
DECISION MAKING UNDER UNCERTAINTY

The Problem of Decision Making Under Uncertainty: The problem of decision making under uncertainty is to choose an action (or decision) among many different available actions which gives (possibly) maximum expected profit or maximum expected revenue or minimum expected losses or minimum expected costs as the case may be, under uncertain situations.

i. Suppose, we have some information with which we can associate certain Monetary Value (to be denoted by MV and measured in terms of dollars)) or Utility (to be measured in terms of Utiles).

ii. There may be some uncertainty involved with this information. We associate probabilities with this uncertainty.


We can always find the Expected Value of the MV and call it Expected Monetary Value Under Uncertainty or Expected Pay-off Under Baye’s Criterion. Denote it by EMV.

EXPERIMENT: To increase (or IMPROVE) the expected pay-off we obtain ADDITIONAL INFORMATION (Under Uncertain Conditions). To do so we may have to conduct some sort of Experiment (Sample Survey or Hire Some Expert). The question then arises:

Q. Should we or should we not conduct the Experiment?

Answer: If the expenses on the experiment are more than the increase in the expected pay-off then we do not conduct the experiment otherwise we conduct it. 

We shall now explain the concepts involved through by considering the following ‘NEW PRODUCT’ Example. 

NEW PRODUCT Example. A firm is considering a final “GO” decision on a new product. If the product is introduced and it is successful, the profit is $500,000 and if it is unsuccessful the loss is $300,000. There  is no profit or loss if the   product is not introduced. The management believes that there is a 0.20 probability (the odds are 2 to 8) that the product will be successful.

i. Based on the above information and under a variety of other criteria (like maxmin, minmax etc), should the firm introduce the product?

ii. A consulting firm specializing in new product introduction has offered its services to firm. Its betting average in similar situations is as follows.


(i)     When advice was given (either by client firm or by others in the market place) on products that later proved to be successful, then firm gave “GO” advice eight times out of ten.


(ii)    When advice was given (either by client firm or by others in the market place) on products that later proved  to be unsuccessful, then firm gave “STOP” advice fifteen times out of twenty.

The Firm charges $5,000 as consulting fee to give advice. Should the firm be hired in order to maximize the expected profit?

PAY-OFF TABLE-1

	EVENTS OR STATES OF NATURE

	ACTIONS                    Successful                           Unsuccessful

	 GO                                   $500                                  -300        

	STOP                                $0                                          0     

	Prior Probs.                        .2                                         .8 


DIFFERENT DECISION MAKING CRITERIA without using Probability (6 in all)
1. Maxi-max Criterion  (Optimistic View): In the maximax criterion the decision maker selects the decision that will result in the maximum of maximum payoffs; an optimistic criterion.

i. 

For each action choose max. profit.

ii. 

Choose the action which has the max. of these max. profits.

PAY-OFF TABLE-2

	EVENTS OR STATES OF NATURE

	ACTIONS                    Successful                       Unsuccessful                              MV

	 GO                             $500                                       -300                                    $500   (

	 STOP                         $0                                              0                                      $   0  

	Answer: Max-max Action = Go, Optimal Profit = $500,000


For Go Max payoff is  $500
For Stop max payoff is $0

Maximum of these above mentioned maximum values is $500 so choice is GO decision

2.   Min-max Criterion (Pessimists View): Always expecting the worst, the decision maker’s judgement work as follows:

i.                     For each action choose min. profit.

ii.                     Choose the action which has the max. of these min. profits.

PAY-OFF TABLE-3

	EVENTS OR STATES OF NATURE

	ACTIONS                    Successful                       Unsuccessful                             MV

	 GO                              $500                                    -300                                     $500

	STOP                           $0                                             0                                     $   0  (

	Answer: Max-max Action = Stop, Optimal Profit = $0


For Go Max payoff is  $500

For Stop max payoff is $0

Minimum of these above mentioned maximum values is $0 so choice is Stop decision

3.  Maxi-min Criterion (Optimistic View): In the maximin criterion the decision maker selects the decision that will reflect the maximum of the minimum payoffs; a pessimistic criterion.

i. For each action choose min. profit.

ii. Choose the action which has the max. of these min .profits.

