Exercises

2-1
Terry Collins is the vice president for operations at Astro State Bank in Arcola, Texas. He needs a forecast of net deposits each quarter in order to develop the bank’s investment plan.  Net deposits for the past eight quarters in thousands of dollars were:

	Year
	Qtr.
	Net

Deposits

	2001
	1
	20.0

	
	2
	16.5

	
	3
	19.9

	
	4
	22.9

	
	
	

	2002
	1
	21.4

	
	2
	24.6

	
	3
	20.7

	
	4
	25.5


Terry does not believe there is a seasonal pattern in the data.

a. Compute the naïve MSE. The warm-up sample is six periods.

b. Apply simple exponential smoothing with ( = .2. Compute the MSE for the forecasting sample. Does this beat the naïve model?

2-2
A popular product in the Astros merchandise outlet, the Shed at Union Station, is Geoff Blum’s Color Enhancing Mousse.  Inventory is running low and we need a sales forecast to replenish stocks.  Sales for April – June are shown below.  Figures are in thousands of cases.  All colors (red, blue, plum, and indigo) are combined in the data.

	Apr
	106

	May
	195

	June
	119


How many cases of mousse will the Shed sell for the remainder of the season, July – September?  Use simple exponential smoothing with a weight of 0.50 to answer this question.  You may assume there is no seasonality in sales of this product.

2-3
The data below are sales of Astro-ette Cheerleader Calendars (in millions of dollars).  Forecast sales for 2003 – 2004.  Use trend-adjusted smoothing with level weight = 0.20, trend weight = 0.10, and damping parameter = 0.90.

	1999
	$5.0

	2000
	$8.0

	2001
	$9.0

	2002
	$13.0


2-4
Bob Lillis is the production manager at Sunbird, Ltd., a company which converts Chevrolet pickups into convertibles.  Bob needs a sales forecast for the next few years to help decide whether to add new production capacity. Sunbird’s sales history (in thousands of conversions) is:

	Year
	Conversions



	1995
	9.4

	1996
	10.7

	1997
	11.0

	1998
	15.1

	1999
	20.6

	2000
	22.1

	2001
	25.8

	2002
	23.0


Choose an appropriate forecasting model and develop forecasts for 2003-2004.

2-5
Lum Harris owns the Tejas Trout Farm in Manvel, Texas.  His major customer is the City of Sugar Land, which buys trout each quarter to restock Oyster Creek.  The number of trout purchases is seasonal, with the peak quarter in July through September and the trough in January through March.  Lum knows through experience that the seasonal pattern is very stable. He uses the following multiplicative seasonal indices to analyze trout sales:

	Qtr.
	Index



	1
	.50

	2
	.90

	3
	1.50

	4
	1.10


Lum’s sales in thousands of trout for the past 2 years were:

	Year
	Qtr.
	Sales



	2001
	1
	204

	
	2
	379

	
	3
	633

	
	4
	430

	
	
	

	2002
	1
	191

	
	2
	342

	
	3
	650

	
	4
	388


Deseasonalize trout sales for 2001 and 2002. Use the seasonal indices given above.

2-6
Cesar Cedeno, sales manager for Bagwell Bar-B-Q Grills, needs a sales forecast for the next year. He has the following data from the last 2 years (sales are in thousands of grills):

	Year
	Qtr.
	Sales



	2001
	1
	204

	
	2
	379

	
	3
	633

	
	4
	430

	
	
	

	2002
	1
	191

	
	2
	342

	
	3
	650

	
	4
	388


Compute additive seasonal indices for sales by quarter, using all the data.

2-7
For the data in the previous problem:

a. Compute seasonally-adjusted data.

b. Apply exponential smoothing with a linear trend, using level weight  = .2 and trend weight  = .1.

c. Forecast each quarter in 2003.

d. Seasonalize the forecasts.

2-8
Sergeant Rusty Staub assigns police officers to watches in the Charlotte, North Carolina, police department.  Rusty needs a forecast of the number of incoming calls for police assistance. This will help determine the minimum number of officers who should be on duty for each of three watches: midnight to 8 A.M., 8 A.M. to 4 P.M., and 4 P.M. to midnight.

