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How was the Midterm?
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Breakdown by Question
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Recap: Modeling and Estimation
1. Define the Model: simplified representation of the world

2. Define the Loss Function: measures how well a particular instance 
of the model “fits” the data

3. Minimize the Loss Function: find the parameter values that 

minimize the loss on the data

What does a model that fits the data have to do with the world?



Generalization

The focus of the next few lectures.



Generalization
Population
The group 
that we want 
to study

Sample
The data 

that we
have

Data Generation 
Process

How the sample is 
collected from the 

population.



What we will do:

1. Examine a Population
2. Study a data generation process
a. Simulation for insight 
b. Theory for proof

3. Draw conclusions from a sample
a. Theory to connect to population
b. Bootstrap to go beyond theory 



Review
Probability Concepts



Toy scenario
Ø Population Size

= 7

Ø Total value of the population

Ø Average coin value:

Ø Median coin value: 

2 × 25¢

1 × 10¢

1 × 5¢

3 × 1¢

Population of coins in my pocket.

2⇥ 25 + 1⇥ 10 + 1⇥ 5 + 3⇥ 1
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Random Sample of Size 1

Ø Randomly sample a single coin

Ø Let X be the value (in cents)
Ø Takes on values: 1, 5, 10, and 25
Ø X is a random variable

Ø Random variable: a variable 
whose value is determined by a 
chance event.

Ø Chance event
Ø The kind of coin I draw: P, N, D, Q

2 × 25¢

1 × 10¢

1 × 5¢

3 × 1¢

Population of coins in my pocket.

Quarter

Dime

Nickel

Penny



2 × 25¢

1 × 10¢

1 × 5¢

3 × 1¢

Population of coins in my pocket.

Quarter

Dime

Nickel

Penny

Probability Distribution 
Penny Nickel Dime Quarter

3/7 1/7 1/7 2/7
What is the expected value of X?

Ø Randomly sample a single coin

Ø Let X be the value (in cents)
Ø Takes on values: 1, 5, 10, and 25
Ø X is a random variable

Ø Random variable: a variable 
whose value is determined by a 
chance event.

Ø Chance event
Ø The kind of coin I draw: P, N, D, Q



Penny Nickel Dime Quarter
3/7 1/7 1/7 2/7

The Expected Value

Ø Computing expectations:

Ø So the expected value is 9.71…
Ø Have you ever seen a 9.71 coin?
Ø Is this a problem?

E [X] =
X

x2X
xP(x)

2 × 25¢

1 × 10¢

1 × 5¢

3 × 1¢

Population of coins in my pocket.

Quarter

Dime

Nickel

Penny

Probability Distribution 
1
3

7
+ 5

1

7
+ 10

1

7
+ 25

2

7
=

68

7
⇡ 9.71

<latexit sha1_base64="3ZuCGmKaZc1Jcl0IjZqUAONvgJI="></latexit><latexit sha1_base64="3ZuCGmKaZc1Jcl0IjZqUAONvgJI="></latexit><latexit sha1_base64="3ZuCGmKaZc1Jcl0IjZqUAONvgJI="></latexit><latexit sha1_base64="3ZuCGmKaZc1Jcl0IjZqUAONvgJI="></latexit>



Sampling Twice (Sample size 2)
Ø Suppose I sample two coins with replacement

Ø With replacement: put the coin back in pocket after sampling
Ø Let X1 and X2 be the first and second coin values.

Ø A friend gives me 4 more X1 and 2 more X2 and a quarter

Ø I define a new random variable:

Ø What is the value of Y?
Ø Random

Ø What is the expected value of Y?

Y = 5X1 + 3X2 + 25
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Calculating the Expected Value
Y = 5X1 + 3X2 + 25

<latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit>

2 × 25¢

1 × 10¢

1 × 5¢

3 × 1¢

Population of coins in my pocket.

Quarter

Dime

Nickel

Penny

1¢ 5¢ 10¢ 25¢

1¢

5¢

10¢

25¢

Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit>

Penny Nickel Dime Quarter

3/7 1/7 1/7 2/7

Single Sample Prob. Distribution 



Calculating the Expected Value
Y = 5X1 + 3X2 + 25

<latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit>

2 × 25¢

1 × 10¢

1 × 5¢

3 × 1¢
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1¢ 5¢ 10¢ 25¢
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25¢

Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit>

Penny Nickel Dime Quarter

3/7 1/7 1/7 2/7

Single Sample Prob. Distribution 



Calculating the Expected Value
Y = 5X1 + 3X2 + 25

<latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit>
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Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit>
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Single Sample Prob. Distribution 



Calculating the Expected Value
Y = 5X1 + 3X2 + 25

<latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit>

2 × 25¢

1 × 10¢

1 × 5¢

3 × 1¢

Population of coins in my pocket.
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Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit>
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Single Sample Prob. Distribution 



Calculating the Expected Value
Y = 5X1 + 3X2 + 25

<latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit>

2 × 25¢

1 × 10¢

1 × 5¢

3 × 1¢

Population of coins in my pocket.

Quarter

Dime

Nickel

Penny

1¢ 5¢ 10¢ 25¢

1¢ (3/7)(3/7) (3/7)(1/7)

5¢ (1/7)(3/7) (1/7)(1/7)

10¢

25¢

Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit>

Penny Nickel Dime Quarter

3/7 1/7 1/7 2/7

Single Sample Prob. Distribution 



Calculating the Expected Value
Y = 5X1 + 3X2 + 25

<latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit>

2 × 25¢

1 × 10¢

1 × 5¢

3 × 1¢

Population of coins in my pocket.

Quarter

Dime

Nickel

Penny

1¢ 5¢ 10¢ 25¢

1¢ (3/7)(3/7) (3/7)(1/7) (3/7)(1/7) (3/7)(2/7)

5¢ (1/7)(3/7) (1/7)(1/7) (1/7)(1/7) (1/7)(2/7)

10¢ (1/7)(3/7) (1/7)(1/7) (1/7)(1/7) (1/7)(2/7)

25¢ (2/7)(3/7) (2/7)(1/7) (2/7)(1/7) (2/7)(2/7)

Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit>

Penny Nickel Dime Quarter

3/7 1/7 1/7 2/7

Single Sample Prob. Distribution 



Calculating the Expected Value
Y = 5X1 + 3X2 + 25

<latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit>

2 × 25¢

1 × 10¢

1 × 5¢

3 × 1¢

Population of coins in my pocket.

Quarter

Dime

Nickel

Penny

1¢ 5¢ 10¢ 25¢

1¢ 9/49 3/49 3/49 6/49

5¢ 3/49 1/49 1/49 2/49

10¢ 3/49 1/49 1/49 2/49

25¢ 6/49 2/49 2/49 4/49

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

Penny Nickel Dime Quarter

3/7 1/7 1/7 2/7

Single Sample Prob. Distribution 

Sums to 1.

Joint Probability Distribution 

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit>



Calculating the Expected Value

Y = 5X1 + 3X2 + 25
<latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit>

1¢ 5¢ 10¢ 25¢

1¢ 9/49 3/49 3/49 6/49

5¢ 3/49 1/49 1/49 2/49

10¢ 3/49 1/49 1/49 2/49

25¢ 6/49 2/49 2/49 4/49

Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit>

E[Y ]
<latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit>

=
X

x1

X

x2

P(x1, x2) (5x1 + 3x2 + 25)
<latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit>



Calculating the Expected Value

Y = 5X1 + 3X2 + 25
<latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit>

1¢ 5¢ 10¢ 25¢

1¢ 9/49 3/49 3/49 6/49

5¢ 3/49 1/49 1/49 2/49

10¢ 3/49 1/49 1/49 2/49

25¢ 6/49 2/49 2/49 4/49

Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit>

E[Y ]
<latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit>

=
X

x1

X

x2

P(x1, x2) (5x1 + 3x2 + 25)
<latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit>

= P(1, 1) (5⇥ 1 + 3⇥ 1 + 25)+

P(1, 5) (5⇥ 1 + 3⇥ 5 + 25)+

P(1, 10) (5⇥ 1 + 3⇥ 10 + 25)+

P(1, 25) (5⇥ 1 + 3⇥ 25 + 25)+

P(5, 1) (5⇥ 5 + 3⇥ 1 + 25)+

. . .
<latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit><latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit><latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit><latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit>



Calculating the Expected Value

Y = 5X1 + 3X2 + 25
<latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit>

1¢ 5¢ 10¢ 25¢

1¢ 9/49 3/49 3/49 6/49

5¢ 3/49 1/49 1/49 2/49

10¢ 3/49 1/49 1/49 2/49

25¢ 6/49 2/49 2/49 4/49

Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit>

E[Y ]
<latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit>

=
X

x1

X

x2

P(x1, x2) (5x1 + 3x2 + 25)
<latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit>

= P(1, 1) (5⇥ 1 + 3⇥ 1 + 25)+

P(1, 5) (5⇥ 1 + 3⇥ 5 + 25)+

P(1, 10) (5⇥ 1 + 3⇥ 10 + 25)+

P(1, 25) (5⇥ 1 + 3⇥ 25 + 25)+

P(5, 1) (5⇥ 5 + 3⇥ 1 + 25)+

. . .
<latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit><latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit><latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit><latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit>



Calculating the Expected Value

Y = 5X1 + 3X2 + 25
<latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit>

1¢ 5¢ 10¢ 25¢

1¢ 9/49 3/49 3/49 6/49

5¢ 3/49 1/49 1/49 2/49

10¢ 3/49 1/49 1/49 2/49

25¢ 6/49 2/49 2/49 4/49

Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit>

E[Y ]
<latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit>

=
X

x1

X

x2

P(x1, x2) (5x1 + 3x2 + 25)
<latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit>

= P(1, 1) (5⇥ 1 + 3⇥ 1 + 25)+

P(1, 5) (5⇥ 1 + 3⇥ 5 + 25)+

P(1, 10) (5⇥ 1 + 3⇥ 10 + 25)+

P(1, 25) (5⇥ 1 + 3⇥ 25 + 25)+

P(5, 1) (5⇥ 5 + 3⇥ 1 + 25)+

. . .
<latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit><latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit><latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit><latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit>



Calculating the Expected Value

Y = 5X1 + 3X2 + 25
<latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit>

1¢ 5¢ 10¢ 25¢

1¢ 9/49 3/49 3/49 6/49

5¢ 3/49 1/49 1/49 2/49

10¢ 3/49 1/49 1/49 2/49

25¢ 6/49 2/49 2/49 4/49

Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit>

E[Y ]
<latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit>

=
X

x1

X

x2

P(x1, x2) (5x1 + 3x2 + 25)
<latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit>

= P(1, 1) (5⇥ 1 + 3⇥ 1 + 25)+

P(1, 5) (5⇥ 1 + 3⇥ 5 + 25)+

P(1, 10) (5⇥ 1 + 3⇥ 10 + 25)+

P(1, 25) (5⇥ 1 + 3⇥ 25 + 25)+

P(5, 1) (5⇥ 5 + 3⇥ 1 + 25)+

. . .
<latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit><latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit><latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit><latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit>



Calculating the Expected Value

Y = 5X1 + 3X2 + 25
<latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit>

1¢ 5¢ 10¢ 25¢

1¢ 9/49 3/49 3/49 6/49

5¢ 3/49 1/49 1/49 2/49

10¢ 3/49 1/49 1/49 2/49

25¢ 6/49 2/49 2/49 4/49

Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit>

E[Y ]
<latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit>

=
X

x1

X

x2

P(x1, x2) (5x1 + 3x2 + 25)
<latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit>

= P(1, 1) (5⇥ 1 + 3⇥ 1 + 25)+

P(1, 5) (5⇥ 1 + 3⇥ 5 + 25)+

P(1, 10) (5⇥ 1 + 3⇥ 10 + 25)+

P(1, 25) (5⇥ 1 + 3⇥ 25 + 25)+

P(5, 1) (5⇥ 5 + 3⇥ 1 + 25)+

. . .
<latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit><latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit><latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit><latexit sha1_base64="AQ5pBjWP3uDQ2ecwpOw9M7WCd74="></latexit>

9/49
3/49
3/49
6/49

3/49

(33) +
(45) +
(60) +
(105) +
(53) +

This is exhausting …

There is a better way!



Linearity of Expectation

Ø What is the expected value of Y?

E [aX + Y + b] = aE [X] +E [Y ] + b

= E [5X1] +E [3X2] +E [25]
<latexit sha1_base64="69jsoJCKPWKDFhVW9pi8EKzJPF4=">AAACR3icdZBLS8NAFIUn9VXrq+rSzWBRBKEk1aIuhIIILisYW2hCmEwn7dDJg5kboYT+PDcu3fkb3LhQcem0jaBWLwwczncv987xE8EVmOaTUZibX1hcKi6XVlbX1jfKm1u3Kk4lZTaNRSzbPlFM8IjZwEGwdiIZCX3BWv7gYsxbd0wqHkc3MEyYG5JexANOCWjLK3v7+Bw7IYG+H2SXI0ewADp13PYsR/JeH1x8OIOPNK7h/3mt/sUcxytXzKo5KTwrrFxUUF5Nr/zodGOahiwCKohSHctMwM2IBE4FG5WcVLGE0AHpsY6WEQmZcrNJECO8p50uDmKpXwR44n6fyEio1DD0def4ZvWbjc2/WCeF4NTNeJSkwCI6XRSkAkOMx6niLpeMghhqQajk+lZM+0QSCjr7kg7B+v3lWWHXqmdV6/q40mjmaRTRDtpFB8hCJ6iBrlAT2Yiie/SMXtGb8WC8GO/Gx7S1YOQz2+hHFYxP4LuwYQ==</latexit><latexit sha1_base64="69jsoJCKPWKDFhVW9pi8EKzJPF4=">AAACR3icdZBLS8NAFIUn9VXrq+rSzWBRBKEk1aIuhIIILisYW2hCmEwn7dDJg5kboYT+PDcu3fkb3LhQcem0jaBWLwwczncv987xE8EVmOaTUZibX1hcKi6XVlbX1jfKm1u3Kk4lZTaNRSzbPlFM8IjZwEGwdiIZCX3BWv7gYsxbd0wqHkc3MEyYG5JexANOCWjLK3v7+Bw7IYG+H2SXI0ewADp13PYsR/JeH1x8OIOPNK7h/3mt/sUcxytXzKo5KTwrrFxUUF5Nr/zodGOahiwCKohSHctMwM2IBE4FG5WcVLGE0AHpsY6WEQmZcrNJECO8p50uDmKpXwR44n6fyEio1DD0def4ZvWbjc2/WCeF4NTNeJSkwCI6XRSkAkOMx6niLpeMghhqQajk+lZM+0QSCjr7kg7B+v3lWWHXqmdV6/q40mjmaRTRDtpFB8hCJ6iBrlAT2Yiie/SMXtGb8WC8GO/Gx7S1YOQz2+hHFYxP4LuwYQ==</latexit><latexit sha1_base64="69jsoJCKPWKDFhVW9pi8EKzJPF4=">AAACR3icdZBLS8NAFIUn9VXrq+rSzWBRBKEk1aIuhIIILisYW2hCmEwn7dDJg5kboYT+PDcu3fkb3LhQcem0jaBWLwwczncv987xE8EVmOaTUZibX1hcKi6XVlbX1jfKm1u3Kk4lZTaNRSzbPlFM8IjZwEGwdiIZCX3BWv7gYsxbd0wqHkc3MEyYG5JexANOCWjLK3v7+Bw7IYG+H2SXI0ewADp13PYsR/JeH1x8OIOPNK7h/3mt/sUcxytXzKo5KTwrrFxUUF5Nr/zodGOahiwCKohSHctMwM2IBE4FG5WcVLGE0AHpsY6WEQmZcrNJECO8p50uDmKpXwR44n6fyEio1DD0def4ZvWbjc2/WCeF4NTNeJSkwCI6XRSkAkOMx6niLpeMghhqQajk+lZM+0QSCjr7kg7B+v3lWWHXqmdV6/q40mjmaRTRDtpFB8hCJ6iBrlAT2Yiie/SMXtGb8WC8GO/Gx7S1YOQz2+hHFYxP4LuwYQ==</latexit><latexit sha1_base64="69jsoJCKPWKDFhVW9pi8EKzJPF4=">AAACR3icdZBLS8NAFIUn9VXrq+rSzWBRBKEk1aIuhIIILisYW2hCmEwn7dDJg5kboYT+PDcu3fkb3LhQcem0jaBWLwwczncv987xE8EVmOaTUZibX1hcKi6XVlbX1jfKm1u3Kk4lZTaNRSzbPlFM8IjZwEGwdiIZCX3BWv7gYsxbd0wqHkc3MEyYG5JexANOCWjLK3v7+Bw7IYG+H2SXI0ewADp13PYsR/JeH1x8OIOPNK7h/3mt/sUcxytXzKo5KTwrrFxUUF5Nr/zodGOahiwCKohSHctMwM2IBE4FG5WcVLGE0AHpsY6WEQmZcrNJECO8p50uDmKpXwR44n6fyEio1DD0def4ZvWbjc2/WCeF4NTNeJSkwCI6XRSkAkOMx6niLpeMghhqQajk+lZM+0QSCjr7kg7B+v3lWWHXqmdV6/q40mjmaRTRDtpFB8hCJ6iBrlAT2Yiie/SMXtGb8WC8GO/Gx7S1YOQz2+hHFYxP4LuwYQ==</latexit>

= E [5X1] +E [3X2] + 25
<latexit sha1_base64="MRTNm67DqJEA1iRrYOnuEeHYWlM=">AAACL3icbZDLSsNAFIYn9VbrrerSzWBRBKEk1aIuhIKILisYW0hCmUwn7dDJhZkToYQ+khsfRTcKKm59C6cXUFsPDPz83znMOb+fCK7ANF+N3Nz8wuJSfrmwsrq2vlHc3LpTcSops2ksYtn0iWKCR8wGDoI1E8lI6AvW8HsXQ964Z1LxOLqFfsK8kHQiHnBKQFut4tU+PsduSKDrB9nlwBUsAKeKmy3LlbzTBQ8fzuAjjSv4h1eqrtsqlsyyOSo8K6yJKKFJ1VvFJ7cd0zRkEVBBlHIsMwEvIxI4FWxQcFPFEkJ7pMMcLSMSMuVlo4MHeE87bRzEUr8I8Mj9PZGRUKl+6OvO4e5qmg3N/5iTQnDqZTxKUmARHX8UpAJDjIfp4TaXjILoa0Go5HpXTLtEEgo644IOwZo+eVbYlfJZ2bo5LtXqkzTyaAftogNkoRNUQ9eojmxE0QN6Rm/o3Xg0XowP43PcmjMmM9voTxlf33a0pww=</latexit><latexit sha1_base64="MRTNm67DqJEA1iRrYOnuEeHYWlM=">AAACL3icbZDLSsNAFIYn9VbrrerSzWBRBKEk1aIuhIKILisYW0hCmUwn7dDJhZkToYQ+khsfRTcKKm59C6cXUFsPDPz83znMOb+fCK7ANF+N3Nz8wuJSfrmwsrq2vlHc3LpTcSops2ksYtn0iWKCR8wGDoI1E8lI6AvW8HsXQ964Z1LxOLqFfsK8kHQiHnBKQFut4tU+PsduSKDrB9nlwBUsAKeKmy3LlbzTBQ8fzuAjjSv4h1eqrtsqlsyyOSo8K6yJKKFJ1VvFJ7cd0zRkEVBBlHIsMwEvIxI4FWxQcFPFEkJ7pMMcLSMSMuVlo4MHeE87bRzEUr8I8Mj9PZGRUKl+6OvO4e5qmg3N/5iTQnDqZTxKUmARHX8UpAJDjIfp4TaXjILoa0Go5HpXTLtEEgo644IOwZo+eVbYlfJZ2bo5LtXqkzTyaAftogNkoRNUQ9eojmxE0QN6Rm/o3Xg0XowP43PcmjMmM9voTxlf33a0pww=</latexit><latexit sha1_base64="MRTNm67DqJEA1iRrYOnuEeHYWlM=">AAACL3icbZDLSsNAFIYn9VbrrerSzWBRBKEk1aIuhIKILisYW0hCmUwn7dDJhZkToYQ+khsfRTcKKm59C6cXUFsPDPz83znMOb+fCK7ANF+N3Nz8wuJSfrmwsrq2vlHc3LpTcSops2ksYtn0iWKCR8wGDoI1E8lI6AvW8HsXQ964Z1LxOLqFfsK8kHQiHnBKQFut4tU+PsduSKDrB9nlwBUsAKeKmy3LlbzTBQ8fzuAjjSv4h1eqrtsqlsyyOSo8K6yJKKFJ1VvFJ7cd0zRkEVBBlHIsMwEvIxI4FWxQcFPFEkJ7pMMcLSMSMuVlo4MHeE87bRzEUr8I8Mj9PZGRUKl+6OvO4e5qmg3N/5iTQnDqZTxKUmARHX8UpAJDjIfp4TaXjILoa0Go5HpXTLtEEgo644IOwZo+eVbYlfJZ2bo5LtXqkzTyaAftogNkoRNUQ9eojmxE0QN6Rm/o3Xg0XowP43PcmjMmM9voTxlf33a0pww=</latexit><latexit sha1_base64="MRTNm67DqJEA1iRrYOnuEeHYWlM=">AAACL3icbZDLSsNAFIYn9VbrrerSzWBRBKEk1aIuhIKILisYW0hCmUwn7dDJhZkToYQ+khsfRTcKKm59C6cXUFsPDPz83znMOb+fCK7ANF+N3Nz8wuJSfrmwsrq2vlHc3LpTcSops2ksYtn0iWKCR8wGDoI1E8lI6AvW8HsXQ964Z1LxOLqFfsK8kHQiHnBKQFut4tU+PsduSKDrB9nlwBUsAKeKmy3LlbzTBQ8fzuAjjSv4h1eqrtsqlsyyOSo8K6yJKKFJ1VvFJ7cd0zRkEVBBlHIsMwEvIxI4FWxQcFPFEkJ7pMMcLSMSMuVlo4MHeE87bRzEUr8I8Mj9PZGRUKl+6OvO4e5qmg3N/5iTQnDqZTxKUmARHX8UpAJDjIfp4TaXjILoa0Go5HpXTLtEEgo644IOwZo+eVbYlfJZ2bo5LtXqkzTyaAftogNkoRNUQ9eojmxE0QN6Rm/o3Xg0XowP43PcmjMmM9voTxlf33a0pww=</latexit>

= 5E [X1] + 3E [X2] + 25
<latexit sha1_base64="dt/+DnLhTZkHVeiq+MquObisEKQ=">AAACMXicbVDLSgMxFM34rPVVdekmWBRBKDPVoi6Eggi6q+DYwsxQMmmmDc08SO4IZeg3ufFLBBe6UHHrT5g+QG17IHA451xy7/ETwRWY5qsxN7+wuLScW8mvrq1vbBa2tu9VnErKbBqLWDZ8opjgEbOBg2CNRDIS+oLV/e7lwK8/MKl4HN1BL2FeSNoRDzgloKVm4eYAX+AKdkMCHT/IrvquYAE4uNG0XMnbHfDwET6e5Zfxb6Bccd1moWiWzCHwNLHGpIjGqDULz24rpmnIIqCCKOVYZgJeRiRwKlg/76aKJYR2SZs5mkYkZMrLhif38b5WWjiIpX4R4KH6dyIjoVK90NfJwepq0huIszwnheDMy3iUpMAiOvooSAWGGA/6wy0uGQXR04RQyfWumHaIJBR0y3ldgjV58jSxy6XzknV7UqzWxm3k0C7aQ4fIQqeoiq5RDdmIokf0gt7Rh/FkvBmfxtcoOmeMZ3bQPxjfPzWhp2A=</latexit><latexit sha1_base64="dt/+DnLhTZkHVeiq+MquObisEKQ=">AAACMXicbVDLSgMxFM34rPVVdekmWBRBKDPVoi6Eggi6q+DYwsxQMmmmDc08SO4IZeg3ufFLBBe6UHHrT5g+QG17IHA451xy7/ETwRWY5qsxN7+wuLScW8mvrq1vbBa2tu9VnErKbBqLWDZ8opjgEbOBg2CNRDIS+oLV/e7lwK8/MKl4HN1BL2FeSNoRDzgloKVm4eYAX+AKdkMCHT/IrvquYAE4uNG0XMnbHfDwET6e5Zfxb6Bccd1moWiWzCHwNLHGpIjGqDULz24rpmnIIqCCKOVYZgJeRiRwKlg/76aKJYR2SZs5mkYkZMrLhif38b5WWjiIpX4R4KH6dyIjoVK90NfJwepq0huIszwnheDMy3iUpMAiOvooSAWGGA/6wy0uGQXR04RQyfWumHaIJBR0y3ldgjV58jSxy6XzknV7UqzWxm3k0C7aQ4fIQqeoiq5RDdmIokf0gt7Rh/FkvBmfxtcoOmeMZ3bQPxjfPzWhp2A=</latexit><latexit sha1_base64="dt/+DnLhTZkHVeiq+MquObisEKQ=">AAACMXicbVDLSgMxFM34rPVVdekmWBRBKDPVoi6Eggi6q+DYwsxQMmmmDc08SO4IZeg3ufFLBBe6UHHrT5g+QG17IHA451xy7/ETwRWY5qsxN7+wuLScW8mvrq1vbBa2tu9VnErKbBqLWDZ8opjgEbOBg2CNRDIS+oLV/e7lwK8/MKl4HN1BL2FeSNoRDzgloKVm4eYAX+AKdkMCHT/IrvquYAE4uNG0XMnbHfDwET6e5Zfxb6Bccd1moWiWzCHwNLHGpIjGqDULz24rpmnIIqCCKOVYZgJeRiRwKlg/76aKJYR2SZs5mkYkZMrLhif38b5WWjiIpX4R4KH6dyIjoVK90NfJwepq0huIszwnheDMy3iUpMAiOvooSAWGGA/6wy0uGQXR04RQyfWumHaIJBR0y3ldgjV58jSxy6XzknV7UqzWxm3k0C7aQ4fIQqeoiq5RDdmIokf0gt7Rh/FkvBmfxtcoOmeMZ3bQPxjfPzWhp2A=</latexit><latexit sha1_base64="dt/+DnLhTZkHVeiq+MquObisEKQ=">AAACMXicbVDLSgMxFM34rPVVdekmWBRBKDPVoi6Eggi6q+DYwsxQMmmmDc08SO4IZeg3ufFLBBe6UHHrT5g+QG17IHA451xy7/ETwRWY5qsxN7+wuLScW8mvrq1vbBa2tu9VnErKbBqLWDZ8opjgEbOBg2CNRDIS+oLV/e7lwK8/MKl4HN1BL2FeSNoRDzgloKVm4eYAX+AKdkMCHT/IrvquYAE4uNG0XMnbHfDwET6e5Zfxb6Bccd1moWiWzCHwNLHGpIjGqDULz24rpmnIIqCCKOVYZgJeRiRwKlg/76aKJYR2SZs5mkYkZMrLhif38b5WWjiIpX4R4KH6dyIjoVK90NfJwepq0huIszwnheDMy3iUpMAiOvooSAWGGA/6wy0uGQXR04RQyfWumHaIJBR0y3ldgjV58jSxy6XzknV7UqzWxm3k0C7aQ4fIQqeoiq5RDdmIokf0gt7Rh/FkvBmfxtcoOmeMZ3bQPxjfPzWhp2A=</latexit>

Expectation of constant 
is the constant.

Linearity of expectation

Linearity of expectation

E[Y ]
<latexit sha1_base64="b06zTMG1uQtsvLbGPkAJjbJWXtY=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5KIoN4KInisYGwljWWz3bRLN5uwu1FKyP/w4kHFqz/Gm//GTZuDtg4sDDPv8WYnSDhT2ra/rcrS8srqWnW9trG5tb1T3927U3EqCXVJzGPZDbCinAnqaqY57SaS4ijgtBOMLwu/80ilYrG41ZOE+hEeChYygrWRHnoR1qMgzK5y795H/XrDbtpToEXilKQBJdr9+ldvEJM0okITjpXyHDvRfoalZoTTvNZLFU0wGeMh9QwVOKLKz6apc3RklAEKY2me0Giq/t7IcKTUJArMZJFSzXuF+J/npTo89zMmklRTQWaHwpQjHaOiAjRgkhLNJ4ZgIpnJisgIS0y0KapmSnDmv7xI3JPmRdO5OW202mUbVTiAQzgGB86gBdfQBhcISHiGV3iznqwX6936mI1WrHJnH/7A+vwBkheSJA==</latexit><latexit sha1_base64="b06zTMG1uQtsvLbGPkAJjbJWXtY=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5KIoN4KInisYGwljWWz3bRLN5uwu1FKyP/w4kHFqz/Gm//GTZuDtg4sDDPv8WYnSDhT2ra/rcrS8srqWnW9trG5tb1T3927U3EqCXVJzGPZDbCinAnqaqY57SaS4ijgtBOMLwu/80ilYrG41ZOE+hEeChYygrWRHnoR1qMgzK5y795H/XrDbtpToEXilKQBJdr9+ldvEJM0okITjpXyHDvRfoalZoTTvNZLFU0wGeMh9QwVOKLKz6apc3RklAEKY2me0Giq/t7IcKTUJArMZJFSzXuF+J/npTo89zMmklRTQWaHwpQjHaOiAjRgkhLNJ4ZgIpnJisgIS0y0KapmSnDmv7xI3JPmRdO5OW202mUbVTiAQzgGB86gBdfQBhcISHiGV3iznqwX6936mI1WrHJnH/7A+vwBkheSJA==</latexit><latexit sha1_base64="b06zTMG1uQtsvLbGPkAJjbJWXtY=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5KIoN4KInisYGwljWWz3bRLN5uwu1FKyP/w4kHFqz/Gm//GTZuDtg4sDDPv8WYnSDhT2ra/rcrS8srqWnW9trG5tb1T3927U3EqCXVJzGPZDbCinAnqaqY57SaS4ijgtBOMLwu/80ilYrG41ZOE+hEeChYygrWRHnoR1qMgzK5y795H/XrDbtpToEXilKQBJdr9+ldvEJM0okITjpXyHDvRfoalZoTTvNZLFU0wGeMh9QwVOKLKz6apc3RklAEKY2me0Giq/t7IcKTUJArMZJFSzXuF+J/npTo89zMmklRTQWaHwpQjHaOiAjRgkhLNJ4ZgIpnJisgIS0y0KapmSnDmv7xI3JPmRdO5OW202mUbVTiAQzgGB86gBdfQBhcISHiGV3iznqwX6936mI1WrHJnH/7A+vwBkheSJA==</latexit><latexit sha1_base64="b06zTMG1uQtsvLbGPkAJjbJWXtY=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5KIoN4KInisYGwljWWz3bRLN5uwu1FKyP/w4kHFqz/Gm//GTZuDtg4sDDPv8WYnSDhT2ra/rcrS8srqWnW9trG5tb1T3927U3EqCXVJzGPZDbCinAnqaqY57SaS4ijgtBOMLwu/80ilYrG41ZOE+hEeChYygrWRHnoR1qMgzK5y795H/XrDbtpToEXilKQBJdr9+ldvEJM0okITjpXyHDvRfoalZoTTvNZLFU0wGeMh9QwVOKLKz6apc3RklAEKY2me0Giq/t7IcKTUJArMZJFSzXuF+J/npTo89zMmklRTQWaHwpQjHaOiAjRgkhLNJ4ZgIpnJisgIS0y0KapmSnDmv7xI3JPmRdO5OW202mUbVTiAQzgGB86gBdfQBhcISHiGV3iznqwX6936mI1WrHJnH/7A+vwBkheSJA==</latexit>

= E [5X1 + 3X2 + 25]
<latexit sha1_base64="kRYm3glw5LpPUkjyB+drJA97tgM=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0URhJBUi7oQCiK4rGBtoQllMp20QycPZm6EEvoXbvwVNy5U3Io7/8Zpm4W2Hhju4Zx7uXOPnwiuwLa/jcLC4tLySnG1tLa+sbllbu/cqziVlDVoLGLZ8oligkesARwEayWSkdAXrOkPrsZ+84FJxePoDoYJ80LSi3jAKQEtdUzrEF9iNyTQ94PseuQKFkC7ilsdBx/jE10rulaqruS9Pni4Y5Zty54AzxMnJ2WUo94xv9xuTNOQRUAFUart2Al4GZHAqWCjkpsqlhA6ID3W1jQiIVNeNrlrhA+00sVBLPWLAE/U3xMZCZUahr7uHF+gZr2x+J/XTiE49zIeJSmwiE4XBanAEONxSLjLJaMghpoQKrn+K6Z9IgkFHWVJh+DMnjxPGhXrwnJuT8u1ep5GEe2hfXSEHHSGaugG1VEDUfSIntErejOejBfj3fiYthaMfGYX/YHx+QOlg5wW</latexit><latexit sha1_base64="kRYm3glw5LpPUkjyB+drJA97tgM=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0URhJBUi7oQCiK4rGBtoQllMp20QycPZm6EEvoXbvwVNy5U3Io7/8Zpm4W2Hhju4Zx7uXOPnwiuwLa/jcLC4tLySnG1tLa+sbllbu/cqziVlDVoLGLZ8oligkesARwEayWSkdAXrOkPrsZ+84FJxePoDoYJ80LSi3jAKQEtdUzrEF9iNyTQ94PseuQKFkC7ilsdBx/jE10rulaqruS9Pni4Y5Zty54AzxMnJ2WUo94xv9xuTNOQRUAFUart2Al4GZHAqWCjkpsqlhA6ID3W1jQiIVNeNrlrhA+00sVBLPWLAE/U3xMZCZUahr7uHF+gZr2x+J/XTiE49zIeJSmwiE4XBanAEONxSLjLJaMghpoQKrn+K6Z9IgkFHWVJh+DMnjxPGhXrwnJuT8u1ep5GEe2hfXSEHHSGaugG1VEDUfSIntErejOejBfj3fiYthaMfGYX/YHx+QOlg5wW</latexit><latexit sha1_base64="kRYm3glw5LpPUkjyB+drJA97tgM=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0URhJBUi7oQCiK4rGBtoQllMp20QycPZm6EEvoXbvwVNy5U3Io7/8Zpm4W2Hhju4Zx7uXOPnwiuwLa/jcLC4tLySnG1tLa+sbllbu/cqziVlDVoLGLZ8oligkesARwEayWSkdAXrOkPrsZ+84FJxePoDoYJ80LSi3jAKQEtdUzrEF9iNyTQ94PseuQKFkC7ilsdBx/jE10rulaqruS9Pni4Y5Zty54AzxMnJ2WUo94xv9xuTNOQRUAFUart2Al4GZHAqWCjkpsqlhA6ID3W1jQiIVNeNrlrhA+00sVBLPWLAE/U3xMZCZUahr7uHF+gZr2x+J/XTiE49zIeJSmwiE4XBanAEONxSLjLJaMghpoQKrn+K6Z9IgkFHWVJh+DMnjxPGhXrwnJuT8u1ep5GEe2hfXSEHHSGaugG1VEDUfSIntErejOejBfj3fiYthaMfGYX/YHx+QOlg5wW</latexit><latexit sha1_base64="kRYm3glw5LpPUkjyB+drJA97tgM=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0URhJBUi7oQCiK4rGBtoQllMp20QycPZm6EEvoXbvwVNy5U3Io7/8Zpm4W2Hhju4Zx7uXOPnwiuwLa/jcLC4tLySnG1tLa+sbllbu/cqziVlDVoLGLZ8oligkesARwEayWSkdAXrOkPrsZ+84FJxePoDoYJ80LSi3jAKQEtdUzrEF9iNyTQ94PseuQKFkC7ilsdBx/jE10rulaqruS9Pni4Y5Zty54AzxMnJ2WUo94xv9xuTNOQRUAFUart2Al4GZHAqWCjkpsqlhA6ID3W1jQiIVNeNrlrhA+00sVBLPWLAE/U3xMZCZUahr7uHF+gZr2x+J/XTiE49zIeJSmwiE4XBanAEONxSLjLJaMghpoQKrn+K6Z9IgkFHWVJh+DMnjxPGhXrwnJuT8u1ep5GEe2hfXSEHHSGaugG1VEDUfSIntErejOejBfj3fiYthaMfGYX/YHx+QOlg5wW</latexit>

Lowercase Letters 
are Constants 
(not Random)



Linearity of Expectation

Ø What is the expected value of Y?

E [aX + Y + b] = aE [X] +E [Y ] + b

= 5E [X1] + 3E [X2] + 25
<latexit sha1_base64="dt/+DnLhTZkHVeiq+MquObisEKQ=">AAACMXicbVDLSgMxFM34rPVVdekmWBRBKDPVoi6Eggi6q+DYwsxQMmmmDc08SO4IZeg3ufFLBBe6UHHrT5g+QG17IHA451xy7/ETwRWY5qsxN7+wuLScW8mvrq1vbBa2tu9VnErKbBqLWDZ8opjgEbOBg2CNRDIS+oLV/e7lwK8/MKl4HN1BL2FeSNoRDzgloKVm4eYAX+AKdkMCHT/IrvquYAE4uNG0XMnbHfDwET6e5Zfxb6Bccd1moWiWzCHwNLHGpIjGqDULz24rpmnIIqCCKOVYZgJeRiRwKlg/76aKJYR2SZs5mkYkZMrLhif38b5WWjiIpX4R4KH6dyIjoVK90NfJwepq0huIszwnheDMy3iUpMAiOvooSAWGGA/6wy0uGQXR04RQyfWumHaIJBR0y3ldgjV58jSxy6XzknV7UqzWxm3k0C7aQ4fIQqeoiq5RDdmIokf0gt7Rh/FkvBmfxtcoOmeMZ3bQPxjfPzWhp2A=</latexit><latexit sha1_base64="dt/+DnLhTZkHVeiq+MquObisEKQ=">AAACMXicbVDLSgMxFM34rPVVdekmWBRBKDPVoi6Eggi6q+DYwsxQMmmmDc08SO4IZeg3ufFLBBe6UHHrT5g+QG17IHA451xy7/ETwRWY5qsxN7+wuLScW8mvrq1vbBa2tu9VnErKbBqLWDZ8opjgEbOBg2CNRDIS+oLV/e7lwK8/MKl4HN1BL2FeSNoRDzgloKVm4eYAX+AKdkMCHT/IrvquYAE4uNG0XMnbHfDwET6e5Zfxb6Bccd1moWiWzCHwNLHGpIjGqDULz24rpmnIIqCCKOVYZgJeRiRwKlg/76aKJYR2SZs5mkYkZMrLhif38b5WWjiIpX4R4KH6dyIjoVK90NfJwepq0huIszwnheDMy3iUpMAiOvooSAWGGA/6wy0uGQXR04RQyfWumHaIJBR0y3ldgjV58jSxy6XzknV7UqzWxm3k0C7aQ4fIQqeoiq5RDdmIokf0gt7Rh/FkvBmfxtcoOmeMZ3bQPxjfPzWhp2A=</latexit><latexit sha1_base64="dt/+DnLhTZkHVeiq+MquObisEKQ=">AAACMXicbVDLSgMxFM34rPVVdekmWBRBKDPVoi6Eggi6q+DYwsxQMmmmDc08SO4IZeg3ufFLBBe6UHHrT5g+QG17IHA451xy7/ETwRWY5qsxN7+wuLScW8mvrq1vbBa2tu9VnErKbBqLWDZ8opjgEbOBg2CNRDIS+oLV/e7lwK8/MKl4HN1BL2FeSNoRDzgloKVm4eYAX+AKdkMCHT/IrvquYAE4uNG0XMnbHfDwET6e5Zfxb6Bccd1moWiWzCHwNLHGpIjGqDULz24rpmnIIqCCKOVYZgJeRiRwKlg/76aKJYR2SZs5mkYkZMrLhif38b5WWjiIpX4R4KH6dyIjoVK90NfJwepq0huIszwnheDMy3iUpMAiOvooSAWGGA/6wy0uGQXR04RQyfWumHaIJBR0y3ldgjV58jSxy6XzknV7UqzWxm3k0C7aQ4fIQqeoiq5RDdmIokf0gt7Rh/FkvBmfxtcoOmeMZ3bQPxjfPzWhp2A=</latexit><latexit sha1_base64="dt/+DnLhTZkHVeiq+MquObisEKQ=">AAACMXicbVDLSgMxFM34rPVVdekmWBRBKDPVoi6Eggi6q+DYwsxQMmmmDc08SO4IZeg3ufFLBBe6UHHrT5g+QG17IHA451xy7/ETwRWY5qsxN7+wuLScW8mvrq1vbBa2tu9VnErKbBqLWDZ8opjgEbOBg2CNRDIS+oLV/e7lwK8/MKl4HN1BL2FeSNoRDzgloKVm4eYAX+AKdkMCHT/IrvquYAE4uNG0XMnbHfDwET6e5Zfxb6Bccd1moWiWzCHwNLHGpIjGqDULz24rpmnIIqCCKOVYZgJeRiRwKlg/76aKJYR2SZs5mkYkZMrLhif38b5WWjiIpX4R4KH6dyIjoVK90NfJwepq0huIszwnheDMy3iUpMAiOvooSAWGGA/6wy0uGQXR04RQyfWumHaIJBR0y3ldgjV58jSxy6XzknV7UqzWxm3k0C7aQ4fIQqeoiq5RDdmIokf0gt7Rh/FkvBmfxtcoOmeMZ3bQPxjfPzWhp2A=</latexit>

E[Y ]
<latexit sha1_base64="b06zTMG1uQtsvLbGPkAJjbJWXtY=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5KIoN4KInisYGwljWWz3bRLN5uwu1FKyP/w4kHFqz/Gm//GTZuDtg4sDDPv8WYnSDhT2ra/rcrS8srqWnW9trG5tb1T3927U3EqCXVJzGPZDbCinAnqaqY57SaS4ijgtBOMLwu/80ilYrG41ZOE+hEeChYygrWRHnoR1qMgzK5y795H/XrDbtpToEXilKQBJdr9+ldvEJM0okITjpXyHDvRfoalZoTTvNZLFU0wGeMh9QwVOKLKz6apc3RklAEKY2me0Giq/t7IcKTUJArMZJFSzXuF+J/npTo89zMmklRTQWaHwpQjHaOiAjRgkhLNJ4ZgIpnJisgIS0y0KapmSnDmv7xI3JPmRdO5OW202mUbVTiAQzgGB86gBdfQBhcISHiGV3iznqwX6936mI1WrHJnH/7A+vwBkheSJA==</latexit><latexit sha1_base64="b06zTMG1uQtsvLbGPkAJjbJWXtY=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5KIoN4KInisYGwljWWz3bRLN5uwu1FKyP/w4kHFqz/Gm//GTZuDtg4sDDPv8WYnSDhT2ra/rcrS8srqWnW9trG5tb1T3927U3EqCXVJzGPZDbCinAnqaqY57SaS4ijgtBOMLwu/80ilYrG41ZOE+hEeChYygrWRHnoR1qMgzK5y795H/XrDbtpToEXilKQBJdr9+ldvEJM0okITjpXyHDvRfoalZoTTvNZLFU0wGeMh9QwVOKLKz6apc3RklAEKY2me0Giq/t7IcKTUJArMZJFSzXuF+J/npTo89zMmklRTQWaHwpQjHaOiAjRgkhLNJ4ZgIpnJisgIS0y0KapmSnDmv7xI3JPmRdO5OW202mUbVTiAQzgGB86gBdfQBhcISHiGV3iznqwX6936mI1WrHJnH/7A+vwBkheSJA==</latexit><latexit sha1_base64="b06zTMG1uQtsvLbGPkAJjbJWXtY=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5KIoN4KInisYGwljWWz3bRLN5uwu1FKyP/w4kHFqz/Gm//GTZuDtg4sDDPv8WYnSDhT2ra/rcrS8srqWnW9trG5tb1T3927U3EqCXVJzGPZDbCinAnqaqY57SaS4ijgtBOMLwu/80ilYrG41ZOE+hEeChYygrWRHnoR1qMgzK5y795H/XrDbtpToEXilKQBJdr9+ldvEJM0okITjpXyHDvRfoalZoTTvNZLFU0wGeMh9QwVOKLKz6apc3RklAEKY2me0Giq/t7IcKTUJArMZJFSzXuF+J/npTo89zMmklRTQWaHwpQjHaOiAjRgkhLNJ4ZgIpnJisgIS0y0KapmSnDmv7xI3JPmRdO5OW202mUbVTiAQzgGB86gBdfQBhcISHiGV3iznqwX6936mI1WrHJnH/7A+vwBkheSJA==</latexit><latexit sha1_base64="b06zTMG1uQtsvLbGPkAJjbJWXtY=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5KIoN4KInisYGwljWWz3bRLN5uwu1FKyP/w4kHFqz/Gm//GTZuDtg4sDDPv8WYnSDhT2ra/rcrS8srqWnW9trG5tb1T3927U3EqCXVJzGPZDbCinAnqaqY57SaS4ijgtBOMLwu/80ilYrG41ZOE+hEeChYygrWRHnoR1qMgzK5y795H/XrDbtpToEXilKQBJdr9+ldvEJM0okITjpXyHDvRfoalZoTTvNZLFU0wGeMh9QwVOKLKz6apc3RklAEKY2me0Giq/t7IcKTUJArMZJFSzXuF+J/npTo89zMmklRTQWaHwpQjHaOiAjRgkhLNJ4ZgIpnJisgIS0y0KapmSnDmv7xI3JPmRdO5OW202mUbVTiAQzgGB86gBdfQBhcISHiGV3iznqwX6936mI1WrHJnH/7A+vwBkheSJA==</latexit>

