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Joint Typicality
(X,Y)~p(x,y)
AEP: -%Iog P((X,Yy),....,(X.,Y,) = H(X,Y)

Typicalset A™ : sequences (X, ¥y)-..,(X.,¥,)):
270 < p(x,, ) < 2HK)
2-n(H(Y)+5) < p(yl’”.’ y )S 2-n(H(Y)—5)

270 < P, Yy),enns (X, ) £ 27O
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Properties

1. P(X",Y")eA”) 51 as n > o

2. | A(n) |S 2n(H(X,Y)+e)

3. 0F (X", Y") ~ p(x")p(y"), then
Pr((in’?n) c Ain)) < 2—n(I(X;Y)—35)
Pr((X",Y") e AD) > (1-g)2 " )+

4. x"e AP ADY" xM)={y": (X", y") e AP}
| A(n)(Y n’ Xn) |S 2n(H(Y|X)+2£)
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Discrete Memoryless Channel

p(yi |Xivyi71): p(yi |Xi) I=1..,n
= p(y"[X") =H p(y, 1%,)
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System Model

n

{1 Wan} _” Encoder ‘i’{ Channel ‘L’ - V/V\

* Encoder assigns codeword x"(w) to each message
» Decoder assigns an index w to each received vector y"

an

Avg block error rate =P =27 " P(W =W | W = w)

w=1
« Rate R achievable if there exist a sequence of (n, 2"R) codes with
P, -> 0 as n -> infinity

» Capacity = Supremum of all achievable rates
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Channel Capacity
¢ C=max,y I(X)Y)

» Achievability: Random coding with typical sequence
decoding

» Converse: Data processing inequality and Fano’s
inequality
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Joint Source-Channel Coding

* When can source be transmitted over a channel?
e Thm: HX)<C

» Achievability: Typical sequences
» Converse: Similar to channel coding converse

» Implication: Joint source/channel coding does not
increase capacity
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Channels with Feedback

» Conditional distribution p(y"|x") no longer a product
distribution

» Original converse altered slightly to show feedback does
not increase capacity
— Bound I(W;Y") instead of 1(X";Y")

» Feedback can make encoding/decoding easier, improve

convergence of prob. error
— Example: Erasure channel
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Channels with Memory

General capacity formula:

max 1
= =Xk
©p(x)k ( )

C=Ilim_,C,

Achievability: Random Coding
» Converse: Fano’s Inequality & Data-Processing

Infinite letter characterization
— Generally can not perform maximization
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Entropy of Random Processes

« For stationary processes:

lim 1

H(X)=n_>ooﬁH(Xl ..... X))
lim
= H(X, | X,,..., Xo1)
n—

» For stationary & ergodic processes, AEP holds:

—%Iog p(X,,...X,) = H(X) almost everywhere
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