
Each homework could be done by an individual student or a group of two.

Homework 1:

1. Chapter 1: All Questions

2. Chapter 2: Any 5 Questions

3. Chapter 3: Any 5 Questions

4. Chapter 4: Any 2 Questions

Homework 2:

1. Chapter 5: Any 3 Questions

2. Chapter 6: Any 5 Questions

3. Chapter 7: Any 3 Questions

4. Chapter 8: Any 3 Questions

5. Chapter 9: Any 3 Questions

6. Chapter 10:  Any 3 Questions

Homework 3:

1. Chapter 11:  Any 2 Questions

2. Chapter 12:  Any 3 Questions

3. Chapter 13:  Any 3 Questions

4. Chapter 14:  Any 2 Questions

5. Chapter 15:  Any 3 Questions

6. Chapter 16:  Any 2 Questions

Chapter 1: Introduction to Quatitative Analysis
[1-8] Describe the use of sensitivity analysis and postoptimality analysis in analyzing the results.
[1-13] What is the break-even point? What parameters are necessary to find it?
[1-15] Ray Bond sells handcrafted yard decorations at county fairs. The variable cost to make these is $20 each, and he sells them for $50. The cost to rent a booth at the fair is $150. How many of these must Ray sell to break even?

[1-22] Golden Age Retirement Planners specializes in providing financial advice for people planning for a comfortable retirement. The company offers seminars on the important topic of retirement planning. For a typical seminar, the room rental at a hotel is $1,000, and the cost of advertising and other incidentals is about $10,000 per seminar. The cost of the materials and special gifts for each attendee is $60 per person attending the seminar. The company charges $250 per person to attend the seminar as this seems to be competitive with other companies in the same business. How many people must attend each seminar for Golden Age to break even?

Chapter 2: Probability Concepts and Applications
[2-14]  A student taking Management Science 301 at East Haven University will receive one of the five possible grades for the course: A, B, C, D, or F. The distribution of grades over the past two years is as follows:
	GRADE
	Number of Students

	A
	80

	B
	75

	C
	90

	D
	30

	F
	25

	Total
	300


If this past distribution is a good indicator of future grades, what is the probability of a student receiving a C in the course?

[2-19] The Springfield Kings, a professional basketball team, has won 12 of its last 20 games and is expected to continue winning at the same percentage rate. The team’s ticket manager is anxious to attract a large crowd to tomorrow’s game but believes that depends on how well the Kings perform tonight against the Galveston Comets. He assesses the probability of drawing a large crowd to be 0.90 should the team win tonight. What is the probability that the team wins tonight and that there will be a large crowd at tomorrow’s game?
[2-23] Ace Machine Works estimates that the probability its lathe tool is properly adjusted is 0.8. When the lathe is properly adjusted, there is a 0.9 probability that the parts produced pass inspection. If the lathe is out of adjustment, however, the probability of a good part being produced is only 0.2. A part randomly chosen is inspected and found to be acceptable. At this point, what is the posterior probability that the lathe tool is properly adjusted?
[2-26] The Northside Rifle team has two markspersons, Dick and Sally. Dick hits a bull’s-eye 90% of the time, and Sally hits a bull’s-eye 95% of the time.
(a) What is the probability that either Dick or Sally or both will hit the bull’s-eye if each takes one shot?

(b) What is the probability that Dick and Sally will both hit the bull’s-eye?

(c) Did you make any assumptions in answering the preceding questions? If you answered yes, do you think that you are justified in making the assumption(s)?

[2-34] If 10% of all disk drives produced on an assembly line are defective, what is the probability that there will be exactly one defect in a random sample of 5 of these? What is the probability that there will be no defects in a random sample of 5?
[2-37] An industrial oven used to cure sand cores for a factory manufacturing engine blocks for small cars is able to maintain fairly constant temperatures. The temperature range of the oven follows a normal distribution with a mean of 450°F and a standard deviation of 25°F. Leslie Larsen, president of the factory, is concerned about the large number of defective cores that have been produced in the past several months. If the oven gets hotter than 475°F, the core is defective. What is the probability that the oven will cause a core to be defective? What is the probability that the temperature of the oven will range from 460° to 470°F?

[2-40] Armstrong Faber produces a standard number-two pencil called Ultra-Lite. Since Chuck   Armstrong started Armstrong Faber, sales have grown steadily. With the increase in the price of wood products, however, Chuck has been forced to increase the price of the Ultra-Lite pencils. As a result, the demand for Ultra-Lite has been fairly stable over the past 6 years. On the average, Armstrong Faber has sold 457,000 pencils each year. Furthermore, 90% of the time sales have been between 454,000 and 460,000 pencils. It is expected that the sales follow a normal distribution with a mean of 457,000 pencils. Estimate the standard deviation of this distribution. (Hint: Work backward from the normal table to find Z.)

[2-47] Market Researchers, Inc., has been hired to perform a study to determine if the market for a new product will be good or poor. In similar studies performed in the past, whenever the market actually was good, the market research study indicated that it would be good 85% of the time. On the other hand, whenever the market actually was poor, the market study incorrectly predicted it would be good 20% of the time. Before the study is performed, it is believed there is a 70% chance the market will be good.

When Market Researchers, Inc. performs the study for this product, the results predict the market will be good. Given the results of this study, what is the probability that the market actually will be good?
[2-49] Burger City is a large chain of fast-food restaurants specializing in gourmet hamburgers. A mathematical model is now used to predict the success of new restaurants based on location and demographic information for that area. In the past, 70% of all restaurants that were opened were successful. The mathematical model has been tested in the existing restaurants to determine how effective it is. For the restaurants that were successful, 90% of the time the model predicted they would be, while 10% of the time the model predicted a failure. For the restaurants that were not successful, when the mathematical model was applied, 20% of the time it incorrectly predicted a successful restaurant while 80% of the time it was accurate and predicted an unsuccessful restaurant. If the model is used on a new location and predicts the restaurant will be successful, what is the probability that it actually is successful? 
[2-55] Nite Time Inn has a toll-free telephone number so that customers can call at any time to make a reservation. A typical call takes about 4 minutes to complete, and the time required follows an exponential distribution. Find the probability that

(a) a call takes 3 minutes or less

(b) a call takes 4 minutes or less

(c) a call takes 5 minutes or less

(d) a call takes longer than 5 minutes

Chapter 3: Decision Analysis
[3-20] Mickey Lawson is considering investing some money that he inherited. The following payoff table gives the profits that would be realized during the next year for each of three investment alternatives

Mickey is considering:
	Decision Alternative
	State of Nature

	
	Good Economy
	Poor Economy

	Stock Market
	80000
	-20000

	Bonds
	30000
	20000

	CDs
	23000
	23000

	Probability
	0.5
	0.5


(a) What decision would maximize expected profits?

(b) What is the maximum amount that should be paid for a perfect forecast of the economy? 

(C) What decision would minimize the expected opportunity loss? What is the minimum EOL?

[3-22] Allen Young has always been proud of his personal investment strategies and has done very well over the past several years. He invests primarily in the stock market. Over the past several months, however, Allen has become very concerned about the stock market as a good investment. In some cases it would have been better for Allen to have his money in a bank than in the market. During the next year, Allen must decide whether to invest $10,000 in the stock market or in a certificate of deposit (CD) at an interest rate of 9%. If the market is good, Allen believes that he could get a 14% return on his money. With a fair market, he expects to get an 8% return. If the market is bad, he will most likely get no return at all—in other words, the return would be 0%. Allen estimates that the probability of a good market is 0.4, the probability of a fair market is 0.4, and the probability of a bad market is 0.2, and he wishes to maximize his long-run average return.

(a) Develop a decision table for this problem.

(b) What is the best decision?

[3-25] Brilliant Color is a small supplier of chemicals and equipment that are used by some photographic stores to process 35mm film. One product that Brilliant Color supplies is BC-6. John Kubick, president of Brilliant Color, normally stocks 11, 12, or 13 cases of BC-6 each week. For each case that John sells, he receives a profit of $35. Like many photographic chemicals, BC-6 has a very short shelf life, so if a case is not sold by the end of the week, John must discard it. Since each case costs John $56, he loses $56 for every case that is not sold by the end of the week. There is a probability of 0.45 of selling 11 cases, a probability of 0.35 of selling 12 cases, and a probability of 0.2 of selling 13 cases.

(a) Construct a decision table for this problem. Include all conditional values and probabilities in the table. 
(b) What is your recommended course of action?

(c) If John is able to develop BC-6 with an ingredient that stabilizes it so that it no longer has to be discarded, how would this change your recommended course of action?
[3-26] Megley Cheese Company is a small manufacturer of several different cheese products. One of the products is a cheese spread that is sold to retail outlets. Jason Megley must decide how many cases of cheese spread to manufacture each month. The probability that the demand will be six cases is 0.1, for

7 cases is 0.3, for 8 cases is 0.5, and for 9 cases is 0.1. The cost of every case is $45, and the price that

Jason gets for each case is $95. Unfortunately, any cases not sold by the end of the month are of no value, due to spoilage. How many cases of cheese should Jason manufacture each month?

[3-29] Beverly Mills has decided to lease a hybrid car to save on gasoline expenses and to do her part to help keep the environment clean. The car she selected is available from only one dealer in the local area, but that dealer has several leasing options to accommodate a variety of driving patterns. All the leases are for 3 years and require no money at the time of signing the lease. The first option has a monthly cost of $330, a total mileage allowance of 36,000 miles (an average of 12,000 miles per year), and a cost of $0.35 per mile for any miles over 36,000. The following table summarizes each of the three lease options:

	3-Year Lease
	Monthly Cost
	Mileage Allowance
	Cost Per Excess Mile

	Option 1
	$330
	36000
	$0.35

	Option 2
	$380
	45000
	$0.25

	Option 3
	#430
	54000
	$0.15


Beverly has estimated that, during the 3 years of the lease, there is a 40% chance she will drive an average of 12,000 miles per year, a 30% chance she will drive an average of 15,000 miles per year, and a 30% chance that she will drive 18,000 miles per year. In evaluating these lease options, Beverly would like to keep her costs as low as possible.

(a) Develop a payoff (cost) table for this situation.

(b) What decision would Beverly make if she were optimistic?

(c) What decision would Beverly make if she were pessimistic?

(d) What decision would Beverly make if she wanted to minimize her expected cost (monetary value)?

(e) Calculate the expected value of perfect information for this problem.

