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Question 1

{a) Consider a binary source 57 = (A, B), where A and B occur independently,
and the extended alphabet Ss = (AA, AB, BA,BB), [10]

(i} Prove that the (first-order) entropy of Sy is double the value of the entropy
of Sl

(i} Suppose that 57 = (A, B) = (0 1,0.9). Demonstrate the entropy relation-
ship between 51 and 53 Show all your work.

(b} Outline in a flowchart the adaptive Huffman algorithm for decoding. [5]

(¢) Demonstrate how your adaptive Huffman algorithm works for decoding
101000010101000001111010010001. Trace the values of the input, output,
alphabet and the tree structure on each step. Write down the decoding
result and compute the compression ratio. Assume that the fixed-length codes
for characters A, -, .7, are 01000001, - - -, 01011010, respectively, and that each
new symbol is added to the front (left most position) of the alphabet before a
stable sort. [10]
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Question 2

(a) What is a (binary) prefix code? Give an example of a prefix code and an-
other example of a non-prefix code that is uniguely decodable. Explain your
examples. 18]

{(b) Explain why theze is no lossless compression program that can compress all
the files even by one byte. Justify your answer. 5]

(¢) Explain the main ideas of progressive image compression. What are the main
advantages of progressive image compression? Demonstrate, with the aid of an
example using the sample image below, how a simple hierarchical (pyramid}
coding works on both encoding and decoding ends. Assume a 3-layer pyramid
structure and use the first elements as representatives. Show all your work.

[£5]
00002477
6 0002567
001122357
0 0112267
0012 27T
0 0 332467
00422377
00512277
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Question 3

(a) Derive step by step a canonical minirmum-variance Huffman code for the mes-
sage ABAABCCDEF. Is the Huffman code optimal for the source? If yes, explain
why the Huffman code is optimal. Otherwise, describe a source for which the
Huffman code would be optimal. Justify your answer. [10]

{b) Describe the main ideas of the prediclive encoding and decoding.

As an example, demonstrate how the image below can be compressed uéing
the predictive coding. Explain how a predictive encoding may improve the

compression ratio in terms of entropy change Show all your work [15]
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Question 4

Consider the two 8 x 8 matrices (a) and (b) below that represent two image
sources respectively. The matiix entries represent the pixel colour values of the
images.

00002477 00002 477
0 0002567 0 0G0 205 86°T7
001112 25T7 01 1122¢57
(@) 001122¢67 ®) 1111346867
60112277 1 2114576
003 3 2467 223 3 4 466
0042 237T 34423476
06512277 55 5 6 5 765

Show all your work in answering the following questions.

(a) What is the minimum number of bits required for fixed-length coding for each
of the two sources? 2]

(b) Draw a histogram (or bar-chart) to contrast the probability distribution of the
two sources, plotting probability values against pixel colour values. 4]

(¢) Which source would contain more information on average? Justify your answer.
1]

(d} Compress the two sources applying the canonical minimum-variance Huffman
encoding algorithm directly On which source does the Huffman algorithm
achieve a better compression result? On which source does the Huffman algo-
rithm achieve a performance that is closer to optimal? Justify your answers.
[15]
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Question 5

(a)

(b)

()

Outline the Arithmetic decoding algorithm for a binary source in a flowchart

A binary sequence of length 4 (symbols) was encoded on the binary alphabet
(B, W) using the Arithmetic encoding algorithm. Suppose that the probability
Pr{B) is computed based on a previous input sequence BWWWWBWWWW
and the encoded ocutput is 0.34.

Demonstrate, with the aid of a diagram or a table, how the Arithmetic decoding
algorithm derives the original sequence of symbols step by step. {10]

Explain why the Reflected Gray code is a good representation for coding the
colours of greyscale images. Derive the Reflected Gray code for the decimal
number 11. [5]

Explain briefly what is meant by a cartoon-like image. Give an example of such
an image in real life. Provide a 5 x 5 matrix of data to aid your explanation.
(5]

(d) Explain, with an example of data or diagram, the concept of data rate in the

context of andio compression. What does the data rate measure? [5]
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