Last lecture

Joint pdfs of functions of RV (Ch 4.7) jcw/z ( (3) /{@{’/(/U
* Linear mapping function (Ch 4.7.1)

fm (M»/)

Correlation and covariance (Ch 4.8)
e Definition
* Properties
 Examples



Agenda

Correlation and covariance (Ch 4.8)
e Examples

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



Cov(X,Y) = E[(X — puy)(Y — piy)]

Example = E[XY] — pxpy
Cov(X,Y)
Simplify the following expressions: Pry = o,
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Suppose the covariance matrix of RV vector | X5 ]| is |2

@ X3 0

e Find Cov(X; + X,, X + X3)
= Var(X) + Cov (X X+ Coy (X, X,) + CovlXs ¥3)

* Findas.t. X; — aX1 |s uncorrelated W|th Xq
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* FindVar(X, + X; + X3) 5 2 &:?
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Minimum Mean Square Error Estimation



Constant Estimator
Mt Mean fpwn/ Errar‘

Given RV Y, if we know f, LA MZ/

» Constant estimator: constant §* = argmingE[(Y — §)°]
« E[(Y = 8)?] = E[Y?] — 26E[¥] + §?
- Taklng derlvatlvewrt(S find  extrena. /7 24 - 2E{]=0
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Unconstrained Estimator  4(X) «c MMSE cstimeder -f

Given RV X, Y, if we know fyx y and some observations X
* Unconstrained Estimator - g*(X) = argming E [(Y — g(X))Z]

* Forexample,say X = 10_

T

+ 9" (X) = E[Y|X = 10] = ffooo vfyx(wlu = 10)dv

e MSE-= E[(Y E|Y|X = u])2|X = u|
TPR)
e General form gx(X) = -5[\(’ XJ

= E[Y
(E [Y]X
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What if we do not know fx y or fy|x is hard to compute?
* Letg*(X) = aX + b, find argmin g, p E[(Y — (aX + b))z]
e (Can also be written asEargmin(a,b) E[((Y —aX) — b)z]
* bisthe constant estimatorof Y — aX Rv.
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irredl Estimator b=ty ~akx

Lineow
What if we do not know fy y or fyx is hard to compute?
Let g*(X) = aX + b find argming p) E @— (aX + b))
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Cov(X,)Y)
. @[Y|X] = Wy + If:r(X) (X —uy) = uy + PXYUY(
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