[3-31] The game of roulette is popular in many casinos around the world. In Las Vegas, a typical roulette wheel has the numbers 1–36 in slots on the wheel. Half of these slots are red, and the other half are black. In the United States, the roulette wheel typically also has the numbers 0 (zero) and 00 (double zero), and both of these are on the wheel in green slots. Thus, there are 38 slots on the wheel. The dealer spins the wheel and sends a small ball in the opposite direction of the spinning wheel. As the wheel slows, the ball falls into one of the slots, and that is the winning number and color. One of the bets available is simply red or black, for which the odds are 1 to 1. If the player bets on either red or black, and that happens to be the winning color, the player wins the amount of her bet. For example, if the player bets $5 on red and wins, she is paid $5 and she still has her original bet. On the other hand, if the winning color is black or green when the player bets red, the player loses the entire bet. 

(a) What is the probability that a player who bets red will win the bet?

(b) If a player bets $10 on red every time the game is played, what is the expected monetary value (expected win)?
(c) In Europe, there is usually no 00 on the wheel, just the 0. With this type of game, what is the probability that a player who bets red will win the bet? If a player bets $10 on red every time in this game (with no 00), what is the expected monetary value? 

(d) Since the expected profit (win) in a roulette game is negative, why would a rational person play the game?

[3-34] A group of medical professionals is considering the construction of a private clinic. If the medical demand is high (i.e., there is a favorable market for the clinic), the physicians could realize a net profit of $100,000. If the market is not favorable, they could lose $40,000. Of course, they don’t have to proceed at all, in which case there is no cost. In the absence of any market data, the best the physicians can guess is that there is a 50–50 chance the clinic will be successful. Construct a decision tree to help analyze this problem. What should the medical professionals do?
[3-35] The physicians in Problem 3-34 have been approached by a market research firm that offers to perform a study of the market at a fee of $5,000. The market researchers claim their experience enables them to use Bayes’ theorem to make the following statements of probability: probability of a favorable market given study = 0.45 probability of an unfavorable research study = 0.55 probability of a favorable research an unfavorable study = 0.89 probability of an unfavorable market given an unfavorable study =   0.11 probability of a favorable market given a favorable study = 0.18 probability of an unfavorable market given a favorable study = 0.82
(a) Develop a new decision tree for the medical professionals to reflect the options now open with the market study.

(b) Use the EMV approach to recommend a strategy.

(c) What is the expected value of sample information? How much might the physicians be willing to pay for a market study?

(d) Calculate the efficiency of this sample information.
[3-39] Peter Martin is going to help his brother who wants to open a food store. Peter initially believes that there is a 50–50 chance that his brother’s food store would be a success. Peter is considering doing a market research study. Based on historical data, there is a 0.8 probability that the marketing research will be favourable given a successful food store. Moreover, there is a 0.7 probability that the marketing research will be unfavorable given an unsuccessful food store.

(a) If the marketing research is favorable, what is Peter’s revised probability of a successful food store for his brother?

(b) If the marketing research is unfavorable, what is Peter’s revised probability of a successful food store for his brother?

(c) If the initial probability of a successful food store is 0.60 (instead of 0.50), find the probabilities in parts a and b.

[3-42] Jim Sellers is thinking about producing a new type of electric razor for men. If the market were  favorable, he would get a return of $100,000, but if the market for this new type of razor were  unfavorable, he would lose $60,000. Since Ron Bush is a good friend of Jim Sellers, Jim is considering the possibility of using Bush Marketing Research to gather additional information about the market for the razor. Ron has suggested that Jim either use a survey or a pilot study to test the market. The survey would be a sophisticated questionnaire administered to a test market. It will cost $5,000. Another alternative is to run a pilot study. This would involve producing a limited number of the new razors and trying to sell them in two cities that are typical of American cities. The pilot study is more accurate but is also more expensive. It will cost $20,000. Ron Bush has suggested that it would be a good idea for Jim to conduct either the survey or the pilot before Jim makes the decision concerning whether to produce the new razor. But Jim is not sure if the value of the survey or the pilot is worth the cost. Jim estimates that the probability of a successful market without performing a survey or pilot study is 0.5. Furthermore, the probability of a favorable survey result given a favorable market for razors is 0.7, and the probability of a favorable survey result given an unsuccessful market for razors is 0.2. In addition, the probability of an unfavorable pilot study given an unfavorable market is 0.9, and the probability of an unsuccessful pilot study result given a favourable market for razors is 0.2. 

(a) Draw the decision tree for this problem without the probability values
(b) Compute the revised probabilities needed to complete the decision, and place these values in the decision tree.

(c) What is the best decision for Jim? Use EMV as the decision criterion.

[3-48] In the past few years, the traffic problems in Lynn McKell’s hometown have gotten worse. Now, Broad Street is congested about half the time. The normal travel time to work for Lynn is only 15 minutes when Broad Street is used and there is no congestion. With congestion, however, it takes Lynn 40 minutes to get to work. If Lynn decides to take the expressway, it will take 30 minutes regardless of the traffic conditions. Lynn’s utility for travel time is: U(15 minutes) = 0.9, U(30 minutes) = 0.7, and U(40 minutes) = 0.2.

(a) Which route will minimize Lynn’s expected travel time?

(b) Which route will maximize Lynn’s utility?

(c) When it comes to travel time, is Lynn a risk seeker or a risk avoider?

Chapter 4: Regression Methods
[4-9] John Smith has developed the following forecasting model: 
[image: image1.wmf]Y

ˆ

= 36 + 4.3X1
where 
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ˆ

= Demand for K10 air conditioners

X1 = the outside temperature

(a) Forecast the demand for K10 when the temperature is 70°F.

(b) What is the demand for a temperature of 80°F?

(c) What is the demand for a temperature of 90°F?
[4-10] The operations manager of a musical instrument distributor feels that demand for bass drums may be related to the number of television appearances by the popular rock group Green Shades during the preceding month. The manager has collected the data shown in the following table:

	Demand for bass drums
	Green shades TV appearance

	3
	3

	6
	4

	7
	7

	5
	6

	10
	8

	8
	5


(a) Graph these data to see whether a linear equation might describe the relationship between the group’s television shows and bass drum sales. 

(b) Using the equations presented in this chapter, compute the SST, SSE, and SSR. Find the least squares regression line for these data. 

(c) What is your estimate for bass drum sales if the Green Shades performed on TV six times last month?

[4-13] Students in a management science class have just received their grades on the first test. The instructor has provided information about the first test grades in some previous classes as well as the final average for the same students. Some of these grades have been sampled and are as follows:

	Student
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1st test grade
	98
	77
	88
	80
	96
	61
	66
	95
	69

	Final average
	93
	78
	84
	73
	84
	64
	64
	95
	76


(a) Develop a regression model that could be used to predict the final average in the course based on the first test grade.

(b) Predict the final average of a student who made an 83 on the first test.

(c) Give the values of r and r2 for this model. Interpret the value of r2 in the context of this problem.

[4-17] Accountants at the firm Walker and Walker believed that several traveling executives submit unusually high travel vouchers when they return from business trips. The accountants took a sample of 200 vouchers submitted from the past year; they then developed the following multiple regression equation relating expected travel cost (Y) to number of days on the road (X1) and distance traveled in miles (X2):

 
[image: image3.wmf]Y

ˆ

= $90.00 + $48.50X1 + $0.40X2
The coefficient of correlation computed was 0.68. 

(a) If Thomas Williams returns from a 300-mile trip that took him out of town for five days, what is the expected amount that he should claim as expenses?

(b) Williams submitted a reimbursement request for $685; what should the accountant do?

(c) Comment on the validity of this model. Should any other variables be included? Which ones?

Why?
[4-19] Thirteen students entered the undergraduate business program at Rollins College 2 years ago. The following table indicates what their grade-point averages (GPAs) were after being in the program for 2 years and what each student scored on the SAT exam (maximum 2400) when he or she was in high school. Is there a meaningful relationship between grades and SAT scores? If a student scores a 1200  on the SAT, what do you think his or her GPA will be? What about a student who scores 2400?

	Student
	SAT Score
	GPA

	A
	1263
	2.90

	B
	1131
	2.93

	C
	1755
	3.00

	D
	2070
	3.45

	E
	1824
	3.66

	F
	1170
	2.88

	G
	1245
	2.15

	H
	1443
	2.53

	I
	2187
	3.22

	J
	1503
	1.99

	K
	1839
	2.75

	L
	2127
	3.90

	M
	1098
	1.60


Chapter 5: Forecasting
[5-15] Data collected on the yearly demand for 50-pound bags of fertilizer at Wallace Garden Supply are shown in the following table. Develop a 3-year moving average to forecast sales. Then estimate demand again with a weighted moving average in which sales in the most recent year are given a weight of 2 and sales in the other 2 years are each given a weight of 1. Which method do you think is best?
	Year
	Demand for fertilizer (1000s of bags)

	1
	4

	2
	6

	3
	4

	4
	5

	5
	10

	6
	8

	7
	7

	8
	9

	9
	12

	10
	14

	11
	15


[5-18] Use exponential smoothing with a smoothing constant of 0.3 to forecast the demand for fertilizer given in Problem 5-15. Assume that last period’s forecast for year 1 is 5,000 bags to begin the procedure. Would you prefer to use the exponential smoothing model or the weighted average model developed in Problem 5-15? Explain your answer.
[5-25] Sales of industrial vacuum cleaners at R. Lowenthal Supply Co. over the past 13 months are as follows:

	Sales ($1000s)
	Month

	11
	January

	14
	February

	16
	March

	10
	April

	15
	May

	17
	June

	11
	July

	14
	August

	17
	September

	12
	October

	14
	November

	16
	December

	11
	January


(a) Using a moving average with three periods, determine the demand for vacuum cleaners for next February.

(b) Using a weighted moving average with three periods, determine the demand for vacuum cleaners for February. Use 3, 2, and 1 for the weights of the most recent, second most recent, and third most recent periods, respectively. For example, if you were forecasting the demand or February, November would have a weight of 1, December would have a weight of 2, and January would have a weight of 3. 

(c) Evaluate the accuracy of each of these methods.

(d) What other factors might R. Lowenthal consider in forecasting sales?

[5-26] Passenger miles flown on Northeast Airlines, a commuter firm serving the Boston hub, are as follows for the past 12 weeks:

	Week
	Actual Passenger Miles (1000s)

	1
	17

	2
	21

	3
	19

	4
	23

	5
	18

	6
	16

	7
	20

	8
	18

	9
	22

	10
	20

	11
	15

	12
	22


(a) Assuming an initial forecast for week 1 of 17,000 miles, use exponential smoothing to compute miles for weeks 2 through 12. Use alpha = 0.2.
(b) What is the MAD for this model?

