
Some useful distributions

Discrete distributions

1. Binomial

X ∼ BI(n, θ) if

P (X = x) =
(

n
x

)
θx(1− θ)n−x x = 0, 1, . . . , n.

E[X] = nθ and V [X] = nθ(1− θ).

2. Discrete uniform

X ∼ DU [θ1, θ2] if

P (X = x) =
1

θ2 − θ1 + 1
x = θ1, θ1 + 1, . . . , θ2.

E[X] = θ1+θ2
2 and V [X] = (θ2−θ1)(θ2−θ1+2)

12 .

3. Geometric

X ∼ GE(θ) if

P (X = x) = θ(1− θ)x x = 0, 1, 2, . . .

E[X] = 1−θ
θ and V [X] = 1−θ

θ2 .

4. Hypergeometric

X ∼ H(N,R, n) if

P (X = x) =

(
R
x

)(
N −R
n− x

)
(

N
n

) x = 0, 1, . . . , n

E[X] = n R
N and V [X] = n R

N

(
1− R

N

)
N−n
N−1 .

5. Negative Binomial

X ∼ NB(r, θ) if

P (X = x) =
(

x + r − 1
x

)
θr(1− θ)x x = 0, 1, 2, . . .

E[X] = r 1−θ
θ and V [X] = r (1−θ)

θ2 .
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6. Poisson

X ∼ P(θ) if

P (X = x) =
θxe−θ

x!
x = 0, 1, 2, . . .

E[X] = θ = V [X].

Continuous distributions

1. Behrens Fisher

X ∼ BF(ν1, ν2, θ) if X = T1 cos θ − T2 sin θ and Ti ∼ T (νi, 0, 1).

E[X] = 0 for ν1, ν2 > 1 and V [X] = ν1 sin2 θ
ν1−2 + ν2 cos2 θ

ν2−2 for ν1, ν2 > 2.

2. Beta

X| ∼ B(α, β) if

f(x) =
1

B(α, β)
xα−1(1− x)β−1 0 < x < 1,

where B(α, β) = Γ(α)Γ(β)
Γ(α+β) .

E[X] = α
α+β and V [X] = αβ

(α+β)2(α+β+1) .

3. Cauchy

X ∼ C(µ, σ2) if

f(x) =
1
π

σ

σ2 + (x− µ)2
∀ x.

The moments of this distribution do not exist.

4. Chi-squared

X ∼ χ2
ν if X ∼ G(ν/2, 1/2).

f(x) =
2−ν/2

Γ(ν/2)
xν/2−1e−x/2 x > 0.

E[X] = ν and V [X] = 2ν.

5. Exponential

X ∼ E(θ) if
f(x) = θe−θx x > 0.

E[X] = 1
θ y V [X] = 1

θ2 .
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6. Fisher’s F

X ∼ F(α, β) if

f(x) =
1

B(α/2, β/2)

(
α

β

)α/2

xα/2−1

(
1 +

α

β
x

)−α+β
2

∀ x.

E[X] = α
β−2 if β > 2 and V [X] = 2β2(α+β−2)

α(β−2)2(β−4) if β > 4.

7. Gamma

X| ∼ G(α, β) if

f(x) =
β

Γ(α)
(βx)α−1e−βx x > 0.

E[X] = α
β and V [X] = α

β2 .

8. Inverse Chi-squared

X ∼ Iχ2
ν if 1/X ∼ χ2

ν . E[X] = 1
ν−2 if ν > 2 and V [X] = 2

(ν−2)2(ν−4) if
ν > 4.

9. Inverse Gamma

X ∼ IG(α, β) if X−1 ∼ G(α, β).

f(x) =
βα

Γ(α)
x−(α+1)e−β/x x > 0.

E[X] = β
α−1 if α > 1 and V [X] = β2

(α−1)2(α−2) if α > 2.

10. Normal

X ∼ N(µ, σ2) if

f(x) =
1

σ
√

2π
e−

1
2σ2 (x−µ)2 ∀x.

E[X] = µ and V [X] = σ2.

11. Pareto

X ∼ PA(α, β) if
f(x) = βαβx−β−1 x > α.

E[X] = αβ
β−1 if β > 1 and V [X] = α2β

(β−1)(β−2) if β > 2.

12. Student’s t

X ∼ T (ν, µ, σ2) if

f(x) =
Γ((ν + 1)/2)
Γ(ν/2)

√
νπσ

(
1 +

1
ν

(
x− µ

σ

)2
)−(ν+1)/2

∀ x.

E[X] = µ if ν > 1 and V [X] = ν
ν−2σ2 if ν > 2.

The T (ν, 0, 1) distribution is the standard Student’s t distribution.
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13. Uniform

X ∼ U(0, θ) if

f(x) =
1
θ

0 < x < θ.

E[X] = θ
2 and V [X] = θ2

12 .

Multivariate distributions

1. Dirichlet

X = (X1, . . . , Xp)T ∼ D(θ) if

f(x) =
Γ (
∑p

i=1 θi)
Γ(θ1) · · ·Γ(θp)

p∏
i=1

xθ1−1
i 0 < x1 < 1,

∑p
i=1 xi = 1

E[Xj ] = θj∑p

i=1
θi

and V [Xj ] = θj(1−θj)

(
∑p

i=1
θi)2(

∑p

i=1
θi+1)

2. Multinomial

X = (X1, . . . , Xp)T ∼MN (n, θ) if

P (X = x) =
n!∏p

i=1 xi!

p∏
i=1

θxi
i

∑p
i=1 xi = n and 0 < θi < 1 ∀i

E[Xj ] = nθj and V [Xj ] = nθj(1− θj).

3. Multivariate normal

X = (X1, . . . , Xp)T ∼ N (µ,Σ) if

f(x) =
1

(2π)p/2|Σ|1/2
exp

(
−1

2
(x− µ)T Σ−1(x− µ)

)
E[X] = µ and V [X] = Σ.

4. Wishart

V ∼ W(ν,Σ) if

f(V) =

(
2νk/2πk(k−1)/4

k∏
i=1

Γ
(

ν + 1− i

2

))−1

|V |−ν/2|Σ|(ν−k−1)/2 exp
(
−1

2
tr(Σ−1V)

)
where k = dimV.

E[V] = νΣ.

5. Inverse Wishart

V ∼ WI(ν,Σ−1) if V ∼ W(ν,Σ−1).

E[V] = (ν − k − 1)−1Σ.

4


