Question 1.i

Also add: Entropy is a measure of the average amount of information contained per symbol in the source.

Question 1.ii
“the revolution will not be televised”
This table shows how I have calculated the code length L(C,X) and the entropy H(X). Students do not need to reproduce the table, though it makes it easier to calculate the results.

	Symbol
	Freq
	p(x)
	h(x)
	Code
	l(x)
	pili
	p(x)h(x)

	e
	6
	0.167
	2.585
	111
	3
	0.500
	0.431

	space
	5
	0.139
	2.848
	101
	3
	0.417
	0.396

	l
	4
	0.111
	3.170
	100
	3
	0.333
	0.352

	t
	4
	0.111
	3.170
	011
	3
	0.333
	0.352

	i
	3
	0.083
	3.585
	000
	3
	0.250
	0.299

	o
	3
	0.083
	3.585
	1101
	4
	0.333
	0.299

	n
	2
	0.056
	4.170
	0011
	4
	0.222
	0.232

	v
	2
	0.056
	4.170
	0010
	4
	0.222
	0.232

	b
	1
	0.028
	5.170
	11000
	5
	0.139
	0.144

	d
	1
	0.028
	5.170
	110011
	6
	0.167
	0.144

	h
	1
	0.028
	5.170
	110010
	6
	0.167
	0.144

	r
	1
	0.028
	5.170
	01001
	5
	0.139
	0.144

	s
	1
	0.028
	5.170
	01000
	5
	0.139
	0.144

	u
	1
	0.028
	5.170
	01011
	5
	0.139
	0.144

	w
	1
	0.028
	5.170
	01010
	5
	0.139
	0.144


L(C,X)=
3.639 (sum of column pili)
H(X)= 3.597 (sum of column p(x)h(x))
Huffman tree:


[image: image1]
n.b., other trees are valid as the left-right positioning of equal-frequency nodes is arbitrary.

Question 1.iii

Source string: 1011010101111110110
Identify substrings: 1,0,11,01,010,111,1110,110
	Source substrings
	(
	1
	0
	11
	01
	010
	111
	1110
	110

	S(n)
	0
	1
	2
	3
	4
	5
	6
	7
	8

	S(n)2
	0
	0001
	0010
	0011
	0100
	0101
	0110
	0111
	1000

	Pointer length in bits
	-
	1
	1
	2
	2
	3
	3
	3
	3

	pointer, bit
	-
	,1
	0,0
	01,1
	10,1
	100,0
	011,1
	110,0
	011,0


Coded string = 1000111011000011111000110
The string we were to encode was 1011010101111110110. The string length is 19 characters with 13 1s and 6 0s. The probabilities, therefore, are:

p1 = 13 ( 19 = 0.684210526

p0 = 6 ( 19 = 0.315789474
So, H(X) is:

= (0.684210526 ( Log2 1.461538462) + (0.315789474 ( Log2 3.166666667)

= (0.684210526 ( 0.547487795) + (0.315789474 ( 0.547487795)

= 0.374596913 + 0.525146846
= 0.899743759

Alternatively, student may have calculated entropy of encoded string:

1000111011000011111000110
p1 = 13 ( 25 = 0.52
p0 = 12 ( 25 = 0.48

So, H(X) is:

= (0.52 ( Log2 1.9230769) + (0.48 ( Log2 2.0833333)

= 0.52 ( 0.94341647) + 0.48 ( 1.05889366)

= 0.4905765644+ 0.5082689568
= 0.9988455212
Question 1.iv
See answer already provided
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