Chapter 6 Exercises


1.
What is the difference between a terminal decision and a preposterior decision? Are they at all related?

2.
In Exercises 14 and 15 in Chapter 5, find the EVPI.

3.
In Exercise 16, Chapter 5, how much should the store owner be willing to pay for perfect information about the demand for the type of shirts he is about to order?

4.
In Exercise 18, Chapter 5, what is the value of perfect information that the rival firm, Firm B, will advertise if Firm A advertises? What is the value of perfect information that Firm B will not advertise and the increase in Firm A’s market share will be 10 percent? What is the value of perfect information that Firm B will not advertise and the increase in Firm A’s market share will be 20 percent? Finally, what is the value of perfect information that Firm B will not advertise and the increase in Firm A’s market share will be 30 percent? From these VPIs, calculate the EVPI.

5.
In Exercise 22, Chapter 5, give a general expression for the expected value of perfect information regarding the weather and find the EVPI if

(a)
 P(adverse weather) = 0.4, C = 3.5, and L = 10,

(b)
 P(adverse weather) = 0.3, C = 3.5, and L = 10,

(c)
 P(adverse weather) = 0.4, C = 10, and L = 10,

(d)
 P(adverse weather) = 0.3, C = 2, and L = 8.

6.
In Exercise 5, if P(adverse weather) = 0.3 and C/L = 1/2, how much should you be willing to pay for perfect information concerning the absolute magnitudes of C and L? Explain.

7.
In Exercise 24, Chapter 5, how much should the owner be willing to pay for perfect information concerning 
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? If he cannot obtain perfect information concerning 
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, how much should he be willing to pay for perfect information concerning 
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8.
In decision-making problems for which the uncertain quantity of primary interest can be viewed as a future sample outcome
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, the relevant distribution of interest to the decision maker is the predictive distribution of
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(a) Given a prior distribution f(
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) and a likelihood function f(y|
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), how would you find the expected value of perfect information about 
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(b) Given a prior distribution f(
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) and a likelihood function f(y|
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), how would you find the expected value of perfect information about 
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(c) Explain the difference between your answers to (a) and (b).

9.
In Exercise 26, Chapter 5, the uncertain quantity of interest is 
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, the number of defective items in a sample of size five from a production process.

(a) How much should the production manager be willing to pay for perfect information about
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(b) How much should she be willing to pay for perfect information about 
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?

(c) If she obtains perfect information that 
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= 0.15, how much should she be willing to pay for perfect information about 
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?

(d) If she obtains perfect information that 
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= 1, how much should she be willing to pay for perfect information about 
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10.
In Exercise 8, is one type of perfect information (that is, perfect information about 
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 or perfect information about 
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) more “valuable” to the decision maker than the other? Explain your answer and illustrate with respect to Exercise 9.

11.
In Exercise 25, Chapter 5, find the expected value of perfect information (a) about 
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, (b) about 
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12.
In Exercise 53, Chapter 5, find the expected value of perfect information about 

(a) 
the cost of the ad campaign, 

(b) 
the increase in profits for each 10 percent gain in market share, and 

(c) 
both the cost of the ad campaign and the increase in profits for each 10 percent gain in market share. 

Does the answer to part (c) equal the sum of the answers to parts (a) and (b)? Explain.

13.
In Exercise 31, Chapter 5, assuming that your utility function for money is linear, find the value of perfect information that there is oil and the value of perfect information that there is no oil. From these results, how much would you be willing to pay for a geological test that will tell you for certain whether or not there is oil?

14.
In Exercise 4, show that the EVPI is equal to the expected loss of the action that is optimal under the decision maker’s probability distribution.

15. A store must decide whether or not to stock a new item. The decision depends on the reaction of consumers to the item, and the payoff table (in dollars) is as follows.
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If P(0.10) = 0.2, P(0.20) = 0.3, P(0.30) = 0.3, P(0.40) = 0.1, and P(0.50) = 0.1, what decision maximizes expected payoff? If perfect information is available, find VPI for each of the five possible states of the world and compute EVPI.

16.
In Exercise 15, suppose that sample information is available in the form of a random sample of consumers. For a sample of size one,

(a) 
find the posterior distribution if the one person sampled will purchase the item, and find the value of this sample information;

(b)
find the posterior distribution if the one person sampled will not purchase the item, and find the value of this sample information;

(c)
find the expected value of sample information.

17.
In Exercise 16, suppose that you also want to consider other sample sizes.

(a) 
Find EVSI for a sample of size 2. 

(b) 
Find EVSI for a sample of size 5.

(c) 
Find EVSI for a sample of size 10. 

