
Misc. formulas:

nPk = n!
(n−k)!

(
n
k

)
= n!

k!(n−k)!
(

n
n1,n2,...,nk

)
= n!

n1!n2!···nk!

P(A ∪B) = P(A) + P(B)− P(A ∩B) P(A | B) = P(A∩B)
P(B)

P(A ∪B ∪ C) = P(A) + P(B) + P(C)− P(A ∩B)− P(A ∩ C)− P(B ∩ C) + P(A ∩B ∩ C)

P (
⋃n
i=1Ai) =

∑n
i=1 P(Ai)−

∑
i<j P(Ai ∩Aj) +

∑
i<j<k P(Ai ∩Aj ∩Ak) + · · ·+ (−1)n−1

∑
i<...<n P (

⋂n
i=1Ai)

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

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

P (A | Bk)P (Bk)∑n
i=1 P (A | Bi)P (Bi)

Var(X) = E[(X − E(X))2] = E(X2)− [E(X)]2 = E(X2)− µ2X Var(X) = Cov(X,X)

Var(u(X,Y )) = E[(u(X,Y )− E(u(X,Y )))2] = E(u(X,Y )2)− [E(u(X,Y ))]2

Cov(X,Y ) = E[(X − µX)(Y − µY )] Cov(X,Y ) = E[XY ]− µXµY

MX(t) = E[etX ] mn = µ′n = E(Xn) µn = E[(X − µX)n] MX+a
b

= e
a
b tMX( tb)

If Y1 =
∑n

i=1 aiXi and Y2 =
∑n

i=1 biXi then:

E(Y1) =
∑n

i=1 aiE(Xi)

Var(Y1) =
∑n

i=1 a
2
iVar(Xi) + 2

∑n
i=1 aibiCov(Xi, Xj)

Cov(Y1, Y2) =
∑n

i=1 aibiVar(Xi) +
∑

i<j(aibj + ajbi)Cov(Xi, Xj)

E(X | a < X < b) =
∫
A xfX(x) dx

P (X∈A) =
∫ b
a xfX(x) dx∫ b
a fX(x)

E(X | c < Y < d) =
∫∞
−∞

∫ d
c xf(x,y) dy dx

P (c<Y <d) =
∫∞
−∞

∫ d
c xf(x,y) dy dx∫∞

−∞
∫ d
c f(x,y) dy dx

E(X | Y = y) =
∫∞
−∞ xfX|Y=y(x|y) dx =

∫∞
−∞ x

f(x,y)
fY (y) dx

E(u(X,Y ) | a < X < b, c < Y < d) =

∫ d
c

∫ b
a u(x, y)f(x, y) dx dy

P(a < X < b, c < Y < d)
=

∫ d
c

∫ b
a u(x, y)f(x, y) dx dy∫ d
c

∫ b
a f(x, y) dx dy

Γ(α) =
∫∞
0 tα−1e−tdt Γ(n) = (n− 1)! (2n− 1)!! = (2n)!

2nn! (2n)!! = 2nn!

Y = u(X) fY (y) = fX(u−1(y))
∣∣∣ ddyu−1(y)

∣∣∣
Distributions:

fX(x) =
(
n
x

)
θx(1− θ)n−x for x = 0, 1, 2, . . . , n E(X) = nθ Var(X) = nθ(1− θ) MX(t) = (1− θ + θet)n

fX(x) = θ(1− θ)x−1 for x = 1, 2, 3, . . . E(X) = 1
θ Var(X) = (1−θ)

θ2
MX(t) = θet

1−θ+θet

fX(x) =
(
x−1
k−1
)
θk(1− θ)x−k for x = k, k + 1, k + 2, . . . E(X) = k

θ Var(X) = k(1−θ)
θ2

MX(t) =
(

θet

1−θ+θet

)k
fX(x) = e−λλx

x! for x = 0, 1, 2, . . . E(X) = λ Var(X) = λ MX(t) = eλ(e
t−1)

fX(x) = 1
β−α for α < x < β E(X) = 1

2(α+ β) Var(X) = 1
12(β − α)2 MX(t) = 1

β−α
1
t (e

tβ − etα)

fX(x) = αe−αx or fX(x) = 1
θe
−x/θ for x ≥ 0 E(X) = 1

α = θ Var(X) = 1
α2 = θ2 MX(t) = (1− 1

α t)
−1 = (1−θt)−1

fX(x) =
1

βαΓ(α)
xα−1e−x/β for x ≥ 0 E(X) = αβ Var(X) = αβ2 MX(t) = (1− βt)−α

fX(x) =
1√

2πσ2
e−

(x−µ)2

2σ2 for −∞ < x <∞ E(X) = µ Var(X) = σ2 MX(t) = eµt+
1
2
σ2t2 µ2n = (2n− 1)!!σ2n

fX(x) =
1

2ν/2Γ(ν/2)
xν/2−1e−x/2 for x ≥ 0 E(X) = ν Var(X) = 2ν MX(t) = (1− 2t)−ν/2