68

7
<latexit sha1_base64="N5XBE6fTPb801rLwxl7X+7rhvyk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEbL0VvHisYGyhCWWz3bRLN5tldyOUkL/hxYOKV3+NN/+N2zYHrT4YeLw3w8y8SHKmjet+OZW19Y3Nrep2bWd3b/+gfnj0oNNMEeqTlKeqH2FNORPUN8xw2peK4iTitBdNb+Z+75EqzVJxb2aShgkeCxYzgo2VgiBWmORX7SJvFcN6w226C6C/xCtJA0p0h/XPYJSSLKHCEI61HniuNGGOlWGE06IWZJpKTKZ4TAeWCpxQHeaLmwt0ZpURilNlSxi0UH9O5DjRepZEtjPBZqJXvbn4nzfITNwOcyZkZqggy0VxxpFJ0TwANGKKEsNnlmCimL0VkQm2MRgbU82G4K2+/Jf4F83rpnd32eh0yzSqcAKncA4etKADt9AFHwhIeIIXeHUy59l5c96XrRWnnDmGX3A+vgE0XpFh</latexit><latexit sha1_base64="N5XBE6fTPb801rLwxl7X+7rhvyk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEbL0VvHisYGyhCWWz3bRLN5tldyOUkL/hxYOKV3+NN/+N2zYHrT4YeLw3w8y8SHKmjet+OZW19Y3Nrep2bWd3b/+gfnj0oNNMEeqTlKeqH2FNORPUN8xw2peK4iTitBdNb+Z+75EqzVJxb2aShgkeCxYzgo2VgiBWmORX7SJvFcN6w226C6C/xCtJA0p0h/XPYJSSLKHCEI61HniuNGGOlWGE06IWZJpKTKZ4TAeWCpxQHeaLmwt0ZpURilNlSxi0UH9O5DjRepZEtjPBZqJXvbn4nzfITNwOcyZkZqggy0VxxpFJ0TwANGKKEsNnlmCimL0VkQm2MRgbU82G4K2+/Jf4F83rpnd32eh0yzSqcAKncA4etKADt9AFHwhIeIIXeHUy59l5c96XrRWnnDmGX3A+vgE0XpFh</latexit><latexit sha1_base64="N5XBE6fTPb801rLwxl7X+7rhvyk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEbL0VvHisYGyhCWWz3bRLN5tldyOUkL/hxYOKV3+NN/+N2zYHrT4YeLw3w8y8SHKmjet+OZW19Y3Nrep2bWd3b/+gfnj0oNNMEeqTlKeqH2FNORPUN8xw2peK4iTitBdNb+Z+75EqzVJxb2aShgkeCxYzgo2VgiBWmORX7SJvFcN6w226C6C/xCtJA0p0h/XPYJSSLKHCEI61HniuNGGOlWGE06IWZJpKTKZ4TAeWCpxQHeaLmwt0ZpURilNlSxi0UH9O5DjRepZEtjPBZqJXvbn4nzfITNwOcyZkZqggy0VxxpFJ0TwANGKKEsNnlmCimL0VkQm2MRgbU82G4K2+/Jf4F83rpnd32eh0yzSqcAKncA4etKADt9AFHwhIeIIXeHUy59l5c96XrRWnnDmGX3A+vgE0XpFh</latexit><latexit sha1_base64="N5XBE6fTPb801rLwxl7X+7rhvyk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEbL0VvHisYGyhCWWz3bRLN5tldyOUkL/hxYOKV3+NN/+N2zYHrT4YeLw3w8y8SHKmjet+OZW19Y3Nrep2bWd3b/+gfnj0oNNMEeqTlKeqH2FNORPUN8xw2peK4iTitBdNb+Z+75EqzVJxb2aShgkeCxYzgo2VgiBWmORX7SJvFcN6w226C6C/xCtJA0p0h/XPYJSSLKHCEI61HniuNGGOlWGE06IWZJpKTKZ4TAeWCpxQHeaLmwt0ZpURilNlSxi0UH9O5DjRepZEtjPBZqJXvbn4nzfITNwOcyZkZqggy0VxxpFJ0TwANGKKEsNnlmCimL0VkQm2MRgbU82G4K2+/Jf4F83rpnd32eh0yzSqcAKncA4etKADt9AFHwhIeIIXeHUy59l5c96XrRWnnDmGX3A+vgE0XpFh</latexit>

68

7
<latexit sha1_base64="N5XBE6fTPb801rLwxl7X+7rhvyk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEbL0VvHisYGyhCWWz3bRLN5tldyOUkL/hxYOKV3+NN/+N2zYHrT4YeLw3w8y8SHKmjet+OZW19Y3Nrep2bWd3b/+gfnj0oNNMEeqTlKeqH2FNORPUN8xw2peK4iTitBdNb+Z+75EqzVJxb2aShgkeCxYzgo2VgiBWmORX7SJvFcN6w226C6C/xCtJA0p0h/XPYJSSLKHCEI61HniuNGGOlWGE06IWZJpKTKZ4TAeWCpxQHeaLmwt0ZpURilNlSxi0UH9O5DjRepZEtjPBZqJXvbn4nzfITNwOcyZkZqggy0VxxpFJ0TwANGKKEsNnlmCimL0VkQm2MRgbU82G4K2+/Jf4F83rpnd32eh0yzSqcAKncA4etKADt9AFHwhIeIIXeHUy59l5c96XrRWnnDmGX3A+vgE0XpFh</latexit><latexit sha1_base64="N5XBE6fTPb801rLwxl7X+7rhvyk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEbL0VvHisYGyhCWWz3bRLN5tldyOUkL/hxYOKV3+NN/+N2zYHrT4YeLw3w8y8SHKmjet+OZW19Y3Nrep2bWd3b/+gfnj0oNNMEeqTlKeqH2FNORPUN8xw2peK4iTitBdNb+Z+75EqzVJxb2aShgkeCxYzgo2VgiBWmORX7SJvFcN6w226C6C/xCtJA0p0h/XPYJSSLKHCEI61HniuNGGOlWGE06IWZJpKTKZ4TAeWCpxQHeaLmwt0ZpURilNlSxi0UH9O5DjRepZEtjPBZqJXvbn4nzfITNwOcyZkZqggy0VxxpFJ0TwANGKKEsNnlmCimL0VkQm2MRgbU82G4K2+/Jf4F83rpnd32eh0yzSqcAKncA4etKADt9AFHwhIeIIXeHUy59l5c96XrRWnnDmGX3A+vgE0XpFh</latexit><latexit sha1_base64="N5XBE6fTPb801rLwxl7X+7rhvyk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEbL0VvHisYGyhCWWz3bRLN5tldyOUkL/hxYOKV3+NN/+N2zYHrT4YeLw3w8y8SHKmjet+OZW19Y3Nrep2bWd3b/+gfnj0oNNMEeqTlKeqH2FNORPUN8xw2peK4iTitBdNb+Z+75EqzVJxb2aShgkeCxYzgo2VgiBWmORX7SJvFcN6w226C6C/xCtJA0p0h/XPYJSSLKHCEI61HniuNGGOlWGE06IWZJpKTKZ4TAeWCpxQHeaLmwt0ZpURilNlSxi0UH9O5DjRepZEtjPBZqJXvbn4nzfITNwOcyZkZqggy0VxxpFJ0TwANGKKEsNnlmCimL0VkQm2MRgbU82G4K2+/Jf4F83rpnd32eh0yzSqcAKncA4etKADt9AFHwhIeIIXeHUy59l5c96XrRWnnDmGX3A+vgE0XpFh</latexit><latexit sha1_base64="N5XBE6fTPb801rLwxl7X+7rhvyk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEbL0VvHisYGyhCWWz3bRLN5tldyOUkL/hxYOKV3+NN/+N2zYHrT4YeLw3w8y8SHKmjet+OZW19Y3Nrep2bWd3b/+gfnj0oNNMEeqTlKeqH2FNORPUN8xw2peK4iTitBdNb+Z+75EqzVJxb2aShgkeCxYzgo2VgiBWmORX7SJvFcN6w226C6C/xCtJA0p0h/XPYJSSLKHCEI61HniuNGGOlWGE06IWZJpKTKZ4TAeWCpxQHeaLmwt0ZpURilNlSxi0UH9O5DjRepZEtjPBZqJXvbn4nzfITNwOcyZkZqggy0VxxpFJ0TwANGKKEsNnlmCimL0VkQm2MRgbU82G4K2+/Jf4F83rpnd32eh0yzSqcAKncA4etKADt9AFHwhIeIIXeHUy59l5c96XrRWnnDmGX3A+vgE0XpFh</latexit>

⇡ 102.71
<latexit sha1_base64="0dfJKznY2nEZa2CpjwRMXBBLXC0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4CkkRqreCF48VjC20sWy2m3bpZrPsbtQS+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvkpxp43nfzsrq2vrGZmmrvL2zu7dfOTi802mmCA1IylPVjrCmnAkaGGY4bUtFcRJx2opGV1O/9UCVZqm4NWNJwwQPBIsZwcZK910spUqfkO/V3Lrfq1Q915sBLRO/IFUo0OxVvrr9lGQJFYZwrHXH96QJc6wMI5xOyt1MU4nJCA9ox1KBE6rDfHb1BJ1apY/iVNkSBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTITX4Q5EzIzVJD5ojjjyKRoGgHqM0WJ4WNLMFHM3orIECtMjA2qbEPwF19eJkHNvXT9m/Nqo1mkUYJjOIEz8KEODbiGJgRAQMEzvMKb8+i8OO/Ox7x1xSlmjuAPnM8fEA2RJw==</latexit><latexit sha1_base64="0dfJKznY2nEZa2CpjwRMXBBLXC0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4CkkRqreCF48VjC20sWy2m3bpZrPsbtQS+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvkpxp43nfzsrq2vrGZmmrvL2zu7dfOTi802mmCA1IylPVjrCmnAkaGGY4bUtFcRJx2opGV1O/9UCVZqm4NWNJwwQPBIsZwcZK910spUqfkO/V3Lrfq1Q915sBLRO/IFUo0OxVvrr9lGQJFYZwrHXH96QJc6wMI5xOyt1MU4nJCA9ox1KBE6rDfHb1BJ1apY/iVNkSBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTITX4Q5EzIzVJD5ojjjyKRoGgHqM0WJ4WNLMFHM3orIECtMjA2qbEPwF19eJkHNvXT9m/Nqo1mkUYJjOIEz8KEODbiGJgRAQMEzvMKb8+i8OO/Ox7x1xSlmjuAPnM8fEA2RJw==</latexit><latexit sha1_base64="0dfJKznY2nEZa2CpjwRMXBBLXC0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4CkkRqreCF48VjC20sWy2m3bpZrPsbtQS+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvkpxp43nfzsrq2vrGZmmrvL2zu7dfOTi802mmCA1IylPVjrCmnAkaGGY4bUtFcRJx2opGV1O/9UCVZqm4NWNJwwQPBIsZwcZK910spUqfkO/V3Lrfq1Q915sBLRO/IFUo0OxVvrr9lGQJFYZwrHXH96QJc6wMI5xOyt1MU4nJCA9ox1KBE6rDfHb1BJ1apY/iVNkSBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTITX4Q5EzIzVJD5ojjjyKRoGgHqM0WJ4WNLMFHM3orIECtMjA2qbEPwF19eJkHNvXT9m/Nqo1mkUYJjOIEz8KEODbiGJgRAQMEzvMKb8+i8OO/Ox7x1xSlmjuAPnM8fEA2RJw==</latexit><latexit sha1_base64="0dfJKznY2nEZa2CpjwRMXBBLXC0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4CkkRqreCF48VjC20sWy2m3bpZrPsbtQS+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvkpxp43nfzsrq2vrGZmmrvL2zu7dfOTi802mmCA1IylPVjrCmnAkaGGY4bUtFcRJx2opGV1O/9UCVZqm4NWNJwwQPBIsZwcZK910spUqfkO/V3Lrfq1Q915sBLRO/IFUo0OxVvrr9lGQJFYZwrHXH96QJc6wMI5xOyt1MU4nJCA9ox1KBE6rDfHb1BJ1apY/iVNkSBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTITX4Q5EzIzVJD5ojjjyKRoGgHqM0WJ4WNLMFHM3orIECtMjA2qbEPwF19eJkHNvXT9m/Nqo1mkUYJjOIEz8KEODbiGJgRAQMEzvMKb8+i8OO/Ox7x1xSlmjuAPnM8fEA2RJw==</latexit>

Ø What if X1 and X2 were sampled without replacement?
Ø Can X1 = X2 = 5? 
Ø Can I sample two dimes

Lowercase Letters 
are Constants 
(not Random)



Dependent Random Variables

2 × 25¢

1 × 10¢

1 × 5¢

3 × 1¢

Population of coins in my pocket.

Quarter

Dime

Nickel

Penny

1¢ 5¢ 10¢ 25¢

1¢

5¢

10¢

25¢

Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit> Penny Nickel Dime Quarter

3/7 1/7 1/7 2/7

Single Sample Prob. Distribution 

Sampling with without replacement



Dependent Random Variables

2 × 25¢

1 × 10¢

1 × 5¢

3 × 1¢

Population of coins in my pocket.

Quarter

Dime

Nickel

Penny

1¢ 5¢ 10¢ 25¢

1¢ (3/7)(2/6)

5¢

10¢

25¢

Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit> Penny Nickel Dime Quarter
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Single Sample Prob. Distribution 

Sampling with without replacement



Dependent Random Variables

2 × 25¢

1 × 10¢

1 × 5¢

3 × 1¢

Population of coins in my pocket.
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1¢ 5¢ 10¢ 25¢
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Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit> Penny Nickel Dime Quarter

3/7 1/7 1/7 2/7

Single Sample Prob. Distribution 

Sampling with without replacement



Dependent Random Variables

2 × 25¢

1 × 10¢

1 × 5¢

3 × 1¢

Population of coins in my pocket.

Quarter

Dime

Nickel

Penny

1¢ 5¢ 10¢ 25¢

1¢ (3/7)(2/6) (3/7)(1/6)

5¢ (1/7)(3/6)

10¢

25¢

Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit> Penny Nickel Dime Quarter

3/7 1/7 1/7 2/7

Single Sample Prob. Distribution 

Sampling with without replacement



Dependent Random Variables

2 × 25¢

1 × 10¢

1 × 5¢

3 × 1¢
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25¢

Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit> Penny Nickel Dime Quarter

3/7 1/7 1/7 2/7

Single Sample Prob. Distribution 

Sampling with without replacement



Dependent Random Variables

2 × 25¢

1 × 10¢

1 × 5¢

3 × 1¢

Population of coins in my pocket.

Quarter

Dime

Nickel

Penny

1¢ 5¢ 10¢ 25¢

1¢ (3/7)(2/6) (3/7)(1/6) (3/7)(1/6) (3/7)(2/6)

5¢ (1/7)(3/6) (1/7) 0 (1/7)(1/6) (1/7)(2/6)

10¢ (1/7)(3/6) (1/7)(1/6) (1/7) 0 (1/7)(2/6)

25¢ (2/7)(3/6) (2/7)(1/6) (2/7)(1/6) (2/7)(1/6)

Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit> Penny Nickel Dime Quarter

3/7 1/7 1/7 2/7

Single Sample Prob. Distribution 

Sampling with without replacement



Dependent Random Variables

2 × 25¢

1 × 10¢

1 × 5¢

3 × 1¢

Population of coins in my pocket.

Quarter

Dime

Nickel

Penny

1¢ 5¢ 10¢ 25¢

1¢ 6/42 3/42 3/42 6/42

5¢ 3/42 0 1/42 2/42

10¢ 3/42 1/42 0 2/42

25¢ 6/42 2/42 2/42 2/42

Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit> Penny Nickel Dime Quarter

3/7 1/7 1/7 2/7

Single Sample Prob. Distribution 

Sums to 1.

Sampling with without replacement



Dependent Random Variables
1¢ 5¢ 10¢ 25¢

1¢ 6/42 3/42 3/42 6/42

5¢ 3/42 0 1/42 2/42

10¢ 3/42 1/42 0 2/42

25¢ 6/42 2/42 2/42 2/42

Joint Probability Distribution 

X1
<latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit><latexit sha1_base64="D6ui62DMZ6O1AGjpWnRzrU4TE8A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfafv9as1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJf5F/bru3V3Wmq0ijTKcwCmcgwcNaMIttMAHBkN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/TQuNYg==</latexit>

X2
<latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit><latexit sha1_base64="IpL5jhU8dHDLV7/Qtk5YjjL7ayw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSfaff6Fdrbt2dg6wSryA1KNDqV796g4RlMVfIJDWm67kpBjnVKJjk00ovMzylbEyHvGupojE3QT4/dUrOrDIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vG6G0VWQC5VmyBVbLIoySTAhs7/JQGjOUE4soUwLeythI6opQ5tOxYbgLb+8SvxG/bru3V3Umq0ijTKcwCmcgweX0IRbaIEPDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE6OjWM=</latexit>

P(X1 = x1, X2 = x2)
<latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit><latexit sha1_base64="8JDfBVu07wqbn7v0CKO2Zzj8oq0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSxCBSlJEdSFUHDjMoKxgTaEyXTSDp1cmDmRltCtG1/FjQsVtz6CO9/GaZuFtv4w8PGfczhz/iAVXIFpfhtLyyura+uljfLm1vbObmVv/14lmaTMoYlIpBsQxQSPmQMcBHNTyUgUCNYKBteTeuuBScWT+A5GKfMi0ot5yCkBbfkV3AE2hCDM7XHN9S18hYe+dYpdvzHFxolfqZp1cyq8CFYBVVTI9itfnW5Cs4jFQAVRqm2ZKXg5kcCpYONyJ1MsJXRAeqytMSYRU14+vWSMj7XTxWEi9YsBT93fEzmJlBpFge6MCPTVfG1i/ldrZxBeeDmP0wxYTGeLwkxgSPAkFtzlklEQIw2ESq7/immfSEJBh1fWIVjzJy+C06hf1q3bs2rTLtIooUN0hGrIQueoiW6QjRxE0SN6Rq/ozXgyXox342PWumQUMwfoj4zPH922l3c=</latexit>

Sampling without replacement

Y = 5X1 + 3X2 + 25
<latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit><latexit sha1_base64="kd05ezOCqI/ohdtGsalRyCxXdu8=">AAAB/nicbVDLSsNAFL3xWesrKrhxM1gEQShJtagLoejGZQVjK20Ik+mkHTp5MDMRSuzCX3HjQsWt3+HOv3HaZqGtB4Z7OOde7p3jJ5xJZVnfxtz8wuLScmGluLq2vrFpbm3fyTgVhDok5rFo+lhSziLqKKY4bSaC4tDntOH3r0Z+44EKyeLoVg0S6oa4G7GAEay05Jm79+gCVVHTs9EROta1omul6pklq2yNgWaJnZMS5Kh75le7E5M0pJEiHEvZsq1EuRkWihFOh8V2KmmCSR93aUvTCIdUutn4/iE60EoHBbHQL1JorP6eyHAo5SD0dWeIVU9OeyPxP6+VquDMzViUpIpGZLIoSDlSMRqFgTpMUKL4QBNMBNO3ItLDAhOlIyvqEOzpL88Sp1I+L9s3J6XaZZ5GAfZgHw7BhlOowTXUwQECj/AMr/BmPBkvxrvxMWmdM/KZHfgD4/MHMYaR5w==</latexit>

E[Y ]
<latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit><latexit sha1_base64="sodNwIEplbeVNEMVneSCxgmv4s4=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUQE9VYQwWMFYytpKJvtpl262cTdSbGE/g4vHlS8+me8+W/ctjlo64OBx3szzMwLU8E1Os63tbS8srq2Xtoob25t7+xW9vbvdZIpyjyaiES1QqKZ4JJ5yFGwVqoYiUPBmuHgauI3h0xpnsg7HKUsiElP8ohTgkYK2sieMIzy67H/EHQqVafmTGEvErcgVSjQ6FS+2t2EZjGTSAXR2nedFIOcKORUsHG5nWmWEjogPeYbKknMdJBPjx7bx0bp2lGiTEm0p+rviZzEWo/i0HTGBPt63puI/3l+htFFkHOZZsgknS2KMmFjYk8SsLtcMYpiZAihiptbbdonilA0OZVNCO78y4vEO61d1tzbs2q9UaRRgkM4ghNw4RzqcAMN8IDCIzzDK7xZQ+vFerc+Zq1LVjFzAH9gff4AYWqSFQ==</latexit>

=
X

x1

X

x2

P(x1, x2) (5x1 + 3x2 + 25)
<latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit><latexit sha1_base64="EnG9WfrxSMQ+ZhVpUHPZqju5bvg="></latexit>

= (6/42) 33 + (3/42) 45 + (3/42) 60 + (6/42) 105 +
(3/42) 53 + (0) 65 + (1/42) 80 + (2/42) 125 +
(3/42) 78 + (1/42) 90 + (0) 105 + (2/42) 150 +
(6/42) 153 + (2/42) 165 + (2/42) 180 + (2/42) 225

=
719

7
<latexit sha1_base64="LccJbVLR3GsjbBH/UHJlQ6HfwDs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokItQeh4MVjBWMLbSyb7aZdursJuxulhPwPLx5UvPpjvPlv3LY5aOuDgcd7M8zMCxPOtHHdb2dldW19Y7O0Vd7e2d3brxwc3us4VYT6JOax6oRYU84k9Q0znHYSRbEIOW2H4+up336kSrNY3plJQgOBh5JFjGBjpYerXqQwyepeI8/qeb9SdWvuDGiZeAWpQoFWv/LVG8QkFVQawrHWXc9NTJBhZRjhNC/3Uk0TTMZ4SLuWSiyoDrLZ1Tk6tcoARbGyJQ2aqb8nMiy0nojQdgpsRnrRm4r/ed3URJdBxmSSGirJfFGUcmRiNI0ADZiixPCJJZgoZm9FZIRtDsYGVbYheIsvLxP/vNaoebcX1WarSKMEx3ACZ+BBHZpwAy3wgYCCZ3iFN+fJeXHenY9564pTzBzBHzifPy5ykeU=</latexit><latexit sha1_base64="LccJbVLR3GsjbBH/UHJlQ6HfwDs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokItQeh4MVjBWMLbSyb7aZdursJuxulhPwPLx5UvPpjvPlv3LY5aOuDgcd7M8zMCxPOtHHdb2dldW19Y7O0Vd7e2d3brxwc3us4VYT6JOax6oRYU84k9Q0znHYSRbEIOW2H4+up336kSrNY3plJQgOBh5JFjGBjpYerXqQwyepeI8/qeb9SdWvuDGiZeAWpQoFWv/LVG8QkFVQawrHWXc9NTJBhZRjhNC/3Uk0TTMZ4SLuWSiyoDrLZ1Tk6tcoARbGyJQ2aqb8nMiy0nojQdgpsRnrRm4r/ed3URJdBxmSSGirJfFGUcmRiNI0ADZiixPCJJZgoZm9FZIRtDsYGVbYheIsvLxP/vNaoebcX1WarSKMEx3ACZ+BBHZpwAy3wgYCCZ3iFN+fJeXHenY9564pTzBzBHzifPy5ykeU=</latexit><latexit sha1_base64="LccJbVLR3GsjbBH/UHJlQ6HfwDs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokItQeh4MVjBWMLbSyb7aZdursJuxulhPwPLx5UvPpjvPlv3LY5aOuDgcd7M8zMCxPOtHHdb2dldW19Y7O0Vd7e2d3brxwc3us4VYT6JOax6oRYU84k9Q0znHYSRbEIOW2H4+up336kSrNY3plJQgOBh5JFjGBjpYerXqQwyepeI8/qeb9SdWvuDGiZeAWpQoFWv/LVG8QkFVQawrHWXc9NTJBhZRjhNC/3Uk0TTMZ4SLuWSiyoDrLZ1Tk6tcoARbGyJQ2aqb8nMiy0nojQdgpsRnrRm4r/ed3URJdBxmSSGirJfFGUcmRiNI0ADZiixPCJJZgoZm9FZIRtDsYGVbYheIsvLxP/vNaoebcX1WarSKMEx3ACZ+BBHZpwAy3wgYCCZ3iFN+fJeXHenY9564pTzBzBHzifPy5ykeU=</latexit><latexit sha1_base64="LccJbVLR3GsjbBH/UHJlQ6HfwDs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokItQeh4MVjBWMLbSyb7aZdursJuxulhPwPLx5UvPpjvPlv3LY5aOuDgcd7M8zMCxPOtHHdb2dldW19Y7O0Vd7e2d3brxwc3us4VYT6JOax6oRYU84k9Q0znHYSRbEIOW2H4+up336kSrNY3plJQgOBh5JFjGBjpYerXqQwyepeI8/qeb9SdWvuDGiZeAWpQoFWv/LVG8QkFVQawrHWXc9NTJBhZRjhNC/3Uk0TTMZ4SLuWSiyoDrLZ1Tk6tcoARbGyJQ2aqb8nMiy0nojQdgpsRnrRm4r/ed3URJdBxmSSGirJfFGUcmRiNI0ADZiixPCJJZgoZm9FZIRtDsYGVbYheIsvLxP/vNaoebcX1WarSKMEx3ACZ+BBHZpwAy3wgYCCZ3iFN+fJeXHenY9564pTzBzBHzifPy5ykeU=</latexit>

⇡ 102.71
<latexit sha1_base64="0dfJKznY2nEZa2CpjwRMXBBLXC0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4CkkRqreCF48VjC20sWy2m3bpZrPsbtQS+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvkpxp43nfzsrq2vrGZmmrvL2zu7dfOTi802mmCA1IylPVjrCmnAkaGGY4bUtFcRJx2opGV1O/9UCVZqm4NWNJwwQPBIsZwcZK910spUqfkO/V3Lrfq1Q915sBLRO/IFUo0OxVvrr9lGQJFYZwrHXH96QJc6wMI5xOyt1MU4nJCA9ox1KBE6rDfHb1BJ1apY/iVNkSBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTITX4Q5EzIzVJD5ojjjyKRoGgHqM0WJ4WNLMFHM3orIECtMjA2qbEPwF19eJkHNvXT9m/Nqo1mkUYJjOIEz8KEODbiGJgRAQMEzvMKb8+i8OO/Ox7x1xSlmjuAPnM8fEA2RJw==</latexit><latexit sha1_base64="0dfJKznY2nEZa2CpjwRMXBBLXC0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4CkkRqreCF48VjC20sWy2m3bpZrPsbtQS+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvkpxp43nfzsrq2vrGZmmrvL2zu7dfOTi802mmCA1IylPVjrCmnAkaGGY4bUtFcRJx2opGV1O/9UCVZqm4NWNJwwQPBIsZwcZK910spUqfkO/V3Lrfq1Q915sBLRO/IFUo0OxVvrr9lGQJFYZwrHXH96QJc6wMI5xOyt1MU4nJCA9ox1KBE6rDfHb1BJ1apY/iVNkSBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTITX4Q5EzIzVJD5ojjjyKRoGgHqM0WJ4WNLMFHM3orIECtMjA2qbEPwF19eJkHNvXT9m/Nqo1mkUYJjOIEz8KEODbiGJgRAQMEzvMKb8+i8OO/Ox7x1xSlmjuAPnM8fEA2RJw==</latexit><latexit sha1_base64="0dfJKznY2nEZa2CpjwRMXBBLXC0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4CkkRqreCF48VjC20sWy2m3bpZrPsbtQS+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvkpxp43nfzsrq2vrGZmmrvL2zu7dfOTi802mmCA1IylPVjrCmnAkaGGY4bUtFcRJx2opGV1O/9UCVZqm4NWNJwwQPBIsZwcZK910spUqfkO/V3Lrfq1Q915sBLRO/IFUo0OxVvrr9lGQJFYZwrHXH96QJc6wMI5xOyt1MU4nJCA9ox1KBE6rDfHb1BJ1apY/iVNkSBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTITX4Q5EzIzVJD5ojjjyKRoGgHqM0WJ4WNLMFHM3orIECtMjA2qbEPwF19eJkHNvXT9m/Nqo1mkUYJjOIEz8KEODbiGJgRAQMEzvMKb8+i8OO/Ox7x1xSlmjuAPnM8fEA2RJw==</latexit><latexit sha1_base64="0dfJKznY2nEZa2CpjwRMXBBLXC0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4CkkRqreCF48VjC20sWy2m3bpZrPsbtQS+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvkpxp43nfzsrq2vrGZmmrvL2zu7dfOTi802mmCA1IylPVjrCmnAkaGGY4bUtFcRJx2opGV1O/9UCVZqm4NWNJwwQPBIsZwcZK910spUqfkO/V3Lrfq1Q915sBLRO/IFUo0OxVvrr9lGQJFYZwrHXH96QJc6wMI5xOyt1MU4nJCA9ox1KBE6rDfHb1BJ1apY/iVNkSBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTITX4Q5EzIzVJD5ojjjyKRoGgHqM0WJ4WNLMFHM3orIECtMjA2qbEPwF19eJkHNvXT9m/Nqo1mkUYJjOIEz8KEODbiGJgRAQMEzvMKb8+i8OO/Ox7x1xSlmjuAPnM8fEA2RJw==</latexit>

We have seen this before!

= 5E [X1] + 3E [X2] + 25
<latexit sha1_base64="dt/+DnLhTZkHVeiq+MquObisEKQ=">AAACMXicbVDLSgMxFM34rPVVdekmWBRBKDPVoi6Eggi6q+DYwsxQMmmmDc08SO4IZeg3ufFLBBe6UHHrT5g+QG17IHA451xy7/ETwRWY5qsxN7+wuLScW8mvrq1vbBa2tu9VnErKbBqLWDZ8opjgEbOBg2CNRDIS+oLV/e7lwK8/MKl4HN1BL2FeSNoRDzgloKVm4eYAX+AKdkMCHT/IrvquYAE4uNG0XMnbHfDwET6e5Zfxb6Bccd1moWiWzCHwNLHGpIjGqDULz24rpmnIIqCCKOVYZgJeRiRwKlg/76aKJYR2SZs5mkYkZMrLhif38b5WWjiIpX4R4KH6dyIjoVK90NfJwepq0huIszwnheDMy3iUpMAiOvooSAWGGA/6wy0uGQXR04RQyfWumHaIJBR0y3ldgjV58jSxy6XzknV7UqzWxm3k0C7aQ4fIQqeoiq5RDdmIokf0gt7Rh/FkvBmfxtcoOmeMZ3bQPxjfPzWhp2A=</latexit><latexit sha1_base64="dt/+DnLhTZkHVeiq+MquObisEKQ=">AAACMXicbVDLSgMxFM34rPVVdekmWBRBKDPVoi6Eggi6q+DYwsxQMmmmDc08SO4IZeg3ufFLBBe6UHHrT5g+QG17IHA451xy7/ETwRWY5qsxN7+wuLScW8mvrq1vbBa2tu9VnErKbBqLWDZ8opjgEbOBg2CNRDIS+oLV/e7lwK8/MKl4HN1BL2FeSNoRDzgloKVm4eYAX+AKdkMCHT/IrvquYAE4uNG0XMnbHfDwET6e5Zfxb6Bccd1moWiWzCHwNLHGpIjGqDULz24rpmnIIqCCKOVYZgJeRiRwKlg/76aKJYR2SZs5mkYkZMrLhif38b5WWjiIpX4R4KH6dyIjoVK90NfJwepq0huIszwnheDMy3iUpMAiOvooSAWGGA/6wy0uGQXR04RQyfWumHaIJBR0y3ldgjV58jSxy6XzknV7UqzWxm3k0C7aQ4fIQqeoiq5RDdmIokf0gt7Rh/FkvBmfxtcoOmeMZ3bQPxjfPzWhp2A=</latexit><latexit sha1_base64="dt/+DnLhTZkHVeiq+MquObisEKQ=">AAACMXicbVDLSgMxFM34rPVVdekmWBRBKDPVoi6Eggi6q+DYwsxQMmmmDc08SO4IZeg3ufFLBBe6UHHrT5g+QG17IHA451xy7/ETwRWY5qsxN7+wuLScW8mvrq1vbBa2tu9VnErKbBqLWDZ8opjgEbOBg2CNRDIS+oLV/e7lwK8/MKl4HN1BL2FeSNoRDzgloKVm4eYAX+AKdkMCHT/IrvquYAE4uNG0XMnbHfDwET6e5Zfxb6Bccd1moWiWzCHwNLHGpIjGqDULz24rpmnIIqCCKOVYZgJeRiRwKlg/76aKJYR2SZs5mkYkZMrLhif38b5WWjiIpX4R4KH6dyIjoVK90NfJwepq0huIszwnheDMy3iUpMAiOvooSAWGGA/6wy0uGQXR04RQyfWumHaIJBR0y3ldgjV58jSxy6XzknV7UqzWxm3k0C7aQ4fIQqeoiq5RDdmIokf0gt7Rh/FkvBmfxtcoOmeMZ3bQPxjfPzWhp2A=</latexit><latexit sha1_base64="dt/+DnLhTZkHVeiq+MquObisEKQ=">AAACMXicbVDLSgMxFM34rPVVdekmWBRBKDPVoi6Eggi6q+DYwsxQMmmmDc08SO4IZeg3ufFLBBe6UHHrT5g+QG17IHA451xy7/ETwRWY5qsxN7+wuLScW8mvrq1vbBa2tu9VnErKbBqLWDZ8opjgEbOBg2CNRDIS+oLV/e7lwK8/MKl4HN1BL2FeSNoRDzgloKVm4eYAX+AKdkMCHT/IrvquYAE4uNG0XMnbHfDwET6e5Zfxb6Bccd1moWiWzCHwNLHGpIjGqDULz24rpmnIIqCCKOVYZgJeRiRwKlg/76aKJYR2SZs5mkYkZMrLhif38b5WWjiIpX4R4KH6dyIjoVK90NfJwepq0huIszwnheDMy3iUpMAiOvooSAWGGA/6wy0uGQXR04RQyfWumHaIJBR0y3ldgjV58jSxy6XzknV7UqzWxm3k0C7aQ4fIQqeoiq5RDdmIokf0gt7Rh/FkvBmfxtcoOmeMZ3bQPxjfPzWhp2A=</latexit>

E[Y ]
<latexit sha1_base64="b06zTMG1uQtsvLbGPkAJjbJWXtY=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5KIoN4KInisYGwljWWz3bRLN5uwu1FKyP/w4kHFqz/Gm//GTZuDtg4sDDPv8WYnSDhT2ra/rcrS8srqWnW9trG5tb1T3927U3EqCXVJzGPZDbCinAnqaqY57SaS4ijgtBOMLwu/80ilYrG41ZOE+hEeChYygrWRHnoR1qMgzK5y795H/XrDbtpToEXilKQBJdr9+ldvEJM0okITjpXyHDvRfoalZoTTvNZLFU0wGeMh9QwVOKLKz6apc3RklAEKY2me0Giq/t7IcKTUJArMZJFSzXuF+J/npTo89zMmklRTQWaHwpQjHaOiAjRgkhLNJ4ZgIpnJisgIS0y0KapmSnDmv7xI3JPmRdO5OW202mUbVTiAQzgGB86gBdfQBhcISHiGV3iznqwX6936mI1WrHJnH/7A+vwBkheSJA==</latexit><latexit sha1_base64="b06zTMG1uQtsvLbGPkAJjbJWXtY=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5KIoN4KInisYGwljWWz3bRLN5uwu1FKyP/w4kHFqz/Gm//GTZuDtg4sDDPv8WYnSDhT2ra/rcrS8srqWnW9trG5tb1T3927U3EqCXVJzGPZDbCinAnqaqY57SaS4ijgtBOMLwu/80ilYrG41ZOE+hEeChYygrWRHnoR1qMgzK5y795H/XrDbtpToEXilKQBJdr9+ldvEJM0okITjpXyHDvRfoalZoTTvNZLFU0wGeMh9QwVOKLKz6apc3RklAEKY2me0Giq/t7IcKTUJArMZJFSzXuF+J/npTo89zMmklRTQWaHwpQjHaOiAjRgkhLNJ4ZgIpnJisgIS0y0KapmSnDmv7xI3JPmRdO5OW202mUbVTiAQzgGB86gBdfQBhcISHiGV3iznqwX6936mI1WrHJnH/7A+vwBkheSJA==</latexit><latexit sha1_base64="b06zTMG1uQtsvLbGPkAJjbJWXtY=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5KIoN4KInisYGwljWWz3bRLN5uwu1FKyP/w4kHFqz/Gm//GTZuDtg4sDDPv8WYnSDhT2ra/rcrS8srqWnW9trG5tb1T3927U3EqCXVJzGPZDbCinAnqaqY57SaS4ijgtBOMLwu/80ilYrG41ZOE+hEeChYygrWRHnoR1qMgzK5y795H/XrDbtpToEXilKQBJdr9+ldvEJM0okITjpXyHDvRfoalZoTTvNZLFU0wGeMh9QwVOKLKz6apc3RklAEKY2me0Giq/t7IcKTUJArMZJFSzXuF+J/npTo89zMmklRTQWaHwpQjHaOiAjRgkhLNJ4ZgIpnJisgIS0y0KapmSnDmv7xI3JPmRdO5OW202mUbVTiAQzgGB86gBdfQBhcISHiGV3iznqwX6936mI1WrHJnH/7A+vwBkheSJA==</latexit><latexit sha1_base64="b06zTMG1uQtsvLbGPkAJjbJWXtY=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5KIoN4KInisYGwljWWz3bRLN5uwu1FKyP/w4kHFqz/Gm//GTZuDtg4sDDPv8WYnSDhT2ra/rcrS8srqWnW9trG5tb1T3927U3EqCXVJzGPZDbCinAnqaqY57SaS4ijgtBOMLwu/80ilYrG41ZOE+hEeChYygrWRHnoR1qMgzK5y795H/XrDbtpToEXilKQBJdr9+ldvEJM0okITjpXyHDvRfoalZoTTvNZLFU0wGeMh9QwVOKLKz6apc3RklAEKY2me0Giq/t7IcKTUJArMZJFSzXuF+J/npTo89zMmklRTQWaHwpQjHaOiAjRgkhLNJ4ZgIpnJisgIS0y0KapmSnDmv7xI3JPmRdO5OW202mUbVTiAQzgGB86gBdfQBhcISHiGV3iznqwX6936mI1WrHJnH/7A+vwBkheSJA==</latexit>

⇡ 102.71
<latexit sha1_base64="0dfJKznY2nEZa2CpjwRMXBBLXC0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4CkkRqreCF48VjC20sWy2m3bpZrPsbtQS+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvkpxp43nfzsrq2vrGZmmrvL2zu7dfOTi802mmCA1IylPVjrCmnAkaGGY4bUtFcRJx2opGV1O/9UCVZqm4NWNJwwQPBIsZwcZK910spUqfkO/V3Lrfq1Q915sBLRO/IFUo0OxVvrr9lGQJFYZwrHXH96QJc6wMI5xOyt1MU4nJCA9ox1KBE6rDfHb1BJ1apY/iVNkSBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTITX4Q5EzIzVJD5ojjjyKRoGgHqM0WJ4WNLMFHM3orIECtMjA2qbEPwF19eJkHNvXT9m/Nqo1mkUYJjOIEz8KEODbiGJgRAQMEzvMKb8+i8OO/Ox7x1xSlmjuAPnM8fEA2RJw==</latexit><latexit sha1_base64="0dfJKznY2nEZa2CpjwRMXBBLXC0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4CkkRqreCF48VjC20sWy2m3bpZrPsbtQS+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvkpxp43nfzsrq2vrGZmmrvL2zu7dfOTi802mmCA1IylPVjrCmnAkaGGY4bUtFcRJx2opGV1O/9UCVZqm4NWNJwwQPBIsZwcZK910spUqfkO/V3Lrfq1Q915sBLRO/IFUo0OxVvrr9lGQJFYZwrHXH96QJc6wMI5xOyt1MU4nJCA9ox1KBE6rDfHb1BJ1apY/iVNkSBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTITX4Q5EzIzVJD5ojjjyKRoGgHqM0WJ4WNLMFHM3orIECtMjA2qbEPwF19eJkHNvXT9m/Nqo1mkUYJjOIEz8KEODbiGJgRAQMEzvMKb8+i8OO/Ox7x1xSlmjuAPnM8fEA2RJw==</latexit><latexit sha1_base64="0dfJKznY2nEZa2CpjwRMXBBLXC0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4CkkRqreCF48VjC20sWy2m3bpZrPsbtQS+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvkpxp43nfzsrq2vrGZmmrvL2zu7dfOTi802mmCA1IylPVjrCmnAkaGGY4bUtFcRJx2opGV1O/9UCVZqm4NWNJwwQPBIsZwcZK910spUqfkO/V3Lrfq1Q915sBLRO/IFUo0OxVvrr9lGQJFYZwrHXH96QJc6wMI5xOyt1MU4nJCA9ox1KBE6rDfHb1BJ1apY/iVNkSBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTITX4Q5EzIzVJD5ojjjyKRoGgHqM0WJ4WNLMFHM3orIECtMjA2qbEPwF19eJkHNvXT9m/Nqo1mkUYJjOIEz8KEODbiGJgRAQMEzvMKb8+i8OO/Ox7x1xSlmjuAPnM8fEA2RJw==</latexit><latexit sha1_base64="0dfJKznY2nEZa2CpjwRMXBBLXC0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4CkkRqreCF48VjC20sWy2m3bpZrPsbtQS+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvkpxp43nfzsrq2vrGZmmrvL2zu7dfOTi802mmCA1IylPVjrCmnAkaGGY4bUtFcRJx2opGV1O/9UCVZqm4NWNJwwQPBIsZwcZK910spUqfkO/V3Lrfq1Q915sBLRO/IFUo0OxVvrr9lGQJFYZwrHXH96QJc6wMI5xOyt1MU4nJCA9ox1KBE6rDfHb1BJ1apY/iVNkSBs3U3xM5TrQeJ5HtTLAZ6kVvKv7ndTITX4Q5EzIzVJD5ojjjyKRoGgHqM0WJ4WNLMFHM3orIECtMjA2qbEPwF19eJkHNvXT9m/Nqo1mkUYJjOIEz8KEODbiGJgRAQMEzvMKb8+i8OO/Ox7x1xSlmjuAPnM8fEA2RJw==</latexit>



Expected Value and 
Linearity of Expectation

Ø Expected Value

Ø Linearity of Expectation 

Ø independence not required
Ø Proof?