(d) 
If the cost of sampling is $0.50 per unit sampled, find the expected net gain of sampling (ENGS) for samples of sizes 1, 2, 5, and 10.

18.
Consider a bookbag filled with 100 poker chips. You know that either 70 of the chips are red and the remainder blue, or 70 are blue and the remainder red. You must guess whether the bookbag has 70R – 30B or 70B – 30R. If you guess correctly, you win $5. If you guess incorrectly, you lose $3. Your prior probability that the bookbag contains 70R – 30B is 0.40, and you are risk neutral.

(a)
If you had to make your guess on the basis of the prior information, what would you guess?

(b)
If you could purchase perfect information, what is the most that you should be willing to pay for it?

(c)
If you could purchase sample information in the form of one draw from the bookbag, how much should you be willing to pay for it?

(d)
If you could purchase sample information in the form of five draws (with replacement) from the bookbag, how much should you be willing to pay for it?

19. Do Exercise 18 with the following payoff table (in dollars).
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20. In the automobile-salesman example discussed in Section 3.4, suppose that the owner of the dealership must decide whether or not to hire a new salesman. The payoff table (in terms of dollars) is as follows.
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The prior probabilities for the three states of the world are P(great) = 0.10, P(good) = 0.50, and P(poor) = 0.40. The process of selling cars is assumed to behave according to a Poisson process with 
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= 1/2 per day for a great salesman, 
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= 1/4 per day for a good salesman, and 
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= 1/8 per day for a poor salesman.

(a)
Find VPI(great salesman), VPI(good salesman), and VPI(poor salesman).

(b)
Find the expected value of perfect information.

(c)
Suppose that the owner of the dealership can purchase sample information at the rate of $10 per day by hiring the salesman on a temporary basis. He must sample in units of four days, however, for a salesman’s work week consists of four days. He considers hiring the salesman for one week (four days). Find EVSI and ENGS for this proposed sample.

21.
In Exercise 20, suppose that the owner hires the salesman for one week and that he sells two cars. At the end of the week, the owner has three choices: hire the salesman permanently, fire the salesman, or hire the salesman temporarily for another week (at the extra cost of $10 per day). What should he do? 

22.
In Exercise 18, Chapter 5, suppose that the owner of Firm A can obtain information about Firm B’s reaction to advertising by Firm A. In particular, she can ask a contact she has in Firm B. However, the information from the contact cannot be regarded as perfect information. If Firm B would really advertise if Firm A does, the chances are 4-in-5 that the contact would report this correctly. However, if Firm B would not advertise, the chances are only 2-in-3 that the contact would report this correctly. 

(a)
If the contact reports that Firm B will advertise if Firm A does, what is the value of this sample information? 

(b)
If the contact reports that Firm B will not advertise even if Firm A does, what is the value of this sample information? 

(c)
What is the expected value of sample information?

23.
In the oil-drilling example in Section 6.4, what is the expected value of the seismic information if the decision maker’s utility function is linear with respect to money?

24.
A firm is considering the marketing of a new product. For convenience, suppose that the events of interest are simply 
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1 = “new product is a success” and 
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2 = “new product is a failure.” The prior probabilities are P(
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1) = 0.3 and P(
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2) = 0.7. If the product is marketed and is a failure, the firm suffers a loss of $300,000. If the product is not marketed and it would be a success, the firm suffers an opportunity loss of $500,000. The firm is considering two separate surveys, A and B, and the results from each survey can be classified as favorable, neutral, and unfavorable. The conditional probabilities for survey A are

P(favorable | 
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1) = 0.6, P(neutral | 
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1) = 0.3, P(unfavorable | 
[image: image35.wmf]q

1) = 0.1,

P(favorable | 
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2) = 0.1, P(neutral | 
[image: image37.wmf]q

2) = 0.2, and P(unfavorable | 
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2) = 0.7.
The conditional probabilities for survey B are 

P(favorable | 
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1) = 0.8, P(neutral | 
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1) = 0.1, P(unfavorable | 
[image: image41.wmf]q

1) = 0.1,

P(favorable | 
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2) = 0.1, P(neutral | 
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2) = 0.4, and P(unfavorable | 
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2) = 0.5.

Survey A costs $20,000 and survey B costs $30,000.

(a)
Find the expected value of perfect information about 
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(b)
Find the expected net gain from survey A. 

(c)
Find the expected net gain from survey B.

(d)
Suppose that the firm has a choice. It can use no survey, survey A, or survey B, but not both surveys. What is the optimal course of action? 

