CHAPTER 12: DECISION ANALYSIS








BASICS OF DECISION ANALYSIS





INDEPENDENT OF PROBABILITIES








DEPENDENT ON PROBABILITIES











STATE OF NATURE: AN ACTUAL EVENT THAT MAY OCCUR IN THE FUTURE








PAYOFF TABLE: A WAY OF ORGANIZING A DECISION SITUATION INCLUDING PAYOFFS FROM DIFFERENT DECISIONS GIVEN THE VARIOUS STATES OF NATURE





�
I)  INDEPENDENT OF PROBABILITIES








MAXIMAX CRITERION (OPTIMISTIC APPROACH)





	Choose the decision that maximizes the maximum payoff








B) 	MAXIMIN CRITERION (CONSERVATIVE APPROACH)





	Choose the decision that maximizes the minimum payoff








C) 	MINIMAX REGRET CRITERION





	Choose the decision that minimizes the maximum regret, where regret is the difference between the payoff from the best decision and all other decisions








D)	HURWICZ CRITERION





Multiplies the best payoff by ?, the coefficient of optimism, and the worst payoff by (1-?), for each decision and the best decision with the highest value is selected








E)  equal likelihood (LaPlace) CRITERION





Multiplies the payoff for each state of nature of a decision by an equal weight





�
EXAMPLE: DECISION ON CAPACITY


Suppose you have just introduced a new product and have to decide on whether to manufacture the product.  If you decide to manufacture, you can choose between a small machine or a large machine.  The payoffs (in $1,000’s) for each alternative are given below.


Payoff Table


�
       States�
         of    �
Nature�
�
Decision�
High Sales �
Medium Sales�
Low Sales�
�
Do Nothing�
        0�
          0�
        0�
�
Small machine�
     -400�
       100�
       500�
�
Big Machine�
     1000�
      -100�
     -2000�
�



1.	a) What is the best decision and the associated payoff under the maximax   


criterion?








b) What is the best decision and the associated payoff under the maximin 


criterion?








 	c) What is the best decision and the associated payoff under the minimax 


criterion? 





Regret Table


Decision�
High Sales �
Medium Sales�
Low Sales�
�
Do Nothing�
�
�
�
�
Small machine�
�
       �
�
�
Big Machine�
�
      �
�
�



d) 	Assume ? = 0.3, where 0 < ? < 1  is the coefficient of optimism.


What is the best decision under Hurwicz’s criterion?

















e) What is the best decision under equal likelihood (LaPlace) criterion?�
II)  DEPENDENT ON PROBABILITIES








A) EXPECTED MONETARY VALUE (EMV)





Computed by multiplying each decision outcome under each state of nature by the probability of occurrence











B) EXPECTED OPPORTUNITY LOSS (EOL) 


or EXPECTED REGRET 





Computed by multiplying the probabilities by the regret value for each outcome











C) EXPECTED VALUE given PERFECT INFORMATION (EVgPI) 	OR EXPECTED PAYOFF UNDER CERTAINTY (EPUC)





Expected value if we know which state of nature is going to occur.


Obtained by multiplying the probability of the state of nature with the corresponding value of the highest payoff











D) EXPECTED VALUE OF PERFECT INFORMATION (EVPI)





The maximum amount a decision maker would pay for 


additional information


Equals the EVgPI – EV without PI


EVPI = Minimum EOL (i.e., EOL of the best decision)








�
Now consider the machine capacity problem with the following probabilities:


Payoff Table


�
       States�
         of    �
Nature�
�
�
Decision�
High Sales �
Medium Sales�
Low Sales�
EMV�
�
Do Nothing�
        0�
          0�
        0�
 �
�
Small mach.�
     -400�
       100�
       500�
 �
�
Big Machine�
     1000�
      -100�
     -2000�
 �
�
Probability�
      0.3�
       0.5�
      0.2�
�
�



2.  a) What is the best alternative and its associated expected monetary value 


	(EMV) under the EMV criterion?




















 	b) What is the expected opportunity loss if the alternative using the 


		EMV criterion is used?


