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Announcements
p set 2 posted after lecture

partner finding form due by noon



Agenda
● Definitions
● Axioms
● Equally Likely Outcomes
● Beyond equally likely outcomes
● Conditional Probability
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Example:weird dice (Sample Space) 
Suppose i roll two 4-sided dice. Here is the sample space (set of 
possible outcomes)

1 2 3 4
1 (1, 1) (1, 2) (1, 3) (1, 4)

2 (2, 1) (2, 2) (2, 3) (2, 4)

3 (3, 1) (3, 2) (3, 3) (3, 4)

4 (4, 1) (4, 2) (4, 3) (4, 4)

Die 2 (red)

Die 1 (blue)

B

I



Example:weird dice (Events) 
Let D1 be the value of the blue die, and D2 the value of the red die. 
What outcomes match these events?
A. D1 = 1
B. D1 + D2 = 6
C. D1 = 2 * D2

1 2 3 4
1 (1, 1) (1, 2) (1, 3) (1, 4)

2 (2, 1) (2, 2) (2, 3) (2, 4)

3 (3, 1) (3, 2) (3, 3) (3, 4)

4 (4, 1) (4, 2) (4, 3) (4, 4)

Die 2 (red)

Die 1 (blue)



Example:weird dice (Events) 
Are A and B mutually exclusive?
Are B And C mutually exclusive?
A. D1 = 1
B. D1 + D2 = 6
C. D1 = 2 * D2

1 2 3 4
1 (1, 1) (1, 2) (1, 3) (1, 4)

2 (2, 1) (2, 2) (2, 3) (2, 4)

3 (3, 1) (3, 2) (3, 3) (3, 4)

4 (4, 1) (4, 2) (4, 3) (4, 4)

Die 2 (red)

Die 1 (blue)

AA AA

B

B

B

C

C



Example:weird dice (Events) 
Are A and B mutually exclusive?
Are B And C mutually exclusive?
A. D1 = 1
B. D1 + D2 = 6
C. D1 = 2 * D2

1 2 3 4
1 (1, 1) (1, 2) (1, 3) (1, 4)

2 (2, 1) (2, 2) (2, 3) (2, 4)

3 (3, 1) (3, 2) (3, 3) (3, 4)

4 (4, 1) (4, 2) (4, 3) (4, 4)

Die 2 (red)

Die 1 (blue)

AA AA

B

B

B

C

C

ARB Boel
a

yes yes
b yes no

no yes



Example:weird dice (mutually exclusive) 
Are A and B mutually exclusive?
YES. A ∩ B = ∅ (no overlap)

1 2 3 4
1 (1, 1) (1, 2) (1, 3) (1, 4)

2 (2, 1) (2, 2) (2, 3) (2, 4)

3 (3, 1) (3, 2) (3, 3) (3, 4)

4 (4, 1) (4, 2) (4, 3) (4, 4)

Die 2 (red)

Die 1 (blue)

AA AA

B

B

B

C

C

no yes
d no no



Example:weird dice (mutually exclusive) 
Are B And C mutually exclusive?
NO. B and C could happen at the
same time (4, 2) 1 2 3 4

1 (1, 1) (1, 2) (1, 3) (1, 4)

2 (2, 1) (2, 2) (2, 3) (2, 4)

3 (3, 1) (3, 2) (3, 3) (3, 4)

4 (4, 1) (4, 2) (4, 3) (4, 4)

Die 2 (red)

Die 1 (blue)

AA AA

B

B

B

C

C



Random Picture



Axioms of Probability & Their Consequences
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Axioms of Probability & Their Consequences
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Axioms of Probability & Their Consequences
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Axioms of Probability & Their Consequences



Example:weird dice (Events) 
Think back to the 4-sided dice. Suppose each die is fair.
Intuitively, What is the probability that the
Two dice sum to 6? (D1 + D2 = 6) 1 2 3 4

1 (1, 1) (1, 2) (1, 3) (1, 4)

2 (2, 1) (2, 2) (2, 3) (2, 4)

3 (3, 1) (3, 2) (3, 3) (3, 4)

4 (4, 1) (4, 2) (4, 3) (4, 4)

Die 2 (red)

Die 1 (blue)

each outcome has
same probability

Prl D if



Example:weird dice (Events) 
Think back to the 4-sided dice. Suppose each die is fair.
Intuitively, What is the probability that the
Two dice sum to 6? (D1 + D2 = 6)

Each of the 16 outcomes is
Equally likely.
3/16.

1 2 3 4
1 (1, 1) (1, 2) (1, 3) (1, 4)

2 (2, 1) (2, 2) (2, 3) (2, 4)

3 (3, 1) (3, 2) (3, 3) (3, 4)

4 (4, 1) (4, 2) (4, 3) (4, 4)

Die 2 (red)

Die 1 (blue)
B

B

B



Equally Likely Outcomes

p
E MY IN

1
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Coin tossing
Toss a coin 100 times. Each outcome is equally likely. What is the 
probability of seeing 50 heads?

I allpossiblesequences oflengthtoo
eahchett Hart

It T
00

Prob wk
1

Irl
100 ITIN _2

a 2
soooo E sequences

by zso let w.tn exactly

FT E antcantossis

SO Hs

99
d I don't know

22,2 12



Non-equally Likely outcomes 2 com tosses

r Iti's
Istoss

D

7.7 tons Pfttft 0.4 to 4

0.8



More examples – uniform probability spaces

A A



Nonuniform probability spaces

Is 0



Birthday Paradox

365 days in a year U 1,2 365

drawing sample ofsize n from 0 withreplacement
1 2 in outcomes

bag bn r b'nba ibn bjT T T

c u let
a 365 Pr w
b P1365,1
c 395

Prf at least 2 peoplewith same birthdayd 361

pr no 2pepsakIFday



it IT

Hnoapegelaenhaggay
X 1AI
N a 365

365364 1365 hey
b P 365in
c 36h5

365 H d 365

g 2 I

I TT

Inna Tushar
5

Math Nov 4 zM3 JMB

Nov 4 Mar19



n 23 Prf bday 30.5

730
365 people in class

Prc at least 2
with some bday
I



Axioms of Probability & Their Consequences



Probability

Alex Tsun
Joshua Fan



Conditional Probability

slides mostly by Alex Tsun



Conditional Probability (idea)

36           7           13          

What’s the probability that someone likes ice cream given they like donuts?
14

70 people
pickrandom

personset
Pr w 0

likes Ic 36ft y
70 TO



Conditional Probability (idea)

36           7           13          

What’s the probability that someone likes ice cream given they like donuts?
14



Conditional Probability

assumf
PrcB f O



Conditional Probability (Reversal)



Conditional Probability (intuition)



Fun with conditional probability
● Toss a red die and a blue die. All outcomes equally 

likely.  What is Pr(B | A)?  What is Pr(B)?



Fun with conditional probability
● Toss a red die and a blue die. All outcomes equally 

likely.  What is Pr(B | A)?

Pr BIA

a 47

b 46
c 436



Gambler’s fallacy
● Flip a fair coin 51 times. All outcomes equally likely.
● A = “first 50 flips are heads”
● B = “the 51st flip is heads”

● Pr (B | A) = ?

37

d 436