Rusty has kept records of the average number of incoming calls by watch by day of the week. He has decided to develop a separate set of seasonal indices for each day of the week and for holidays. He has determined that calls made on any given day are related only to the same day in the previous week or the same previous holiday.

Here are the numbers of calls for the last four Fridays (a typical month, with no holidays involved). The numbers are in hundreds:

	
	
	Watch
	

	Week


	12 to 8 A.M.
	8 A.M. to 4 P.M.
	4 to 12 P.M.

	1
	10.1
	23.8
	62.4

	2
	8.4
	26.7
	70.4

	3
	9.1
	21.3
	78.5

	4
	7.6
	29.5
	65.9


Compute seasonal indices for the number of calls made by watch on Fridays.

3-1
Art Howe manages the pro shop at the Bayou Rifles Shooting Range in Juliff, Texas.   Art’s sales of Federal Classic High-Velocity .22 caliber ammunition are about $220,000 per year.  It costs $30 to place an order and carrying cost is 18 percent.  How many orders per year should Art place for .22 ammo?

3-2
Art needs to determine an optimal ordering policy for Comp-Tac Kydex holsters for the Browning Hi-Power in 9MM.  Annual demand for the holsters is $28,000.   Carrying cost is 23 percent while order costs are $48 per order.  What are the optimal dollars per order?

3-3
Astro players use $96,000 annually of mustache wax (provided by the team).   Mike Scott, the purchasing director, estimates the ordering cost at $45 and thinks that the team can hold this type of inventory at an annual storage cost of 22 percent of the purchase price. How many months of supply should Mike order at one time to minimize total annual cost of purchasing and carrying?

3-4
Cruz Chemical Company holds its inventory of raw material in special containers, with each container occupying 10 square feet of floor space. There are only 5,000 square feet of storage space available. Each year, Cruz uses 9,000 containers of raw material, paying $8 per container. If ordering costs for raw material are $40 per order and annual holding costs are 20 percent of the average inventory value, how much is it worth to Cruz to increase its raw material storage area? How many days’ supply of inventory can be stored with the 5,000 square feet storage limitation, assuming Cruz works a 300-day year?

3-5
Prior to this year, Leo Durocher has ordered microwave ovens for his restaurant supply company according to the EOQ.  He places 9.3 orders per year.  Carrying and ordering costs are 30 percent and $46 per order, respectively. Next year, annual demand for microwave ovens is expected to increase by 20 percent. How many orders will Leo place next year?

3-6
You have been retained as a consultant by Bagwell Bar-B-Q Grills, which maintains inventories of 10 items used in its manufacturing and assembly process. The company is not able to determine its carrying cost or ordering cost with sufficient reliability to support the use of formal EOQ approaches, but it is nevertheless concerned that it is not managing its inventory as effectively as it might. These data concerning use and purchase of the 10 inventory items are available from last year’s records:

	Item
	Dollars used annually
	No. purchase orders placed last year



	A
	120,000
	5

	B
	80,000
	6

	C
	50,000
	6

	D
	24,000
	4

	E
	10,500
	8

	F
	5,200
	6

	G
	2,400
	7

	H
	1,100
	8

	I
	900
	6

	J
	300
	6


Using the data available, answer these questions:

a. Without increasing the purchasing workload, what percentage reduction can you make in the average dollar inventory carried?

b. If the company is willing to increase the purchasing workload by 25 percent, what is the minimum average inventory it can achieve?

c. If the company is willing to increase its average inventory by 10 percent, what percentage reduction in purchasing workload can it achieve?

3-7
Flash Gordon Footwear makes high-quality hiking and walking boots and shoes. Its heavy winter boot is made with a leather upper, a heavy vinyl sole, a nylon lining, and leather laces.  Flash’s walking shoe uses a leather upper, a rubber sole, and cloth laces. Materials are ordered every 6 months except the leather for uppers, which is ordered every 3 months. Yearly usage of materials is forecast to be follows: leather, $200,000; vinyl soles, $40,000; rubber soles, $30,000; nylon lining, $30,000; leather laces, $4,000; cloth laces, $2,000. What minimum average inventory can Flash achieve without adding to his purchasing workload?