Regret  Table/Opportunity Loss Table


Decision�
 High Sales �
Medium Sales�
Low Sales�
EOL�
�
Do Nothing�
   1000�
      100�
   500�
�
�
Small mach.�
   1400�
        0�
     0�
�
�
Big Machine�
       0�
      200�
  2500�
�
�
Probability�
      0.3�
       0.5�
      0.2�
�
�









 	c) What is the expected value given perfect information (EVgPI)?














d) What is the expected value of perfect information (EVPI)?








�



	Continued from Q1: Decision Analysis with Sample Information





2.	Now suppose a market analyst offers to conduct a survey to determine which state of nature might occur for the machine capacity decision.  The analyst indicates that the survey will be 80% accurate for high and low sales while there is a 10% chance of it indicating each of the other two states.  For example, if high sales will occur, then there is an 80% chance of the survey indicating this and there is a 10% chance of the survey indicating either medium or low sales. The survey will be 70% accurate for medium sales while there is a 15% chance of it indicating each of the other two states.





	What are the marginal  and posterior probabilities?


�
Define:	H, M, L = actual state is high sales, low sales, and 


                 medium sales, respectively.


�EMBED Equation.3���,�EMBED Equation.3���,�EMBED Equation.3��� = survey says state is high sales, low sales, and medium sales, respectively.





     P{H} = 0.3		     P{M} = 0.5		    P{L} = 0.2


P{�EMBED Equation.3���| H} = 		P{�EMBED Equation.3���| M} =			P{�EMBED Equation.3���| L} =


P{�EMBED Equation.3���| H} =			P{�EMBED Equation.3���| M} =		P{�EMBED Equation.3���| L} =


P{�EMBED Equation.3���| H} =		         P{�EMBED Equation.3���| M} =		 	P{�EMBED Equation.3���| L} =





�


  Recall:  P{A and B} = P{A} P{B | A}





P{�EMBED Equation.3���and H}=	    P{�EMBED Equation.3���and M}=		P{�EMBED Equation.3���and L}=		P{�EMBED Equation.3���}=


P{�EMBED Equation.3���and H}=	    P{�EMBED Equation.3���and M}=		P{�EMBED Equation.3���and L}=		P{�EMBED Equation.3���}=


P{�EMBED Equation.3���and H}=	    P{�EMBED Equation.3��� and M}=		P{�EMBED Equation.3��� and L}=		P{�EMBED Equation.3���}=





�


  P{B} = P{A1}P{B | A1} + P{A2}P{B | A2} + P{A3}P{B | A3}   


            = P{A1 and B} + P{A2 and B} + P{A3 and B}


            = P{B}








�


  Recall:  P{A | B} = �EMBED Equation.3���











P{H|�EMBED Equation.3���} = 		P{M|�EMBED Equation.3���} =		P{L|�EMBED Equation.3���} =


P{H|�EMBED Equation.3���} =		P{M|�EMBED Equation.3���} =		P{L|�EMBED Equation.3���} =


P{H|�EMBED Equation.3���} =		P{M|�EMBED Equation.3���} =		P{L|�EMBED Equation.3���} =


�
Probabilities in Tabular Form





Prior Prob.�
0.3�
0.5�
0.2�
�
�
H�
M�
L�
�
�EMBED Equation.3����
0.8�
   0.15�
0.1�
�
�EMBED Equation.3����
0.1�
   0.7�
0.1�
�
�EMBED Equation.3����
0.1�
   0.15�
0.8�
�












�
H�
M�
L�
�
�
�EMBED Equation.3����
0.24�
  0.075�
0.02�
0.335�
�
�EMBED Equation.3����
0.03�
  0.35�
0.02�
0.400�
�
�EMBED Equation.3����
0.03�
  0.075�
0.16�
0.265�
�












�
H�
M�
L�
�
�EMBED Equation.3����
0.716�
0.224�
0.060�
�
�EMBED Equation.3����
0.075�
0.875�
0.050�
�
�EMBED Equation.3����
0.113�
0.283�
0.604�
�


















3.	Use the information in #1 and #2.  Also, suppose that if you survey, then either “Big Machine” or “Small Machine” must be chosen.  Draw a decision tree for the problem.  Completely label each branch of the tree with the cash flow, action or outcome, and probabilities where appropriate.  Show terminal payoffs for each scenario.