25.
In Exercise 24, suppose that the firm also has the option of using both surveys. Furthermore, since both surveys would be conducted by the same marketing research firm, the total cost of the two surveys is only $40,000, provided that a decision is made in advance to use both surveys (that is, the firm cannot use one survey and then decide whether or not to use the other). Given any one of the three events 
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3, the results of survey B are considered to be independent of the results of survey A. What should the firm do?

26.
In Exercise 25, suppose that the firm has the additional option of using survey A and, after seeing the results of survey A, deciding whether or not to use survey B. The reverse procedure, using survey B first and then considering survey A, is not possible. Of course, if the sequential plan is used and both surveys are taken, the total cost of the surveys is $50,000 rather than $40,000. Find the expected net gain of the sequential plan and compare this with the expected net gains of the sampling plans considered in Exercises 24 and 25.

27.
In Exercise 17, consider a sequential sampling plan with a maximum total sample size of two and analyze the problem as follows.

(a)
Represent the situation in terms of a tree diagram.

(b)
Using backward induction, find the ENGS for the sequential plan.

(c)
Compare the sequential plan with a single-stage plan having n = 2.

28.
Repeat Exercise 27 for sequential samples with maximum total sample sizes of three, four, and five. Discuss your results.

29.
In Exercise 18, assuming that the cost of sampling is 25 cents per draw, find the ENGS for

(a) 
a sequential sampling plan with a maximum total sample size of two,

(b) 
a sequential sampling plan with a maximum total sample size of four,

(c) 
a single-stage sampling plan with a sample size of two,

(d) 
a single-stage sampling plan with a sample size of four.

30.
Repeat Exercise 29 under the assumption that the cost of sampling is 15 cents per draw plus a fixed cost of 50 cents for each separate sample. Comment on any differences between the results of Exercise 29 and this exercise.

31. 
Repeat Exercise 29 under the assumption that the sampling from the bookbag is done without replacement. Comment on any differences between the results of Exercise 29 and this exercise. In particular, for each sampling plan, is there any difference between the ENGS for sampling with replacement and the ENGS for sampling without replacement? Explain.

32.
The preceding exercises illustrate the idea of sequential analysis, or sequential decision making. In a sequential procedure, how does the decision maker know when to stop sampling and make her terminal decision? Is it possible for a sequential sampling plan to have a positive ENGS even though no sampling plan with a fixed sample size has a positive ENGS in the same situation? Explain.

33.
Comment on the statement, “Linear payoff and loss functions have wide applicability in real-world decision-making problems.” Give some examples of problems in which the payoff and loss functions are linear or approximately linear.

34.
Suppose that the payoff functions (in dollars) of two actions are

R(a1, 
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) = 70 – 0.5
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and

R(a2, 
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) = 50 + 0.5
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where 
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 is the mean of a normal process with variance 1200. 

(a)
Find the breakeven value, 
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b.

(b)
If the prior distribution is a normal distribution with mean 
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¢

= 25 and variance 
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2= 400, which action should you choose?

(c)
What is the value of perfect information that 
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 = 15? 

(d) What is the value of perfect information that 
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 = 21? 

(e)
What is the expected value of perfect information?

(f)
Graph the payoff functions and the associated loss functions.

(g)
What would the expected value of perfect information be if the prior mean 
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¢

= 30? Explain the difference between this answer and the answer to (e).

35. The payoff in a certain decision-making problem depends on 
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, the parameter of a Bernoulli process. The payoff functions are

R(a1, p) = 50p
and

R(a2, p) = –10 + 100p
(a)
What is the breakeven value of 
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? 

(b)
Graph the payoff functions and the associated loss functions.

(c)
If the prior distribution is a beta distribution with 
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¢

= 4 and 
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¢

= 24, which action should be chosen?

(d)
If a sample of size 15 is taken, with 4 successes, find the posterior distribution and the optimal action under this distribution.

36.
In Exercise 34, find the EVSI and ENGS for samples of size 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10, assuming that the cost of sampling is $0.15 per trial. On a graph, draw curves representing EVSI, ENGS, and CS.

37.
In Exercise 35(c), find the expected value of perfect information about 
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.

38.
A firm is contemplating the purchase of 500 printer cartridges. One supplier, supplier A, offers the cartridges at $l5 each, guarantees each cartridge, and will replace all defective cartridges free. A second supplier, supplier B, offers the cartridges at $l4 each with no guarantee. However, supplier B will replace defective cartridges with good cartridges for $l0 per cartridge. Suppose that the proportion of defective cartridges produced by supplier B is denoted by 
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, and suppose that the prior distribution for 
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 is a beta distribution with parameters 
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= 2 and 
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 = 50.

(a)
What should the firm do on the basis of the prior distribution?

