



































































































































live 1 Probabilitytlodelsa.clioms__

E Lecture Overview

Probabilistic Model

Quantitative description of a situation a phenomenon

or an experiment whose outcome is uncertain

Steps to generate probabilistic models

i Describe the possible outcomes of an experiment
Specifying a samplespace

ii Describe beliefs about likelihood of outcomes

Specify a probability law which assigns probabilities

to outcome or collections of outcomes

에 Which outcome is more likely to occur

Axioms of probability theory

Certain basic properties which probabilities have to follow

in order to become meaningful

ex Probabilities cannot be negative






































































































































LEI Sample Space
Set of all the possible outcomes
Its definition differs by the question waiting to be answered

Every elementof set must be
i Mutually exclusive Oneoutcome per experiment

ii collectively exhaustive Contains all the possibilities

iii At the right granudity Everyelementdiffer in relevantaspects

Bell sample Space Examples m2 phased 2 staged
i Discrete l finite example Two votes of tetrahedral 4 faced de

Sequential
I 一一

I I

description fr
the 1.2

Y f errol's 2B p's 2 ci
ys2奉甦蝨 ie outcomes 恥 入

iI starts
2 3 4 May be of interest

e

first roll firstroll secondroll

ii Continuous example Dart throw

Y
Y on a unit square

1
its ㅮ recordwith

infinite precision Sample space is
aires that is 기 y ER sky such that 인기Y의O I d

Rey On infinite precision essentially probabilities of
all the individual points are zero

Assign probabilities to individualpants A
subsets of the samplespace o






































































































































ET Probability Axioms

Event a subset of sample space
Which probabilities are assigned to

Element is in set A

Ley Event A has occurred ers of Probability PCA

ere Element is not in set A
Event A has not occurred

Axioms Rules which probabilities have to follow

i Nonnegativity PA Zo

ii Normalization RN 1
Absolute certainty of event R

to occur

iii Finite additivety If An B 0 then DAUB PastPCB

S Tobestrengthened later
ht Disjoint sets

Remy No more axioms are needed

LIT Properties of Probabilities
Consequences of the axioms

For the ease of it ohs let's denote Nonnegativity axiom as a

Normalization axiom as b finite additivety as c

i PIA El
Pf AUA는 SL A7 A 0

I Mr P AU1차 E PAH PA이

P A 1 PCA as PCA이 20






































































































































ii 1기0 0

pf rn if R SLUR R
b

L P r NI 1 P 0
nine elements outsidesample spaceTs entiresample space

미이

iii PAU BU C PAH PCB t PCC if AB are disjoint
C C

pf PIA U Be PGAUB ve DAUB t PCC P A t PCB PCD

iv P 息A 恙P Ai if Ai Asi Ak aredisjoint
o

Pf il BaseCase for K 2 P A UA2 PA Dt PAD 吻

汀InductiveCase Assume P fAi 恙PAD A Ai Aki is disjoint

Then P븺Ai PHIAi UAku p eAi tPAka
慈PLA tPCA배 慈母Ai 四

By i and ii P 貽一 二羔Ai holds for all kit KEN

V Pks Seeing P sisU is u u SSK 콝
K
미뗸

Singleelementsets
MS tsarVI PCA 드PCB when ACB i Simplernotation
forindividual elementspf Be A U ABY g a

PCB P AU AnB4 PCA P A7B니 그PCA

vii PA t PCB P AU13 RAAB
H AUBe AAB이 U AAB U A의 B

A A7137U A ABC B An B U AMR
PCA PCB P AB자 PCMB거미제34tP Ah 呵 二 PAMB tPHUB






































































































































viii PAU PD EPA t P R

pf p AUB p At P B PCAMB 드 PCA tp B

ix PAUBUCK NAH PCMB P A'n B'ne

마 A ACAB An B nc is disjoint
and A U A'n B AUB

AGB의 C AUB ne

EUR u AURA AUB UC

Probability Calculation Discrete Example

Eat two rolls of tetrahedral die

Let every possible outcome have probability Yao

Go Discrete Uniform
et i 미셔 고 i

옮최 it Let z min XY
Roll P Z E4 고승

2 3 t iii p z 2 或
仁 First Roll

Discrete Uniform Law

Finite sample space R Consists of N equally likely elements

Subset A consists of oath elements

The PA






































































































































18157 Probability Calculation Continuous Example

Eat 기 y such that 인기 y El

Y Re쁘 we have a samplespace
I

if i but the probability draw isnt defined yet
nets so choice of the probability law is artieo In 이

It depends on modeling the situation
Uniform probability Law i P 9개3.1개리스 소 118

Probability Area ii P 0.5 0.3 0

Probability Calculation Steps the usual

i Specify the sample space

ii Specify the probability law
ti II

Rent This step has some arbitrariness in it

Typically it is nice to capture the realworld phenomenon to model

iii Identify an event of interest

Rent Eat way he defined in a loose manner

So it has to be clearly defined in a mathematical sense

If possible describe it with graphs and diagrams

iv Calculate

Rey Probability law is often given in an implicit manner






































































































































terri Probability Calculation Discrete but Infinite sample space

Gay Sample space 91.2 3

P n j 7 1.2 is given

Pa
i Is this Pln legitimate

iii 烏式 it 起式 玉 店 二 I Yes

aires
1 2 13 n ii P n is even p 92.4.6.8 3

big
Infinite Adding

讐加 琨 适 I 誌方i I

least Countable additivety axiom

Strengthens the finite addition its axiom

If A A2 is an infinite countable sequence of disjoint
an Is

then PC A E NA
it il

Rey If disjoint events are not a sequence namely
uncountable

addicts axiom cannot be applied

마 RE 위기y 1만기니의구

P r 1 Additwit axiom

P r P tie 매끼 빼돖PG개3 I o 0
매 Er

PC 1 0 Contradiction

Re쁘 Area is a legitimate probability law on the unit square
as longas wedonottry to assign areas to strange sets




































































































1.10127 Interpretations of probability theory

Remw_k.si A narrow view Probability theory is a branch of math

Startswth axioms thenConsidermodelswhichstatisfesax.comSi
or construct theorems

ii Very loosely speaking PA is frequency of event A

But for some cases it is not enough et P Pason A will be elected

iii Probabilities are often interpreted as

description of beliefs or belting preferences

iv the role of probability theory
A framework for analyzing phenomena with uncertain

outcomes

Rules for consistent reasoning

Used for predictions and decisions

Relationship between RealWorld statistics and Probability theory

Predictions
Probability theoryRealworld 一

areDecisions Analysis

Dato T.msStaterun
Inference