PAY-OFF TABLE-4

	EVENTS OR STATES OF NATURE

	ACTIONS                 Successful                       Unsuccessful                            MV

	 GO                              $500                               -300                                     $-300

	STOP                           $0                                       0                                      $   0  (

	Answer: Max-min Action = Stop, Optimal Profit = $0


For Go Min payoff is  - $300

For Stop min payoff is $0

Maximum of these above mentioned maximum values is $0 so choice is Stop decision

4) Mini Max regret criterion:  Regret is the difference between the payoff from the best decision and all other decision payoffs.

The decision maker attempts to avoid regret by selecting the decision alternative that minimizes the maximum regret.

Payoff table 5
	EVENTS OR STATES OF NATURE

	ACTIONS                    Successful                           Unsuccessful

	 GO                                   $500                                  -300        

	STOP                                $0                                          0     


Regret table

	EVENTS OR STATES OF NATURE

	ACTIONS                    Successful                           Unsuccessful

	 GO                                   $500- $500 =0                      $0 -  -300  = $300      

	STOP                             $500 -  $0 = $500                    $0 -$ 0 = $0    


Maximum Regret for Go decision is $300 
Maximum regret for stop decision is $500 so 

We minimize the maximum regret and choose Go
5)  The equal likelihood ( or Laplace) criterion multiplies the decision payoff for each state of nature by an equal weight, thus assuming that the states of nature are equally likely to occur.



 Decision                                    Values




Go        


$500(.5) - 300(.5) = 100


Stop             

$0(.5) + 0$(.5) = 0
6) The Hurwicz criterion is a compromise between the maximax and maximin criterion.

A coefficient of optimism, (, is a measure of the decision maker’s optimism.

The Hurwicz criterion multiplies the best payoff by ( and the worst payoff by 1- (., for each decision, and the best result is selected. For alpha value of 0.4 calculations are performed here.


Decision                                    Values




Go

        $500(.4) - 300(.6) = $20


Stop             
        $0(.4) - 0(.6) = $0
Practice Problem.


[image: image1]
a. Find the optimal act using Maxi-Max criteria

b. Find the optimal act using Mini-Max criteria

c. Find the optimal act using Maxi-Min criteria

d. Find the optimal act using Min-Max regret table

e. The equal likelihood ( or Laplace) criterion
f. The Hurwicz criterion with alpha value of 0.4
Solution to practice problem 
Criterion                             

 Decision (Purchase)


Maximax (100000)


Office building


Maximin (30000)



Apartment building


Minimax regret (50000)


Apartment building


Hurwicz
(38000)



Apartment building


Equal likelihood
(40000)


Apartment building

MATHEMATICAL EXPECTATION OR EXPECTED Back to 1st Problem
E(X) = p1x1 + p2x2 + …….+ pnxn

Baye’s Criterion: In this kind of analysis, probabilities are assigned to the events about which uncertainties exist. The probabilities may be assigned subjectively, or if the data is available then according to the past occurrences. The probabilities are known as Prior Probabilities.

In this example, the management believes that there is a .20 probability (the odds are 2 to 8) that the product will be successful.

Therefore using the Baye’s Criterion we calculate the EMV (Expected Monetary Value) for each action as follows:

PAY-OFF TABLES-6

	EVENTS OR STATES OF NATURE

	ACTIONS                    Successful                       Unsuccessful             Exp. MV

	A1 = GO                           $500                               -300                       $-140

	A2= STOP                         $0                                       0                       $   0  (

	Prior Probs.                         .2                                      .8 


EMV go =  500 *.2 + -300*.8 = -140

EMV stop =  0 *.2 + 0* .8 = 0

Hence, according to Baye’s Criterion: Optimal Act = A2, EMV* = $ 0

OPPORTUNITY LOSS CRITERIA: (A Manager always worries about missing a good deal.).Thus in this case in place of preparing a pay-off table we prepare an opportunity loss table and apply the criteria considered earlier (including Baye’s Criterion) on this opportunity loss table.

TO PREPARE OPPORTUNITY LOSS (REGRET) TABLE.

(i)       In Col.  1 of pay off table identity the highest element

(ii)      Obtain Col.  1 of opportunity loss table by subtracting each element (including itself) of Col. 1 of pay-off from this highest element.

(iii)  Obtain other columns of opportunity loss table on similar lines.

OPPORTUNITY LOSS (REGRET) TABLE.