E [X] =
X

x2X
xP(x)

E [aX + Y + b] = aE [X] +E [Y ] + b

Summary



Proving Linearity of Expectation

E[aX + bY + c]
<latexit sha1_base64="K5glMDmDPJAUghXs8ppONLskWmU=">AAACAHicbVBNS8NAEN34WetX1IvgZbEIglASEdRbQQSPFYytpKFstpt26WYTdidiCfXiX/HiQcWrP8Ob/8Ztm4O2Ppjh8d4Mu/PCVHANjvNtzc0vLC4tl1bKq2vrG5v21vatTjJFmUcTkahmSDQTXDIPOAjWTBUjcShYI+xfjPzGPVOaJ/IGBikLYtKVPOKUgJHa9m4L2AOEUX459EkTH+HwzjQa4LZdcarOGHiWuAWpoAL1tv3V6iQ0i5kEKojWvuukEOREAaeCDcutTLOU0D7pMt9QSWKmg3x8wRAfGKWDo0SZkoDH6u+NnMRaD+LQTMYEenraG4n/eX4G0VmQc5lmwCSdPBRlAkOCR3HgDleMghgYQqji5q+Y9ogiFExoZROCO33yLPGOq+dV9/qkUqsXaZTQHtpHh8hFp6iGrlAdeYiiR/SMXtGb9WS9WO/Wx2R0zip2dtAfWJ8/a+CVKA==</latexit><latexit sha1_base64="K5glMDmDPJAUghXs8ppONLskWmU=">AAACAHicbVBNS8NAEN34WetX1IvgZbEIglASEdRbQQSPFYytpKFstpt26WYTdidiCfXiX/HiQcWrP8Ob/8Ztm4O2Ppjh8d4Mu/PCVHANjvNtzc0vLC4tl1bKq2vrG5v21vatTjJFmUcTkahmSDQTXDIPOAjWTBUjcShYI+xfjPzGPVOaJ/IGBikLYtKVPOKUgJHa9m4L2AOEUX459EkTH+HwzjQa4LZdcarOGHiWuAWpoAL1tv3V6iQ0i5kEKojWvuukEOREAaeCDcutTLOU0D7pMt9QSWKmg3x8wRAfGKWDo0SZkoDH6u+NnMRaD+LQTMYEenraG4n/eX4G0VmQc5lmwCSdPBRlAkOCR3HgDleMghgYQqji5q+Y9ogiFExoZROCO33yLPGOq+dV9/qkUqsXaZTQHtpHh8hFp6iGrlAdeYiiR/SMXtGb9WS9WO/Wx2R0zip2dtAfWJ8/a+CVKA==</latexit><latexit sha1_base64="K5glMDmDPJAUghXs8ppONLskWmU=">AAACAHicbVBNS8NAEN34WetX1IvgZbEIglASEdRbQQSPFYytpKFstpt26WYTdidiCfXiX/HiQcWrP8Ob/8Ztm4O2Ppjh8d4Mu/PCVHANjvNtzc0vLC4tl1bKq2vrG5v21vatTjJFmUcTkahmSDQTXDIPOAjWTBUjcShYI+xfjPzGPVOaJ/IGBikLYtKVPOKUgJHa9m4L2AOEUX459EkTH+HwzjQa4LZdcarOGHiWuAWpoAL1tv3V6iQ0i5kEKojWvuukEOREAaeCDcutTLOU0D7pMt9QSWKmg3x8wRAfGKWDo0SZkoDH6u+NnMRaD+LQTMYEenraG4n/eX4G0VmQc5lmwCSdPBRlAkOCR3HgDleMghgYQqji5q+Y9ogiFExoZROCO33yLPGOq+dV9/qkUqsXaZTQHtpHh8hFp6iGrlAdeYiiR/SMXtGb9WS9WO/Wx2R0zip2dtAfWJ8/a+CVKA==</latexit><latexit sha1_base64="K5glMDmDPJAUghXs8ppONLskWmU=">AAACAHicbVBNS8NAEN34WetX1IvgZbEIglASEdRbQQSPFYytpKFstpt26WYTdidiCfXiX/HiQcWrP8Ob/8Ztm4O2Ppjh8d4Mu/PCVHANjvNtzc0vLC4tl1bKq2vrG5v21vatTjJFmUcTkahmSDQTXDIPOAjWTBUjcShYI+xfjPzGPVOaJ/IGBikLYtKVPOKUgJHa9m4L2AOEUX459EkTH+HwzjQa4LZdcarOGHiWuAWpoAL1tv3V6iQ0i5kEKojWvuukEOREAaeCDcutTLOU0D7pMt9QSWKmg3x8wRAfGKWDo0SZkoDH6u+NnMRaD+LQTMYEenraG4n/eX4G0VmQc5lmwCSdPBRlAkOCR3HgDleMghgYQqji5q+Y9ogiFExoZROCO33yLPGOq+dV9/qkUqsXaZTQHtpHh8hFp6iGrlAdeYiiR/SMXtGb9WS9WO/Wx2R0zip2dtAfWJ8/a+CVKA==</latexit>

=
X

x2X

X

y2Y
P(x, y)(ax+ by + c)

<latexit sha1_base64="YTa8No0gHgkrszENmrK7EQeRzow="></latexit><latexit sha1_base64="YTa8No0gHgkrszENmrK7EQeRzow="></latexit><latexit sha1_base64="YTa8No0gHgkrszENmrK7EQeRzow="></latexit><latexit sha1_base64="YTa8No0gHgkrszENmrK7EQeRzow="></latexit>

=
X

x2X

X

y2Y
P(x, y)ax+

X

x2X

X

y2Y
P(x, y)by +

X

x2X

X

y2Y
P(x, y)c

<latexit sha1_base64="pb/MYPBgg/1N5YcMdfTfz/fGLMY="></latexit><latexit sha1_base64="pb/MYPBgg/1N5YcMdfTfz/fGLMY="></latexit><latexit sha1_base64="pb/MYPBgg/1N5YcMdfTfz/fGLMY="></latexit><latexit sha1_base64="pb/MYPBgg/1N5YcMdfTfz/fGLMY="></latexit>

Sums to 1

=
X

x2X

X

y2Y
P(x, y)ax+

X

x2X

X

y2Y
P(x, y)by + c

<latexit sha1_base64="weT+gUC35kv/cnaR18lIXhokuwE="></latexit><latexit sha1_base64="weT+gUC35kv/cnaR18lIXhokuwE="></latexit><latexit sha1_base64="weT+gUC35kv/cnaR18lIXhokuwE="></latexit><latexit sha1_base64="weT+gUC35kv/cnaR18lIXhokuwE="></latexit>



Proving Linearity of Expectation

E[aX + bY + c]
<latexit sha1_base64="K5glMDmDPJAUghXs8ppONLskWmU=">AAACAHicbVBNS8NAEN34WetX1IvgZbEIglASEdRbQQSPFYytpKFstpt26WYTdidiCfXiX/HiQcWrP8Ob/8Ztm4O2Ppjh8d4Mu/PCVHANjvNtzc0vLC4tl1bKq2vrG5v21vatTjJFmUcTkahmSDQTXDIPOAjWTBUjcShYI+xfjPzGPVOaJ/IGBikLYtKVPOKUgJHa9m4L2AOEUX459EkTH+HwzjQa4LZdcarOGHiWuAWpoAL1tv3V6iQ0i5kEKojWvuukEOREAaeCDcutTLOU0D7pMt9QSWKmg3x8wRAfGKWDo0SZkoDH6u+NnMRaD+LQTMYEenraG4n/eX4G0VmQc5lmwCSdPBRlAkOCR3HgDleMghgYQqji5q+Y9ogiFExoZROCO33yLPGOq+dV9/qkUqsXaZTQHtpHh8hFp6iGrlAdeYiiR/SMXtGb9WS9WO/Wx2R0zip2dtAfWJ8/a+CVKA==</latexit><latexit sha1_base64="K5glMDmDPJAUghXs8ppONLskWmU=">AAACAHicbVBNS8NAEN34WetX1IvgZbEIglASEdRbQQSPFYytpKFstpt26WYTdidiCfXiX/HiQcWrP8Ob/8Ztm4O2Ppjh8d4Mu/PCVHANjvNtzc0vLC4tl1bKq2vrG5v21vatTjJFmUcTkahmSDQTXDIPOAjWTBUjcShYI+xfjPzGPVOaJ/IGBikLYtKVPOKUgJHa9m4L2AOEUX459EkTH+HwzjQa4LZdcarOGHiWuAWpoAL1tv3V6iQ0i5kEKojWvuukEOREAaeCDcutTLOU0D7pMt9QSWKmg3x8wRAfGKWDo0SZkoDH6u+NnMRaD+LQTMYEenraG4n/eX4G0VmQc5lmwCSdPBRlAkOCR3HgDleMghgYQqji5q+Y9ogiFExoZROCO33yLPGOq+dV9/qkUqsXaZTQHtpHh8hFp6iGrlAdeYiiR/SMXtGb9WS9WO/Wx2R0zip2dtAfWJ8/a+CVKA==</latexit><latexit sha1_base64="K5glMDmDPJAUghXs8ppONLskWmU=">AAACAHicbVBNS8NAEN34WetX1IvgZbEIglASEdRbQQSPFYytpKFstpt26WYTdidiCfXiX/HiQcWrP8Ob/8Ztm4O2Ppjh8d4Mu/PCVHANjvNtzc0vLC4tl1bKq2vrG5v21vatTjJFmUcTkahmSDQTXDIPOAjWTBUjcShYI+xfjPzGPVOaJ/IGBikLYtKVPOKUgJHa9m4L2AOEUX459EkTH+HwzjQa4LZdcarOGHiWuAWpoAL1tv3V6iQ0i5kEKojWvuukEOREAaeCDcutTLOU0D7pMt9QSWKmg3x8wRAfGKWDo0SZkoDH6u+NnMRaD+LQTMYEenraG4n/eX4G0VmQc5lmwCSdPBRlAkOCR3HgDleMghgYQqji5q+Y9ogiFExoZROCO33yLPGOq+dV9/qkUqsXaZTQHtpHh8hFp6iGrlAdeYiiR/SMXtGb9WS9WO/Wx2R0zip2dtAfWJ8/a+CVKA==</latexit><latexit sha1_base64="K5glMDmDPJAUghXs8ppONLskWmU=">AAACAHicbVBNS8NAEN34WetX1IvgZbEIglASEdRbQQSPFYytpKFstpt26WYTdidiCfXiX/HiQcWrP8Ob/8Ztm4O2Ppjh8d4Mu/PCVHANjvNtzc0vLC4tl1bKq2vrG5v21vatTjJFmUcTkahmSDQTXDIPOAjWTBUjcShYI+xfjPzGPVOaJ/IGBikLYtKVPOKUgJHa9m4L2AOEUX459EkTH+HwzjQa4LZdcarOGHiWuAWpoAL1tv3V6iQ0i5kEKojWvuukEOREAaeCDcutTLOU0D7pMt9QSWKmg3x8wRAfGKWDo0SZkoDH6u+NnMRaD+LQTMYEenraG4n/eX4G0VmQc5lmwCSdPBRlAkOCR3HgDleMghgYQqji5q+Y9ogiFExoZROCO33yLPGOq+dV9/qkUqsXaZTQHtpHh8hFp6iGrlAdeYiiR/SMXtGb9WS9WO/Wx2R0zip2dtAfWJ8/a+CVKA==</latexit>

=
X

x2X

X

y2Y
P(x, y)ax+

X

x2X

X

y2Y
P(x, y)by + c

<latexit sha1_base64="weT+gUC35kv/cnaR18lIXhokuwE="></latexit><latexit sha1_base64="weT+gUC35kv/cnaR18lIXhokuwE="></latexit><latexit sha1_base64="weT+gUC35kv/cnaR18lIXhokuwE="></latexit><latexit sha1_base64="weT+gUC35kv/cnaR18lIXhokuwE="></latexit>

P(x, y) = P(x | y)P(y) = P(y |x)P(x)
<latexit sha1_base64="n/0L2xo0c9jdpY7v93xFE8eJsdI=">AAACTHicbVFNSwJBGJ61MrMvq2OXIQkURHYjqA6B0KWjQabgisyOszo4+8HMu6Es/sEuQbf+RZcOFUGzq4dVe2Hg4fngnXnGCQVXYJrvRm5jcyu/Xdgp7u7tHxyWjo6fVBBJylo0EIHsOEQxwX3WAg6CdULJiOcI1nbGd4nefmZS8cB/hGnIeh4Z+tzllICm+qWBDWwCjhs3Z5VJbVrFtzjL2DVs6zhgO9EySuosZomMdbJknVT7pbJZN9PB68BagDJaTLNferMHAY085gMVRKmuZYbQi4kETgWbFe1IsZDQMRmyroY+8ZjqxWkbM3yumQF2A6mPDzhls4mYeEpNPUc7PQIjtaol5H9aNwL3uhdzP4yA+XS+yI0EhgAn1eIBl4yCmGpAqOT6rpiOiCQU9AcUdQnW6pPXQeuiflO3Hi7LjeaijQI6RWeogix0hRroHjVRC1H0gj7QF/o2Xo1P48f4nVtzxiJzgpYml/8DniKyDg==</latexit><latexit sha1_base64="n/0L2xo0c9jdpY7v93xFE8eJsdI=">AAACTHicbVFNSwJBGJ61MrMvq2OXIQkURHYjqA6B0KWjQabgisyOszo4+8HMu6Es/sEuQbf+RZcOFUGzq4dVe2Hg4fngnXnGCQVXYJrvRm5jcyu/Xdgp7u7tHxyWjo6fVBBJylo0EIHsOEQxwX3WAg6CdULJiOcI1nbGd4nefmZS8cB/hGnIeh4Z+tzllICm+qWBDWwCjhs3Z5VJbVrFtzjL2DVs6zhgO9EySuosZomMdbJknVT7pbJZN9PB68BagDJaTLNferMHAY085gMVRKmuZYbQi4kETgWbFe1IsZDQMRmyroY+8ZjqxWkbM3yumQF2A6mPDzhls4mYeEpNPUc7PQIjtaol5H9aNwL3uhdzP4yA+XS+yI0EhgAn1eIBl4yCmGpAqOT6rpiOiCQU9AcUdQnW6pPXQeuiflO3Hi7LjeaijQI6RWeogix0hRroHjVRC1H0gj7QF/o2Xo1P48f4nVtzxiJzgpYml/8DniKyDg==</latexit><latexit sha1_base64="n/0L2xo0c9jdpY7v93xFE8eJsdI=">AAACTHicbVFNSwJBGJ61MrMvq2OXIQkURHYjqA6B0KWjQabgisyOszo4+8HMu6Es/sEuQbf+RZcOFUGzq4dVe2Hg4fngnXnGCQVXYJrvRm5jcyu/Xdgp7u7tHxyWjo6fVBBJylo0EIHsOEQxwX3WAg6CdULJiOcI1nbGd4nefmZS8cB/hGnIeh4Z+tzllICm+qWBDWwCjhs3Z5VJbVrFtzjL2DVs6zhgO9EySuosZomMdbJknVT7pbJZN9PB68BagDJaTLNferMHAY085gMVRKmuZYbQi4kETgWbFe1IsZDQMRmyroY+8ZjqxWkbM3yumQF2A6mPDzhls4mYeEpNPUc7PQIjtaol5H9aNwL3uhdzP4yA+XS+yI0EhgAn1eIBl4yCmGpAqOT6rpiOiCQU9AcUdQnW6pPXQeuiflO3Hi7LjeaijQI6RWeogix0hRroHjVRC1H0gj7QF/o2Xo1P48f4nVtzxiJzgpYml/8DniKyDg==</latexit><latexit sha1_base64="n/0L2xo0c9jdpY7v93xFE8eJsdI=">AAACTHicbVFNSwJBGJ61MrMvq2OXIQkURHYjqA6B0KWjQabgisyOszo4+8HMu6Es/sEuQbf+RZcOFUGzq4dVe2Hg4fngnXnGCQVXYJrvRm5jcyu/Xdgp7u7tHxyWjo6fVBBJylo0EIHsOEQxwX3WAg6CdULJiOcI1nbGd4nefmZS8cB/hGnIeh4Z+tzllICm+qWBDWwCjhs3Z5VJbVrFtzjL2DVs6zhgO9EySuosZomMdbJknVT7pbJZN9PB68BagDJaTLNferMHAY085gMVRKmuZYbQi4kETgWbFe1IsZDQMRmyroY+8ZjqxWkbM3yumQF2A6mPDzhls4mYeEpNPUc7PQIjtaol5H9aNwL3uhdzP4yA+XS+yI0EhgAn1eIBl4yCmGpAqOT6rpiOiCQU9AcUdQnW6pPXQeuiflO3Hi7LjeaijQI6RWeogix0hRroHjVRC1H0gj7QF/o2Xo1P48f4nVtzxiJzgpYml/8DniKyDg==</latexit>

Conditional Defn.

X

x2X

X

y2Y
P(x, y)ax

<latexit sha1_base64="rDTT/4JmzHvgvMcbAa/9WvNu6zk=">AAACKHicbZDNSsNAFIUn/tb6V3XpZrAIFaQkIqi7ghuXFaytNKVMppN26GQSZm6kIeR13PgqbhRUuvVJnLRd1NYDA4fv3svce7xIcA22PbZWVtfWNzYLW8Xtnd29/dLB4aMOY0VZg4YiVC2PaCa4ZA3gIFgrUowEnmBNb3ib15vPTGkeygdIItYJSF9yn1MCBnVLNVfHQTcduVy6AYEBJSJtZdmUJvP0yVBgI/D8tJ5VRufJGSZ4hLulsl21J8LLxpmZMpqp3i19uL2QxgGTQAXRuu3YEXRSooBTwbKiG2sWETokfdY2VpKA6U46uTTDp4b0sB8q8yTgCZ2fSEmgdRJ4pjPfWy/WcvhfrR2Df91JuYxiYJJOP/JjgSHEeWy4xxWjIBJjCFXc7IrpgChCwYRbNCE4iycvm8ZF9abq3F+Wa/VZGgV0jE5QBTnoCtXQHaqjBqLoBb2hT/RlvVrv1rc1nrauWLOZI/RH1s8vyfOoWQ==</latexit><latexit sha1_base64="rDTT/4JmzHvgvMcbAa/9WvNu6zk=">AAACKHicbZDNSsNAFIUn/tb6V3XpZrAIFaQkIqi7ghuXFaytNKVMppN26GQSZm6kIeR13PgqbhRUuvVJnLRd1NYDA4fv3svce7xIcA22PbZWVtfWNzYLW8Xtnd29/dLB4aMOY0VZg4YiVC2PaCa4ZA3gIFgrUowEnmBNb3ib15vPTGkeygdIItYJSF9yn1MCBnVLNVfHQTcduVy6AYEBJSJtZdmUJvP0yVBgI/D8tJ5VRufJGSZ4hLulsl21J8LLxpmZMpqp3i19uL2QxgGTQAXRuu3YEXRSooBTwbKiG2sWETokfdY2VpKA6U46uTTDp4b0sB8q8yTgCZ2fSEmgdRJ4pjPfWy/WcvhfrR2Df91JuYxiYJJOP/JjgSHEeWy4xxWjIBJjCFXc7IrpgChCwYRbNCE4iycvm8ZF9abq3F+Wa/VZGgV0jE5QBTnoCtXQHaqjBqLoBb2hT/RlvVrv1rc1nrauWLOZI/RH1s8vyfOoWQ==</latexit><latexit sha1_base64="rDTT/4JmzHvgvMcbAa/9WvNu6zk=">AAACKHicbZDNSsNAFIUn/tb6V3XpZrAIFaQkIqi7ghuXFaytNKVMppN26GQSZm6kIeR13PgqbhRUuvVJnLRd1NYDA4fv3svce7xIcA22PbZWVtfWNzYLW8Xtnd29/dLB4aMOY0VZg4YiVC2PaCa4ZA3gIFgrUowEnmBNb3ib15vPTGkeygdIItYJSF9yn1MCBnVLNVfHQTcduVy6AYEBJSJtZdmUJvP0yVBgI/D8tJ5VRufJGSZ4hLulsl21J8LLxpmZMpqp3i19uL2QxgGTQAXRuu3YEXRSooBTwbKiG2sWETokfdY2VpKA6U46uTTDp4b0sB8q8yTgCZ2fSEmgdRJ4pjPfWy/WcvhfrR2Df91JuYxiYJJOP/JjgSHEeWy4xxWjIBJjCFXc7IrpgChCwYRbNCE4iycvm8ZF9abq3F+Wa/VZGgV0jE5QBTnoCtXQHaqjBqLoBb2hT/RlvVrv1rc1nrauWLOZI/RH1s8vyfOoWQ==</latexit><latexit sha1_base64="rDTT/4JmzHvgvMcbAa/9WvNu6zk=">AAACKHicbZDNSsNAFIUn/tb6V3XpZrAIFaQkIqi7ghuXFaytNKVMppN26GQSZm6kIeR13PgqbhRUuvVJnLRd1NYDA4fv3svce7xIcA22PbZWVtfWNzYLW8Xtnd29/dLB4aMOY0VZg4YiVC2PaCa4ZA3gIFgrUowEnmBNb3ib15vPTGkeygdIItYJSF9yn1MCBnVLNVfHQTcduVy6AYEBJSJtZdmUJvP0yVBgI/D8tJ5VRufJGSZ4hLulsl21J8LLxpmZMpqp3i19uL2QxgGTQAXRuu3YEXRSooBTwbKiG2sWETokfdY2VpKA6U46uTTDp4b0sB8q8yTgCZ2fSEmgdRJ4pjPfWy/WcvhfrR2Df91JuYxiYJJOP/JjgSHEeWy4xxWjIBJjCFXc7IrpgChCwYRbNCE4iycvm8ZF9abq3F+Wa/VZGgV0jE5QBTnoCtXQHaqjBqLoBb2hT/RlvVrv1rc1nrauWLOZI/RH1s8vyfOoWQ==</latexit>

Using the above identity:

=
X

x2X

X

y2Y
P(y |x)P(x)ax

<latexit sha1_base64="tI3RO6Siq2o31KV5tXXtWizhZqU="></latexit><latexit sha1_base64="tI3RO6Siq2o31KV5tXXtWizhZqU="></latexit><latexit sha1_base64="tI3RO6Siq2o31KV5tXXtWizhZqU="></latexit><latexit sha1_base64="tI3RO6Siq2o31KV5tXXtWizhZqU="></latexit>

= a
X

x2X
P(x)x

X

y2Y
P(y |x)

<latexit sha1_base64="hQgQ9Jg6vdj+bFdte0AzAlqKMwk="></latexit><latexit sha1_base64="hQgQ9Jg6vdj+bFdte0AzAlqKMwk="></latexit><latexit sha1_base64="hQgQ9Jg6vdj+bFdte0AzAlqKMwk="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="GHl4xgOtvg6uiiIuaHCMnYy7BYs="></latexit><latexit sha1_base64="GHl4xgOtvg6uiiIuaHCMnYy7BYs="></latexit><latexit sha1_base64="Zj7cBvmY7tPdERFFGE+8oYxLSVg="></latexit><latexit sha1_base64="hQgQ9Jg6vdj+bFdte0AzAlqKMwk="></latexit><latexit sha1_base64="hQgQ9Jg6vdj+bFdte0AzAlqKMwk="></latexit><latexit sha1_base64="hQgQ9Jg6vdj+bFdte0AzAlqKMwk="></latexit><latexit sha1_base64="hQgQ9Jg6vdj+bFdte0AzAlqKMwk="></latexit><latexit sha1_base64="hQgQ9Jg6vdj+bFdte0AzAlqKMwk="></latexit><latexit sha1_base64="hQgQ9Jg6vdj+bFdte0AzAlqKMwk="></latexit>

Sums to 1

= a
X

x2X
P(x)x

<latexit sha1_base64="k183jQptxrmdlMhwpcmjzELNXDM=">AAACE3icbVBNS8NAEN3Ur1q/oh69LBahIpREBPUgFLx4rGBtoQlls920SzebsDuRlpAf4cW/4sWDilcv3vw3bj8O2vpg4PHeDDPzgkRwDY7zbRWWlldW14rrpY3Nre0de3fvXsepoqxBYxGrVkA0E1yyBnAQrJUoRqJAsGYwuB77zQemNI/lHYwS5kekJ3nIKQEjdeyTK0ywp9Ookw09Lr2IQJ8SkbXyHHvAhhCEWT2vDI/xEHfsslN1JsCLxJ2RMpqh3rG/vG5M04hJoIJo3XadBPyMKOBUsLzkpZolhA5Ij7UNlSRi2s8mT+X4yChdHMbKlAQ8UX9PZCTSehQFpnN8tJ73xuJ/XjuF8MLPuExSYJJOF4WpwBDjcUK4yxWjIEaGEKq4uRXTPlGEgsmxZEJw519eJI3T6mXVvT0r1+qzNIroAB2iCnLROaqhG1RHDUTRI3pGr+jNerJerHfrY9pasGYz++gPrM8fkxueJA==</latexit><latexit sha1_base64="k183jQptxrmdlMhwpcmjzELNXDM=">AAACE3icbVBNS8NAEN3Ur1q/oh69LBahIpREBPUgFLx4rGBtoQlls920SzebsDuRlpAf4cW/4sWDilcv3vw3bj8O2vpg4PHeDDPzgkRwDY7zbRWWlldW14rrpY3Nre0de3fvXsepoqxBYxGrVkA0E1yyBnAQrJUoRqJAsGYwuB77zQemNI/lHYwS5kekJ3nIKQEjdeyTK0ywp9Ookw09Lr2IQJ8SkbXyHHvAhhCEWT2vDI/xEHfsslN1JsCLxJ2RMpqh3rG/vG5M04hJoIJo3XadBPyMKOBUsLzkpZolhA5Ij7UNlSRi2s8mT+X4yChdHMbKlAQ8UX9PZCTSehQFpnN8tJ73xuJ/XjuF8MLPuExSYJJOF4WpwBDjcUK4yxWjIEaGEKq4uRXTPlGEgsmxZEJw519eJI3T6mXVvT0r1+qzNIroAB2iCnLROaqhG1RHDUTRI3pGr+jNerJerHfrY9pasGYz++gPrM8fkxueJA==</latexit><latexit sha1_base64="k183jQptxrmdlMhwpcmjzELNXDM=">AAACE3icbVBNS8NAEN3Ur1q/oh69LBahIpREBPUgFLx4rGBtoQlls920SzebsDuRlpAf4cW/4sWDilcv3vw3bj8O2vpg4PHeDDPzgkRwDY7zbRWWlldW14rrpY3Nre0de3fvXsepoqxBYxGrVkA0E1yyBnAQrJUoRqJAsGYwuB77zQemNI/lHYwS5kekJ3nIKQEjdeyTK0ywp9Ookw09Lr2IQJ8SkbXyHHvAhhCEWT2vDI/xEHfsslN1JsCLxJ2RMpqh3rG/vG5M04hJoIJo3XadBPyMKOBUsLzkpZolhA5Ij7UNlSRi2s8mT+X4yChdHMbKlAQ8UX9PZCTSehQFpnN8tJ73xuJ/XjuF8MLPuExSYJJOF4WpwBDjcUK4yxWjIEaGEKq4uRXTPlGEgsmxZEJw519eJI3T6mXVvT0r1+qzNIroAB2iCnLROaqhG1RHDUTRI3pGr+jNerJerHfrY9pasGYz++gPrM8fkxueJA==</latexit><latexit sha1_base64="k183jQptxrmdlMhwpcmjzELNXDM=">AAACE3icbVBNS8NAEN3Ur1q/oh69LBahIpREBPUgFLx4rGBtoQlls920SzebsDuRlpAf4cW/4sWDilcv3vw3bj8O2vpg4PHeDDPzgkRwDY7zbRWWlldW14rrpY3Nre0de3fvXsepoqxBYxGrVkA0E1yyBnAQrJUoRqJAsGYwuB77zQemNI/lHYwS5kekJ3nIKQEjdeyTK0ywp9Ookw09Lr2IQJ8SkbXyHHvAhhCEWT2vDI/xEHfsslN1JsCLxJ2RMpqh3rG/vG5M04hJoIJo3XadBPyMKOBUsLzkpZolhA5Ij7UNlSRi2s8mT+X4yChdHMbKlAQ8UX9PZCTSehQFpnN8tJ73xuJ/XjuF8MLPuExSYJJOF4WpwBDjcUK4yxWjIEaGEKq4uRXTPlGEgsmxZEJw519eJI3T6mXVvT0r1+qzNIroAB2iCnLROaqhG1RHDUTRI3pGr+jNerJerHfrY9pasGYz++gPrM8fkxueJA==</latexit>

aE[x]
<latexit sha1_base64="RjGAf0eYawip+mm6ZITJhIiMhhk=">AAAB93icbVBNS8NAEN34WetHox69LBbBU0lEUG8FETxWMLbQhrLZTtqlmw92J9Ia+ku8eFDx6l/x5r9x2+agrQ8GHu/NMDMvSKXQ6Djf1srq2vrGZmmrvL2zu1ex9w8edJIpDh5PZKJaAdMgRQweCpTQShWwKJDQDIbXU7/5CEqLJL7HcQp+xPqxCAVnaKSuXWG0gzDCIMxvJu2R37WrTs2ZgS4TtyBVUqDRtb86vYRnEcTIJdO67Top+jlTKLiESbmTaUgZH7I+tA2NWQTaz2eHT+iJUXo0TJSpGOlM/T2Rs0jrcRSYzojhQC96U/E/r51heOnnIk4zhJjPF4WZpJjQaQq0JxRwlGNDGFfC3Er5gCnG0WRVNiG4iy8vE++sdlVz786r9UaRRokckWNySlxyQerkljSIRzjJyDN5JW/Wk/VivVsf89YVq5g5JH9gff4AHAOS+g==</latexit><latexit sha1_base64="RjGAf0eYawip+mm6ZITJhIiMhhk=">AAAB93icbVBNS8NAEN34WetHox69LBbBU0lEUG8FETxWMLbQhrLZTtqlmw92J9Ia+ku8eFDx6l/x5r9x2+agrQ8GHu/NMDMvSKXQ6Djf1srq2vrGZmmrvL2zu1ex9w8edJIpDh5PZKJaAdMgRQweCpTQShWwKJDQDIbXU7/5CEqLJL7HcQp+xPqxCAVnaKSuXWG0gzDCIMxvJu2R37WrTs2ZgS4TtyBVUqDRtb86vYRnEcTIJdO67Top+jlTKLiESbmTaUgZH7I+tA2NWQTaz2eHT+iJUXo0TJSpGOlM/T2Rs0jrcRSYzojhQC96U/E/r51heOnnIk4zhJjPF4WZpJjQaQq0JxRwlGNDGFfC3Er5gCnG0WRVNiG4iy8vE++sdlVz786r9UaRRokckWNySlxyQerkljSIRzjJyDN5JW/Wk/VivVsf89YVq5g5JH9gff4AHAOS+g==</latexit><latexit sha1_base64="RjGAf0eYawip+mm6ZITJhIiMhhk=">AAAB93icbVBNS8NAEN34WetHox69LBbBU0lEUG8FETxWMLbQhrLZTtqlmw92J9Ia+ku8eFDx6l/x5r9x2+agrQ8GHu/NMDMvSKXQ6Djf1srq2vrGZmmrvL2zu1ex9w8edJIpDh5PZKJaAdMgRQweCpTQShWwKJDQDIbXU7/5CEqLJL7HcQp+xPqxCAVnaKSuXWG0gzDCIMxvJu2R37WrTs2ZgS4TtyBVUqDRtb86vYRnEcTIJdO67Top+jlTKLiESbmTaUgZH7I+tA2NWQTaz2eHT+iJUXo0TJSpGOlM/T2Rs0jrcRSYzojhQC96U/E/r51heOnnIk4zhJjPF4WZpJjQaQq0JxRwlGNDGFfC3Er5gCnG0WRVNiG4iy8vE++sdlVz786r9UaRRokckWNySlxyQerkljSIRzjJyDN5JW/Wk/VivVsf89YVq5g5JH9gff4AHAOS+g==</latexit><latexit sha1_base64="RjGAf0eYawip+mm6ZITJhIiMhhk=">AAAB93icbVBNS8NAEN34WetHox69LBbBU0lEUG8FETxWMLbQhrLZTtqlmw92J9Ia+ku8eFDx6l/x5r9x2+agrQ8GHu/NMDMvSKXQ6Djf1srq2vrGZmmrvL2zu1ex9w8edJIpDh5PZKJaAdMgRQweCpTQShWwKJDQDIbXU7/5CEqLJL7HcQp+xPqxCAVnaKSuXWG0gzDCIMxvJu2R37WrTs2ZgS4TtyBVUqDRtb86vYRnEcTIJdO67Top+jlTKLiESbmTaUgZH7I+tA2NWQTaz2eHT+iJUXo0TJSpGOlM/T2Rs0jrcRSYzojhQC96U/E/r51heOnnIk4zhJjPF4WZpJjQaQq0JxRwlGNDGFfC3Er5gCnG0WRVNiG4iy8vE++sdlVz786r9UaRRokckWNySlxyQerkljSIRzjJyDN5JW/Wk/VivVsf89YVq5g5JH9gff4AHAOS+g==</latexit>

=<latexit sha1_base64="rqMZLJ1xSe4LhLPDdaCeePyFRXc=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEoePHYgrGFNpTNdtKu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwlRwbVz321lZXVvf2Cxtlbd3dvf2KweHDzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHt1O/9YRK80Tem3GKQUwHkkecUWOl5k2vUnVr7gxkmXgFqUKBRq/y1e0nLItRGiao1h3PTU2QU2U4EzgpdzONKWUjOsCOpZLGqIN8duiEnFqlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBTmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlO2IXiLLy8T/7x2XfOaF9V6o0ijBMdwAmfgwSXU4Q4a4AMDhGd4hTfn0Xlx3p2PeeuKU8wcwR84nz//lYyj</latexit><latexit sha1_base64="rqMZLJ1xSe4LhLPDdaCeePyFRXc=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEoePHYgrGFNpTNdtKu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwlRwbVz321lZXVvf2Cxtlbd3dvf2KweHDzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHt1O/9YRK80Tem3GKQUwHkkecUWOl5k2vUnVr7gxkmXgFqUKBRq/y1e0nLItRGiao1h3PTU2QU2U4EzgpdzONKWUjOsCOpZLGqIN8duiEnFqlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBTmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlO2IXiLLy8T/7x2XfOaF9V6o0ijBMdwAmfgwSXU4Q4a4AMDhGd4hTfn0Xlx3p2PeeuKU8wcwR84nz//lYyj</latexit><latexit sha1_base64="rqMZLJ1xSe4LhLPDdaCeePyFRXc=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEoePHYgrGFNpTNdtKu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwlRwbVz321lZXVvf2Cxtlbd3dvf2KweHDzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHt1O/9YRK80Tem3GKQUwHkkecUWOl5k2vUnVr7gxkmXgFqUKBRq/y1e0nLItRGiao1h3PTU2QU2U4EzgpdzONKWUjOsCOpZLGqIN8duiEnFqlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBTmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlO2IXiLLy8T/7x2XfOaF9V6o0ijBMdwAmfgwSXU4Q4a4AMDhGd4hTfn0Xlx3p2PeeuKU8wcwR84nz//lYyj</latexit><latexit sha1_base64="rqMZLJ1xSe4LhLPDdaCeePyFRXc=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEoePHYgrGFNpTNdtKu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwlRwbVz321lZXVvf2Cxtlbd3dvf2KweHDzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHt1O/9YRK80Tem3GKQUwHkkecUWOl5k2vUnVr7gxkmXgFqUKBRq/y1e0nLItRGiao1h3PTU2QU2U4EzgpdzONKWUjOsCOpZLGqIN8duiEnFqlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBTmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlO2IXiLLy8T/7x2XfOaF9V6o0ijBMdwAmfgwSXU4Q4a4AMDhGd4hTfn0Xlx3p2PeeuKU8wcwR84nz//lYyj</latexit>

Factoring out the 
terms that do not 

depend on y



Proving Linearity of Expectation

E[aX + bY + c]
<latexit sha1_base64="K5glMDmDPJAUghXs8ppONLskWmU=">AAACAHicbVBNS8NAEN34WetX1IvgZbEIglASEdRbQQSPFYytpKFstpt26WYTdidiCfXiX/HiQcWrP8Ob/8Ztm4O2Ppjh8d4Mu/PCVHANjvNtzc0vLC4tl1bKq2vrG5v21vatTjJFmUcTkahmSDQTXDIPOAjWTBUjcShYI+xfjPzGPVOaJ/IGBikLYtKVPOKUgJHa9m4L2AOEUX459EkTH+HwzjQa4LZdcarOGHiWuAWpoAL1tv3V6iQ0i5kEKojWvuukEOREAaeCDcutTLOU0D7pMt9QSWKmg3x8wRAfGKWDo0SZkoDH6u+NnMRaD+LQTMYEenraG4n/eX4G0VmQc5lmwCSdPBRlAkOCR3HgDleMghgYQqji5q+Y9ogiFExoZROCO33yLPGOq+dV9/qkUqsXaZTQHtpHh8hFp6iGrlAdeYiiR/SMXtGb9WS9WO/Wx2R0zip2dtAfWJ8/a+CVKA==</latexit><latexit sha1_base64="K5glMDmDPJAUghXs8ppONLskWmU=">AAACAHicbVBNS8NAEN34WetX1IvgZbEIglASEdRbQQSPFYytpKFstpt26WYTdidiCfXiX/HiQcWrP8Ob/8Ztm4O2Ppjh8d4Mu/PCVHANjvNtzc0vLC4tl1bKq2vrG5v21vatTjJFmUcTkahmSDQTXDIPOAjWTBUjcShYI+xfjPzGPVOaJ/IGBikLYtKVPOKUgJHa9m4L2AOEUX459EkTH+HwzjQa4LZdcarOGHiWuAWpoAL1tv3V6iQ0i5kEKojWvuukEOREAaeCDcutTLOU0D7pMt9QSWKmg3x8wRAfGKWDo0SZkoDH6u+NnMRaD+LQTMYEenraG4n/eX4G0VmQc5lmwCSdPBRlAkOCR3HgDleMghgYQqji5q+Y9ogiFExoZROCO33yLPGOq+dV9/qkUqsXaZTQHtpHh8hFp6iGrlAdeYiiR/SMXtGb9WS9WO/Wx2R0zip2dtAfWJ8/a+CVKA==</latexit><latexit sha1_base64="K5glMDmDPJAUghXs8ppONLskWmU=">AAACAHicbVBNS8NAEN34WetX1IvgZbEIglASEdRbQQSPFYytpKFstpt26WYTdidiCfXiX/HiQcWrP8Ob/8Ztm4O2Ppjh8d4Mu/PCVHANjvNtzc0vLC4tl1bKq2vrG5v21vatTjJFmUcTkahmSDQTXDIPOAjWTBUjcShYI+xfjPzGPVOaJ/IGBikLYtKVPOKUgJHa9m4L2AOEUX459EkTH+HwzjQa4LZdcarOGHiWuAWpoAL1tv3V6iQ0i5kEKojWvuukEOREAaeCDcutTLOU0D7pMt9QSWKmg3x8wRAfGKWDo0SZkoDH6u+NnMRaD+LQTMYEenraG4n/eX4G0VmQc5lmwCSdPBRlAkOCR3HgDleMghgYQqji5q+Y9ogiFExoZROCO33yLPGOq+dV9/qkUqsXaZTQHtpHh8hFp6iGrlAdeYiiR/SMXtGb9WS9WO/Wx2R0zip2dtAfWJ8/a+CVKA==</latexit><latexit sha1_base64="K5glMDmDPJAUghXs8ppONLskWmU=">AAACAHicbVBNS8NAEN34WetX1IvgZbEIglASEdRbQQSPFYytpKFstpt26WYTdidiCfXiX/HiQcWrP8Ob/8Ztm4O2Ppjh8d4Mu/PCVHANjvNtzc0vLC4tl1bKq2vrG5v21vatTjJFmUcTkahmSDQTXDIPOAjWTBUjcShYI+xfjPzGPVOaJ/IGBikLYtKVPOKUgJHa9m4L2AOEUX459EkTH+HwzjQa4LZdcarOGHiWuAWpoAL1tv3V6iQ0i5kEKojWvuukEOREAaeCDcutTLOU0D7pMt9QSWKmg3x8wRAfGKWDo0SZkoDH6u+NnMRaD+LQTMYEenraG4n/eX4G0VmQc5lmwCSdPBRlAkOCR3HgDleMghgYQqji5q+Y9ogiFExoZROCO33yLPGOq+dV9/qkUqsXaZTQHtpHh8hFp6iGrlAdeYiiR/SMXtGb9WS9WO/Wx2R0zip2dtAfWJ8/a+CVKA==</latexit>

=
X

x2X

X

y2Y
P(x, y)ax+

X

x2X

X

y2Y
P(x, y)by + c

<latexit sha1_base64="weT+gUC35kv/cnaR18lIXhokuwE="></latexit><latexit sha1_base64="weT+gUC35kv/cnaR18lIXhokuwE="></latexit><latexit sha1_base64="weT+gUC35kv/cnaR18lIXhokuwE="></latexit><latexit sha1_base64="weT+gUC35kv/cnaR18lIXhokuwE="></latexit>

aE[x]
<latexit sha1_base64="RjGAf0eYawip+mm6ZITJhIiMhhk=">AAAB93icbVBNS8NAEN34WetHox69LBbBU0lEUG8FETxWMLbQhrLZTtqlmw92J9Ia+ku8eFDx6l/x5r9x2+agrQ8GHu/NMDMvSKXQ6Djf1srq2vrGZmmrvL2zu1ex9w8edJIpDh5PZKJaAdMgRQweCpTQShWwKJDQDIbXU7/5CEqLJL7HcQp+xPqxCAVnaKSuXWG0gzDCIMxvJu2R37WrTs2ZgS4TtyBVUqDRtb86vYRnEcTIJdO67Top+jlTKLiESbmTaUgZH7I+tA2NWQTaz2eHT+iJUXo0TJSpGOlM/T2Rs0jrcRSYzojhQC96U/E/r51heOnnIk4zhJjPF4WZpJjQaQq0JxRwlGNDGFfC3Er5gCnG0WRVNiG4iy8vE++sdlVz786r9UaRRokckWNySlxyQerkljSIRzjJyDN5JW/Wk/VivVsf89YVq5g5JH9gff4AHAOS+g==</latexit><latexit sha1_base64="RjGAf0eYawip+mm6ZITJhIiMhhk=">AAAB93icbVBNS8NAEN34WetHox69LBbBU0lEUG8FETxWMLbQhrLZTtqlmw92J9Ia+ku8eFDx6l/x5r9x2+agrQ8GHu/NMDMvSKXQ6Djf1srq2vrGZmmrvL2zu1ex9w8edJIpDh5PZKJaAdMgRQweCpTQShWwKJDQDIbXU7/5CEqLJL7HcQp+xPqxCAVnaKSuXWG0gzDCIMxvJu2R37WrTs2ZgS4TtyBVUqDRtb86vYRnEcTIJdO67Top+jlTKLiESbmTaUgZH7I+tA2NWQTaz2eHT+iJUXo0TJSpGOlM/T2Rs0jrcRSYzojhQC96U/E/r51heOnnIk4zhJjPF4WZpJjQaQq0JxRwlGNDGFfC3Er5gCnG0WRVNiG4iy8vE++sdlVz786r9UaRRokckWNySlxyQerkljSIRzjJyDN5JW/Wk/VivVsf89YVq5g5JH9gff4AHAOS+g==</latexit><latexit sha1_base64="RjGAf0eYawip+mm6ZITJhIiMhhk=">AAAB93icbVBNS8NAEN34WetHox69LBbBU0lEUG8FETxWMLbQhrLZTtqlmw92J9Ia+ku8eFDx6l/x5r9x2+agrQ8GHu/NMDMvSKXQ6Djf1srq2vrGZmmrvL2zu1ex9w8edJIpDh5PZKJaAdMgRQweCpTQShWwKJDQDIbXU7/5CEqLJL7HcQp+xPqxCAVnaKSuXWG0gzDCIMxvJu2R37WrTs2ZgS4TtyBVUqDRtb86vYRnEcTIJdO67Top+jlTKLiESbmTaUgZH7I+tA2NWQTaz2eHT+iJUXo0TJSpGOlM/T2Rs0jrcRSYzojhQC96U/E/r51heOnnIk4zhJjPF4WZpJjQaQq0JxRwlGNDGFfC3Er5gCnG0WRVNiG4iy8vE++sdlVz786r9UaRRokckWNySlxyQerkljSIRzjJyDN5JW/Wk/VivVsf89YVq5g5JH9gff4AHAOS+g==</latexit><latexit sha1_base64="RjGAf0eYawip+mm6ZITJhIiMhhk=">AAAB93icbVBNS8NAEN34WetHox69LBbBU0lEUG8FETxWMLbQhrLZTtqlmw92J9Ia+ku8eFDx6l/x5r9x2+agrQ8GHu/NMDMvSKXQ6Djf1srq2vrGZmmrvL2zu1ex9w8edJIpDh5PZKJaAdMgRQweCpTQShWwKJDQDIbXU7/5CEqLJL7HcQp+xPqxCAVnaKSuXWG0gzDCIMxvJu2R37WrTs2ZgS4TtyBVUqDRtb86vYRnEcTIJdO67Top+jlTKLiESbmTaUgZH7I+tA2NWQTaz2eHT+iJUXo0TJSpGOlM/T2Rs0jrcRSYzojhQC96U/E/r51heOnnIk4zhJjPF4WZpJjQaQq0JxRwlGNDGFfC3Er5gCnG0WRVNiG4iy8vE++sdlVz786r9UaRRokckWNySlxyQerkljSIRzjJyDN5JW/Wk/VivVsf89YVq5g5JH9gff4AHAOS+g==</latexit>

The remainder of the proof is left as an exercise.



