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Introduction to Information Theory

Part 4-A

Assignment#2 Results
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Quick Code Review

• Using dictionaries in Python

• Using the Counter class
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Assignment#2: Huffman Encoding

Symbol Probability Code

A 0.75 0

B 0.25 1

H=0.8118

L=1
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Assignment#2: Huffman Encoding

Symbol Probability Code

A 0.75 0

B 0.25 1

H=0.8118

L=1
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Symbol Probability Code

AA 0.5625 0

AB 0.1875 10

BA 0.1875 110

BB 0.0625 111

L/2=0.84375

Assignment#2: Huffman Encoding

Symbol Probability Code

A 0.75 0

B 0.25 1

H=0.8118

L=1
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Symbol Probability Code

AA 0.5625 0

AB 0.1875 10

BA 0.1875 110

BB 0.0625 111

L/2=0.84375

Symbol Probability Code

AAA 0.421875 1

AAB 0.140625 001

ABA 0.140625 010

BAA 0.140625 100

ABB 0.046875 00000

BAB 0.046875 00001

BBA 0.046875 00010

BBB 0.015625 00011

L/3 = 0.8229167
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Assignment#2: Huffman Encoding

Symbol Probability Code

A 0.75 0

B 0.25 1

H=0.8118

L=1
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Symbol Probability Code

AA 0.5625 0

AB 0.1875 10

BA 0.1875 110

BB 0.0625 111

L/2=0.84375

Symbol Probability Code

AAA 0.421875 1

AAB 0.140625 001

ABA 0.140625 010

BAA 0.140625 100

ABB 0.046875 00000

BAB 0.046875 00001

BBA 0.046875 00010

BBB 0.015625 00011

L/3 = 0.8229167

Notice that as we increase the length of symbols, entropy/letter approaches 0.8118.

Lempel-Ziv Coding

• Sequences of text repeat patterns (words, phrases, etc)

• Construct a dictionary of common patterns

• Send references to patterns as triples (𝑥, 𝑦, 𝑧)
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Lempel-Ziv Coding (LZ77)

Message Search Buffer Look-Ahead Buffer

T H I S - T H E S I S - I S - T H E - T H E S I S .
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Lempel-Ziv Coding (LZ77)

Message Search Buffer Look-Ahead Buffer

T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 T T T H I S - T H E S I S - I S - T H E - T H E S I S .
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Lempel-Ziv Coding (LZ77)

Message Search Buffer Look-Ahead Buffer

T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 T T T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 H H TH I S - T H E S I S - I S - T H E - T H E S I S .
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Lempel-Ziv Coding (LZ77)

Message Search Buffer Look-Ahead Buffer

T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 T T T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 H H TH I S - T H E S I S - I S - T H E - T H E S I S .

0 0 I I T H I S - T H E S I S - I S - T H E - T H E S I S .
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Lempel-Ziv Coding (LZ77)

Message Search Buffer Look-Ahead Buffer

T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 T T T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 H H TH I S - T H E S I S - I S - T H E - T H E S I S .

0 0 I I T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 S S T H I S - T H E S I S - I S - T H E - T H E S I S .

9/30/2019 13

Lempel-Ziv Coding (LZ77)

Message Search Buffer Look-Ahead Buffer

T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 T T T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 H H TH I S - T H E S I S - I S - T H E - T H E S I S .

0 0 I I T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 S S T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 - - T H I S - T H E S I S - I S - T H E - T H E S I S .
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Lempel-Ziv Coding (LZ77)

Message Search Buffer Look-Ahead Buffer

T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 T T T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 H H TH I S - T H E S I S - I S - T H E - T H E S I S .

0 0 I I T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 S S T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 - - T H I S - T H E S I S - I S - T H E - T H E S I S .

5 2 E E T H I S - T H E S I S - I S - T H E - T H E S I S .
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Lempel-Ziv Coding (LZ77)

Message Search Buffer Look-Ahead Buffer

T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 T T T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 H H TH I S - T H E S I S - I S - T H E - T H E S I S .

0 0 I I T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 S S T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 - - T H I S - T H E S I S - I S - T H E - T H E S I S .

5 2 E THE T H I S - T H E S I S - I S - T H E - T H E S I S .