PAY-OFF TABLE-7

	EVENTS OR STATES OF NATURE

	ACTIONS                    Successful                       Unsuccessful             Exp. MV

	A1 = GO                           $ 0                               $300                       $240

	A2= STOP                        $ 500                                 0                       $100  (

	Prior Probs.                         .2                                   .8 


For Opportunity Loss we choose the least opportunity lost as the preferred decision.

DECISION NAKING WITH EXPERIMENTATION (Additional Information)  : The above  decision making analysis assumed that the decision maker has to make his (her) decisions without Experimentation (without obtaining additional information or without updating his prior information).

Additional Information: If the decision maker wants to obtain some additional information (to update his knowledge of the prior situation0, he may conduct some sort of an experiment (physical or statistical like Samples Survey or hire an Expert / Consultant etc.) and obtain some additional information. This additional information can be of TWO types.

1.  Perfect

2.  Imperfect

Questions:

(i)   Should the decision maker at all go for additional information?

(ii)  How much should the decision maker spend to obtain such additional information?

Perfect Information: Information under which an uncertain (a stochastic) event becomes deterministic.

Expected Value of Perfect Information: Suppose the FIRM knows (has perfect information) that

(I)  the product is going to be successful (I.e. the event  “successful” is going to occur), then looking at the pay-off table, the action is evidently A1, with profit $ 500,000 ; p = .2

(ii)  the product is going to be unsuccessful (i.e. the event “unsuccessful” is going to occur,) then looking at the pay-off table, the action is evidently A2, with profit $0 ; p = .8

that is we have,

PAY - OFF TABLE

	EVENTS OR STATES OF NATURE

	ACTIONS                    Successful                       Unsuccessful             

	A1 = GO                           $500                                                      

	A2= STOP                                                               $   0                      

	Prior Probs.                         .2                                      .8 


Therefore,

E (Profit Under Perfect Information)…..E (Value Under Perfect Information)

i.e.   EVUPI = 500 (.20) + 0 (.8) = 100

The Exp. Value of Perfect Information (EVPI) = $100 -$ 0 = $100

Interpretation : The maximum amount the company should be willing to pay to obtain perfect information (additional information) is $100,000.

· The expected value of perfect information (EVPI) is the maximum amount a decision maker would pay for additional information.

· EVPI equals the expected value given perfect information minus the expected value without perfect information.

· EVPI equals the expected opportunity loss (EOL) for the best decision.

Now the PAY - OFF TABLE-6 is

	EVENTS OR STATES OF NATURE

	ACTIONS                    Successful                       Unsuccessful             Exp. MV

	A1 = GO                           $500                               -300                       $-140

	A2= STOP                         $0                                       0                       $   0  (

	Prior Probs.                         .2                                      .8 


IMPERFECT INFORMATION : Perfect information may be either impossible or very expensive. Under such circumstances it may be worthwhile to obtain some additional information, may not be perfect. Such  an information (Imperfect) may be obtained, say, through statistical sampling or through an expert opinion etc. (Therefore, it is also called Sampling Information.)

Suppose,  for the “Firm” it is possible to obtain Additional Imperfect Information through then services of a “Consulting Firm” at a cost of $ 5,000. Then 

Cost of Sampling or Cost of the Experiment = $5,000

CATEGORIZATION or Classification: We classify the Additional Imperfect Information obtained through Sampling/Experimentation (Expert/Consultant’s Advice) of  “Consulting Firm” into the following Two Categories/Classifications.

Assume that the betting average of the “Consulting Firm” in similar situations is as follows.

i. When advice was given on products that later proved to be successful (either by the client firm or by others in the marketplace), the firm gave “GO” advice eight times out of ten.

ii. When advice was given on products that later proved to be unsuccessful (either by the client firm or by others in the marketplace), then firm gave “STOP” advice fifteen times out of twenty.

X1 = When advice was given on products that later proved to be successful, the “Consulting Firm” gave GO,

X2 = When advice was given on products that later proved to be successful, the “Consulting Firm” gave STOP.
Base upon the above imperfect information the above data can be interpreted as conditional probabilities (imperfect additional information) as follows. (“Consulting Firm” gave GO, Xi/ a state of nature E is given), etc.

i.e. P(X=Xi/E=Ei)

Conditional Probabilities 

	P(X/E)                                 EVENTS OR STATES OF NATURE

	ACTS                             Successful                                   Unsuccessful

	X1= GO                              .8                                                  .25        sum of the row is not 1

	X2= STOP                          .2                                                  .75

	Sum of the Columns            1                                                    1

	Prior Probs.                        .2                                                   .8


Now in above we have both Prior Probabilities and Conditional Probabilities. With the help of these probabilities we shall REVISE our 
PRIOR INFORMATION.  To do so we obtain, 

i. Join Probabilities, and from there we obtain,

ii. Marginal and Revised  (Posterior) Probabilities

Joint Probabilities Table P(X and E) = P(E) P (X/E)

Joint Probabilities 

	P(X/E)                                 EVENTS OR STATES OF NATURE

	ACTS                             Successful                              Unsuccessful                     Marginal Prob.

