
• Cov [aX, bY ] = abCov [X,Y ]

• Cov [X + a, Y + b] = Cov [X,Y ]

• Cov

 n∑
i=1

Xi,

m∑
j=1

Yj

 =

n∑
i=1

m∑
j=1

Cov [Xi, Yj ]

Correlation

ρ [X,Y ] =
Cov [X,Y ]√
V [X]V [Y ]

Independence

X ⊥⊥ Y =⇒ ρ [X,Y ] = 0 ⇐⇒ Cov [X,Y ] = 0 ⇐⇒ E [XY ] = E [X]E [Y ]

Sample variance

S2 =
1

n− 1

n∑
i=1

(Xi − X̄n)2

Conditional variance

• V [Y |X] = E
[
(Y − E [Y |X])2 |X

]
= E

[
Y 2 |X

]
− E [Y |X]

2

• V [Y ] = E [V [Y |X]] + V [E [Y |X]]

6 Inequalities

Cauchy-Schwarz
E [XY ]

2 ≤ E
[
X2
]
E
[
Y 2
]

Markov

P [ϕ(X) ≥ t] ≤ E [ϕ(X)]

t

Chebyshev

P [|X − E [X]| ≥ t] ≤ V [X]

t2

Chernoff

P [X ≥ (1 + δ)µ] ≤
(

eδ

(1 + δ)1+δ

)
δ > −1

Hoeffding

X1, . . . , Xn independent ∧ P [Xi ∈ [ai, bi]] = 1 ∧ 1 ≤ i ≤ n

P
[
X̄ − E

[
X̄
]
≥ t
]
≤ e−2nt2 t > 0

P
[
|X̄ − E

[
X̄
]
| ≥ t

]
≤ 2 exp

{
− 2n2t2∑n

i=1(bi − ai)2

}
t > 0

Jensen
E [ϕ(X)] ≥ ϕ(E [X]) ϕ convex

7 Distribution Relationships

Binomial

• Xi ∼ Bern (p) =⇒
n∑
i=1

Xi ∼ Bin (n, p)

• X ∼ Bin (n, p) , Y ∼ Bin (m, p) =⇒ X + Y ∼ Bin (n+m, p)

• limn→∞ Bin (n, p) = Po (np) (n large, p small)

• limn→∞ Bin (n, p) = N (np, np(1− p)) (n large, p far from 0 and 1)

Negative Binomial

• X ∼ NBin (1, p) = Geo (p)

• X ∼ NBin (r, p) =
∑r
i=1 Geo (p)

• Xi ∼ NBin (ri, p) =⇒
∑
Xi ∼ NBin (

∑
ri, p)

• X ∼ NBin (r, p) . Y ∼ Bin (s+ r, p) =⇒ P [X ≤ s] = P [Y ≥ r]

Poisson

• Xi ∼ Po (λi) ∧Xi ⊥⊥ Xj =⇒
n∑
i=1

Xi ∼ Po

(
n∑
i=1

λi

)

• Xi ∼ Po (λi) ∧Xi ⊥⊥ Xj =⇒ Xi

∣∣∣∣∣∣
n∑
j=1

Xj ∼ Bin

 n∑
j=1

Xj ,
λi∑n
j=1 λj


Exponential

• Xi ∼ Exp (β) ∧Xi ⊥⊥ Xj =⇒
n∑
i=1

Xi ∼ Gamma (n, β)

• Memoryless property: P [X > x+ y |X > y] = P [X > x]

Normal

• X ∼ N
(
µ, σ2

)
=⇒

(
X−µ
σ

)
∼ N (0, 1)

• X ∼ N
(
µ, σ2

)
∧ Z = aX + b =⇒ Z ∼ N

(
aµ+ b, a2σ2

)
• Xi ∼ N

(
µi, σ

2
i

)
∧Xi ⊥⊥ Xj =⇒

∑
iXi ∼ N

(∑
i µi,

∑
i σ

2
i

)
• P [a < X ≤ b] = Φ

(
b−µ
σ

)
− Φ

(
a−µ
σ

)
• Φ(−x) = 1− Φ(x) φ′(x) = −xφ(x) φ′′(x) = (x2 − 1)φ(x)

• Upper quantile of N (0, 1): zα = Φ−1(1− α)

Gamma

• X ∼ Gamma (α, β) ⇐⇒ X/β ∼ Gamma (α, 1)

• Gamma (α, β) ∼
∑α
i=1 Exp (β)

• Xi ∼ Gamma (αi, β) ∧Xi ⊥⊥ Xj =⇒
∑
iXi ∼ Gamma (

∑
i αi, β)
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