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#: Suppose you have a 6-sided

die with sides labelled 1
,
2
,
3
,
4
,
5
,
6.

But through experimentation
you

realize that each
outcome iset

equally likely. You
estimate

the following probabilities
:

probability
Note :

-Dat=[= I

which OWGht

- to be .

6 3/8

Let's make a probability space.



S = [1 , 2 , 3 , 4 , 5, 63

- = Gall subsets of S&

= 54, 513 , 923 , ..., 31 ,
2
,
43 , ... ]

We make a probability
function

P : 1 - IR

Define
P(543) = Y16

P(513) = Y4 P(553) = 16

P(523) = YS P(563) = 3/8
P([33) = 18

If E is an event
in -

define

P(z) = [P(Ew3)
WEE



-

sum over

w in E

For example , what
is the

probability of rolling
an

even number ?

P([2 , 4 , 63) = 4(523) + P(543)
+ 4(563)

= - +i + 5
=s

=25%
What's the probability of rolling
an odd number ?

P(1 , 3 , 53) = P(913)
+ 4(533) + 4(553)

= + + y + + = 5
⑮S= O .



S

⑮?& I
↑

4(91
,
3
, 33) =741924 ,

077 = Es

= + y = 1 = p(s)

So
p(91 , 3 , 53) = 1 - P(92 ,

4
,
63)

=I - 4 = 7



Note: Suppose (S, e , P) is a

probability space and
Sis finite.

suppose each
outcome is equally

likely , that
is

P(5w3) =i
for all outcomes

W.

Suppose E = Ewi ,Was ..., Why
is an

event.

Then,

P(z) = P(dw ,
b) + P(Sway) +

... + P(swab)

+ +... + +5= E + 15
=
-=
IS ISI

outcomes=it all()are equa
likely.



Ex : Suppose we do the experiment
-

where we roll two G-sided die

These are normal die , each side

is equally likely.

encode as

# (1 , 3)[die I die 2

a on
die I,

(a, b) means b un die 2

So,

S = 5(1 , 1) , (1, 21, (1 , 31 ,
(1 , 4) , (1 ,5) ,

11 , 61,

(2 ,1) , (2, 2) ,
(2 , 3), (2,

4)
,
(2 ,5) , 12,61,

(3 , 1) , (3 ,
2)
,
(3, 3) , (3,

4)
,
(3,51, (3, 6) ,

14, 1) . 14 , 2) ,
(4 , 31 ,

14 ,41, (4,5), (4,
6),

(5, 1) , (5,21 , (5 ,
31
,
(5, 41 , (5,51, 15, 6) ,



(6, 11, (6,2), (6 , 3) , (6 , 4) , (6 , 5) , 16,61]

- = Gall subsets of Sy

1Sl = 36

P([(a , b(3) = 5
For ex : P(5(2 , 5(4)

= 55
Q : What is the probability that
-

the sum of the dice is 7 ?

Let E be the event
that

the sum of the
dice is 7.

So,

E =5(1 , 6) , (2,
5)
,
(3,4) , (4 , 3),

(5 ,2) ,
(6, 1)]

since all outcomes
arei↓



#rem : Let (5, 1, P) be

a probability space.

Let E and F
be events.

Then,

0P(E) = 1 - P(z)

Es
② If E&F, then

P(E)[P(F)

F
S

③ P(EUF) = P(E) + P(F)
- P(ENF)



⑭
III = EUF

⑪ If E and F are disjoint,

that is ERF =4,
then

P(EVF) = P(z) + P(F)
S

⑪



of: see online notes.
-
~
seem

E: Suppose we roll two

12-sided dice .

The sides are

labelled 1
,
2
,
3
,
4
,
5
,
6
,
7 , 8 , 9 , 10, 11,

12.

Each side is equally likely .

& What is the probability
that

at least one of the dice is

greate than
or equal to 4 ?

- neither

adie 2

34

I bath



144

sample space :

55(a,b)(i 3
= &(1 , 1) , (1 , 2) < ..,

(12 , 12)]

Here(Sl = 12
: 12 = 144

All outcomes are equally
likely.

The event E that
at least one

of the dice is 34 is

E = G(a ,b)(a3, 4 orb < 43

= &(4 , 1) , (4 , 2) , (4 , 3), ...,
15, 1)....

(2, 10) .... %
there are too many to count.



Instead let's calculate E.

Here E is both die are
<
4.

So,

E = &(1 , 1) , (1 , 2) , (1 , 31 , (2,
13,

(2 , 21 , (2 ,
3)

,
(3 , 13,

(3 , 21 , (3 , 3)]

Then ,

P(E) =
=

= 46

Thus,

P(z) = 1 - P(z) = 1 - +6
= 75
%



Note: You can construct
a probability

when S is
countably infinite,

space
that is S is infinite and you can

list the elements
out in an infinite

list .

That is
,

S = &W , Wa , Los , Wys ... 3. finitely
I inG- many

Let of be the set
more

of all subsets
of S.

Define P(5Wib) for each
i

so that OIP(EWib))
and

& P([w=3) = 1
i = 1

If E is an event
define

P(z) = [P([wb)
WEE



~Beorem
: This isaprobabilities