	X1= GO                              .2*.8 = .16                             .8* .25= .2                       .16 + .2 = .36

	X2= STOP                          .2 *.2 = .04                             .8*.75=.6                        .04 +.6=.64

	Prior Probs.                        .2                                                   .8                                 sum       1.00


POSTERIOR or REVISED PROBABILITIES

P(E/X) = P(X and E)/P(X)

	P(X/E)                                 EVENTS OR STATES OF NATURE

	ACTS                             Successful                              Unsuccessful                     Marginal Prob.

	X1= GO                              .16/.36 = .4444                   .2/.36 = .5556                       .16 + .2 = .36

	X2= STOP                          .04/.64 = .0625                   .6/.64 = .9375                        .04 +.6=.64

	Prior Probs.                        .2                                                   .8                                 sum       1.00


Interpretation of Revised Probabilities

1. Row in front of X1: If the “Consulting Firm’s “ advice was X1 

       (i.e. GO) then the revised probability of,

             (i) Successful is .4444,                       (ii) Unsuccessful is .5556

2.    Row in front o f X2: If the “Consulting Firm’s” advice was X2 

        (i.e. STOP) then the revised probability of, 

             (i) Successful is .0625                        (ii) Unsuccessful is .9375 

Once we have computed the Posterior (Revised) Probabilities, we replace in Pay - Off Table - 6

i. The Prior Probabilities’ [i.e. P(E)’s ] row by these revised probabilities rows (computed above in front of X1, X2) , and 

ii. Compute the revised optimal EMV’s for X1, and X2 respectively.

Once we have done that, then using:

I. These revised optimal EMV’s and 

II. The Marginal Probabilities P(X1), and P(X2),

we compute the final Revised EMV.

PAY - OFF TABLE-6

	EVENTS OR STATES OF NATURE

	ACTIONS                    Successful                       Unsuccessful             Exp. MV

	A1 = GO                           $500                               -300                       $55.556(

	A2= STOP                         $0                                       0                       $   0  

	P(E/X1)                              .4444                                 .5556                       P(X1) = .36


Optimal Act A = A1, EMV1* =$55,5556,  and P(X1) = .36

PAY - OFF TABLE-6

	EVENTS OR STATES OF NATURE

	ACTIONS                    Successful                       Unsuccessful             Exp. MV

	A1 = GO                           $500                               -300                       $-250

	A2= STOP                         $0                                       0                       $   0  (

	P(E/X2)                              .0625                                .9375                       P(X2) = .64


Optimal Act A = A2, EMV2*=$0  and P(X2) = .64

Thus we have now

	ADVICE
	Optimal Action 
	Probability
	EMV*

	X
	A*
	P(X)
	Exp. Profit

	
	
	
	

	X1
	A1
	P(X1) = .36
	         V*1 = $ 55,556

	X2
	A2
	P(X2) = .64
	V*2 = $ 0

	
	
	
	


Therefore,

EMV Under Imperfect Information

(Or EMV Under Sampling Information) = 55,556 (.36) +0 (.64) = $ 20, 000.16

Total Expected Profit under Imperfect Information = Total Expected Profit under Sampling Information



= (EMV Under Imperfect Information) - (Cost of Obtaining Imperfect Information)

Total Expected Profit under Imperfect Information = $ 20, 000.16 - $ 5, 0000 = $ 15,000.16

Total Expected Profit under Sampling Information = $ 15,000.16

Expected Value of Sampling Information (EVSI) = (EMV Under Imperfect Information) - (Prior EMV*)




= $20,000.16 -$ 0 = $ 20, 000.16

Expected Net Gain Under Sampling (ENGS) = EVSI - Cost of Sampling = $ 20, 000.16 -$ 5,000






 = $ 15, 000.16

Question : Should we obtain the additional information or not?

