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Admin

• Lab 4 due tonight



Admin

• Mid-semester feedback form (link on Piazza)

• Practice midterm solutions posted

• No lab tomorrow



Outline for today

• Review

• Introduction to probability
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Runtime of matrix operations

• Multiplication

𝐴 𝐵 = =

𝑛 ×𝑚
𝑛 × 𝑝 𝑝 ×𝑚

ith row 

jth column 

i,j entry

# entries: 𝑂(𝑛𝑚)
one entry: 𝑂(𝑝)

Runtime = 𝑂 𝑛𝑚𝑝

• Inverse

Matrix must be square, (𝑛 × 𝑛) → 𝑂(𝑛3)



Analytic solution to linear regression



Outline for today

• Review

• Introduction to probability



Intro to Probability

• The probability of an event 𝑒 has a number of epistemological 
interpretations

• Assuming we have data, we can count the number of times 𝑒
occurs in the dataset to estimate the probability of 𝑒, 𝑃 𝑒
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• If we put all events a bag, shake it up, and choose one at 
random (called sampling), how likely are we to get 𝑒?



Intro to Probability
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• Suppose we flip a fair coin

• What is the probability of heads, 𝑃 𝑒 = 𝐻 ?

• We have “all” of two possibilities, 𝑒 ∈ 𝐻, 𝑇



Intro to Probability
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• Suppose we have a fair 6-sided die
• What’s the probability of getting “1”?



Intro to Probability
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• What about a die with only three numbers {1,2,3}, each of which appears twice?
• What’s the probability of getting “1”?



Intro to Probability

• Suppose we have two fair 6-sided dice

• What’s the probability of the sum of the rolls being “7”?
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Intro to Probability

• The set of all probabilities for an event e is called a probability distribution

• Each coin toss is an independent event (Bernoulli trial)
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Intro to Probability

• Which is greater, 𝑃 𝐻𝐻𝐻𝐻𝐻 or 𝑃 𝐻𝐻𝑇𝐻𝐻 ?

• Since the events are independent, they are equal
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Intro to Probability

Probability Axioms

1. Probabilities of events must be no less than 0. 𝑃 𝑒 ≥ 0 for all e.

2. The sum of all probabilities in a distribution must sum to 1. 

That is, 

Or, more succinctly,
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Intro to Probability

Joint Probability
The probability that two independent events 𝑒1 and 𝑒2 both occur is given by 
their product. 

• Intuitively, think of every probability as a scaling factor.

• You can think of a probability as the fraction of the probability space 
occupied by an event 𝑒1
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Intro to Probability

Joint Probability
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Intro to Probability

Conditional Probability

• A conditional probability is the probability that one event occurs given that 
we take another for granted.

• The probability of 𝑒2 given 𝑒1 is 

• This is the probability that 𝑒2 will occur given that we take for granted that 𝑒1
occurs.



Intro to Probability

Materials adapted from Alvin Grissom II

Conditional Probability
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Intro to Probability

Given a discrete joint probability distribution function 𝑃 𝑋, 𝑌 , how 
would we find 𝑃 𝑋 ?

• “Marginalize out” the 𝑌 (sum over all 𝑦 ∈ 𝑌)

• Discrete Case:

Marginal Probability Distributions

• Continuous Case:



Intro to Probability

Example:

𝑢 𝑟𝑎𝑖𝑛

Marginal Probability Distributions


