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Some Basics of Information Theory

I. Entropy – Mutual Information – Channel Capacity

II. Information Inequalities

Source Coding Theorem Channel Coding Theorem
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Some Basics of Information Theory

Information Theory, founded by Claude E. Shannon (1916-2001)

via "A Mathematical Theory of Communication," Bell System Technical Journal, 1948.  

• What is information?

• How to measure information?

• How to represent information?

• How to transmit information and its limit?
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Some Basics of Information Theory

Q: 
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Some Basics of Information Theory

I. Entropy

/sym.

Random Variable (discrete): 

Realizations of  E.g., 

Distribution of                  E.g., 

- If      ,            is in bits/sym. {0,1} are utilized to form permutations to represent all possibilities

- Bit = binary + digit

b

P(x)-1 ··· / sym.
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Some Basics of Information Theory

I. Entropy

Example:

bits / sym.

bits / sym.

A B C D E
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Some Basics of Information Theory

I. Entropy

Random variables (realizations): 

Distributions:
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Some Basics of Information Theory

I. Entropy

The Chain Rule

Inequality states to appear
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Some Basics of Information Theory

I. Entropy – Mutual Information

Channel
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Some Basics of Information Theory

I. Entropy – Mutual Information

If            are independent, 

If                                    or                                                                         or⊆ ⊆
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Some Basics of Information Theory

I. Entropy – Mutual Information

The Chain Rule
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Some Basics of Information Theory

I. Mutual Information – Channel Capacity

ChannelX Y

The maximum information conveying capability of the channel (characterized by             ) can be reached  

by adjusting the input distribution           .
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Some Basics of Information Theory

I. Mutual Information – Channel Capacity

BSC:

1 - p
1 1

0 0
1 - p

X Y

Channel

When

bits / sym.
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Some Basics of Information Theory

I. Mutual Information – Channel Capacity

BEC:

1 - p
1 1

0 0
1 - p

X Y

Channel

When

bits / sym.

erasure
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Some Basics of Information Theory

I. Mutual Information – Channel Capacity

AWGN:

1) Baseband, and when is Gaussian distributed

bits / sym.

Channel

?

X (discrete) Y (continuous)

N: AWGN (continuous)

2) Band limited (carrier frequency:      Hz), and when is Gaussian distributed

bits / sec.

Note:
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Some Basics of Information Theory

I. Mutual Information – Channel Capacity

AWGN:

3) Finite modulation alphabet, and Baseband

Channel

?

X Y

N

When
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Some Basics of Information Theory

II. Information Inequalities

Jensen’s Inequality

The logarithm function, 

Concave

Convex

concave convex
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Some Basics of Information Theory

II. Information Inequalities

Jensen’s Inequality => Maximum Entropy Distribution 

(a): when

bits / sym.
(a)
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Some Basics of Information Theory

II. Information Inequalities

Fano’s Inequality*

A casino setup:               - # Information for eye blinking

Given

- # Information for blinking left eye

:  used to prove Shannon’s channel coding theorem
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Some Basics of Information Theory

II. Information Inequalities

Data Processing Inequality*

X – Y – Z  form a Markov chain

Proc. 1
X Y

Proc. 2
Z

* : used to prove Shannon’s channel coding theorem

I (X; Z)