(c) Compute the RSFE and tracking signals. Are they within acceptable limits?

[5-31] A major source of revenue in Texas is a state sales tax on certain types of goods and services. Data are compiled and the state comptroller uses them to project future revenues for the state budget. One particular category of goods is classified as Retail Trade. Four years of quarterly data (in $millions) for one particular area of southeast Texas follow:

	Quarter
	Year 1
	Year 2
	Year 3
	Year 4

	1
	218
	225
	234
	250

	2
	247
	254
	265
	283

	3
	243
	255
	264
	289

	4
	292
	299
	327
	356


(a) Compute seasonal indices for each quarter based on a CMA.

(b) Deseasonalize the data and develop a trend line on the deseasonalized data.

(c) Use the trend line to forecast the sales for each quarter of year 5.

(d) Use the seasonal indices to adjust the forecasts found in part (c) to obtain the final forecasts.

[5-32] Using the data in Problem 5-31, develop a multiple regression model to predict sales (both trend and seasonal components), using dummy variables to incorporate the seasonal factor into the model. Use this model to predict sales for each quarter of the next year. Comment on the accuracy of this model.

[5-33] Trevor Harty, an avid mountain biker, always wanted to start a business selling top-of-the-line mountain bikes and other outdoor supplies. A little over 6 years ago, he and a silent partner opened a store called Hale and Harty Trail Bikes and Supplies. Growth was rapid in the first 2 years, but since that time, growth in sales has slowed a bit, as expected. The quarterly sales (in $1,000s) for the past 4 years are shown in the table below:

	
	Year 1
	Year 2
	Year 3
	Year 4

	Quarter 1
	274
	282
	282
	296

	Quarter 2
	172
	178
	182
	210

	Quarter 3
	130
	136
	134
	158

	Quarter 4
	162
	168
	170
	182


(a) Develop a trend line using the data in the table. Use this to forecast sales for each quarter of year 5. What does the slope of this line indicate?

(b) Use the multiplicative decomposition model to incorporate both trend and seasonal components into the forecast. What does the slope of this line indicate?

(c) Compare the slope of the trend line in part a to the slope in the trend line for the decomposition model that was based on the deseasonalized sales figures. Discuss why these are so different and explain which one is best to use.

[5-35] Management of Davis’s Department Store has used time-series extrapolation to forecast retail sales for the next four quarters. The sales estimates are $100,000, $120,000, $140,000, and $160,000 for the respective quarters before adjusting for seasonality. Seasonal indices for the four quarters have been found to be 1.30, 0.90, 0.70, and 1.10, respectively. Compute a seasonalized or adjusted sales forecast.

Chapter 6: Inventory Control Models
[6-18] Lila Battle has determined that the annual demand for number 6 screws is 100,000 screws. Lila, who works in her brother’s hardware store, is in charge of purchasing. She estimates that it costs $10 every time an order is placed. This cost includes her wages, the cost of the forms used in placing the order, and so on. Furthermore, she estimates that the cost of carrying one screw in inventory for a year is one-half of 1 cent. Assume that the demand is constant throughout the year.

(a) How many number 6 screws should Lila order at a time if she wishes to minimize total inventory cost?

(b) How many orders per year would be placed? What would the annual ordering cost be?

(c) What would the average inventory be? What would the annual holding cost be?

[6-21] Barbara Bright is the purchasing agent for West Valve Company. West Valve sells industrial valves and fluid control devices. One of the most popular valves is the Western, which has an annual demand of 4,000 units. The cost of each valve is $90, and the inventory carrying cost is estimated to be 10% of the cost of each valve. Barbara has made a study of the costs involved in placing an order for any of the valves that West Valve stocks, and she has concluded that the average ordering cost is $25 per order. Furthermore, it takes about two weeks for an order to arrive from the supplier, and during this time the demand per week for West valves is approximately 80.

(a) What is the EOQ?

(b) What is the ROP?

(c) What is the average inventory? What is the annual holding cost?

(d) How many orders per year would be placed? What is the annual ordering cost?

[6-25] Ross White’s machine shop uses 2,500 brackets during the course of a year, and this usage is relatively constant throughout the year. These brackets are purchased from a supplier 100 miles away for $15 each, and the lead time is 2 days. The holding cost per bracket per year is $1.50 (or 10% of the unit cost) and the ordering cost per order is $18.75.

There are 250 working days per year. 

(a) What is the EOQ?

(b) Given the EOQ, what is the average inventory? What is the annual inventory holding cost?

(c) In minimizing cost, how many orders would be made each year? What would be the annual ordering cost?

(d) Given the EOQ, what is the total annual inventory cost (including purchase cost)?

(e) What is the time between orders?

(f) What is the ROP?

[6-26] Ross White (see Problem 6-25) wants to reconsider his decision of buying the brackets and is considering making the brackets in-house. He has determined that setup costs would be $25 in machinist time and lost production time, and 50 brackets could be produced in a day once the machine has been set up. Ross estimates that the cost (including labor time and materials) of producing one bracket would be $14.80. The holding cost would be 10% of this cost.

(a) What is the daily demand rate? 
(b) What is the optimal production quantity?

(c) How long will it take to produce the optimal quantity? How much inventory is sold during this time?

(d) If Ross uses the optimal production quantity, what would be the maximum inventory level? What would be the average inventory level? What is the annual holding cost?

(e) How many production runs would there be each year? What would be the annual setup cost? 
(f) Given the optimal production run size, what is the total annual inventory cost?

(g) If the lead time is one-half day, what is the ROP?

[6-27] Upon hearing that Ross White (see Problems 6-25 and 6-26) is considering producing the brackets inhouse, the vendor has notified Ross that the purchase price would drop from $15 per bracket to $14.50 per bracket if Ross will purchase the brackets in lots of 1,000. Lead times, however would increase to 3 days for this larger quantity.

(a) What is the total annual inventory cost plus purchase cost if Ross buys the brackets in lots of 1,000 at $14.50 each?

(b) If Ross does buy in lots of 1,000 brackets, what is the new ROP?

(c) Given the options of purchasing the brackets at $15 each, producing them in-house at $14.80, and taking advantage of the discount, what is your recommendation to Ross White?

[6-30] Northern Distributors is a wholesale organization that supplies retail stores with lawn care and household products. One building is used to store Neverfail lawn mowers. The building is 25 feet wide by 40 feet deep by 8 feet high. Anna Oldham, manager of the warehouse, estimates that about 60% of the warehouse can be used to store the Neverfail lawn mowers. The remaining 40% is used for walkways and a small office. Each Neverfail lawn mower comes in a box that is 5 feet by 4 feet by 2 feet high. The annual demand for these lawn mowers is 12,000, and the ordering cost for Northern Distributors is $30 per order. It is estimated that it costs Northern $2 per lawn mower per year for storage. Northern Distributors is thinking about increasing the size of the warehouse. The company can only do this by making the warehouse deeper. At the present time, the warehouse is 40 feet deep. How many feet of depth should be added on to the warehouse to minimize the annual inventory costs? How much should the company be willing to pay for this addition?

Remember that only 60% of the total area can be used to store Neverfail lawn mowers. Assume all EOQ conditions are met.

[6-34] North Manufacturing has a demand for 1,000 pumps each year. The cost of a pump is $50. It costs North Manufacturing $40 to place an order, and the carrying cost is 25% of the unit cost. If pumps are ordered in quantities of 200, North Manufacturing can get a 3% discount on the cost of the pumps. Should North Manufacturing order 200 pumps at a time and take the 3% discount?
[6-35] Linda Lechner is in charge of maintaining hospital supplies at General Hospital. During the past year, the mean lead time demand for bandage BX-5 was 60. Furthermore, the standard deviation for BX-5 was 7. Linda would like to maintain a 90% service level. What safety stock level do you recommend for BX-5?
[6-36] Linda Lechner has just been severely chastised for her inventory policy. (See Problem 6-35.) Sue Surrowski, her boss, believes that the service level should be either 95% or 98%. Compute the safety stock levels for a 95% and a 98% service level. Linda knows that the carrying cost of BX-5 is 50 cents per unit per year. Compute the carrying cost that is associated with a 90%, a 95%, and a 98% service level.

[6-41] The Hardware Warehouse is evaluating the safety stock policy for all its items, as identified by the SKU code. For SKU M4389, the company always orders 80 units each time an order is placed. The daily demand is constant, at 5 units per day; the lead time is normally distributed, with a mean of 3 days and a standard deviation of 2. Holding cost is $3 per unit per year. A 95% service level is to be maintained.

(a) What is the standard deviation of demand during the lead time?

(b) How much safety stock should be carried, and what should be the reorder point?

(c) What is the total annual holding cost?

[6-49] Harry’s Hardware does a brisk business during the year. During Christmas, Harry’s Hardware sells Christmas trees for a substantial profit. Unfortunately, any trees not sold at the end of the season are totally worthless. Thus, the number of trees that are stocked for a given season is a very important decision. The following table reveals the demand for Christmas trees:
	Demand for Christmas Trees
	Probability

	50
	0.05

	75
	0.1

	100
	0.2

	125
	0.3

	150
	0.2

	175
	0.1

	200
	0.05


Harry sells trees for $80 each, but his cost is only $20.

(a) Use marginal analysis to determine how many trees Harry should stock at his hardware store.

(b) If the cost increased to $35 per tree and Harry continues to sell trees for $80 each, how many trees should Harry stock?

(c) Harry is thinking about increasing the price to $100 per tree. Assume that the cost per tree is $20. With the new price, it is expected that the probability of selling 50, 75, 100, or 125 trees will be 0.25 each. Harry does not expect to sell more than 125 trees with this price increase. What do you recommend?

[6-50] In addition to selling Christmas trees during the Christmas holidays, Harry’s Hardware sells all the ordinary hardware items (see Problem 6-49). One of the most popular items is Great Glue HH, a glue that is made just for Harry’s Hardware. The selling price is $4 per bottle, but unfortunately, the glue gets hard and unusable after one month. The cost of the glue is $1.20. During the past several months, the mean sales of glue have been 60 units, and the standard deviation is 7. How many bottles of glue should Harry’s Hardware stock? Assume that sales follow a normal distribution.

