15-381: Artificial Intelligence

Probabilistic Reasoning and Inference:
Statistics and distributions



Outline

Continuous distributions
— Probability density functions, Cumulative density functions
— Recap on the probability rules
Gaussian distribution, multivariate Gaussian
Density estimation example
— Joint density estimation
— Naive density estimation
Preview of Bayesian networks



Probability Density Function

e Discrete distributions
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« Continuous: Cumulative Density Function (CDF): F(a)

N Pz <a)= [am f(r)dr
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Cumulative Density Functions

« Total probability

P(Q)) = f(x)dz =1
« Probability Density Function (PDF)
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« Mean/Expected Value:

Expectations

E|z] =:’i:=/:cf(:z:)d:z:

 Variance:

* In general:

-Note:  Var(s) = El(z - 2)%] = Ela?] - (3)°

E[z%] = /xzf(:z:)d:z:
Blg(a)) = [ 9(a)f(@)de



« Joint for (x,y)

Multivariate

P(@y) €)= [ | fz.v)dody

* Marginal:

 (Conditionals:

f@ = [ fe)dy

 Chain rule: flzly) = )

flz,y) = fzly) f(y) = fylz) f(z)



Bayes Rule

« Standard form: x)f(x
andard rorm f(xly) _ f(y)lr()y‘;'( )

« Replacing the bottom:

flo)/ (2
F61Y) = i) flo)da




Binomial

e Distribution:

« Mean/Var: z ~ Binomial(p,n)

n

Pz =k) = (k)p'“(l —p)" 7"

Elz] =np

Var(z) = np(1 — p)



Uniform

* Anything is equally likely in the region [a,b]

- Distribution: z ~ Ula,b)
1
) = a<z<b
/(@) _{ 0 otherwise
« Mean/Var
Elz] = a-+b
2
2 2
Var(z) = a”+ab+b
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Gaussian (Normal)

If | look at the height of women in country xx, it will look approximately
Gaussian

Small random noise errors, look Gaussian/Normal

Distribution: 1

r~ N(u,o°) f(@) = V2o

Mean/var

Elz] = p

Var(z) = o*




