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Department of Statistics
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Sample space, outcome, event, probability,. . .

Discrete sample spaces

Repeated independent trials, Binomial, Multinomial

Reading: Ch. 2, 3

---



S
T
A
T

3
9
1
G
o
o
d
N
o
te
:
L
ec

tu
re

I
M
ar
ch

,
2
0
2
3

3

Basic vocabulary

I S sample space (outcome space)
I x 2 S outcome
I E ✓ S event
I 2S = {E | E ✓ S} ⌘ P(S)
I P : 2S ! [0, 1] probability

distribution
I f : S ! R random variable

I f : S ! R statistic

Random exp-> outcome X
->all possible outcomes

1)coin toss S =40,13
2) die roll,s=41,2,..6}

&3) "stopping time"
how many times

coin tossed until
1?

Es =41,01,001,0001,... 02,..3E
n
-1

(discute) 100x100
100x100 pixels:S=2

4) Bimages - 100 x100

levelgrey
.

Ehlerds?--: 5
e

Es -

Ez
=dark background?
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Basic vocabulary

I S sample space (outcome space)
I x 2 S outcome
I E ✓ S event
I 2S = {E | E ✓ S} ⌘ P(S)
I P : 2S ! [0, 1] probability

distribution
I f : S ! R random variable

I f : S ! R statistic

5)random ur. generator
rand()

S =[0,1)

continuous S

Ibutdiscute in reality)

6) Robot location in room

-scontinuous
L

map

EventEs

how many? 2When 15 finite

Notation: 2S"=I all subnetsof 53
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Basic vocabulary

I S sample space (outcome space)
I x 2 S outcome
I E ✓ S event
I 2S = {E | E ✓ S} ⌘ P(S)
I P : 2S ! [0, 1] probability

distribution
I f : S ! R random variable

I f : S ! R statistic

why events?
· measure theory needs it

· many time
we don'tcall

aboutProb(X) alone

required by questionses
sai

grshidden
behind objectit

south side of room

S

E4 North a center
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Basic vocabulary

I S sample space (outcome space)
I x 2 S outcome
I E ✓ S event
I 2S = {E | E ✓ S} ⌘ P(S)
I P : 2S ! [0, 1] probability

distribution
I f : S ! R random variable

I f : S ! R statistic

Distribution
P:23-> [0,17

P(E) =mobabilityof E

ofProbability

Random variable Al. P(E) ? 0
univers

f:S- R
A2. 4(S) =1 has finite mas

As. EE=P conservation

fix)y deter
minien

PEVEYE(*e

=x x +5
=41,..64

y
=parity of x

=>40,13
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Basic vocabulary

I S sample space (outcome space)
I x 2 S outcome
I E ✓ S event
I 2S = {E | E ✓ S} ⌘ P(S)
I P : 2S ! [0, 1] probability

distribution
I f : S ! R random variable

I f : S ! R statistic

otherproperties of mobability

EEs E,lE27

↑1) P(P) =0
A2.3

->SV4True
Proh -> Boolean logic

↑(P) =P(S)
- P(S)

=0

Avis -> A or the *

False
ArB -> A and is true

P2) EIVE=(E, IE2)
U

AlB disjnt v (EalE,) U (E,nEe).... union

P(E,lEz
=

P(EI)-P(E,Er)
P(EUE)

=4(Ei) -(E,nEz) +
4(E2)*P(E/Er)
+ P(EX/Ez)
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Basic vocabulary

I S sample space (outcome space)
I x 2 S outcome
I E ✓ S event
I 2S = {E | E ✓ S} ⌘ P(S)
I P : 2S ! [0, 1] probability

distribution
I f : S ! R random variable

I f : S ! R statistic

ples"vorm"
distribution

1) S =30,13
P(403) =4(0)

= Y2

P(1)
=Ye

uniform
P(3xy) =P(X) z)s

=41,-.63
tion ↑(1) =P(2)

=-. P(6) =E

3) S =41,01,001
... 3

4) Ixpenformerimpossible.weateanene↳ A proportional
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Basic vocabulary

I S sample space (outcome space)
I x 2 S outcome
I E ✓ S event
I 2S = {E | E ✓ S} ⌘ P(S)
I P : 2S ! [0, 1] probability

distribution
I f : S ! R random variable

I f : S ! R statistic

Physics

4(X)&
e-e

↑
configuration of

system
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Discrete sample spaces

I S sample space (outcome space)
I x 2 S outcome
I E ✓ S event
I 2S = {E | E ✓ S} ⌘ P(S)
I P : 2S ! [0, 1] probability

distribution
I f : S ! R random variable

I f : S ! R statistic
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Repeated independent trials, Binomial, Multinomial
A coin is tossed 4 times, and the probability of 1 is p > 0.5. The outcomes, their probability and their
counts are (in order of decreasing probability):

outcome x n0 n1 P(x) event
1111 0 4 p4 E0,4

1110 1 3 p3(1� p)1 E1,3

1101 1 3 p3(1� p)1

1011 1 3 p3(1� p)1

0111 1 3 p3(1� p)1

1100 2 2 p2(1� p)2 E2,2

1010 2 2 p2(1� p)2

1001 2 2 p2(1� p)2

0110 2 2 p2(1� p)2

0101 2 2 p2(1� p)2

0011 2 2 p2(1� p)2

0100 3 1 p1(1� p)3 E3,1

1000 3 1 p1(1� p)3

0010 3 1 p1(1� p)3

0001 3 1 p1(1� p)3

0000 4 0 (1� p)4 E4,0
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Repeated independent trials, Binomial, Multinomial


