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3 Probability

3.1 Basic Properties
For events E; and Fs, if they are disjoint, i.e. B3 N Es = 0, then P(E; U Ey) = P(E;) + P(E»)
Definition 4. (Conditional probability) For events A and B, and P(A) > 0,

P(AN B)

P(BI4) = —5p

We can define the conditional expectation as

EY|X=2]2 Y y-p(Y =y|X =x)
yey

Definition 5. (Covariance) For two random variables X and Y, the covariance is defined by
Cov|[X,Y]=E[XY]-E[X]|E[Y]

When the covariance of X and Y is 0, we call them uncorrelated variables.

Definition 6. (Independent) For two random variables, when the joint pdf can be written as the product of
two RVs’ pdf
f(z,y) = fx (@) fr (y),

we call them independent.

Theorem 2. We have:
o (Multiplication Rule) For events A and B,

P(AN B) = P(A)P(B|A) = P(B)P(A|B);

o (Total probability rule) By, Ba, ..., By form a partition of 2, Vi # j, B; N B; = 0,UF_, B; = Q, we have:

k
P(A) =) P(Bi)P(A|B;);
i=1
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o (Bayes Rule)

> B(AIB)E(B,)

K3
3.2 Gaussian Distribution
3.2.1 Normal Distribution

e If random variable X € R, X ~ N(u,0?), where 4 € R and o € R, then the density function of it is:

e E[X] = y; var(X) = o2,

3.2.2 Multivariate Gaussian Distribution

e If random variable X € R", X ~ N (u,X), where g € R™ and X € R"*™ is symmetric and positive
semi-definite (PSD), then the density function of it is:
(o 3) = e oxp (5@ @) "8 M )
p 7I"’? - (271_)”/2‘2”1/2 Xp 2 I’l' l“"

o E[X] = p; cov(X) = 3.
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Figure 1: Multivariate Gaussian’s p.d.f