Expected Value and 
Linearity of Expectation

Ø Expected Value

Ø Linearity of Expectation 

Ø independence not required

E [X] =
X

x2X
xP(x)

E [aX + Y + b] = aE [X] +E [Y ] + b

Summary

E[XY ] = E[X]E[Y ]
<latexit sha1_base64="vA0Wg/qTESQAm1IZM5SXlg3qvek=">AAACFXicbVBNS8NAEN34WetX1KOXxSJ4sSQiqAehIILHCsa2tKFstpt26WYTdidiCf0VXvwrXjyoeBW8+W/ctjnU1gcDb9+bYWdekAiuwXF+rIXFpeWV1cJacX1jc2vb3tm913GqKPNoLGJVD4hmgkvmAQfB6oliJAoEqwX9q5Ffe2BK81jewSBhfkS6koecEjBS2z5uAXuEIMyuh806bvj4Ek8r/vSr4bftklN2xsDzxM1JCeWotu3vViemacQkUEG0brpOAn5GFHAq2LDYSjVLCO2TLmsaKknEtJ+NzxriQ6N0cBgrUxLwWJ2eyEik9SAKTGdEoKdnvZH4n9dMITz3My6TFJikk4/CVGCI8Sgj3OGKURADQwhV3OyKaY8oQsEkWTQhuLMnzxPvpHxRdm9PS5VqnkYB7aMDdIRcdIYq6AZVkYcoekIv6A29W8/Wq/VhfU5aF6x8Zg/9gfX1CzQtnwg=</latexit><latexit sha1_base64="vA0Wg/qTESQAm1IZM5SXlg3qvek=">AAACFXicbVBNS8NAEN34WetX1KOXxSJ4sSQiqAehIILHCsa2tKFstpt26WYTdidiCf0VXvwrXjyoeBW8+W/ctjnU1gcDb9+bYWdekAiuwXF+rIXFpeWV1cJacX1jc2vb3tm913GqKPNoLGJVD4hmgkvmAQfB6oliJAoEqwX9q5Ffe2BK81jewSBhfkS6koecEjBS2z5uAXuEIMyuh806bvj4Ek8r/vSr4bftklN2xsDzxM1JCeWotu3vViemacQkUEG0brpOAn5GFHAq2LDYSjVLCO2TLmsaKknEtJ+NzxriQ6N0cBgrUxLwWJ2eyEik9SAKTGdEoKdnvZH4n9dMITz3My6TFJikk4/CVGCI8Sgj3OGKURADQwhV3OyKaY8oQsEkWTQhuLMnzxPvpHxRdm9PS5VqnkYB7aMDdIRcdIYq6AZVkYcoekIv6A29W8/Wq/VhfU5aF6x8Zg/9gfX1CzQtnwg=</latexit><latexit sha1_base64="vA0Wg/qTESQAm1IZM5SXlg3qvek=">AAACFXicbVBNS8NAEN34WetX1KOXxSJ4sSQiqAehIILHCsa2tKFstpt26WYTdidiCf0VXvwrXjyoeBW8+W/ctjnU1gcDb9+bYWdekAiuwXF+rIXFpeWV1cJacX1jc2vb3tm913GqKPNoLGJVD4hmgkvmAQfB6oliJAoEqwX9q5Ffe2BK81jewSBhfkS6koecEjBS2z5uAXuEIMyuh806bvj4Ek8r/vSr4bftklN2xsDzxM1JCeWotu3vViemacQkUEG0brpOAn5GFHAq2LDYSjVLCO2TLmsaKknEtJ+NzxriQ6N0cBgrUxLwWJ2eyEik9SAKTGdEoKdnvZH4n9dMITz3My6TFJikk4/CVGCI8Sgj3OGKURADQwhV3OyKaY8oQsEkWTQhuLMnzxPvpHxRdm9PS5VqnkYB7aMDdIRcdIYq6AZVkYcoekIv6A29W8/Wq/VhfU5aF6x8Zg/9gfX1CzQtnwg=</latexit><latexit sha1_base64="vA0Wg/qTESQAm1IZM5SXlg3qvek=">AAACFXicbVBNS8NAEN34WetX1KOXxSJ4sSQiqAehIILHCsa2tKFstpt26WYTdidiCf0VXvwrXjyoeBW8+W/ctjnU1gcDb9+bYWdekAiuwXF+rIXFpeWV1cJacX1jc2vb3tm913GqKPNoLGJVD4hmgkvmAQfB6oliJAoEqwX9q5Ffe2BK81jewSBhfkS6koecEjBS2z5uAXuEIMyuh806bvj4Ek8r/vSr4bftklN2xsDzxM1JCeWotu3vViemacQkUEG0brpOAn5GFHAq2LDYSjVLCO2TLmsaKknEtJ+NzxriQ6N0cBgrUxLwWJ2eyEik9SAKTGdEoKdnvZH4n9dMITz3My6TFJikk4/CVGCI8Sgj3OGKURADQwhV3OyKaY8oQsEkWTQhuLMnzxPvpHxRdm9PS5VqnkYB7aMDdIRcdIYq6AZVkYcoekIv6A29W8/Wq/VhfU5aF6x8Zg/9gfX1CzQtnwg=</latexit>

?Ø What about



Expected Value and 
Linearity of Expectation

Ø Expected Value

Ø Linearity of Expectation 

Ø independence not required

E [X] =
X

x2X
xP(x)

E [aX + Y + b] = aE [X] +E [Y ] + b

Summary

E[XY ] = E[X]E[Y ]
<latexit sha1_base64="vA0Wg/qTESQAm1IZM5SXlg3qvek=">AAACFXicbVBNS8NAEN34WetX1KOXxSJ4sSQiqAehIILHCsa2tKFstpt26WYTdidiCf0VXvwrXjyoeBW8+W/ctjnU1gcDb9+bYWdekAiuwXF+rIXFpeWV1cJacX1jc2vb3tm913GqKPNoLGJVD4hmgkvmAQfB6oliJAoEqwX9q5Ffe2BK81jewSBhfkS6koecEjBS2z5uAXuEIMyuh806bvj4Ek8r/vSr4bftklN2xsDzxM1JCeWotu3vViemacQkUEG0brpOAn5GFHAq2LDYSjVLCO2TLmsaKknEtJ+NzxriQ6N0cBgrUxLwWJ2eyEik9SAKTGdEoKdnvZH4n9dMITz3My6TFJikk4/CVGCI8Sgj3OGKURADQwhV3OyKaY8oQsEkWTQhuLMnzxPvpHxRdm9PS5VqnkYB7aMDdIRcdIYq6AZVkYcoekIv6A29W8/Wq/VhfU5aF6x8Zg/9gfX1CzQtnwg=</latexit><latexit sha1_base64="vA0Wg/qTESQAm1IZM5SXlg3qvek=">AAACFXicbVBNS8NAEN34WetX1KOXxSJ4sSQiqAehIILHCsa2tKFstpt26WYTdidiCf0VXvwrXjyoeBW8+W/ctjnU1gcDb9+bYWdekAiuwXF+rIXFpeWV1cJacX1jc2vb3tm913GqKPNoLGJVD4hmgkvmAQfB6oliJAoEqwX9q5Ffe2BK81jewSBhfkS6koecEjBS2z5uAXuEIMyuh806bvj4Ek8r/vSr4bftklN2xsDzxM1JCeWotu3vViemacQkUEG0brpOAn5GFHAq2LDYSjVLCO2TLmsaKknEtJ+NzxriQ6N0cBgrUxLwWJ2eyEik9SAKTGdEoKdnvZH4n9dMITz3My6TFJikk4/CVGCI8Sgj3OGKURADQwhV3OyKaY8oQsEkWTQhuLMnzxPvpHxRdm9PS5VqnkYB7aMDdIRcdIYq6AZVkYcoekIv6A29W8/Wq/VhfU5aF6x8Zg/9gfX1CzQtnwg=</latexit><latexit sha1_base64="vA0Wg/qTESQAm1IZM5SXlg3qvek=">AAACFXicbVBNS8NAEN34WetX1KOXxSJ4sSQiqAehIILHCsa2tKFstpt26WYTdidiCf0VXvwrXjyoeBW8+W/ctjnU1gcDb9+bYWdekAiuwXF+rIXFpeWV1cJacX1jc2vb3tm913GqKPNoLGJVD4hmgkvmAQfB6oliJAoEqwX9q5Ffe2BK81jewSBhfkS6koecEjBS2z5uAXuEIMyuh806bvj4Ek8r/vSr4bftklN2xsDzxM1JCeWotu3vViemacQkUEG0brpOAn5GFHAq2LDYSjVLCO2TLmsaKknEtJ+NzxriQ6N0cBgrUxLwWJ2eyEik9SAKTGdEoKdnvZH4n9dMITz3My6TFJikk4/CVGCI8Sgj3OGKURADQwhV3OyKaY8oQsEkWTQhuLMnzxPvpHxRdm9PS5VqnkYB7aMDdIRcdIYq6AZVkYcoekIv6A29W8/Wq/VhfU5aF6x8Zg/9gfX1CzQtnwg=</latexit><latexit sha1_base64="vA0Wg/qTESQAm1IZM5SXlg3qvek=">AAACFXicbVBNS8NAEN34WetX1KOXxSJ4sSQiqAehIILHCsa2tKFstpt26WYTdidiCf0VXvwrXjyoeBW8+W/ctjnU1gcDb9+bYWdekAiuwXF+rIXFpeWV1cJacX1jc2vb3tm913GqKPNoLGJVD4hmgkvmAQfB6oliJAoEqwX9q5Ffe2BK81jewSBhfkS6koecEjBS2z5uAXuEIMyuh806bvj4Ek8r/vSr4bftklN2xsDzxM1JCeWotu3vViemacQkUEG0brpOAn5GFHAq2LDYSjVLCO2TLmsaKknEtJ+NzxriQ6N0cBgrUxLwWJ2eyEik9SAKTGdEoKdnvZH4n9dMITz3My6TFJikk4/CVGCI8Sgj3OGKURADQwhV3OyKaY8oQsEkWTQhuLMnzxPvpHxRdm9PS5VqnkYB7aMDdIRcdIYq6AZVkYcoekIv6A29W8/Wq/VhfU5aF6x8Zg/9gfX1CzQtnwg=</latexit>

Ø If X and Y are independent then 



Characterizing Random Variables

Ø Probability Mass Function (PMF): Discrete Distribution
Ø The probability a variable will take on a particular value

Ø Probability Density Function (PDF): Continuous Distributions
Ø Not covered … here there be dragons

Ø Expectation
Ø The average value the variable takes (the mean)

Ø Variance
Ø The spread of the variable about the mean



The Variance

Ø Useful Identity:

Var [X] = E
h
(X �E [X])2

i
=

X

x2X
(x�E [X])2 P(x)

Var [X] = E
h
(X �E [X])2

i

= E
h
X2 � 2XE [X] +E [X]2

i
Expanding the square



Ø Useful Identity:

Var [X] = E
h
(X �E [X])2

i

= E
h
X2 � 2XE [X] +E [X]2

i
Expanding the square

= E
⇥
X2

⇤
�E [2XE [X]] +E

h
E [X]2

i
Linearity of expectation

= E
⇥
X2

⇤
� 2E [X]E [X] +E [X]2Linearity of expectation

constant

constant

= E
⇥
X2

⇤
�E [X]2Algebra



The Variance

Ø Properties of Variance:

Ø If X and Y are independent:

Var [X] = E
h
(X �E [X])2

i
=

X

x2X
(x�E [X])2 P(x)

= E
⇥
X2

⇤
�E [X]2

Var [aX + b] = a2Var [X] + 0

Var [X + Y ] = Var [X] +Var [Y ]



Ø Properties of Variance:

Ø If X and Y are independent:

= E
⇥
X2

⇤
�E [X]2

Var [aX + b] = a2Var [X] + 0

Var [X + Y ] = Var [X] +Var [Y ]

Ø Standard Deviation (easier to interpret units)

Ø Useful identity

SD [X] =
p
Var [X]

SD [aX + b] = |a|SD [X]



Covariance

Ø The covariance describes how to variables vary jointly

Ø Basic properties of the covariance

Ø If X and Y are independent then:

Cov[X,Y ] = E [(X �E[X])(Y �E[Y ])]
<latexit sha1_base64="bzGLAz//FEFXAnSXuIT6A9f18wg="></latexit><latexit sha1_base64="bzGLAz//FEFXAnSXuIT6A9f18wg="></latexit><latexit sha1_base64="bzGLAz//FEFXAnSXuIT6A9f18wg="></latexit><latexit sha1_base64="bzGLAz//FEFXAnSXuIT6A9f18wg="></latexit>

= E [XY ]�E[X]E[Y ]
<latexit sha1_base64="v9MNQoiIyOqd8kHKxy53BwXPdlE=">AAACI3icbVDLSgNBEJyN7/iKevQyGAQvhl0RVEQQRPAYwZjI7hJmJ73JkNkHM71iWPIxXvwVLx40ePHgvzh5HKKxoKGmqpvpriCVQqNtf1mFufmFxaXlleLq2vrGZmlr+14nmeJQ44lMVCNgGqSIoYYCJTRSBSwKJNSD7tXQrz+C0iKJ77CXgh+xdixCwRkaqVk6pxfUQ3jCIMyv+56EEF3aoA/UU6LdQf9wynUb/tTjwW+WynbFHoHOEmdCymSCarM08FoJzyKIkUumtevYKfo5Uyi4hH7RyzSkjHdZG1xDYxaB9vPRkX26b5QWDRNlKkY6UqcnchZp3YsC0xkx7Oi/3lD8z3MzDE/9XMRphhDz8UdhJikmdJgYbQkFHGXPEMaVMLtS3mGKcTS5Fk0Izt+TZ0ntqHJWcW6Py5fVSRrLZJfskQPikBNySW5IldQIJ8/klbyTD+vFerMG1ue4tWBNZnbIL1jfP6S6pII=</latexit><latexit sha1_base64="v9MNQoiIyOqd8kHKxy53BwXPdlE=">AAACI3icbVDLSgNBEJyN7/iKevQyGAQvhl0RVEQQRPAYwZjI7hJmJ73JkNkHM71iWPIxXvwVLx40ePHgvzh5HKKxoKGmqpvpriCVQqNtf1mFufmFxaXlleLq2vrGZmlr+14nmeJQ44lMVCNgGqSIoYYCJTRSBSwKJNSD7tXQrz+C0iKJ77CXgh+xdixCwRkaqVk6pxfUQ3jCIMyv+56EEF3aoA/UU6LdQf9wynUb/tTjwW+WynbFHoHOEmdCymSCarM08FoJzyKIkUumtevYKfo5Uyi4hH7RyzSkjHdZG1xDYxaB9vPRkX26b5QWDRNlKkY6UqcnchZp3YsC0xkx7Oi/3lD8z3MzDE/9XMRphhDz8UdhJikmdJgYbQkFHGXPEMaVMLtS3mGKcTS5Fk0Izt+TZ0ntqHJWcW6Py5fVSRrLZJfskQPikBNySW5IldQIJ8/klbyTD+vFerMG1ue4tWBNZnbIL1jfP6S6pII=</latexit><latexit sha1_base64="v9MNQoiIyOqd8kHKxy53BwXPdlE=">AAACI3icbVDLSgNBEJyN7/iKevQyGAQvhl0RVEQQRPAYwZjI7hJmJ73JkNkHM71iWPIxXvwVLx40ePHgvzh5HKKxoKGmqpvpriCVQqNtf1mFufmFxaXlleLq2vrGZmlr+14nmeJQ44lMVCNgGqSIoYYCJTRSBSwKJNSD7tXQrz+C0iKJ77CXgh+xdixCwRkaqVk6pxfUQ3jCIMyv+56EEF3aoA/UU6LdQf9wynUb/tTjwW+WynbFHoHOEmdCymSCarM08FoJzyKIkUumtevYKfo5Uyi4hH7RyzSkjHdZG1xDYxaB9vPRkX26b5QWDRNlKkY6UqcnchZp3YsC0xkx7Oi/3lD8z3MzDE/9XMRphhDz8UdhJikmdJgYbQkFHGXPEMaVMLtS3mGKcTS5Fk0Izt+TZ0ntqHJWcW6Py5fVSRrLZJfskQPikBNySW5IldQIJ8/klbyTD+vFerMG1ue4tWBNZnbIL1jfP6S6pII=</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="9cgCH5A8aYJ8Rc/77DP8JDoZ+gk=">AAACGHicbZBLSwMxFIXv+Kz1Vd26CYrgxjLjRkUEQQSXClZbZoaSSe+0wcyD5I5Yhv4YN/4VNy5U3PhvTGsXtXogcHJOQnK/KFfSkOt+OTOzc/MLi5Wl6vLK6tp6bWPl1mSFFtgQmcp0M+IGlUyxQZIUNnONPIkU3kX358P+7gG1kVl6Q/0cw4R3UxlLwclG7doJO2UB4SNFcXkxCBTG5LMma7FAy26Pwv2J1m+GE5tW2K7tuHV3JPbXeGOzA2NdtWsfQScTRYIpCcWN8T03p7DkmqRQOKgGhcGci3veRd/alCdownI05IDt2qTD4kzblRIbpZM3Sp4Y008iezLh1DPT3TD8r/MLio/CUqZ5QZiKn4fiQjHK2JAY60iNglTfGi60tH9losc1F2S5Vi0Eb3rkv6ZxUD+ue9cuVGALtmEPPDiEM7iEK2iAgCd4gTd4d56dV+fjh9aMM8a2Cb/kfH4DlHei5g==</latexit><latexit sha1_base64="9cgCH5A8aYJ8Rc/77DP8JDoZ+gk=">AAACGHicbZBLSwMxFIXv+Kz1Vd26CYrgxjLjRkUEQQSXClZbZoaSSe+0wcyD5I5Yhv4YN/4VNy5U3PhvTGsXtXogcHJOQnK/KFfSkOt+OTOzc/MLi5Wl6vLK6tp6bWPl1mSFFtgQmcp0M+IGlUyxQZIUNnONPIkU3kX358P+7gG1kVl6Q/0cw4R3UxlLwclG7doJO2UB4SNFcXkxCBTG5LMma7FAy26Pwv2J1m+GE5tW2K7tuHV3JPbXeGOzA2NdtWsfQScTRYIpCcWN8T03p7DkmqRQOKgGhcGci3veRd/alCdownI05IDt2qTD4kzblRIbpZM3Sp4Y008iezLh1DPT3TD8r/MLio/CUqZ5QZiKn4fiQjHK2JAY60iNglTfGi60tH9losc1F2S5Vi0Eb3rkv6ZxUD+ue9cuVGALtmEPPDiEM7iEK2iAgCd4gTd4d56dV+fjh9aMM8a2Cb/kfH4DlHei5g==</latexit><latexit sha1_base64="NL6eyap7J/nnhPiUHPq4TtSaM1s=">AAACI3icbVDLSgNBEJz1GeMr6tHLYBC8GHa9qIgQEMFjBGMSdpcwO+lNBmcfzPSKYcnHePFXvHjQ4MWD/+LkcYjRgoaaqm6mu4JUCo22/WUtLC4tr6wW1orrG5tb26Wd3XudZIpDnScyUc2AaZAihjoKlNBMFbAokNAIHq5GfuMRlBZJfIf9FPyIdWMRCs7QSO3SBb2kHsITBmF+PfAkhOjSJm1RT4luD/3jGddt+jOPlt8ule2KPQb9S5wpKZMpau3S0OskPIsgRi6Z1q5jp+jnTKHgEgZFL9OQMv7AuuAaGrMItJ+PjxzQQ6N0aJgoUzHSsTo7kbNI634UmM6IYU/PeyPxP8/NMDzzcxGnGULMJx+FmaSY0FFitCMUcJR9QxhXwuxKeY8pxtHkWjQhOPMn/yX1k8p5xbm1y9XaNI0C2ScH5Ig45JRUyQ2pkTrh5Jm8knfyYb1Yb9bQ+py0LljTmT3yC9b3D6N6pH4=</latexit><latexit sha1_base64="v9MNQoiIyOqd8kHKxy53BwXPdlE=">AAACI3icbVDLSgNBEJyN7/iKevQyGAQvhl0RVEQQRPAYwZjI7hJmJ73JkNkHM71iWPIxXvwVLx40ePHgvzh5HKKxoKGmqpvpriCVQqNtf1mFufmFxaXlleLq2vrGZmlr+14nmeJQ44lMVCNgGqSIoYYCJTRSBSwKJNSD7tXQrz+C0iKJ77CXgh+xdixCwRkaqVk6pxfUQ3jCIMyv+56EEF3aoA/UU6LdQf9wynUb/tTjwW+WynbFHoHOEmdCymSCarM08FoJzyKIkUumtevYKfo5Uyi4hH7RyzSkjHdZG1xDYxaB9vPRkX26b5QWDRNlKkY6UqcnchZp3YsC0xkx7Oi/3lD8z3MzDE/9XMRphhDz8UdhJikmdJgYbQkFHGXPEMaVMLtS3mGKcTS5Fk0Izt+TZ0ntqHJWcW6Py5fVSRrLZJfskQPikBNySW5IldQIJ8/klbyTD+vFerMG1ue4tWBNZnbIL1jfP6S6pII=</latexit><latexit sha1_base64="v9MNQoiIyOqd8kHKxy53BwXPdlE=">AAACI3icbVDLSgNBEJyN7/iKevQyGAQvhl0RVEQQRPAYwZjI7hJmJ73JkNkHM71iWPIxXvwVLx40ePHgvzh5HKKxoKGmqpvpriCVQqNtf1mFufmFxaXlleLq2vrGZmlr+14nmeJQ44lMVCNgGqSIoYYCJTRSBSwKJNSD7tXQrz+C0iKJ77CXgh+xdixCwRkaqVk6pxfUQ3jCIMyv+56EEF3aoA/UU6LdQf9wynUb/tTjwW+WynbFHoHOEmdCymSCarM08FoJzyKIkUumtevYKfo5Uyi4hH7RyzSkjHdZG1xDYxaB9vPRkX26b5QWDRNlKkY6UqcnchZp3YsC0xkx7Oi/3lD8z3MzDE/9XMRphhDz8UdhJikmdJgYbQkFHGXPEMaVMLtS3mGKcTS5Fk0Izt+TZ0ntqHJWcW6Py5fVSRrLZJfskQPikBNySW5IldQIJ8/klbyTD+vFerMG1ue4tWBNZnbIL1jfP6S6pII=</latexit><latexit sha1_base64="v9MNQoiIyOqd8kHKxy53BwXPdlE=">AAACI3icbVDLSgNBEJyN7/iKevQyGAQvhl0RVEQQRPAYwZjI7hJmJ73JkNkHM71iWPIxXvwVLx40ePHgvzh5HKKxoKGmqpvpriCVQqNtf1mFufmFxaXlleLq2vrGZmlr+14nmeJQ44lMVCNgGqSIoYYCJTRSBSwKJNSD7tXQrz+C0iKJ77CXgh+xdixCwRkaqVk6pxfUQ3jCIMyv+56EEF3aoA/UU6LdQf9wynUb/tTjwW+WynbFHoHOEmdCymSCarM08FoJzyKIkUumtevYKfo5Uyi4hH7RyzSkjHdZG1xDYxaB9vPRkX26b5QWDRNlKkY6UqcnchZp3YsC0xkx7Oi/3lD8z3MzDE/9XMRphhDz8UdhJikmdJgYbQkFHGXPEMaVMLtS3mGKcTS5Fk0Izt+TZ0ntqHJWcW6Py5fVSRrLZJfskQPikBNySW5IldQIJ8/klbyTD+vFerMG1ue4tWBNZnbIL1jfP6S6pII=</latexit><latexit sha1_base64="v9MNQoiIyOqd8kHKxy53BwXPdlE=">AAACI3icbVDLSgNBEJyN7/iKevQyGAQvhl0RVEQQRPAYwZjI7hJmJ73JkNkHM71iWPIxXvwVLx40ePHgvzh5HKKxoKGmqpvpriCVQqNtf1mFufmFxaXlleLq2vrGZmlr+14nmeJQ44lMVCNgGqSIoYYCJTRSBSwKJNSD7tXQrz+C0iKJ77CXgh+xdixCwRkaqVk6pxfUQ3jCIMyv+56EEF3aoA/UU6LdQf9wynUb/tTjwW+WynbFHoHOEmdCymSCarM08FoJzyKIkUumtevYKfo5Uyi4hH7RyzSkjHdZG1xDYxaB9vPRkX26b5QWDRNlKkY6UqcnchZp3YsC0xkx7Oi/3lD8z3MzDE/9XMRphhDz8UdhJikmdJgYbQkFHGXPEMaVMLtS3mGKcTS5Fk0Izt+TZ0ntqHJWcW6Py5fVSRrLZJfskQPikBNySW5IldQIJ8/klbyTD+vFerMG1ue4tWBNZnbIL1jfP6S6pII=</latexit><latexit sha1_base64="v9MNQoiIyOqd8kHKxy53BwXPdlE=">AAACI3icbVDLSgNBEJyN7/iKevQyGAQvhl0RVEQQRPAYwZjI7hJmJ73JkNkHM71iWPIxXvwVLx40ePHgvzh5HKKxoKGmqpvpriCVQqNtf1mFufmFxaXlleLq2vrGZmlr+14nmeJQ44lMVCNgGqSIoYYCJTRSBSwKJNSD7tXQrz+C0iKJ77CXgh+xdixCwRkaqVk6pxfUQ3jCIMyv+56EEF3aoA/UU6LdQf9wynUb/tTjwW+WynbFHoHOEmdCymSCarM08FoJzyKIkUumtevYKfo5Uyi4hH7RyzSkjHdZG1xDYxaB9vPRkX26b5QWDRNlKkY6UqcnchZp3YsC0xkx7Oi/3lD8z3MzDE/9XMRphhDz8UdhJikmdJgYbQkFHGXPEMaVMLtS3mGKcTS5Fk0Izt+TZ0ntqHJWcW6Py5fVSRrLZJfskQPikBNySW5IldQIJ8/klbyTD+vFerMG1ue4tWBNZnbIL1jfP6S6pII=</latexit><latexit sha1_base64="v9MNQoiIyOqd8kHKxy53BwXPdlE=">AAACI3icbVDLSgNBEJyN7/iKevQyGAQvhl0RVEQQRPAYwZjI7hJmJ73JkNkHM71iWPIxXvwVLx40ePHgvzh5HKKxoKGmqpvpriCVQqNtf1mFufmFxaXlleLq2vrGZmlr+14nmeJQ44lMVCNgGqSIoYYCJTRSBSwKJNSD7tXQrz+C0iKJ77CXgh+xdixCwRkaqVk6pxfUQ3jCIMyv+56EEF3aoA/UU6LdQf9wynUb/tTjwW+WynbFHoHOEmdCymSCarM08FoJzyKIkUumtevYKfo5Uyi4hH7RyzSkjHdZG1xDYxaB9vPRkX26b5QWDRNlKkY6UqcnchZp3YsC0xkx7Oi/3lD8z3MzDE/9XMRphhDz8UdhJikmdJgYbQkFHGXPEMaVMLtS3mGKcTS5Fk0Izt+TZ0ntqHJWcW6Py5fVSRrLZJfskQPikBNySW5IldQIJ8/klbyTD+vFerMG1ue4tWBNZnbIL1jfP6S6pII=</latexit>

Cov[aX + u, bY + v] = abCov[X,Y ]
<latexit sha1_base64="1NXG0ujfuKFkv79UvdgT1kROC3U=">AAACG3icbVDLSgMxFM34rPU16tJNsAiCpcyooC6EQjcuKzi2pR1KJs20oZkHyZ1iGfohbvwVNy5UXAku/BvTdha29UDI4ZxzSe7xYsEVWNaPsbS8srq2ntvIb25t7+yae/sPKkokZQ6NRCTrHlFM8JA5wEGweiwZCTzBal6/MvZrAyYVj8J7GMbMDUg35D6nBLTUNs9bwB7B89NKNBg1SR2f4qToNfQ1cPENJtibCdSLDRe3zYJVsibAi8TOSAFlqLbNr1YnoknAQqCCKNW0rRjclEjgVLBRvpUoFhPaJ13W1DQkAVNuOlluhI+10sF+JPUJAU/UvxMpCZQaBp5OBgR6at4bi/95zQT8KzflYZwAC+n0IT8RGCI8bgp3uGQUxFATQiXXf8W0RyShoPvM6xLs+ZUXiXNWui7ZdxeFcjVrI4cO0RE6QTa6RGV0i6rIQRQ9oRf0ht6NZ+PV+DA+p9ElI5s5QDMwvn8BK7Kfyw==</latexit><latexit sha1_base64="1NXG0ujfuKFkv79UvdgT1kROC3U=">AAACG3icbVDLSgMxFM34rPU16tJNsAiCpcyooC6EQjcuKzi2pR1KJs20oZkHyZ1iGfohbvwVNy5UXAku/BvTdha29UDI4ZxzSe7xYsEVWNaPsbS8srq2ntvIb25t7+yae/sPKkokZQ6NRCTrHlFM8JA5wEGweiwZCTzBal6/MvZrAyYVj8J7GMbMDUg35D6nBLTUNs9bwB7B89NKNBg1SR2f4qToNfQ1cPENJtibCdSLDRe3zYJVsibAi8TOSAFlqLbNr1YnoknAQqCCKNW0rRjclEjgVLBRvpUoFhPaJ13W1DQkAVNuOlluhI+10sF+JPUJAU/UvxMpCZQaBp5OBgR6at4bi/95zQT8KzflYZwAC+n0IT8RGCI8bgp3uGQUxFATQiXXf8W0RyShoPvM6xLs+ZUXiXNWui7ZdxeFcjVrI4cO0RE6QTa6RGV0i6rIQRQ9oRf0ht6NZ+PV+DA+p9ElI5s5QDMwvn8BK7Kfyw==</latexit><latexit sha1_base64="1NXG0ujfuKFkv79UvdgT1kROC3U=">AAACG3icbVDLSgMxFM34rPU16tJNsAiCpcyooC6EQjcuKzi2pR1KJs20oZkHyZ1iGfohbvwVNy5UXAku/BvTdha29UDI4ZxzSe7xYsEVWNaPsbS8srq2ntvIb25t7+yae/sPKkokZQ6NRCTrHlFM8JA5wEGweiwZCTzBal6/MvZrAyYVj8J7GMbMDUg35D6nBLTUNs9bwB7B89NKNBg1SR2f4qToNfQ1cPENJtibCdSLDRe3zYJVsibAi8TOSAFlqLbNr1YnoknAQqCCKNW0rRjclEjgVLBRvpUoFhPaJ13W1DQkAVNuOlluhI+10sF+JPUJAU/UvxMpCZQaBp5OBgR6at4bi/95zQT8KzflYZwAC+n0IT8RGCI8bgp3uGQUxFATQiXXf8W0RyShoPvM6xLs+ZUXiXNWui7ZdxeFcjVrI4cO0RE6QTa6RGV0i6rIQRQ9oRf0ht6NZ+PV+DA+p9ElI5s5QDMwvn8BK7Kfyw==</latexit><latexit sha1_base64="1NXG0ujfuKFkv79UvdgT1kROC3U=">AAACG3icbVDLSgMxFM34rPU16tJNsAiCpcyooC6EQjcuKzi2pR1KJs20oZkHyZ1iGfohbvwVNy5UXAku/BvTdha29UDI4ZxzSe7xYsEVWNaPsbS8srq2ntvIb25t7+yae/sPKkokZQ6NRCTrHlFM8JA5wEGweiwZCTzBal6/MvZrAyYVj8J7GMbMDUg35D6nBLTUNs9bwB7B89NKNBg1SR2f4qToNfQ1cPENJtibCdSLDRe3zYJVsibAi8TOSAFlqLbNr1YnoknAQqCCKNW0rRjclEjgVLBRvpUoFhPaJ13W1DQkAVNuOlluhI+10sF+JPUJAU/UvxMpCZQaBp5OBgR6at4bi/95zQT8KzflYZwAC+n0IT8RGCI8bgp3uGQUxFATQiXXf8W0RyShoPvM6xLs+ZUXiXNWui7ZdxeFcjVrI4cO0RE6QTa6RGV0i6rIQRQ9oRf0ht6NZ+PV+DA+p9ElI5s5QDMwvn8BK7Kfyw==</latexit>

E[XY ] = E[X]E[Y ]
<latexit sha1_base64="oOCZThP9gUby1EeQsjVik58O45M=">AAACE3icbVBNS8NAEN34WetX1KOXxSIIQklEUA9CQQSPFYxtaUPZbDft0s0m7E7EEvojvPhXvHhQ8erFm//GbZtDbX0w8Pa9GXbmBYngGhznx1pYXFpeWS2sFdc3Nre27Z3dex2nijKPxiJW9YBoJrhkHnAQrJ4oRqJAsFrQvxr5tQemNI/lHQwS5kekK3nIKQEjte3jFrBHCMLsetisN3x8iacFf+rR8Nt2ySk7Y+B54uakhHJU2/Z3qxPTNGISqCBaN10nAT8jCjgVbFhspZolhPZJlzUNlSRi2s/GRw3xoVE6OIyVKQl4rE5PZCTSehAFpjMi0NOz3kj8z2umEJ77GZdJCkzSyUdhKjDEeJQQ7nDFKIiBIYQqbnbFtEcUoWByLJoQ3NmT54l3Ur4ou7enpUo1T6OA9tEBOkIuOkMVdIOqyEMUPaEX9IberWfr1fqwPietC1Y+s4f+wPr6BXL1nrQ=</latexit><latexit sha1_base64="oOCZThP9gUby1EeQsjVik58O45M=">AAACE3icbVBNS8NAEN34WetX1KOXxSIIQklEUA9CQQSPFYxtaUPZbDft0s0m7E7EEvojvPhXvHhQ8erFm//GbZtDbX0w8Pa9GXbmBYngGhznx1pYXFpeWS2sFdc3Nre27Z3dex2nijKPxiJW9YBoJrhkHnAQrJ4oRqJAsFrQvxr5tQemNI/lHQwS5kekK3nIKQEjte3jFrBHCMLsetisN3x8iacFf+rR8Nt2ySk7Y+B54uakhHJU2/Z3qxPTNGISqCBaN10nAT8jCjgVbFhspZolhPZJlzUNlSRi2s/GRw3xoVE6OIyVKQl4rE5PZCTSehAFpjMi0NOz3kj8z2umEJ77GZdJCkzSyUdhKjDEeJQQ7nDFKIiBIYQqbnbFtEcUoWByLJoQ3NmT54l3Ur4ou7enpUo1T6OA9tEBOkIuOkMVdIOqyEMUPaEX9IberWfr1fqwPietC1Y+s4f+wPr6BXL1nrQ=</latexit><latexit sha1_base64="oOCZThP9gUby1EeQsjVik58O45M=">AAACE3icbVBNS8NAEN34WetX1KOXxSIIQklEUA9CQQSPFYxtaUPZbDft0s0m7E7EEvojvPhXvHhQ8erFm//GbZtDbX0w8Pa9GXbmBYngGhznx1pYXFpeWS2sFdc3Nre27Z3dex2nijKPxiJW9YBoJrhkHnAQrJ4oRqJAsFrQvxr5tQemNI/lHQwS5kekK3nIKQEjte3jFrBHCMLsetisN3x8iacFf+rR8Nt2ySk7Y+B54uakhHJU2/Z3qxPTNGISqCBaN10nAT8jCjgVbFhspZolhPZJlzUNlSRi2s/GRw3xoVE6OIyVKQl4rE5PZCTSehAFpjMi0NOz3kj8z2umEJ77GZdJCkzSyUdhKjDEeJQQ7nDFKIiBIYQqbnbFtEcUoWByLJoQ3NmT54l3Ur4ou7enpUo1T6OA9tEBOkIuOkMVdIOqyEMUPaEX9IberWfr1fqwPietC1Y+s4f+wPr6BXL1nrQ=</latexit><latexit sha1_base64="oOCZThP9gUby1EeQsjVik58O45M=">AAACE3icbVBNS8NAEN34WetX1KOXxSIIQklEUA9CQQSPFYxtaUPZbDft0s0m7E7EEvojvPhXvHhQ8erFm//GbZtDbX0w8Pa9GXbmBYngGhznx1pYXFpeWS2sFdc3Nre27Z3dex2nijKPxiJW9YBoJrhkHnAQrJ4oRqJAsFrQvxr5tQemNI/lHQwS5kekK3nIKQEjte3jFrBHCMLsetisN3x8iacFf+rR8Nt2ySk7Y+B54uakhHJU2/Z3qxPTNGISqCBaN10nAT8jCjgVbFhspZolhPZJlzUNlSRi2s/GRw3xoVE6OIyVKQl4rE5PZCTSehAFpjMi0NOz3kj8z2umEJ77GZdJCkzSyUdhKjDEeJQQ7nDFKIiBIYQqbnbFtEcUoWByLJoQ3NmT54l3Ur4ou7enpUo1T6OA9tEBOkIuOkMVdIOqyEMUPaEX9IberWfr1fqwPietC1Y+s4f+wPr6BXL1nrQ=</latexit>

Cov[X,Y ] = 0
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Correlation
Ø The units of covariance can be difficult to reason about

Ø Correlation is the “normalized” covariance

Ø A number between -1 and 1

Cov[X,Y ] = E [(X �E[X])(Y �E[Y ])]
<latexit sha1_base64="bzGLAz//FEFXAnSXuIT6A9f18wg="></latexit><latexit sha1_base64="bzGLAz//FEFXAnSXuIT6A9f18wg="></latexit><latexit sha1_base64="bzGLAz//FEFXAnSXuIT6A9f18wg="></latexit><latexit sha1_base64="bzGLAz//FEFXAnSXuIT6A9f18wg="></latexit>

= E [XY ]�E[X]E[Y ]
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Covariance

Corr[X,Y ] =
Cov[X,Y ]p

Var[X]
p
Var[Y ]
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=
Cov[X,Y ]

SD[X]SD[Y ]
<latexit sha1_base64="vhTc9P3hU8KE4YpTgFUyy9Sbqec=">AAACIXicbZDLSgMxFIYzXmu9jbp0EyyCCykzImgXQqEuXFa0tjIzlEyaaUMzF5IzxTL0Wdz4Km5cqHQnvozpBamtBwJ/vv8ckvP7ieAKLOvLWFpeWV1bz23kN7e2d3bNvf0HFaeSshqNRSwbPlFM8IjVgINgjUQyEvqC1f1uZeTXe0wqHkf30E+YF5J2xANOCWjUNEv4CruBJDRzgT2BH2SVuDdwGqeP3uAX3V1r4s3etNs0C1bRGhdeFPZUFNC0qk1z6LZimoYsAiqIUo5tJeBlRAKngg3ybqpYQmiXtJmjZURCprxsvOIAH2vSwkEs9YkAj+nsREZCpfqhrztDAh01743gf56TQnDpZTxKUmARnTwUpAJDjEd54RaXjILoa0Go5PqvmHaIDgx0qnkdgj2/8qKonRVLRfv2vFCuTtPIoUN0hE6QjS5QGd2gKqohip7RK3pHH8aL8WZ8GsNJ65IxnTlAf8r4/gH69aTb</latexit><latexit sha1_base64="vhTc9P3hU8KE4YpTgFUyy9Sbqec=">AAACIXicbZDLSgMxFIYzXmu9jbp0EyyCCykzImgXQqEuXFa0tjIzlEyaaUMzF5IzxTL0Wdz4Km5cqHQnvozpBamtBwJ/vv8ckvP7ieAKLOvLWFpeWV1bz23kN7e2d3bNvf0HFaeSshqNRSwbPlFM8IjVgINgjUQyEvqC1f1uZeTXe0wqHkf30E+YF5J2xANOCWjUNEv4CruBJDRzgT2BH2SVuDdwGqeP3uAX3V1r4s3etNs0C1bRGhdeFPZUFNC0qk1z6LZimoYsAiqIUo5tJeBlRAKngg3ybqpYQmiXtJmjZURCprxsvOIAH2vSwkEs9YkAj+nsREZCpfqhrztDAh01743gf56TQnDpZTxKUmARnTwUpAJDjEd54RaXjILoa0Go5PqvmHaIDgx0qnkdgj2/8qKonRVLRfv2vFCuTtPIoUN0hE6QjS5QGd2gKqohip7RK3pHH8aL8WZ8GsNJ65IxnTlAf8r4/gH69aTb</latexit><latexit sha1_base64="vhTc9P3hU8KE4YpTgFUyy9Sbqec=">AAACIXicbZDLSgMxFIYzXmu9jbp0EyyCCykzImgXQqEuXFa0tjIzlEyaaUMzF5IzxTL0Wdz4Km5cqHQnvozpBamtBwJ/vv8ckvP7ieAKLOvLWFpeWV1bz23kN7e2d3bNvf0HFaeSshqNRSwbPlFM8IjVgINgjUQyEvqC1f1uZeTXe0wqHkf30E+YF5J2xANOCWjUNEv4CruBJDRzgT2BH2SVuDdwGqeP3uAX3V1r4s3etNs0C1bRGhdeFPZUFNC0qk1z6LZimoYsAiqIUo5tJeBlRAKngg3ybqpYQmiXtJmjZURCprxsvOIAH2vSwkEs9YkAj+nsREZCpfqhrztDAh01743gf56TQnDpZTxKUmARnTwUpAJDjEd54RaXjILoa0Go5PqvmHaIDgx0qnkdgj2/8qKonRVLRfv2vFCuTtPIoUN0hE6QjS5QGd2gKqohip7RK3pHH8aL8WZ8GsNJ65IxnTlAf8r4/gH69aTb</latexit><latexit sha1_base64="vhTc9P3hU8KE4YpTgFUyy9Sbqec=">AAACIXicbZDLSgMxFIYzXmu9jbp0EyyCCykzImgXQqEuXFa0tjIzlEyaaUMzF5IzxTL0Wdz4Km5cqHQnvozpBamtBwJ/vv8ckvP7ieAKLOvLWFpeWV1bz23kN7e2d3bNvf0HFaeSshqNRSwbPlFM8IjVgINgjUQyEvqC1f1uZeTXe0wqHkf30E+YF5J2xANOCWjUNEv4CruBJDRzgT2BH2SVuDdwGqeP3uAX3V1r4s3etNs0C1bRGhdeFPZUFNC0qk1z6LZimoYsAiqIUo5tJeBlRAKngg3ybqpYQmiXtJmjZURCprxsvOIAH2vSwkEs9YkAj+nsREZCpfqhrztDAh01743gf56TQnDpZTxKUmARnTwUpAJDjEd54RaXjILoa0Go5PqvmHaIDgx0qnkdgj2/8qKonRVLRfv2vFCuTtPIoUN0hE6QjS5QGd2gKqohip7RK3pHH8aL8WZ8GsNJ65IxnTlAf8r4/gH69aTb</latexit>

⇢X,Y =
<latexit sha1_base64="NNZlvtgsQnsvxsuoCdGFAVxM4Mg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoB6EghePFYytpKFsttt26SYbdidCCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6VSGHTdb2dpeWV1bb20Ud7c2t7ZreztPxiVacZ9pqTSrYgaLkXCfRQoeSvVnMaR5M1oeDPxm09cG6GSexylPIxpPxE9wShaKWjrgerkrdPH8XWnUnVr7hRkkXgFqUKBRqfy1e4qlsU8QSapMYHnphjmVKNgko/L7czwlLIh7fPA0oTG3IT59OQxObZKl/SUtpUgmaq/J3IaGzOKI9sZUxyYeW8i/ucFGfYuw1wkaYY8YbNFvUwSVGTyP+kKzRnKkSWUaWFvJWxANWVoUyrbELz5lxeJf1a7qnl359V6o0ijBIdwBCfgwQXU4RYa4AMDBc/wCm8OOi/Ou/Mxa11yipkD+APn8wdX55Dg</latexit><latexit sha1_base64="NNZlvtgsQnsvxsuoCdGFAVxM4Mg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoB6EghePFYytpKFsttt26SYbdidCCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6VSGHTdb2dpeWV1bb20Ud7c2t7ZreztPxiVacZ9pqTSrYgaLkXCfRQoeSvVnMaR5M1oeDPxm09cG6GSexylPIxpPxE9wShaKWjrgerkrdPH8XWnUnVr7hRkkXgFqUKBRqfy1e4qlsU8QSapMYHnphjmVKNgko/L7czwlLIh7fPA0oTG3IT59OQxObZKl/SUtpUgmaq/J3IaGzOKI9sZUxyYeW8i/ucFGfYuw1wkaYY8YbNFvUwSVGTyP+kKzRnKkSWUaWFvJWxANWVoUyrbELz5lxeJf1a7qnl359V6o0ijBIdwBCfgwQXU4RYa4AMDBc/wCm8OOi/Ou/Mxa11yipkD+APn8wdX55Dg</latexit><latexit sha1_base64="NNZlvtgsQnsvxsuoCdGFAVxM4Mg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoB6EghePFYytpKFsttt26SYbdidCCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6VSGHTdb2dpeWV1bb20Ud7c2t7ZreztPxiVacZ9pqTSrYgaLkXCfRQoeSvVnMaR5M1oeDPxm09cG6GSexylPIxpPxE9wShaKWjrgerkrdPH8XWnUnVr7hRkkXgFqUKBRqfy1e4qlsU8QSapMYHnphjmVKNgko/L7czwlLIh7fPA0oTG3IT59OQxObZKl/SUtpUgmaq/J3IaGzOKI9sZUxyYeW8i/ucFGfYuw1wkaYY8YbNFvUwSVGTyP+kKzRnKkSWUaWFvJWxANWVoUyrbELz5lxeJf1a7qnl359V6o0ijBIdwBCfgwQXU4RYa4AMDBc/wCm8OOi/Ou/Mxa11yipkD+APn8wdX55Dg</latexit><latexit sha1_base64="NNZlvtgsQnsvxsuoCdGFAVxM4Mg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoB6EghePFYytpKFsttt26SYbdidCCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6VSGHTdb2dpeWV1bb20Ud7c2t7ZreztPxiVacZ9pqTSrYgaLkXCfRQoeSvVnMaR5M1oeDPxm09cG6GSexylPIxpPxE9wShaKWjrgerkrdPH8XWnUnVr7hRkkXgFqUKBRqfy1e4qlsU8QSapMYHnphjmVKNgko/L7czwlLIh7fPA0oTG3IT59OQxObZKl/SUtpUgmaq/J3IaGzOKI9sZUxyYeW8i/ucFGfYuw1wkaYY8YbNFvUwSVGTyP+kKzRnKkSWUaWFvJWxANWVoUyrbELz5lxeJf1a7qnl359V6o0ijBIdwBCfgwQXU4RYa4AMDBc/wCm8OOi/Ou/Mxa11yipkD+APn8wdX55Dg</latexit>

⇢X,Y = �1
<latexit sha1_base64="XHNTtiuZYTiiAvTW9HQQzTvBbJc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5ZdEdSDUPDisYJrK+1Ssmm2Dc0ma5ItlKW/w4sHFa/+GW/+G9N2D9r6YODx3gwz88KEM21c99spLC2vrK4V10sbm1vbO+XdvQctU0WoTySXqhliTTkT1DfMcNpMFMVxyGkjHNxM/MaQKs2kuDejhAYx7gkWMYKNlYK26stO1jx5HF+fep1yxa26U6BF4uWkAjnqnfJXuytJGlNhCMdatzw3MUGGlWGE03GpnWqaYDLAPdqyVOCY6iCbHj1GR1bpokgqW8Kgqfp7IsOx1qM4tJ0xNn09703E/7xWaqLLIGMiSQ0VZLYoSjkyEk0SQF2mKDF8ZAkmitlbEeljhYmxOZVsCN78y4vEP6teVb2780qtnqdRhAM4hGPw4AJqcAt18IHAEzzDK7w5Q+fFeXc+Zq0FJ5/Zhz9wPn8AOFmRUg==</latexit><latexit sha1_base64="XHNTtiuZYTiiAvTW9HQQzTvBbJc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5ZdEdSDUPDisYJrK+1Ssmm2Dc0ma5ItlKW/w4sHFa/+GW/+G9N2D9r6YODx3gwz88KEM21c99spLC2vrK4V10sbm1vbO+XdvQctU0WoTySXqhliTTkT1DfMcNpMFMVxyGkjHNxM/MaQKs2kuDejhAYx7gkWMYKNlYK26stO1jx5HF+fep1yxa26U6BF4uWkAjnqnfJXuytJGlNhCMdatzw3MUGGlWGE03GpnWqaYDLAPdqyVOCY6iCbHj1GR1bpokgqW8Kgqfp7IsOx1qM4tJ0xNn09703E/7xWaqLLIGMiSQ0VZLYoSjkyEk0SQF2mKDF8ZAkmitlbEeljhYmxOZVsCN78y4vEP6teVb2780qtnqdRhAM4hGPw4AJqcAt18IHAEzzDK7w5Q+fFeXc+Zq0FJ5/Zhz9wPn8AOFmRUg==</latexit><latexit sha1_base64="XHNTtiuZYTiiAvTW9HQQzTvBbJc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5ZdEdSDUPDisYJrK+1Ssmm2Dc0ma5ItlKW/w4sHFa/+GW/+G9N2D9r6YODx3gwz88KEM21c99spLC2vrK4V10sbm1vbO+XdvQctU0WoTySXqhliTTkT1DfMcNpMFMVxyGkjHNxM/MaQKs2kuDejhAYx7gkWMYKNlYK26stO1jx5HF+fep1yxa26U6BF4uWkAjnqnfJXuytJGlNhCMdatzw3MUGGlWGE03GpnWqaYDLAPdqyVOCY6iCbHj1GR1bpokgqW8Kgqfp7IsOx1qM4tJ0xNn09703E/7xWaqLLIGMiSQ0VZLYoSjkyEk0SQF2mKDF8ZAkmitlbEeljhYmxOZVsCN78y4vEP6teVb2780qtnqdRhAM4hGPw4AJqcAt18IHAEzzDK7w5Q+fFeXc+Zq0FJ5/Zhz9wPn8AOFmRUg==</latexit><latexit sha1_base64="XHNTtiuZYTiiAvTW9HQQzTvBbJc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5ZdEdSDUPDisYJrK+1Ssmm2Dc0ma5ItlKW/w4sHFa/+GW/+G9N2D9r6YODx3gwz88KEM21c99spLC2vrK4V10sbm1vbO+XdvQctU0WoTySXqhliTTkT1DfMcNpMFMVxyGkjHNxM/MaQKs2kuDejhAYx7gkWMYKNlYK26stO1jx5HF+fep1yxa26U6BF4uWkAjnqnfJXuytJGlNhCMdatzw3MUGGlWGE03GpnWqaYDLAPdqyVOCY6iCbHj1GR1bpokgqW8Kgqfp7IsOx1qM4tJ0xNn09703E/7xWaqLLIGMiSQ0VZLYoSjkyEk0SQF2mKDF8ZAkmitlbEeljhYmxOZVsCN78y4vEP6teVb2780qtnqdRhAM4hGPw4AJqcAt18IHAEzzDK7w5Q+fFeXc+Zq0FJ5/Zhz9wPn8AOFmRUg==</latexit>

