Last lecture

Minimum mean square error estimation (Ch 4.9)
* Recap
* Constant estimators
 Unconstrained estimators
* Linear estimators
 Examples



Agenda

Joint Gaussian Distribution (Ch 4.11)
* Motivation
* Facts
 Examples



Joint Gaussian distribution



Motivation

Describe the joint distribution of (Height, Weight)=(X, Y) of the class

1 2 2
* Metrics: uy, Uy, ox, oy, Pxy

e J|IsaX + bY Gaussian?

Def.4.11.1 RV X and Y are said to be jointly Gaussian if every linear
combination aX + bY is a Gaussian random variable
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Justifying a bivariate normal

A bivariate normal fy y(u,v) = C X exp(—P(u, v))
e« P(u,v) =au’*+buv+cv?+dutev+f
e P(u,v) » was|u|l + |v| »

e a,c>0,b?—4ac<0



Standard 2-d Normal to Bivariate Normal

Let W, Z be independent standard normal
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Facts

If X and Y forms the bivariate normal with uy, uy, a)%, a,?, P

* X ~ N(ux,0%)andY ~ N(uy,oy)
e aX + bY isaGaussianforanya,b € R
* p=pxy,XandY areindependentiifp =0

« E[Y|X] = E[Y|X]

(YIX =u) ~ N(E[Y|X = u], 08)



Example

Let X and Y be jointly Gaussian with mean (0,0). ¢ = 5, gy = 2 and
Cov(X,Y) = —1.Find P{X + 2Y > 1} in terms of & function

e / =X+ 2Y is Gaussian

* Uz =
o Var(Z) =



Example

Let X and Y be jointly Gaussian RV with mean 0, variance 1, and
Cov(X,Y) = p. Find E[Y?|X]

e E[Y|X] =

e ForanyRV,Var(Z) = E[Z*] — (E[Z])*



Example

Let X and Y be jointly Gaussian RV with mean 0, variance 1, and
Cov(X,Y) = 0.5. Find
e Var(3X —2Y)

« P{(3X —2Y)%* < 28}interms of ®

. E[Y|X = 3]
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