[6-52] Linda Stanyon has been the production manager for Plano Produce for over eight years. Plano Produce is a small company located near Plano, Illinois. One produce item, tomatoes, is sold in cases, with daily sales averaging 400 cases. Daily sales are assumed to be normally distributed. In addition, 85% of the time the sales are between 350 and 450 cases. Each case costs $10 and sells for $15. All cases that are not sold must be discarded.

(a) Using the information provided, estimate the standard deviation of sales.

(b) Using the standard deviation in part (a), determine how many cases of tomatoes Linda should stock.

[6-54] Emarpy Appliance produces all kinds of major appliances. Richard Feehan, the president of Emarpy, is concerned about the production policy for the company’s best selling refrigerator. The demand for this has been relatively constant at about 8,000 units each year. The production capacity for this product is 200 units per day. Each time production starts, it costs the company $120 to move materials into place, reset the assembly line, and clean the equipment. The holding  cost of a refrigerator is $50 per year. The current production plan calls for 400 refrigerators to be produced in each production run. Assume there are 250 working days per year. 
(a) What is the daily demand of this product?

(b) If the company were to continue to produce 400 units each time production starts, how many days would production continue?

(c) Under the current policy, how many production runs per year would be required? What would the annual setup cost be?

(d) If the current policy continues, how many refrigerators would be in inventory when production stops? What would the average inventory level be?

(e) If the company produces 400 refrigerators at a time, what would the total annual setup cost and holding cost be?

[6-59] The demand for product S is 100 units. Each unit of S requires 1 unit of T and 1/2 unit of U. Each unit of T requires 1 unit of V, 2 units of W, and 1 unit of X. Finally, each unit of U requires 1/2 unit of Y and 3 units of Z. All items are manufactured by the same firm. It takes two weeks to make S, one week to make T, two weeks to make U, two weeks to make V, three weeks to make W, one week to make X, two weeks to make Y, and one week to make Z.

(a) Construct a material structure tree and a gross material requirements plan for the dependent inventory items.

(b) Identify all levels, parents, and components.

(c) Construct a net material requirements plan using the following on-hand inventory data:

	Item
	S
	T
	U
	V
	W
	X
	Y
	Z

	On-Hand Inventory
	20
	20
	10
	30
	30
	25
	15
	10


Chapter 7: Linear Programming Models
[7-8] The mathematical relationships that follow were formulated by an operations research analyst at the Smith–Lawton Chemical Company. Which ones are invalid for use in an LP problem, and why?
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[7-16] A candidate for mayor in a small town has allocated $40,000 for last-minute advertising in the days preceding the election. Two types of ads will be used: radio and television. Each radio ad costs $200 and reaches an estimated 3,000 people. Each television ad costs $500 and reaches an estimated 7,000 people. In planning the advertising campaign, the campaign manager would like to reach as many people as possible, but she has stipulated that at least 10 ads of each type must be used. Also, the number of radio ads must be at least as great as the number of television ads. How many ads of each type should be used? How many people will this reach?
[7-20] A winner of the Texas Lotto has decided to invest $50,000 per year in the stock market. Under consideration are stocks for a petrochemical firm and a public utility. Although a long-range goal is to get the highest possible return, some consideration is given to the risk involved with the stocks. A risk index on a scale of 1–10 (with 10 being the most risky) is assigned to each of the two stocks. The total risk of the portfolio is found by multiplying the risk of each stock by the dollars invested in that stock. The following table provides a summary of the return and risk:

	Stock
	Estimated Return
	Risk Index

	Petrochemical
	12%
	9

	Utility
	6%
	4


The investor would like to maximize the return on the investment, but the average risk index of the investment should not be higher than 6. How much should be invested in each stock? What is the average risk for this investment? What is the estimated return for this investment?

[7-26] The seasonal yield of olives in a Piraeus, Greece, vineyard is greatly influenced by a process of branch pruning. If olive trees are pruned every two weeks, output is increased. The pruning process, however, requires considerably more labor than permitting the olives to grow on their own and results in a smaller size olive. It also, though, permits olive trees to be spaced closer together. The yield of 1 barrel of olives by pruning requires 5 hours of labor and 1 acre of land. The production of a barrel of olives by the normal process requires only 2 labor hours but takes 2 acres of land. An olive grower has 250 hours of labor available and a total of 150 acres for growing. Because of the olive size difference, a barrel of olives produced on pruned trees sells for $20, whereas a barrel of regular olives has a market price of $30. The grower has determined that because of uncertain demand, no more than 40 barrels of pruned olives should be produced. Use graphical LP to find 

(a) the maximum possible profit.

(b) the best combination of barrels of pruned and regular olives.

(c) the number of acres that the olive grower should devote to each growing process.

[7-41] Outdoor Inn, a camping equipment manufacturer in southern Utah, is developing a production schedule for a popular type of tent, the Double Inn. Orders have been received for 180 of these to be delivered at the end of this month, 220 to be delivered at the end of next month, and 240 to be delivered at the end of the month after that. This tent may be produced at a cost of $120, and the maximum number of tents that can be produced in a month is 230. The company may produce some extra tents in one month and keep them in storage until the next month. The cost for keeping these in inventory for 1 month is estimated to be $6 per tent for each tent left at the end of the month. Formulate this as an LP problem to minimize cost while meeting demand and not exceeding the monthly production capacity. Solve it using any computer software. (Hint: Define variables to represent the number of tents left over at the end of each month.)
[7-45] Raptor Fuels produces three grades of gasoline— Regular, Premium, and Super. All of these are produced by blending two types of crude oil— Crude A and Crude B. The two types of crude contain specific ingredients which help in determining the octane rating of gasoline. The important ingredients and the costs are contained in the following table:

	
	Crude A
	Crude B

	Cost per gallon
	$0.42
	$0.47

	Ingredient 1
	40%
	52%

	Other ingredients
	60%
	48%


In order to achieve the desired octane ratings, at least 41% of Regular gasoline should be Ingredient 1; at least 44% of Premium gasoline must be Ingredient 1, and at least 48% of Super gasoline must be Ingredient 1. Due to current contract commitments, Raptor Fuels must produce as least 20,000 gallons of Regular, at least 15,000 gallons of Premium, and at least 10,000 gallons of Super. Formulate a linear program that could be used to determine how much of Crude A and Crude B should be used in each of the gasolines to meet the demands at the minimum cost. What is the minimum cost? How much of Crude A and Crude B are used in each gallon of the different types of gasoline?
Chapter 8: Linear Programming Applications
[8-3] (Restaurant work scheduling problem). The famous Y. S. Chang Restaurant is open 24 hours a day. Waiters and busboys report for duty at 3 A.M., 7 A.M., 11 A.M., 3 P.M., 7 P.M., or 11 P.M., and each works an 8-hour shift. The following table shows the minimum number of workers needed during the six periods into which the day is divided. Chang’s scheduling problem is to determine how many waiters and busboys should report for work at the start of each time period to minimize the total staff required for one day’s operation. (Hint: Let Xi equal the number of waiters and busboys beginning work in time period i, where i = 1, 2, 3, 4, 5, 6.)
	Period
	Time
	Number of waiters and busyboys required

	1
	3 AM – 7 AM 
	3

	2
	7 AM – 11 AM
	12

	3
	11 AM – 3 PM
	16

	4
	3 PM – 7 PM
	9

	5
	7 PM – 11 PM
	11

	6
	11 PM – 3 AM
	4


[8-5] The Kleenglass Corporation makes a dishwasher that has excellent cleaning power. This dishwasher uses less water than most competitors, and it is extremely quiet. Orders have been received from several retails stores for delivery at the end of each of the next 3 months, as shown below:
	Month
	Number of units

	June
	195

	July
	215

	August
	205


Due to limited capacity, only 200 of these can be made each month on regular time, and the cost is $300 each. However, an extra 15 units per month can be produced if overtime is used, but the cost goes up to $325 each. Also, if there are any dishwashers produced in a month that are not sold in that month, there is a $20 cost to carry this item to the next month. Use linear programming to determine how many units to produce in each month on regular time and on overtime to minimize the total cost while meeting the demands.

[8-8] (Automobile leasing problem) Sundown Rent-a-Car, a large automobile rental agency operating in the

Midwest, is preparing a leasing strategy for the next six months. Sundown leases cars from an automobile manufacturer and then rents them to the public on a daily basis. A forecast of the demand for Sundown’s cars in the next six months follows:
	Month
	March
	April
	May
	June 
	July
	August

	Demand
	420
	400
	430
	460
	470
	440


Cars may be leased from the manufacturer for either three, four, or five months. These are leased on the first day of the month and are returned on the last day of the month. Every six months the automobile manufacturer is notified by Sundown about the number of cars needed during the next six months. The automobile manufacturer has stipulated that at least 50% of the cars leased during a six-month period must be on the five-month lease. The cost per month on each of the three types of leases are $420 for the three-month lease, $400 for the four-month lease, and $370 for the five-month lease. Currently, Sundown has 390 cars. The lease on 120 cars expires at the end of March. The lease on another 140 cars expires at the end of April, and the lease on the rest of these expires at the end of May. Use LP to determine how many cars should be leased in each month on each type of lease to minimize the cost of leasing over the six-month period. How many cars are left at the end of August?

[8-11] (Pricing and marketing strategy problem) The I. Kruger Paint and Wallpaper Store is a large retail distributor of the Supertrex brand of vinyl wallcoverings. Kruger will enhance its citywide image in Miami if it can outsell other local stores in total number of rolls of Supertrex next year. It is able to estimate the demand function as follows: 

Number of rolls of Supertrex sold = 20 * Dollars

spent on advertising + 6.8 * Dollars spent on

in-store displays + 12 * Dollars invested in on-hand

wallpaper inventory - 65,000 * Percentage markup

taken above wholesale cost of a roll

The store budgets a total of $17,000 for advertising, in-store displays, and on-hand inventory of Supertrex for next year. It decides it must spend at least $3,000 on advertising; in addition, at least 5% of the amount invested in on-hand inventory should be devoted to displays. Markups on Supertrex seen at other local stores range from 20% to 45%. Kruger decides that its markup had best be in this range as well.

(a) Formulate as an LP problem.

(b) Solve the problem.

(c) What is the difficulty with the answer?

(d) What constraint would you add?

[8-13] (High-tech production problem) Quitmeyer Electronics Incorporated manufactures the following six microcomputer peripheral devices: internal modems, external modems, graphics circuit boards, CD drives, hard disk drives, and memory expansion boards. Each of these technical products requires time, in minutes, on three types of electronic testing equipment, as shown in the table below.
	
