
Semester end summary Fall 2019

we did 4 things in this class
0 translate words into math
1 build models
2 compute probabilities mostly mechanical

3 infer
4 summary stab mostly mechanical

2 compute pubs
axioms PCA't l PLA etc Relies on

it as i7

PL ix 4 ER If fxylx.gl dx dy
x g ER

PC acxeb.co Ed Fxy b d Fxy b e

FxyCa d tFxyla c

double integration

continuous or discrete or mixed



1 Building models
a conditional probability

PLA PIA Bi Pl Bi Theorems
of

fxlxt E f.lt Bi PCBi Total
probability

f x x fx 1 1 y fyly dy
b Independence
PLANB P A PCB

f y x y fxlx fyly for all x y
C Common parts Bernoulli binomial geometric I

d Common pdfs Gaussian exponential

e Y gCx derived RV
gnotffeted

2 g x y semester

f using MGF for Z XtY
where X and Y are independent

g strict and wide sense stationarity
i Milt is constant for all time t
ii Rx It t.tt is a function of T but oft

h If Hlf is transfer function of LTI system then

Sy f Hlf l Sx f



3 Inference

a Bayes PCB A PlAlB Bi

PCA

b f lxl c fix xEC
Pcc

0 else

when C is an event that includes X

fy gtx fxlxly fycy
ft

Applications X depends on a parameter Y
Unknown Y is modeled probabilistically

d Hypothesis Testing
Decide It or Ho depending on

observati
e Parameterestimation

Minimum MSE estimator

I ELxly Itered
Linear MMSE estimate this
I aytb semester

MAP estimator
I argnyax fxlxly

ML estimator

i argmyax fy yl x



4 compute summary statistics

a Mean variance moments
not covered

ELN var CH ELX f
tshiesmesler

b Moment generating function v

00

Mils E est f est f Ix DX
00

c Conditional mean and conditional variance
00

Theorem totalE XIA x fx txt A dx expectation
00

E X in E X Bi PCB
if Bi's
form a

partori
E X EL EL Xly Iterated expectations

d Second moments for pairs of RVs

correlation r y E XY
covariance y E XY ELK ELY

Cxycorrelation coefficient p y ox Oy
e Law of Large Numbers and central

limit Theorem

Mn th Exi ELMn E X Var Mn
Var

As n increases PDF of Mn becomes narrower

and CDF of Mn becomes well approximatedbyGauss



f Secondmoments for Random Processes

Autocorrelation R It ta E Xlt X Ltd

Auto covariance Cx Lt t Rx It tz mat41mHz

cross correlation Rxy It ta EL Xlt lytta
cross covariance

cxy Lt tj R y It tD Milt myltI

Power spectral Density
Sx f Fourier Transform

of Rx t


