Lecture 2

Prefix-free codes and Kraft's inequality
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1. We want to design fixed length codes for an alphabet of size 9.

Quiz

A
1.1 What is the length in bits/symbol for such a code? p
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1.2 You observe that there is an overhead above due to 9 not being a power of 2. To
partially circumvent this, you decide to encode pairs of sy ether, hence effectively
working with an alphabet of size 81. What is the length inibits/symbol l)r a fixed length
code applied on blocks of 2 symbols?
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Quiz

1.3 Now the alphabet size is 81 because we will be encoding pairs of symbols together, so
the length i@its[block is [log,(81)] = 7.However, we are encoding blocks
of 2 symbols, so the length in bits/symbol is [log,(81)]/2 = 3.5.Did working in blocks

of 2 give a better compression ratig?
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Quiz

2. Given arandom sequence X = I, X3, ..., X, sampled from probability
distribution P(A) = 0.5, P(B) = 0.3, P(C) = 0.2, and the code below,
compute the expected code length E'[[( X')] in bits/symbol.
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Let's decode!

Symbol Probability Code [(z)

A 0.49 o) 1
B 0.49 10 2
C 0.01 110 3
D 0.01 111 3

11111010000111110 -> DCBA e = -

.
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Outline

 Losslessness; uniquely decodable codes and Brefix-free codes
— 0

Decoding prefix-free codes with trees

Good prefix-free codes

Shannon code - a good prefix-free code

Kraft's inequality - a necessary condition for the existence of a prefix-free code
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International Morse Code

1. The length of a (d,Qt_iﬁ_one unit.

2. A dash is three units.
3. The space between parts of the same letter is one unit.

4. The space between letters is three units.
5. The space between words is seven units.
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Outline

e Losslessness: uniquely decodable codes and prefix-free codes

Decoding prefix-free codes with trees
e ——————————————

Good prefix-free codes

Shannon code - a good prefix-free code

Kraft's inequality - a necessary condition for the existence of a prefix-free code
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Outline

e Losslessness: uniquely decodable codes and preflx -free codes

ﬂ
e Decoding prefix-fr odes with trees (‘
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» Good prefix-free codes ) S t

. Shannon code - a good prefix-free code

o Kraft's inequality - a necessary condition for the existence of a prefix-free code
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Outline

e Losslessness: uniquely decodable codes and prefix-free codes
e Decoding prefix-free codes with trees

o Good prefix-free codes

e Shannon code - a good prefix-free code

P ————
o Kraft's inequality - a necessary condition for the existence of a prefix-free code
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Constyuction

3. Compute 2,6‘3"'-"‘”‘3»‘/‘,(3 s each x
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Outline

Losslessness: uniquely decodable codes and prefix-free codes

Decoding prefix-free codes with trees

Good prefix-free codes

Shannon code - a good prefix-free code

Kraft's inequality - a necessary condition for the existence of a prefix-free code
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Thank you!
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