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Midterm Cheatsheet

Bayes’ Rule for Events

P (B|A) = P (A∩B)
P (A) = P (A|B)P (B)

P (A)

where, by the Law of Total Probability,

P (A) = P (A|B)P (B) + P (A|Bc)P (Bc)

Posterior Model

f(π|x) = f(π)L(π|x)
f(x) ∝ f(π)L(π|x)

Beta Model

π ∼ Beta(α, β)

The Beta model is specified by continuous pdf

f(π) = Γ(α+β)
Γ(α)Γ(β)π

α−1(1− π)β−1 for π ∈ [0, 1], α > 0, and β > 0

where Γ(z) =
∫∞

0 xz−1e−xdx and Γ(z + 1) = zΓ(z). Fun fact: when z is a positive
integer, then Γ(z) simplifies to Γ(z) = (z − 1)!.

Beta Descriptives

E(π) = α
α+β

Mode(π) = α−1
α+β−2

Var(π) = αβ
(α+β)2(α+β+1)

The Beta-Binomial Model

Let π ∼ Beta(α, β) and X|n ∼ Bin(n, π) then

π|(X = x) ∼ Beta(α + x, β + n− x)
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Gamma Prior

λ ∼ Gamma(α, β) where α > 0 and β > 0:

The Gamma distribution is specified by continuous pdf f(λ) = βα

Γ(α)λ
α−1e−βλ for λ ∈

[0,∞)

Gamma Descriptives

E(λ) = α
β

Mode(λ) = α−1
β where α ≥ 1

Var(λ) = α
β2

Poisson Likelihood

f(x|λ) = e−λλx

x! for x ∈ {0, 1, 2, . . . , n}

The Gamma-Poisson Model

If f(λ) ∼ Gamma(α, β)

and if xi ∼ iid Poissson(λ)for i ∈ 1, . . . , n

then f(λ|~x) ∼ Gamma(α +
∑
xi, β + n).

Normal Prior

If θ ∼ Normal(µ, τ 2) then

f(θ) = 1√
2πτ2

exp{−1
2(θ−µτ )2}

Normal Likelihood

If X ∼ Normal(θ, σ2)

L(θ|~x) ∝ exp{−1
2( x̄−θ
σ/
√
n
)2}

The Normal Posterior

θ|~x ∼ Normal(σ
2µ+τ2nx̄
nτ2+σ2 ,

σ2τ2

nτ2+σ2 )
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