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Joint distributions
● Given all of its user’s ratings for different movies and 

any preferences you have expressed, Netflix wants to
recommend a new movie for you.

● Given a bunch of medical data correlating symptoms and 
personal history with diseases, predict what is ailing a 
person with a particular medical history and set of 
symptoms.

● Given current traffic, pedestrian locations, weather,
lights, etc, decide whether self-driving car should slow 
down or come to a stop?



5.1 Joint Discrete Distributions



Agenda
● Cartesian Products of Sets
● Joint PMFs and Expectation
● Marginal PMFs



Cartesian Product of Sets



Example:ratings

X\Y 1 2 3 4
1
2
3
4



Example:weird dice Again

X\Y 1 2 3 4
1 1/16 1/16 1/16 1/16

2 1/16 1/16 1/16 1/16

3 1/16 1/16 1/16 1/16

4 1/16 1/16 1/16 1/16



Joint PMFs and Expectation



Example:weird dice Again

U\V 1 2 3 4
1
2
3
4



Example:weird dice Again

U\V 1 2 3 4
1 1/16 2/16 2/16 2/16

2 0 1/16 2/16 2/16

3 0 0 1/16 2/16

4 0 0 0 1/16



Example:weird dice Again

U\V 1 2 3 4
1 1/16 2/16 2/16 2/16

2 0 1/16 2/16 2/16

3 0 0 1/16 2/16

4 0 0 0 1/16



Example:weird dice Again

U\V 1 2 3 4
1 1/16 2/16 2/16 2/16

2 0 1/16 2/16 2/16

3 0 0 1/16 2/16

4 0 0 0 1/16



Example:weird dice Again

U\V 1 2 3 4
1 1/16 2/16 2/16 2/16

2 0 1/16 2/16 2/16

3 0 0 1/16 2/16

4 0 0 0 1/16



Joint PMFs and Expectation



Marginal PMFs



Marginal PMFs



Marginal PMFs



Independence



Variance adds for Independent RVs 



Random Picture



5.2 Joint Continuous Distributions



Agenda
● Joint PDFs and Expectation
● Marginal PDFs
● Independence
● Multivariate: From Discrete to Continuous



Joint PDFs and Expectation



Joint PDFs and Expectation



Joint PDFs and Expectation



Marginal PDFs



Marginal PDFs



Marginal PDFs



Independence



Independence



Independence



Joint PDFs (Example 1)
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Random Picture

probability students

Definition of
Expectation

The “Normal” 
Distribution

The “Gaussian” 
Distribution



Joint PDFs (Example 2)



Joint PDFs (Example 2)

0

1
y=x



Joint PDFs (Example 2)

0

1
y=x



Joint PDFs (Example 2)

0

1

y=x



Joint PDFs (Example 2)

0

1

y=x



Joint PDFs (Example 2)

0

1

y=x



Joint PDFs (Example 2)

0

1

y=x



Joint PDFs (Example 2)

0

1

y=x



Joint PDFs (Example 2)

0

1

y=x



Joint PDFs (Example 2)

0

1

y=x



Joint PDFs (Example 2)

0

1

y=x



Joint PDFs (Example 2)

0

1

y=x



Joint PDFs (Example 2)

0

1

y=x



END PIC

Alex Tsun
Joshua Fan