5 1 I SI T H I S - T H E S I S - I S - T H E - T H E S I S .

9/30/2019 16



9/30/2019

9

Lempel-Ziv Coding (LZ77)

Message Search Buffer Look-Ahead Buffer

T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 T T T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 H H TH I S - T H E S I S - I S - T H E - T H E S I S .

0 0 I I T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 S S T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 - - T H I S - T H E S I S - I S - T H E - T H E S I S .

5 2 E THE T H I S - T H E S I S - I S - T H E - T H E S I S .

5 1 I SI T H I S - T H E S I S - I S - T H E - T H E S I S .

7 2 I S-I T H I S - T H E S I S - I S - T H E - T H E S I S .
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Lempel-Ziv Coding (LZ77)

Message Search Buffer Look-Ahead Buffer

T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 T T T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 H H TH I S - T H E S I S - I S - T H E - T H E S I S .

0 0 I I T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 S S T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 - - T H I S - T H E S I S - I S - T H E - T H E S I S .

5 2 E THE T H I S - T H E S I S - I S - T H E - T H E S I S .

5 1 I SI T H I S - T H E S I S - I S - T H E - T H E S I S .

7 2 I S-I T H I S - T H E S I S - I S - T H E - T H E S I S .

10 5 - S-THE- T H I S - T H E S I S - I S - T H E - T H E S I S .
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Lempel-Ziv Coding (LZ77)

Message Search Buffer Look-Ahead Buffer

T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 T T T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 H H TH I S - T H E S I S - I S - T H E - T H E S I S .

0 0 I I T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 S S T H I S - T H E S I S - I S - T H E - T H E S I S .

0 0 - - T H I S - T H E S I S - I S - T H E - T H E S I S .

5 2 E THE T H I S - T H E S I S - I S - T H E - T H E S I S .

5 1 I SI T H I S - T H E S I S - I S - T H E - T H E S I S .

7 2 I S-I T H I S - T H E S I S - I S - T H E - T H E S I S .

10 5 - S-THE- T H I S - T H E S I S - I S - T H E - T H E S I S .

14 6 . THESIS. T H I S - T H E S I S - I S - T H E – T H E S I S .
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Lempel-Ziv Coding

• Sequences of text repeat patterns (words, phrases, etc)

• Construct a dictionary of common patterns

• Send references to patterns as triples 𝑥, 𝑦, 𝑧
e.g. (5, 3, 𝐹)

go back 5 received chars
take the next 3 from there
add 𝐹 to the end

• Size of Search Buffer and Look-Ahead Buffer is finite.

• Used by ZIP, PKSip, Lharc, PNG, gzip, ARJ

• Extended to LZ78 (uses dictionary), LZW (+Terry Welch)

• Achieves optimal rate of transmission in the long run w/o using probability dist.
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Decode

Message

0 0 I

0 0 -

0 0 M

3 1 S

1 1 -

5 5 L

5 3 Y
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Decode

Message

0 0 I I

0 0 -

0 0 M

3 1 S

1 1 -

5 5 L

5 3 Y
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Decode

Message

0 0 I I

0 0 - I -

0 0 M

3 1 S

1 1 -

5 5 L

5 3 Y
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Decode

Message

0 0 I I

0 0 - I -

0 0 M I - M

3 1 S

1 1 -

5 5 L

5 3 Y
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Decode

Message

0 0 I I

0 0 - I -

0 0 M I - M

3 1 S I - M I S

1 1 -

5 5 L

5 3 Y
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Decode

Message

0 0 I I

0 0 - I -

0 0 M I - M

3 1 S I - M I S

1 1 - I - M I S S -

5 5 L

5 3 Y
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Decode

Message

0 0 I I

0 0 - I -

0 0 M I - M

3 1 S I - M I S

1 1 - I - M I S S -

5 5 L I - M I S S - M I S S - L

5 3 Y
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Decode

Message

0 0 I I

0 0 - I -

0 0 M I - M

3 1 S I - M I S

1 1 - I - M I S S -

5 5 L I - M I S S - M I S S - L

5 3 Y I - M I S S - M I S S - L I S S Y
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Lempel-Ziv Compression: Class Exercise
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A General Communication System

