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Number Systems & Codes

▪ If base or radix of a number system is ‘r’, then the numbers
present in that number system are ranging from zero to r-1.

▪ The total numbers present in that number system is ‘r’.

▪ So, we will get various number systems, by choosing the
values of radix as greater than or equal to two.

▪ The following number systems are the most commonly used.

➢ Decimal Number system (0,1,2,3,4….9) – Base 10

➢ Binary Number system (0,1) – Base 2

➢ Octal Number system (0,1,2,3……7) – Base 8

➢ Hexadecimal Number system (0,1,2,3…..F) – Base 16
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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



Decimal Number System

▪ The base or radix of Decimal number system is 10.

▪ So, the numbers ranging from 0 to 9 are used in this number
system.

▪ The part of the number that lies to the left of the decimal
point is known as integer part.

▪ Similarly, the part of the number that lies to the right of the
decimal point is known as fractional part.

▪ In this number system, the successive positions to the left of
the decimal point having weights of 100, 101, 102, 103 and so
on.

▪ Similarly, the successive positions to the right of the decimal
point having weights of 10-1, 10-2, 10-3 and so on. That means,
each position has specific weight, which is power of base 10
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Example-

▪ Consider the decimal number 1358.246. Integer part of this
number is 1358 and fractional part of this number is 0.246.

▪ The digits 1, 3, 5 and 8 have weights of 103, 102, 101 and
100 respectively.

▪ Similarly, the digits 2, 4 and 6 have weights of 10-1, 10-2 and
10-3 respectively.

▪ Mathematically, we can write it as

1358.246 = (1 × 103) + (3 × 102) + (5 × 101) + (8 × 100) +
(2 × 10-1) +(4 × 10-2) + (6 × 10-3)
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Binary Number System

▪ The base or radix of this number system is 2.

▪ So, the numbers 0 and 1 are used in this number system.

▪ The part of the number, which lies to the left of the binary
point is known as integer part.

▪ Similarly, the part of the number, which lies to the right of the
binary point is known as fractional part.

▪ In this number system, the successive positions to the left of
the binary point having weights of 20, 21, 22, 23 and so on.
Similarly, the successive positions to the right of the binary
point having weights of 2-1, 2-2, 2-3 and so on. That means,
each position has specific weight, which is power of base 2.
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Example

▪ Consider the binary number 1101.011.

▪ Integer part of this number is 1101 and fractional part of this
number is 0.011.

▪ The digits 1, 0, 1 and 1 of integer part have weights of 20, 21,
22, 23 respectively.

▪ Similarly, the digits 0, 1 and 1 of fractional part have weights
of 2-1, 2-2, 2-3 respectively.

▪ Mathematically, we can write it as

1101.011 = (1 × 23) + (1 × 22) + (0 × 21) + (1 × 20) + (0 × 2-1) +

(1 × 2-2) + (1 × 2-3)
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Octal Number System

▪ The base or radix of octal number system is 8.

▪ So, the numbers ranging from 0 to 7 are used in this number
system.

▪ The part of the number that lies to the left of the octal
point is known as integer part. Similarly, the part of the
number that lies to the right of the octal point is known as
fractional part.

▪ In this number system, the successive positions to the left of
the octal point having weights of 80, 81, 82, 83 and so on.

▪ Similarly, the successive positions to the right of the octal
point having weights of 8-1, 8-2, 8-3 and so on. That means,
each position has specific weight, which is power of base 8.
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Example

▪ Consider the octal number 1457.236.

▪ Integer part of this number is 1457 and fractional part of this
number is 0.236.

▪ The digits 7, 5, 4 and 1 have weights of 80, 81, 82 and
83 respectively. Similarly, the digits 2, 3 and 6 have weights of
8-1, 8-2, 8-3 respectively.

▪ Mathematically, we can write it as

1457.236 = (1 × 83) + (4 × 82) + (5 × 81) + (7 × 80) + (2 × 8-1) +

(3 × 8-2) + (6 × 8-3)
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Hexadecimal Number System

▪ The base or radix of Hexa-decimal number system is 16.

▪ So, the numbers ranging from 0 to 9 and the letters from A to F are
used in this number system.

