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Probability in Computing

LECTURE 5
Last time
• Common fallacies

• Tree diagrams

• Monty Hall problem

Today
• Continuous probability spaces

• Geometric probability method

• Anomalies with Continuous Probability
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Reminders

• HW2 due tonight

• Discussion 3 tomorrow



Top Hat question (Join Code: 033357)

You have a bag containing red and green balls.                                                                   

You draw one ball from the bag, then a second ball. 

The tree diagram shows the experiment.

Consider the following three statements. 

1. Drawing was without replacement

2. The bag originally contained 2 red and 2 green balls

3. Pr(the 2 balls are of different colors ) = 2/3

A. Only statement (1) is true.

B. Only statement (2) is true.
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C. Only  (2) and (3) are true.

D. All three statements are true.  



Continuous Probability Spaces

The Spinner Experiment

Assumptions: 

– The circumference of the circle is 1

– When you spin the pointer, it is equally likely to end up anywhere around the circle
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Continuous Probability Spaces

The Spinner Experiment

• Experiment: spin the pointer, see where it lands!

• Outcome:  real number 

• Sample space:  
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Continuous Probability Spaces

The Spinner Experiment

This is implemented by

the numpy function random()
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Question

What is the probability that the dial lands in [0, 1/8]? 

A. 1/8

B. 0
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C. 0.01

D. None of the above

0

1/8



• Experiment: spin the pointer, see where it lands!

• Outcome: real number 

• Sample space:

• Probability function:  

Uniform Sampling from [𝟎, 𝟏]

𝑥 ∈ [0,1]

Ω = [0,1]

Pr(𝑥 ∈ [𝑎, 𝑏]) =
length of [𝑎, 𝑏]

length of [0,1]
= 𝑏 − 𝑎 𝑎, 𝑏 ⊆ [0,1]
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• Experiment: sample a point uniformly from [𝑎, 𝑏]

• Outcome: real number 

• Sample space:

• Probability function:  

Uniform Sampling from an Interval [𝒂, 𝒃]

𝑥 ∈ [𝑎, 𝑏]

Ω = [𝑎, 𝑏]

Pr(𝑥 ∈ [𝑐, 𝑑]) =
length of [𝑐, 𝑑]

length of [𝑎, 𝑏]
=
𝑑 − 𝑐

𝑏 − 𝑎 𝑐, 𝑑 ⊆ [𝑎, 𝑏]

𝑏𝑎 𝑐 𝑑



Experiment: choose uniform 𝑥 ∈ [0,1]

Continuous Probability

100

Pr(𝑥 ∈ [0,6]) =

Pr(𝑥 ∈ [0,6] ∪ [5,7]) =

Pr(𝑥 ∈ [1,6] ∪ [8,10]) =

Pr(𝑥 ∈ [−10,5]) =



Continuous Probability Spaces

Let’s kick it up a notch! What about 2 dimensions?

• Experiment: Choose a uniformly random point 𝑥 in unit square

• Event: 𝑥 lands inside region R

• Sample space: the square

• Probability:

Pr[𝑝 ∈ 𝑅] =
area of 𝑅

area of square

R

(1.0)(0,0)

(0,1)



Uniform Sampling from Rectangles
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Top Hat question (Join Code: 033357)

You throw a dart at a square target 1 meter on a side.

What is the probability that it lands within 0.1 m of an edge?

A. 0.82 = 0.64

B. 0.92 = 0.81

C. 1 - 0.82 = 0.36

D. 1 - 0.92 = 0.19
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Continuous Probability

Why stop at 2 dimensions?

• Experiment: Choose a uniformly random point 𝑥 in 2x2x2 cube

• Event: 𝑥 lands inside the unit sphere

• Sample space: the cube

• Probability:

Pr[𝑥 ∈ sphere] =
volume of sphere

volume of cube

2



Randomly Tardy Problem

• Tiago and Sofya decide to meet at Starbucks between noon and 

1pm to discuss HW 03.

• Each of them arrives at a time chosen uniformly at random 

between noon and 1pm.

• Once one of them arrives, they will wait for the other for 15 

minutes and leave if they do not show up.

• What is the probability that Tiago and Sofya meet?
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Randomly Tardy Problem
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Question

What is the probability that the dial lands on 1/8? 

A. 1/8

B. 0
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C. 0.01

D. None of the above

0

1/8



Anomalies with Continuous Probability Spaces

• What is the probability that the dial lands on 1/8?

• Suppose we suspect that it is, say, 0.1

• Pick 11 distinct points on the circle
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𝑥1

𝑥2

𝑥3
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𝑥9 𝑥10

𝑥11

Pr(lands on 𝑥𝑖) = 0.1 for all 𝑖

Pr(lands on one of 𝑥1, … , 𝑥11) = 11 ⋅ 0.1 = 1.1

by symmetry: 

by additivity:

Contradiction!



Anomalies with Continuous Probability Spaces

Let p be the probability of an outcome, e.g., 1/8.

We can show that p = 0 by contradiction:

• Suppose 𝑝 ≠ 0 for the sake of contradiction.

• Pick  distinct points 𝑥1, … , 𝑥𝑘 , where 𝑘 > 1/𝑝
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Pr(dial lands on one of 𝑥1, … , 𝑥𝑘) = 𝑘 ⋅ 𝑝 > 1

by symmetry: 

by additivity:

Contradiction!

Pr(dial lands on 𝑥𝑖) = 𝑝 for all 𝑖 ∈ {1,2, … , 𝑘}



Top Hat question (Join Code: 033357)

Consider the spinner one more time....   We decided that
Pr 𝑥 ∈ 0,1/4 = 1/4

But what is

A. 1/4−𝜖

B. 1/4

C. The probability does not exist
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Probability Spaces

• Discrete sample spaces: outcomes are countable

– Examples of random experiments modeled by them:  

Toss a coin, roll two dice, toss a coin until we get heads, …

– We assign a probability to each outcome

– The probability of an event is the sum of the probabilities of the outcomes 

comprising the event

• Continuous sample spaces: outcomes are not countable

– Examples of random experiments modeled by them:                                             

Spinner, darts, meeting at a random time or in a random location, ....

– Individual outcomes have probability zero

– The probability of an event is the proportion of the extent (length, area, volume, 

etc.) taken up by it
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