⇢X,Y = 1
<latexit sha1_base64="sbCrfmRFV3L3pO5KFm0cwE37FJ0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECupBKHjxWMHYShPKZrtpl252w+5GKKF/w4sHFa/+Gm/+G7dtDtr6YODx3gwz86KUM21c99sprayurW+UNytb2zu7e9X9gwctM0WoTySXqhNhTTkT1DfMcNpJFcVJxGk7Gt1M/fYTVZpJcW/GKQ0TPBAsZgQbKwWBGspe3jl7nFx7vWrNrbszoGXiFaQGBVq96lfQlyRLqDCEY627npuaMMfKMMLppBJkmqaYjPCAdi0VOKE6zGc3T9CJVfoolsqWMGim/p7IcaL1OIlsZ4LNUC96U/E/r5uZ+DLMmUgzQwWZL4ozjoxE0wBQnylKDB9bgoli9lZEhlhhYmxMFRuCt/jyMvHP61d1765Ra7aKNMpwBMdwCh5cQBNuoQU+EEjhGV7hzcmcF+fd+Zi3lpxi5hD+wPn8AcsHkRs=</latexit><latexit sha1_base64="sbCrfmRFV3L3pO5KFm0cwE37FJ0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECupBKHjxWMHYShPKZrtpl252w+5GKKF/w4sHFa/+Gm/+G7dtDtr6YODx3gwz86KUM21c99sprayurW+UNytb2zu7e9X9gwctM0WoTySXqhNhTTkT1DfMcNpJFcVJxGk7Gt1M/fYTVZpJcW/GKQ0TPBAsZgQbKwWBGspe3jl7nFx7vWrNrbszoGXiFaQGBVq96lfQlyRLqDCEY627npuaMMfKMMLppBJkmqaYjPCAdi0VOKE6zGc3T9CJVfoolsqWMGim/p7IcaL1OIlsZ4LNUC96U/E/r5uZ+DLMmUgzQwWZL4ozjoxE0wBQnylKDB9bgoli9lZEhlhhYmxMFRuCt/jyMvHP61d1765Ra7aKNMpwBMdwCh5cQBNuoQU+EEjhGV7hzcmcF+fd+Zi3lpxi5hD+wPn8AcsHkRs=</latexit><latexit sha1_base64="sbCrfmRFV3L3pO5KFm0cwE37FJ0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECupBKHjxWMHYShPKZrtpl252w+5GKKF/w4sHFa/+Gm/+G7dtDtr6YODx3gwz86KUM21c99sprayurW+UNytb2zu7e9X9gwctM0WoTySXqhNhTTkT1DfMcNpJFcVJxGk7Gt1M/fYTVZpJcW/GKQ0TPBAsZgQbKwWBGspe3jl7nFx7vWrNrbszoGXiFaQGBVq96lfQlyRLqDCEY627npuaMMfKMMLppBJkmqaYjPCAdi0VOKE6zGc3T9CJVfoolsqWMGim/p7IcaL1OIlsZ4LNUC96U/E/r5uZ+DLMmUgzQwWZL4ozjoxE0wBQnylKDB9bgoli9lZEhlhhYmxMFRuCt/jyMvHP61d1765Ra7aKNMpwBMdwCh5cQBNuoQU+EEjhGV7hzcmcF+fd+Zi3lpxi5hD+wPn8AcsHkRs=</latexit><latexit sha1_base64="sbCrfmRFV3L3pO5KFm0cwE37FJ0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECupBKHjxWMHYShPKZrtpl252w+5GKKF/w4sHFa/+Gm/+G7dtDtr6YODx3gwz86KUM21c99sprayurW+UNytb2zu7e9X9gwctM0WoTySXqhNhTTkT1DfMcNpJFcVJxGk7Gt1M/fYTVZpJcW/GKQ0TPBAsZgQbKwWBGspe3jl7nFx7vWrNrbszoGXiFaQGBVq96lfQlyRLqDCEY627npuaMMfKMMLppBJkmqaYjPCAdi0VOKE6zGc3T9CJVfoolsqWMGim/p7IcaL1OIlsZ4LNUC96U/E/r5uZ+DLMmUgzQwWZL4ozjoxE0wBQnylKDB9bgoli9lZEhlhhYmxMFRuCt/jyMvHP61d1765Ra7aKNMpwBMdwCh5cQBNuoQU+EEjhGV7hzcmcF+fd+Zi3lpxi5hD+wPn8AcsHkRs=</latexit>

⇢X,Y ⇡ 0
<latexit sha1_base64="dHiU9yBxd/ynMx2Pz6nHOcCTcGE=">AAAB+3icbVBNSwMxEM36WevXao9egkXwIGVXBPVW8OKxgmsr3WXJpmkbmk1CkhWXpf4VLx5UvPpHvPlvTNs9aOuDgcd7M8zMSySj2njet7O0vLK6tl7ZqG5ube/sunv7d1pkCpMACyZUJ0GaMMpJYKhhpCMVQWnCSDsZXU389gNRmgp+a3JJohQNOO1TjIyVYrcWqqGIi87J/ThEUirxCL3YrXsNbwq4SPyS1EGJVux+hT2Bs5RwgxnSuut70kQFUoZiRsbVMNNEIjxCA9K1lKOU6KiYHj+GR1bpwb5QtriBU/X3RIFSrfM0sZ0pMkM9703E/7xuZvoXUUG5zAzheLaonzFoBJwkAXtUEWxYbgnCitpbIR4ihbCxeVVtCP78y4skOG1cNvybs3qzVaZRAQfgEBwDH5yDJrgGLRAADHLwDF7Bm/PkvDjvzsesdckpZ2rgD5zPH7wilGo=</latexit><latexit sha1_base64="dHiU9yBxd/ynMx2Pz6nHOcCTcGE=">AAAB+3icbVBNSwMxEM36WevXao9egkXwIGVXBPVW8OKxgmsr3WXJpmkbmk1CkhWXpf4VLx5UvPpHvPlvTNs9aOuDgcd7M8zMSySj2njet7O0vLK6tl7ZqG5ube/sunv7d1pkCpMACyZUJ0GaMMpJYKhhpCMVQWnCSDsZXU389gNRmgp+a3JJohQNOO1TjIyVYrcWqqGIi87J/ThEUirxCL3YrXsNbwq4SPyS1EGJVux+hT2Bs5RwgxnSuut70kQFUoZiRsbVMNNEIjxCA9K1lKOU6KiYHj+GR1bpwb5QtriBU/X3RIFSrfM0sZ0pMkM9703E/7xuZvoXUUG5zAzheLaonzFoBJwkAXtUEWxYbgnCitpbIR4ihbCxeVVtCP78y4skOG1cNvybs3qzVaZRAQfgEBwDH5yDJrgGLRAADHLwDF7Bm/PkvDjvzsesdckpZ2rgD5zPH7wilGo=</latexit><latexit sha1_base64="dHiU9yBxd/ynMx2Pz6nHOcCTcGE=">AAAB+3icbVBNSwMxEM36WevXao9egkXwIGVXBPVW8OKxgmsr3WXJpmkbmk1CkhWXpf4VLx5UvPpHvPlvTNs9aOuDgcd7M8zMSySj2njet7O0vLK6tl7ZqG5ube/sunv7d1pkCpMACyZUJ0GaMMpJYKhhpCMVQWnCSDsZXU389gNRmgp+a3JJohQNOO1TjIyVYrcWqqGIi87J/ThEUirxCL3YrXsNbwq4SPyS1EGJVux+hT2Bs5RwgxnSuut70kQFUoZiRsbVMNNEIjxCA9K1lKOU6KiYHj+GR1bpwb5QtriBU/X3RIFSrfM0sZ0pMkM9703E/7xuZvoXUUG5zAzheLaonzFoBJwkAXtUEWxYbgnCitpbIR4ihbCxeVVtCP78y4skOG1cNvybs3qzVaZRAQfgEBwDH5yDJrgGLRAADHLwDF7Bm/PkvDjvzsesdckpZ2rgD5zPH7wilGo=</latexit><latexit sha1_base64="dHiU9yBxd/ynMx2Pz6nHOcCTcGE=">AAAB+3icbVBNSwMxEM36WevXao9egkXwIGVXBPVW8OKxgmsr3WXJpmkbmk1CkhWXpf4VLx5UvPpHvPlvTNs9aOuDgcd7M8zMSySj2njet7O0vLK6tl7ZqG5ube/sunv7d1pkCpMACyZUJ0GaMMpJYKhhpCMVQWnCSDsZXU389gNRmgp+a3JJohQNOO1TjIyVYrcWqqGIi87J/ThEUirxCL3YrXsNbwq4SPyS1EGJVux+hT2Bs5RwgxnSuut70kQFUoZiRsbVMNNEIjxCA9K1lKOU6KiYHj+GR1bpwb5QtriBU/X3RIFSrfM0sZ0pMkM9703E/7xuZvoXUUG5zAzheLaonzFoBJwkAXtUEWxYbgnCitpbIR4ihbCxeVVtCP78y4skOG1cNvybs3qzVaZRAQfgEBwDH5yDJrgGLRAADHLwDF7Bm/PkvDjvzsesdckpZ2rgD5zPH7wilGo=</latexit>



Practice Distributions



Binary Random Variable (Bernoulli)

Ø Takes on two values (e.g., (0,1), (heads, tails)…)

Ø Characterized by probability p

Ø Expected Value:

Ø Variance

Value 1 0
Chance p 1-p

X ⇠ Bernoulli(p)

E[X] =
<latexit sha1_base64="Nj7K/p29T6v6dLpXx3YAApaYYMk=">AAAB+HicbVBNS8NAEN3Ur1q/oh69LBbBU0lEUA9CQQSPFYwttKFstpN26eaD3UmxhP4TLx5UvPpTvPlv3LY5aOuDgcd7M8zMC1IpNDrOt1VaWV1b3yhvVra2d3b37P2DR51kioPHE5moVsA0SBGDhwIltFIFLAokNIPhzdRvjkBpkcQPOE7Bj1g/FqHgDI3Ute0OwhMGYX47abd8ek27dtWpOTPQZeIWpEoKNLr2V6eX8CyCGLlkWrddJ0U/ZwoFlzCpdDINKeND1oe2oTGLQPv57PIJPTFKj4aJMhUjnam/J3IWaT2OAtMZMRzoRW8q/ue1Mwwv/VzEaYYQ8/miMJMUEzqNgfaEAo5ybAjjSphbKR8wxTiasComBHfx5WXindWuau79ebXeKNIokyNyTE6JSy5IndyRBvEIJyPyTF7Jm5VbL9a79TFvLVnFzCH5A+vzBxPGkuA=</latexit><latexit sha1_base64="Nj7K/p29T6v6dLpXx3YAApaYYMk=">AAAB+HicbVBNS8NAEN3Ur1q/oh69LBbBU0lEUA9CQQSPFYwttKFstpN26eaD3UmxhP4TLx5UvPpTvPlv3LY5aOuDgcd7M8zMC1IpNDrOt1VaWV1b3yhvVra2d3b37P2DR51kioPHE5moVsA0SBGDhwIltFIFLAokNIPhzdRvjkBpkcQPOE7Bj1g/FqHgDI3Ute0OwhMGYX47abd8ek27dtWpOTPQZeIWpEoKNLr2V6eX8CyCGLlkWrddJ0U/ZwoFlzCpdDINKeND1oe2oTGLQPv57PIJPTFKj4aJMhUjnam/J3IWaT2OAtMZMRzoRW8q/ue1Mwwv/VzEaYYQ8/miMJMUEzqNgfaEAo5ybAjjSphbKR8wxTiasComBHfx5WXindWuau79ebXeKNIokyNyTE6JSy5IndyRBvEIJyPyTF7Jm5VbL9a79TFvLVnFzCH5A+vzBxPGkuA=</latexit><latexit sha1_base64="Nj7K/p29T6v6dLpXx3YAApaYYMk=">AAAB+HicbVBNS8NAEN3Ur1q/oh69LBbBU0lEUA9CQQSPFYwttKFstpN26eaD3UmxhP4TLx5UvPpTvPlv3LY5aOuDgcd7M8zMC1IpNDrOt1VaWV1b3yhvVra2d3b37P2DR51kioPHE5moVsA0SBGDhwIltFIFLAokNIPhzdRvjkBpkcQPOE7Bj1g/FqHgDI3Ute0OwhMGYX47abd8ek27dtWpOTPQZeIWpEoKNLr2V6eX8CyCGLlkWrddJ0U/ZwoFlzCpdDINKeND1oe2oTGLQPv57PIJPTFKj4aJMhUjnam/J3IWaT2OAtMZMRzoRW8q/ue1Mwwv/VzEaYYQ8/miMJMUEzqNgfaEAo5ybAjjSphbKR8wxTiasComBHfx5WXindWuau79ebXeKNIokyNyTE6JSy5IndyRBvEIJyPyTF7Jm5VbL9a79TFvLVnFzCH5A+vzBxPGkuA=</latexit><latexit sha1_base64="Nj7K/p29T6v6dLpXx3YAApaYYMk=">AAAB+HicbVBNS8NAEN3Ur1q/oh69LBbBU0lEUA9CQQSPFYwttKFstpN26eaD3UmxhP4TLx5UvPpTvPlv3LY5aOuDgcd7M8zMC1IpNDrOt1VaWV1b3yhvVra2d3b37P2DR51kioPHE5moVsA0SBGDhwIltFIFLAokNIPhzdRvjkBpkcQPOE7Bj1g/FqHgDI3Ute0OwhMGYX47abd8ek27dtWpOTPQZeIWpEoKNLr2V6eX8CyCGLlkWrddJ0U/ZwoFlzCpdDINKeND1oe2oTGLQPv57PIJPTFKj4aJMhUjnam/J3IWaT2OAtMZMRzoRW8q/ue1Mwwv/VzEaYYQ8/miMJMUEzqNgfaEAo5ybAjjSphbKR8wxTiasComBHfx5WXindWuau79ebXeKNIokyNyTE6JSy5IndyRBvEIJyPyTF7Jm5VbL9a79TFvLVnFzCH5A+vzBxPGkuA=</latexit>

Var[X] =
<latexit sha1_base64="zt7iaN+CYGjkhUuyhaaP5oVMkHw=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoB6EghePFUwtpKFstpt26WYTdifSEvJXvHhQ8eov8ea/cdvmoK0PBh7vzTAzL0wF1+A431ZlbX1jc6u6XdvZ3ds/sA/rHZ1kijKPJiJR3ZBoJrhkHnAQrJsqRuJQsMdwfDvzH5+Y0jyRDzBNWRCToeQRpwSM1LfrPWATCKO8Q1ThdwN8g/t2w2k6c+BV4pakgUq0+/ZXb5DQLGYSqCBa+66TQpATBZwKVtR6mWYpoWMyZL6hksRMB/n89gKfGmWAo0SZkoDn6u+JnMRaT+PQdMYERnrZm4n/eX4G0VWQc5lmwCRdLIoygSHBsyDwgCtGQUwNIVRxcyumI6IIBRNXzYTgLr+8Srzz5nXTvb9otNplGlV0jE7QGXLRJWqhO9RGHqJogp7RK3qzCuvFerc+Fq0Vq5w5Qn9gff4AxNST2A==</latexit><latexit sha1_base64="zt7iaN+CYGjkhUuyhaaP5oVMkHw=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoB6EghePFUwtpKFstpt26WYTdifSEvJXvHhQ8eov8ea/cdvmoK0PBh7vzTAzL0wF1+A431ZlbX1jc6u6XdvZ3ds/sA/rHZ1kijKPJiJR3ZBoJrhkHnAQrJsqRuJQsMdwfDvzH5+Y0jyRDzBNWRCToeQRpwSM1LfrPWATCKO8Q1ThdwN8g/t2w2k6c+BV4pakgUq0+/ZXb5DQLGYSqCBa+66TQpATBZwKVtR6mWYpoWMyZL6hksRMB/n89gKfGmWAo0SZkoDn6u+JnMRaT+PQdMYERnrZm4n/eX4G0VWQc5lmwCRdLIoygSHBsyDwgCtGQUwNIVRxcyumI6IIBRNXzYTgLr+8Srzz5nXTvb9otNplGlV0jE7QGXLRJWqhO9RGHqJogp7RK3qzCuvFerc+Fq0Vq5w5Qn9gff4AxNST2A==</latexit><latexit sha1_base64="zt7iaN+CYGjkhUuyhaaP5oVMkHw=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoB6EghePFUwtpKFstpt26WYTdifSEvJXvHhQ8eov8ea/cdvmoK0PBh7vzTAzL0wF1+A431ZlbX1jc6u6XdvZ3ds/sA/rHZ1kijKPJiJR3ZBoJrhkHnAQrJsqRuJQsMdwfDvzH5+Y0jyRDzBNWRCToeQRpwSM1LfrPWATCKO8Q1ThdwN8g/t2w2k6c+BV4pakgUq0+/ZXb5DQLGYSqCBa+66TQpATBZwKVtR6mWYpoWMyZL6hksRMB/n89gKfGmWAo0SZkoDn6u+JnMRaT+PQdMYERnrZm4n/eX4G0VWQc5lmwCRdLIoygSHBsyDwgCtGQUwNIVRxcyumI6IIBRNXzYTgLr+8Srzz5nXTvb9otNplGlV0jE7QGXLRJWqhO9RGHqJogp7RK3qzCuvFerc+Fq0Vq5w5Qn9gff4AxNST2A==</latexit><latexit sha1_base64="zt7iaN+CYGjkhUuyhaaP5oVMkHw=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoB6EghePFUwtpKFstpt26WYTdifSEvJXvHhQ8eov8ea/cdvmoK0PBh7vzTAzL0wF1+A431ZlbX1jc6u6XdvZ3ds/sA/rHZ1kijKPJiJR3ZBoJrhkHnAQrJsqRuJQsMdwfDvzH5+Y0jyRDzBNWRCToeQRpwSM1LfrPWATCKO8Q1ThdwN8g/t2w2k6c+BV4pakgUq0+/ZXb5DQLGYSqCBa+66TQpATBZwKVtR6mWYpoWMyZL6hksRMB/n89gKfGmWAo0SZkoDn6u+JnMRaT+PQdMYERnrZm4n/eX4G0VWQc5lmwCRdLIoygSHBsyDwgCtGQUwNIVRxcyumI6IIBRNXzYTgLr+8Srzz5nXTvb9otNplGlV0jE7QGXLRJWqhO9RGHqJogp7RK3qzCuvFerc+Fq0Vq5w5Qn9gff4AxNST2A==</latexit>



Value 1 0
Chance p 1-p

Bernoulli PMF

Var[X] =
<latexit sha1_base64="sw5f+RC/kWCrcazxaWBMUBYlxEY=">AAAB+nicdVDLSgNBEJyNrxhfazx6GQyCp7AbE00OQsCLxwhuEtgsYXYymwyZfTDTKwlLfsWLBxWvfok3/8bJQ1DRgoaiqpvuLj8RXIFlfRi5tfWNza38dmFnd2//wDwstlWcSsocGotYdn2imOARc4CDYN1EMhL6gnX88fXc79wzqXgc3cE0YV5IhhEPOCWgpb5Z7AGbgB9kbSJnbtfDV7hvlqxyw7IbdhVrcl6zarYm9Ua1cmFju2wtUEIrtPrme28Q0zRkEVBBlHJtKwEvIxI4FWxW6KWKJYSOyZC5mkYkZMrLFrfP8KlWBjiIpa4I8EL9PpGRUKlp6OvOkMBI/fbm4l+em0JQ9zIeJSmwiC4XBanAEON5EHjAJaMgppoQKrm+FdMRkYSCjqugQ/j6FP9PnEq5UbZvq6Vma5VGHh2jE3SGbHSJmugGtZCDKJqgB/SEno2Z8Wi8GK/L1pyxmjlCP2C8fQI0ApQl</latexit><latexit sha1_base64="sw5f+RC/kWCrcazxaWBMUBYlxEY=">AAAB+nicdVDLSgNBEJyNrxhfazx6GQyCp7AbE00OQsCLxwhuEtgsYXYymwyZfTDTKwlLfsWLBxWvfok3/8bJQ1DRgoaiqpvuLj8RXIFlfRi5tfWNza38dmFnd2//wDwstlWcSsocGotYdn2imOARc4CDYN1EMhL6gnX88fXc79wzqXgc3cE0YV5IhhEPOCWgpb5Z7AGbgB9kbSJnbtfDV7hvlqxyw7IbdhVrcl6zarYm9Ua1cmFju2wtUEIrtPrme28Q0zRkEVBBlHJtKwEvIxI4FWxW6KWKJYSOyZC5mkYkZMrLFrfP8KlWBjiIpa4I8EL9PpGRUKlp6OvOkMBI/fbm4l+em0JQ9zIeJSmwiC4XBanAEON5EHjAJaMgppoQKrm+FdMRkYSCjqugQ/j6FP9PnEq5UbZvq6Vma5VGHh2jE3SGbHSJmugGtZCDKJqgB/SEno2Z8Wi8GK/L1pyxmjlCP2C8fQI0ApQl</latexit><latexit sha1_base64="sw5f+RC/kWCrcazxaWBMUBYlxEY=">AAAB+nicdVDLSgNBEJyNrxhfazx6GQyCp7AbE00OQsCLxwhuEtgsYXYymwyZfTDTKwlLfsWLBxWvfok3/8bJQ1DRgoaiqpvuLj8RXIFlfRi5tfWNza38dmFnd2//wDwstlWcSsocGotYdn2imOARc4CDYN1EMhL6gnX88fXc79wzqXgc3cE0YV5IhhEPOCWgpb5Z7AGbgB9kbSJnbtfDV7hvlqxyw7IbdhVrcl6zarYm9Ua1cmFju2wtUEIrtPrme28Q0zRkEVBBlHJtKwEvIxI4FWxW6KWKJYSOyZC5mkYkZMrLFrfP8KlWBjiIpa4I8EL9PpGRUKlp6OvOkMBI/fbm4l+em0JQ9zIeJSmwiC4XBanAEON5EHjAJaMgppoQKrm+FdMRkYSCjqugQ/j6FP9PnEq5UbZvq6Vma5VGHh2jE3SGbHSJmugGtZCDKJqgB/SEno2Z8Wi8GK/L1pyxmjlCP2C8fQI0ApQl</latexit><latexit sha1_base64="sw5f+RC/kWCrcazxaWBMUBYlxEY=">AAAB+nicdVDLSgNBEJyNrxhfazx6GQyCp7AbE00OQsCLxwhuEtgsYXYymwyZfTDTKwlLfsWLBxWvfok3/8bJQ1DRgoaiqpvuLj8RXIFlfRi5tfWNza38dmFnd2//wDwstlWcSsocGotYdn2imOARc4CDYN1EMhL6gnX88fXc79wzqXgc3cE0YV5IhhEPOCWgpb5Z7AGbgB9kbSJnbtfDV7hvlqxyw7IbdhVrcl6zarYm9Ua1cmFju2wtUEIrtPrme28Q0zRkEVBBlHJtKwEvIxI4FWxW6KWKJYSOyZC5mkYkZMrLFrfP8KlWBjiIpa4I8EL9PpGRUKlp6OvOkMBI/fbm4l+em0JQ9zIeJSmwiC4XBanAEON5EHjAJaMgppoQKrm+FdMRkYSCjqugQ/j6FP9PnEq5UbZvq6Vma5VGHh2jE3SGbHSJmugGtZCDKJqgB/SEno2Z8Wi8GK/L1pyxmjlCP2C8fQI0ApQl</latexit>

E[X] =
<latexit sha1_base64="N52uA7HmmJgrDNvDgST7/ooKV/k=">AAAB+HicdVDLSsNAFJ34rPUVdelmsAiuQlJbbRZCQQSXFawtpKFMppN26OTBzE2xhP6JGxcqbv0Ud/6N04egogcuHM65l3vvCVLBFdj2h7G0vLK6tl7YKG5ube/smnv7dyrJJGVNmohEtgOimOAxawIHwdqpZCQKBGsFw8up3xoxqXgS38I4ZX5E+jEPOSWgpa5pdoDdQxDmVxOv7eML3DVLtuXajutUsCanVbvqaFJzK+UzBzuWPUMJLdDomu+dXkKziMVABVHKc+wU/JxI4FSwSbGTKZYSOiR95mkak4gpP59dPsHHWunhMJG6YsAz9ftETiKlxlGgOyMCA/Xbm4p/eV4GYc3PeZxmwGI6XxRmAkOCpzHgHpeMghhrQqjk+lZMB0QSCjqsog7h61P8P2mWLddybiqlemORRgEdoiN0ghx0juroGjVQE1E0Qg/oCT0bufFovBiv89YlYzFzgH7AePsEguWTLQ==</latexit><latexit sha1_base64="N52uA7HmmJgrDNvDgST7/ooKV/k=">AAAB+HicdVDLSsNAFJ34rPUVdelmsAiuQlJbbRZCQQSXFawtpKFMppN26OTBzE2xhP6JGxcqbv0Ud/6N04egogcuHM65l3vvCVLBFdj2h7G0vLK6tl7YKG5ube/smnv7dyrJJGVNmohEtgOimOAxawIHwdqpZCQKBGsFw8up3xoxqXgS38I4ZX5E+jEPOSWgpa5pdoDdQxDmVxOv7eML3DVLtuXajutUsCanVbvqaFJzK+UzBzuWPUMJLdDomu+dXkKziMVABVHKc+wU/JxI4FSwSbGTKZYSOiR95mkak4gpP59dPsHHWunhMJG6YsAz9ftETiKlxlGgOyMCA/Xbm4p/eV4GYc3PeZxmwGI6XxRmAkOCpzHgHpeMghhrQqjk+lZMB0QSCjqsog7h61P8P2mWLddybiqlemORRgEdoiN0ghx0juroGjVQE1E0Qg/oCT0bufFovBiv89YlYzFzgH7AePsEguWTLQ==</latexit><latexit sha1_base64="N52uA7HmmJgrDNvDgST7/ooKV/k=">AAAB+HicdVDLSsNAFJ34rPUVdelmsAiuQlJbbRZCQQSXFawtpKFMppN26OTBzE2xhP6JGxcqbv0Ud/6N04egogcuHM65l3vvCVLBFdj2h7G0vLK6tl7YKG5ube/smnv7dyrJJGVNmohEtgOimOAxawIHwdqpZCQKBGsFw8up3xoxqXgS38I4ZX5E+jEPOSWgpa5pdoDdQxDmVxOv7eML3DVLtuXajutUsCanVbvqaFJzK+UzBzuWPUMJLdDomu+dXkKziMVABVHKc+wU/JxI4FSwSbGTKZYSOiR95mkak4gpP59dPsHHWunhMJG6YsAz9ftETiKlxlGgOyMCA/Xbm4p/eV4GYc3PeZxmwGI6XxRmAkOCpzHgHpeMghhrQqjk+lZMB0QSCjqsog7h61P8P2mWLddybiqlemORRgEdoiN0ghx0juroGjVQE1E0Qg/oCT0bufFovBiv89YlYzFzgH7AePsEguWTLQ==</latexit><latexit sha1_base64="N52uA7HmmJgrDNvDgST7/ooKV/k=">AAAB+HicdVDLSsNAFJ34rPUVdelmsAiuQlJbbRZCQQSXFawtpKFMppN26OTBzE2xhP6JGxcqbv0Ud/6N04egogcuHM65l3vvCVLBFdj2h7G0vLK6tl7YKG5ube/smnv7dyrJJGVNmohEtgOimOAxawIHwdqpZCQKBGsFw8up3xoxqXgS38I4ZX5E+jEPOSWgpa5pdoDdQxDmVxOv7eML3DVLtuXajutUsCanVbvqaFJzK+UzBzuWPUMJLdDomu+dXkKziMVABVHKc+wU/JxI4FSwSbGTKZYSOiR95mkak4gpP59dPsHHWunhMJG6YsAz9ftETiKlxlGgOyMCA/Xbm4p/eV4GYc3PeZxmwGI6XxRmAkOCpzHgHpeMghhrQqjk+lZMB0QSCjqsog7h61P8P2mWLddybiqlemORRgEdoiN0ghx0juroGjVQE1E0Qg/oCT0bufFovBiv89YlYzFzgH7AePsEguWTLQ==</latexit>

Var[X] = E
⇥
(X �E[X])2

⇤
= E

⇥
X2

⇤
�E [X]2

<latexit sha1_base64="0q8SYyTZug9TrDxeN0yKN6N8XZo="></latexit><latexit sha1_base64="0q8SYyTZug9TrDxeN0yKN6N8XZo="></latexit><latexit sha1_base64="0q8SYyTZug9TrDxeN0yKN6N8XZo="></latexit><latexit sha1_base64="0q8SYyTZug9TrDxeN0yKN6N8XZo="></latexit>

E[X] =
X

x2X
xP(x)

<latexit sha1_base64="g6AIy4fGS/b9AecnTl1MRC45NTM="></latexit><latexit sha1_base64="g6AIy4fGS/b9AecnTl1MRC45NTM="></latexit><latexit sha1_base64="g6AIy4fGS/b9AecnTl1MRC45NTM="></latexit><latexit sha1_base64="g6AIy4fGS/b9AecnTl1MRC45NTM="></latexit>

What is the value of the following in terms of p

http://bit.ly/ds100-sp18-var



Binary Random Variable (Bernoulli)

Ø Takes on two values (e.g., (0,1), (heads, tails)…)

Ø Characterized by probability p

Ø Expected Value:

Ø Variance

Value 1 0
Chance p 1-p

X ⇠ Bernoulli(p)

Var [X] = (1� p)2 ⇤ p+ (0� p)2(1� p) = p(1� p)

E [X] = 1 ⇤ p+ 0 ⇤ (1� p) = p



Another Example

Ø I like to eat shishito peppers

Ø Usually they are not too spicy …
Ø but occasionally you get unlucky (or lucky) 

Ø Suppose we sample n peppers at random from 
the population of all shishito peppers
Ø can we do this in practice?
Ø Difficult!  Maybe cluster sample farms? 

Ø What can our sample tell us about the 
population?



Formalizing the Shishito Peppers

Ø Population: all shishito peppers 

Ø Generation Process: simple random sample

Ø Sample: we have a sample of n shishito peppers

Ø Random Variables: we define a set of n random variables

X1, X2, . . . Xn ⇠ Bernoulli(p⇤)
<latexit sha1_base64="wW09vHjM4VgCwOR4lo5h8rwFaCs=">AAACGXicbZBNSwMxEIazflu/qh69BIugImVXBPUmevFYwWqhW5dsOmtDs8mSzIpl6e/w4l/x4kHFo578N6a1B79eCDy8M8Nk3jiTwqLvf3hj4xOTU9Mzs6W5+YXFpfLyyoXVueFQ51pq04iZBSkU1FGghEZmgKWxhMu4ezKoX96AsUKrc+xl0ErZtRKJ4AydFZWDRhTs0Ea0u0ND2dZoHSsaWpHSEOEW46Q4BqN0LqXob2ZX21tRueJX/aHoXwhGUCEj1aLyW9jWPE9BIZfM2mbgZ9gqmEHBJfRLYW4hY7zLrqHpULEUbKsYntanG85p00Qb9xTSoft9omCptb00dp0pw479XRuY/9WaOSYHrUKoLEdQ/GtRkkuKmg5yom1hgKPsOWDcCPdXyjvMMI4uzZILIfh98l+o71YPq8HZXuWoNkpjhqyRdbJJArJPjsgpqZE64eSOPJAn8uzde4/ei/f61TrmjWZWyQ95758o3J9i</latexit><latexit sha1_base64="wW09vHjM4VgCwOR4lo5h8rwFaCs=">AAACGXicbZBNSwMxEIazflu/qh69BIugImVXBPUmevFYwWqhW5dsOmtDs8mSzIpl6e/w4l/x4kHFo578N6a1B79eCDy8M8Nk3jiTwqLvf3hj4xOTU9Mzs6W5+YXFpfLyyoXVueFQ51pq04iZBSkU1FGghEZmgKWxhMu4ezKoX96AsUKrc+xl0ErZtRKJ4AydFZWDRhTs0Ea0u0ND2dZoHSsaWpHSEOEW46Q4BqN0LqXob2ZX21tRueJX/aHoXwhGUCEj1aLyW9jWPE9BIZfM2mbgZ9gqmEHBJfRLYW4hY7zLrqHpULEUbKsYntanG85p00Qb9xTSoft9omCptb00dp0pw479XRuY/9WaOSYHrUKoLEdQ/GtRkkuKmg5yom1hgKPsOWDcCPdXyjvMMI4uzZILIfh98l+o71YPq8HZXuWoNkpjhqyRdbJJArJPjsgpqZE64eSOPJAn8uzde4/ei/f61TrmjWZWyQ95758o3J9i</latexit><latexit sha1_base64="wW09vHjM4VgCwOR4lo5h8rwFaCs=">AAACGXicbZBNSwMxEIazflu/qh69BIugImVXBPUmevFYwWqhW5dsOmtDs8mSzIpl6e/w4l/x4kHFo578N6a1B79eCDy8M8Nk3jiTwqLvf3hj4xOTU9Mzs6W5+YXFpfLyyoXVueFQ51pq04iZBSkU1FGghEZmgKWxhMu4ezKoX96AsUKrc+xl0ErZtRKJ4AydFZWDRhTs0Ea0u0ND2dZoHSsaWpHSEOEW46Q4BqN0LqXob2ZX21tRueJX/aHoXwhGUCEj1aLyW9jWPE9BIZfM2mbgZ9gqmEHBJfRLYW4hY7zLrqHpULEUbKsYntanG85p00Qb9xTSoft9omCptb00dp0pw479XRuY/9WaOSYHrUKoLEdQ/GtRkkuKmg5yom1hgKPsOWDcCPdXyjvMMI4uzZILIfh98l+o71YPq8HZXuWoNkpjhqyRdbJJArJPjsgpqZE64eSOPJAn8uzde4/ei/f61TrmjWZWyQ95758o3J9i</latexit><latexit sha1_base64="wW09vHjM4VgCwOR4lo5h8rwFaCs=">AAACGXicbZBNSwMxEIazflu/qh69BIugImVXBPUmevFYwWqhW5dsOmtDs8mSzIpl6e/w4l/x4kHFo578N6a1B79eCDy8M8Nk3jiTwqLvf3hj4xOTU9Mzs6W5+YXFpfLyyoXVueFQ51pq04iZBSkU1FGghEZmgKWxhMu4ezKoX96AsUKrc+xl0ErZtRKJ4AydFZWDRhTs0Ea0u0ND2dZoHSsaWpHSEOEW46Q4BqN0LqXob2ZX21tRueJX/aHoXwhGUCEj1aLyW9jWPE9BIZfM2mbgZ9gqmEHBJfRLYW4hY7zLrqHpULEUbKsYntanG85p00Qb9xTSoft9omCptb00dp0pw479XRuY/9WaOSYHrUKoLEdQ/GtRkkuKmg5yom1hgKPsOWDcCPdXyjvMMI4uzZILIfh98l+o71YPq8HZXuWoNkpjhqyRdbJJArJPjsgpqZE64eSOPJAn8uzde4/ei/f61TrmjWZWyQ95758o3J9i</latexit>

Xi = 1
<latexit sha1_base64="cLgxUQKdZNGpKZM/hNDkqFU9tVU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqB6EghePFYwttKFstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4ePeokUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc38789hMqzRP5YCYpBjEdSh5xRo2V2p0+JzfE61drbt2dg6wSryA1KNDqV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5moqsg5zLNDEq2WBRlgpiEzH4nA66QGTGxhDLF7a2EjaiizNiEKjYEb/nlVeJf1K/r3v1lrdkq0ijDCZzCOXjQgCbcQQt8YDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB0H9jnA=</latexit><latexit sha1_base64="cLgxUQKdZNGpKZM/hNDkqFU9tVU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqB6EghePFYwttKFstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4ePeokUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc38789hMqzRP5YCYpBjEdSh5xRo2V2p0+JzfE61drbt2dg6wSryA1KNDqV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5moqsg5zLNDEq2WBRlgpiEzH4nA66QGTGxhDLF7a2EjaiizNiEKjYEb/nlVeJf1K/r3v1lrdkq0ijDCZzCOXjQgCbcQQt8YDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB0H9jnA=</latexit><latexit sha1_base64="cLgxUQKdZNGpKZM/hNDkqFU9tVU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqB6EghePFYwttKFstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4ePeokUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc38789hMqzRP5YCYpBjEdSh5xRo2V2p0+JzfE61drbt2dg6wSryA1KNDqV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5moqsg5zLNDEq2WBRlgpiEzH4nA66QGTGxhDLF7a2EjaiizNiEKjYEb/nlVeJf1K/r3v1lrdkq0ijDCZzCOXjQgCbcQQt8YDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB0H9jnA=</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="RYuJcE64cHP8fBppaOCGuYKej+s=">AAAB4nicbZDNSgMxFIXv1L9aq1a3boJFcFVm3KgLQXDjsoK1hXYomfROG5rJDMkdoQx9CDcuVHwod76N6c9CWw8EPs5JyL0nypS05PvfXmljc2t7p7xb2avuHxzWjqpPNs2NwJZIVWo6EbeopMYWSVLYyQzyJFLYjsZ3s7z9jMbKVD/SJMMw4UMtYyk4Oavd6Ut2w4J+re43/LnYOgRLqMNSzX7tqzdIRZ6gJqG4td3AzygsuCEpFE4rvdxixsWYD7HrUPMEbVjMx52yM+cMWJwadzSxufv7RcETaydJ5G4mnEZ2NZuZ/2XdnOKrsJA6ywm1WHwU54pRyma7s4E0KEhNHHBhpJuViRE3XJBrqOJKCFZXXofWReO6ETz4UIYTOIVzCOASbuEemtACAWN4gTd49zLv1ftYtFXylrUdwx95nz8a240K</latexit><latexit sha1_base64="RYuJcE64cHP8fBppaOCGuYKej+s=">AAAB4nicbZDNSgMxFIXv1L9aq1a3boJFcFVm3KgLQXDjsoK1hXYomfROG5rJDMkdoQx9CDcuVHwod76N6c9CWw8EPs5JyL0nypS05PvfXmljc2t7p7xb2avuHxzWjqpPNs2NwJZIVWo6EbeopMYWSVLYyQzyJFLYjsZ3s7z9jMbKVD/SJMMw4UMtYyk4Oavd6Ut2w4J+re43/LnYOgRLqMNSzX7tqzdIRZ6gJqG4td3AzygsuCEpFE4rvdxixsWYD7HrUPMEbVjMx52yM+cMWJwadzSxufv7RcETaydJ5G4mnEZ2NZuZ/2XdnOKrsJA6ywm1WHwU54pRyma7s4E0KEhNHHBhpJuViRE3XJBrqOJKCFZXXofWReO6ETz4UIYTOIVzCOASbuEemtACAWN4gTd49zLv1ftYtFXylrUdwx95nz8a240K</latexit><latexit sha1_base64="v/wN88bIL+5VJ3fCPPTXO395PUg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m8qAeh4MVjBGMLbSib7aZdutmE3YlQQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmRZkUBl3326msrW9sblW3azu7e/sH9cOjR5PmmvGApTLVnYgaLoXiAQqUvJNpTpNI8nY0vp357SeujUjVA04yHiZ0qEQsGEUrtTt9QW6I16833KY7B1klXkkaUMLv1796g5TlCVfIJDWm67kZhgXVKJjk01ovNzyjbEyHvGupogk3YTE/d0rOrDIgcaptKSRz9fdEQRNjJklkOxOKI7PszcT/vG6O8VVYCJXlyBVbLIpzSTAls9/JQGjOUE4soUwLeythI6opQ5tQzYbgLb+8SoKL5nXTu3cbLb9MowoncArn4MEltOAOfAiAwRie4RXenMx5cd6dj0VrxSlnjuEPnM8fQL2ObA==</latexit><latexit sha1_base64="cLgxUQKdZNGpKZM/hNDkqFU9tVU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqB6EghePFYwttKFstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4ePeokUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc38789hMqzRP5YCYpBjEdSh5xRo2V2p0+JzfE61drbt2dg6wSryA1KNDqV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5moqsg5zLNDEq2WBRlgpiEzH4nA66QGTGxhDLF7a2EjaiizNiEKjYEb/nlVeJf1K/r3v1lrdkq0ijDCZzCOXjQgCbcQQt8YDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB0H9jnA=</latexit><latexit sha1_base64="cLgxUQKdZNGpKZM/hNDkqFU9tVU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqB6EghePFYwttKFstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4ePeokUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc38789hMqzRP5YCYpBjEdSh5xRo2V2p0+JzfE61drbt2dg6wSryA1KNDqV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5moqsg5zLNDEq2WBRlgpiEzH4nA66QGTGxhDLF7a2EjaiizNiEKjYEb/nlVeJf1K/r3v1lrdkq0ijDCZzCOXjQgCbcQQt8YDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB0H9jnA=</latexit><latexit sha1_base64="cLgxUQKdZNGpKZM/hNDkqFU9tVU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqB6EghePFYwttKFstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4ePeokUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc38789hMqzRP5YCYpBjEdSh5xRo2V2p0+JzfE61drbt2dg6wSryA1KNDqV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5moqsg5zLNDEq2WBRlgpiEzH4nA66QGTGxhDLF7a2EjaiizNiEKjYEb/nlVeJf1K/r3v1lrdkq0ijDCZzCOXjQgCbcQQt8YDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB0H9jnA=</latexit><latexit sha1_base64="cLgxUQKdZNGpKZM/hNDkqFU9tVU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqB6EghePFYwttKFstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4ePeokUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc38789hMqzRP5YCYpBjEdSh5xRo2V2p0+JzfE61drbt2dg6wSryA1KNDqV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5moqsg5zLNDEq2WBRlgpiEzH4nA66QGTGxhDLF7a2EjaiizNiEKjYEb/nlVeJf1K/r3v1lrdkq0ijDCZzCOXjQgCbcQQt8YDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB0H9jnA=</latexit><latexit sha1_base64="cLgxUQKdZNGpKZM/hNDkqFU9tVU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqB6EghePFYwttKFstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4ePeokUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc38789hMqzRP5YCYpBjEdSh5xRo2V2p0+JzfE61drbt2dg6wSryA1KNDqV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5moqsg5zLNDEq2WBRlgpiEzH4nA66QGTGxhDLF7a2EjaiizNiEKjYEb/nlVeJf1K/r3v1lrdkq0ijDCZzCOXjQgCbcQQt8YDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB0H9jnA=</latexit><latexit sha1_base64="cLgxUQKdZNGpKZM/hNDkqFU9tVU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqB6EghePFYwttKFstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4ePeokUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc38789hMqzRP5YCYpBjEdSh5xRo2V2p0+JzfE61drbt2dg6wSryA1KNDqV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5moqsg5zLNDEq2WBRlgpiEzH4nA66QGTGxhDLF7a2EjaiizNiEKjYEb/nlVeJf1K/r3v1lrdkq0ijDCZzCOXjQgCbcQQt8YDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB0H9jnA=</latexit>

Ø Where                 if the ith pepper is spicy 
and 0 otherwise. Population Parameter

(We don’t know it.)
Remember star is for the universe.



