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[bookmark: _Toc423518092]Tree diagrams for decision making 
When we draw a decision tree, we use a square to show a point where we make a decision. We use a circle to show something happening by chance. =chance occurrence
=decision




[bookmark: _Toc423518093]Example 1: 
GPC Company wants to produce a new kind of shoe. The company has to decide whether to build a large factory or a small factory to produce this shoe. However, the market conditions can be good or bad. Of course, the company can also decide not to produce the new shoe and not build the factory at all. 
The decision tree for this problem would look like this: 
Large
Small
Not build 
Favorable
Favorable
Unfavorable
Unfavorable








The manager of GPC Company has calculated that a large factor under favorable market conditions will give the company profits of $200,000, the large factory under unfavorable market conditions will give a loss of $180,000. A small factory under favorable conditions generates $100,000 and unfavorable conditions a loss of only $20,000. 
We can put this in a table: 
	Alternatives
	Favorable Market
	Unfavorable Market

	Large Factory
	$200,000
	-$180,000

	Small Factory
	$100,000
	-$20,000

	Do nothing
	$0
	$0



With this information we can use 3 methods to decide what we want to do. 
[bookmark: _Toc423518094]MAXMAX: We choose the alternative which offers the maximum benefit (profit) in the optimistic (best case) scenario. So we maximize the maximum profit we can get. 
[bookmark: _Toc423518095]MAXMIN: We choose the alternative which offers the maximum benefit in the pessimistic (worst case) scenario. So we maximize the minimum profit we can get. 
[bookmark: _Toc423518096]Equally likely: Using this method, we assume that each chance occurrence is equally likely (same change of happening). We then choose the alternative with the maximum average profit. 
So to decide on the GPC problem, we can create a table that shows what alternative would be best under each strategy. 
	Alternatives
	Favorable Market
	Unfavorable Market
	MAXMAX
	MAXMIN
	Equally likely

	Large Factory
	$200,000
	-$180,000
	$200,000
	-$180,000
	(200,000-180,000)/2= $10,000

	Small Factory
	$100,000
	-$20,000
	$100,000
	-@20,000
	(100,000-20,000)/2= $40,000

	Do nothing
	$0
	$0
	$0
	$0
	(0+0)/2=$0



Under the MAXMAX strategy, the large factory is best. 
Under the MAXMIN strategy, the do nothing option is best. 
Under the Equally Likely strategy, the small factory is best. 
[bookmark: _Toc423518097]Question 1: 
You are the manager of a supermarket and you want to decide how many cases of beer to stock (inventory). You can choose to stock 5 cases, 6 cases or 7 cases. 
The demand for beer can be 5 cases, 6 cases or 7 cases. 
Draw the decision tree for this problem. 



[bookmark: _Toc423518098]Decision Making Under Risk
If we know probabilities of each of the chance occurrences, we can use the Expected Monetary Value method to make our decision. 
If we know the chance of each occurrence and we know the benefit of each occurrence, we can calculate the benefit we can expect. This is called the Expected Monetary Value (EMV). We do this by multiplying the probability of each occurrence and its benefit and adding them for all possible occurrences. 
For example: 
If we add the following information to the GPC problem , we can  make our decision based on the EMV of each alternative. 
The probability of a favorable market is 0.6 and unfavorable market 0.4. 
	Alternatives
	Favorable Market
	Unfavorable Market
	EMV

	Large Factory
	$200,000
	-$180,000
	(200,000*.6)+
(-180,000*.4)= $48,000

	Small Factory
	$100,000
	-$20,000
	(100,000*.6)+(-20,000*.4)= $68,000

	Do nothing
	$0
	$0
	(0*.6)+(0*.4)= $0


 
So, using the EMV method, the Small Factory is the best option. In other words, if we build the small factory we can expect the highest profits. 

[bookmark: _Toc423518099]Question 2:
You want to open a fashion shop near the university. You need to decide whether you want to open a luxury shop, discount shop or nothing at all. The market can be good, average or bad. The probability of a good market is .2, .5 and .3 respectively. 
Your accountant created the following table with profits:
	Alternative
	Good market
	Average market
	Bad market

	Luxury shop 
	75,000
	25,000
	-40,000

	Discount shop 
	100,000 
	35,000
	-60,000

	No shop
	0
	0
	0

	Probability
	.2
	.5
	.3


 
Which alternative would offer you the highest Expected Monetary Value?
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
[bookmark: _Toc423518100]Value of Information
If you have to make a decision under risk (probability), you can try to find out what will in fact happen. This way, you can be 100% sure of the occurrence. This security is called perfect information. Perfect information has a value which you can calculate. You subtract the EMV from the Expected Value with Perfect Information (EVWPI). The answer will be the value of the perfect information. 
[bookmark: _Toc423518101]Example 2:
If we use the information from Question 2 and we can pay a research company to find out if the market is going to be good, bad, or average, how much money should we be willing to spend to get this perfect information? 
If we know what kind of market we will have, the expected value with perfect information (EVWPI) is (100,000*.2)+(35,000*.5)+(0*.3)=20,000+17,500+0=$37,500. 
The expected value without perfect information is $19,500. 
So, the value of this perfect information is 37,500-19,500=$18,000

[bookmark: _Toc423518102]Question 3:
WH is considering producing a new product. To produce this product WH can create an assembly line or it can build a new factory. There is a 0.4 chance that the competition (XQ) will also introduce a new product. If WH decides to create an assembly line and XQ introduces a new product, profits will be $10,000 if XQ does not, profits are $40,000. If WH builds a new plant and XQ introduces a new product, profits will be -$100,000 and if it does not $600,000. 
a) What is the EMV for each alternative?
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

b) What is the expected value of perfect information?
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

[bookmark: _Toc423518103]Complex Decision Trees
When you have to make a sequence of decisions (more than one after each other), a decision tree is very useful. 
The way we construct a complex decision tree with sequential decisions is by drawing a decision tree inside a decision tree. 
[bookmark: _Toc423518104]Example 3: 
Look at the information in Question 1 again, we add another decision:  After opening the shop you can decide to run an advertising campaign. If the campaign is successful (chance is .3) you generate an additional 60,000 in profits. If the advertising campaign is a failure (.7 probability), you lose $20,000. 
Now we can draw the decision tree for the two decisions:



If you place the advertising decision at the end, your decision tree will look like this:
Luxury
Discount
No Shop
Good
Average
Bad
Ad 
No Ad 
Success
Fail
Success
Fail
vvv
Success
Fail
Success
Fail
Success
Fail
Success
Fail
Success
Fail
Success
Fail
Success
Fail
Success
Fail
Success
Fail
Success
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No Ad 
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If you place it at the beginning it will look like this:Luxury
Discount
No Shop
Good
Average
Bad
Luxury
Discount
No Shop
Good
Average
Bad
Good
Good
Average
Average
Bad
Bad
Luxury
Discount
No Shop
Good
Average
Bad
Good
Average
Bad
No ad[image: ]
Ad[image: ]
Success[image: ]
Failure[image: ]






You see that sequential decisions quickly make the decisions more complicated. But by working backward, you can always come to the best decision. 
Question 4: 
A shop has the following payoff table:
	
	Demand

	
	Low
	High

	Alternative 1
	$10,000
	$30,000

	Alternative 2
	$5,000
	$40,000

	Alternative 3
	-$2,000
	$50,000



The probability of low demand is 0.4 and high demand 0.6.
a) What is the highest possible monetary value?
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
b) What is the expected monetary value of each alternative?
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
c) What is the expected value with perfect information?
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
d) What is the expected value of perfect information?
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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