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Theory of CommunicationTheory of Communication
Information Measures:Information Measures:

Channel capacity: Channel capacity: C bit/secbit/sec

Source entropy: Source entropy: H ShSh/cycle/cycle

Source rate: Source rate: r cycle/seccycle/sec

Shannon 1948

Theorem (Shannon): Communication, without error, is
• possible, when C>Hr;
• not possible, when C<Hr.
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ApplicationApplication
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Shannon’s ProofShannon’s Proof

Independent problems:Independent problems:
1.1. Entropy Code for the SourceEntropy Code for the Source
2.2. Error Control Code for the ChannelError Control Code for the Channel
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Entropy CodingEntropy Coding

SourceSource S = s0 s1 s2 ..sN …
–– Stochastic model: Stochastic model: Pr(s0...sN)= pN

–– MemoryMemory--less: less: Pr(s0...sN)= Π Pr(sk)

–– Entropy: Entropy: H(S) = Σ pN log(1/ pN)

Code   Code   C = c0 c1 c2 ..cN …

Average code lengthAverage code length |CN| = 1/NΣk<N pk |ck|
Theorem (Shannon) Theorem (Shannon) At all cycle N:

–– For all codes:For all codes: |CN| >= H(S)
–– There exists codes:There exists codes: |CN| < H(S) +1/N
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EntropyEntropy
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Decision Decision 
Tree

Prefix CodePrefix Code
Tree
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Huffman’s AlgorithmHuffman’s Algorithm
Theorem (Paul Theorem (Paul LévyLévy)    )    IIn a random n a random 

continued fraction, coefficient continued fraction, coefficient NN appears appears 
with probability with probability PPNN = l(N)= l(N)--l(N+1), l(N+1), wherewhere
l(N)=logl(N)=log22(1+1/N).(1+1/N).

42 17 14 9  6 4 3 2 42 17 14 9  6 4 3 2 2 12 1

22.9.966.1.155.8.855.5.555.1.144.6.644.1.133.4.422.6.611.3.3bits(N)bits(N)

14141122223344669917174242100 P100 PNN

>9>9998877665544332211NN

42 17 14 9  6 4 3 42 17 14 9  6 4 3 3 23 2
42 17 14 9  6 5 42 17 14 9  6 5 4 34 3
42 17 14 9  7 42 17 14 9  7 6 56 5
42 17 14 11 42 17 14 11 9 79 7
42 17 16 42 17 16 14 1114 11
42 25 42 25 17 1617 16
42 42 33 2533 25
58 4258 42
100100

33666655555544443311huff(N)huff(N)

22.9.966.1.155.8.855.5.555.1.144.6.644.1.133.4.422.6.611.3.3bits(N)bits(N)

14141122223344669917174242100 P100 PNN

>9>9998877665544332211NN
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Source CodingSource Coding
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Ternary uniform sourceTernary uniform source

Huffman:Huffman: Hu(1/3,1/3,1/3) = 5/3 = 1.(6)
Entropy:  Entropy:  H(1/3,1/3,1/3) = log2(3) = 1.5849...

Source Extension: Source Extension: Hu(1/9,…,1/9) = 29/18 = 1.6(1)

3100  symbols!!! 
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Entropy CodingEntropy Coding

Reversible Reversible 
–– LossLoss--less  compression: less  compression: D(C(m))=m
–– Asymptotically  optimal:  Asymptotically  optimal:  |C|=H(S)+ε

Stochastic modelStochastic model
–– Huffman code:  Huffman code:  block coding
–– Arithmetic code: Arithmetic code: continuous coding

Adaptive modelAdaptive model
–– LZWLZW ((Lempel, Ziv, Welsh) ) 
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LZWLZW
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Arithmetic CodeArithmetic Code
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