Ø Sample: we have a sample of n shishito peppers

Ø Random Variables: we define a set of n random variables

X1, X2, . . . Xn ⇠ Bernoulli(p⇤)
<latexit sha1_base64="wW09vHjM4VgCwOR4lo5h8rwFaCs=">AAACGXicbZBNSwMxEIazflu/qh69BIugImVXBPUmevFYwWqhW5dsOmtDs8mSzIpl6e/w4l/x4kHFo578N6a1B79eCDy8M8Nk3jiTwqLvf3hj4xOTU9Mzs6W5+YXFpfLyyoXVueFQ51pq04iZBSkU1FGghEZmgKWxhMu4ezKoX96AsUKrc+xl0ErZtRKJ4AydFZWDRhTs0Ea0u0ND2dZoHSsaWpHSEOEW46Q4BqN0LqXob2ZX21tRueJX/aHoXwhGUCEj1aLyW9jWPE9BIZfM2mbgZ9gqmEHBJfRLYW4hY7zLrqHpULEUbKsYntanG85p00Qb9xTSoft9omCptb00dp0pw479XRuY/9WaOSYHrUKoLEdQ/GtRkkuKmg5yom1hgKPsOWDcCPdXyjvMMI4uzZILIfh98l+o71YPq8HZXuWoNkpjhqyRdbJJArJPjsgpqZE64eSOPJAn8uzde4/ei/f61TrmjWZWyQ95758o3J9i</latexit><latexit sha1_base64="wW09vHjM4VgCwOR4lo5h8rwFaCs=">AAACGXicbZBNSwMxEIazflu/qh69BIugImVXBPUmevFYwWqhW5dsOmtDs8mSzIpl6e/w4l/x4kHFo578N6a1B79eCDy8M8Nk3jiTwqLvf3hj4xOTU9Mzs6W5+YXFpfLyyoXVueFQ51pq04iZBSkU1FGghEZmgKWxhMu4ezKoX96AsUKrc+xl0ErZtRKJ4AydFZWDRhTs0Ea0u0ND2dZoHSsaWpHSEOEW46Q4BqN0LqXob2ZX21tRueJX/aHoXwhGUCEj1aLyW9jWPE9BIZfM2mbgZ9gqmEHBJfRLYW4hY7zLrqHpULEUbKsYntanG85p00Qb9xTSoft9omCptb00dp0pw479XRuY/9WaOSYHrUKoLEdQ/GtRkkuKmg5yom1hgKPsOWDcCPdXyjvMMI4uzZILIfh98l+o71YPq8HZXuWoNkpjhqyRdbJJArJPjsgpqZE64eSOPJAn8uzde4/ei/f61TrmjWZWyQ95758o3J9i</latexit><latexit sha1_base64="wW09vHjM4VgCwOR4lo5h8rwFaCs=">AAACGXicbZBNSwMxEIazflu/qh69BIugImVXBPUmevFYwWqhW5dsOmtDs8mSzIpl6e/w4l/x4kHFo578N6a1B79eCDy8M8Nk3jiTwqLvf3hj4xOTU9Mzs6W5+YXFpfLyyoXVueFQ51pq04iZBSkU1FGghEZmgKWxhMu4ezKoX96AsUKrc+xl0ErZtRKJ4AydFZWDRhTs0Ea0u0ND2dZoHSsaWpHSEOEW46Q4BqN0LqXob2ZX21tRueJX/aHoXwhGUCEj1aLyW9jWPE9BIZfM2mbgZ9gqmEHBJfRLYW4hY7zLrqHpULEUbKsYntanG85p00Qb9xTSoft9omCptb00dp0pw479XRuY/9WaOSYHrUKoLEdQ/GtRkkuKmg5yom1hgKPsOWDcCPdXyjvMMI4uzZILIfh98l+o71YPq8HZXuWoNkpjhqyRdbJJArJPjsgpqZE64eSOPJAn8uzde4/ei/f61TrmjWZWyQ95758o3J9i</latexit><latexit sha1_base64="wW09vHjM4VgCwOR4lo5h8rwFaCs=">AAACGXicbZBNSwMxEIazflu/qh69BIugImVXBPUmevFYwWqhW5dsOmtDs8mSzIpl6e/w4l/x4kHFo578N6a1B79eCDy8M8Nk3jiTwqLvf3hj4xOTU9Mzs6W5+YXFpfLyyoXVueFQ51pq04iZBSkU1FGghEZmgKWxhMu4ezKoX96AsUKrc+xl0ErZtRKJ4AydFZWDRhTs0Ea0u0ND2dZoHSsaWpHSEOEW46Q4BqN0LqXob2ZX21tRueJX/aHoXwhGUCEj1aLyW9jWPE9BIZfM2mbgZ9gqmEHBJfRLYW4hY7zLrqHpULEUbKsYntanG85p00Qb9xTSoft9omCptb00dp0pw479XRuY/9WaOSYHrUKoLEdQ/GtRkkuKmg5yom1hgKPsOWDcCPdXyjvMMI4uzZILIfh98l+o71YPq8HZXuWoNkpjhqyRdbJJArJPjsgpqZE64eSOPJAn8uzde4/ei/f61TrmjWZWyQ95758o3J9i</latexit>

Xi = 1
<latexit sha1_base64="cLgxUQKdZNGpKZM/hNDkqFU9tVU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqB6EghePFYwttKFstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4ePeokUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc38789hMqzRP5YCYpBjEdSh5xRo2V2p0+JzfE61drbt2dg6wSryA1KNDqV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5moqsg5zLNDEq2WBRlgpiEzH4nA66QGTGxhDLF7a2EjaiizNiEKjYEb/nlVeJf1K/r3v1lrdkq0ijDCZzCOXjQgCbcQQt8YDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB0H9jnA=</latexit><latexit sha1_base64="cLgxUQKdZNGpKZM/hNDkqFU9tVU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqB6EghePFYwttKFstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4ePeokUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc38789hMqzRP5YCYpBjEdSh5xRo2V2p0+JzfE61drbt2dg6wSryA1KNDqV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5moqsg5zLNDEq2WBRlgpiEzH4nA66QGTGxhDLF7a2EjaiizNiEKjYEb/nlVeJf1K/r3v1lrdkq0ijDCZzCOXjQgCbcQQt8YDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB0H9jnA=</latexit><latexit sha1_base64="cLgxUQKdZNGpKZM/hNDkqFU9tVU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqB6EghePFYwttKFstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4ePeokUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc38789hMqzRP5YCYpBjEdSh5xRo2V2p0+JzfE61drbt2dg6wSryA1KNDqV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5moqsg5zLNDEq2WBRlgpiEzH4nA66QGTGxhDLF7a2EjaiizNiEKjYEb/nlVeJf1K/r3v1lrdkq0ijDCZzCOXjQgCbcQQt8YDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB0H9jnA=</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="RYuJcE64cHP8fBppaOCGuYKej+s=">AAAB4nicbZDNSgMxFIXv1L9aq1a3boJFcFVm3KgLQXDjsoK1hXYomfROG5rJDMkdoQx9CDcuVHwod76N6c9CWw8EPs5JyL0nypS05PvfXmljc2t7p7xb2avuHxzWjqpPNs2NwJZIVWo6EbeopMYWSVLYyQzyJFLYjsZ3s7z9jMbKVD/SJMMw4UMtYyk4Oavd6Ut2w4J+re43/LnYOgRLqMNSzX7tqzdIRZ6gJqG4td3AzygsuCEpFE4rvdxixsWYD7HrUPMEbVjMx52yM+cMWJwadzSxufv7RcETaydJ5G4mnEZ2NZuZ/2XdnOKrsJA6ywm1WHwU54pRyma7s4E0KEhNHHBhpJuViRE3XJBrqOJKCFZXXofWReO6ETz4UIYTOIVzCOASbuEemtACAWN4gTd49zLv1ftYtFXylrUdwx95nz8a240K</latexit><latexit sha1_base64="RYuJcE64cHP8fBppaOCGuYKej+s=">AAAB4nicbZDNSgMxFIXv1L9aq1a3boJFcFVm3KgLQXDjsoK1hXYomfROG5rJDMkdoQx9CDcuVHwod76N6c9CWw8EPs5JyL0nypS05PvfXmljc2t7p7xb2avuHxzWjqpPNs2NwJZIVWo6EbeopMYWSVLYyQzyJFLYjsZ3s7z9jMbKVD/SJMMw4UMtYyk4Oavd6Ut2w4J+re43/LnYOgRLqMNSzX7tqzdIRZ6gJqG4td3AzygsuCEpFE4rvdxixsWYD7HrUPMEbVjMx52yM+cMWJwadzSxufv7RcETaydJ5G4mnEZ2NZuZ/2XdnOKrsJA6ywm1WHwU54pRyma7s4E0KEhNHHBhpJuViRE3XJBrqOJKCFZXXofWReO6ETz4UIYTOIVzCOASbuEemtACAWN4gTd49zLv1ftYtFXylrUdwx95nz8a240K</latexit><latexit sha1_base64="v/wN88bIL+5VJ3fCPPTXO395PUg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m8qAeh4MVjBGMLbSib7aZdutmE3YlQQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmRZkUBl3326msrW9sblW3azu7e/sH9cOjR5PmmvGApTLVnYgaLoXiAQqUvJNpTpNI8nY0vp357SeujUjVA04yHiZ0qEQsGEUrtTt9QW6I16833KY7B1klXkkaUMLv1796g5TlCVfIJDWm67kZhgXVKJjk01ovNzyjbEyHvGupogk3YTE/d0rOrDIgcaptKSRz9fdEQRNjJklkOxOKI7PszcT/vG6O8VVYCJXlyBVbLIpzSTAls9/JQGjOUE4soUwLeythI6opQ5tQzYbgLb+8SoKL5nXTu3cbLb9MowoncArn4MEltOAOfAiAwRie4RXenMx5cd6dj0VrxSlnjuEPnM8fQL2ObA==</latexit><latexit sha1_base64="cLgxUQKdZNGpKZM/hNDkqFU9tVU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqB6EghePFYwttKFstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4ePeokUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc38789hMqzRP5YCYpBjEdSh5xRo2V2p0+JzfE61drbt2dg6wSryA1KNDqV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5moqsg5zLNDEq2WBRlgpiEzH4nA66QGTGxhDLF7a2EjaiizNiEKjYEb/nlVeJf1K/r3v1lrdkq0ijDCZzCOXjQgCbcQQt8YDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB0H9jnA=</latexit><latexit sha1_base64="cLgxUQKdZNGpKZM/hNDkqFU9tVU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqB6EghePFYwttKFstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4ePeokUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc38789hMqzRP5YCYpBjEdSh5xRo2V2p0+JzfE61drbt2dg6wSryA1KNDqV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5moqsg5zLNDEq2WBRlgpiEzH4nA66QGTGxhDLF7a2EjaiizNiEKjYEb/nlVeJf1K/r3v1lrdkq0ijDCZzCOXjQgCbcQQt8YDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB0H9jnA=</latexit><latexit sha1_base64="cLgxUQKdZNGpKZM/hNDkqFU9tVU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqB6EghePFYwttKFstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4ePeokUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc38789hMqzRP5YCYpBjEdSh5xRo2V2p0+JzfE61drbt2dg6wSryA1KNDqV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5moqsg5zLNDEq2WBRlgpiEzH4nA66QGTGxhDLF7a2EjaiizNiEKjYEb/nlVeJf1K/r3v1lrdkq0ijDCZzCOXjQgCbcQQt8YDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB0H9jnA=</latexit><latexit sha1_base64="cLgxUQKdZNGpKZM/hNDkqFU9tVU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqB6EghePFYwttKFstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4ePeokUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc38789hMqzRP5YCYpBjEdSh5xRo2V2p0+JzfE61drbt2dg6wSryA1KNDqV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5moqsg5zLNDEq2WBRlgpiEzH4nA66QGTGxhDLF7a2EjaiizNiEKjYEb/nlVeJf1K/r3v1lrdkq0ijDCZzCOXjQgCbcQQt8YDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB0H9jnA=</latexit><latexit sha1_base64="cLgxUQKdZNGpKZM/hNDkqFU9tVU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqB6EghePFYwttKFstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4ePeokUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc38789hMqzRP5YCYpBjEdSh5xRo2V2p0+JzfE61drbt2dg6wSryA1KNDqV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5moqsg5zLNDEq2WBRlgpiEzH4nA66QGTGxhDLF7a2EjaiizNiEKjYEb/nlVeJf1K/r3v1lrdkq0ijDCZzCOXjQgCbcQQt8YDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB0H9jnA=</latexit><latexit sha1_base64="cLgxUQKdZNGpKZM/hNDkqFU9tVU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqB6EghePFYwttKFstpN26WYTdjdCCf0RXjyoePX/ePPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4ePeokUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc38789hMqzRP5YCYpBjEdSh5xRo2V2p0+JzfE61drbt2dg6wSryA1KNDqV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5moqsg5zLNDEq2WBRlgpiEzH4nA66QGTGxhDLF7a2EjaiizNiEKjYEb/nlVeJf1K/r3v1lrdkq0ijDCZzCOXjQgCbcQQt8YDCGZ3iFNyd1Xpx352PRWnKKmWP4A+fzB0H9jnA=</latexit>

Ø Where                 if the ith pepper is spicy 
and 0 otherwise. Population Parameter

(We don’t know it.)
Remember star is for the universe.

Ø Sample Mean: Is a random variable

X̄ =
1

n

nX

i=1

Xi

Ø Expected Value of the sample mean:



X1, X2, . . . Xn ⇠ Bernoulli(p⇤)
<latexit sha1_base64="wW09vHjM4VgCwOR4lo5h8rwFaCs=">AAACGXicbZBNSwMxEIazflu/qh69BIugImVXBPUmevFYwWqhW5dsOmtDs8mSzIpl6e/w4l/x4kHFo578N6a1B79eCDy8M8Nk3jiTwqLvf3hj4xOTU9Mzs6W5+YXFpfLyyoXVueFQ51pq04iZBSkU1FGghEZmgKWxhMu4ezKoX96AsUKrc+xl0ErZtRKJ4AydFZWDRhTs0Ea0u0ND2dZoHSsaWpHSEOEW46Q4BqN0LqXob2ZX21tRueJX/aHoXwhGUCEj1aLyW9jWPE9BIZfM2mbgZ9gqmEHBJfRLYW4hY7zLrqHpULEUbKsYntanG85p00Qb9xTSoft9omCptb00dp0pw479XRuY/9WaOSYHrUKoLEdQ/GtRkkuKmg5yom1hgKPsOWDcCPdXyjvMMI4uzZILIfh98l+o71YPq8HZXuWoNkpjhqyRdbJJArJPjsgpqZE64eSOPJAn8uzde4/ei/f61TrmjWZWyQ95758o3J9i</latexit><latexit sha1_base64="wW09vHjM4VgCwOR4lo5h8rwFaCs=">AAACGXicbZBNSwMxEIazflu/qh69BIugImVXBPUmevFYwWqhW5dsOmtDs8mSzIpl6e/w4l/x4kHFo578N6a1B79eCDy8M8Nk3jiTwqLvf3hj4xOTU9Mzs6W5+YXFpfLyyoXVueFQ51pq04iZBSkU1FGghEZmgKWxhMu4ezKoX96AsUKrc+xl0ErZtRKJ4AydFZWDRhTs0Ea0u0ND2dZoHSsaWpHSEOEW46Q4BqN0LqXob2ZX21tRueJX/aHoXwhGUCEj1aLyW9jWPE9BIZfM2mbgZ9gqmEHBJfRLYW4hY7zLrqHpULEUbKsYntanG85p00Qb9xTSoft9omCptb00dp0pw479XRuY/9WaOSYHrUKoLEdQ/GtRkkuKmg5yom1hgKPsOWDcCPdXyjvMMI4uzZILIfh98l+o71YPq8HZXuWoNkpjhqyRdbJJArJPjsgpqZE64eSOPJAn8uzde4/ei/f61TrmjWZWyQ95758o3J9i</latexit><latexit sha1_base64="wW09vHjM4VgCwOR4lo5h8rwFaCs=">AAACGXicbZBNSwMxEIazflu/qh69BIugImVXBPUmevFYwWqhW5dsOmtDs8mSzIpl6e/w4l/x4kHFo578N6a1B79eCDy8M8Nk3jiTwqLvf3hj4xOTU9Mzs6W5+YXFpfLyyoXVueFQ51pq04iZBSkU1FGghEZmgKWxhMu4ezKoX96AsUKrc+xl0ErZtRKJ4AydFZWDRhTs0Ea0u0ND2dZoHSsaWpHSEOEW46Q4BqN0LqXob2ZX21tRueJX/aHoXwhGUCEj1aLyW9jWPE9BIZfM2mbgZ9gqmEHBJfRLYW4hY7zLrqHpULEUbKsYntanG85p00Qb9xTSoft9omCptb00dp0pw479XRuY/9WaOSYHrUKoLEdQ/GtRkkuKmg5yom1hgKPsOWDcCPdXyjvMMI4uzZILIfh98l+o71YPq8HZXuWoNkpjhqyRdbJJArJPjsgpqZE64eSOPJAn8uzde4/ei/f61TrmjWZWyQ95758o3J9i</latexit><latexit sha1_base64="wW09vHjM4VgCwOR4lo5h8rwFaCs=">AAACGXicbZBNSwMxEIazflu/qh69BIugImVXBPUmevFYwWqhW5dsOmtDs8mSzIpl6e/w4l/x4kHFo578N6a1B79eCDy8M8Nk3jiTwqLvf3hj4xOTU9Mzs6W5+YXFpfLyyoXVueFQ51pq04iZBSkU1FGghEZmgKWxhMu4ezKoX96AsUKrc+xl0ErZtRKJ4AydFZWDRhTs0Ea0u0ND2dZoHSsaWpHSEOEW46Q4BqN0LqXob2ZX21tRueJX/aHoXwhGUCEj1aLyW9jWPE9BIZfM2mbgZ9gqmEHBJfRLYW4hY7zLrqHpULEUbKsYntanG85p00Qb9xTSoft9omCptb00dp0pw479XRuY/9WaOSYHrUKoLEdQ/GtRkkuKmg5yom1hgKPsOWDcCPdXyjvMMI4uzZILIfh98l+o71YPq8HZXuWoNkpjhqyRdbJJArJPjsgpqZE64eSOPJAn8uzde4/ei/f61TrmjWZWyQ95758o3J9i</latexit>

X̄ =
1

n

nX

i=1

Xi

Ø Expected Value of the sample mean:

=
1

n

nX

i=1

E [Xi]

Linearity of 
expectation

=
1

n

nX

i=1

µ = µ
Let ! be the 
expected value 
for all Xi

= p⇤
<latexit sha1_base64="tw3mCUIADNT+Hp0eoUwXEDKN3Os=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECupBKHjxWMHYQhvLZrtpl+5uwu5GKKF/wYsHFa/+Im/+GzdtDtr6YODx3gwz88KEM21c99sprayurW+UNytb2zu7e9X9gwcdp4pQn8Q8Vp0Qa8qZpL5hhtNOoigWIaftcHyT++0nqjSL5b2ZJDQQeChZxAg2uXSdPJ71qzW37s6AlolXkBoUaPWrX71BTFJBpSEca9313MQEGVaGEU6nlV6qaYLJGA9p11KJBdVBNrt1ik6sMkBRrGxJg2bq74kMC60nIrSdApuRXvRy8T+vm5roMsiYTFJDJZkvilKOTIzyx9GAKUoMn1iCiWL2VkRGWGFibDwVG4K3+PIy8c/rV3XvrlFrtoo0ynAEx3AKHlxAE26hBT4QGMEzvMKbI5wX5935mLeWnGLmEP7A+fwB5z+NuQ==</latexit><latexit sha1_base64="tw3mCUIADNT+Hp0eoUwXEDKN3Os=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECupBKHjxWMHYQhvLZrtpl+5uwu5GKKF/wYsHFa/+Im/+GzdtDtr6YODx3gwz88KEM21c99sprayurW+UNytb2zu7e9X9gwcdp4pQn8Q8Vp0Qa8qZpL5hhtNOoigWIaftcHyT++0nqjSL5b2ZJDQQeChZxAg2uXSdPJ71qzW37s6AlolXkBoUaPWrX71BTFJBpSEca9313MQEGVaGEU6nlV6qaYLJGA9p11KJBdVBNrt1ik6sMkBRrGxJg2bq74kMC60nIrSdApuRXvRy8T+vm5roMsiYTFJDJZkvilKOTIzyx9GAKUoMn1iCiWL2VkRGWGFibDwVG4K3+PIy8c/rV3XvrlFrtoo0ynAEx3AKHlxAE26hBT4QGMEzvMKbI5wX5935mLeWnGLmEP7A+fwB5z+NuQ==</latexit><latexit sha1_base64="tw3mCUIADNT+Hp0eoUwXEDKN3Os=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECupBKHjxWMHYQhvLZrtpl+5uwu5GKKF/wYsHFa/+Im/+GzdtDtr6YODx3gwz88KEM21c99sprayurW+UNytb2zu7e9X9gwcdp4pQn8Q8Vp0Qa8qZpL5hhtNOoigWIaftcHyT++0nqjSL5b2ZJDQQeChZxAg2uXSdPJ71qzW37s6AlolXkBoUaPWrX71BTFJBpSEca9313MQEGVaGEU6nlV6qaYLJGA9p11KJBdVBNrt1ik6sMkBRrGxJg2bq74kMC60nIrSdApuRXvRy8T+vm5roMsiYTFJDJZkvilKOTIzyx9GAKUoMn1iCiWL2VkRGWGFibDwVG4K3+PIy8c/rV3XvrlFrtoo0ynAEx3AKHlxAE26hBT4QGMEzvMKbI5wX5935mLeWnGLmEP7A+fwB5z+NuQ==</latexit><latexit sha1_base64="tw3mCUIADNT+Hp0eoUwXEDKN3Os=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECupBKHjxWMHYQhvLZrtpl+5uwu5GKKF/wYsHFa/+Im/+GzdtDtr6YODx3gwz88KEM21c99sprayurW+UNytb2zu7e9X9gwcdp4pQn8Q8Vp0Qa8qZpL5hhtNOoigWIaftcHyT++0nqjSL5b2ZJDQQeChZxAg2uXSdPJ71qzW37s6AlolXkBoUaPWrX71BTFJBpSEca9313MQEGVaGEU6nlV6qaYLJGA9p11KJBdVBNrt1ik6sMkBRrGxJg2bq74kMC60nIrSdApuRXvRy8T+vm5roMsiYTFJDJZkvilKOTIzyx9GAKUoMn1iCiWL2VkRGWGFibDwVG4K3+PIy8c/rV3XvrlFrtoo0ynAEx3AKHlxAE26hBT4QGMEzvMKbI5wX5935mLeWnGLmEP7A+fwB5z+NuQ==</latexit>

For the shishito peppers 
setting we have ! = p*

The expected value of
the sample mean is 
the population mean!

E
⇥
X̄
⇤

<latexit sha1_base64="hMCcXxK5KSi8bejCX3rw9gavV9Y=">AAACCXicbVA9SwNBEN3zM8avU0ub1SBYhTsR1C4ggmUEYwK5I+xt5pIlex/szonhSG3jX7GxULH1H9j5b9wkV2jig4HHezPMzAtSKTQ6zre1sLi0vLJaWiuvb2xubds7u3c6yRSHBk9koloB0yBFDA0UKKGVKmBRIKEZDC7HfvMelBZJfIvDFPyI9WIRCs7QSB37wEN4wCDMr0aehBDb1AuYylsj6inR66NPO3bFqToT0HniFqRCCtQ79pfXTXgWQYxcMq3brpOinzOFgksYlb1MQ8r4gPWgbWjMItB+PnllRI+M0qVhokzFSCfq74mcRVoPo8B0Rgz7etYbi/957QzDcz8XcZohxHy6KMwkxYSOc6FdoYCjHBrCuBLmVsr7TDGOJr2yCcGdfXmeNE6qF1X35rRSqxdplMg+OSTHxCVnpEauSZ00CCeP5Jm8kjfryXqx3q2PaeuCVczskT+wPn8ApbGadw==</latexit><latexit sha1_base64="hMCcXxK5KSi8bejCX3rw9gavV9Y=">AAACCXicbVA9SwNBEN3zM8avU0ub1SBYhTsR1C4ggmUEYwK5I+xt5pIlex/szonhSG3jX7GxULH1H9j5b9wkV2jig4HHezPMzAtSKTQ6zre1sLi0vLJaWiuvb2xubds7u3c6yRSHBk9koloB0yBFDA0UKKGVKmBRIKEZDC7HfvMelBZJfIvDFPyI9WIRCs7QSB37wEN4wCDMr0aehBDb1AuYylsj6inR66NPO3bFqToT0HniFqRCCtQ79pfXTXgWQYxcMq3brpOinzOFgksYlb1MQ8r4gPWgbWjMItB+PnllRI+M0qVhokzFSCfq74mcRVoPo8B0Rgz7etYbi/957QzDcz8XcZohxHy6KMwkxYSOc6FdoYCjHBrCuBLmVsr7TDGOJr2yCcGdfXmeNE6qF1X35rRSqxdplMg+OSTHxCVnpEauSZ00CCeP5Jm8kjfryXqx3q2PaeuCVczskT+wPn8ApbGadw==</latexit><latexit sha1_base64="hMCcXxK5KSi8bejCX3rw9gavV9Y=">AAACCXicbVA9SwNBEN3zM8avU0ub1SBYhTsR1C4ggmUEYwK5I+xt5pIlex/szonhSG3jX7GxULH1H9j5b9wkV2jig4HHezPMzAtSKTQ6zre1sLi0vLJaWiuvb2xubds7u3c6yRSHBk9koloB0yBFDA0UKKGVKmBRIKEZDC7HfvMelBZJfIvDFPyI9WIRCs7QSB37wEN4wCDMr0aehBDb1AuYylsj6inR66NPO3bFqToT0HniFqRCCtQ79pfXTXgWQYxcMq3brpOinzOFgksYlb1MQ8r4gPWgbWjMItB+PnllRI+M0qVhokzFSCfq74mcRVoPo8B0Rgz7etYbi/957QzDcz8XcZohxHy6KMwkxYSOc6FdoYCjHBrCuBLmVsr7TDGOJr2yCcGdfXmeNE6qF1X35rRSqxdplMg+OSTHxCVnpEauSZ00CCeP5Jm8kjfryXqx3q2PaeuCVczskT+wPn8ApbGadw==</latexit><latexit sha1_base64="hMCcXxK5KSi8bejCX3rw9gavV9Y=">AAACCXicbVA9SwNBEN3zM8avU0ub1SBYhTsR1C4ggmUEYwK5I+xt5pIlex/szonhSG3jX7GxULH1H9j5b9wkV2jig4HHezPMzAtSKTQ6zre1sLi0vLJaWiuvb2xubds7u3c6yRSHBk9koloB0yBFDA0UKKGVKmBRIKEZDC7HfvMelBZJfIvDFPyI9WIRCs7QSB37wEN4wCDMr0aehBDb1AuYylsj6inR66NPO3bFqToT0HniFqRCCtQ79pfXTXgWQYxcMq3brpOinzOFgksYlb1MQ8r4gPWgbWjMItB+PnllRI+M0qVhokzFSCfq74mcRVoPo8B0Rgz7etYbi/957QzDcz8XcZohxHy6KMwkxYSOc6FdoYCjHBrCuBLmVsr7TDGOJr2yCcGdfXmeNE6qF1X35rRSqxdplMg+OSTHxCVnpEauSZ00CCeP5Jm8kjfryXqx3q2PaeuCVczskT+wPn8ApbGadw==</latexit>

= E
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1

n

nX

i=1

Xi

#

<latexit sha1_base64="ez3OJRucB6Glbms0DIXBE6NeUkI=">AAACH3icbVBNS8NAEN34WetX1aOXxSJ4KokI1YMgiOCxgtVCE8NmO2kXN5uwOxFLyE/x4l/x4kFFvPXfuK09+PVg4PHeDDPzokwKg647cmZm5+YXFitL1eWV1bX12sbmlUlzzaHNU5nqTsQMSKGgjQIldDINLIkkXEe3p2P/+g60Eam6xGEGQcL6SsSCM7RSWGse+wj3GMXFWelLiLFL/VgzXnhloUrqmzwJC3HslTeKdkJBfS36AwxoWKu7DXcC+pd4U1InU7TC2offS3megEIumTFdz80wKJhGwSWUVT83kDF+y/rQtVSxBExQTB4s6a5VejROtS2FdKJ+nyhYYswwiWxnwnBgfntj8T+vm2N8GBRCZTmC4l+L4lxSTOk4LdoTGjjKoSWMa2FvpXzAbD5oM63aELzfL/8l7f3GUcO7OKiftKZpVMg22SF7xCNNckLOSYu0CScP5Im8kFfn0Xl23pz3r9YZZzqzRX7AGX0CQcajQQ==</latexit><latexit sha1_base64="ez3OJRucB6Glbms0DIXBE6NeUkI=">AAACH3icbVBNS8NAEN34WetX1aOXxSJ4KokI1YMgiOCxgtVCE8NmO2kXN5uwOxFLyE/x4l/x4kFFvPXfuK09+PVg4PHeDDPzokwKg647cmZm5+YXFitL1eWV1bX12sbmlUlzzaHNU5nqTsQMSKGgjQIldDINLIkkXEe3p2P/+g60Eam6xGEGQcL6SsSCM7RSWGse+wj3GMXFWelLiLFL/VgzXnhloUrqmzwJC3HslTeKdkJBfS36AwxoWKu7DXcC+pd4U1InU7TC2offS3megEIumTFdz80wKJhGwSWUVT83kDF+y/rQtVSxBExQTB4s6a5VejROtS2FdKJ+nyhYYswwiWxnwnBgfntj8T+vm2N8GBRCZTmC4l+L4lxSTOk4LdoTGjjKoSWMa2FvpXzAbD5oM63aELzfL/8l7f3GUcO7OKiftKZpVMg22SF7xCNNckLOSYu0CScP5Im8kFfn0Xl23pz3r9YZZzqzRX7AGX0CQcajQQ==</latexit><latexit sha1_base64="ez3OJRucB6Glbms0DIXBE6NeUkI=">AAACH3icbVBNS8NAEN34WetX1aOXxSJ4KokI1YMgiOCxgtVCE8NmO2kXN5uwOxFLyE/x4l/x4kFFvPXfuK09+PVg4PHeDDPzokwKg647cmZm5+YXFitL1eWV1bX12sbmlUlzzaHNU5nqTsQMSKGgjQIldDINLIkkXEe3p2P/+g60Eam6xGEGQcL6SsSCM7RSWGse+wj3GMXFWelLiLFL/VgzXnhloUrqmzwJC3HslTeKdkJBfS36AwxoWKu7DXcC+pd4U1InU7TC2offS3megEIumTFdz80wKJhGwSWUVT83kDF+y/rQtVSxBExQTB4s6a5VejROtS2FdKJ+nyhYYswwiWxnwnBgfntj8T+vm2N8GBRCZTmC4l+L4lxSTOk4LdoTGjjKoSWMa2FvpXzAbD5oM63aELzfL/8l7f3GUcO7OKiftKZpVMg22SF7xCNNckLOSYu0CScP5Im8kFfn0Xl23pz3r9YZZzqzRX7AGX0CQcajQQ==</latexit><latexit sha1_base64="ez3OJRucB6Glbms0DIXBE6NeUkI=">AAACH3icbVBNS8NAEN34WetX1aOXxSJ4KokI1YMgiOCxgtVCE8NmO2kXN5uwOxFLyE/x4l/x4kFFvPXfuK09+PVg4PHeDDPzokwKg647cmZm5+YXFitL1eWV1bX12sbmlUlzzaHNU5nqTsQMSKGgjQIldDINLIkkXEe3p2P/+g60Eam6xGEGQcL6SsSCM7RSWGse+wj3GMXFWelLiLFL/VgzXnhloUrqmzwJC3HslTeKdkJBfS36AwxoWKu7DXcC+pd4U1InU7TC2offS3megEIumTFdz80wKJhGwSWUVT83kDF+y/rQtVSxBExQTB4s6a5VejROtS2FdKJ+nyhYYswwiWxnwnBgfntj8T+vm2N8GBRCZTmC4l+L4lxSTOk4LdoTGjjKoSWMa2FvpXzAbD5oM63aELzfL/8l7f3GUcO7OKiftKZpVMg22SF7xCNNckLOSYu0CScP5Im8kFfn0Xl23pz3r9YZZzqzRX7AGX0CQcajQQ==</latexit>



X1, X2, . . . Xn ⇠ Bernoulli(p⇤)
<latexit sha1_base64="wW09vHjM4VgCwOR4lo5h8rwFaCs=">AAACGXicbZBNSwMxEIazflu/qh69BIugImVXBPUmevFYwWqhW5dsOmtDs8mSzIpl6e/w4l/x4kHFo578N6a1B79eCDy8M8Nk3jiTwqLvf3hj4xOTU9Mzs6W5+YXFpfLyyoXVueFQ51pq04iZBSkU1FGghEZmgKWxhMu4ezKoX96AsUKrc+xl0ErZtRKJ4AydFZWDRhTs0Ea0u0ND2dZoHSsaWpHSEOEW46Q4BqN0LqXob2ZX21tRueJX/aHoXwhGUCEj1aLyW9jWPE9BIZfM2mbgZ9gqmEHBJfRLYW4hY7zLrqHpULEUbKsYntanG85p00Qb9xTSoft9omCptb00dp0pw479XRuY/9WaOSYHrUKoLEdQ/GtRkkuKmg5yom1hgKPsOWDcCPdXyjvMMI4uzZILIfh98l+o71YPq8HZXuWoNkpjhqyRdbJJArJPjsgpqZE64eSOPJAn8uzde4/ei/f61TrmjWZWyQ95758o3J9i</latexit><latexit sha1_base64="wW09vHjM4VgCwOR4lo5h8rwFaCs=">AAACGXicbZBNSwMxEIazflu/qh69BIugImVXBPUmevFYwWqhW5dsOmtDs8mSzIpl6e/w4l/x4kHFo578N6a1B79eCDy8M8Nk3jiTwqLvf3hj4xOTU9Mzs6W5+YXFpfLyyoXVueFQ51pq04iZBSkU1FGghEZmgKWxhMu4ezKoX96AsUKrc+xl0ErZtRKJ4AydFZWDRhTs0Ea0u0ND2dZoHSsaWpHSEOEW46Q4BqN0LqXob2ZX21tRueJX/aHoXwhGUCEj1aLyW9jWPE9BIZfM2mbgZ9gqmEHBJfRLYW4hY7zLrqHpULEUbKsYntanG85p00Qb9xTSoft9omCptb00dp0pw479XRuY/9WaOSYHrUKoLEdQ/GtRkkuKmg5yom1hgKPsOWDcCPdXyjvMMI4uzZILIfh98l+o71YPq8HZXuWoNkpjhqyRdbJJArJPjsgpqZE64eSOPJAn8uzde4/ei/f61TrmjWZWyQ95758o3J9i</latexit><latexit sha1_base64="wW09vHjM4VgCwOR4lo5h8rwFaCs=">AAACGXicbZBNSwMxEIazflu/qh69BIugImVXBPUmevFYwWqhW5dsOmtDs8mSzIpl6e/w4l/x4kHFo578N6a1B79eCDy8M8Nk3jiTwqLvf3hj4xOTU9Mzs6W5+YXFpfLyyoXVueFQ51pq04iZBSkU1FGghEZmgKWxhMu4ezKoX96AsUKrc+xl0ErZtRKJ4AydFZWDRhTs0Ea0u0ND2dZoHSsaWpHSEOEW46Q4BqN0LqXob2ZX21tRueJX/aHoXwhGUCEj1aLyW9jWPE9BIZfM2mbgZ9gqmEHBJfRLYW4hY7zLrqHpULEUbKsYntanG85p00Qb9xTSoft9omCptb00dp0pw479XRuY/9WaOSYHrUKoLEdQ/GtRkkuKmg5yom1hgKPsOWDcCPdXyjvMMI4uzZILIfh98l+o71YPq8HZXuWoNkpjhqyRdbJJArJPjsgpqZE64eSOPJAn8uzde4/ei/f61TrmjWZWyQ95758o3J9i</latexit><latexit sha1_base64="wW09vHjM4VgCwOR4lo5h8rwFaCs=">AAACGXicbZBNSwMxEIazflu/qh69BIugImVXBPUmevFYwWqhW5dsOmtDs8mSzIpl6e/w4l/x4kHFo578N6a1B79eCDy8M8Nk3jiTwqLvf3hj4xOTU9Mzs6W5+YXFpfLyyoXVueFQ51pq04iZBSkU1FGghEZmgKWxhMu4ezKoX96AsUKrc+xl0ErZtRKJ4AydFZWDRhTs0Ea0u0ND2dZoHSsaWpHSEOEW46Q4BqN0LqXob2ZX21tRueJX/aHoXwhGUCEj1aLyW9jWPE9BIZfM2mbgZ9gqmEHBJfRLYW4hY7zLrqHpULEUbKsYntanG85p00Qb9xTSoft9omCptb00dp0pw479XRuY/9WaOSYHrUKoLEdQ/GtRkkuKmg5yom1hgKPsOWDcCPdXyjvMMI4uzZILIfh98l+o71YPq8HZXuWoNkpjhqyRdbJJArJPjsgpqZE64eSOPJAn8uzde4/ei/f61TrmjWZWyQ95758o3J9i</latexit>

X̄ =
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Ø Expected Value of the sample mean:
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µ = µE
⇥
X̄
⇤

<latexit sha1_base64="hMCcXxK5KSi8bejCX3rw9gavV9Y=">AAACCXicbVA9SwNBEN3zM8avU0ub1SBYhTsR1C4ggmUEYwK5I+xt5pIlex/szonhSG3jX7GxULH1H9j5b9wkV2jig4HHezPMzAtSKTQ6zre1sLi0vLJaWiuvb2xubds7u3c6yRSHBk9koloB0yBFDA0UKKGVKmBRIKEZDC7HfvMelBZJfIvDFPyI9WIRCs7QSB37wEN4wCDMr0aehBDb1AuYylsj6inR66NPO3bFqToT0HniFqRCCtQ79pfXTXgWQYxcMq3brpOinzOFgksYlb1MQ8r4gPWgbWjMItB+PnllRI+M0qVhokzFSCfq74mcRVoPo8B0Rgz7etYbi/957QzDcz8XcZohxHy6KMwkxYSOc6FdoYCjHBrCuBLmVsr7TDGOJr2yCcGdfXmeNE6qF1X35rRSqxdplMg+OSTHxCVnpEauSZ00CCeP5Jm8kjfryXqx3q2PaeuCVczskT+wPn8ApbGadw==</latexit><latexit sha1_base64="hMCcXxK5KSi8bejCX3rw9gavV9Y=">AAACCXicbVA9SwNBEN3zM8avU0ub1SBYhTsR1C4ggmUEYwK5I+xt5pIlex/szonhSG3jX7GxULH1H9j5b9wkV2jig4HHezPMzAtSKTQ6zre1sLi0vLJaWiuvb2xubds7u3c6yRSHBk9koloB0yBFDA0UKKGVKmBRIKEZDC7HfvMelBZJfIvDFPyI9WIRCs7QSB37wEN4wCDMr0aehBDb1AuYylsj6inR66NPO3bFqToT0HniFqRCCtQ79pfXTXgWQYxcMq3brpOinzOFgksYlb1MQ8r4gPWgbWjMItB+PnllRI+M0qVhokzFSCfq74mcRVoPo8B0Rgz7etYbi/957QzDcz8XcZohxHy6KMwkxYSOc6FdoYCjHBrCuBLmVsr7TDGOJr2yCcGdfXmeNE6qF1X35rRSqxdplMg+OSTHxCVnpEauSZ00CCeP5Jm8kjfryXqx3q2PaeuCVczskT+wPn8ApbGadw==</latexit><latexit sha1_base64="hMCcXxK5KSi8bejCX3rw9gavV9Y=">AAACCXicbVA9SwNBEN3zM8avU0ub1SBYhTsR1C4ggmUEYwK5I+xt5pIlex/szonhSG3jX7GxULH1H9j5b9wkV2jig4HHezPMzAtSKTQ6zre1sLi0vLJaWiuvb2xubds7u3c6yRSHBk9koloB0yBFDA0UKKGVKmBRIKEZDC7HfvMelBZJfIvDFPyI9WIRCs7QSB37wEN4wCDMr0aehBDb1AuYylsj6inR66NPO3bFqToT0HniFqRCCtQ79pfXTXgWQYxcMq3brpOinzOFgksYlb1MQ8r4gPWgbWjMItB+PnllRI+M0qVhokzFSCfq74mcRVoPo8B0Rgz7etYbi/957QzDcz8XcZohxHy6KMwkxYSOc6FdoYCjHBrCuBLmVsr7TDGOJr2yCcGdfXmeNE6qF1X35rRSqxdplMg+OSTHxCVnpEauSZ00CCeP5Jm8kjfryXqx3q2PaeuCVczskT+wPn8ApbGadw==</latexit><latexit sha1_base64="hMCcXxK5KSi8bejCX3rw9gavV9Y=">AAACCXicbVA9SwNBEN3zM8avU0ub1SBYhTsR1C4ggmUEYwK5I+xt5pIlex/szonhSG3jX7GxULH1H9j5b9wkV2jig4HHezPMzAtSKTQ6zre1sLi0vLJaWiuvb2xubds7u3c6yRSHBk9koloB0yBFDA0UKKGVKmBRIKEZDC7HfvMelBZJfIvDFPyI9WIRCs7QSB37wEN4wCDMr0aehBDb1AuYylsj6inR66NPO3bFqToT0HniFqRCCtQ79pfXTXgWQYxcMq3brpOinzOFgksYlb1MQ8r4gPWgbWjMItB+PnllRI+M0qVhokzFSCfq74mcRVoPo8B0Rgz7etYbi/957QzDcz8XcZohxHy6KMwkxYSOc6FdoYCjHBrCuBLmVsr7TDGOJr2yCcGdfXmeNE6qF1X35rRSqxdplMg+OSTHxCVnpEauSZ00CCeP5Jm8kjfryXqx3q2PaeuCVczskT+wPn8ApbGadw==</latexit>

Ø The sample mean is an unbiased estimator of the 
population mean

Bias = E
⇥
X̄
⇤
� µ = 0

<latexit sha1_base64="LCXhBgnV9/C9bDYv9/U4wwyaKxY=">AAACFHicbVDLSgNBEJyNrxhfUY9eBoPgQcOuCOohEBDBYwRjAtklzE56kyGzD2Z6xbDkJ7z4K148qHj14M2/cfI4aGJBQ1HVTXeXn0ih0ba/rdzC4tLySn61sLa+sblV3N6503GqONR5LGPV9JkGKSKoo0AJzUQBC30JDb9/OfIb96C0iKNbHCTghawbiUBwhkZqF48qLsID+kF2NXQlBNiirs9U1hxSV4luDz16TN0wpbRC7XaxZJftMeg8caakRKaotYtfbifmaQgRcsm0bjl2gl7GFAouYVhwUw0J433WhZahEQtBe9n4qyE9MEqHBrEyFSEdq78nMhZqPQh90xky7OlZbyT+57VSDM69TERJihDxyaIglRRjOoqIdoQCjnJgCONKmFsp7zHFOJogCyYEZ/bleVI/KV+UnZvTUrU2TSNP9sg+OSQOOSNVck1qpE44eSTP5JW8WU/Wi/VufUxac9Z0Zpf8gfX5A7t3nXo=</latexit><latexit sha1_base64="LCXhBgnV9/C9bDYv9/U4wwyaKxY=">AAACFHicbVDLSgNBEJyNrxhfUY9eBoPgQcOuCOohEBDBYwRjAtklzE56kyGzD2Z6xbDkJ7z4K148qHj14M2/cfI4aGJBQ1HVTXeXn0ih0ba/rdzC4tLySn61sLa+sblV3N6503GqONR5LGPV9JkGKSKoo0AJzUQBC30JDb9/OfIb96C0iKNbHCTghawbiUBwhkZqF48qLsID+kF2NXQlBNiirs9U1hxSV4luDz16TN0wpbRC7XaxZJftMeg8caakRKaotYtfbifmaQgRcsm0bjl2gl7GFAouYVhwUw0J433WhZahEQtBe9n4qyE9MEqHBrEyFSEdq78nMhZqPQh90xky7OlZbyT+57VSDM69TERJihDxyaIglRRjOoqIdoQCjnJgCONKmFsp7zHFOJogCyYEZ/bleVI/KV+UnZvTUrU2TSNP9sg+OSQOOSNVck1qpE44eSTP5JW8WU/Wi/VufUxac9Z0Zpf8gfX5A7t3nXo=</latexit><latexit sha1_base64="LCXhBgnV9/C9bDYv9/U4wwyaKxY=">AAACFHicbVDLSgNBEJyNrxhfUY9eBoPgQcOuCOohEBDBYwRjAtklzE56kyGzD2Z6xbDkJ7z4K148qHj14M2/cfI4aGJBQ1HVTXeXn0ih0ba/rdzC4tLySn61sLa+sblV3N6503GqONR5LGPV9JkGKSKoo0AJzUQBC30JDb9/OfIb96C0iKNbHCTghawbiUBwhkZqF48qLsID+kF2NXQlBNiirs9U1hxSV4luDz16TN0wpbRC7XaxZJftMeg8caakRKaotYtfbifmaQgRcsm0bjl2gl7GFAouYVhwUw0J433WhZahEQtBe9n4qyE9MEqHBrEyFSEdq78nMhZqPQh90xky7OlZbyT+57VSDM69TERJihDxyaIglRRjOoqIdoQCjnJgCONKmFsp7zHFOJogCyYEZ/bleVI/KV+UnZvTUrU2TSNP9sg+OSQOOSNVck1qpE44eSTP5JW8WU/Wi/VufUxac9Z0Zpf8gfX5A7t3nXo=</latexit><latexit sha1_base64="LCXhBgnV9/C9bDYv9/U4wwyaKxY=">AAACFHicbVDLSgNBEJyNrxhfUY9eBoPgQcOuCOohEBDBYwRjAtklzE56kyGzD2Z6xbDkJ7z4K148qHj14M2/cfI4aGJBQ1HVTXeXn0ih0ba/rdzC4tLySn61sLa+sblV3N6503GqONR5LGPV9JkGKSKoo0AJzUQBC30JDb9/OfIb96C0iKNbHCTghawbiUBwhkZqF48qLsID+kF2NXQlBNiirs9U1hxSV4luDz16TN0wpbRC7XaxZJftMeg8caakRKaotYtfbifmaQgRcsm0bjl2gl7GFAouYVhwUw0J433WhZahEQtBe9n4qyE9MEqHBrEyFSEdq78nMhZqPQh90xky7OlZbyT+57VSDM69TERJihDxyaIglRRjOoqIdoQCjnJgCONKmFsp7zHFOJogCyYEZ/bleVI/KV+UnZvTUrU2TSNP9sg+OSQOOSNVck1qpE44eSTP5JW8WU/Wi/VufUxac9Z0Zpf8gfX5A7t3nXo=</latexit>



Sample Mean is a Random Variable

Ø Expected Value:
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1
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Ø Variance:

