Problem Set 27: Hamming Codes
Additional Problems

1.  The required number of Hamming bits is a function of the number of message bits (m) to be encoded in each Hamming codeword.  The required number of Hamming bits (n) is given by the smallest value of n  3 that satisfies following expression
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The total number of bits in the resulting codeword is m + n.  Complete the following table to determine the number of Hamming bits required for various numbers of message bits and the resulting code rate.

	Message bits
(m)
	Hamming bits

(n)
	Codeword length
m + n
	Code rate
Rc

	4
	
	
	

	5
	
	
	

	7
	4
	11
	0.636

	11
	
	
	

	26
	
	
	

	27
	
	
	


2.  It is desired to use a Hamming code to encode a 4 bit message.

a.  How many Hamming bits are required?

b.  Write an “H” in the blanks below to indicate the locations of the Hamming bit positions.
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c.  Use the Hamming encoding process to determine the code words that would result from the following 4-bit messages.  Show your work and record the resulting code words in the table below.

(1) Message 1: “1 1 1 1”

(2) Message 2: “1 1 1 0”

(3) Message 3: “1 1 0 1”

	Message
	Message bits
	Code word

	1
	1 1 1 1
	

	2
	1 1 1 0
	

	3
	1 1 0 1
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3.  Consider the following circuit which uses combinational logic.  The inputs are in bit positions 7, 5, 6 and 3.   Calculate the outputs for bit positions 4, 2, and 1.

a.  


b.


c.

d.  How do the code words generated compare with question 2?

This shows that Hamming encoding is simply the generation of even parity checks between subsets of the 4 message bits.

4.  Consider an (11,7) Hamming code with the structure illustrated below.


[image: image2]
The following (11,7) Hamming code word was received, and it may or may not contain errors.  Use the Hamming decoding process to determine whether an error exists.  Show your work.  If an error exists, circle the bit that is in error.  
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