▪ The decimal equivalent of Hexa-decimal digits from A to F are 10 to
15.

▪ The part of the number, which lies to the left of the hexadecimal
point is known as integer part.

▪ Similarly, the part of the number, which lies to the right of the Hexa-
decimal point is known as fractional part.

▪ In this number system, the successive positions to the left of the
Hexa-decimal point having weights of 160, 161, 162, 163 and so on.
Similarly, the successive positions to the right of the Hexa-decimal
point having weights of 16-1, 16-2, 16-3 and so on. That means, each
position has specific weight, which is power of base 16.
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Examples

▪ Consider the Hexa-decimal number 1A05.2C4.

▪ Integer part of this number is 1A05 and fractional part of this
number is 0.2C4.

▪ The digits 5, 0, A and 1 have weights of 160, 161, 162 and
163 respectively. Similarly, the digits 2, C and 4 have weights of
16-1, 16-2 and 16-3 respectively.

▪ Mathematically, we can write it as

1A05.2C4 = (1 × 163) + (10 × 162) + (0 × 161) + (5 × 160) +

(2 × 16-1) +(12 × 16-2) + (4 × 16-3)
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Decimal to Binary
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Decimal to Octal
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Decimal to Hexadecimal
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Binary to octal
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Binary to Decimal
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Binary to Hexadecimal
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Octal to Decimal
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Octal to Binary
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Octal to Hexadecimal
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Hexadecimal to Binary
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Hexadecimal to Octal
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Hexadecimal to Decimal
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Classification of Complements

▪ For each radix-r system, there are following two types of
compliments:

➢ The radix complement

➢ The diminished radix complement

▪ The radix complement is referred to as the r’s complement
and the diminished radix complement is referred to as (r-1)’s
complement.

▪ Let us consider the binary system with base r=2. Hence, the
two types of complements for the binary system are 2’s
complement and 1’s complement.

▪ Similary for octal system we have 8’s and 7’s complement.

▪ For decimal system we have 9’s and 10’s complement.
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1’s Complement

▪ The 1’s complement of a number is the number that results
when we complement each bit.

▪ The 1’s complement of a number is used to represent
negative numbers.

▪ The 1’s complement can be easily achieved using inverters
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2’S Complement

▪ The 2’s complement of a binary number is obtained by adding
1 to 1’s complement of that number.

▪ Therefore, 2’s complement = 1’s complement + 1

▪ 2’s complement of -110 is
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Signed Binary Numbers
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Signed Binary Numbers
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Binary Addition

▪ Add (25)10 and (14)10

25 (25)10 = 0 0011001

14 (14)10 = 0 0001110

39

0 0 0 1 1 0 0 1

0 0 0 0 1 1 1 0

0 0 0 1 0 0 1 1 1 (Actual magnitude)

39

*No role of 1’s and 2’s Complement in Addition of positive numbers
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1’s Complement

▪ Add (25)10 and (-14)10

25 (25)10 = 0 0011001

- 14 (14)10 = 0 0001110

11 (-14)10 = 1 1110001

0 0 0 1 1 0 0 1

1 1 1 1 0 0 0 1

1 0 0 0 0 1 0 1 0 (Result in 1’s Comp. form)

+ 1 (Add end-around carry)

0 0 0 0 1 0 1 1 (Actual magnitude)

11
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1’s Complement

▪ Add (-25)10 and (14)10

14 (14)10 = 0 0001110

- 25 (25)10 = 0 0011001

- 11 (-25)10 = 1 1100110

0 0 0 0 1 1 1 0

1 1 1 0 0 1 1 0

0 1 1 1 1 0 1 0 0 (Result in 1’s Comp. form)

0 0 0 0 1 0 1 1 (Actual magnitude)

11
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1’s Complement

▪ Add (-25)10 and (-14)10

-14 (14)10 = 0 0001110

- 25 (25)10 = 0 0011001

- 39 (-25)10 = 1 1100110

(-14)10 = 1 1110001

1 1 1 0 0 1 1 0

1 1 1 1 0 0 0 1

1 1 1 0 1 0 1 1 1 (Result in 1’s Comp. form)

