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1 Sphere - Packing Bound
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= Ek + (1− λ)(Ek−1 − Ek)

= λEk + (1− λ)Ek−1
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LHS represents Volume of ball of radius ` (V`) and RHS represents probability that noise
vector lies outside the ball (E`) in BSC.
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2 Convolutional Codes

Figure 1: Convolutional Encoder

vk
(1) = uk + uk−1 + uk−2, k ≥ 0

vk
(2) = uk + uk−2, k ≥ 0

Assume u−1 = u−2 = 0 (shift register initialized to 00)

Convolutional codes are linear,time-invariant tree codes. Unlike the block codes, convolu-
tional codes have finite memory.

An example of a tree code

Figure 2: Tree code
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uk uk−1 uk−2 v
(1)
k v

(2)
k

0 0 0 0 0
1 0 0 1 1
0 0 1 1 1
1 0 1 0 0
0 1 0 1 0
1 1 0 0 1
0 1 1 0 1
1 1 1 1 0

2.1 Semi-infinite Generator matrix

G =


11 10 11

11 10 11
11 10 11

11 10 ..
11 ..

..


3 Formal Power Series

Let F be a field, then
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4 Field of Laurent series

F (x) = {
∑d

k=−d akx
k| d an integer, ak ∈ F}

Example:

• (X3 +X7 +X8)−1

= [X3(1 +X4 +X5)]−1
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= X−3

1+(X4+X5)

= X−3[1− (X4 +X5) + (X4 +X5)2 − ....]
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