3-8
The Slusarski Outboard Motor Company has determined that the cost of being stocked out of motors is $200 for each unit.  An EOQ analysis indicates that the company should reorder 10 times each year. Carrying costs are $20 per motor.  Slusarski is considering dropping the reorder point from 250 to 220. Based on the information in the table below, what would you advise the company to do?

	Usage during reorder period
	Probability of this usage



	200
	.10

	220
	.08

	240
	.06

	260
	.04

	280
	.02


3-9
Given the following data for an SKU used by the Bottenfield Company (assume a 250-day work year), compute the reorder point:

EOQ








100

Average use per day






4 units

Average reorder period





25 days

Cost to store 1 unit per year





$5

Cost of being out of stock per unit per time



$20

	Usage during reorder period
	Probability of this usage



	25
	.05

	50
	.10

	75
	.15

	100
	.25

	125
	.20

	150
	.15

	175
	.10


3-10
Drayton’s Muffler Repair advertises that it is able to replace a car muffler on the same day a customer brings a car into the shop.  If for any reason Drayton cannot keep this promise, he pays the customer $100.  Drayton has found that for LN-70 mufflers, the optimal reorder quantity is 30 mufflers; he orders LN-70 mufflers 10 times a year.  As LN-70 mufflers have to be ordered from a manufacturer located a considerable distance away, lead time for his orders is 30 working days, a period of time in which Drayton on the average sells 30 LN-70 mufflers.  During the past 10 years, 100 orders were placed. There were 10 occasions when Drayton sold 32 LN-70s, 5 occasions when he sold 35, and only 1 when he sold 36 during the 30-day order period.  On each of the other 84 occasions, he sold 30 or fewer.  If it costs Drayton $18 a year to hold one LN-70 in safety stock, what should Drayton establish as his reorder point for LN-70 mufflers to minimize his costs?  At this level of safety stock, how many $100 bills will Drayton expect to give to car owners whose cars require an LN-70 muffler?

3-11
Preston Gomez Distributing Company has maintained an ordering policy for power lawn mowers which allows for an 80 percent service level. Mean demand during the reorder period is 130 lawn mowers, and the standard deviation is 80 mowers.  The annual cost of carrying one mower in inventory is $6. The area salesperson have recently told Gomez management that they could expect a $500 improvement in profit (based on current figures of cost per lawn mower) if the service level were increased to 99 percent.  Is it worthwhile for Gomez to make this change?

3-12
Hatton Manufacturing Company experiences a mean usage of 160 motor castings during the reorder lead time. The standard deviation of usage during this period is 26 castings. If the usage is normally distributed, what percentage of the time will Hatton experience stockouts if it maintains a safety stock of 24 castings?

3-13
Bill Virdon’s Sports Computer Shop stocks a very popular game called Astro Rally.    Recently, some of the customers have complained about excessive stockouts and Bill is considering an increase in safety stock for the games.  Bill has estimated that the demand during reorder lead time for Astro Rally is normally distributed with a mean of 50 games and a standard deviation of 25 games.  He  currently places orders for new games, which cost $10 each, when the stock level drops to 80 games. If holding costs are 22 percent, how much will costs increase if Bill adopts a service-level policy of 99 percent during the reorder lead time?

3-14
The annual demand for teak end tables at Salty Parker’s Casual Furniture is 200 tables. Carrying cost for the table is $50 per unit held per year, and the cost of placing an order is $30. If the cost of maintaining a backorder per year is $40, determine the optimal order quantity and planned backorder quantity for the tables.

4-1
Mrs. Lugo’s Bakery purchases doughnut boxes using MRP methods.  Lead time is one week.  Currently there are 40,000 boxes on hand.  In the following schedule, indicate the correct net requirements, planned order receipts, and planned order releases to meet the gross requirements.  Lead time is one week.  Data below are in thousands of boxes.

