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Attempt no more thanfour questions. All questions carry equal marks.

1. (a) Let�� be an alphabet of size� and� � ��� be a�-ary block code of length�. Define:

(i) The Hamming distance � on ��� .

(ii) The minimum distance � 	� 
 of the code� .

(iii) The parameter�� 	� � �
.
(b) State and prove the ball-packing bound on�� 	� � �
.
(c) Prove that�� 	� � � 
  �� 	� � �� �
��.

(d) In each of the following caseseither construct a code with the specified parametersor

explain why no such code exists.

(i) A 7-ary 	� � ��� � �
 code.

(ii) A 5-ary 	� � �� � �
 code.

(iii) A 5-ary 	� � ��� � �
 code.

2. (a) Let� be the ternary linear code with generator matrix

� �
�
� � � �

� � �

�
� �

(i) List the codewords of� and find the minimum distance� 	� 
.
(ii) Construct a standard array for� . Use your array to decode the received vectors���

and���
(b) Suppose that a binary linear� � ! � �" code� is transmitted down a binary symmetric channel

with symbol error probability# $ %& . Show that'()** 	� 
, the probability of any transmitted

codeword beingcorrectly decoded, satisfies

'()** 	� 
  	� + # 
, �  # 	� + # 
- � ��# . 	� + # 
& �  # - 	� + # 
�
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Given that# � � �� �, find an upper bound on the word error rate' �** 	� 
 of the code.

Compare your answer with' ��� 	� � 
, where� � � ��&.
3. Let� be the binary linear code with generator matrix

� �
�
���

� � � � � �
� � � � � �
� � � � � �

�
��� �

(a) Write down a parity check matrix� for � .

(b) Explain how the minimum distance of� may be deduced from� . Find � 	� 
.
(c) How many cosets does� have? How many cosets are led by weight 1 vectors? Does any

coset have a weight 2 coset leader?

(d) Construct a syndrome look-up table for� . Hence, or otherwise, decode the received vectors

��� ���, � ���� � and�� ��� �.
4. (a) Construct the projective equivalence class of the vector � ��� 	 ��%%, listing your answer in

lexicographical order. [Denote the digit “10” by
 , the last digit lexicographically.]

(b) Write down the parity check matrix for the standard Hamming code� � �� 	���
.
Determine the parameters�� � � � �" of � . Decode the received vector���� � � � � 	 ��� .

(c) Let
�� be the following subcode of� :

�� � �� 	 � � ��
�� %

��� � � � �� �� �

Prove that
�� is also a linear code. Write down a parity check matrix

�� for
�� , and determine

the parameters��� ��� � ��" of
�� . Decode the received vector���� � � � � 	 ���� .

5. (a) Define the termcyclic code.

(b) Determine whether the following codes are cyclic. Briefly explain your answers.

(i) The binary code
����� � �� �� � � �� �� ���� � ��� �� �� ��� � ����.

(ii) The ternary code
���� � � ��� �� �� ����.

(iii) The �-ary code
�� 	 ��. � �

��� % �
� � � � �� ��.

(iv)  � � ��& , the set of even weight binary words of length� .

(v) !� � ��& , the set of odd weight binary words of length� .

(c) (i) Factorize# 	� 
 � �� + � over
�� % into irreducible factors. (Hint: what is# 	�� 
?)

(ii) For each� 	 �� � �� � � � � � � �� let "# denote the number of distinct� �-ary cyclic codes

of length 5 and dimension� . Determine the numbers"� �" % � � � � �"� .
(iii) Choose any one of the cyclic codes of dimension� � say. Write down the generator

polynomial$ 	� 
, the check polynomial% 	� 
, a generator matrix
�

and a parity check

matrix� for � . Determine� 	� 
. Write down the$ & 	� 
 the generator polynomial of

the dual code.
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