
Probability Formulas

1 Discrete Distributions

Uniform Distribution

Support
X(Ω) = {1, 2, . . . , n}

Probability mass function for k ∈ X(Ω)

P (X = k) =
1

n

Expected value

E(X) =
n+ 1

2

Variance

V(X) =
n2 − 1

12

Bernoulli Distribution

Support
X(Ω) = {0, 1}

Parameter
p ∈ [0, 1]

Probability mass function
P (X = 1) = p

Expected value
E(X) = p

Variance
V(X) = p(1− p)

Binomial Distribution

Support
X(Ω) = {0, 1, . . . , n}

Parameter
p ∈ [0, 1]

Probability mass function for k ∈ X(Ω)

P (X = k) =

(
n

k

)
pk(1− p)n−k

Expected value
E(X) = np

Variance
V(X) = np(1− p)
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Poisson Distribution

Support
X(Ω) = N

Parameter
λ > 0

Probability mass function for k ∈ X(Ω)

P (X = k) =
λke−λ

k!

Expected value
E(X) = λ

Variance
V(X) = λ

Geometric Distribution (Time to first success)

Support
X(Ω) = N∗

Parameter
p ∈ [0, 1]

Probability mass function for k ∈ X(Ω)

P (X = k) = (1− p)k−1p

Expected value

E(X) =
1

p

Variance

V(X) =
1− p

p2

Negative Binomial Distribution (Number of failures before k successes)

Support
X(Ω) = N

Parameter
p ∈ [0, 1]

k ∈ N∗

Probability mass function for x ∈ X(Ω)

P (X = x) =

(
x

k + x− 1

)
pk(1− p)x

Expected value

E(X) =
k(1− p)

p

Variance

V(X) =
k(1− p)

p2
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2 Continuous Distributions

Uniform Distribution

Support
X(Ω) = [a, b]

Parameter
a < b

Probability density function for x ∈ X(Ω)

f(x) =
1

b− a

Expected value

E(X) =
a+ b

2
Variance

V(X) =
(b− a)2

12

Normal Distribution

Support
X(Ω) = R

Parameter
µ ∈ R
σ2 > 0

Probability density function for x ∈ X(Ω)

f(x) =
1√
2πσ2

exp

(
−(x− µ)2

2σ2

)
Expected value

E(X) = µ

Variance
V(X) = σ2

Exponential Distribution

Support
X(Ω) = R∗

+

Parameter
λ > 0

Probability density function for x ∈ X(Ω)

f(x) = λe−λx

Expected value

E(X) =
1

λ
Variance

V(X) =
1

λ2
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Log-normal Distribution

Support
X(Ω) = R∗

+

Parameter
µ ∈ R
σ2 > 0

Probability density function for x ∈ X(Ω)

f(x) =
1

xσ
√
2π

exp

(
−(log x− µ)2

2σ2

)
Expected value

E(X) = exp

(
µ+

σ2

2

)
Variance

V(X) =
[
exp(σ2)− 1

]
exp(2µ+ σ2)

Gamma Distribution

Support
X(Ω) = R∗

+

Parameter
α > 0

β > 0

Probability density function for x ∈ X(Ω)

f(x) =
βα

Γ(α)
xα−1 exp−βx

Expected value

E(X) =
α

β

Variance
V(X) =

α

β2

Chi-squared Distribution

Support
X(Ω) = R∗

+

Parameter
n ∈ N∗

Probability density function for x ∈ X(Ω)

f(x) =
1

2n/2Γ(n/2)
xn/2−1 exp−x/2

Expected value
E(X) = n

Variance
V(X) = 2n
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Student’s t-distribution

Support
X(Ω) = R

Parameter
ν > 0

Probability density function for x ∈ X(Ω)

f(x) =
Γ
(
ν+1
2

)
√
νπΓ

(
ν
2

) (1 + x2

ν

)− ν+1
2

Expected value
E(X) = 0, if ν > 1

Variance
V(X) =

ν

ν − 2
, if ν > 2

Cauchy Distribution

Support
X(Ω) = R

Parameter
a > 0

Probability density function for x ∈ X(Ω)

f(x) =

(
a

π(a2 + x2)

)
Expected value

E(X) does not exist

Variance
V(X) does not exist

Beta Distribution

Support
X(Ω) =]0, 1[

Parameter
α > 0

β > 0

Probability density function for x ∈ X(Ω)

f(x) =
Γ(α+ β)

Γ(α)Γ(β)
xα−1(1− x)β−1

Expected value

E(X) =
α

α+ β

Variance

V(X) =
αβ

(α+ β)2(α+ β + 1)
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