	Internal Modem
	External modem
	Circuit Board
	CD Drives
	Hard Drives
	Memory Boards

	Test device 1
	7
	3
	12
	6
	18
	17

	Test device 2
	2
	5
	3
	2
	15
	17

	Test device 3
	5
	1
	3
	2
	9
	2


The first two test devices are available 120 hours per week. The third (device 3) requires more preventive maintenance and may be used only 100 hours each week. The market for all six computer components is vast, and Quitmeyer Electronics believes that it can sell as many units of each product as it can manufacture. The table that follows summarizes the revenues and material costs for each product:
	Device
	Revenue per unit sold ($)
	Material cost per unit ($)

	Internal modem
	200
	35

	External modem
	120
	25

	Graphics circuit board
	180
	40

	CD drive
	130
	45

	Hard disk drive
	430
	170

	Memory expansion board
	260
	60


In addition, variable labor costs are $15 per hour for test device 1, $12 per hour for test device 2, and $18 per hour for test device 3. Quitmeyer Electronics wants to maximize its profits. 

(a) Formulate this problem as an LP model.

(b) Solve the problem by computer. What is the best product mix?

(c) What is the value of an additional minute of time per week on test device 1? Test device 2? Test device 3? Should Quitmeyer Electronics add more test device time? If so, on which equipment?
[8-15] (Agricultural production planning problem) Margaret Black’s family owns five parcels of farmland broken into a southeast sector, north sector, northwest sector, west sector, and southwest sector. Margaret is involved primarily in growing wheat, alfalfa, and barley crops and is currently preparing her production plan for next year. The Pennsylvania Water Authority has just announced its yearly water allotment, with the Black farm receiving 7,400 acre-feet. Each parcel can only tolerate a specified amount of irrigation per growing season, as specified in the following table:
	Parcel
	Area (Acres)
	Water Irrigation Limit (Acre-feet)

	Southeast
	2000
	3200

	North
	2300
	3400

	Northwest
	600
	800

	West
	1100
	500

	Southwest
	500
	600


Each of Margaret’s crops needs a minimum amount of water per acre, and there is a projected limit on sales of each crop. Crop data follow:
	Crop
	Maximum Sales
	Water Needed per Acre (Acre-feet)

	Wheat
	110000 bushels
	1.6

	Alfalfa
	1800 tons
	2.9

	Barley
	2200 tons
	3.5


Margaret’s best estimate is that she can sell wheat at a net profit of $2 per bushel, alfalfa at $40 per ton, and barley at $50 per ton. One acre of land yields an average of 1.5 tons of alfalfa and 2.2 tons of barley. The wheat yield is approximately 50 bushels per acre.

(a) Formulate Margaret’s production plan.

(b) What should the crop plan be, and what profit will it yield?

(c) The Water Authority informs Margaret that for a special fee of $6,000 this year, her farm will qualify for an additional allotment of 600 acrefeet of water. How should she respond?
[8-21] (Hospital food transportation problem) Northeast General, a large hospital in Providence, Rhode Island, has initiated a new procedure to ensure that patients receive their meals while the food is still as hot as possible. The hospital will continue to prepare the food in its kitchen but will now deliver it in bulk (not individual servings) to one of three new serving stations in the building. From there, the food will be reheated and meals will be placed on individual trays, loaded onto a cart, and distributed to the various floors and wings of the hospital. The three new serving stations are as efficiently located as possible to reach the various hallways in the hospital. The number of trays that each station can serve are indicated in the table:
	Location
	Capacity (Meals)

	Station 5A
	200

	Station 3G
	225

	Station 1S
	275


There are six wings to Northeast General that must be served. The number of patients in each follows:
	Wing
	1
	2
	3
	4
	5
	6

	Patients
	80
	120
	150
	210
	60
	80


The purpose of the new procedure is to increase the temperature of the hot meals that the patient receives. Therefore, the amount of time needed to deliver a tray from a serving station will determine the proper distribution of food from serving station to wing. The following table summarizes the time (minutes) associated with each possible distribution channel. What is your recommendation for handling the distribution of trays from the three serving stations?
Chapter 9: Transportation and Assignment Models
[9-13] The Hardrock Concrete Company has plants in three locations and is currently working on three major construction projects, each located at a different site. The shipping cost per truckload of concrete, daily plant capacities, and daily project requirements are provided in the table below. 
	
	To

	From
	Project A
	Project B
	Project C
	Plant Capacities

	Plant 1
	$10
	$4
	$11
	70

	Plant 2
	12
	5
	8
	50

	Plant 3
	9
	7
	6
	30

	Project Requirements
	40
	50
	60
	150


(a) Formulate an initial feasible solution to Hardrock’s transportation problem using the northwest corner rule. Then evaluate each unused shipping route by computing all improvement indices. Is this solution optimal? Why?

(b) Is there more than one optimal solution to this problem? Why?

[9-30] The J. Mehta Company’s production manager is planning for a series of 1-month production periods for stainless steel sinks. The demand for the next 4 months is as follows:
	Month
	Demand for stainless steel sinks

	1
	120

	2
	160

	3
	240

	4
	100


The Mehta firm can normally produce 100 stainless steel sinks in a month. This is done during regular production hours at a cost of $100 per sink. If demand in any 1 month cannot be satisfied by regular production, the production manager has three other choices: (1) He can produce up to 50 more sinks per month in overtime but at a cost of $130 per sink;

(2) he can purchase a limited number of sinks from a friendly competitor for resale (the maximum number of outside purchases over the 4-month period is 450 sinks, at a cost of $150 each); or (3) he can fill the demand from his on-hand inventory. The inventory carrying cost is $10 per sink per month. Back orders are not permitted. Inventory on hand at the beginning of month 1 is 40 sinks. Set up this “production smoothing” problem as a transportation problem to minimize cost. Use the northwest corner rule to find an initial level for production and outside purchases over the 4-month period.

[9-39] Baseball umpiring crews are currently in four cities where three-game series are beginning. When these are finished, the crews are needed to work games in four different cities. The distances (miles) from each of the cities where the crews are currently working to the cities where the new games will begin are shown in the following table:
	
	To

	From
	Kansas City
	Chicago
	Detroit
	Toronto

	Seattle
	1500
	1730
	1940
	2070

	Arlington
	460
	810
	1020
	1270

	Oakland
	1500
	1850
	2080
	X

	Baltimore
	960
	610
	400
	330


The X indicates that the crew in Oakland cannot be sent to Toronto. Determine which crew should be sent to each city to minimize the total distance traveled. How many miles will be traveled if these assignments are made?

[9-41] Roscoe Davis, chairman of a college’s business department, has decided to apply a new method in assigning professors to courses next semester. As a criterion for judging who should teach each course, Professor Davis reviews the past two years’ teaching evaluations (which were filled out by students). Since each of the four professors taught each of the four courses at one time or another during the twoyear period, Davis is able to record a course rating for each instructor. These ratings are shown in the table. Find the best assignment of professors to courses to maximize the overall teaching rating.
	
	Course

	Professor
	Statistics
	Management
	Finance
	Economics

	Anderson
	90
	65
	95
	40

	Sweeney
	70
	60
	80
	75

	Williams
	85
	40
	80
	60

	McKinney
	55
	80
	65
	55


[9-46] Haifa Instruments, an Israeli producer of portable kidney dialysis units and other medical products, develops an 8-month aggregate plan. Demand and capacity (in units) are forecast as shown in the table below.
	Capacity Source
	Jan
	Feb
	Mar
	Apr
	May
	June
	July
	Aug

	Labor: Regular time
	235
	255
	290
	300
	300
	290
	300
	290

	Labor: Overtime
	20
	24
	26
	24
	30
	28
	30
	30

	Subcontract
	12
	15
	15
	17
	17
	19
	19
	20

	Demand
	255
	294
	321
	301
	330
	320
	345
	340


The cost of producing each dialysis unit is $1,000 on regular time, $1,300 on overtime, and $1,500 on a subcontract. Inventory carrying cost is $100 per unit per month. There is no beginning or ending inventory in stock.

(a) Set up a production plan, using the transportation model that minimizes cost. What is this plan’s cost?

(b) Through better planning, regular time production can be set at exactly the same value, 275 per month. Does this alter the solution? 

(c) If overtime costs rise from $1,300 to $1,400, does this change your answer to part (a)? What if they fall to $1,200?

[9-48] The XYZ Corporation is expanding its market to include Texas. Each salesperson is assigned to potential distributors in one of five different areas. It is anticipated that the salesperson will spend about three to four weeks in each area. A statewide marketing campaign will begin once the product has been delivered to the distributors. The five sales people who will be assigned to these areas (one person for each area) have rated the areas on the desirability of the assignment as shown in the following table.  The scale is 1 (least desirable) to 5 (most desirable). Which assignments should be made if the total of the ratings is to be maximized?
	
	Austin/san antonio
	Dallas/Ft. Worth
	El Paso/West Texas
	Houston/ Galveston
	Corpus Christi/Rio Grande Valley

	Erica
	5
	3
	2
	3
	4

	Louis
	3
	4
	4
	2
	2

	Maria
	4
	5
	4
	3
	3

	Paul
	2
	4
	3
	4
	3

	Orlando
	4
	5
	3
	5
	4


Chapter 10: Integer Programming
[10-12] Student Enterprises sells two sizes of wall posters, a large 3- by 4-foot poster and a smaller 2- by 3-foot poster. The profit earned from the sale of each large poster is $3; each smaller poster earns $2. The firm, although profitable, is not large; it consists of one art student, Jan Meising, at the University of Kentucky. Because of her classroom schedule, Jan has the following weekly constraints: (1) up to three large posters can be sold, (2) up to five smaller posters can be sold, (3) up to 10 hours can be spent on posters during the week, with each large poster requiring 2 hours of work and each small one taking 1 hour. With the semester almost over, Jan plans on taking a three-month summer vacation to England and doesn’t want to leave any unfinished posters behind. Find the integer solution that will maximize her profit.
[10-15] Horizon Wireless, a cellular telephone company, is expanding into a new era. Relay towers are necessary to provide wireless telephone coverage to the different areas of the city. A grid is superimposed on a map of the city to help determine where the towers should be located. The grid consists of 8 areas labeled A through H. Six possible tower locations (numbered 1–6) have been identified, and each location could serve several areas. The table below indicates the areas served by each of the towers.
	Tower location
	1
	2
	3
	4
	5
	6

	Areas Served
	A,B,D
	B,C,G
	C,D,E,F
	E,F,H
	E,G,H
	A,D,F


Formulate this as a 0–1 programming model to minimize the total number of towers required to cover all the areas. Solve this using a computer.