Var
⇥
X̄
⇤

<latexit sha1_base64="/Pp2EYCAxLf54/6JfYRIrVAdjWo=">AAACC3icbVC7SgNBFJ2NrxhfUUubwSBYhV0R1C5gYxnBPGB3CbOTu8mQ2Qczd8Ww7AfY+Cs2Fiq2/oCdf+PkUWjigYHDOedy554glUKjbX9bpZXVtfWN8mZla3tnd6+6f9DWSaY4tHgiE9UNmAYpYmihQAndVAGLAgmdYHQ98Tv3oLRI4jscp+BHbBCLUHCGRupVax7CAwZh3maq8CSE6FIvYCrvFtRTYjBEn5qUXbenoMvEmZMamaPZq355/YRnEcTIJdPadewU/ZwpFFxCUfEyDSnjIzYA19CYRaD9fHpMQU+M0qdhosyLkU7V3xM5i7QeR4FJRgyHetGbiP95bobhpZ+LOM0QYj5bFGaSYkInzdC+UMBRjg1hXAnzV8qHTDGOpr+KKcFZPHmZtM7qV3Xn9rzWaM7bKJMjckxOiUMuSIPckCZpEU4eyTN5JW/Wk/VivVsfs2jJms8ckj+wPn8AZjabbw==</latexit><latexit sha1_base64="/Pp2EYCAxLf54/6JfYRIrVAdjWo=">AAACC3icbVC7SgNBFJ2NrxhfUUubwSBYhV0R1C5gYxnBPGB3CbOTu8mQ2Qczd8Ww7AfY+Cs2Fiq2/oCdf+PkUWjigYHDOedy554glUKjbX9bpZXVtfWN8mZla3tnd6+6f9DWSaY4tHgiE9UNmAYpYmihQAndVAGLAgmdYHQ98Tv3oLRI4jscp+BHbBCLUHCGRupVax7CAwZh3maq8CSE6FIvYCrvFtRTYjBEn5qUXbenoMvEmZMamaPZq355/YRnEcTIJdPadewU/ZwpFFxCUfEyDSnjIzYA19CYRaD9fHpMQU+M0qdhosyLkU7V3xM5i7QeR4FJRgyHetGbiP95bobhpZ+LOM0QYj5bFGaSYkInzdC+UMBRjg1hXAnzV8qHTDGOpr+KKcFZPHmZtM7qV3Xn9rzWaM7bKJMjckxOiUMuSIPckCZpEU4eyTN5JW/Wk/VivVsfs2jJms8ckj+wPn8AZjabbw==</latexit><latexit sha1_base64="/Pp2EYCAxLf54/6JfYRIrVAdjWo=">AAACC3icbVC7SgNBFJ2NrxhfUUubwSBYhV0R1C5gYxnBPGB3CbOTu8mQ2Qczd8Ww7AfY+Cs2Fiq2/oCdf+PkUWjigYHDOedy554glUKjbX9bpZXVtfWN8mZla3tnd6+6f9DWSaY4tHgiE9UNmAYpYmihQAndVAGLAgmdYHQ98Tv3oLRI4jscp+BHbBCLUHCGRupVax7CAwZh3maq8CSE6FIvYCrvFtRTYjBEn5qUXbenoMvEmZMamaPZq355/YRnEcTIJdPadewU/ZwpFFxCUfEyDSnjIzYA19CYRaD9fHpMQU+M0qdhosyLkU7V3xM5i7QeR4FJRgyHetGbiP95bobhpZ+LOM0QYj5bFGaSYkInzdC+UMBRjg1hXAnzV8qHTDGOpr+KKcFZPHmZtM7qV3Xn9rzWaM7bKJMjckxOiUMuSIPckCZpEU4eyTN5JW/Wk/VivVsfs2jJms8ckj+wPn8AZjabbw==</latexit><latexit sha1_base64="/Pp2EYCAxLf54/6JfYRIrVAdjWo=">AAACC3icbVC7SgNBFJ2NrxhfUUubwSBYhV0R1C5gYxnBPGB3CbOTu8mQ2Qczd8Ww7AfY+Cs2Fiq2/oCdf+PkUWjigYHDOedy554glUKjbX9bpZXVtfWN8mZla3tnd6+6f9DWSaY4tHgiE9UNmAYpYmihQAndVAGLAgmdYHQ98Tv3oLRI4jscp+BHbBCLUHCGRupVax7CAwZh3maq8CSE6FIvYCrvFtRTYjBEn5qUXbenoMvEmZMamaPZq355/YRnEcTIJdPadewU/ZwpFFxCUfEyDSnjIzYA19CYRaD9fHpMQU+M0qdhosyLkU7V3xM5i7QeR4FJRgyHetGbiP95bobhpZ+LOM0QYj5bFGaSYkInzdC+UMBRjg1hXAnzV8qHTDGOpr+KKcFZPHmZtM7qV3Xn9rzWaM7bKJMjckxOiUMuSIPckCZpEU4eyTN5JW/Wk/VivVsfs2jJms8ckj+wPn8AZjabbw==</latexit>

= Var

"
1

n

nX

i=1

Xi

#

<latexit sha1_base64="ZVU4oGHBJe3drLXgjaqFANhaO8E=">AAACIXicbVBNS8NAEN34bf2qevSyWARPJRFBeygIXjxWsLbQxLDZTtrFzSbsTsQS8lu8+Fe8eFDxJv4Ztx8Hvx4MPN6bYWZelElh0HU/nLn5hcWl5ZXVytr6xuZWdXvn2qS55tDmqUx1N2IGpFDQRoESupkGlkQSOtHt+djv3IE2IlVXOMogSNhAiVhwhlYKq42mj3CPUVxcM136EmLsUT/WjBdeWaiS+iZPwkI0vfJG0W4oqK/FYIgBDas1t+5OQP8Sb0ZqZIZWWH33+ynPE1DIJTOm57kZBgXTKLiEsuLnBjLGb9kAepYqloAJismLJT2wSp/GqbalkE7U7xMFS4wZJZHtTBgOzW9vLP7n9XKMT4NCqCxHUHy6KM4lxZSO86J9oYGjHFnCuBb2VsqHzOaDNtWKDcH7/fJf0j6qN+re5XHtrDVLY4XskX1ySDxyQs7IBWmRNuHkgTyRF/LqPDrPzpvzPm2dc2Yzu+QHnM8vFdGkOQ==</latexit><latexit sha1_base64="ZVU4oGHBJe3drLXgjaqFANhaO8E=">AAACIXicbVBNS8NAEN34bf2qevSyWARPJRFBeygIXjxWsLbQxLDZTtrFzSbsTsQS8lu8+Fe8eFDxJv4Ztx8Hvx4MPN6bYWZelElh0HU/nLn5hcWl5ZXVytr6xuZWdXvn2qS55tDmqUx1N2IGpFDQRoESupkGlkQSOtHt+djv3IE2IlVXOMogSNhAiVhwhlYKq42mj3CPUVxcM136EmLsUT/WjBdeWaiS+iZPwkI0vfJG0W4oqK/FYIgBDas1t+5OQP8Sb0ZqZIZWWH33+ynPE1DIJTOm57kZBgXTKLiEsuLnBjLGb9kAepYqloAJismLJT2wSp/GqbalkE7U7xMFS4wZJZHtTBgOzW9vLP7n9XKMT4NCqCxHUHy6KM4lxZSO86J9oYGjHFnCuBb2VsqHzOaDNtWKDcH7/fJf0j6qN+re5XHtrDVLY4XskX1ySDxyQs7IBWmRNuHkgTyRF/LqPDrPzpvzPm2dc2Yzu+QHnM8vFdGkOQ==</latexit><latexit sha1_base64="ZVU4oGHBJe3drLXgjaqFANhaO8E=">AAACIXicbVBNS8NAEN34bf2qevSyWARPJRFBeygIXjxWsLbQxLDZTtrFzSbsTsQS8lu8+Fe8eFDxJv4Ztx8Hvx4MPN6bYWZelElh0HU/nLn5hcWl5ZXVytr6xuZWdXvn2qS55tDmqUx1N2IGpFDQRoESupkGlkQSOtHt+djv3IE2IlVXOMogSNhAiVhwhlYKq42mj3CPUVxcM136EmLsUT/WjBdeWaiS+iZPwkI0vfJG0W4oqK/FYIgBDas1t+5OQP8Sb0ZqZIZWWH33+ynPE1DIJTOm57kZBgXTKLiEsuLnBjLGb9kAepYqloAJismLJT2wSp/GqbalkE7U7xMFS4wZJZHtTBgOzW9vLP7n9XKMT4NCqCxHUHy6KM4lxZSO86J9oYGjHFnCuBb2VsqHzOaDNtWKDcH7/fJf0j6qN+re5XHtrDVLY4XskX1ySDxyQs7IBWmRNuHkgTyRF/LqPDrPzpvzPm2dc2Yzu+QHnM8vFdGkOQ==</latexit><latexit sha1_base64="ZVU4oGHBJe3drLXgjaqFANhaO8E=">AAACIXicbVBNS8NAEN34bf2qevSyWARPJRFBeygIXjxWsLbQxLDZTtrFzSbsTsQS8lu8+Fe8eFDxJv4Ztx8Hvx4MPN6bYWZelElh0HU/nLn5hcWl5ZXVytr6xuZWdXvn2qS55tDmqUx1N2IGpFDQRoESupkGlkQSOtHt+djv3IE2IlVXOMogSNhAiVhwhlYKq42mj3CPUVxcM136EmLsUT/WjBdeWaiS+iZPwkI0vfJG0W4oqK/FYIgBDas1t+5OQP8Sb0ZqZIZWWH33+ynPE1DIJTOm57kZBgXTKLiEsuLnBjLGb9kAepYqloAJismLJT2wSp/GqbalkE7U7xMFS4wZJZHtTBgOzW9vLP7n9XKMT4NCqCxHUHy6KM4lxZSO86J9oYGjHFnCuBb2VsqHzOaDNtWKDcH7/fJf0j6qN+re5XHtrDVLY4XskX1ySDxyQs7IBWmRNuHkgTyRF/LqPDrPzpvzPm2dc2Yzu+QHnM8vFdGkOQ==</latexit>

E
⇥
X̄
⇤

<latexit sha1_base64="hMCcXxK5KSi8bejCX3rw9gavV9Y=">AAACCXicbVA9SwNBEN3zM8avU0ub1SBYhTsR1C4ggmUEYwK5I+xt5pIlex/szonhSG3jX7GxULH1H9j5b9wkV2jig4HHezPMzAtSKTQ6zre1sLi0vLJaWiuvb2xubds7u3c6yRSHBk9koloB0yBFDA0UKKGVKmBRIKEZDC7HfvMelBZJfIvDFPyI9WIRCs7QSB37wEN4wCDMr0aehBDb1AuYylsj6inR66NPO3bFqToT0HniFqRCCtQ79pfXTXgWQYxcMq3brpOinzOFgksYlb1MQ8r4gPWgbWjMItB+PnllRI+M0qVhokzFSCfq74mcRVoPo8B0Rgz7etYbi/957QzDcz8XcZohxHy6KMwkxYSOc6FdoYCjHBrCuBLmVsr7TDGOJr2yCcGdfXmeNE6qF1X35rRSqxdplMg+OSTHxCVnpEauSZ00CCeP5Jm8kjfryXqx3q2PaeuCVczskT+wPn8ApbGadw==</latexit><latexit sha1_base64="hMCcXxK5KSi8bejCX3rw9gavV9Y=">AAACCXicbVA9SwNBEN3zM8avU0ub1SBYhTsR1C4ggmUEYwK5I+xt5pIlex/szonhSG3jX7GxULH1H9j5b9wkV2jig4HHezPMzAtSKTQ6zre1sLi0vLJaWiuvb2xubds7u3c6yRSHBk9koloB0yBFDA0UKKGVKmBRIKEZDC7HfvMelBZJfIvDFPyI9WIRCs7QSB37wEN4wCDMr0aehBDb1AuYylsj6inR66NPO3bFqToT0HniFqRCCtQ79pfXTXgWQYxcMq3brpOinzOFgksYlb1MQ8r4gPWgbWjMItB+PnllRI+M0qVhokzFSCfq74mcRVoPo8B0Rgz7etYbi/957QzDcz8XcZohxHy6KMwkxYSOc6FdoYCjHBrCuBLmVsr7TDGOJr2yCcGdfXmeNE6qF1X35rRSqxdplMg+OSTHxCVnpEauSZ00CCeP5Jm8kjfryXqx3q2PaeuCVczskT+wPn8ApbGadw==</latexit><latexit sha1_base64="hMCcXxK5KSi8bejCX3rw9gavV9Y=">AAACCXicbVA9SwNBEN3zM8avU0ub1SBYhTsR1C4ggmUEYwK5I+xt5pIlex/szonhSG3jX7GxULH1H9j5b9wkV2jig4HHezPMzAtSKTQ6zre1sLi0vLJaWiuvb2xubds7u3c6yRSHBk9koloB0yBFDA0UKKGVKmBRIKEZDC7HfvMelBZJfIvDFPyI9WIRCs7QSB37wEN4wCDMr0aehBDb1AuYylsj6inR66NPO3bFqToT0HniFqRCCtQ79pfXTXgWQYxcMq3brpOinzOFgksYlb1MQ8r4gPWgbWjMItB+PnllRI+M0qVhokzFSCfq74mcRVoPo8B0Rgz7etYbi/957QzDcz8XcZohxHy6KMwkxYSOc6FdoYCjHBrCuBLmVsr7TDGOJr2yCcGdfXmeNE6qF1X35rRSqxdplMg+OSTHxCVnpEauSZ00CCeP5Jm8kjfryXqx3q2PaeuCVczskT+wPn8ApbGadw==</latexit><latexit sha1_base64="hMCcXxK5KSi8bejCX3rw9gavV9Y=">AAACCXicbVA9SwNBEN3zM8avU0ub1SBYhTsR1C4ggmUEYwK5I+xt5pIlex/szonhSG3jX7GxULH1H9j5b9wkV2jig4HHezPMzAtSKTQ6zre1sLi0vLJaWiuvb2xubds7u3c6yRSHBk9koloB0yBFDA0UKKGVKmBRIKEZDC7HfvMelBZJfIvDFPyI9WIRCs7QSB37wEN4wCDMr0aehBDb1AuYylsj6inR66NPO3bFqToT0HniFqRCCtQ79pfXTXgWQYxcMq3brpOinzOFgksYlb1MQ8r4gPWgbWjMItB+PnllRI+M0qVhokzFSCfq74mcRVoPo8B0Rgz7etYbi/957QzDcz8XcZohxHy6KMwkxYSOc6FdoYCjHBrCuBLmVsr7TDGOJr2yCcGdfXmeNE6qF1X35rRSqxdplMg+OSTHxCVnpEauSZ00CCeP5Jm8kjfryXqx3q2PaeuCVczskT+wPn8ApbGadw==</latexit>

= E

"
1

n

nX

i=1

Xi

#

<latexit sha1_base64="ez3OJRucB6Glbms0DIXBE6NeUkI=">AAACH3icbVBNS8NAEN34WetX1aOXxSJ4KokI1YMgiOCxgtVCE8NmO2kXN5uwOxFLyE/x4l/x4kFFvPXfuK09+PVg4PHeDDPzokwKg647cmZm5+YXFitL1eWV1bX12sbmlUlzzaHNU5nqTsQMSKGgjQIldDINLIkkXEe3p2P/+g60Eam6xGEGQcL6SsSCM7RSWGse+wj3GMXFWelLiLFL/VgzXnhloUrqmzwJC3HslTeKdkJBfS36AwxoWKu7DXcC+pd4U1InU7TC2offS3megEIumTFdz80wKJhGwSWUVT83kDF+y/rQtVSxBExQTB4s6a5VejROtS2FdKJ+nyhYYswwiWxnwnBgfntj8T+vm2N8GBRCZTmC4l+L4lxSTOk4LdoTGjjKoSWMa2FvpXzAbD5oM63aELzfL/8l7f3GUcO7OKiftKZpVMg22SF7xCNNckLOSYu0CScP5Im8kFfn0Xl23pz3r9YZZzqzRX7AGX0CQcajQQ==</latexit><latexit sha1_base64="ez3OJRucB6Glbms0DIXBE6NeUkI=">AAACH3icbVBNS8NAEN34WetX1aOXxSJ4KokI1YMgiOCxgtVCE8NmO2kXN5uwOxFLyE/x4l/x4kFFvPXfuK09+PVg4PHeDDPzokwKg647cmZm5+YXFitL1eWV1bX12sbmlUlzzaHNU5nqTsQMSKGgjQIldDINLIkkXEe3p2P/+g60Eam6xGEGQcL6SsSCM7RSWGse+wj3GMXFWelLiLFL/VgzXnhloUrqmzwJC3HslTeKdkJBfS36AwxoWKu7DXcC+pd4U1InU7TC2offS3megEIumTFdz80wKJhGwSWUVT83kDF+y/rQtVSxBExQTB4s6a5VejROtS2FdKJ+nyhYYswwiWxnwnBgfntj8T+vm2N8GBRCZTmC4l+L4lxSTOk4LdoTGjjKoSWMa2FvpXzAbD5oM63aELzfL/8l7f3GUcO7OKiftKZpVMg22SF7xCNNckLOSYu0CScP5Im8kFfn0Xl23pz3r9YZZzqzRX7AGX0CQcajQQ==</latexit><latexit sha1_base64="ez3OJRucB6Glbms0DIXBE6NeUkI=">AAACH3icbVBNS8NAEN34WetX1aOXxSJ4KokI1YMgiOCxgtVCE8NmO2kXN5uwOxFLyE/x4l/x4kFFvPXfuK09+PVg4PHeDDPzokwKg647cmZm5+YXFitL1eWV1bX12sbmlUlzzaHNU5nqTsQMSKGgjQIldDINLIkkXEe3p2P/+g60Eam6xGEGQcL6SsSCM7RSWGse+wj3GMXFWelLiLFL/VgzXnhloUrqmzwJC3HslTeKdkJBfS36AwxoWKu7DXcC+pd4U1InU7TC2offS3megEIumTFdz80wKJhGwSWUVT83kDF+y/rQtVSxBExQTB4s6a5VejROtS2FdKJ+nyhYYswwiWxnwnBgfntj8T+vm2N8GBRCZTmC4l+L4lxSTOk4LdoTGjjKoSWMa2FvpXzAbD5oM63aELzfL/8l7f3GUcO7OKiftKZpVMg22SF7xCNNckLOSYu0CScP5Im8kFfn0Xl23pz3r9YZZzqzRX7AGX0CQcajQQ==</latexit><latexit sha1_base64="ez3OJRucB6Glbms0DIXBE6NeUkI=">AAACH3icbVBNS8NAEN34WetX1aOXxSJ4KokI1YMgiOCxgtVCE8NmO2kXN5uwOxFLyE/x4l/x4kFFvPXfuK09+PVg4PHeDDPzokwKg647cmZm5+YXFitL1eWV1bX12sbmlUlzzaHNU5nqTsQMSKGgjQIldDINLIkkXEe3p2P/+g60Eam6xGEGQcL6SsSCM7RSWGse+wj3GMXFWelLiLFL/VgzXnhloUrqmzwJC3HslTeKdkJBfS36AwxoWKu7DXcC+pd4U1InU7TC2offS3megEIumTFdz80wKJhGwSWUVT83kDF+y/rQtVSxBExQTB4s6a5VejROtS2FdKJ+nyhYYswwiWxnwnBgfntj8T+vm2N8GBRCZTmC4l+L4lxSTOk4LdoTGjjKoSWMa2FvpXzAbD5oM63aELzfL/8l7f3GUcO7OKiftKZpVMg22SF7xCNNckLOSYu0CScP5Im8kFfn0Xl23pz3r9YZZzqzRX7AGX0CQcajQQ==</latexit>



Ø Variance:

Var
⇥
X̄
⇤

<latexit sha1_base64="/Pp2EYCAxLf54/6JfYRIrVAdjWo=">AAACC3icbVC7SgNBFJ2NrxhfUUubwSBYhV0R1C5gYxnBPGB3CbOTu8mQ2Qczd8Ww7AfY+Cs2Fiq2/oCdf+PkUWjigYHDOedy554glUKjbX9bpZXVtfWN8mZla3tnd6+6f9DWSaY4tHgiE9UNmAYpYmihQAndVAGLAgmdYHQ98Tv3oLRI4jscp+BHbBCLUHCGRupVax7CAwZh3maq8CSE6FIvYCrvFtRTYjBEn5qUXbenoMvEmZMamaPZq355/YRnEcTIJdPadewU/ZwpFFxCUfEyDSnjIzYA19CYRaD9fHpMQU+M0qdhosyLkU7V3xM5i7QeR4FJRgyHetGbiP95bobhpZ+LOM0QYj5bFGaSYkInzdC+UMBRjg1hXAnzV8qHTDGOpr+KKcFZPHmZtM7qV3Xn9rzWaM7bKJMjckxOiUMuSIPckCZpEU4eyTN5JW/Wk/VivVsfs2jJms8ckj+wPn8AZjabbw==</latexit><latexit sha1_base64="/Pp2EYCAxLf54/6JfYRIrVAdjWo=">AAACC3icbVC7SgNBFJ2NrxhfUUubwSBYhV0R1C5gYxnBPGB3CbOTu8mQ2Qczd8Ww7AfY+Cs2Fiq2/oCdf+PkUWjigYHDOedy554glUKjbX9bpZXVtfWN8mZla3tnd6+6f9DWSaY4tHgiE9UNmAYpYmihQAndVAGLAgmdYHQ98Tv3oLRI4jscp+BHbBCLUHCGRupVax7CAwZh3maq8CSE6FIvYCrvFtRTYjBEn5qUXbenoMvEmZMamaPZq355/YRnEcTIJdPadewU/ZwpFFxCUfEyDSnjIzYA19CYRaD9fHpMQU+M0qdhosyLkU7V3xM5i7QeR4FJRgyHetGbiP95bobhpZ+LOM0QYj5bFGaSYkInzdC+UMBRjg1hXAnzV8qHTDGOpr+KKcFZPHmZtM7qV3Xn9rzWaM7bKJMjckxOiUMuSIPckCZpEU4eyTN5JW/Wk/VivVsfs2jJms8ckj+wPn8AZjabbw==</latexit><latexit sha1_base64="/Pp2EYCAxLf54/6JfYRIrVAdjWo=">AAACC3icbVC7SgNBFJ2NrxhfUUubwSBYhV0R1C5gYxnBPGB3CbOTu8mQ2Qczd8Ww7AfY+Cs2Fiq2/oCdf+PkUWjigYHDOedy554glUKjbX9bpZXVtfWN8mZla3tnd6+6f9DWSaY4tHgiE9UNmAYpYmihQAndVAGLAgmdYHQ98Tv3oLRI4jscp+BHbBCLUHCGRupVax7CAwZh3maq8CSE6FIvYCrvFtRTYjBEn5qUXbenoMvEmZMamaPZq355/YRnEcTIJdPadewU/ZwpFFxCUfEyDSnjIzYA19CYRaD9fHpMQU+M0qdhosyLkU7V3xM5i7QeR4FJRgyHetGbiP95bobhpZ+LOM0QYj5bFGaSYkInzdC+UMBRjg1hXAnzV8qHTDGOpr+KKcFZPHmZtM7qV3Xn9rzWaM7bKJMjckxOiUMuSIPckCZpEU4eyTN5JW/Wk/VivVsfs2jJms8ckj+wPn8AZjabbw==</latexit><latexit sha1_base64="/Pp2EYCAxLf54/6JfYRIrVAdjWo=">AAACC3icbVC7SgNBFJ2NrxhfUUubwSBYhV0R1C5gYxnBPGB3CbOTu8mQ2Qczd8Ww7AfY+Cs2Fiq2/oCdf+PkUWjigYHDOedy554glUKjbX9bpZXVtfWN8mZla3tnd6+6f9DWSaY4tHgiE9UNmAYpYmihQAndVAGLAgmdYHQ98Tv3oLRI4jscp+BHbBCLUHCGRupVax7CAwZh3maq8CSE6FIvYCrvFtRTYjBEn5qUXbenoMvEmZMamaPZq355/YRnEcTIJdPadewU/ZwpFFxCUfEyDSnjIzYA19CYRaD9fHpMQU+M0qdhosyLkU7V3xM5i7QeR4FJRgyHetGbiP95bobhpZ+LOM0QYj5bFGaSYkInzdC+UMBRjg1hXAnzV8qHTDGOpr+KKcFZPHmZtM7qV3Xn9rzWaM7bKJMjckxOiUMuSIPckCZpEU4eyTN5JW/Wk/VivVsfs2jJms8ckj+wPn8AZjabbw==</latexit>

= Var

"
1

n

nX

i=1

Xi

#

<latexit sha1_base64="ZVU4oGHBJe3drLXgjaqFANhaO8E=">AAACIXicbVBNS8NAEN34bf2qevSyWARPJRFBeygIXjxWsLbQxLDZTtrFzSbsTsQS8lu8+Fe8eFDxJv4Ztx8Hvx4MPN6bYWZelElh0HU/nLn5hcWl5ZXVytr6xuZWdXvn2qS55tDmqUx1N2IGpFDQRoESupkGlkQSOtHt+djv3IE2IlVXOMogSNhAiVhwhlYKq42mj3CPUVxcM136EmLsUT/WjBdeWaiS+iZPwkI0vfJG0W4oqK/FYIgBDas1t+5OQP8Sb0ZqZIZWWH33+ynPE1DIJTOm57kZBgXTKLiEsuLnBjLGb9kAepYqloAJismLJT2wSp/GqbalkE7U7xMFS4wZJZHtTBgOzW9vLP7n9XKMT4NCqCxHUHy6KM4lxZSO86J9oYGjHFnCuBb2VsqHzOaDNtWKDcH7/fJf0j6qN+re5XHtrDVLY4XskX1ySDxyQs7IBWmRNuHkgTyRF/LqPDrPzpvzPm2dc2Yzu+QHnM8vFdGkOQ==</latexit><latexit sha1_base64="ZVU4oGHBJe3drLXgjaqFANhaO8E=">AAACIXicbVBNS8NAEN34bf2qevSyWARPJRFBeygIXjxWsLbQxLDZTtrFzSbsTsQS8lu8+Fe8eFDxJv4Ztx8Hvx4MPN6bYWZelElh0HU/nLn5hcWl5ZXVytr6xuZWdXvn2qS55tDmqUx1N2IGpFDQRoESupkGlkQSOtHt+djv3IE2IlVXOMogSNhAiVhwhlYKq42mj3CPUVxcM136EmLsUT/WjBdeWaiS+iZPwkI0vfJG0W4oqK/FYIgBDas1t+5OQP8Sb0ZqZIZWWH33+ynPE1DIJTOm57kZBgXTKLiEsuLnBjLGb9kAepYqloAJismLJT2wSp/GqbalkE7U7xMFS4wZJZHtTBgOzW9vLP7n9XKMT4NCqCxHUHy6KM4lxZSO86J9oYGjHFnCuBb2VsqHzOaDNtWKDcH7/fJf0j6qN+re5XHtrDVLY4XskX1ySDxyQs7IBWmRNuHkgTyRF/LqPDrPzpvzPm2dc2Yzu+QHnM8vFdGkOQ==</latexit><latexit sha1_base64="ZVU4oGHBJe3drLXgjaqFANhaO8E=">AAACIXicbVBNS8NAEN34bf2qevSyWARPJRFBeygIXjxWsLbQxLDZTtrFzSbsTsQS8lu8+Fe8eFDxJv4Ztx8Hvx4MPN6bYWZelElh0HU/nLn5hcWl5ZXVytr6xuZWdXvn2qS55tDmqUx1N2IGpFDQRoESupkGlkQSOtHt+djv3IE2IlVXOMogSNhAiVhwhlYKq42mj3CPUVxcM136EmLsUT/WjBdeWaiS+iZPwkI0vfJG0W4oqK/FYIgBDas1t+5OQP8Sb0ZqZIZWWH33+ynPE1DIJTOm57kZBgXTKLiEsuLnBjLGb9kAepYqloAJismLJT2wSp/GqbalkE7U7xMFS4wZJZHtTBgOzW9vLP7n9XKMT4NCqCxHUHy6KM4lxZSO86J9oYGjHFnCuBb2VsqHzOaDNtWKDcH7/fJf0j6qN+re5XHtrDVLY4XskX1ySDxyQs7IBWmRNuHkgTyRF/LqPDrPzpvzPm2dc2Yzu+QHnM8vFdGkOQ==</latexit><latexit sha1_base64="ZVU4oGHBJe3drLXgjaqFANhaO8E=">AAACIXicbVBNS8NAEN34bf2qevSyWARPJRFBeygIXjxWsLbQxLDZTtrFzSbsTsQS8lu8+Fe8eFDxJv4Ztx8Hvx4MPN6bYWZelElh0HU/nLn5hcWl5ZXVytr6xuZWdXvn2qS55tDmqUx1N2IGpFDQRoESupkGlkQSOtHt+djv3IE2IlVXOMogSNhAiVhwhlYKq42mj3CPUVxcM136EmLsUT/WjBdeWaiS+iZPwkI0vfJG0W4oqK/FYIgBDas1t+5OQP8Sb0ZqZIZWWH33+ynPE1DIJTOm57kZBgXTKLiEsuLnBjLGb9kAepYqloAJismLJT2wSp/GqbalkE7U7xMFS4wZJZHtTBgOzW9vLP7n9XKMT4NCqCxHUHy6KM4lxZSO86J9oYGjHFnCuBb2VsqHzOaDNtWKDcH7/fJf0j6qN+re5XHtrDVLY4XskX1ySDxyQs7IBWmRNuHkgTyRF/LqPDrPzpvzPm2dc2Yzu+QHnM8vFdGkOQ==</latexit>

=
1

n2
Var

"
nX

i=1

Xi

#

<latexit sha1_base64="QRm7vIF1Y7QORVDZ0f2TykwwSnQ="></latexit><latexit sha1_base64="QRm7vIF1Y7QORVDZ0f2TykwwSnQ="></latexit><latexit sha1_base64="QRm7vIF1Y7QORVDZ0f2TykwwSnQ="></latexit><latexit sha1_base64="QRm7vIF1Y7QORVDZ0f2TykwwSnQ="></latexit>

Property of the 
Variance

=
1

n2

nX

i=1

Var [Xi]
<latexit sha1_base64="OYKJ+r8WPdkNdKucxXVEmzHy6Ac="></latexit><latexit sha1_base64="OYKJ+r8WPdkNdKucxXVEmzHy6Ac="></latexit><latexit sha1_base64="OYKJ+r8WPdkNdKucxXVEmzHy6Ac="></latexit><latexit sha1_base64="OYKJ+r8WPdkNdKucxXVEmzHy6Ac="></latexit>

If the Xi are 
independent!

Ø In the shishito peppers example are the Xi independent?
Ø Depends on the sampling strategy

Ø Random with replacement (after tasting)à Yes! 

Ø Random without replacement à No! 
Ø Correction factor is small for large populations

Eww?



Ø Variance:

Var
⇥
X̄
⇤

<latexit sha1_base64="/Pp2EYCAxLf54/6JfYRIrVAdjWo=">AAACC3icbVC7SgNBFJ2NrxhfUUubwSBYhV0R1C5gYxnBPGB3CbOTu8mQ2Qczd8Ww7AfY+Cs2Fiq2/oCdf+PkUWjigYHDOedy554glUKjbX9bpZXVtfWN8mZla3tnd6+6f9DWSaY4tHgiE9UNmAYpYmihQAndVAGLAgmdYHQ98Tv3oLRI4jscp+BHbBCLUHCGRupVax7CAwZh3maq8CSE6FIvYCrvFtRTYjBEn5qUXbenoMvEmZMamaPZq355/YRnEcTIJdPadewU/ZwpFFxCUfEyDSnjIzYA19CYRaD9fHpMQU+M0qdhosyLkU7V3xM5i7QeR4FJRgyHetGbiP95bobhpZ+LOM0QYj5bFGaSYkInzdC+UMBRjg1hXAnzV8qHTDGOpr+KKcFZPHmZtM7qV3Xn9rzWaM7bKJMjckxOiUMuSIPckCZpEU4eyTN5JW/Wk/VivVsfs2jJms8ckj+wPn8AZjabbw==</latexit><latexit sha1_base64="/Pp2EYCAxLf54/6JfYRIrVAdjWo=">AAACC3icbVC7SgNBFJ2NrxhfUUubwSBYhV0R1C5gYxnBPGB3CbOTu8mQ2Qczd8Ww7AfY+Cs2Fiq2/oCdf+PkUWjigYHDOedy554glUKjbX9bpZXVtfWN8mZla3tnd6+6f9DWSaY4tHgiE9UNmAYpYmihQAndVAGLAgmdYHQ98Tv3oLRI4jscp+BHbBCLUHCGRupVax7CAwZh3maq8CSE6FIvYCrvFtRTYjBEn5qUXbenoMvEmZMamaPZq355/YRnEcTIJdPadewU/ZwpFFxCUfEyDSnjIzYA19CYRaD9fHpMQU+M0qdhosyLkU7V3xM5i7QeR4FJRgyHetGbiP95bobhpZ+LOM0QYj5bFGaSYkInzdC+UMBRjg1hXAnzV8qHTDGOpr+KKcFZPHmZtM7qV3Xn9rzWaM7bKJMjckxOiUMuSIPckCZpEU4eyTN5JW/Wk/VivVsfs2jJms8ckj+wPn8AZjabbw==</latexit><latexit sha1_base64="/Pp2EYCAxLf54/6JfYRIrVAdjWo=">AAACC3icbVC7SgNBFJ2NrxhfUUubwSBYhV0R1C5gYxnBPGB3CbOTu8mQ2Qczd8Ww7AfY+Cs2Fiq2/oCdf+PkUWjigYHDOedy554glUKjbX9bpZXVtfWN8mZla3tnd6+6f9DWSaY4tHgiE9UNmAYpYmihQAndVAGLAgmdYHQ98Tv3oLRI4jscp+BHbBCLUHCGRupVax7CAwZh3maq8CSE6FIvYCrvFtRTYjBEn5qUXbenoMvEmZMamaPZq355/YRnEcTIJdPadewU/ZwpFFxCUfEyDSnjIzYA19CYRaD9fHpMQU+M0qdhosyLkU7V3xM5i7QeR4FJRgyHetGbiP95bobhpZ+LOM0QYj5bFGaSYkInzdC+UMBRjg1hXAnzV8qHTDGOpr+KKcFZPHmZtM7qV3Xn9rzWaM7bKJMjckxOiUMuSIPckCZpEU4eyTN5JW/Wk/VivVsfs2jJms8ckj+wPn8AZjabbw==</latexit><latexit sha1_base64="/Pp2EYCAxLf54/6JfYRIrVAdjWo=">AAACC3icbVC7SgNBFJ2NrxhfUUubwSBYhV0R1C5gYxnBPGB3CbOTu8mQ2Qczd8Ww7AfY+Cs2Fiq2/oCdf+PkUWjigYHDOedy554glUKjbX9bpZXVtfWN8mZla3tnd6+6f9DWSaY4tHgiE9UNmAYpYmihQAndVAGLAgmdYHQ98Tv3oLRI4jscp+BHbBCLUHCGRupVax7CAwZh3maq8CSE6FIvYCrvFtRTYjBEn5qUXbenoMvEmZMamaPZq355/YRnEcTIJdPadewU/ZwpFFxCUfEyDSnjIzYA19CYRaD9fHpMQU+M0qdhosyLkU7V3xM5i7QeR4FJRgyHetGbiP95bobhpZ+LOM0QYj5bFGaSYkInzdC+UMBRjg1hXAnzV8qHTDGOpr+KKcFZPHmZtM7qV3Xn9rzWaM7bKJMjckxOiUMuSIPckCZpEU4eyTN5JW/Wk/VivVsfs2jJms8ckj+wPn8AZjabbw==</latexit>

= Var

"
1

n

nX

i=1

Xi

#

<latexit sha1_base64="ZVU4oGHBJe3drLXgjaqFANhaO8E=">AAACIXicbVBNS8NAEN34bf2qevSyWARPJRFBeygIXjxWsLbQxLDZTtrFzSbsTsQS8lu8+Fe8eFDxJv4Ztx8Hvx4MPN6bYWZelElh0HU/nLn5hcWl5ZXVytr6xuZWdXvn2qS55tDmqUx1N2IGpFDQRoESupkGlkQSOtHt+djv3IE2IlVXOMogSNhAiVhwhlYKq42mj3CPUVxcM136EmLsUT/WjBdeWaiS+iZPwkI0vfJG0W4oqK/FYIgBDas1t+5OQP8Sb0ZqZIZWWH33+ynPE1DIJTOm57kZBgXTKLiEsuLnBjLGb9kAepYqloAJismLJT2wSp/GqbalkE7U7xMFS4wZJZHtTBgOzW9vLP7n9XKMT4NCqCxHUHy6KM4lxZSO86J9oYGjHFnCuBb2VsqHzOaDNtWKDcH7/fJf0j6qN+re5XHtrDVLY4XskX1ySDxyQs7IBWmRNuHkgTyRF/LqPDrPzpvzPm2dc2Yzu+QHnM8vFdGkOQ==</latexit><latexit sha1_base64="ZVU4oGHBJe3drLXgjaqFANhaO8E=">AAACIXicbVBNS8NAEN34bf2qevSyWARPJRFBeygIXjxWsLbQxLDZTtrFzSbsTsQS8lu8+Fe8eFDxJv4Ztx8Hvx4MPN6bYWZelElh0HU/nLn5hcWl5ZXVytr6xuZWdXvn2qS55tDmqUx1N2IGpFDQRoESupkGlkQSOtHt+djv3IE2IlVXOMogSNhAiVhwhlYKq42mj3CPUVxcM136EmLsUT/WjBdeWaiS+iZPwkI0vfJG0W4oqK/FYIgBDas1t+5OQP8Sb0ZqZIZWWH33+ynPE1DIJTOm57kZBgXTKLiEsuLnBjLGb9kAepYqloAJismLJT2wSp/GqbalkE7U7xMFS4wZJZHtTBgOzW9vLP7n9XKMT4NCqCxHUHy6KM4lxZSO86J9oYGjHFnCuBb2VsqHzOaDNtWKDcH7/fJf0j6qN+re5XHtrDVLY4XskX1ySDxyQs7IBWmRNuHkgTyRF/LqPDrPzpvzPm2dc2Yzu+QHnM8vFdGkOQ==</latexit><latexit sha1_base64="ZVU4oGHBJe3drLXgjaqFANhaO8E=">AAACIXicbVBNS8NAEN34bf2qevSyWARPJRFBeygIXjxWsLbQxLDZTtrFzSbsTsQS8lu8+Fe8eFDxJv4Ztx8Hvx4MPN6bYWZelElh0HU/nLn5hcWl5ZXVytr6xuZWdXvn2qS55tDmqUx1N2IGpFDQRoESupkGlkQSOtHt+djv3IE2IlVXOMogSNhAiVhwhlYKq42mj3CPUVxcM136EmLsUT/WjBdeWaiS+iZPwkI0vfJG0W4oqK/FYIgBDas1t+5OQP8Sb0ZqZIZWWH33+ynPE1DIJTOm57kZBgXTKLiEsuLnBjLGb9kAepYqloAJismLJT2wSp/GqbalkE7U7xMFS4wZJZHtTBgOzW9vLP7n9XKMT4NCqCxHUHy6KM4lxZSO86J9oYGjHFnCuBb2VsqHzOaDNtWKDcH7/fJf0j6qN+re5XHtrDVLY4XskX1ySDxyQs7IBWmRNuHkgTyRF/LqPDrPzpvzPm2dc2Yzu+QHnM8vFdGkOQ==</latexit><latexit sha1_base64="ZVU4oGHBJe3drLXgjaqFANhaO8E=">AAACIXicbVBNS8NAEN34bf2qevSyWARPJRFBeygIXjxWsLbQxLDZTtrFzSbsTsQS8lu8+Fe8eFDxJv4Ztx8Hvx4MPN6bYWZelElh0HU/nLn5hcWl5ZXVytr6xuZWdXvn2qS55tDmqUx1N2IGpFDQRoESupkGlkQSOtHt+djv3IE2IlVXOMogSNhAiVhwhlYKq42mj3CPUVxcM136EmLsUT/WjBdeWaiS+iZPwkI0vfJG0W4oqK/FYIgBDas1t+5OQP8Sb0ZqZIZWWH33+ynPE1DIJTOm57kZBgXTKLiEsuLnBjLGb9kAepYqloAJismLJT2wSp/GqbalkE7U7xMFS4wZJZHtTBgOzW9vLP7n9XKMT4NCqCxHUHy6KM4lxZSO86J9oYGjHFnCuBb2VsqHzOaDNtWKDcH7/fJf0j6qN+re5XHtrDVLY4XskX1ySDxyQs7IBWmRNuHkgTyRF/LqPDrPzpvzPm2dc2Yzu+QHnM8vFdGkOQ==</latexit>

=
1

n2
Var

"
nX

i=1

Xi

#

<latexit sha1_base64="QRm7vIF1Y7QORVDZ0f2TykwwSnQ="></latexit><latexit sha1_base64="QRm7vIF1Y7QORVDZ0f2TykwwSnQ="></latexit><latexit sha1_base64="QRm7vIF1Y7QORVDZ0f2TykwwSnQ="></latexit><latexit sha1_base64="QRm7vIF1Y7QORVDZ0f2TykwwSnQ="></latexit>

Property of the 
Variance

=
1

n2

nX

i=1

Var [Xi]
<latexit sha1_base64="OYKJ+r8WPdkNdKucxXVEmzHy6Ac="></latexit><latexit sha1_base64="OYKJ+r8WPdkNdKucxXVEmzHy6Ac="></latexit><latexit sha1_base64="OYKJ+r8WPdkNdKucxXVEmzHy6Ac="></latexit><latexit sha1_base64="OYKJ+r8WPdkNdKucxXVEmzHy6Ac="></latexit>

If the Xi are 
independent!

