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P(x) = P(x, y)
y∈AY
∑ P(y | x,H) = P(x | y,H)P(y | H)

P(x | H)

P(y | x,H) = P(x | y,H)P(y | H)
P(x | y ',H)P(y ' | H)

y '
∑P(x, y) = p(x | y)p(y)

P(x, y) = p(y | x)p(x)

Marginal Probability Bayes Theorem 

Product Rule

Binomial Distribution
  Lets f be the probability of one outcome of a random experiment.  Let r be a random variable that represents 
the number of times the outcome occurs in N independent experiments

P(r | f ,N ) = r
N( ) f r (1− f )N−r E(r) = Nf Var(r) = Nf (1− f )

Stirling Approximations

x!≈ xxe− x 2π x
ln x!≈ x ln x − x + 1

2 ln2π x

Factorial
ln(r

N ) ≈ NH2 ( r N)
(r
N ) ≈ 2NH2 ( r N )

ln(r
N ) ≈ NH2 ( r N)− 1

2 log 2πN
N − r
N

r
N

⎡
⎣⎢

⎤
⎦⎥

Poisson Distribution
  Is a discrete probability distribution that expresses the probability of a given number of events occurring 
in a fixed interval of time

P(r | λ) = e−λ λ
r

r!
E(r) = λ Var(r) = λ

 For large values of ℷ the Poisson distribution is well approximated, for values of r around  ℷ, by a Gaussian 
distribution with mean  ℷ  and variance ℷ 
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t5 = s1⊕ s2⊕ s3
t6 = s2⊕ s3⊕ s4
t7 = s1⊕ s3⊕ s4

Hamming Code H(7, 4)

Logarithm rules

Entropy

H (x) = P(x)
x∈AX
∑ log2

1
P(x)

= − P(x)
x∈AX
∑ log2 P(x)

H (p) = H (p1,1− p1)+ (1− p1)H
p2
1−p1 ,

p3
1−p1 ,...,

pI
1−p1( )

DKL (P ||Q) = P(x)log P(x)
Q(x)x

∑

Gibs inequality

DKL (P ||Q) ≥ 0

DKL (P ||Q) = 0 only if P =Q

Jensen inequality

ε f (x)[ ]≥ f (ε x[ ])

Raw bit Content

H0(X ) = log2 AX

Essential bit content of X

H∂(X ) = log2 S∂2− li
i=1

I

∑ ≤1 , I = AX

Kraft inequality

L(C,X ) = H (X )+ DKL(p ||q )

Expected codewords length
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