Probability Models
General Probability Rules

s Com tossing;

& Probahhty models

— Sample spaces and events

— Venn diaprams

— Basme probalahity rules

— Assipmng probabibities: a fimte sample
SPacH

— Assipming probabibites: mtervals of
outoomes

— Independence and the multiphestion rle

Randomness and Probability

Randomness £ Complete Chaos!

A phenomenon 15 saud to be random if individual
outcomes are unecertam but there 15 a regular

dstribution of outeomes mm a larpe number of
repetitons.

The probability of any cutcome of a random
phenomenon & the proportion of times the

outcome would oceur 1 a very long serws of
repetitions.
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Probability Models

The sample space, denoted by S, 1= the set of all
possible outecomes of & random phenomenon.
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An event 15 an outcome or a set of outeomes of a
random phenomenon (Le. a subset of the sample
Bpact: ).
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A probability model 1= a mathematical
deseription of a random phenomenon consisting of
two parts: & sample space S and a way of
assipming probabilities to events.

The probability of an event A, denoted by
P{A), can be considered the long run relative

frequency of the event A.



et Notation

Suppose A and I? are events i the sample space
S. Then,

s (AUuDB)=(Aor )=

the set of all outeomes in A, or in 12, or in both

s (AND)=({Aand ) =

the set of all onteormws that are m A AND mn 2

s (AND =9) = A and [7 are disjomnt =
A and I are mutually exclusive =

A and [ have no outeomes in common

s A® = the complement of A =

the event that A does not ocewr.
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Probabilities in a Finite Sample Space

If the sample space 15 finite, each distinet event 15
assipned a probalality. The probability of an
event 15 the sum of the probalihties of the
dstinet outeomes making up the event.

If & random phenomenon has & equally hkely
outcomes, each mdividual outeome has
probability ; For any event A,

number of outeomes A
number of outeomes i S

P(A) =

Rules of Probability

1. For any event A, 0 < P(A) < 1.
P(8)=1.

For any event A, P(A") =1 — P(A).
If P{AN ) =1, then

N S

P(Au ) = P(A)+ P(13)
More generally,
PlAUB) = P(A)+ P(B) - P{An D)

Example
Roll a fair die and looking at the face value.

Sample space: § = {1,2,3,4,5, 6}
This 15 a finte sample space, and each outcome &
equally hkely. That 15,

PIX=7)=1/6,Yje 5
where X & the face value of the die after rolling.

P(X>5)=P(X=5)+P(X =6)=1/6+1/6=1/3
PX<2)=1



Assigning Probabilities: Intervals of
Outcomes

Example

A software random number generator & desgned
to produce a number between 0 and 1 chosen at

random.
Sample space: S = |0, 1]

& 1= not fimte, amd the probahality of an event, for
example that the chosen mumber 15 between (0.3
and (1.7, & the area under the appropriste density
curve. In this case, we would use the uniform

density curve.

Recall the normel caleulstions from the first
week., The normal density curve that we dseussed
i (along with a properly defined sample space) a
probability model.

Independence and Disjointness

Two events A and ¥ are independent 1f

knowing that one cocurs does not change the
probwbility that the other oceurs.

If Aand 2 are mdependent, then

P{ANB) = P(A) P(B)

Events A and IF are disjoint 1f they have no
oubcomes In COIMITON.

If Aand 2 are dispoint, then
PlAU ) = P(A)+ P(3)

If A and B3 are digjoint, then the fact A oceurs
tells us that B can not cecur. So disjomt events
are not mdependent.

Independence can not be shown m a Venn
diagram because 1t imvolves the probabilibies of
the events rather than just the outcomes that
make up the events.
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Venn Diagrams

A Venn diagram 15 a graphical representation of
events mn a sample space. The sample space S5 15
represented as the rectangle and the events are

areas within 5. DBelow 15 & Venn diapram with
two disjomt events.

5

Below & a Venn diapram with events A and 13

overlapping.
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Conditional Probability: P(I1]A)
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Idea of P(I}|A): Given that A occurs, what 15 the
probabibity that 7 also occars?

P(A and 1)

P(B|4) = PiA)

Example

A deck of cards has 4 smts: ©, s, d, <. There are

13 cards i each smit: 2 through 10, jack, queen,
king, and ace. So, there are 4 x 13 = 52 cards
the deck.



