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1 Basic ProbabilityTheory

1 1 Properties of probability function

PTUJ PCA PCB PETÉS

Boole's inequality PCAUB PCA PCB

Bonferroni's inequality P AMB PCA PCB I
PLANB PCA PCB PEER

1.2 Conditional Probability
DEF If P B 70 the conditional probability of A given B is

PLAN BP AIB
P B



1 3 Law Of Total Probability

Theorem If B1 B2 is partition of sample space S and P Bi o i

then PCA EGPCBi P A Bi

S

I Éf
PCA P Ansi

Bidist ᵗ
p AMBI

cord b
IE P BDPCAIBI

1 4 Baye's Rule

Theorem If PCA 70 and PCB 70 then

PCA B PCB A PCA

P BIA PCA PCBAC PCA

proof By def of bond Prob Law of total probability
P AIB

P

P B A P A
and prob

PCBA PCA PCBIACPCA A Ac is a partitionofs
Lawof total prob

2 Random variables

DEF A RV is a function from the sample space S to the real line R

DEF A Cumulative distribution function CDF of a RV is

Fx X Px X ex xER

Properties ofCDF
Fx X is nondecreasing 15 2 Fix Fx x2

figsFx X 0 III Fx X 1

Fx is right continuous a

Le



Continuous RV if Fx X is continuous

probabilitydensity function Pdf f x Fx X

By fundamental theorem of Calculus

Fx X ff fx t dt X

Discrete RV if Fx X is a stepfunction

probability mass function Pmf Fx x P X x X

Transformation of RV see Topic 1 Slides

DEF The expectation or mean of a RV 9 x is

E g x Gix dF x

589 x f x dx if cont

Ex 94 P X x if discrete

thesupportof a random variable X

Properties
linear operator E ax b a E X b

Jensen'sinequality
if g x is convex g E E go t.IT
if gex is concave E gex g EEN

FI
i

DEFD The variance of X is of E X EEX

The standard deviation of X is Tx Ff

Theorem var x E x2 E

var ax b a var x



3 Random Vectors Bivariate

Joint distribution function Fx y x y P X x Y y
P X x3n Y Y

Joint probability mass function f x y P X x Y Y
Joint probabilitydensityfunction f x y yF x y if F X Y

Marginaldistribution Fx x P ex P ex yep
iscont ediff

Marginal Pmf is fx x P X x ftp.f x y XER

marginal pdf is Fx x f x y dy

4 Conditional distribution

Conditional distribution function of Y is

discrete FYNCY x P Y YIX x PYj
continuous Frix Y fig P Yey X E x xtE

conditional Pdf pmf is fylx y x
f XY
fx x Fx X 0

DEF Two random variable X Y are statistically independent if
F x y Fx X Fy Y written Y

F x y fx x fyly Fix y Fy y
marginal

Law of Iterated Expectation MY
Theorem If E 1411 0 E Y E E YIX

E Y ffyflx.ly dydx
Jfyfxyfyixlylxjdy.dk
Saw

def

ftxwefffff.fm ELEET



event D have disease

event P positive screening test

P D 0.0025

P P D 0.9

P P Do 0.01

PCP D PCD
P DIP PCP

P DMP

p pp p D PCP D PCD

0.9 0.0025

0.9 0.0025 0.01 0.9975

0.184

ca f x Spxe dy xé 0 C xé xé forxo

then fy y x
fxY X Y
Fx X

e if ocx y o

O otherwise

b E Y X X f y fix Y x dy



5 ye dy

Judu Uv JuduES ff.IT
yparts

dt
e éay dté

S yd é

ex ye é Sie dy

ex o exe

ex e te 1

c var Y X x E Y E Y X X X x

Eee

E Y y fix y x dy

X 2 2

var Y x E 42 X x EEY 3
2

2 2 2 1
2 1

d ELY X X 1

NOT statistically independent
If so ECT shouldn't be a function of X