Answer:
 As the ENGS is Positive, therefore, the additional information should be obtained.

Question: Suppose the cost of sampling increases from $ 5, 000 to $ 22, and 000.16. Should we obtain the additional information or not?
Answer:   ENGS = $ 20, 000.16 - $22, 000.16 = -$ 2000 < 0. This yields the additional information should not be obtained.

Efficiency of Sampling Information = (EVSI)/(EVPI) =  (20, 000.16)/(100,000) = .20 = 20%

EXAMPLE.
Mike Dirr, vice-president of marketing for Super-Cola, is considering which of two advertising plans to use for a new caffeine-free cola. Plan I will cost $500,000 while a more conservative approach, Plan II, will cost only $100,000. Table shows the projected  gross  (before advertising) profits  on the new cola for each advertising plan under two possible states-of-nature -complete acceptance of the new cola and limited acceptance. Both the scenarios are equally likely.
Table 1: Gross Profits

	
	State-of-Natu
	

	
	
	

	Advertising 
	Limited
	Complete

	Plan
	Acceptance
	Acceptance

	
	
	

	Plan I
	$400,000
	$1,000,000

	Plan II
	$500,000
	$500,000


Mike estimates that there equal chances of complete and limited acceptance of the new cola.

a. Set up a net profit payoff matrix.

b. Find the optimal act using Maxi-Max criteria

c. Find the optimal act using Mini-Max criteria

d. Find the optimal act using Maxi-Min criteria

e. Find the optimal act using Min-Max regret table

f. The equal likelihood ( or Laplace) criterion

g. The Hurwicz criterion with alpha value of 0.4

h. Use Mike’s subjective probability estimates to choose an advertising plan based on EMV.

i. What is the value of perfect information in this situation?

j. A survey costing $50,000 can be run to test -market the product. In past uses, this survey has been shown to predict complete acceptance in 60% of the cases where there was acceptance and predicted limited acceptance 70% of the time when there was limited acceptance.  Use this information to determine whether this survey should be used to help decide on an advertising plan.

k. Use a decision tree to show your analysis.

Solution for Super Cola problem 

MEMORIZE THE BOLD PORTION

EMV =  expected monetary value

EOL is expected opportunity loss

EOL* and EMV* will always result in the same decision

EOL* =EVPI
EVPI is Expected value of Perfect information = Expected value under perfect information – EMV* with prior probabilities

EVSI is Expected value of Sampling information = EMV* (with posterior and marginal probabilities) -  EMV* with prior probabilities

ENGS (Expected net gain under sampling = EVSI – Cost of sampling information

Efficiency of sampling =  EVSI/EVPI *100

Net Profit table for super cola problem

	
	STATE OF NATURE
	

	ACTIONS
	Limited acceptance
	Complete acceptance
	EMV

	Plan 1
	400000 – 500000 = -100000 
	1000000 – 500000 = 500000
	-100000* 0.5 + 500000 * 0.5 = 200000

	Plan 2
	500000 – 100000 = 400000
	500000 – 100000 = 400000
	400000* 0.5 + 400000 * 0.5 = 400000 **

	Prior Probabilities
	0.5
	0.5
	


Expected monetary value of plan 1 = -100000* 0.5 + 500000 * 0.5 = 200000

Expected monetary value of plan 2 =400000* 0.5 + 400000 * 0.5 = 400000 **

Plan 2 is the optimal plan according to the Baye’s Criteria (EMV criteria)

Opportunity loss table ( Take the highest profit (highest cell value) of each column (state of nature) and subtract individual cell value with the highest cell value (HCV) of the column)

Opportunity loss table or regret table

	
	STATE OF NATURE
	

	ACTIONS
	Limited acceptance

HCV = 400000
	Complete acceptance

HCV = 500000
	EOL

	Plan 1
	400000 – (-100000) = 500000 
	5000000 – 500000 = 0
	500000* 0.5 + 0 * 0.5 = 250000

	Plan 2
	400000 – 400000 = 0
	500000 – 400000 = 100000
	0* 0.5 + 100000 * 0.5 = 50000 *

	Prior Probabilities
	0.5
	0.5
	


The optimal value of opportunity lost is the lowest value so according to the Opportunity loss criteria Plan 2 is the optimal decision as it provides the least opportunity loss.

