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Question 1 [13 marks].
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(a) Consider the code C over the alphabet A = {A, B, ..., Y, Z} given by:

C := {BARNET, CAMDEN, EUSTON, BALHAM, MORDEN} .

Compute the minimum distance of C. What is the largest integer ¢ > 0 such that

C is t-error-detecting?

Include an appropriate justification for your answer to both parts of the question.

(b) Let D be a code over an alphabet A. Suppose that D is
3-error-correcting.

(ii

(iii

)
)
)
)

2-error-correcting but not

(i) What are the possible values that d(D) might take?
For which ¢ > 0 is it definitely true that D is t-error-detecting?
For which ¢ > 0 is it definitely not true that D is t-error-detecting?

(iv) For which ¢ > 0 is it possibly true — but not certain — that D is

t-error-detecting?

Explain your answers with reference to results from the course.

Question 2 [16 marks|.  Decide which of the following statements is true and

which is false. Justify your answer in each case, stating which
you use in your answer (if any).

(a) Ay(13,9) = 2.
(b) As(8,5) > 50.
(¢) A4(5,3) = 64.

Question 3 [10 marks].

results from the course

Recall that the rate of a g-ary (n, M, d)-code C is defined to be the quantity

_ log M
~ nlogq’

R(C)

(a) If € is a linear [n, k]-code over [F,, what is the rate of £7
(b) Calculate the rate of the Reed-Muller code R(2,5).
(c) Calculate the rate of the Hamming code Ham(4, 4).

Justify your answer in each case.
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Question 4 [9 marks]. Let C = {0000,0101,1100,1011,0110} be a code over the
alphabet A = {0,1}. Construct a nearest-neighbour decoding process f: A* — C and
use it to calculate the word error probability of the word 1100, assuming that the
symbol error probability is p = %

Question 5 [14 marks].

(a) Consider the linear code over Fy with generator matrix
01101
G=110110
11100
(i) List all of the words in the code C.

(ii) Write down the minimum distance of C.

(iii) Construct a Slepian array for C and use it to decode the word 11110.

Question 6 [18 marks].

(a) Consider the linear code C over Fy with parity-check matrix given by

H =

O O =

1 0100
01111
1 1100
(i) Construct a syndrome lookup table for C. Your answer should include any
calculations involved in the construction.
(ii) Use your syndrome lookup table to decode the word 101010.
(b) (i) Let D C Fy be a linear code of dimension k, where ¢ is a prime power.

Define the dual code D*. Show that if D = D+ then n must be even.
Indicate which results from the course you use in your answer (if any).

(ii) Show that the code C from part (a) is not equal to its own dual C*.

Continue to next page
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Question 7 [9 marks].
Consider the following three matrices with entries in the field F5:

10111111
Hl_(01123456)’
40213165
HQ:(11101111)’
go_ (20425112
"\03146341)

For each of the three matrices Hy, Hy, H3 decide whether or not that matrix is a
parity-check matrix for (a version of) the Hamming code Ham(2, 7). Justify your
answer for each matrix. 9]

Question 8 [11 marks].

(a) Let C be the linear code over F; with generator matrix

1 00 4 3
010 3 2
00123
Write down a parity-check matrix for the code C and use it to calculate the
minimum distance of C. Explain whether or not C is an MDS code. 6]
(b) Let D be the linear code over F5 whose generator matrix is also given by
1 00 4 3
010 3 2
00123

(Note that this matrix looks the same as the matrix as in part (a) above, but its
entries now belong to a different field F5.) Write down a parity-check matrix for
the code D and use it to decide whether or not D is an MDS code. 5]

End of Paper.

© Queen Mary University of London (2022)