     Week Number



Item J



0
1
 2
 3
 4
 5


 
Gross requirements


  
75

50
70



On-hand



Net requirements



Planned order receipt



Planned order release








4-2
Dotel Electronics produces Z-Blast Lotto Optimization Calculators.  Z-Blasts are pocket calculators that also select Texas Lotto numbers based on various criteria entered by the user.  Each Z-Blast is made from two units of component A and four units of B.  A is made of three units of C and four D.  D is made of two units of E.  Lead times for purchase or fabrication of each unit to final assembly are:  Each Z-Blast takes two weeks; A, B, C, and D take one week each; and E takes three weeks.

Fifty Z-Blasts are required in Period 10.  (Assume that there is currently no inventory on hand of any of these items.)

a. Show the bill of materials (product structure tree).

b. Develop an MRP planning schedule showing gross and net requirements and order release and order receipt dates.

4-3
Dotel’s Z-Blast Plus Calculator selects numbers for Lottos as well as roulette games.  The Plus is made from two units of B and four of C.  B is made of three units of D and two of E.  C is made of two units of F and two of E.


A has a lead time of one week.  B, C, and E have lead times of two weeks, and D and F have lead times of three weeks.

a. Show the bill of materials (product structure tree).

b. If 100 units of the Plus are required in Week 10, develop the MRP planning schedule, specifying when items are to be ordered and received.  There are currently no units of inventory on hand.

4-4
Roy Oswalt Audio, based in Sugar Land, Texas, produces two combination Radar Detector / CD Players for cars.  The units are identical, but the mounting hardware and finish trim differ.  The standard model fits intermediate and full-size cars, and the sports model fits small sports cars.


Oswalt handles production in the following way.  The chassis for each unit is assembled in El Salvador and has a manufacturing lead time of two weeks.  The mounting hardware is purchased from a sheet steel company in Lubbock and has a three-week lead time.  The finish trim is purchased from an Austin company as  prepackaged units consisting of levers, knobs, and various trim pieces.  Trim packages have a two-week lead time.  Final assembly time may be disregarded because adding the trim package and mounting are performed by the customer.


Oswalt supplies wholesalers and retailers, who place specific orders for both models up to eight weeks in advance.  These orders, together with enough additional units to satisfy the small number of individual sales, are summarized in the following demand schedule:








      Week





Model


1
2
3
4
5
6
7
8


Standard Model


         300


         400

Sports Model




         200

         100


There are currently 50 radio/CD units on hand but no trim packages or mounting hardware.


Prepare a material requirements plan to meet the demand schedule exactly.  Specify the gross and net requirements, on-hand amounts, and the planned order release and receipt periods for the chassis, the standard trim and sports car model trim, and the standard mounting hardware and the sports car mounting hardware.

6-1
Mrs. Lugo’s Bakery is planning a new flour manufacturing plant to supply its three bakeries in Illinois.  The location of the bakeries with their coordinates and volume requirements is given in the following table: 

Plant Location
Coordinates (x,y)
Volume (Thousands of lbs./year)

Peoria

      300,320


4,000

Decatur

      375,470


6,000

Joliet

      470,180


3,000



Use the center of gravity method to determine the best location for this new facility.

7-1 Biggio Custom Machined Products has seven jobs in the shop that must be processed in two operations:  A and B.  All seven jobs must go through A and B in that sequence – A first, then B.  Determine the optimal order in which the jobs should be sequenced.  Compute the total time to complete all jobs.



          Job

Process A Time
    Process B Time




1


9


6




2


8


5




3


7


7




4


6


3




5


1


2




6


2


6




7


4


7


7-2 Biggo has another set of jobs as follows:

Job      Time      Due date

 A
3
16

 B
2
 3

 C
4
14

 D
1
11

 E
3
10

 F
1
 2

 G
2
 9

 H
5
13

a.  Use the shortest operation time rule to schedule these jobs.  Compute the mean flow time, the maximum number of days that any job is late, and the number of late jobs.

b.  Now develop a schedule to minimize the maximum number of days that any job is late.  Compute the mean flow time, the maximum number of days that any job is late, and the number of late jobs.

c.  Finally, develop a schedule to minimize the number of late jobs.  Compute the mean flow time, the maximum number of days that any job is late, and the number of late jobs.

