
MATH 180A (Lecture A00)

mathweb.ucsd.edu/~ynemish/teaching/180a

Week 1:

check the course website
homework 1 (due January 20)
join Piazza

Today: Definition of probability.
Random sampling

Next: ASV 1.3-1.4
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Axioms of probability
athematical model of an experiment withrandomoutcom

.

probability space is the triple (2. F.P
),

where

f is the set of all possible outcomes of the

experiment ; we call it the sample space

I is collection of subsets of 2 levents
)

P is a function that assigns to each event a real

number and satisfies the following properties :
n ci

)

OEPCA
)

=
I

for all AEF

ö l iP (ø)=0, PC 2)=1) If A
,

Az
,

As ... are disjointevents ,Then
* PLA ,UA2U..)=PCA.)+P(A2)+..

P is the probability measure lor simply probability)



Examples

Example 2: rolling a fair die

I=$ 1,2,3,4,5,63,F ={all subsets of s
2}

PIB )=PC {2Y) -- -- P[{63)=

What about the events
?

Take A
=s

3 cR.2,4,6

PLA )-PEESHPIE3PCS3):6+8+8=?

B
={2,

3: PCB
):6+8+

6=5.5
A

="even

number
"

C= { 53,6 : PCC
) = 6+ 6=5 B

="prime

number
"

C
="

37divisible by
PCAUB )=

P

({2,3,4,5,63) =8

PLBAC
)=PI233)=6



Repeated experiments

What is the sample space if we toss the coin
twice

?

The outcome is a pair with

The collection of such pairs is called the Cartesian

product of {
HiT}

and SHiTs
,

denoted{
HITIXSHITY

şHşTŞxŞHıTŞzŞCHı
)CHIT)CTH),CTITJ3T

More generally , for any sets 21.22...."
ample space

sample space if we perform experiment I withs
.S.2.

experiment 2 with s.s. 22
i

experiment k with s.s. 2r



Finite sample space

Consider a special case when ARLo
.

Then

2= for n
=#s

Any event Acz is a finite of wiunion { 3

The singleton sets { wis .... swns are disjoint.

Therefore
,

ifA
={a,....aks

for some aits
2,

then

P
(A)

=

What if additionally we have that Plswis ) =....Plwns)?



Uniform probability measure and random sampling

If a is finite
,

the uniform probability measure

is defined by the following property:

for each wEr
,

PL{wS)=

From (*) this implies that

for any
event A

,

PLA)=

This means that for such models calculating probabilities
is reduced to counting .

Example Roll a fair dice twice
.

What is the probability
that the sum is 4?R =Eliij):Ki ,j:6b.
A = { (1,3), (2,2), (3,1))

,
P

(A)

=



Uniform probability measure and random sampling

Example A fair coin is tossed 3 times
.

A ={at least two tailss

B
={

exactly two tailss

R= { (
x,

72.
x3)

:xit
{H.T3},

HR=

A = AA=

B= AB=

PLA)= , P(B)=



Warm-up exercise

There are 10 people on a committee
.

How many different ways are there to select

a subcommittee of 4 people?

Ca
)

10.10.10-10 = 104= 10 000

$
b)10.9.8.7

= 5040

() ('%): 10=210
d

) 10! = 151 200



Combinatorics

A collection of labelled balls$1,2,3,ns
l

z

are in an urn
.

K are taken out one by one.
6U Q

:

How many ways?Dy
M

possible scenarios
:

replacement order

-with replacement -
order come out mattersballs

-
without replacement- order does not matter

order matters order doesn 't matter75.k
=3

(
choose 3

balls)

with replacement

without replacement



combinatorics

Sampling with replacement, order matters

sample space
: 1=

sampling without replacement , mattersorder

sample space : S=

Sampling without replacement , order does not matter

sample space : 1=

order matters order doesn 't matter

with replacement I2 =

without replacement H2= Is =

z

z



Important remark. Examples

these three modelsof leadstach to a

uniform probability measure
!

on the corresponding sample space

Example(
sampling

with replacement
)

Toss a fair coin n times
;

record a statistic observing
HH Vs HT

Tak
1=10.

Q : compute plodd rolls are all H
)

RaŞcc .62....C 10): CjEŞHIT 3}, Is =



Examples

- xample sampling without replacement
, ordermater

i z

There are 6 labelled balls in an urn
.

6U 3 are removed in
sequence(

without replacement)
and lined

up in order
.

Q :What is the probability that the first two
are (4,5)?

2= Ş(b.,bz. bs
):IbjeG,

biøbz
,

bzxbs
, bixb

3}



Examples

- xample sampling without replacement
,orderdoes not

matter
)

An urn contains 10 balls : bubz
,

b
3,

buibs
,

bo
,

ba
,Ü

8

two three fineblue
greenred bs

,

ba
,

bio

3 balls are chosen without replacement.

Q: Compute Plchoose 2 green and one red
)

A=


