Solutions to Additional Tutorial 1 Questions

Question 1

Setting up a tree 

This is a two-stage process:

1. Is the customer in the “risky” category or the “good credit” category? 
2. Is the account overdue? 

We can model this using a tree diagram which branches twice; once for each stage.

	
	Stage 1
	Stage 2
	Outcome

	Start
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	Customer is in the “good credit” category and the account is overdue.

	
	
	Customer is in the “good credit” category and the account is not overdue.

	
	
	Customer is in the “risky” category and the account is overdue.

	
	
	Customer is in the “risky” category and the account is not overdue.


	Key:
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	Customer is in the “good credit” category
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	Customer is in the “risky” category
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	Account is overdue
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	Account is not overdue


Q What are the probabilities of each outcome? 
A Since 75% of customers are classified as “good credit”, the probability of a customer being in this category is 0.75, and the probability that a customer will be in the “risky” category is therefore 0.25. These probabilities can be added to Stage 1 of the tree: 

	
	Stage 1
	Stage 2
	Outcome

	Start
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	Customer is in the “good credit” category and the account is overdue.

	
	
	Customer is in the “good credit” category and the account is not overdue.

	
	
	Customer is in the “risky” category and the account is overdue.

	
	
	Customer is in the “risky” category and the account is not overdue.


Note that the sum of the probabilities leaving the start node is 1.

Now for Stage 2. 

We are told that, if a customer is in the “good” category  (putting us at the "G" node),

then their accounts go overdue 10% of the time on average.

This allows us to fill in the branches on the upper right. 

On the other hand, if we are at the "R" node (customers in the “risky” category) then the probability of their accounts being overdue is 0.5 (50%). This allows us to fill in the remaining branches: 

	
	Stage 1
	Stage 2
	Outcome

	Start
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	Customer is in the “good credit” category and the account is overdue.

	
	
	Customer is in the “good credit” category and the account is not overdue.

	
	
	Customer is in the “risky” category and the account is overdue.

	
	
	Customer is in the “risky” category and the account is not overdue.


Again, notice that the sum of the probabilities on the arrows leaving each node is 1.

Finally, to obtain the probabilities for a specific outcome, we mutliply all the probabilities along the path leading to that outcome
Example The first outcome is: "Customer is in the “good” category and their account is overdue".  Its probability is given by (0.75)(0.1) = 0.075.

Here is the completed tree diagram: 

	
	Stage 1
	Stage 2
	Outcome
	Probability

	Start
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	Customer is in the “good credit” category and the account is overdue.
	0.075

	
	
	Customer is in the “good credit” category and the account is not overdue.
	0.675

	
	
	Customer is in the “risky” category and the account is overdue.
	0.125

	
	
	Customer is in the “risky” category and the account is not overdue.
	0.125

	
	
	
	Sum:
	1.0


What percentage of customers are in the

“good credit” category? P(G) 

75%

 “risky” category?          P(R)

25%

What is the probability that the account is 

overdue given that the customer is in the “good credit” category? 
   P(O | G)     
0.1

overdue given that the customer is in the “risky” category?      
   P(O | R)
0.5

not overdue given that the customer is in the “good credit” category? P(C | G)
0.9

not overdue given that the customer is in the “risky?


   P(C | R)
0.5
What percentage of customers are both in the“risky” category and 

have overdue accounts?

P(R ∩ O) = (0.25)(0.5) = 0.125 = 12.5%

whose accounts are not overdue? 
P(R ∩ C) = (0.25)(0.5) = 0.125 = 12.5%

What percentage of customers are both in the “good credit” category and 

have overdue accounts?      
  
P(G ∩ O) = (0.75)(0.1) = 0.075 = 7.5%

whose accounts are not overdue? 
P(G ∩ C) = (0.75)(0.9) = 0.675 = 67.5%

What is the percentage of customers with overdue accounts?

Customers in “risky” category and have overdue accounts or customers in “good credit” category and have overdue accounts.

P(O) = P(R ∩ O) U P(G ∩ O) = (0.25)(0.5) + (0.75)(0.1) = 0.125 +   0.075 = .2 = 20%

What is the percentage of customers whose accounts are not overdue?

Customers in “risky” category and whose accounts are not overdue or customers in 

“good credit” category and whose accounts are not overdue.

P(R ∩ C) U P(G ∩ C) = (0.25)(0.5) + (0.75)(0.9) = 0.125  + 0.675 = .8 = 80%

What is the percentage of overdue accounts held by customers in the “risky” category?

P(R | O) = P(R ∩ O) / P(O) = P(R ∩ O) / P(R ∩ O) U P(G ∩ O) =  0.125  / 0.2 = .625 = 62.5%

Question 2

In a sample space events A and B have probabilities 

P(A) = .4

P(B) = .6

P(A ∩ B) = .2

Are A and B mutually exclusive?

Are A and B independent?

Calculate P(Ā ∩ B).

Calculate P(A U B).

If A and B are mutually exclusive, then P(A ∩ B) = 0.  Since this is not the case here P(A ∩ B) = .2, A and B are not mutually exclusive.

If A and B independent then 

P(A ∩ B) = P(A)P(B) 

Since P(A)P(B) = (.4)(.6) = .24 is not equal to  P(A ∩ B)  which is  .2

So A and B are not independent.

If A and B independent then 

P(B|A) = P(B)

P(B|A) = P(A ∩ B)  = .2 = .5 

But P(B) = .6


        P(A)
.4

So A and B are not independent.

If A and B independent then P(A|B) = P(A)

P(A|B) = P(A ∩ B)  = .2 = .33 
But P(A) = .4


        P(B)
.6

So A and B are not independent.

P(Ā ∩ B) = P(B) – P(A ∩ B) = .6 - .2 = .4 
P(A U B) = P(A) + P(B) – P(A ∩ B) = .4 + .6 - .2 = .8
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