[10-19] Triangle Utilities provides electricity for three cities. The company has four electric generators that are used to provide electricity. The main generator operates 24 hours per day, with an occasional shutdown for routine maintenance. Three other generators (1, 2, and 3) are available to provide additional power when needed. A startup cost is incurred each time one of these generators is started. The startup costs are $6,000 for 1, $5,000 for 2, and $4,000 for 3. These generators are used in the following ways: A generator may be started at 6:00 A.M. and run for either 8 hours or 16 hours, or it may be started at 2:00 P.M. and run for 8 hours (until 10:00 P.M.). All generators except the main generator are shut down at 10:00 P.M. Forecasts indicate the need for 3,200 megawatts more than provided by the main generator before 2:00 P.M., and this need goes up to 5,700 megawatts between 2:00 and 10:00 P.M. Generator 1 may provide up to 2,400 megawatts, generator 2 may provide up to 2,100 megawatts, and generator 3 may provide up to 3,300 megawatts. The cost per megawatt used per eight hour period is $8 for 1, $9 for 2, and $7 for 3.

(a) Formulate this problem as an integer programming problem to determine the least-cost way to meet the needs of the area.

(b) Solve using computer software.

[10-24] An Oklahoma manufacturer makes two products: speaker telephones and pushbutton telephones. The following goal programming model has been formulated to find the number of each to produce each day to meet the firm’s goals:
Minimize P1d1- + P2d2- + P3d3+  + P4d1+
Subject to 2X1 + 4X2 + d1- - d1+ = 80

8X1 + 10X2 + d2- - d2+ = 320

8X1 + 6X2 + d3- - d3+ = 240

All Xi, di ≥  0

Find the optimal solution using a computer

[10-26] Mick Garcia, a certified financial planner (CFP) has been asked by a client to invest $250,000. This money may be placed in stocks, bonds, or a mutual fund in real estate. The expected return on investment is 13% for stocks, 8% for bonds, and 10% for real estate. While the client would like a very high expected return, she would be satisfied with a 10% expected return on her money. Due to risk considerations, several goals have been established to keep the risk at an acceptable level. One goal is to put at least 30% of the money in bonds. Another goal is that the amount of money in real estate should not exceed 50% of the money invested in stocks and bonds combined. In addition to these goals, there is one absolute restriction. Under no circumstances should more than $150,000 be invested in any one area. 

(a) Formulate this as a goal programming problem. Assume that all of the goals are equally important.

(b) Use any available software to solve this problem. How much money should be put in each of the investment options? What is the total return? Which of the goals are not met?

[10-31] Summertime Tees sells two very popular styles of embroidered shirts in southern Florida: a tank top and a regular T-shirt. The cost of the tank top is $6, and the cost of the T-shirt is $8. The demand for these is sensitive to the price, and historical data indicate that the weekly demands are given by
X1 = 500 – 12P1
X2 = 400 – 15P2
Where

X1 = demand for tank top

P1 = price for tank top

X2 = demand for regular T-shirt

P2 = price for regular T-shirt
(a) Develop an equation for the total profit.

(b) Use Excel to find the optimal solution to the following nonlinear program. Use the profit function developed in part (a).
Maximize profit

Subject to X1 = 500 – 12P1
X2 = 400 – 15P2
P1  ≤ 20

P1 ≤ 20

X1, P1, X2, P2 ≥  0

[10-32] The integer programming problem in the box below has been developed to help First National Bank decide where, out of 10 possible sites, to locate four new branch offices: where Xi represents Winter Park, Maitland, Osceola,

Downtown, South Orlando, Airport, Winter Garden, Apopka, Lake Mary, Cocoa Beach, for i equals 1 to 10, respectively.

(a) Where should the four new sites be located, and what will be the expected return?

(b) If at least one new branch must be opened in Maitland or Osceola, will this change the answers? Add the new constraint and rerun.
(c) The expected return at Apopka was overestimated. The correct value is $160,000 per year (that is, 160). Using the original assumptions (namely, ignoring (b)), does your answer to part (a) change?
Maximize expected returns = 120X1 + 100X2 + 110X3 + 140X4 + 155X5 + 128X6 + 145X7 + 190X8 + 170X9 + 150X10
Subject to

20X1 + 30X2 + 20X3 + 25X4 + 30X5 + 30X6 + 25X7 + 20X8 + 25X9 + 30X10 ≤ 110

15X1 +   5X2 + 20X3 + 20X4 +   5X5 +  5X6 + 10X7 + 20X8 +   5X9 + 20X10  ≤ 50

              X2 +                                     X6 +    X7 +               X9 +     X10  ≤ 3

              X2 +     X3 +                X5 +                          X8 +    X9             ≥ 2

X1     +               X3 +                                                                    X10   ≥ 1

X1     +    X2 +     X3 +   X4 +     X5 +     X6 +     X7 +    X8 +    X9 +    X10   ≤ 4

All Xi = 0 or 1
Chapter 11: Network Models
[11-19] The road system around the hotel complex on International Drive (node 1) to Disney World (node 11) in Orlando, Florida, is shown in the network of Figure 11.27. The numbers by the nodes represent the traffic flow in hundreds of cars per hour. What is the maximum flow of cars from the hotel complex to Disney World?
[image: image5.png]FIGURE 11.27
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[11-20] A road construction project would increase the road capacity around the outside roads from International

Drive to Disney World by 200 cars per hour (see Problem 11-19). The two paths affected would be 1–2–6–9–11 and 1–5–8–10–11. What impact would this have on the total flow of cars? Would the total flow of cars increase by 400 cars per hour?
[11-29] Grey Construction would like to determine the least expensive way of connecting houses it is building with cable TV. It has identified 11 possible branches or routes that could be used to connect the houses. The cost in hundreds of dollars and the branches are summarized in the following table.

(a) What is the least expensive way to run cable to the houses?
	Branch
	Start Node
	End Node
	Cost ($100s)

	Branch 1
	1
	2
	5

	Branch 2
	1
	3
	6

	Branch 3
	1
	4
	6

	Branch 4
	1
	5
	5

	Branch 5
	2
	6
	7

	Branch 6
	3
	7
	5

	Branch 7
	4
	7
	7

	Branch 8
	5
	8
	4

	Branch 9
	6
	7
	1

	Branch 10
	7
	9
	6

	Branch 11
	8
	9
	2


(b) After reviewing cable and installation costs, Grey Construction would like to alter the costs for installing cable TV between its houses. The first branches need to be changed. The changes are summarized in the following table. What is the impact on total costs?
	Branch
	Start Node
	End Node
	Cost ($100s)

	Branch 1
	1
	2
	5

	Branch 2
	1
	3
	1

	Branch 3
	1
	4
	1

	Branch 4
	1
	5
	1

	Branch 5
	2
	6
	7

	Branch 6
	3
	7
	5

	Branch 7
	4
	7
	7

	Branch 8
	5
	8
	4

	Branch 9
	6
	7
	1

	Branch 10
	7
	9
	6

	Branch 11
	8
	9
	2


[11-36] Northwest University is in the process of completing a computer bus network that will connect computer facilities throughout the university. The prime objective is to string a main cable from one end of the campus to the other (nodes 1–25) through underground conduits. These conduits are shown in the network of Figure 11.32; the distance between them is in hundreds of feet. Fortunately, these underground conduits have remaining capacity through which the bus cable can be placed.

(a) Given the network for this problem, how far (in hundreds of feet) is the shortest route from node 1 to node 25?

(b) In addition to the computer bus network, a new phone system is also being planned. The phone system would use the same underground conduits. If the phone system were installed, the following paths along the conduit would be at capacity and would not be available for the computer bus network: 6–11, 7–12, and 17–20. What changes (if any) would you have to make to the path used for the computer bus if the phone system were installed?

(c) The university did decide to install the new phone system before the cable for the computer network. Because of unexpected demand for computer networking facilities, an additional cable is needed for node 1 to node 25. Unfortunately, the cable for the first or original network has completely used up the capacity along its path. Given this situation, what is the best path for the second network cable?

[image: image6.png]



Chapter 12: Project Management
[12-18] A project was planned using PERT with three time estimates. The expected completion time of the project was determined to be 40 weeks. The variance of the critical path is 9.

(a) What is the probability that the project will be finished in 40 weeks or less?

(b) What is the probability that the project takes longer than 40 weeks?

(c) What is the probability that the project will be finished in 46 weeks or less?

(d) What is the probability that the project will take longer than 46 weeks?

(e) The project manager wishes to set the due date for the completion of the project so that there is a 90% chance of finishing on schedule. Thus, there would only be a 10% chance the project would take longer than this due date. What should this due date be?

[12-22] Fred Ridgeway has been given the responsibility of managing a training and development program. He knows the earliest start time, the latest start time, and the total costs for each activity. This information is given in the table below.
	Activity
	ES
	LS
	t
	Total Cost ($1000s)

	A
	0
	0
	6
	10

	B
	1
	4
	2
	14

	C
	3
	3
	7
	5

	D
	4
	9
	3
	6

	E
	6
	6
	10
	14

	F
	14
	15
	11
	13

	G
	12
	18
	2
	4

	H
	14
	14
	11
	6

	I
	18
	21
	6
	18

	J
	18
	19
	4
	12

	K
	22
	22
	14
	10

	L
	22
	23
	8
	16

	M
	18
	24
	6
	18


(a) Using earliest start times, determine Fred’s total monthly budget.

(b) Using latest start times, determine Fred’s total monthly budget.

[12-26] Getting a degree from a college or university can be a long and difficult task. Certain courses must be completed before other courses may be taken. Develop a network diagram, in which every activity is a particular course that must be taken for a given degree program. The immediate predecessors will be course prerequisites. Don’t forget to include all university, college, and departmental course requirements. Then try to group these courses into semesters or quarters for your particular school. How long do you think it will take you to graduate? Which courses, if not taken in the proper sequence, could delay your graduation?

[12-28] The estimated times (in weeks) and immediate predecessors for the activities in a project are given in the following table. Assume that the activity times are independent.
	Activity
	Immediate Predecessor
	a
	m
	b

	A
	-
	9
	10
	11

	B
	-
	4
	10
	16

	C
	A
	9
	10
	11

	D
	B
	5
	8
	11


(a) Calculate the expected time and variance for each activity.

(b) What is the expected completion time of the critical path? What is the expected completion time of the other path in the network?

