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. Introduction to Probability Theory
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. concept to speak about uncertainty
Pardes
-

S

( games of chance, recurring
events with some pattern of

variation
,
e.g. , measurements .

balls i.a a Gallon board ,

et
. )

e methods to quantify uncertainty

Example .. Rolling a owe D

l 3

what is PCD= 6) ? - PCDZ 4) ? g- =L P ( Day) ? I
6 2 2

Meaning :

1) In the long run , 1/6 of the
throws results in

6
.

2) There⇒decay of r de G that this threw oesaeb in 6
.

frequentist subjective (Bayesian)
- -

No consequences for
view

mathematical theory



t.IE#s

Experiments :

I said Spacey ( = set of possible
outcomes)

T is known
,
but not a specific outcome

Rolling a die : T = Ll, 2,3, . . .

, 63
#9=6

Rolling two dice : 5 =L (l, e) , 11,21, - . .

,
Cl
, 61 , #9=6--6

n .
r

'16,11
,

.

! !? ' " "egg, g
' 36

Galton board :
I

with a levees [
•

has outcomes .

•

. } "
• . If a

{1 , - . .,htr3Ww#w
{O , . .

. ,u3 4th



I can also be infinite !

• measuring distances : any
number M 70 is poss. outcome
- E -

we E E 0.5
,
3. oo]

infinitely many
seals in the

° How many
lanes Ceo we

had to throw
interval

a die centre a G appears

⇒ consider arbitrarily long sequence of
throws

,

even infinite one



Events :

throw an even www.ser Levee =L 2.4.63
throw two equal numbers Ee que =L

(lit)
,
(2,2), . . . 16,633

In general : E E S T events acre sets

& occurs if outcome E E
-

^ ← the outcome of our experiment
in an experiment

Set operations on events

Ev F amor for ' )
En F

,
EF intersection (

"

and
")

E- complement (
"
hot
" )

,
T - E = E

E - F E and wot F

= En SE



Example : Epona : = E 2
, 3.53

Ewen u Eprime =L 2,3 , 4,5 , 6 } = Etz
E-
ever n {prime = 223
E-prime = Ll, 4 , 63

Special case of E S
, impossible erect

To
www.gg
En F - f disjoint pronunciation
5=4 , of = S
E -

- E f
EUTT = E- n I

,
ETF = Eu E ( De Morgan 's Rule)

E = F E E F and the E

E
, F are equivalent
-



1. 2 Axioms of Probability
-

PCE) probability of E , is a real number

At : O E PCE) E 1 any
two are disjointpairwise

AZ : PCs) = 1 f f
43 : If Ee , Ez , . . . are mutually elegant (ire, Ein Ej - of for it; )

Heu PCE
,
u - - - c Ea ) = PC Ee) t - - - t PCE) = II. Ei , f. a. u

( also holds for infinite saws)

what is PC¢) = 0 because

I. of are disjoint

PCS ) = PCS of ) = PCS) + PIX)
- -

-

=D O = PCf)
P( Zemun} ) = Pl Eeoee ? t PCH })



Proposition : PCE ) = A - PCE)

Proof : En E- =p , E u E = S

l = PCS) = PCE u E) = PCE ) t PCE )
Axz A

=D l - PCE ) = PCE)
about

what#Eu F) in general ?

I = E l F
E I

e -

- Ent
TI F F n E

PCE u F) = DCIUI - E )
=P CI) - PCI ) - PCTI ) Gtx 3)

PCE ) = PCI) t PCI)
PLF) = PCI ) t RTI )
⇒ PC Eu F) = PCE) t PCF) - PCEn F)



Proposition 2 : PCE u F1 = PCE ) t PCF) - PC En f)
-

Example3
-

:

Drinkers Quit

B drinks beer , W drinks wie

PCB u w) = PCB) t PCW) - PCB w)
=

. 68 t
. 49 -

. 35 = 117 -
. 035 = .82

PC Buf) = e - . 82=-18



7¥11 : The odds of E in

PCE ) PCE)
- = -

PCE ) e - PCE)

Says how much more likely E s thee E-

Quiz : Odds of throwing a 4

E = 243
,
PCE) =L

,

PCE) T e
odds (E) = - = -

d - PCE)
=I 5

6

Trump example : PET will be el. ") = *
-

odds (E) = = Zz
E



1. 3 Uniformity-
Often : all outcomes an equally likely

( only possible if I find
and leave prob .

70

# say 9--21
, - - - a }

⇒ P (Lr )) = Pls237 = . .
. = PCL - 3) =

p
⇒ I = PCT) = DC Les .

. .

.
- 3) = p@e31t.r - f PcEu3 ) = n - pAZ A-3

⇒ A = u -p ⇒ p= I = Pki} )
,
le if u

-
-

Generalize : El⇒ PCE ) = #⇒ # E is the
u

card
. of E



Counting Pmc:pE
-

# out c-cues :
throw 2 er 3 dice

first throw a die ,
determines a stacc of cards

then pick a card (of 32)
Court iectsoas of experiments, sequential executions

E
,
has ur outcomes, EZ was a outcomes

# Outcomes of
"

Er these EI = cu - u

Outcomes correspond to ueaarx

(1,11 , r . - Ct
,
h )

l?, r )
-

-

C ne , e ) .
. . .
( Uch )

(a general : Ei has Ui outcomes
ha, u

,
. . . . Ur⇒ En then Ez .

.
. then Er outcomes