(b)
How much is it worth to the firm to know the proportion of defective cartridges for certain?

(c)
Suppose that supplier B can provide a randomly chosen sample of 10 cartridges. What is the expected value of this sample?

(d)
In the sample of 10 cartridges, 1 is defective. Find the posterior distribution of 
[image: image69.wmf]p

~

 and use this distribution to determine which supplier the firm should deal with.

39.
Suppose that an investor has a choice of four investments (assume that he must choose one, and only one, of the four—he cannot divide his money among them):

A:  a savings account in a bank;

B:  a stock that moves counter to the general stock market;

C:  a growth stock that moves at a faster pace than the market;

D:  a second growth stock that is similar to C but not quite as speculative. 

The investor has decided that his payoff depends on his choice of investment and on the next year’s change in the Dow-Jones Industrials Average (DJIA), which we shall call 
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~

. (Ignore the fact that he should be interested in the change in price of the investments themselves—for example, by assuming perfect correlations between the DJIA and the investments.) His payoff functions are as follows:


R(A, 
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) = 0.05,


R(B, 
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) = 0.05 – 
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,


R(C, 
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) = –0.15 + 2
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,

and
R(D, 
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) = –0.05 + 
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.

(a)
Draw the graphs of these payoff functions and determine a decision rule for the choice of an investment under certainty about 
[image: image78.wmf]q
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.

(b)
Suppose that the investor’s prior distribution for 
[image: image79.wmf]q

~

 is normal with mean 0.08 and standard deviation 0.05. Which investment should he choose?

(c)
Show graphically and algebraically the loss function. If the investor obtains perfect information and finds that 
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 = 0.02, what is the VPI?

(d)
Determine and graph the loss functions for the four actions A, B, C, and D.

40.
In the oil-drilling venture example presented in Section 5.10, suppose that 
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 is assumed to be continuous. Given the information in Section 5.10, find the payoff functions for the four actions and graph these functions. Furthermore, assume that the mean of the decision maker’s prior distribution for 
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 is 125,000. If the decision maker’s utility function is taken to be linear with respect to money, find the optimal action under the prior distribution. Why is it necessary to know only the mean of the prior distribution in order to find the optimal action?

41.
What are certainty equivalents and how can they help simplify problems of decision making under uncertainty?

42.
Give some examples of decision-making situations in which the payoff or loss functions might be nonlinear.

43.
Discuss the importance of sensitivity analysis in relation to both terminal and preposterior decisions.

44.
In the example presented in Section 6.8, find the optimal sample size 

(a)
if CS(n) = 0.10 + 0.02n, 

(b)
if CS(n) = 0.20 + 0.0ln.

45.
The cost of sampling is often taken to be a fixed multiple of the sample size, so that the sample costs, say, $5 per item sampled. The cost functions in Exercise 44, however, include both a cost per item and a fixed cost. Under what circumstances might such cost functions arise, and what are the implications for sequential sampling?

46.
In Exercise 35, assume that the payoff functions are given in terms of dollars and that the decision maker’s utility function for money is of the form

U(M) = (M + 100)2    for –100 ≤ M ≤ 100,

where M represents dollars. Graph the payoff functions and the associated loss functions in terms of utility, determine which of the two actions has the higher expected utility under the prior distribution, and determine which of the two actions has the higher expected utility under the posterior distribution. [Hint: The “laws of expectation” presented in Section 3.1 are useful here.]

47.
In Exercise 35, suppose that a third action is considered, with payoff function

R(a3, p) = –20 + 140p.

(a)
Graph the three payoff functions and determine a decision rule for choosing the optimal action under uncertainty about 
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(b)
Given the posterior distribution from Exercise 35, what action should be chosen?

(c)
If the decision maker’s utility function for money is as given in Exercise 46, graph the three payoff functions in terms of utility and determine the optimal action under the posterior distribution.

48.
In Exercise 34, suppose that the decision maker’s utility function for money is of the form

U(M) = M3,

where M represents dollars. Graph the payoff functions in terms of utility and determine the optimal action under the prior distribution given in Exercise 34. [Hint: For a normal distribution with mean 
[image: image84.wmf]m

 and variance 
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2, the third moment about the origin is E(
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3) = 
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49.
The payoff functions for three actions are 


 R(a1, p) = –16 + 100p,


 R(a2, p) = 1000(p – 0.20)2,

and 
 R(a3, p) = 600(p – 0.15)2,

where 
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 is the parameter of a Bernoulli process. It the prior distribution of 
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 is a beta distribution with 
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= 10 and 
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= 50, find the expected payoffs of the three actions.
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