CHANNEL

• Information Source

• Transmitter

• Channel

• Receiver

• Destination
309/30/2019
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Information Channel

Input
X

Channel
Output

Y
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Information Channel

Input
X

Channel
Output

Y
Cholesterol Levels Condition

of Arteries
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Information Channel

Input
X

Channel
Output

Y
Symptoms

or Test results
Diagnosis

9/30/2019 33

Information Channel

Input
X

Channel
Output

Y

Geological Structure Presence
of oil deposits
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Information Channel

Input
X

Channel
Output

Y
Opinion Poll Next President
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Perfect Communication
(Discrete Noiseless Channel)

X
Transmitted

Symbol

Y
Received
Symbol

0

1

0

1

369/30/2019
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NOISE
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Motivating Noise…

X
Transmitted

Symbol

Y
Received
Symbol

0

1

0

1

389/30/2019
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Motivating Noise…

0

1

0

1

f = 0.1, n = ~10,000

1 - f

1 - f

f

39

f

9/30/2019

Motivating Noise…

40

Message: $5213.75
Received: $5293.75

1. Detect that an error has occurred.

2. Correct the error.

3. Watch out for the overhead.

9/30/2019
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Error Detection by Repetition

In the presence of 20% noise…

Message           : $ 5 2 1 3 . 7 5

Transmission 1: $ 5 2 9 3 . 7 5
Transmission 2: $ 5 2 1 3 . 7 5
Transmission 3: $ 5 2 1 3 . 1 1
Transmission 4: $ 5 4 4 3 . 7 5
Transmission 5: $ 7 2 1 8 . 7 5

There is no way of knowing where the errors are.
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Error Detection by Repetition

In the presence of 20% noise…

Message           : $ 5 2 1 3 . 7 5
Transmission 1: $ 5 2 9 3 . 7 5
Transmission 2: $ 5 2 1 3 . 7 5
Transmission 3: $ 5 2 1 3 . 1 1
Transmission 4: $ 5 4 4 3 . 7 5
Transmission 5: $ 7 2 1 8 . 7 5
Most common: $ 5 2 1 3 . 7 5

1. Guesswork is involved.
2. There is overhead.
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Error Detection by Repetition

In the presence of 50% noise…

Message           : $ 5 2 1 3 . 7 5
…
Repeat 1000 times!

1. Guesswork is involved.
But it will almost never be wrong!

2. There is overhead.
A LOT of it!
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Binary Symmetric Channel (BSC)
(Discrete Memoryless Channel)

𝑋
Transmitted

Symbol

𝑌
Received
Symbol

0

1

0

1

44

1 − 𝑝

1 − 𝑝

𝑝

𝑝

9/30/2019



9/30/2019

23

Binary Symmetric Channel (BSC)
(Discrete Memoryless Channel)

𝑋
Transmitted

Symbol

𝑌
Received
Symbol

0

1

0

1

45

1 − 𝑝

1 − 𝑝

𝑝

𝑝

Defined by a set of conditional probabilities (aka transitional probabilities)

𝑝 𝑦 𝑥 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑥 ∈ 𝑋 𝑎𝑛𝑑 𝑦 ∈ 𝑌
The probability of 𝑦 occurring at the output when 𝑥 is the input to the channel.

9/30/2019

A General Discrete Channel

𝑥1

𝑥2

𝑥𝑠

𝑦3

𝑦2

𝑦1

𝑦𝑟

p(𝑦1|𝑥1)

p(𝑦2|𝑥1)p(𝑦𝑟|𝑥1) p(𝑦3|𝑥1)

𝑠 input symbols 𝑟 output symbols

𝑠 × 𝑟 transition probabilities
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Channel With Internal Structure

0

1

0

1

1 − 𝑝

𝑝

𝑝

0

1

1 − 𝑞

𝑞

𝑞

0

1

0

1

1 − 𝑝 1 − 𝑞 + 𝑝𝑞

1 − 𝑝 𝑞 + (1 − 𝑞)𝑝

1 − 𝑝 1 − 𝑞 + 𝑝𝑞
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𝑝(0|0)

𝑝(1|1)
1 − 𝑝 1 − 𝑞
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