(c) What is the variance of the critical path? What is the variance of the other path in the network?

(d) If the time to complete path A–C is normally distributed, what is the probability that this path will be finished in 22 weeks or less?

(e) If the time to complete path B–D is normally distributed, what is the probability that this path will be finished in 22 weeks or less?

(f) Explain why the probability that the critical path will be finished in 22 weeks or less is not necessarily the probability that the project will be finished in 22 weeks or less.

[12-30] The Scott Corey accounting firm is installing a new computer system. Several things must be done to make sure the system works properly before all the accounts are put into the new system. The following table provides information about this project. How long will it take to install the system? What is the critical path?
	Activity
	Immediate Predecessor
	Time (Weeks)

	A
	-
	3

	B
	-
	4

	C
	A
	6

	D
	B
	2

	E
	A
	5

	F
	C
	2

	G
	D, E
	4

	H
	F, G
	5


[12-32] The L. O. Gystics Corporation is in need of a new regional distribution center. The planning is in the early stages of this project, but the activities have been identified along with their predecessors and their activity times in weeks. The table below provides this information. Develop a linear program that could be used to determine the length of the critical path (i.e., the minimum time required to complete the project). Solve this linear program to find the critical path and the time required to complete the project.
	Activity
	Immediate Predecessor
	Time (Weeks)

	A
	-
	4

	B
	-
	8

	C
	A
	5

	D
	B
	11

	E
	A,B
	7

	F
	C,E
	10

	G
	D
	16

	H
	F
	6


Chapter 13: Waiting lines and queuing theory models
[13-10] The Schmedley Discount Department Store has approximately 300 customers shopping in its store between  9 A.M. and 5 P.M. on Saturdays. In deciding how many cash registers to keep open each Saturday, Schmedley’s manager considers two factors: customer waiting time (and the associated waiting cost) and the service costs of employing additional checkout clerks. Checkout clerks are paid an average of $8 per hour. When only one is on duty, the waiting time per customer is about 10 minutes (or 1/6 hour); when two clerks are on duty, the average checkout time is 6 minutes per person; 4 minutes when three clerks are working; and 3 minutes when four clerks are on duty. Schmedley’s management has conducted customer satisfaction surveys and has been able to estimate that the store suffers approximately $10 in lost sales and goodwill for every hour of customer time spent waiting in checkout lines. Using the information provided, determine the optimal number of clerks to have on duty each Saturday to minimize the store’s total expected cost.
[13-12]  From historical data, Harry’s Car Wash estimates that dirty cars arrive at the rate of 10 per hour all day Saturday. With a crew working the wash line, Harry figures that cars can be cleaned at the rate of one every 5 minutes. One car at a time is cleaned in this example of a single-channel waiting line. Assuming Poisson arrivals and exponential

service times, find the 
(a) average number of cars in line.

(b) average time a car waits before it is washed.

(c) average time a car spends in the service system.

(d) utilization rate of the car wash.

(e) probability that no cars are in the system.

[13-15] The wheat harvesting season in the American Midwest is short, and most farmers deliver their truckloads of wheat to a giant central storage bin within a two-week span. Because of this, wheat-filled trucks waiting to unload and return to the fields have been known to back up for a block at the receiving bin. The central bin is owned cooperatively, and it is to every farmer’s benefit to make the unloading/storage process as efficient as possible. The cost of grain deterioration caused by unloading delays, the cost of truck rental, and idle driver time are significant concerns to the cooperative members. Although farmers have difficulty quantifying crop damage, it is easy to assign a waiting and unloading cost for truck and driver of $18 per hour. The storage bin is open and operated 16 hours per day, 7 days per week, during the harvest season and is capable of unloading 35 trucks per hour according to an exponential distribution.

Full trucks arrive all day long (during the hours the bin is open) at a rate of about 30 per hour, following a Poisson pattern.

To help the cooperative get a handle on the problem of lost time while trucks are waiting in line or unloading at the bin, find the 
(a) average number of trucks in the unloading system.

(b) average time per truck in the system.

(c) utilization rate for the bin area.

(d) probability that there are more than three trucks in the system at any given time.

(e) total daily cost to the farmers of having their trucks tied up in the unloading process.

The cooperative, as mentioned, uses the storage bin only two weeks per year. Farmers estimate that enlarging

the bin would cut unloading costs by 50% next year. It will cost $9,000 to do so during the offseason. Would it be worth the cooperative’s while to enlarge the storage area?

[13-23] Bill First, general manager of Worthmore Department Store, has estimated that every hour of customer time spent waiting in line for the sales clerk to become available costs the store $100 in lost sales and goodwill. Customers arrive at the checkout counter at the rate of 30 per hour, and the average service time is 3 minutes. The Poisson distribution describes the arrivals and the service times are exponentially distributed. The number of sales clerks can be 2, 3, or 4, with each one working at the same rate. Bill estimates the salary and benefits for each clerk to be $10 per hour. The store is open 10 hours per day.

(a) Find the average time in the line if 2, 3, and 4 clerks are used.

(b) What is the total time spent waiting in line each day if 2, 3, and 4 clerks are used?

(c) Calculate the total of the daily waiting cost and the service cost if 2, 3, and 4 clerks are used. What is the minimum total daily cost?

[13-29] One mechanic services 5 drilling machines for a steel plate manufacturer. Machines break down on an average of once every 6 working days, and breakdowns tend to follow a Poisson distribution. The mechanic can handle an average of one repair job per day. Repairs follow an exponential distribution. 

(a) How many machines are waiting for service, on average?

(b) How many are in the system, on average?

(c) How many drills are in running order, on average?

(d) What is the average waiting time in the queue?

(e) What is the average wait in the system?

[13-31] The typical subway station in Washington, D.C., has 6 turnstiles, each of which can be controlled by the station manager to be used for either entrance or exit control—but never for both. The manager must decide at different times of the day just how many turnstiles to use for entering passengers and how many to be set up to allow exiting passengers. At the Washington College Station, passengers enter the station at a rate of about 84 per minute between the hours of 7 and 9 A.M. Passengers exiting trains at the stop reach the exit turnstile area at a rate of about 48 per minute during the same morning rush hours. Each turnstile can allow an average of 30 passengers per minute to enter or exit. Arrival and service times have been thought to follow Poisson and exponential distributions, respectively. Assume riders form a common queue at both entry and exit turnstile areas and proceed to the first empty turnstile. The Washington College Station manager does not want the average passenger at his station to have to wait in a turnstile line for more than 6 seconds, nor does he want more than 8 people in any queue at any average time.

(a) How many turnstiles should be opened in each direction every morning?

(b) Discuss the assumptions underlying the solution of this problem using queuing theory.

Chapter 14: Simulation Modeling
[14-15] The number of cars arriving per hour at Lundberg’s Car Wash during the past 200 hours of operation is observed to be the following:
	Number of cars arriving
	Frequency

	3 or fever
	0

	4
	20

	5
	30

	6
	50

	7
	60

	8
	40

	9 or more
	0

	Total
	200


(a) Set up a probability and cumulative probability distribution for the variable of car arrivals.

(b) Establish random number intervals for the variable.

(c) Simulate 15 hours of car arrivals and compute the average number of arrivals per hour. Select the random numbers needed from the first column of Table below, beginning with the digits 52.
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[14-21] Dumoor Appliance Center sells and services several brands of major appliances. Past sales for a particular model of refrigerator have resulted in the following probability distribution for demand:
	Demand per week
	0
	1
	2
	3
	4

	Probability
	0.20
	0.40
	0.20
	0.15
	0.05


The lead time, in weeks, is described by the following distribution:
	Lead time (Weeks)
	1
	2
	3

	Probability
	0.15
	0.35
	0.50


Based on cost considerations as well as storage space, the company has decided to order 10 of these each time an order is placed. The holding cost is $1 per week for each unit that is left in inventory at the end of the week. The stockout cost has been set at $40 per stockout. The company has decided to place an order whenever there are only two refrigerators left at the end of the week. Simulate 10 weeks of operation for Dumoor Appliance assuming there are currently 5 units in inventory. Determine what the weekly stockout cost and weekly holding cost would be for the problem.
[14-26] The Brennan Aircraft Division of TLN Enterprises operates a large number of computerized plotting machines. For the most part, the plotting devices are used to create line drawings of complex wing airfoils and fuselage part dimensions. The engineers operating the automated plotters are called loft lines engineers. The computerized plotters consist of a minicomputer system connected to a 4- by 5-foot flat table with a series of ink pens suspended above it When a sheet of clear plastic or paper is properly placed on the table, the computer directs a series of horizontal and vertical pen movements until the desired figure is drawn. The plotting machines are highly reliable, with the exception of the four sophisticated ink pens that are built in. The pens constantly clog and jam in a raised or lowered position. When this occurs, the plotter is unusable. Currently, Brennan Aircraft replaces each pen as it fails. The service manager has, however, proposed replacing all four pens every time one fails. This should cut down the frequency of plotter failures. At present, it takes one hour to replace one pen. All four pens could be replaced in two hours. The total cost of a plotter being unusable is $50 per hour. Each pen costs $8. If only one pen is replaced each time a clog or jam occurs, the following breakdown data are thought to be valid:
	Hours between plotter failures if one pen is replaced during a repair
	Probability

	10
	0.05

	20
	0.15

	30
	0.15

	40
	0.20

	50
	0.20

	60
	0.15

	70
	0.10


Based on the service manager’s estimates, if all four pens are replaced each time one pen fails, the probability distribution between failures is as follows:
	Hours between plotter failures if four pens are replaced during a repair
	Probability

	100
	0.15

	110
	0.25

	120
	0.35

	130
	0.20

	140
	0.00


(a) Simulate Brennan Aircraft’s problem and determine the best policy. Should the firm replace one pen or all four pens on a plotter each time a failure occurs?

(b) Develop a second approach to solving this problem, this time without simulation. Compare the results. How does it affect Brennan’s policy decision using simulation?

[14-30] Management of the First Syracuse Bank is concerned about a loss of customers at its main office downtown. One solution that has been proposed is to add one or more drive-through teller stations to make it easier for customers in cars to obtain quick service without parking. Chris Carlson, the bank president, thinks the bank should only risk the cost of installing one drive-through. He is informed by his staff that the cost (amortized over a 20-year period) of building a drive-through is $12,000 per year. It also costs $16,000 per year in wages and benefits to staff each new teller window. The director of management analysis, Beth Shader, believes that the following two factors encourage the immediate construction of two drive-through stations, however. According to a recent article in Banking Research magazine,  customers who wait in long lines for drive-through teller service will cost banks an average of $1 per minute in loss of goodwill. Also, adding a second drive-through will cost an additional $16,000 in staffing, but amortized construction costs can be cut to a total of $20,000 per year if two drive-throughs are installed together instead of one at a time. To complete her analysis, Shader collected one month’s arrival and service rates at a competing downtown bank’s drive-through stations. These data are shown as observation analyses 1 and 2 in the following tables.

