
  

Monday

Probability theory
Uncertainty and coding

Tuesday

The weak law of large numbers
The source coding theorem

Wednesday

Random processes
Arithmetic coding

Thursday

Divergence
Kelly Gambling

Friday

Kolmogorov Complexity
The limits of statistics

Crash course

13 January – 17 January 2014
12:00 to 14:00

Student presentations

27 January – 31 January 2014
12:00 to 14:00

Location

ILLC, room F1.15,
Science Park 107, Amsterdam

Materials

informationtheory.weebly.com

Contact

Mathias Winther Madsen
mathias.winther@gmail.com

ILLC Project Course in Information Theory



  

Amount of  
Information

Prior 
uncertainty

Posterior 
uncertainty==    –

Basic idea:

I (X ;φ )  == H (X )  –  H (X |φ )



  

First suggestion:

Uncertainty  ==  log
Number of  
remaining 

possibilities

R. V. L. Hartley: “Transmission of  Information,”
Bell System Technical Journal, 1928

H        == log 7
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H(X �  Y)  ==  5.17
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H(X �  Y | X + Y > 7)?
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H(X �  Y | X + Y > 7)  ==  3.9
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H  ==  log 24  ==  4.58? ? ? ?
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H  ==  log 6  ==  2.58♠ ? ? ?
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H  ==  log 2  ==  1♠ ♥ ? ?
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H  ==  log 1  ==  0♠ ♥ ♣ ?
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♠ ♥ ♣ ♦ H  ==  log 1  ==  0



  

Nice properties of  the Hartley measure:

H(X)  �   0.

For logically independent X and Y,
H(X �  Y)  ==  H(X) + H(Y).

For any X and Y,
H(X)  �   H(X | Y = y).



  

H  ==  log(k + 1) ?



  

H  ==  log( �  ) ?!?



  

φ

X = 0

X = 1

Pr(φ)

p

1 – p

I (X ;φ )

–log(p)

–log(1 – p)

H (X )  == I ( X ; X )  ==  E  I ( X ; X = x )

Claude Shannon: “A Mathematical Theory of  Communi-
cation,” The Bell System Technical Journal, 1948.



  

H (X )  == E log 1
Pr(X=x )

Claude Shannon: “A Mathematical Theory of  Communi-
cation,” The Bell System Technical Journal, 1948.

φ

X = 0

X = 1

Pr(φ)

p

1 – p

I (X ;φ )

–log(p)

–log(1 – p)
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Categorical distribution with 2 outcomes



  

H(1/3, 1/3, 1/3) == log3
H(1/2, 1/2, 0) == 1

H(1, 0, 0) == 0

Categorical distribution with 3 outcomes



  

1 – p

1 – p

1 – p

1 – p

p

p

p

p 3

2

1

4 ...

The geometric distribution



  

Nice properties of  the Shannon entropy:

Entropy is positive:
H(X)  �   0.

Conditional entropy obeys the chain rule:
H(X �  Y)  ==  H(X) + H(X | Y).

On average, conditioning decreases entropy:
H(X)  �   H(X | Y).

(H(X | Y) is the average value of H(X | Y = y).)



  

X "a" "b" "c" "d" "e"

Pr(X = x) 0.05 0.15 0.20 0.25 0.35

David A. Huffman: “A Method for the Construction 
of  Minimum-Redundancy Codes,” Proceedings of  

the Institute of  Radio Engineers, 1952



  



  

Code   x   p(x)     –log p(x) k

1001         'A'  .0634   3.98   4
011101       'B'  .0135   6.21   6
00011        'C'  .0242   5.37   5
10100        'D'  .0321   4.96   5
001          'E'  .0980   3.35   3
101111       'F'  .0174   5.84   6
101011       'G'  .0165   5.92   6
11011        'H'  .0438   4.51   5
0110         'I'  .0552   4.18   4
011100000    'J'  .0009  10.17   9
0111001      'K'  .0061   7.35   7
10110        'L'  .0336   4.89   5
101110       'M'  .0174   5.85   6
0101         'N'  .0551   4.18   4
1000         'O'  .0622   4.01   4
110100       'P'  .0180    5.8   6

Code   x   p(x)     –log p(x) k

0111000100   'Q'  .0008  10.33  10
0000         'R'  .0470   4.41   4
0100         'S'  .0502   4.32   4
1100         'T'  .0729   3.78   4
00010        'U'  .0234   5.42   5
0111110      'V'  .0075   7.06   7
011110       'W'  .0156    6.0   6
011100001    'X'  .0014   9.46   9
101010       'Y'  .0160   5.97   6
01110001011  'Z'  .0005  11.04  11
0111111      '\n' .0084   6.89   7
111          ' '  .1741   2.52   3
011100011    "'"  .0019   9.06   9
1101011      ','  .0117   6.42   7
1101010      '.'  .0109   6.52   7
01110001010  '?'  .0003  11.56  11

David A. Huffman: “A Method for the Construction 
of  Minimum-Redundancy Codes,” Proceedings of  

the Institute of  Radio Engineers, 1952
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