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CODES 

 
  A set of 4 distinct numbers can be represented by 2-
bit codes s.t. each number in the set is assigned 
exactly one of the combinations/codes in 
{00,01,10,11}

 



CODES (cont.) 

• Representations of info (set) obtained by associating one or more 
codewords (a binary pattern/string) with each element in the set 

 

 

 

 

 

 

 

 

• n-bit binary code: a group of n bits that can encode up to 2 n distinct 
elements 

 

 

 

 

Code   Octal Digit 

  000   0  

  001   1 

  010   2 

  011   3  

  100   4 

  101   5 

  110   6 

  111   7 
 



• Given n binary digits (called bits), a binary code is a mapping from a set of 
represented elements to a subset of the 2n binary numbers. 

• Code 100 is not used 

 

Non-numeric Binary Codes 

Binary Number   

000 

001 

010 

011 

101 

110 

111 

Color 

Red 

Orange 

Yellow 

Green 

Blue 

Indigo 
Violet  

To encode m distinct elements with an n-bit code: 2n  >= m 



Representing Numeric and  Characters Using Standard Binary codes 

Code to represent numeric  
• BCD  

Code to represent Character 

 

– EBCDIC – developed for the IBM 360 and used in all IBM 
mainframes since then 
• An 8-bit representation for 256 characters  

– ASCII – used in just about every other computer 
• A 7-bit representation plus the high-order bit used for parity 

– Unicode – newer representation to include non-Latin based 
alphabetic characters 
• 16 bits allow for 65000+ characters 

• It is downward compatible with ASCII, so the first 128 characters are 
the same as ASCII 

 



Binary-Coded Decimal (BCD) 

• A decimal code: Decimal 
numbers (0..9) are coded 
using 4-bit distinct binary 
words 

• Observe that the codes 
1010 .. 1111 (decimal 
10..15) are NOT 
represented (invalid BCD 
codes) 

 







BCD Addition 









Excess-3  code 

  

 

• This code is also self-complementing like 2421 code. 

• Although this code is not weighted, it has an arithmetic relationship with the 
BCD code. 

• The code word for each decimal digit is the corresponding BCD code word plus 
0011

2
. 

 0010 = 2  in BCD 

+ 0011
2
  

= 0101 = 2  in excess-3 



The Excess-3- Code 



ASCII character code 

• We also need to represent letters and other symbols  alphanumeric 
codes 

 
• ASCII = American Standard Code for Information Interchange. Also know 

as Western European 
 
• It contains 128 characters: 

– 94 printable ( 26 upper case and 26 lower case letters, 10 digits, 32 
special symbols) 

– 34 non-printable (for control functions) 
 

• Uses 7-bit binary codes to represent each of the 128 characters( Since 
27=128) 



ASCII Table 



Unicode 

• Established standard (16-bit alphanumeric code) for 
international character sets 

• Since is 16-bit, it has 65,536 codes 

• Represented by 4 Hex digits 

• ASCII is between 000016 .. 007B16 



Parity  

• The method of parity is widely used as a method of error detection. 

– Extra bit known as parity is added to data word 

– The new data word is then transmitted. 

• Two systems are used: 

– Even parity: the number of 1’s must be even. 

– Odd parity: the number of 1’s must be odd. 





Error Detection 

• A parity bit provides for the detection of a single bit error but cannot 
check for two errors in one group.  

• For instance, let’s assume that we wish to transmit the BCD code 0101.  

• The total code transmitted, including the even parity bit, is 

Now let’s assume that an error occurs in 
the third bit from the left (the 1 becomes a 
0). 

 Because an even number of 
1s does not appear in the code when it is 
received, an error is indicated. 



ASCII Parity Bit 

• Parity coding is used to detect errors in data communication 
and processing 

• An 8th bit is added to the 7-bit ASCII code 

• Even (Odd) parity: set the parity bit so as to make the  number  
of 1’s in the 8-bit code even (odd) 



ASCII Parity Bit (cont.) 

• For example: 
– Make the 7-bit code 1011011 an 8-bit even parity code  11011011 

– Make the 7-bit code 1011011 an 8-bit odd parity code  01011011 

• Both even and odd parity codes can detect an odd number of 
error. An even number of errors goes undetected. 



Gray Code 

  

 

Bell Labs researcher Frank Gray introduced the term reflected binary code in his 
1947 patent application, remarking that the code had "as yet no recognized 
name".He derived the name from the fact that it "may be built up from the 
conventional binary code by a sort of reflection process".  
 

https://en.wikipedia.org/wiki/Bell_Labs
https://en.wikipedia.org/wiki/Frank_Gray_(researcher)


Gray Code 

  

 

The Gray code is unweight and is not an arithmetic code; that is, there are no specific 
weights assigned to the bit positions.  
The important feature of the Gray code is that it exhibits only a single bit change from one 
code word to the next in sequence.  
 
This property is important in many applications, such as shaft position encoders, 
converting analog values into digital values 



Binary-to-Gray Code Conversion 

1. The most significant bit (left-most) in the Gray code is the same as the 
corresponding MSB in the binary number. 

2. Going from left to right, add each adjacent pair of binary code bits to get 
the next Gray code bit. Discard carries. 

For example, the conversion of the binary number 10110 to Gray code is 

as follows: 

The Gray code is 11101. 



Gray-to-Binary Code Conversion 

1. The most significant bit (left-most) in the binary code is the same as the 
corresponding 

bit in the Gray code. 

2. Add each binary code bit generated to the Gray code bit in the next 
adjacent position. Discard carries. 

For example, the conversion of the Gray code word 11011 to binary is as 
follows: 

The binary number is 10010. 





Thank You 