(a) Simulate a 1-hour time period, from 1 to 2 P.M., for a single-teller drive-through.

(b) Simulate a 1-hour time period, from 1 to 2 P.M., for a two-teller system.

(c) Conduct a cost analysis of the two options. Assume that the bank is open 7 hours per day and 200 days per year.
	Observation analysis 1: Interarrival times for 1000 observations

	Time between arrivals (minutes)
	Number of occurrences

	1
	200

	2
	250

	3
	300

	4
	150

	5
	100


	Observation analysis 2: Customer service for 1000 observations

	Service (minutes)
	Number of occurrences

	1
	100

	2
	150

	3
	350

	4
	150

	5
	150

	6
	100


Chapter 15: Markov Analysis
[15-10] Over any given month, Dress-Rite loses 10% of its customers to Fashion, Inc., and 20% of its market to Luxury Living. But Fashion, Inc., loses 5% of its market to Dress-Rite and 10% of its market to Luxury Living each month; and Luxury Living loses 5% of its market to Fashion, Inc., and 5% of its market to Dress-Rite. At the present time, each of these clothing stores has an equal share of the market. What do you think the market shares will be next month? What will they be in three months?

[15-14] The University of South Wisconsin has had steady enrollments over the past five years. The school has its own bookstore, called University Book Store, but there are also three private bookstores in town: Bill’s Book Store, College Book Store, and Battle’s Book Store. The university is concerned about the large number of students who are switching to one of the private stores. As a result, South Wisconsin’s president, Andy Lange, has decided to give a student three hours of university credit to look into the problem. The following matrix of transition probabilities was obtained:
	
	University
	Bill’s
	College
	Battle’s

	University
	0.6
	0.2
	0.1
	0.1

	Bill’s
	0
	0.7
	0.2
	0.1

	College
	0.1
	0.1
	0.8
	0

	Battle’s
	0.05
	0.05
	0.1
	0.8


At the present time, each of the four bookstores has an equal share of the market. What will the market shares be for the next period?

[15-16] Hervis Rent-A-Car has three car rental locations in the greater Houston area: the Northside branch, the West End branch, and the Suburban branch. Customers can rent a car at any of these places and return it to any of the others without any additional fees. However, this can create a problem for Hervis if too many cars are taken to the popular Northside branch. For planning purposes, Hervis would like to predict where the cars will eventually be. Past data indicate that 80% of the cars rented at the Northside branch will be returned there, and the rest will be evenly distributed between the other two. For the West End branch, about 70% of the cars rented there will be returned there, and 20% will be returned to the Northside branch and the rest will go to the Suburban branch. Of the cars rented at the Suburban branch, 60% are returned there, 25% are returned to the Northside branch, and the other 15% are dropped off at the West End. If there are currently 100 cars being rented from Northside, 80 from West End, and 60 from the suburban branch, how many of these will be dropped off at each of the car rental locations?

[15-19] The personal computer industry is very fast moving and technology provides motivation for customers to upgrade with new computers every few years. Brand loyalty is very important and companies try to do things to keep their customers happy. However, some current customers will switch to a different company. Three particular brands, Doorway, Bell, and Kumpaq, hold the major shares of the market. People who own Doorway computers will buy another

Doorway in their next purchase 80% of the time, while the rest will switch to the other companies in equal proportions. Owners of Bell computers will buy Bell again 90% of the time, while 5% will buy Doorway and 5% will buy Kumpaq. About 70% of the Kumpaq owners will make Kumpaq their next purchase while 20% will buy Doorway and the rest will buy Bell. If each brand currently has 200,000 customers who plan to buy a new computer in the next year, how many computers of each type will be purchased?

[15-21] Professor Green gives two-month computer programming courses during the summer term. Students must pass a number of exams to pass the course, and each student is given three chances to take the exams. The following states describe the possible situations that could occur:

1. State 1: pass all of the exams and pass the course

2. State 2: do not pass all of the exams by the third attempt and flunk the course

3. State 3: fail an exam in the first attempt 

4. State 4: fail an exam in the second attempt.

After observing several classes, Professor Green was able to obtain the following matrix of transition probabilities:
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At the present time, there are 50 students who did not pass all exams on the first attempt, and there are 30 students who did not pass all remaining exams on the second attempt. How many students in these two groups will pass the course, and how many will fail the course?

[15-23] John Jones of Bayside Laundry has been providing cleaning and linen service for rental condominiums on the  Gulf coast for over 10 years. Currently, John is servicing 26 condominium developments. John’s two major competitors are Cleanco, which currently services 15 condominium developments, and Beach Services, which performs laundry and cleaning services for 11 condominium developments. Recently, John contacted Bay Bank about a loan to expand his business operations. To justify the loan, John has kept detailed records of his customers and the customers that he received from his two major competitors. During the past year, he was able to keep 18 of his original 26 customers. During the same period, he was able to get 1 new customer from Cleanco and 2 new customers from Beach Services. Unfortunately, John lost 6 of his original customers to Cleanco and 2 of his original customers to Beach Services during the same year. John has also learned that Cleanco has kept 80% of its current customers. He also knows that Beach Services will keep at least 50% of its customers. For John to get the loan from Bay Bank, he needs to show the loan officer that he will maintain an adequate share of the market. The officers of Bay Bank are concerned about the recent trends for market share, and they have decided not to give John a loan unless he will keep at least 35% of the market share in the long run. What types of equilibrium market shares can John expect? If you were an officer of Bay Bank, would you give John a loan?
Chapter 16: Statistical Quality Control

[16-11] Small boxes of NutraFlakes cereal are labeled “net weight 10 ounces.” Each hour, random samples of size n = 4 boxes are weighed to check process control. Five hours of observations yielded the following:
	
	Weight

	Time
	Box 1
	Box 2
	Box 3
	Box 4

	9 AM
	9.8
	10.4
	9.9
	10.3

	10 AM
	10.1
	10.2
	9.9
	9.8

	11 AM
	9.9
	10.5
	10.3
	10.1

	Noon
	9.7
	9.8
	10.3
	10.2

	1 PM
	9.7
	10.1
	9.9
	9.9


Using these data, construct limits for x-dash and R-Charts. Is the process in control? What other steps should the QC department follow at this point?

[16-12] Sampling four pieces of precision-cut wire (to be used in computer assembly) every hour for the past 24 hours has produced the following results:
	Hour
	x-dash
	R
	Hour
	x-dash
	R

	1
	3.25’’
	0.71’’
	13
	3.11’’
	0.85’’

	2
	3.10
	1.18
	14
	2.83
	1.31

	3
	3.22
	1.43
	15
	3.12
	1.06

	4
	3.39
	1.26
	16
	2.84
	0.50

	5
	3.07
	1.17
	17
	2.86
	1.43

	6
	2.86
	0.32
	18
	2.74
	1.29

	7
	3.05
	0.53
	19
	3.41
	1.61

	8
	2.65
	1.13
	20
	2.89
	1.09

	9
	3.02
	0.71
	21
	2.65
	1.08

	10
	2.85
	1.33
	22
	3.28
	0.46

	11
	2.83
	1.17
	23
	2.94
	1.58

	12
	2.97
	0.40
	24
	2.64
	0.97


Develop appropriate control limits and determine whether there is any cause for concern in the cutting process.

[16-13] Due to the poor quality of various semiconductor products used in their manufacturing process, Microlaboratories has decided to develop a QC program. Because the semiconductor parts they get from suppliers are either good or defective, Milton Fisher has decided to develop control charts for attributes. The total number of semiconductors in every sample is 200. Furthermore, Milton would like to determine the upper control chart limit and the lower control chart limit for various values of the fraction defective (p) in the sample taken. To allow more flexibility, he has decided to develop a table that lists values for p, UCL, and LCL. The values for p should range from 0.01 to 0.10, incrementing by 0.01 each time. What are the UCLs and the LCLs for 99.7% confidence?

[16-16] Colonel Electric is a large company that produces lightbulbs and other electrical products. One particular lightbulb is supposed to have an average life of about 1,000 hours before it burns out. Periodically the company will test 5 of these and measure the average time before these burn out. The following table gives the results of 10 such samples:
	Sample No.
	x-dash
	R
	Sample No.
	x-dash
	R
	Sample No.
	x-dash
	R

	1
	63.5
	2.0
	10
	63.5
	1.3
	18
	63.6
	1.8

	2
	63.6
	1.0
	11
	63.3
	1.8
	19
	63.8
	1.3

	3
	63.7
	1.7
	12
	63.2
	1.0
	20
	63.5
	1.6

	4
	63.9
	0.9
	13
	63.6
	1.8
	21
	63.9
	1.0

	5
	63.4
	1.2
	14
	63.3
	1.5
	22
	63.2
	1.8

	6
	63.0
	1.6
	15
	63.4
	1.7
	23
	63.3
	1.7

	7
	63.2
	1.8
	16
	63.4
	1.4
	24
	64.0
	2.0

	8
	63.3
	1.3
	17
	63.5
	1.1
	25
	63.4
	1.5

	9
	63.7
	1.6
	
	
	
	
	
	


	Sample
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Mean
	979
	1087
	1080
	934
	1072
	1007
	952
	1063
	1063
	958

	Range
	50
	94
	57
	65
	135
	134
	101
	98
	145
	84


(a) What is the overall average of these means? What is the average range?

(b) What are the upper and lower control limits for a 99.7% control chart for the mean?

(c) Does this process appear to be in control? Explain.

[16-19] A new president at Big State University has made student satisfaction with the enrollment and registration process one of her highest priorities. Students must see an advisor, sign up for classes, obtain a parking permit, pay tuition and fees, and buy textbooks and other supplies. During one registration period, 10 students every hour are sampled and asked about satisfaction with each of these areas. Twelve different groups of students were sampled, and the number in each group who had at least one complaint are as follows: 0, 2, 1, 0, 0, 1, 3, 0, 1, 2, 2, 0. Develop upper and lower control limits (99.7%) for the proportion of students with complaints.
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