=
�2

n
<latexit sha1_base64="Ih+M3L5PlQyXrBI9ex0v3UlJA1U=">AAAB/XicbVBNSwMxEM3Wr1q/VsWTl2ARPJXdIqgHoeDFYwVXC921ZNNsG5pklyQrlLDgX/HiQcWr/8Ob/8a03YO2Phh4vDfDzLw4Y1Rpz/t2KkvLK6tr1fXaxubW9o67u3en0lxiEuCUpbITI0UYFSTQVDPSySRBPGbkPh5dTfz7RyIVTcWtHmck4mggaEIx0lbquQeXYSIRNiZUdMBR8dAsjCh6bt1reFPAReKXpA5KtHvuV9hPcc6J0Jghpbq+l+nIIKkpZqSohbkiGcIjNCBdSwXiREVmen4Bj63Sh0kqbQkNp+rvCYO4UmMe206O9FDNexPxP6+b6+Q8MlRkuSYCzxYlOYM6hZMsYJ9KgjUbW4KwpPZWiIfIxqFtYjUbgj//8iIJmo2Lhn9zWm+1yzSq4BAcgRPggzPQAtegDQKAgQHP4BW8OU/Oi/PufMxaK045sw/+wPn8ATgZlec=</latexit><latexit sha1_base64="Ih+M3L5PlQyXrBI9ex0v3UlJA1U=">AAAB/XicbVBNSwMxEM3Wr1q/VsWTl2ARPJXdIqgHoeDFYwVXC921ZNNsG5pklyQrlLDgX/HiQcWr/8Ob/8a03YO2Phh4vDfDzLw4Y1Rpz/t2KkvLK6tr1fXaxubW9o67u3en0lxiEuCUpbITI0UYFSTQVDPSySRBPGbkPh5dTfz7RyIVTcWtHmck4mggaEIx0lbquQeXYSIRNiZUdMBR8dAsjCh6bt1reFPAReKXpA5KtHvuV9hPcc6J0Jghpbq+l+nIIKkpZqSohbkiGcIjNCBdSwXiREVmen4Bj63Sh0kqbQkNp+rvCYO4UmMe206O9FDNexPxP6+b6+Q8MlRkuSYCzxYlOYM6hZMsYJ9KgjUbW4KwpPZWiIfIxqFtYjUbgj//8iIJmo2Lhn9zWm+1yzSq4BAcgRPggzPQAtegDQKAgQHP4BW8OU/Oi/PufMxaK045sw/+wPn8ATgZlec=</latexit><latexit sha1_base64="Ih+M3L5PlQyXrBI9ex0v3UlJA1U=">AAAB/XicbVBNSwMxEM3Wr1q/VsWTl2ARPJXdIqgHoeDFYwVXC921ZNNsG5pklyQrlLDgX/HiQcWr/8Ob/8a03YO2Phh4vDfDzLw4Y1Rpz/t2KkvLK6tr1fXaxubW9o67u3en0lxiEuCUpbITI0UYFSTQVDPSySRBPGbkPh5dTfz7RyIVTcWtHmck4mggaEIx0lbquQeXYSIRNiZUdMBR8dAsjCh6bt1reFPAReKXpA5KtHvuV9hPcc6J0Jghpbq+l+nIIKkpZqSohbkiGcIjNCBdSwXiREVmen4Bj63Sh0kqbQkNp+rvCYO4UmMe206O9FDNexPxP6+b6+Q8MlRkuSYCzxYlOYM6hZMsYJ9KgjUbW4KwpPZWiIfIxqFtYjUbgj//8iIJmo2Lhn9zWm+1yzSq4BAcgRPggzPQAtegDQKAgQHP4BW8OU/Oi/PufMxaK045sw/+wPn8ATgZlec=</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="2mxzz1BnYCMycJt3OBn/dmwEVxc=">AAAB8nicbZBPS8MwGMbfzn9zTq2CJy/BIXga7S7qQRC8eJxg3WCtI83SLSxNS5IKIxT8Kl48qPhhvPltzP4cdPOBwMPzJLxvfnHOmdKe9+1U1tY3Nreq27Wd+u7evntQf1BZIQkNSMYz2Y2xopwJGmimOe3mkuI05rQTj2+mfeeJSsUyca8nOY1SPBQsYQRrG/Xdo6swkZgYEyo2THH52CqNKPtuw2t6M6FV4y9MAxZq992vcJCRIqVCE46V6vleriODpWaE07IWFormmIzxkPasFTilKjKz9Ut0apMBSjJpj9Bolv5+YXCq1CSN7c0U65Fa7qbhf12v0MlFZJjIC00FmQ9KCo50hqYs0IBJSjSfWIOJZHZXREbY4tCWWM1C8Je/vGqCVvOy6d95UIVjOIEz8OEcruEW2hAAAQMv8AbvzrPz6nzMaVWcBbZD+CPn8wfBq5Rx</latexit><latexit sha1_base64="2mxzz1BnYCMycJt3OBn/dmwEVxc=">AAAB8nicbZBPS8MwGMbfzn9zTq2CJy/BIXga7S7qQRC8eJxg3WCtI83SLSxNS5IKIxT8Kl48qPhhvPltzP4cdPOBwMPzJLxvfnHOmdKe9+1U1tY3Nreq27Wd+u7evntQf1BZIQkNSMYz2Y2xopwJGmimOe3mkuI05rQTj2+mfeeJSsUyca8nOY1SPBQsYQRrG/Xdo6swkZgYEyo2THH52CqNKPtuw2t6M6FV4y9MAxZq992vcJCRIqVCE46V6vleriODpWaE07IWFormmIzxkPasFTilKjKz9Ut0apMBSjJpj9Bolv5+YXCq1CSN7c0U65Fa7qbhf12v0MlFZJjIC00FmQ9KCo50hqYs0IBJSjSfWIOJZHZXREbY4tCWWM1C8Je/vGqCVvOy6d95UIVjOIEz8OEcruEW2hAAAQMv8AbvzrPz6nzMaVWcBbZD+CPn8wfBq5Rx</latexit><latexit sha1_base64="d43m3ge00tEMeR+Yt7iflFoZ9HE=">AAAB/XicbVBNSwMxEM3Wr1q/VsWTl2ARPJXdXtSDUPDisYJrC921ZNNsG5pklyQrlLDgX/HiQcWr/8Ob/8a03YO2Phh4vDfDzLw4Y1Rpz/t2Kiura+sb1c3a1vbO7p67f3Cv0lxiEuCUpbIbI0UYFSTQVDPSzSRBPGakE4+vp37nkUhFU3GnJxmJOBoKmlCMtJX67tFVmEiEjQkVHXJUPDQLI4q+W/ca3gxwmfglqYMS7b77FQ5SnHMiNGZIqZ7vZToySGqKGSlqYa5IhvAYDUnPUoE4UZGZnV/AU6sMYJJKW0LDmfp7wiCu1ITHtpMjPVKL3lT8z+vlOrmIDBVZronA80VJzqBO4TQLOKCSYM0mliAsqb0V4hGycWibWM2G4C++vEyCZuOy4d969Va7TKMKjsEJOAM+OActcAPaIAAYGPAMXsGb8+S8OO/Ox7y14pQzh+APnM8fNtmV4w==</latexit><latexit sha1_base64="Ih+M3L5PlQyXrBI9ex0v3UlJA1U=">AAAB/XicbVBNSwMxEM3Wr1q/VsWTl2ARPJXdIqgHoeDFYwVXC921ZNNsG5pklyQrlLDgX/HiQcWr/8Ob/8a03YO2Phh4vDfDzLw4Y1Rpz/t2KkvLK6tr1fXaxubW9o67u3en0lxiEuCUpbITI0UYFSTQVDPSySRBPGbkPh5dTfz7RyIVTcWtHmck4mggaEIx0lbquQeXYSIRNiZUdMBR8dAsjCh6bt1reFPAReKXpA5KtHvuV9hPcc6J0Jghpbq+l+nIIKkpZqSohbkiGcIjNCBdSwXiREVmen4Bj63Sh0kqbQkNp+rvCYO4UmMe206O9FDNexPxP6+b6+Q8MlRkuSYCzxYlOYM6hZMsYJ9KgjUbW4KwpPZWiIfIxqFtYjUbgj//8iIJmo2Lhn9zWm+1yzSq4BAcgRPggzPQAtegDQKAgQHP4BW8OU/Oi/PufMxaK045sw/+wPn8ATgZlec=</latexit><latexit sha1_base64="Ih+M3L5PlQyXrBI9ex0v3UlJA1U=">AAAB/XicbVBNSwMxEM3Wr1q/VsWTl2ARPJXdIqgHoeDFYwVXC921ZNNsG5pklyQrlLDgX/HiQcWr/8Ob/8a03YO2Phh4vDfDzLw4Y1Rpz/t2KkvLK6tr1fXaxubW9o67u3en0lxiEuCUpbITI0UYFSTQVDPSySRBPGbkPh5dTfz7RyIVTcWtHmck4mggaEIx0lbquQeXYSIRNiZUdMBR8dAsjCh6bt1reFPAReKXpA5KtHvuV9hPcc6J0Jghpbq+l+nIIKkpZqSohbkiGcIjNCBdSwXiREVmen4Bj63Sh0kqbQkNp+rvCYO4UmMe206O9FDNexPxP6+b6+Q8MlRkuSYCzxYlOYM6hZMsYJ9KgjUbW4KwpPZWiIfIxqFtYjUbgj//8iIJmo2Lhn9zWm+1yzSq4BAcgRPggzPQAtegDQKAgQHP4BW8OU/Oi/PufMxaK045sw/+wPn8ATgZlec=</latexit><latexit sha1_base64="Ih+M3L5PlQyXrBI9ex0v3UlJA1U=">AAAB/XicbVBNSwMxEM3Wr1q/VsWTl2ARPJXdIqgHoeDFYwVXC921ZNNsG5pklyQrlLDgX/HiQcWr/8Ob/8a03YO2Phh4vDfDzLw4Y1Rpz/t2KkvLK6tr1fXaxubW9o67u3en0lxiEuCUpbITI0UYFSTQVDPSySRBPGbkPh5dTfz7RyIVTcWtHmck4mggaEIx0lbquQeXYSIRNiZUdMBR8dAsjCh6bt1reFPAReKXpA5KtHvuV9hPcc6J0Jghpbq+l+nIIKkpZqSohbkiGcIjNCBdSwXiREVmen4Bj63Sh0kqbQkNp+rvCYO4UmMe206O9FDNexPxP6+b6+Q8MlRkuSYCzxYlOYM6hZMsYJ9KgjUbW4KwpPZWiIfIxqFtYjUbgj//8iIJmo2Lhn9zWm+1yzSq4BAcgRPggzPQAtegDQKAgQHP4BW8OU/Oi/PufMxaK045sw/+wPn8ATgZlec=</latexit><latexit sha1_base64="Ih+M3L5PlQyXrBI9ex0v3UlJA1U=">AAAB/XicbVBNSwMxEM3Wr1q/VsWTl2ARPJXdIqgHoeDFYwVXC921ZNNsG5pklyQrlLDgX/HiQcWr/8Ob/8a03YO2Phh4vDfDzLw4Y1Rpz/t2KkvLK6tr1fXaxubW9o67u3en0lxiEuCUpbITI0UYFSTQVDPSySRBPGbkPh5dTfz7RyIVTcWtHmck4mggaEIx0lbquQeXYSIRNiZUdMBR8dAsjCh6bt1reFPAReKXpA5KtHvuV9hPcc6J0Jghpbq+l+nIIKkpZqSohbkiGcIjNCBdSwXiREVmen4Bj63Sh0kqbQkNp+rvCYO4UmMe206O9FDNexPxP6+b6+Q8MlRkuSYCzxYlOYM6hZMsYJ9KgjUbW4KwpPZWiIfIxqFtYjUbgj//8iIJmo2Lhn9zWm+1yzSq4BAcgRPggzPQAtegDQKAgQHP4BW8OU/Oi/PufMxaK045sw/+wPn8ATgZlec=</latexit><latexit sha1_base64="Ih+M3L5PlQyXrBI9ex0v3UlJA1U=">AAAB/XicbVBNSwMxEM3Wr1q/VsWTl2ARPJXdIqgHoeDFYwVXC921ZNNsG5pklyQrlLDgX/HiQcWr/8Ob/8a03YO2Phh4vDfDzLw4Y1Rpz/t2KkvLK6tr1fXaxubW9o67u3en0lxiEuCUpbITI0UYFSTQVDPSySRBPGbkPh5dTfz7RyIVTcWtHmck4mggaEIx0lbquQeXYSIRNiZUdMBR8dAsjCh6bt1reFPAReKXpA5KtHvuV9hPcc6J0Jghpbq+l+nIIKkpZqSohbkiGcIjNCBdSwXiREVmen4Bj63Sh0kqbQkNp+rvCYO4UmMe206O9FDNexPxP6+b6+Q8MlRkuSYCzxYlOYM6hZMsYJ9KgjUbW4KwpPZWiIfIxqFtYjUbgj//8iIJmo2Lhn9zWm+1yzSq4BAcgRPggzPQAtegDQKAgQHP4BW8OU/Oi/PufMxaK045sw/+wPn8ATgZlec=</latexit><latexit sha1_base64="Ih+M3L5PlQyXrBI9ex0v3UlJA1U=">AAAB/XicbVBNSwMxEM3Wr1q/VsWTl2ARPJXdIqgHoeDFYwVXC921ZNNsG5pklyQrlLDgX/HiQcWr/8Ob/8a03YO2Phh4vDfDzLw4Y1Rpz/t2KkvLK6tr1fXaxubW9o67u3en0lxiEuCUpbITI0UYFSTQVDPSySRBPGbkPh5dTfz7RyIVTcWtHmck4mggaEIx0lbquQeXYSIRNiZUdMBR8dAsjCh6bt1reFPAReKXpA5KtHvuV9hPcc6J0Jghpbq+l+nIIKkpZqSohbkiGcIjNCBdSwXiREVmen4Bj63Sh0kqbQkNp+rvCYO4UmMe206O9FDNexPxP6+b6+Q8MlRkuSYCzxYlOYM6hZMsYJ9KgjUbW4KwpPZWiIfIxqFtYjUbgj//8iIJmo2Lhn9zWm+1yzSq4BAcgRPggzPQAtegDQKAgQHP4BW8OU/Oi/PufMxaK045sw/+wPn8ATgZlec=</latexit>
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variance of Xi
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=
p⇤(1� p⇤)

n
<latexit sha1_base64="zX8FA9qbZ9cmDolWjQSqIZwKo0I=">AAAB/XicbVDLSsNAFL2pr1pfUXHlZrAIVbAkIqgLoeDGZQVjC20sk+mkHTqZhJmJUELAX3HjQsWt/+HOv3H6WGjrgXs5nHMvc+cECWdKO863VVhYXFpeKa6W1tY3Nrfs7Z17FaeSUI/EPJbNACvKmaCeZprTZiIpjgJOG8HgeuQ3HqlULBZ3ephQP8I9wUJGsDZSx967aocSkyx5OK64J6Yf5ZnIO3bZqTpjoHniTkkZpqh37K92NyZpRIUmHCvVcp1E+xmWmhFO81I7VTTBZIB7tGWowBFVfjY+P0eHRumiMJamhEZj9fdGhiOlhlFgJiOs+2rWG4n/ea1Uhxd+xkSSairI5KEw5UjHaJQF6jJJieZDQzCRzNyKSB+bOLRJrGRCcGe/PE+80+pl1b09K9fq0zSKsA8HUAEXzqEGN1AHDwhk8Ayv8GY9WS/Wu/UxGS1Y051d+APr8wcndpSR</latexit><latexit sha1_base64="zX8FA9qbZ9cmDolWjQSqIZwKo0I=">AAAB/XicbVDLSsNAFL2pr1pfUXHlZrAIVbAkIqgLoeDGZQVjC20sk+mkHTqZhJmJUELAX3HjQsWt/+HOv3H6WGjrgXs5nHMvc+cECWdKO863VVhYXFpeKa6W1tY3Nrfs7Z17FaeSUI/EPJbNACvKmaCeZprTZiIpjgJOG8HgeuQ3HqlULBZ3ephQP8I9wUJGsDZSx967aocSkyx5OK64J6Yf5ZnIO3bZqTpjoHniTkkZpqh37K92NyZpRIUmHCvVcp1E+xmWmhFO81I7VTTBZIB7tGWowBFVfjY+P0eHRumiMJamhEZj9fdGhiOlhlFgJiOs+2rWG4n/ea1Uhxd+xkSSairI5KEw5UjHaJQF6jJJieZDQzCRzNyKSB+bOLRJrGRCcGe/PE+80+pl1b09K9fq0zSKsA8HUAEXzqEGN1AHDwhk8Ayv8GY9WS/Wu/UxGS1Y051d+APr8wcndpSR</latexit><latexit sha1_base64="zX8FA9qbZ9cmDolWjQSqIZwKo0I=">AAAB/XicbVDLSsNAFL2pr1pfUXHlZrAIVbAkIqgLoeDGZQVjC20sk+mkHTqZhJmJUELAX3HjQsWt/+HOv3H6WGjrgXs5nHMvc+cECWdKO863VVhYXFpeKa6W1tY3Nrfs7Z17FaeSUI/EPJbNACvKmaCeZprTZiIpjgJOG8HgeuQ3HqlULBZ3ephQP8I9wUJGsDZSx967aocSkyx5OK64J6Yf5ZnIO3bZqTpjoHniTkkZpqh37K92NyZpRIUmHCvVcp1E+xmWmhFO81I7VTTBZIB7tGWowBFVfjY+P0eHRumiMJamhEZj9fdGhiOlhlFgJiOs+2rWG4n/ea1Uhxd+xkSSairI5KEw5UjHaJQF6jJJieZDQzCRzNyKSB+bOLRJrGRCcGe/PE+80+pl1b09K9fq0zSKsA8HUAEXzqEGN1AHDwhk8Ayv8GY9WS/Wu/UxGS1Y051d+APr8wcndpSR</latexit><latexit sha1_base64="zX8FA9qbZ9cmDolWjQSqIZwKo0I=">AAAB/XicbVDLSsNAFL2pr1pfUXHlZrAIVbAkIqgLoeDGZQVjC20sk+mkHTqZhJmJUELAX3HjQsWt/+HOv3H6WGjrgXs5nHMvc+cECWdKO863VVhYXFpeKa6W1tY3Nrfs7Z17FaeSUI/EPJbNACvKmaCeZprTZiIpjgJOG8HgeuQ3HqlULBZ3ephQP8I9wUJGsDZSx967aocSkyx5OK64J6Yf5ZnIO3bZqTpjoHniTkkZpqh37K92NyZpRIUmHCvVcp1E+xmWmhFO81I7VTTBZIB7tGWowBFVfjY+P0eHRumiMJamhEZj9fdGhiOlhlFgJiOs+2rWG4n/ea1Uhxd+xkSSairI5KEw5UjHaJQF6jJJieZDQzCRzNyKSB+bOLRJrGRCcGe/PE+80+pl1b09K9fq0zSKsA8HUAEXzqEGN1AHDwhk8Ayv8GY9WS/Wu/UxGS1Y051d+APr8wcndpSR</latexit>

For shishto
peppers with 
replacement

The variance of the 
sample mean decreases at a 
rate of one over the sample size



Summary of Sample Mean Statistics

Ø Expected Value:
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Ø Expected Value:
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Ø Standard Error:

SE
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q
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⇥
X̄
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n Square root law



has a probability 
mass function

ALSO KNOW AS A 

SAMPLING DISTRIBUTION

X



The Distribution of an Estimator

Ø Resampling the population to estimate the sample distribution.

Population

7.6 Billion People

Sample 1 X̄sample 1

Sample 2
X̄sample 2

Sample 3

X̄sample 3
Confidence

Interval

Variability in my 
estimation 
procedure.



Central Limit Theorem

Ø Describes the limiting shape of the 
distribution of the sample average

Ø The sample average behaves 
approximately like a random draw 
from the normal distribution
Ø Assumes independent and identically

distributed observations



Law of Large Numbers

As the sample size grows the sample mean 
approaches the population mean.

Describes the relationship between sample 
mean and the population mean.



Bootstrap the Distribution of an Estimator

Ø Simulation method to estimate the sample distribution.

Population

7.6 Billion People

Sample

Pretend this is your population!
Bootstrap Samples

Sample with

replacement



Bootstrap the Distribution of an Estimator

Ø Simulation method to estimate the sample distribution.

Sample

Pretend this is your population!
Bootstrap Samples

Sample with

replacement

X̄sample 1

X̄sample 2

X̄sample 3
Confidence

Interval

Variability in my 
estimation 
procedure.



Boot Strap Confidence Interval

Ø Construct a 95% confidence 
interval by taking the 2.5% and 
(100 - 2.5)% quantiles

Ø We will return to this in a few 
weeks…

2.5% 2.5%

95%



Connection to Loss 
Minimization



The Sample Loss
Ø Recall earlier that we used the average loss

Lavg(✓) =
1

n

nX

i=1

`(Yi, f✓(Xi))
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for my data

Loss on a single 
Example 

(e.g., L2, L1, Huber)

Predict Yi (e.g., tip)from Xi
(e.g., table size)

Parametric 
Model

Model Parameters



The Sample Loss
Ø Recall earlier that we used the average loss

Lavg(✓) =
1

n

nX

i=1

`(Yi, f✓(Xi))
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Ø Notice that this is really a sample loss
Ø It is a random variable (depends on Xi and Yi)

Ø How does it relate to the population?
Ø We will answer this question precisely for the squared loss in the 

next lecture using bias and variance
Ø Today we will related the expected loss to the sample loss



Risk and the Expected Loss

Ø We can define the expected loss as:

Ø This is called the risk
Ø It is the risk associated with the choice of θ
Ø Not a random variable

Ø Given access to the joint probability of X and Y we can 
rewrite the risk as:

R(✓) = E [`(Y, f✓(X))]
<latexit sha1_base64="i5Ug9Lflh7U4ego8WQGnSOXzEq4=">AAACIXicbVDLSgNBEJyN7/iKevQyGIQEJOyKoDkIARE8RjEayS5hdtKbDJl9MNMrhiXf4sVf8eJBxZv4M04eB40WDBRV1fR0+YkUGm3708rNzS8sLi2v5FfX1jc2C1vbNzpOFYcGj2Wsmj7TIEUEDRQooZkoYKEv4dbvn43823tQWsTRNQ4S8ELWjUQgOEMjtQvVq5KLPUBWpqc07yI8oB9k50PqSgiw5YKUpbsDGrQnqVKzXHaV6PbQaxeKdsUeg/4lzpQUyRT1duHD7cQ8DSFCLpnWLcdO0MuYQsElDPNuqiFhvM+60DI0YiFoLxufOKT7RunQIFbmRUjH6s+JjIVaD0LfJEOGPT3rjcT/vFaKwYmXiShJESI+WRSkkmJMR33RjlDAUQ4MYVwJ81fKe0wxjqbVvCnBmT35L2kcVqoV5/KoWKtP21gmu2SPlIhDjkmNXJA6aRBOHskzeSVv1pP1Yr1bH5NozprO7JBfsL6+AeGmolE=</latexit><latexit sha1_base64="i5Ug9Lflh7U4ego8WQGnSOXzEq4=">AAACIXicbVDLSgNBEJyN7/iKevQyGIQEJOyKoDkIARE8RjEayS5hdtKbDJl9MNMrhiXf4sVf8eJBxZv4M04eB40WDBRV1fR0+YkUGm3708rNzS8sLi2v5FfX1jc2C1vbNzpOFYcGj2Wsmj7TIEUEDRQooZkoYKEv4dbvn43823tQWsTRNQ4S8ELWjUQgOEMjtQvVq5KLPUBWpqc07yI8oB9k50PqSgiw5YKUpbsDGrQnqVKzXHaV6PbQaxeKdsUeg/4lzpQUyRT1duHD7cQ8DSFCLpnWLcdO0MuYQsElDPNuqiFhvM+60DI0YiFoLxufOKT7RunQIFbmRUjH6s+JjIVaD0LfJEOGPT3rjcT/vFaKwYmXiShJESI+WRSkkmJMR33RjlDAUQ4MYVwJ81fKe0wxjqbVvCnBmT35L2kcVqoV5/KoWKtP21gmu2SPlIhDjkmNXJA6aRBOHskzeSVv1pP1Yr1bH5NozprO7JBfsL6+AeGmolE=</latexit><latexit sha1_base64="i5Ug9Lflh7U4ego8WQGnSOXzEq4=">AAACIXicbVDLSgNBEJyN7/iKevQyGIQEJOyKoDkIARE8RjEayS5hdtKbDJl9MNMrhiXf4sVf8eJBxZv4M04eB40WDBRV1fR0+YkUGm3708rNzS8sLi2v5FfX1jc2C1vbNzpOFYcGj2Wsmj7TIEUEDRQooZkoYKEv4dbvn43823tQWsTRNQ4S8ELWjUQgOEMjtQvVq5KLPUBWpqc07yI8oB9k50PqSgiw5YKUpbsDGrQnqVKzXHaV6PbQaxeKdsUeg/4lzpQUyRT1duHD7cQ8DSFCLpnWLcdO0MuYQsElDPNuqiFhvM+60DI0YiFoLxufOKT7RunQIFbmRUjH6s+JjIVaD0LfJEOGPT3rjcT/vFaKwYmXiShJESI+WRSkkmJMR33RjlDAUQ4MYVwJ81fKe0wxjqbVvCnBmT35L2kcVqoV5/KoWKtP21gmu2SPlIhDjkmNXJA6aRBOHskzeSVv1pP1Yr1bH5NozprO7JBfsL6+AeGmolE=</latexit><latexit sha1_base64="i5Ug9Lflh7U4ego8WQGnSOXzEq4=">AAACIXicbVDLSgNBEJyN7/iKevQyGIQEJOyKoDkIARE8RjEayS5hdtKbDJl9MNMrhiXf4sVf8eJBxZv4M04eB40WDBRV1fR0+YkUGm3708rNzS8sLi2v5FfX1jc2C1vbNzpOFYcGj2Wsmj7TIEUEDRQooZkoYKEv4dbvn43823tQWsTRNQ4S8ELWjUQgOEMjtQvVq5KLPUBWpqc07yI8oB9k50PqSgiw5YKUpbsDGrQnqVKzXHaV6PbQaxeKdsUeg/4lzpQUyRT1duHD7cQ8DSFCLpnWLcdO0MuYQsElDPNuqiFhvM+60DI0YiFoLxufOKT7RunQIFbmRUjH6s+JjIVaD0LfJEOGPT3rjcT/vFaKwYmXiShJESI+WRSkkmJMR33RjlDAUQ4MYVwJ81fKe0wxjqbVvCnBmT35L2kcVqoV5/KoWKtP21gmu2SPlIhDjkmNXJA6aRBOHskzeSVv1pP1Yr1bH5NozprO7JBfsL6+AeGmolE=</latexit>

R(✓) =
X

x2X

X

y2Y
`(y, f✓(x))P(x, y)

<latexit sha1_base64="/W1NrPs03SA7dQnIAhdpkKnqOmg="></latexit><latexit sha1_base64="/W1NrPs03SA7dQnIAhdpkKnqOmg="></latexit><latexit sha1_base64="/W1NrPs03SA7dQnIAhdpkKnqOmg="></latexit><latexit sha1_base64="/W1NrPs03SA7dQnIAhdpkKnqOmg="></latexit>

Lavg(✓) =
1

n

nX

i=1

`(Yi, f✓(Xi))
<latexit sha1_base64="HOLEsvJYJjcpoptnIkfgiEgjzA8="></latexit><latexit sha1_base64="HOLEsvJYJjcpoptnIkfgiEgjzA8="></latexit><latexit sha1_base64="HOLEsvJYJjcpoptnIkfgiEgjzA8="></latexit><latexit sha1_base64="HOLEsvJYJjcpoptnIkfgiEgjzA8="></latexit>

Average Sample Loss



It is the risk associated with the choice of θ

Ø Given access to the joint probability of X and Y we can 
rewrite the risk as:

R(✓) =
X

x2X

X

y2Y
`(y, f✓(x))P(x, y)

<latexit sha1_base64="/W1NrPs03SA7dQnIAhdpkKnqOmg="></latexit><latexit sha1_base64="/W1NrPs03SA7dQnIAhdpkKnqOmg="></latexit><latexit sha1_base64="/W1NrPs03SA7dQnIAhdpkKnqOmg="></latexit><latexit sha1_base64="/W1NrPs03SA7dQnIAhdpkKnqOmg="></latexit>

Ø A natural objective would be to minimize the risk

✓̂ = argmin
✓

X

x2X

X

y2Y
`(y, f✓(x))P(x, y)

<latexit sha1_base64="a4gdBI0LvkE24Co+95s5CGdxbFA="></latexit><latexit sha1_base64="a4gdBI0LvkE24Co+95s5CGdxbFA="></latexit><latexit sha1_base64="a4gdBI0LvkE24Co+95s5CGdxbFA="></latexit><latexit sha1_base64="a4gdBI0LvkE24Co+95s5CGdxbFA="></latexit>

Ø Unfortunately, we don’t have the joint prob. P(x, y)
<latexit sha1_base64="x6BrkYc9nkTeqfB3Ub+xrKgEIU8=">AAAB+HicbVBNS8NAEN3Ur1q/oh69LBahgpREBPVW8OIxgrGFNpTNdtMu3WzC7qS0hP4TLx5UvPpTvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MOjJ51kijKfJiJRrZBoJrhkPnAQrJUqRuJQsGY4vJv5zRFTmifyESYpC2LSlzzilICRuraNO8DGEEa5N62NLybnXbvq1J058CpxC1JFBbyu/dXpJTSLmQQqiNZt10khyIkCTgWbVjqZZimhQ9JnbUMliZkO8vnlU3xmlB6OEmVKAp6rvydyEms9iUPTGRMY6GVvJv7ntTOIboKcyzQDJuliUZQJDAmexYB7XDEKYmIIoYqbWzEdEEUomLAqJgR3+eVV4l/Wb+vuw1W14RVplNEJOkU15KJr1ED3yEM+omiEntErerNy68V6tz4WrSWrmDlGf2B9/gAiBJLs</latexit><latexit sha1_base64="x6BrkYc9nkTeqfB3Ub+xrKgEIU8=">AAAB+HicbVBNS8NAEN3Ur1q/oh69LBahgpREBPVW8OIxgrGFNpTNdtMu3WzC7qS0hP4TLx5UvPpTvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MOjJ51kijKfJiJRrZBoJrhkPnAQrJUqRuJQsGY4vJv5zRFTmifyESYpC2LSlzzilICRuraNO8DGEEa5N62NLybnXbvq1J058CpxC1JFBbyu/dXpJTSLmQQqiNZt10khyIkCTgWbVjqZZimhQ9JnbUMliZkO8vnlU3xmlB6OEmVKAp6rvydyEms9iUPTGRMY6GVvJv7ntTOIboKcyzQDJuliUZQJDAmexYB7XDEKYmIIoYqbWzEdEEUomLAqJgR3+eVV4l/Wb+vuw1W14RVplNEJOkU15KJr1ED3yEM+omiEntErerNy68V6tz4WrSWrmDlGf2B9/gAiBJLs</latexit><latexit sha1_base64="x6BrkYc9nkTeqfB3Ub+xrKgEIU8=">AAAB+HicbVBNS8NAEN3Ur1q/oh69LBahgpREBPVW8OIxgrGFNpTNdtMu3WzC7qS0hP4TLx5UvPpTvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MOjJ51kijKfJiJRrZBoJrhkPnAQrJUqRuJQsGY4vJv5zRFTmifyESYpC2LSlzzilICRuraNO8DGEEa5N62NLybnXbvq1J058CpxC1JFBbyu/dXpJTSLmQQqiNZt10khyIkCTgWbVjqZZimhQ9JnbUMliZkO8vnlU3xmlB6OEmVKAp6rvydyEms9iUPTGRMY6GVvJv7ntTOIboKcyzQDJuliUZQJDAmexYB7XDEKYmIIoYqbWzEdEEUomLAqJgR3+eVV4l/Wb+vuw1W14RVplNEJOkU15KJr1ED3yEM+omiEntErerNy68V6tz4WrSWrmDlGf2B9/gAiBJLs</latexit><latexit sha1_base64="x6BrkYc9nkTeqfB3Ub+xrKgEIU8=">AAAB+HicbVBNS8NAEN3Ur1q/oh69LBahgpREBPVW8OIxgrGFNpTNdtMu3WzC7qS0hP4TLx5UvPpTvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MOjJ51kijKfJiJRrZBoJrhkPnAQrJUqRuJQsGY4vJv5zRFTmifyESYpC2LSlzzilICRuraNO8DGEEa5N62NLybnXbvq1J058CpxC1JFBbyu/dXpJTSLmQQqiNZt10khyIkCTgWbVjqZZimhQ9JnbUMliZkO8vnlU3xmlB6OEmVKAp6rvydyEms9iUPTGRMY6GVvJv7ntTOIboKcyzQDJuliUZQJDAmexYB7XDEKYmIIoYqbWzEdEEUomLAqJgR3+eVV4l/Wb+vuw1W14RVplNEJOkU15KJr1ED3yEM+omiEntErerNy68V6tz4WrSWrmDlGf2B9/gAiBJLs</latexit>

Ø We can approximate                with our samples.P(x, y)
<latexit sha1_base64="x6BrkYc9nkTeqfB3Ub+xrKgEIU8=">AAAB+HicbVBNS8NAEN3Ur1q/oh69LBahgpREBPVW8OIxgrGFNpTNdtMu3WzC7qS0hP4TLx5UvPpTvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MOjJ51kijKfJiJRrZBoJrhkPnAQrJUqRuJQsGY4vJv5zRFTmifyESYpC2LSlzzilICRuraNO8DGEEa5N62NLybnXbvq1J058CpxC1JFBbyu/dXpJTSLmQQqiNZt10khyIkCTgWbVjqZZimhQ9JnbUMliZkO8vnlU3xmlB6OEmVKAp6rvydyEms9iUPTGRMY6GVvJv7ntTOIboKcyzQDJuliUZQJDAmexYB7XDEKYmIIoYqbWzEdEEUomLAqJgR3+eVV4l/Wb+vuw1W14RVplNEJOkU15KJr1ED3yEM+omiEntErerNy68V6tz4WrSWrmDlGf2B9/gAiBJLs</latexit><latexit sha1_base64="x6BrkYc9nkTeqfB3Ub+xrKgEIU8=">AAAB+HicbVBNS8NAEN3Ur1q/oh69LBahgpREBPVW8OIxgrGFNpTNdtMu3WzC7qS0hP4TLx5UvPpTvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MOjJ51kijKfJiJRrZBoJrhkPnAQrJUqRuJQsGY4vJv5zRFTmifyESYpC2LSlzzilICRuraNO8DGEEa5N62NLybnXbvq1J058CpxC1JFBbyu/dXpJTSLmQQqiNZt10khyIkCTgWbVjqZZimhQ9JnbUMliZkO8vnlU3xmlB6OEmVKAp6rvydyEms9iUPTGRMY6GVvJv7ntTOIboKcyzQDJuliUZQJDAmexYB7XDEKYmIIoYqbWzEdEEUomLAqJgR3+eVV4l/Wb+vuw1W14RVplNEJOkU15KJr1ED3yEM+omiEntErerNy68V6tz4WrSWrmDlGf2B9/gAiBJLs</latexit><latexit sha1_base64="x6BrkYc9nkTeqfB3Ub+xrKgEIU8=">AAAB+HicbVBNS8NAEN3Ur1q/oh69LBahgpREBPVW8OIxgrGFNpTNdtMu3WzC7qS0hP4TLx5UvPpTvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MOjJ51kijKfJiJRrZBoJrhkPnAQrJUqRuJQsGY4vJv5zRFTmifyESYpC2LSlzzilICRuraNO8DGEEa5N62NLybnXbvq1J058CpxC1JFBbyu/dXpJTSLmQQqiNZt10khyIkCTgWbVjqZZimhQ9JnbUMliZkO8vnlU3xmlB6OEmVKAp6rvydyEms9iUPTGRMY6GVvJv7ntTOIboKcyzQDJuliUZQJDAmexYB7XDEKYmIIoYqbWzEdEEUomLAqJgR3+eVV4l/Wb+vuw1W14RVplNEJOkU15KJr1ED3yEM+omiEntErerNy68V6tz4WrSWrmDlGf2B9/gAiBJLs</latexit><latexit sha1_base64="x6BrkYc9nkTeqfB3Ub+xrKgEIU8=">AAAB+HicbVBNS8NAEN3Ur1q/oh69LBahgpREBPVW8OIxgrGFNpTNdtMu3WzC7qS0hP4TLx5UvPpTvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MOjJ51kijKfJiJRrZBoJrhkPnAQrJUqRuJQsGY4vJv5zRFTmifyESYpC2LSlzzilICRuraNO8DGEEa5N62NLybnXbvq1J058CpxC1JFBbyu/dXpJTSLmQQqiNZt10khyIkCTgWbVjqZZimhQ9JnbUMliZkO8vnlU3xmlB6OEmVKAp6rvydyEms9iUPTGRMY6GVvJv7ntTOIboKcyzQDJuliUZQJDAmexYB7XDEKYmIIoYqbWzEdEEUomLAqJgR3+eVV4l/Wb+vuw1W14RVplNEJOkU15KJr1ED3yEM+omiEntErerNy68V6tz4WrSWrmDlGf2B9/gAiBJLs</latexit>



It is the risk associated with the choice of θ

Ø Given access to the joint probability of X and Y we can 
rewrite the risk as:

R(✓) =
X

x2X

X

y2Y
`(y, f✓(x))P(x, y)

<latexit sha1_base64="/W1NrPs03SA7dQnIAhdpkKnqOmg="></latexit><latexit sha1_base64="/W1NrPs03SA7dQnIAhdpkKnqOmg="></latexit><latexit sha1_base64="/W1NrPs03SA7dQnIAhdpkKnqOmg="></latexit><latexit sha1_base64="/W1NrPs03SA7dQnIAhdpkKnqOmg="></latexit>

Ø The empirical risk approximates the true risk

Ø Where the Xi and Yi are drawn from the joint probability
(a random sample)

R(✓) ⇡ R̂(✓) =
nX

i=1

`(Yi, f✓(Xi))
1

n
<latexit sha1_base64="9Gf+uaMp9rVd+/UTegwJKJSjXlg="></latexit><latexit sha1_base64="9Gf+uaMp9rVd+/UTegwJKJSjXlg="></latexit><latexit sha1_base64="9Gf+uaMp9rVd+/UTegwJKJSjXlg="></latexit><latexit sha1_base64="9Gf+uaMp9rVd+/UTegwJKJSjXlg="></latexit>

(Xi, Yi) ⇠ P(x, y)
<latexit sha1_base64="A1gTEoly7KJZhJuxz9PSLKIxxyU=">AAACB3icbVBNS8NAEN34WetX1KMHF4vQQimJCOqt4MVjBWMrbQmb7aZdutmE3Ym0hB69+Fe8eFDx6l/w5r9x+3HQ1gcDj/dmmJkXJIJrcJxva2l5ZXVtPbeR39za3tm19/bvdJwqyjwai1g1AqKZ4JJ5wEGwRqIYiQLB6kH/auzXH5jSPJa3MExYOyJdyUNOCRjJt4+KDZ+X8b3PS7ileYRbwAYQhFltVByUhyXfLjgVZwK8SNwZKaAZar791erENI2YBCqI1k3XSaCdEQWcCjbKt1LNEkL7pMuahkoSMd3OJo+M8IlROjiMlSkJeKL+nshIpPUwCkxnRKCn572x+J/XTCG8aGdcJikwSaeLwlRgiPE4FdzhilEQQ0MIVdzcimmPKELBZJc3IbjzLy8S77RyWXFvzgrV2iyNHDpEx6iIXHSOquga1ZCHKHpEz+gVvVlP1ov1bn1MW5es2cwB+gPr8we61Jgl</latexit><latexit sha1_base64="A1gTEoly7KJZhJuxz9PSLKIxxyU=">AAACB3icbVBNS8NAEN34WetX1KMHF4vQQimJCOqt4MVjBWMrbQmb7aZdutmE3Ym0hB69+Fe8eFDx6l/w5r9x+3HQ1gcDj/dmmJkXJIJrcJxva2l5ZXVtPbeR39za3tm19/bvdJwqyjwai1g1AqKZ4JJ5wEGwRqIYiQLB6kH/auzXH5jSPJa3MExYOyJdyUNOCRjJt4+KDZ+X8b3PS7ileYRbwAYQhFltVByUhyXfLjgVZwK8SNwZKaAZar791erENI2YBCqI1k3XSaCdEQWcCjbKt1LNEkL7pMuahkoSMd3OJo+M8IlROjiMlSkJeKL+nshIpPUwCkxnRKCn572x+J/XTCG8aGdcJikwSaeLwlRgiPE4FdzhilEQQ0MIVdzcimmPKELBZJc3IbjzLy8S77RyWXFvzgrV2iyNHDpEx6iIXHSOquga1ZCHKHpEz+gVvVlP1ov1bn1MW5es2cwB+gPr8we61Jgl</latexit><latexit sha1_base64="A1gTEoly7KJZhJuxz9PSLKIxxyU=">AAACB3icbVBNS8NAEN34WetX1KMHF4vQQimJCOqt4MVjBWMrbQmb7aZdutmE3Ym0hB69+Fe8eFDx6l/w5r9x+3HQ1gcDj/dmmJkXJIJrcJxva2l5ZXVtPbeR39za3tm19/bvdJwqyjwai1g1AqKZ4JJ5wEGwRqIYiQLB6kH/auzXH5jSPJa3MExYOyJdyUNOCRjJt4+KDZ+X8b3PS7ileYRbwAYQhFltVByUhyXfLjgVZwK8SNwZKaAZar791erENI2YBCqI1k3XSaCdEQWcCjbKt1LNEkL7pMuahkoSMd3OJo+M8IlROjiMlSkJeKL+nshIpPUwCkxnRKCn572x+J/XTCG8aGdcJikwSaeLwlRgiPE4FdzhilEQQ0MIVdzcimmPKELBZJc3IbjzLy8S77RyWXFvzgrV2iyNHDpEx6iIXHSOquga1ZCHKHpEz+gVvVlP1ov1bn1MW5es2cwB+gPr8we61Jgl</latexit><latexit sha1_base64="A1gTEoly7KJZhJuxz9PSLKIxxyU=">AAACB3icbVBNS8NAEN34WetX1KMHF4vQQimJCOqt4MVjBWMrbQmb7aZdutmE3Ym0hB69+Fe8eFDx6l/w5r9x+3HQ1gcDj/dmmJkXJIJrcJxva2l5ZXVtPbeR39za3tm19/bvdJwqyjwai1g1AqKZ4JJ5wEGwRqIYiQLB6kH/auzXH5jSPJa3MExYOyJdyUNOCRjJt4+KDZ+X8b3PS7ileYRbwAYQhFltVByUhyXfLjgVZwK8SNwZKaAZar791erENI2YBCqI1k3XSaCdEQWcCjbKt1LNEkL7pMuahkoSMd3OJo+M8IlROjiMlSkJeKL+nshIpPUwCkxnRKCn572x+J/XTCG8aGdcJikwSaeLwlRgiPE4FdzhilEQQ0MIVdzcimmPKELBZJc3IbjzLy8S77RyWXFvzgrV2iyNHDpEx6iIXHSOquga1ZCHKHpEz+gVvVlP1ov1bn1MW5es2cwB+gPr8we61Jgl</latexit>



It is the risk associated with the choice of θ

Ø Given access to the joint probability of X and Y we can 
rewrite the risk as:

R(✓) =
X

x2X

X

y2Y
`(y, f✓(x))P(x, y)

<latexit sha1_base64="/W1NrPs03SA7dQnIAhdpkKnqOmg="></latexit><latexit sha1_base64="/W1NrPs03SA7dQnIAhdpkKnqOmg="></latexit><latexit sha1_base64="/W1NrPs03SA7dQnIAhdpkKnqOmg="></latexit><latexit sha1_base64="/W1NrPs03SA7dQnIAhdpkKnqOmg="></latexit>

Lavg(✓) =
1

n

nX

i=1

`(Yi, f✓(Xi))
<latexit sha1_base64="HOLEsvJYJjcpoptnIkfgiEgjzA8="></latexit><latexit sha1_base64="HOLEsvJYJjcpoptnIkfgiEgjzA8="></latexit><latexit sha1_base64="HOLEsvJYJjcpoptnIkfgiEgjzA8="></latexit><latexit sha1_base64="HOLEsvJYJjcpoptnIkfgiEgjzA8="></latexit>

Ø The empirical risk approximates the true risk

Ø This is just the average loss from before:

R(✓) ⇡ R̂(✓) =
nX

i=1

`(Yi, f✓(Xi))
1

n
<latexit sha1_base64="9Gf+uaMp9rVd+/UTegwJKJSjXlg="></latexit><latexit sha1_base64="9Gf+uaMp9rVd+/UTegwJKJSjXlg="></latexit><latexit sha1_base64="9Gf+uaMp9rVd+/UTegwJKJSjXlg="></latexit><latexit sha1_base64="9Gf+uaMp9rVd+/UTegwJKJSjXlg="></latexit>

(Xi, Yi) ⇠ P(x, y)
<latexit sha1_base64="A1gTEoly7KJZhJuxz9PSLKIxxyU=">AAACB3icbVBNS8NAEN34WetX1KMHF4vQQimJCOqt4MVjBWMrbQmb7aZdutmE3Ym0hB69+Fe8eFDx6l/w5r9x+3HQ1gcDj/dmmJkXJIJrcJxva2l5ZXVtPbeR39za3tm19/bvdJwqyjwai1g1AqKZ4JJ5wEGwRqIYiQLB6kH/auzXH5jSPJa3MExYOyJdyUNOCRjJt4+KDZ+X8b3PS7ileYRbwAYQhFltVByUhyXfLjgVZwK8SNwZKaAZar791erENI2YBCqI1k3XSaCdEQWcCjbKt1LNEkL7pMuahkoSMd3OJo+M8IlROjiMlSkJeKL+nshIpPUwCkxnRKCn572x+J/XTCG8aGdcJikwSaeLwlRgiPE4FdzhilEQQ0MIVdzcimmPKELBZJc3IbjzLy8S77RyWXFvzgrV2iyNHDpEx6iIXHSOquga1ZCHKHpEz+gVvVlP1ov1bn1MW5es2cwB+gPr8we61Jgl</latexit><latexit sha1_base64="A1gTEoly7KJZhJuxz9PSLKIxxyU=">AAACB3icbVBNS8NAEN34WetX1KMHF4vQQimJCOqt4MVjBWMrbQmb7aZdutmE3Ym0hB69+Fe8eFDx6l/w5r9x+3HQ1gcDj/dmmJkXJIJrcJxva2l5ZXVtPbeR39za3tm19/bvdJwqyjwai1g1AqKZ4JJ5wEGwRqIYiQLB6kH/auzXH5jSPJa3MExYOyJdyUNOCRjJt4+KDZ+X8b3PS7ileYRbwAYQhFltVByUhyXfLjgVZwK8SNwZKaAZar791erENI2YBCqI1k3XSaCdEQWcCjbKt1LNEkL7pMuahkoSMd3OJo+M8IlROjiMlSkJeKL+nshIpPUwCkxnRKCn572x+J/XTCG8aGdcJikwSaeLwlRgiPE4FdzhilEQQ0MIVdzcimmPKELBZJc3IbjzLy8S77RyWXFvzgrV2iyNHDpEx6iIXHSOquga1ZCHKHpEz+gVvVlP1ov1bn1MW5es2cwB+gPr8we61Jgl</latexit><latexit sha1_base64="A1gTEoly7KJZhJuxz9PSLKIxxyU=">AAACB3icbVBNS8NAEN34WetX1KMHF4vQQimJCOqt4MVjBWMrbQmb7aZdutmE3Ym0hB69+Fe8eFDx6l/w5r9x+3HQ1gcDj/dmmJkXJIJrcJxva2l5ZXVtPbeR39za3tm19/bvdJwqyjwai1g1AqKZ4JJ5wEGwRqIYiQLB6kH/auzXH5jSPJa3MExYOyJdyUNOCRjJt4+KDZ+X8b3PS7ileYRbwAYQhFltVByUhyXfLjgVZwK8SNwZKaAZar791erENI2YBCqI1k3XSaCdEQWcCjbKt1LNEkL7pMuahkoSMd3OJo+M8IlROjiMlSkJeKL+nshIpPUwCkxnRKCn572x+J/XTCG8aGdcJikwSaeLwlRgiPE4FdzhilEQQ0MIVdzcimmPKELBZJc3IbjzLy8S77RyWXFvzgrV2iyNHDpEx6iIXHSOquga1ZCHKHpEz+gVvVlP1ov1bn1MW5es2cwB+gPr8we61Jgl</latexit><latexit sha1_base64="A1gTEoly7KJZhJuxz9PSLKIxxyU=">AAACB3icbVBNS8NAEN34WetX1KMHF4vQQimJCOqt4MVjBWMrbQmb7aZdutmE3Ym0hB69+Fe8eFDx6l/w5r9x+3HQ1gcDj/dmmJkXJIJrcJxva2l5ZXVtPbeR39za3tm19/bvdJwqyjwai1g1AqKZ4JJ5wEGwRqIYiQLB6kH/auzXH5jSPJa3MExYOyJdyUNOCRjJt4+KDZ+X8b3PS7ileYRbwAYQhFltVByUhyXfLjgVZwK8SNwZKaAZar791erENI2YBCqI1k3XSaCdEQWcCjbKt1LNEkL7pMuahkoSMd3OJo+M8IlROjiMlSkJeKL+nshIpPUwCkxnRKCn572x+J/XTCG8aGdcJikwSaeLwlRgiPE4FdzhilEQQ0MIVdzcimmPKELBZJc3IbjzLy8S77RyWXFvzgrV2iyNHDpEx6iIXHSOquga1ZCHKHpEz+gVvVlP1ov1bn1MW5es2cwB+gPr8we61Jgl</latexit>

Assuming:



Summary

Ø Today we reviewed
Ø Joint Probability Distributions
Ø Expectation
Ø Variance
Ø Covariance

Ø Studied Properties of the Sample Mean
Ø Unbiased
Ø Law of large numbers: convergence to the population mean
Ø Central Limit Theorem: Distribution

Ø Connected the Average Loss to the Empirical Risk


