
Discrete Distributions

Distribution Notation P (X = x) Summaries
and parameters

Binomial X ∼ Bin(n, p)
(

n
x

)

px(1 − p)n−x E[X] = np

n > 0 integer: number of trials x = 0, 1, . . . , n var(X) = np(1 − p)
0 ≤ p ≤ 1 probability of success mode(X) = ⌊(n + 1)p⌋

Geometric X ∼ Geo(p) p(1 − p)x E[X] = 1−p
p

0 < p < 1 x = 0, 1, 2, . . . var(X) = 1−p
p2

Poisson X ∼ Po(λ) 1
x!λ

x exp(−λ) E[X] = λ

rate λ > 0 x = 0, 1, 2, . . . var(X) = λ

mode(X) = ⌊λ⌋

Continuous Distributions

Distribution Notation Density Summaries
and parameters

Beta X ∼ Beta(α, β) Γ(α+β)
Γ(α)Γ(β)x

α−1(1 − x)β−1 E[X] = α
α+β

a > 0, b > 0 0 ≤ x ≤ 1 var(X) = αβ
(α+β)2(α+β+1)

mode(X) = α−1
α+β−2

Exponential X ∼ Exp(λ) λ exp(−λx) E[X] = 1
λ

λ > 0 inverse scale x > 0 var(X) = 1
λ2

The Exponential distribution is equivalent to Gamma(1, λ) mode(X) = 0

Chi-Squared X ∼ χ2
ν

2−ν/2

Γ(ν/2)x
ν/2−1e−x/2 E[X] = ν

ν > 0 degrees of freedom x > 0 var(X) = 2ν
The Chi-squared distribution is equivalent to Gamma(ν

2 , 1
2 ) mode(X) = ν − 2, ν ≥ 2



Distribution Notation Density Summaries
and parameters

Gamma X ∼ Gamma(α, β) βα

Γ(α)x
α−1e−βx E[X] = α

β

α > 0 shape x > 0 var(X) = α
β2

β > 0 inverse scale mode(X) = α−1
β , α ≥ 1

Inverse-Gamma X ∼ Inv-gamma(α, β) βα

Γ(α)x
−(α+1)e−β/x E[X] = β

α−1 for α > 1

α > 0 shape x > 0 var(X) = β2

(α−1)2(α−2) for α > 2

β > 0 scale mode(X) = β
α+1

Normal - univariate X ∼ N(µ, σ2) 1
√

2πσ2
exp

{

− 1
2σ2 (x − µ)2

}

E[X] = µ

µ location −∞ < x < ∞ var(X) = σ2

σ > 0 scale mode(X) = µ

Normal - multivariate X ∼ Np(µ,Σ) (2π)−p/2|Σ|−1/2 E[X] = µ

X = (X1,X2, . . . ,Xp)
T × exp

{

− 1
2 (x − µ)T Σ−1(x − µ)

}

var(X) = Σ
Σ symmetric, positive definite p × p matrix mode(X) = µ

t-distribution X ∼ tν(µ, σ2) Γ((ν+1)/2)
Γ(ν/2)σ

√

νπ
(1 + 1

ν (x−µ
σ )2)−(ν+1)/2 E[X] = µ, ν > 1

(non-central) ν > 0 degrees of freedom −∞ < x < ∞ var(X) = ν
ν−2σ2, ν > 2

µ location mode(X) = µ

σ > 0 scale

Uniform X ∼ U(a, b) 1
b−a E[X] = 1

2 (a + b)

boundaries a, b a ≤ x ≤ b var(X) = 1
12 (b − a)2

b > a

Based on Appendix A of Bayesian Data Analysis, A. Gelman, J. Carlin, H. Stern and D. Rubin