+ 1 (Add end around carry

1 1 0 1 1 0 0 0 (Actual magnitude)

0 0 1 0 0 1 1 1

39
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2’s Complement

▪ Add (-18)10 with (30)10

30 (30)10 = 0 0011110

- 18 (18)10 = 0 0010010

12 (-18)10 = 1 1101101 (1’s Comp)

+1

1 1101110 (2’s comp)

0 0 0 1 1 1 1 0

+ 1 1 1 0 1 1 1 0

1 0 0 0 0 1 1 0 0 (Actual magnitude)

12
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2’s Complement

▪ Add (18)10 with (-30)10

18 (18)10 = 0 0010010

- 30 (30)10 = 0 0011110

- 12 (-30)10 = 1 1100001 (1’s Comp)

+1

(-30)10 = 1 1100010 (2’s comp)

0 0 0 1 0 0 1 0

+ 1 1 1 0 0 0 1 0

0 1 1 1 1 0 1 0 0 (result in 2’s comp. form)

0 0 0 0 1 0 1 1 (1’s complement form of result)

+ 1

0 0 0 0 1 1 0 0 (Actual magnitude) = (12)10
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2’s Complement

▪ Add (-18)10 with (-30)10

- 18

- 30 (30)10 = 0 0011110

- 48 (-30)10 = 1 1100001 (1’s Comp)

+1

(-30)10 = 1 1100010 (2’s comp)

1 1 1 0 1 1 1 0

+ 1 1 1 0 0 0 1 0

1 1 1 0 1 0 0 0 0 (result in 2’s comp. form)

0 0 1 0 1 1 1 1 (1’s complement form of result)

+ 1

0 0 1 1 0 0 0 0 (2’s comp Actual magnitude) = (48)10
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(18)10 = 00010010

(-18)10 = 11101101 (1’s Comp)

+1

11101110 (2’s Comp)



1’s Complement representation
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2’s Complement representation
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2’s Complement representation
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9’s Complement
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9’s Complement
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9’s Complement 

▪ Subtract the following numbers using 9’s complement method

1) 745.81 – 436.62 2) 436.62 – 745.81
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10’s Complement (examples)
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10’s Complement
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10’s Complement (examples)
▪ Subtract the using 10’s complement method

2928.54 – 416.73
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10’s Complement (examples)

▪ Subtract the following numbers using 10’s complement
method

2) 416.73 – 2928.54

Number Systems & Codes 45



Binary Codes

▪ Usually, Digital data is represented, stored and transmitted as
groups of binary digits (bits). This group of bits is called as
binary code.

▪ It represents numbers and letters of the alphabet, special
characters and control functions.

▪ They are classified broadly as numeric and alphanumeric
codes.

▪ Numeric codes are used to represent numbers

▪ Alphanumeric codes represent alphabetic letters and
numerals.

▪ In these codes, a numeral is treated simply as another symbol
rather than a number or numeric value.
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Classification of Binary codes

▪ Weighted codes

▪ Non weighted codes

▪ Reflective codes

▪ Sequential codes

▪ Alphanumeric codes

▪ Error Detecting and Correcting codes
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Weighted Binary codes.

Decimal Binary 
Code

BCD 
(8421)

5421 2421

0 0000 0000 0000 0000

1 0001 0001 0001 0001

2 0010 0010 0010 0010

3 0011 0011 0011 0011

4 0100 0100 0100 0100

5 0101 0101 1000 1011

6 0110 0110 1001 1100

7 0111 0111 1010 1101

8 1000 1000 1011 1110

9 1001 1001 1100 1111

• Weighted binary codes 
are those which obey 
the positional weight 
principle. 

• Each position of a 
number represents a 
specific weight.

• For example:

– 8421, 2421, 3321, 5211
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Non-weighted codes.

Decimal Gray 
code

XS-3

0 0000 0011

1 0001 0100

2 0011 0101

3 0010 0110

4 0110 0111

5 0111 1000

6 0101 1001

7 0100 1010

8 1100 1011

9 1101 1100

• Non-weighted codes are not 
assigned with any weight to each 
digit position. 

