values of positive and negative numbers in the

signmagnitude form are determined by summing the weights in all the magnitude bit

positions where there are 1s and ignoring those positions where there are zeros. The

sign is determined by examination of the sign bit.

Example:

Determine the decimal value of this signed binary number expressed in

signmagnitude:

10010101

Solution

The seven magnitude bits and their powers-of-two weights are as follows:

Summing the weights where there are 1s,

16 + 4 + 1 = 21

The sign bit is 1; therefore, the decimal number is - 21.

1‘s Complement: Decimal values of positive numbers in the l's complement form are

determined by summing the weights in all bit positions where there are 1s and

ignoring those positions where there are zeros. Decimal values of negative numbers

are determined by assigning a negative value to the weight of the sign bit, summing

all the weights where there are 1s, and adding 1 to the result.
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2’s Complement: Decimal values of positive and negative numbers in the 2's
complement form are determined by summing the weights in all bit positions where
there are 1s and ignoring those positions where there are zeros. The weight of the
sign bit in a negative number is given a negative value.
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Example:
Determine the decimal values of the signed binary numbers expressed in 2's
complement:
(a) 01010110 (b) 10101010


