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ReIFability Experiment outcomes sample space
distribution random variable event

Expected Value average outcome

EEX Pr X x

Variance how far from expected value

Var x E X E X 2

1 What is the probability of rolling 2 on
the die w following s 1 1 1 2 6,6

Pr 2

2 What is Expected value of the die

EEX 1 2 16 6
25



JointProbability adist over more than 1
Random variable at atime

Let A 1 if penguin is adult 10otherwise
Let F l if penguin hasbig flippers otherwise

F O F I everything

F O F I hastosum

A O
tot

4 0

A 1 half of
A I penguins

are adults w

bigflipper

happening at same time

Pr A O F I is how we express it w math
notation

Marginalizations removing a random variable from

probability dist e.g what fraction
of penguins are adults

F O F I
FEO F 1

A O A 0

At
1 1 The Quitspenguins



Pr A 1 5 0 Pr A 1 F
1
12 912 7120

To compute Pr A a sum up PrEA a B
for all outcomes in sample space of B

PrEA a PrEAa B b

Exercise c color of penguin red blue green
A penguin is adult 1 or otherwise

c 8 8
A O 1112 712

A 1 412 412 912

1 Pr C blue 2 PIG red Pr C green

ᵗE
3 Pr A 1 1 Pr C blue

8



Conditionalrobabilite if then the probability
of y is

I indicate ifperson has covid
T I indicates test is positive

1 What is prob person has positive test
Po T

2 If person has covid then what is prob of
positive test
Pr F I CI This is read as GivenGt

3 Prob person has covid given positive test
if pos test then prob covid

Pr C I T

So how do we calculate it Let's talk intiation

1 What is prob person has positive test

Pr T 9 590 14El El

1 9 5

85



2 If person has covid then what is prob of
positive test Pr T I C

aaihfgggmgghhggmfywha.tt

fraction of our new world
5 1

1 91 5

85

9

3 Prob person has covid given positive test
Pr C I T IT

El

Effithhthting
85

Conditional Pr X x Y y is prob of Pr X x
when we constrain ourselves to the world
of 4 4

Formally Prob x y happen
together

Pr X x Y y Pr X x YyI
Prob happens Pr Y y

giveny happening Prob y happens



Exercs S twitter sentiment score l good
B Bitcoin price

O neutral
l up 1 down 1 bad

s.tt s.to sit
Ed B 1 19 27 5

ET 13 1
8 21 20

and Pr 8
1

1 Compute Pr 5 1 B 1 hand explain in

english
Pr S 19 8 27

Pr 5 1 B Pr s

B

FI z

Given Bitcoin prices rising negative sentiment
is less likely

Pr B I

2 Compute Pr 13 1 S Anand explain in

english
Pr B D 087.21 2 49

PrEB 115 1
Pr4
8
4

I 30

Given negative sentiment it is less likely
for bitcoin prices to rise



Note we can manipulate the conditional
prob expression

Pr A al B b
PREEBELL

norm

P a B b Pr alB b Pr B b

Multiplying conditional prob w themability
condition yieapuobb

outcomeshappenhertBayes.RU
if given Pr A a B b how to get

Pr B b A a

Pr A a B b Pr B b Pr A a B b

and

Pr B b A a Pr A a Pr A a B b

Pr A a B b Pr B b Pr B b A a Pr A a

Pr A a B b PEB IEEE.IEI

Bayes Rule

if given variables in one order find them in another



Helpfulnote s.LI marginalization

Pr B b Pr A a B b

definition conditonal prob

Les Pr B b A a PrCAa

Why is this helpful

pr A alB bI PRB fESI.EE

enowfgggakulatePrEA
alB.tt

II Ii a
Another form of Bayes Rule

Example Given flu occurs in 4 ofpopulation what

is the prob one has flu giventhey testpositive

F 0 7 0 Pr 1 0 IF 0 9

negative Pr 5 0 IF 1 01
healthy

7 1
DO 5 1 F 0 I

F
positive Pr FIFI 99



Pr F 1 04 Pr F 07 96

Asking Pr F I F I

PrEF I T D
PrEp f

Pr T I Pr T IF O PrEF O Pr T IIF D.PRE

igfgt.at
04 F I

PrΣT 1 F 0 tRLTH Ff
99,32 29

Exercise

PCB 1 2

Pr 2 0 B 0 99

Pr L O I B I 1

Pr 1 1150 01

Pr L l B 1 9

Pr 13 11 1 0 PREL
of.IE ffBDPrEL0lB 0J.PrEB 0 Pr 4 0 B I PRCBprltdi.qqo.gg I 02

00205



Independence e.g dice coinflip
random

variables

Intuition if in Y are independent if
observing any outcome of one does
not impact the outcome of the
other

PrCX x Y y Pr X x PREY yMath
and

Pr X X Y y P X x

2
82 1 hi 0 otherwise

Pr Y 1
10 0 otherwise

0 I

4 0

y I
to to

raise Two unfair coins Pr C1 H 3 4

Pr C2 H

What is the probability of getting
PRECKH CZ T

PRECKT C2 T 1
12


