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Probability P(A) = |A|
|Ω| = # of favorable outcomes

# of all outcomes or size of favorable outcomes
size of all outcomes

Conditional probability P(A|B) =
P(A ∩B)

P(B)

Multiplicative law P(A1 ∩ · · · ∩An) = P(A1) P(A2|A1) · · ·P(An|A1 ∩ · · · ∩An−1)

Law of total probability P(A) =
∑

j P(A|Bj)P(Bj)

Bayes’ Theorem P(Bi|A) =
P(A|Bi) P(Bi)∑
j P(A|Bj)P(Bj)

Independence P(A ∩B) = P(A) P(B)

Distribution function FX(x) = P(X ≤ x)

Discrete random variable X Continuous random variable X

Probabilities of values / Density: P(X = x) fX(x)

Expectation: EX
∑
k

xk P(X = xk)

∫ +∞

−∞
xfX(x) dx

Expectation of a function: E g(X)
∑
k

g(xk) P(X = xk)

∫ +∞

−∞
g(x)fX(x) dx

Variance X: var(X) E(X − EX)2 = EX2 − (EX)2

Distribution
support

probability / density
P(X = k) / fX(x)

distribution
FX(x) = P(X ≤ x)

expectation
EX

variance
varX

Bernoulli
k = 0, 1

 p, k = 1

1− p, k = 0
0; 1− p; 1 p p(1− p)

Binomial
k = 0, . . . , n

(
n

k

)
pk(1− p)n−k

bxc∑
i=0

(
n

i

)
pi(1− p)n−i np np(1− p)

Geometric
k = 1, 2, . . .

(1− p)k−1p 1− (1− p)bxc 1

p

1− p
p2

Poisson
k = 0, 1, . . .

λk

k!
e−λ e−λ

bxc∑
i=0

λbxc

i!
λ λ

Uniform
a ≤ x ≤ b

1

b− a
x− a
b− a

a+ b

2

(b− a)2

12

Exponential
x ≥ 0

λe−λx 1− e−λx 1

λ

1

λ2

Normal
x ∈ R

1√
2πσ2

e−
(x−µ)2

2σ2 Φ(x) µ σ2



Joint distribution function

FX,Y (x, y) = P(X ≤ x ∩ Y ≤ y)

Discrete X and Y Continuous X and Y

Joint probabilities Joint density

P(X = x ∩ Y = y) fX,Y (x, y)

Marginal distribution X

P(X = x) =
∑
y

P(X = x ∩ Y = y) fX(x) =

+∞∫
−∞

fX,Y (x, y)dy

Independence of X and Y

P(X = x ∩ Y = y) = P(X = x) P(Y = y) fX,Y (x, y) = fX(x)fY (y)

Expectation of E g(X,Y )∑
x,y

g(x, y) P(X = x ∩ Y = y)

∫ +∞

−∞

∫ +∞

−∞
g(x, y)fX,Y (x, y)dxdy

Conditional distribution of X given Y = y:

P (X = x|Y = y) =
P(X = x ∩ Y = y)

P(Y = y)
fX|Y (x|y) =

fX,Y (x, y)

fY (y)

Conditional expectation of X given Y = y:

E(X|Y = y) =
∑
x

xP (X = x|Y = y) E(X|Y = y) =

+∞∫
−∞

xfX|Y (x|y)dx

Central Limit Theorem

Zn =
Sn − nµ√

nσ2
=
X̄n − µ√
σ2/n

D−→ N(0, 1)

Sample mean X̄n =
1

n

n∑
i=1

Xi

Sample variance s2
n = s2

X =
1

n− 1

n∑
i=1

(Xi − X̄n)2

Two-sided C.I. for µ with known σ2

(
X̄n − zα

2

σ√
n
, X̄n + zα

2

σ√
n

)
Two-sided C.I. for µ with unknown σ2

(
X̄n − tα

2
,n−1

sn√
n
, X̄n + tα

2
,n−1

sn√
n

)
Two-sided C.I. for σ2

(
(n− 1)s2

n

χ2
α
2
,n−1

,
(n− 1)s2

n

χ2
1−α

2
,n−1

)