Perfect Information: In case we will have perfect information we will be able to predict the state of limited acceptance and complete acceptance with 100% accuracy.

 In case of Limited acceptance the best decision is Plan 2 as it gives a profit of $400000 which is greater than the Plan 1 profit (loss) of - $100000

 In case of complete acceptance the best decision is plan 1 as it gives a profit of $500000 which is greater than the Plan 1 profit of $400000

Payoff table under perfect information 

	
	STATE OF NATURE

	ACTIONS
	Limited acceptance
	Complete acceptance

	Plan 1
	
	500000

	Plan 2
	400000
	

	Prior Probabilities
	0.5
	0.5


Expected monetary value under perfect information is 

400000* 0.5 + 500000 * 0.5 = 450000

EVPI = 450000 –EMV* = 450000 – 400000 =50000 which is the same as EOL*
In other words the manager should be willing to spend a sum of $50000 or less for perfect information.

In real life it is very difficult to predict the future with 100% accuracy thus the perfect information may not be possible to receive. The next best thing is to get experimental or sampling or expert information 

The cost of sampling information = 50000

No the question is whether it is worth while to pay this much amount for the new information

First we find conditional probabilities and then 

Joint Probabilities

Then Posterior Probabilities

Conditional Probabilities table 

P(X/E) ( Probability of X when E is the case (E is the state of nature)

	
	STATE OF NATURE

	ACTIONS
	Limited acceptance
	Complete acceptance

	X1 = predict complete acceptance
	1- 0.7 = 0.3
	0.6

	X2 = predict Limited acceptance
	0.7
	1 – 0.6 = 0.4

	Sum total of probabilities X1 +X2  = 1
	1
	1


Joint probability table (conditional probability * prior probability)

	
	STATE OF NATURE
	

	ACTIONS
	Limited acceptance
	Complete acceptance
	Marginal Probabilities

	X1 = predict complete acceptance
	0.3 * 0.5 = 0.15
	0.6 * 0.5 = 0.3
	0.15+ 0.3 = 0.45

	X2 = predict Limited acceptance
	0.7 * 0.5 = 0.35
	0.4 * 0.5 = 0.2
	0.35 + 0.2  = 0.55

	Prior Probabilities
	0.5
	0.5
	Sum = 0.45 + 0.55 = 1


Posterior probability table (Joint probability/ marginal probability)

	
	STATE OF NATURE
	

	ACTIONS
	Limited acceptance
	Complete acceptance
	Marginal Probabilities

	X1 = predict complete acceptance
	0.15/0.45 = 0.333333
	0.3/0.45 = 0.6666667
	0.45

	X2 = predict Limited acceptance
	0.35/ 0.55 = 0.636363
	0.2/0.55 = 0.363637
	0.55

	Prior Probabilities
	0.5
	0.5
	Sum = 1


Payoff table for the revised EMV using Posterior probabilities

Payoff table  1 for the revised EMV using Posterior probabilities of X1

	
	STATE OF NATURE
	

	ACTIONS
	Limited acceptance
	Complete acceptance
	EMV

	Plan 1
	-100000 
	500000
	-100000* 0.333333 + 500000 * 0.666667 = 300000

	Plan 2
	400000
	400000
	400000* 0.33333 + 400000 * 0.666667 = 400000 **

	Posterior Probabilities for X1
	0.333333
	0.666667
	


Payoff table  1 for the revised EMV using Posterior probabilities of X1

	
	STATE OF NATURE
	

	ACTIONS
	Limited acceptance
	Complete acceptance
	EMV

	Plan 1
	-100000 
	500000
	-100000* 0.636363+ 500000 * 0.363637= 118182.2

	Plan 2
	400000
	400000
	400000* 0.636363+ 400000 * 0.363637= 400000 **

	Posterior Probabilities for X2
	0.636363
	0.363637
	


EMV using the marginal probabilities is 

EMV* table 1 of posterior prob X 1  * 0.45 + 

EMV* table 2 of posterior prob X2  * 0.55

400000 *0.45 +400000 *0.55 = $400000

EVSI =  New EMV* with marginal probabilities  - EMV* with prior probabilities

EVSI = 400000 –400000 = $ 0

Thus we should not spend any thing on this additional imperfect information.