�
��
 4.  Use the information from #1, #2, and #3.





	a) Recommend the actions to be taken.  You may show the results 			on the decision tree.




















	b) What is the value of sample information,� EQ \o(^, S1)  �?























	c) What is the expected value of sample information ?























	d) If the survey costs $100, what is the expected net gain from ampling ?





�
�


Now, using the additional information, evaluate the decision alternatives of Jane and John.


�
Homework


1. The following table gives the payoff or profit to an investor for each 	investment decision - economic state combination.





					State of the Economy





				   S� EQ \s\do5(1) �			   S� EQ \s\do5(2) �			   S� EQ \s\do5(3) �


Investment			Severe		Mild	       	       Prosperity


Decision			Recession		Recession





D� EQ \s\do5(1) �: Security 1		   60			   60			   60


D� EQ \s\do5(2) �: Security 2		   20			    0			   85


D� EQ \s\do5(3) �: Security 3		   40			   30			   70








a) What is the best decision using the maximax criterion ?














b) What is the best decision using the maximin criterion ?














c) What is the best decision using the minimax criterion ?














d) 	Assume ? = 0.4, where 0 < ? < 1  is the coefficient of optimism.


What is the best decision under Hurwicz’s criterion?














e) What is the best decision under equal likelihood (LaPlace) criterion?�
(Continued from Question 1)





Suppose the investor subjectively estimates the probabilities of each state occurring as follows: severe recession, 0.30; mild recession, 0.30; 


prosperity, 0.40.  Furthermore, the investor uses EMV criterion.





					State of the Economy


				   S� EQ \s\do5(1) �			   S� EQ \s\do5(2) �			   S� EQ \s\do5(3) �


Investment			 Severe		  Mild	      		Prosperity


Decision			Recession		Recession


D� EQ \s\do5(1) �: Security 1		   60			   60			   60


D� EQ \s\do5(2) �: Security 2		   20			    0			   85


D� EQ \s\do5(3) �: Security 3		   40			   30			   70





2.	a) What is the expected regret for D� EQ \s\do5(1)  �?














b) What is the expected value given perfect information?














c) What is the expected value of perfect information?














Now assume that the payoff table provides the cost rather than the profit.


d) What are the recommended decisions using the optimistic, conservative, and minimax regret approach ?














e) What is the expected value of perfect information?


�
2. 	A small firm has developed a new machine to manufacture printed circuit boards.  The machine is a considerable improvement over the machines currently on the market.  If management decides to manufacture this new machine, it is almost certain that larger firms in the industry will copy the design and take the majority of the market through market competition.  Therefore, managment feels that the decision of whether or not to manufacture depends closely on the expected profit in the first year of production.  The costs of setting up the production lines and marketing the new machines are estimated to be $50,000.  The variable cost is $10,000 per machine, and the firm believes that the machines can sell for $15,000.  To simplify the problem, let us assume that the market will be either 5 or 15 machines.  If the market demand is 5 machines, then the firm will only produce 5 machines to satisfy the demand (as the machines are made to order).  Management believes that there is a 60% chance of 15 machines being sold the first year.  A market research survey of potential buyers can be conducted at a cost of $10,000.  In the past, market research has predicted the demand as shown below: 





			     Survey   Prediction


Demand		5 machines	15 machines





5 machines		     0.9	 	      0.1


15 machines 	     0.2	 	      0.8





Draw a decision tree for the problem.  Completely label each branch of the tree with the cash flow, action or outcome, and probabilities where appropriate.  Show the terminal payoffs for each scenario.  Answer the following questions:





a) Recommend the actions to be taken.  


    You may show the results on the decision tree.








b) What is the value of survey prediction that the demand is 15 machines?








c) What is the expected value of the survey information?








d) What is the expected net gain from the survey?


 


�





�





�





�
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