
 

ConditionalProbability

Last time we considered the following situation

you
have a deck of cards

your friend
draws a card

if you
draw a card after your friend then

the probability of you getting
an ace depends

is conditional upon the outcomeof their draw

If they drew an ace then you have
a 3 81 008

chance of drawing
an ace

Otherwise you
have a

4 51 chance

The idea is that green two
events say

A and B

the probability that euat
A occurs may depend

on whether B
has occurred

we wrote PCA187
to mean the probabilityof

A assuming
that B has occurred

We have a nice formulaforconditional
probability

PLA1B RANI
PCB



Ix Imagine the experiment
where we rodone

die and then another We know that

the sample space has sge 6 6 36

Querth what is the probability that the total

of the two rolls is greater than 7 green that

the first roll Ba three

A the total is greater than
7

B first roll is 3

First ofall what B PCB When rolling a die

each outcome B equally
likely Since there B only

one 3 P B 46

Now what is PLA NB

Recall that the intersection is

A AB the total is greater than
7 and

the first roll is 3

we know that if n is the second roll
then

n t 3 7 iff n 7 3 4

So Plan B P the second roll
is greater than 4

since there are only two outcomes of a single
dre roll

greater than 4 9,6 we hate PLANB 246 Yg



So P AI B 8 Z Yrs 33333

Rewarkftermhology we say that we selectrandomly

of after each selectm
sample the hens remarry mm

batch are equally likely
to be selected

IntersechongmultiplicatronRulesandTot
ProbabilityRuley

We know that

P AUB P A 1PCB P AaB

By rearranging
the familiar for

conditional

probability we hone a multiplication rule

PLANB PCBI A PCA P Al B PCB

cm

sometimes deserve the probability of an event

by considering
a par throe of

the sample space

That is we sometimes find ourselves
in the situatr

where we know the probabilityof an event B
but only relative to other events



The picture shows that

P B PlanB t P A'NB

By the multiplication
rule we can write

PCB PCBA Platt PCBIA
PCA

This B called the
Iaooftotalprobabity

We have a more general version as well

Green a sample space S we say that

a set a collection of events Ei En

is exhaustive if E v v En S

If E En is an exhaustive lost af

mutually disjoint events then for any event

B we have a generalised law toa of total



probability
PCB PCB ne tRBn Edt t PCBnen

I P BI E PCE tP DIEDRED
t t PCBIE.ME

Ey F s

E Suppose we shuffle a deck of cards

Lef B the second card is an ace

We want to compute PCB

Let E the first card is an ace

Ez E the first card B not an ace

By the law of total probabilities

p B p Ble Pf Ei t PCB lez Rez



So P Bl E q
since one ace B gone
and there are 3 left

P Ei since there are 4 aces

P B IE it
51

PCE e

4
2

so

PCBtE.IS tfFKtfd
s

E Suppose we had
30 marbles split into

three bags as follows

BII
2 red 4 green 4

blue

B12 4 red Sgreen I blue

Bag I red 2 green
7 blue

Assuming the bags are indistinguishable
what

is the probability of
choosing a red marble



Let R choose a red marble

If the sample space B the set of marbles
then

Bi choose fromthe ith bag

gives an exhaustive mutually exclusive partition

of s r every marble B M at least one bagand
no marble is on two bags

So PCR PCR1B RBI t PCRIB 2 RBI
t PCRIB PCB

Smee the bags are indistinguishable

PCB f RBI P Bg
1 3

so PCR E B t lb t Ko Ys

b 2tY 730


