
Probability Distributions

Discrete Distributions

Binomial

P (Y = y) =
(
n

y

)
py(1− p)n−y for y = 0, 1, ..., n

E(Y ) = np Var(Y ) = np(1− p)

Geometric

P (Y = y) = p(1− p)y for y = 0, 1, 2, ...

E(Y ) = 1− p
p

Var(Y ) = 1− p
p2

Poisson

P (Y = y) = e−λλy

y! for y = 0, 1, 2, ...

E(Y ) = λ Var(Y ) = λ

Hypergeometric

P (Y = y) =
(
M
y

)(
N
n−y

)(
M+N
n

) for y = 0, ...,min(M,n)

E(Y ) = Mn

M +N
Var(Y ) = n

MN

M +N

M +N − n
M +N − 1
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Negative Binomial

P (Y = y) =
(
y + r − 1

y

)
pr(1− p)y for y = 0, 1, 2, ...

E(Y ) = r(1− p)
p

Var(Y ) = r(1− p)
p2

Continuous Distributions

Exponential

f(y) = 1
θ
e− 1

θ for y > 0

F (Y ) = 1− e− y
θ for y > 0

E(Y ) = θ Var(Y ) = θ2

Gamma

f(y) = βα

Γ(α)y
α−1e−βy for y ≥ 0

E(Y ) = α

β
Var(Y ) = α

β2

Beta

f(y) = Γ(α+ β)
Γ(α)Γ(β)y

α−1(1− y)β−1 for y ∈ (0, 1)

E(Y ) = α

α+ β
Var(Y ) = αβ

(α+ β + 1)(α+ β)2

Normal

f(y) = 1√
2πσ2

e− 1
2 ( y−µ

σ )2

E(Y ) = µ Var(Y ) = σ2
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