Breadth:

Compressing
Information




Is the enemy coming?

Yes / No

Information




10 torches
L L L L L L L
Message = number of torches lit

L Enemy is coming

L L We need more food

Je 1 2 Olaf fell down the well again. LOL.




10 torches in 2 groups
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Polybius square Torches in group 1
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0.5
0.5

J

I .

Is it B?

1 bit of information

EE——

Yes or No
questions

Is it B?




A 0.25 1

B 0.25 01

C 0.25 001

D 0.25 00O

| Yes or No
IsitA? 0/1 questions
sitB? 0/1
sitC? 0/1

D C Binary decision tree
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0.25
0.25
0.25
0.25

© O O -
o O -

1 bit

2 bits
1 3 bits
0 3 bits

Average: z p - (#bits) = 2.25 bits

Yes or No
questions
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0.25
0.25
0.25
0.25

A. 1 bit
B. 1.5 bits
C. 1.75 bits

Can you come up with a better

strategy?

How many bits on average will it

use?

EE——

D. 2 bits
E. 2.25 bits

Yes or No
questions




A 0.25 00 2 bit
B 0.25 01 2 bits
C 0.25 10 2 bits
D 0.25 11 2 bits

Average: 2 bits

Yes or No

Binary questions
decision

tree
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0.5
0.25
0.125
0.125

A. 1 bit
B. 1.5 bits
C. 1.75 bits

Can you come up with a good
strategy?

How many bits on average will it
use’?

I t{r&\

Yes or No
questions

D. 2 bits
E. 2.25 bits
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0.5
0.25
0.125
0.125

= =R O

_ = O
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1 bit

2 bits
3 bits
3 bits

Average: 1.75 bits




Game of Thrones
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A.
B.
C.

0.4
0.1
0.2
0.3

~1.7
~1.8
~1.9

DIt
Dits

Dits

Can you come up with a good
strategy?

How many bits on average will it
use’?

D.
E.

EE——

~ 2 bits
~ 2.1 bits

Yes or No
questions
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0.4 0 1 bit
0.1 100 3 bits
0.2 101 3 bits
0.3 11 2 bits

Average: 1.9 bits

Huffman coding
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0.4 0

0.1 100

0.2 101

0.3 11
AABDACADCDAAADCASB ...

001011010101110111000111010100 ...

Yes or No
questions




0.05
0.05
0.15
0.2
0.2
0.35

What is the Huffman code?

-

—%\

Yes or No
guestions
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0.1 100 01 2 bits
0.2 1 01 10 2 bits
0.3 1 1 1 1 bit
Average: 1.9 bits Average: 1.3 bits
Yes or No
AABDACADCDAAADCASB ... questions

001011010101110111000111010100 ...
0001101001101000110001 ...




0O W >

0.4 0 1 bit

0.1 01 2 bits
0.2 10 2 bits
0.3 1 1 bits

Average: 1.3 bits

h o
You receive 0101. What | :

message was sent? Yes or No
A ARG D. ACA questions
B. BB E. BC

C. AAC
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0.4
0.1
0.2
0.3

R = O O
o

1 bit

2 bits
2 bits
1 bits

Average: 1.3 bits

——

You receive 0/10/1. What
message was sent?

ACD

Yes or No
questions




Morse code




Prefix code Non-prefix code

E.g. Huffman code E.g. Morse code

Binary tree

001011010101110111000111010100 ...




Non-prefix code

Prefix code

1
0

0
1

01
1

1
1




Morse code
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What is the Huffman code?

J

p 1 bit / symbol
Yes or No
guestions

Can we do better?




A 1/4 AA 1/16 000 3 bits

B 3/4 AB 3/16 001 3 bits
BA 3/16 01 2 bits
BB 9/16 1 1 bits

Average: 1.6875 bits

0.8438 bits / symbol

I .

We are only
considering Yes or No
independent guestions

events!

AA AB BA BB




1/4
3/4

AAA
AAB
ABA
ABB
BAA
BAB
BBA
BBB

1/64
3/64
3/64
9/64
3/64
9/64
9/64
27/64

000000 6 bits
000001 6 bits

00001 5 bits
010 3 bits
0001 4 bits
011 3 bits
001 3 bits
1 1 bit

Average: 2.4844 bits

0.8281 bits / symbol




Grouping of 1 symbol

Grouping of 2 symbols

Grouping of 3 symbols

Grouping of oc symbols

1 bit/symbol
0.8438 bits/symbol

0.8281 bits/symbol

?? bits/symbol

< 0.8113 bits/symbol




1/4
3/4

I

1 4.3 4
3y B2 T 082y

= 0.8113 bits/symbol

Claude Shannon




Claude Shannon
1916 - 2001




A 0.5 A 0.25 A
B 0.5 B 0.75 B

[=1 [=0.8113 [=0

I=—2p°logzp

Information relates to uncertainty.

Note: context matters as well








