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Note: Show all workings, complete with the necessary comments. Marks will be
allocated for all working and logical reasoning and not just for the correct
answer.All terms and symbols are as defined in the course handouts. Answers
written on your question paper will NOT be marked. Answers written in pencil
will NOT be marked.

Question 1

Regarding the Joint Photographic Experts Group (JPEG) standard, the Discrete Cosine
Transform (DCT) based lossy scheme is considered in this question.

(a) Draw the block diagram of JPEG compression process.

(5 marks)

(b) Explain why the above-mentioned compression process is a lossy process and why
the lossy scheme is valid for image compression.

(5 marks)

( Total 10 marks)

Question 2

We consider the Galois field GF(23) based on the primitive polynomial h(z) = 1+ z + z3.

(a) Derive the Galois field based on the given primitive polynomial in terms of binary
sequences, polynomial notations and powers of primitive element ().

(5 marks)
(b) Derive the corresponding minimum polynomials.

(5 marks)
(c¢) Derive the generator polynomial of a single-error-correcting code based on the min-

imum polynomials. What is the rate of the code generated by the derived generator
polynomial.

(5 marks)

( Total 15 marks)
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Question 3
The frequency band between 100 and 101 kHz is allocated to a communication system.

The signal power is S = 31 power unit per hertz. The noise in the band is additive white
Gaussian noise with signal-sided power spectral density Ny = 1 power unit per hertz.

(a) What is the Shannon limit on the achievable data rate (bits/sec)?
(5 marks)

or a given bandwidth between an z, and transmission data rate o
b) F i bandwidth b 100 and 110 kH d ission d f
10° bits/sec, what is the required signal-to-noise ratio in decibel (dB)?

(5 marks)

( Total 10 marks)

Question 4

(a) Draw a data flow diagram of the encryption and decryption process of a cipher block
chain. What is the significance of using an initialization vector?

(5 marks)

(b) Draw a data flow diagram to show the ciphertext stealing technique for a cipher
block chain. What is the significance of using ciphertext stealing?

(5 marks)

( Total 10 marks)

Question 5

Consider a binary sequence. Given the input stream
001001000000100000010100000011

(read left to right), answer the following.

(a) Compress the above sequence by using the Lempel-Ziv algorithm.
( 10 marks)
(b) Calculate the probabilities of digits 0 and 1 of the given sequence.

(2 marks)
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(c) Calculate the entropy of this sequence.
( 3 marks)
(d) Implement Huffman coding based on the second extension of the alphabet.

(11 marks)

(e) Based on the answers in (a) and (d), compare the compression rates and comment
on the trade-off between complexity and efficiency.

(4 marks)

( Total 30 marks)

Question 6

Consider a (7, 4) Hamming code with parity-check matrix,
1001110
H=10 1 01 0 1 1
0010111
Add one more parity check bit with the binary-sum value of all the existing 7 bits.

(a) What is the new parity-check matrix?

(5 marks)
(b) What is the minimum Hamming distance of the new code? Prove it.

(5 marks)

(c) If the received sequence is [0 0 1 0 1 E 0 0] (E denotes erasure error), determine the
sent codeword using the syndrome decoding algorithm.

( 7 marks)
( Total 17 marks)
( Exam Total 92 marks)

( 100%=90 marks)




