















































































ProbabilityTheoryRefresherC 2

Will be slightly informal but in a way that can be made completely rigorous
Axiomatic approach textbook after class When in doubt ASK

Probability distribution on A Cfinte Set P A a IRzo EP a
AEA

e.g BernoulliCf A Lo I PG f P 6 f f

UniformCA P a tae A

Random variable CRV X I prob disk Px on set A
NOTATION X n p for P p

UNLIKETHE Pr X X Px x P x we leave out subscript if clear
RV outcome

Pr X'ES 2 PG

Precondition on X F.EE PrfXIEea7EnshtIds3

e.g if X random variable on Ii i65
Pr X even and X 2 Pr XE 4,65 P 4 c P G

PrCA or B Pr A t PrcB PRCA and B OO
Prca c PrCB o if mutuallyexclusiveunion bound

Xl RV f function Y f X RV

Prc F y PrCX x or simply PCy PCH

More than one random variable
G yHow to describe pairof RVs CX g Joint prob disti

PrCX x F g P Cay Pxycay Play
i e CAT is RV on doxy Axx Ay Similar for tuples



b

concisudire by probability table SUMMER WINTER
or contingency table sun 30 10 40

marginal distributions of X Y RAIN 20 40 60

PCH FPCay Pac Play 50 50

i.e.PK x IPrCX x Y K Ek NOT independent
pCSUNSUMER

Xiae Called independent if PGay p peg poem pGarrer

How about 15 60
Conditional prob dist of Ygiven X's 5 20

Pr Y y X
i dhadeependentI

prC x

NOTATION Re Cy PykCyk PHX
Pay p

i e Pack and PCxlyI PCy

Pcyk B probdestiny for each fixeddx 8
X TTwo Simpterings 0
O

Play PG PCylx P PCxly Fl
fTORUARDT

g.X channel input Pcyk channel to
X Channel output If I

Bayes rule

paly
P PG P lNVER
PG PCylx PCN

y x

e.g PCposlside PCnes healthy 90 PCs 1
0.9 0.01

PCSicklpos co to
y 0.9 0.01 0.1 0.99



e.g decoding the repetition code 123 assume Sn UniformGoals
all independentRV's

4 5 N Yz S Nz whee Ni Nz Ns NBernoulli f
Sum modulotwoCXOR

Assume we received f yyzyz How should we estimate s

PCsly
PGls I
P fixed 3

pcsolytbpGEolepcyfxzoo.geTPGeKie o7a OPCS ily PCylS c y X FCK IX u c
k i

y
o's l's

L
l it O's s

if o else
if l's O's

I if fC5O majority vote

Combining independent independent ad identicaldistribution

HD I
QUIET Let X N Uniform sous y X N

Pr x T y
PrCX x N X y

Are X and Y independent uniform I prCX x PrCY y
How to label two dice w numbers from 01 16 A 123456
Such that their SIM is Uniform El 2 KS Bi 000666

HD
BinomialCnnf i Distribution of F X t Xn Chee Xi N Bernoulli f

Ifs
f

e.g number of bit flips when we send m bitsthrough
n Ffs

Pr k Ye fKCI f n k n n
k binomial

9 probability K CnKl Coefficient
bitstrings ofanysuch
withKones string
n k zeros

Numerical random variables

If X n P is RV with Oakes in AER

Expectation wake Crean EX E XJ PCx X



Eff Pk fCx law of theunconscious statistician

ELIX c ELI EEXtT E X ELY

If XY independent EEXY Efx ELY gpCxlpCy xy
EB Xnuniform IS f X D EEX D I EEN E 0

Notindep
IEXamp.IE

Variance Var CX E X EXT
p Bernoulli f Binomial Mf

PG x EXT EEK EEN E f ne f

Var CX Eva Var f Ct f n f Ct f

If XY independent EICH EXY ECX f 2

Var Y Work Var Y f l f Cl f o f fu
I use that ECHO EEXTEFC

Interpretation

Markov inequality If Xzo Pr Xslt E ETI Etot
w hhighprobability

Chebyshev inequality pr x Ext se s
V Kothamaedinahison

oforder Var

HD 22Law of large numbers X y Xn Pwl mean µ variance 00
I t X t c Xn

02 WHP empirical averagesPr IE RIZE E n.LT a expectationvalue

we will look into these results more carefully next Creek to