• Each digit position within the 
number is not assigned any fixed 
value.

• For example:

– Excess – 3

– Gray code : 

• One bit different in consecutive numbers

• It is also a Cyclic code
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Reflective Codes

▪ A code is said to be reflective when
the code for 9 is the complement for
the code for 0, 8 for 1,7 for 2,6 for 3
and 5 for 4.

▪ For example: 2421, 5211, Excess-3 are
reflective codes

▪ 8421 is not reflective code.

▪ Reflectivity is desirable in a code
when the nine’s complement is
needed like in nine’s complement
subtraction.
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Sequential Codes

▪ In sequential codes, each succeeding code is one binary
number greater than its preceding code.

▪ This greatly aids mathematical manipulation of data. The 8421
and excess-3 codes are sequential, whereas the 2421 and
5211 codes are not.
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Alphanumeric codes

▪ Alphanumeric codes are designed to represent numbers as
well as alphabetic characters.

▪ Some of these codes can also represent some symbols and
instructions.

▪ For example:

➢ ASCII, stands for American Standard Code for Information
Interchange.

➢ EBCDIC, Extended Binary Coded Decimal Interchange Code.

➢ Hollerith Code.
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ASCII code

▪ Computers can only understand numbers, so an ASCII code is
the numerical representation of a character such as 'a' or '@'
or an action of some sort.

➢ 26 alphabets with capital and small letters

➢ Numbers from 0 to 9

➢ Punctuation marks and other symbols.

▪ It's a 7-bit code. It represents 27=128 symbols.

▪ ASCII code for N = (4E)H = (1001110)2
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ASCII Code
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ASCII Code (Extended)
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EBCDIC Code

▪ Extended binary coded decimal interchange code (EBCDIC) is
an 8-bit binary code for numeric and alphanumeric
characters.

▪ This encoding was developed in 1963 and 1964.

▪ It was developed and used by IBM.

▪ It is a coding representation in which symbols, letters and
numbers are presented in binary language.

▪ EBCDIC was developed to enhance the existing capabilities of
binary-coded decimal (BCD) code.
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EBCDIC Code
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ACK Acknowledge
BEL Bell
BS Backspace
CAN Cancel
DEL Delete
ENQ Enquiry
EOT End of Transmission
ETX End Text
FS Form Separator
HT Horizontal Tab
LF Line Feed
NUL Null
VT Vertical Tab
STX Start Text



Binary Coded Decimal (BCD)

 The BCD code is the 8,4,2,1 code.

 8, 4, 2, and 1 are weights

 BCD is a weighted code

 This code is the simplest, most intuitive binary code for
decimal digits and uses the same powers of 2 as a binary
number, but only encodes the first ten values from 0 to 9.

 Example: 1001 (9) = 1000 (8) + 0001 (1)

 How many “invalid” code words are there?

 What are the “invalid” code words?
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Warning: Conversion or Coding?

▪ Do NOT mix up conversion of a decimal number to a binary
number with coding a decimal number with a BINARY CODE.

▪ 1310 = 11012 (This is conversion)

▪ 13  0001 0011 (This is coding)
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BCD Arithmetic

Chapter 1            60

Given a BCD code, we use binary arithmetic to add the digits:
8 1000 Eight

+5 +0101 Plus 5 

13 1101 is 13 (> 9)
Note that the result is MORE THAN 9, so must be

represented by two digits!

To correct the digit, subtract 10 by adding 6 modulo 16.
8 1000 Eight

+5 +0101 Plus 5 

13 1101 is 13 (> 9)

+0110 so add 6

carry = 1 0011 leaving 3 + carry

0001 | 0011 Final answer (two digits)

If the digit sum is > 9, add one to the next significant digit



BCD 
Addition 
Example

Chapter 1            61



Codes for detecting and correcting 
errors
• An error in a digital system is the corruption of data from its

correct value to some other value.

• i.e., a change of some bits from 0 to 1 or vice versa.

• During the processing or transmission of digital data a noise

may change some bits from 0 to 1 or vice versa.

• A short duration noise can affect only a single bit causes a

single-bit error.

• A long duration noise can affect two or more bits causes a 

multi-bit error.



