Basic Probability Equations

General
Mutually exclusive:

if ENF = EF = () then E,F are called mutually exclusive.

Conditional probability:

P(E|F) = or P(EF)=P(E|F)P(F)
Chaining rule:

P(ﬁ A;) = P(A1As ... Ay) = P(A))P(A3| A1) P(A3]| A1 Ag) - P(Ap|A1As ... Ay_y)

=1

Unification:

P(O(Ei)) => P(E)-)» P(EEj)+ Y P(EE;E)+ -+(-1)""'P(E\EyEs ... Ey)

i=0 i i<j i<j<k
Independent events:

E and F are independent if P(EF) = P(E)P(F) < P(E|F) = P(E)

E; ... E, are independent if for every subset i F;, ... E;, of them P(E;, ... F;, )= H?Zl P(E;;)

Bayes’ formula:
P(E|F)P(F)

P(FIB) = =555

Marginal probability:
P(E) = Z P(E|F;)P(F;) for any Fj ... F, that are mutually exclusive
i=1

Bayes and Marginal:
p(siE) — — PEIDP)

- XL P(EIF)P(F)

Joint probability of r.v. (random variable):

PX(X) = ZP(J%ZJ)

Y

Expectation:

BIX] = 3 apla)

zeX



ElaX +b =aFE[X]+b and E[X+Y]=E[X]+E[Y]
therefore, for any a,b>0 FElaX +bY] = aE[X] + bE[Y]

Expectation of a function of a r.v.:

Expectation of jointly distributed r.v.:

Elg(X, )] =YY gz, y)p(x,y)

For independent r.v.:

Conditional expectation:

for any r.v X,Y: E[X] = Ey|[Ex[X|Y]] = ZEX (XY =y]P(Y =)

Y

Variance:
Var(X) = E[(X — E[X])’] = E[X?] - (E[X))

Var(X +Y) =Var(X)+ Var(Y) +2Cov(X,Y)
Covariance:
Cov(X,Y) = E[(X — EX])(Y — E[Y])] = E[XY] — E[X]E[Y]
(if X,Y are independent then Cov(X,Y) = 0)

Types of Random variables

Binomial: X ~ B(n,p)

Poisson: X ~ POISS(N)




