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Basic Probability Cheat Sheet

Sets and Bayes Rule

Joint, Marginal, Conditional

Properties of Sets

— P(B|A)P(A)
(alp) = 557
Bayes Rule
mmm_PwﬁgW”
P(B|A)P(A)

P(B|A)P(A) + P(B|—=A)P(—A)

Measures of Spread

Conditional Expectation

EX|Y =y] = 2 xP(X =x|Y =y)

all x

EIXIY =yl = | xfy(xy) ds

A= [ ) dr
E[E(Y[X)] = E[Y]
E[X +Y|Z] = E[X|Z] + E[Y|Z]
E[Y] = Yan» E[Y[X = x]P(X = x)
Elg(X)Y|X] = g(X)E[Y|X]
Var(X) = E[Var(X|Y)] + Var(E[X]|Y])

Variance
Var(X) = E [(x - E[X])z}
e Var(c) = 0, where c is a constant
e Var(X) = E[X?] — E[X]?
e Var(aX) = a? - Var(X), where a is a constant
* Var( )+ Var(Y) +2Cov(X,Y)
(

X+Y) = Var(X
X+Y) = Var(

X) + Var(Y), independent X, Y

Covariance

Cov(X,Y) = E[(X — E[X]) (Y — E[y])]

. X) = Var(X)
e Cov(X,c) =0, where cis a constant
e Cov(X,Y) = E[XY] — E[X]E[Y]

X, Y
X,Y) = 0 for independent X, Y
X,Y) = Cov(Y, X)

ov(aX,Y) =a-Cov(X,Y)

e Cov(X,Y+Z) =Cov(X,Y) +Cov(X,Z)

i ov

ov(X,
(X,
(
. V(
(
(
(

Joint, Marginal, Conditional Probabilities
P(X=x,Y=y)=DP(x,y)

=x)=) P(X=xY=y)

ally

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

ally

flxy) = /overx /y(x)f(x’y> dxdy =1

= /y(x)f(x,y) d

_ fxy)
fX\Y(x'y) = fY(]/)

Moment Generating Functions

Definitions and Properties

Mx(t) = E [eX] = ¥ e px(x)

all x

Mx(t) = E [etx] = /Overxetxfx(x) dx

My (t) = Mx(t) - My (t)

d d?

SMx ()] = E[X), 25 [Mx(t)] = E[X)

Correlation

Cov(X,Y)
Var(X) Var(Y)

Corr(X,Y) =

e Corr(X,X) =1

e Corr(X,Y) = Corr(Y, X)

e X,Y independent = Corr(X,Y) =0
e —1<Corr(X,Y) <1

e Corr(aX,Y) = sgn(a) Corr(X,Y)

Common Distributions

Binomial(n, p) : (1 — p + pe')"
t

Geometric(p) : ﬁ fort < —In(1—p)
Alef—1)

Poisson(A) : e
t —r
Gamma(r, A) : (1 - )t)

N(y, (72> :exp (ty + ;(729)
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