Codes for detecting and correcting 
errors

• Error-detecting codes normally add extra information to the

data.

• In general, error-detecting codes contains redundant code.

• That is a code that uses n-bit strings need not contain 2n

valid code words.

• An error-detecting code has the property that corrupting or

garbling a code word will likely produce a bit string that is

not a code word.

• Thus errors in a bit string can be detected by a simple rule -

if it is not a code word it contains an error.



Parity check

• One of the most common

ways to achieve error

detection is by means of a

parity bit.

• A parity bit is an extra bit

included with a message to

make the total number of 1’s

transmitted either odd or

even.

• If an odd parity is adopted,

the P bit is chosen such that

the total number of 1’s is odd.
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Error-detecting Codes

p: parity bit; even parity used in given codes
Distance between codewords: no. of bits they differ in
Minimum distance of a code: smallest no. of bits in which any two 
code words differ
Minimum distance of given single error-detecting codes = 2



Hamming Code

▪ Hamming code is a set of error-correction codes that can be used to
detect and correct the errors that can occur when the data is moved or
stored from the sender to the receiver.

▪ It can correct single bit error.

▪ Redundant bits are extra binary bits that are generated and added to the
information-carrying bits of data transfer to ensure that no bits were lost
during the data transfer. The number of redundant bits can be calculated
using the following formula:

▪ Suppose the number of data bits is 7, then the number of redundant bits
can be calculated using: = 2^4 ≥ 7 + 4 + 1, Thus, the number of redundant
bits= 4
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2r ≥ m + r + 1 
where, r = redundant bit, m = data bit



Parity bits for 4 bit dataword

▪ Position of redundant/parity bits for
four bit binary code

▪ Assignment of Parity bits

➢ P1: 1,3,5,7

➢ P2: 2,3,6,7

➢ P4: 4,5,6,7
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P P4 P2 P1

0 0 0 0

1 0 0 1

2 0 1 0

3 0 1 1

4 1 0 0

5 1 0 1

6 1 1 0

7 1 1 1



Parity bits for 7 bit dataword

▪ Position of redundant/parity bits for
7 bit data word

▪ Assignment of Parity bits

➢ P1: 1,3,5,7,9,11

➢ P2: 2,3,6,7,10,11

➢ P3: 4,5,6,7

➢ P8: 8,9,10,11
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P P8 P4 P2 P1

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

D11 D10 D9 P8 D7 D6 D5 P4 D3 P2 P1



Hamming Code (Examples)

▪ Generate hamming code for given data word = 1011
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Hamming Code (Examples)

▪ Assume that an even parity hamming code is transmitted H = 1010101 and
that 1000101 is received. The receiver does not know what was
transmitted. Determine bit location where error has occurred using
received code.

▪ Assignment of Parity bits

➢ P1: 1,3,5,7

➢ P2: 2,3,6,7

➢ P4: 4,5,6,7
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Hamming Code (Examples)

▪ Generate Hamming code for data-word = 11011010
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Binary to Gray Conversion

▪ Convert (10111)2 to ( )Gray
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Gray to Binary Conversion

▪ Convert (11101)Gray to ( )2

Number Systems & Codes 73



Find the base?

▪ (193)x = (623)8

▪ (225)x =(341)8
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Complete the table

Decimal Binary BCD Excess-3 Gray Code

5

8

14
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Floating Point representation

▪ Example: 3.92 x 102
→(s)1.M x 2E

▪ 3.92 x 102 = 39210=1100010002 →Denormalized

▪ 1.10001000 x 28
→Normalized

▪ Here s=0, M=10001000, E’ =E+127 = 8+127=13510=10000111

▪ Binary→

▪ Hex → 43C40000

Number Systems & Codes 76

0 10000111 10001000000000000000000



How would 23.85 be stored?

• First, it is positive so the sign bit is 0.

• Next, the true exponent is 4, so the biased exponent is 7F+4 = 
8316.

• Finally, the fraction is 01111101100110011001100 (remember 
the leading one is hidden).

• -23.85 be represented? Just change the sign bit: C1 BE CC CD. 
Do not take the two’s complement!
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Thank You 

Any Questions