ENGS  =  EVSI  - cost = 0 – 50000 = -50000 ( LOSS)

Efficiency of Sampling =  EVSI/ EVPI *100% = 0 %

Final conclusion do not get the additional information

Oil Company Problem

Oil company Problem 

An oil company has some land that is reported to possibly contain oil. The company classifies  such land into four categories by the total number of barrels that are expected to be obtained from the well, i.e. a 500,000 – barrel well, 200,000 – barrel well, 50,000 – barrel well, and a dry well. The company is faced with deciding whether to drill for oil, to unconditionally lease the land or to conditionally lease the land at a rate depending upon oil strike. The cost of drilling the well is $100,000;  if it is a producing well and the cost of drilling is $75,000 if it is a dry well. For producing well, the profit per barrel of oil is $1.50, ( after deduction of processing and all other costs except drilling costs). 

Under the unconditional lease agreement, the company receives $45,000 for the land whereas for the conditional lease agreement the company receives 50 cents for each barrel of oil extracted if it is a 500,000 or 200,000 barrel oil strike and nothing if otherwise.

 The probability for striking a500,000 – barrel well is 0.1, probability for striking a 200,000 – barrel well is 0.15, probability for striking a50,000 – barrel well is 0.25, and probability for a dry well is 0.5.

a) Make a profit payoff table for the oil company

b) Find the optimal act using Maxi-Max criteria

c) Find the optimal act using Mini-Max criteria

d) Find the optimal act using Maxi-Min criteria

e) Find the optimal act using Min-Max regret table

f) The equal likelihood ( or Laplace) criterion
g) The Hurwicz criterion with alpha value of 0.4
h) Find the optimal act using Baye’s criteria

i) Find the optimal act according to Expected opportunity loss criteria

j) Find the EVPI

Profit Payoff Table

	
	
	States of Nature
	
	

	
	
	
	
	

	Decision
	500,000  Bar
	200,000  Bar
	50,000  Bar
	Dry

	Drill
	750 - 100 = 650
	200*1.5 -100 =200
	50*1.5 -100 = -25
	- 75

	Unconditional
	45
	45
	45
	45

	Conditional
	500 *.5 = 250
	100
	0
	0

	
	0.1
	0.15
	0.25
	0.5


EMV Drill        650,000 * 0.1   +  200,000 * 0.15  +  (-25,000 * 0.25)  +  (-75,000 * 0.5)  =  $51,250

EMV Unconditional Lease      45,000 * 0.1  +  45,000 * 0.15  +  45,000 * 0.25  +  45,000 * 0.5  =  $45,000

EMV Conditional Lease        250,000 * 0.1  +  100,000 * 0.15  +  0 * 0.25  +  0 * 0.5  =  $40,000

	EMV*  =  $51,250  So action chosen is drill


Opportunity Loss Table
	
	
	States of Nature
	
	

	
	HV = 650,000
	HV = 200,000
	HV = 45,000
	HV = 45,000

	Decision
	500,000  Bar
	200,000  Bar
	50,000  Bar
	Dry

	Drill
	650 - 650 = 0
	200 - 200 = 0
	45 - (-25) = 70
	45 - (-75) = 120

	Unconditional
	650 - 45 = 605
	200 - 45 = 155
	45 - 45 = 0
	45 - 45 =0

	Conditional
	650 - 250 = 400
	200 - 100 = 100
	45 - 0 = 45
	45 - 0 = 45

	
	0.1
	0.15
	0.25
	0.5


Perfect information table

	
	
	States of Nature
	
	

	
	
	
	
	

	Decision
	500,000  Bar
	200,000  Bar
	50,000  Bar
	Dry

	Drill
	 650
	200
	
	

	Unconditional
	
	
	45
	45

	Conditional
	
	
	
	

	
	0.1
	0.15
	0.25
	0.5


Safeway Juice Problem

Safeway Pembina highway location must decide how many cases of Juice to stock each week to meet demand. The probability distribution of demand during a week is shown as follows.

	Demand (Cases)
	Probability

	15
	.2

	16
	.25

	17
	.4

	18
	.15

	
	


Each case cost the grocer $10 and sells for $12. Unsold cases are sold to a local farmer for $2 per case. If there is a shortage, the grocer considers the cost of customer ill will and lost profit to be $4 per case. The grocer must decide how many cases of Juice to order each week. 

a) construct the payoff table for this decision situation

b) Find the best decision according to EMV criteria (Find EMV*)

c) Construct an Opportunity loss table and find EOL*

d) Find EVPI
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