
11/23/2025

1

Different dice
Roll two fair dice independently. 
Let 𝑈 be the minimum of the two 
rolls and 𝑉 be the maximum
Are 𝑈 and 𝑉 independent?
Write the joint distribution in the 
table
What’s 𝑝௎(𝑧)? (the marginal for 𝑈)

𝑼=4𝑼=3𝑼=2𝑼=1𝑝௎,௏

𝑽=1

𝑽=2

𝑽=3

𝑽=4

Expectation of a function of two RVs
What’s 𝔼[𝑈𝑉] for 𝑈, 𝑉 from the last slide?
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Conditional Expectation
Waaaaaay back when, we said conditioning on an event creates a new 
probability space, with all the laws holding.
So we can define things like “conditional expectations” which is the 
expectation of a random variable in that new probability space.

𝔼 𝑿 𝑬 = ෍ 𝒙 ⋅ ℙ(𝑿 = 𝒙|𝑬)

𝒙∈𝛀

𝔼 𝑿 𝒀 = 𝒚 = ෍ 𝒙 ⋅ ℙ 𝑿 = 𝒙 𝒀 = 𝒚

𝒙∈𝛀𝑿

Covariance
We sometimes want to measure how “intertwined” 𝑋 and 𝑌 are – how 
much knowing about one of them will affect the other.
If 𝑋 turns out “big” how likely is it that 𝑌 will be “big” how much do they 
“vary together”

𝐂𝐨𝐯 𝐗, 𝐘 = 𝔼 𝑿 − 𝔼 𝑿 (𝒀 − 𝔼 𝒀 ) = 𝔼 𝑿𝒀 − 𝔼[𝑿]𝔼[𝒀]

Covariance

38

39