7-3
Aspromonte Construction needs your help in planning a project to build the new Astros Museum at the corner of Texas Avenue and LaBranch Street.  The project has the following structure:

	Activity
	Predecessors
	Time



	A
	None
	8

	B
	None
	2

	C
	A
	1

	D
	B
	9

	E
	B
	4

	F
	C, D
	5

	G
	E
	6

	H
	E
	3

	I
	G
	3

	J
	H
	5

	K
	I, J
	2

	L
	F
	3


Construct a PERT network, and compute ES, LS, and slack time for each activity; find the critical path.

7-4
The Astros Museum project has progressed to the end of week 12. At this time, activities A, B, C, D, E, G, and H are completed, and activities F, I, J can be started at the beginning of the following week. The project must be completed at the end of week 19. You have the choice of either crashing certain activities. With the schedule as it now stands, what possible management actions might you take to hold the project completion at week 19?

7-5
John Sorrentino needs your help in planning a marketing campaign to sell memberships in the Astros Museum.  The project has the following characteristics:

	Activity 
	Predecessors
	Time
	Activity
	Predecessors
	Time



	A
	None
	8
	K
	J, K
	4

	B
	None
	2
	L
	H, G, K
	6

	C
	None
	3
	M
	H, G, K
	8

	D
	C
	9
	N
	J, F
	5

	E
	B, D
	4
	O
	I, L
	4

	F
	C
	6
	P
	J, F
	4

	G
	B, D
	7
	Q
	I, L
	3

	H
	A, E
	1
	R
	O, M, N
	2

	I
	A, E
	2
	S
	O, M, N
	1

	J
	B, D
	3
	T
	Q, R
	6


Construct a PERT network and compute the ES, LS, and slack time for all activities.

7-6
Nellie Fox is building a new sports bar on St. Emanuel near Astros Field.  The following list of activities must be accomplished.  Assist Nellie by constructing the PERT diagram and computing early start, late start, and slack time for each activity.

	Activity
	Time, weeks
	Predecessors



	A
	3
	None

	B
	8
	None

	C
	4
	A, B

	D
	2
	B

	E
	1
	A

	F
	7
	C

	G
	5
	E, F

	H
	6
	D, F

	I
	8
	G, H

	J
	9
	I


7-7
For the data in the previous problem, assume that project has progressed to the end of week 10 with the following status:

Activities completed: A, B, E

Activities not started: C, D, F, G, H, I, J

What actions might you take to get the project back to a schedule that can be completed by the end of week 42?

8-1
Biggio Custom Machined Products produces lightning rods with an outer diameter that has specifications of 1 inch +/-  .01 inches.  A machine operator takes several sample measurements over time and determines the sample mean outer diameter to be 1.002 inches with a standard deviation of .003 inch.

a. Calculate the process capability ratio for this example.

b. What does this figure tell you about the process?

8-2
Ten samples of 15 lightning rods each were taken Biggio’s daily machining operations to develop a p-chart for control.  The samples and the number of defectives (rods with diameters outside specifications) are shown in the following table:




Number of




Number of




Defects in




Defects in

Sample

 n
 Sample

Sample

 n
  Sample


     1

15
      3


     6

15
       2

     2

15
      1


     7

15
       0

     3

15
      0


     8

15
       3

     4

15
      0


     9

15
       1

     5

15
      0


    10

15
       0



a. Develop a p-chart with control limits set at 1.96 standard deviations (which give a 95% chance that data will go outside limits under normal conditions).

b. Based on the plotted data points, what comments can you make?

8-3
Ricky Stone, quality analyst at Oswalt Audio, took 15 samples of 4 resistors each.  Ohm measurements are shown in the table below.


Sample Number


      Readings (in ohms)






1

1010

  991

  985

  986



2

  995

  996

1009

  994



3

  990

1003

1015

1008



4

1015

1020

1009

  998



5

1013

1019

1005

  993



6

  994

1001

  994

1005



7

  989

  992

  982

1020



8

1001

  986

  996

  996



9

1006

  989

1005

1007


           10

  992

1007

1006

  979


           11

  996

1006

  997

  989


           12

1019

  996

  991

1011


           13

  981

  991

  989

1003


           14

  999

  993

  988

  984


           15

1013

1002

1005

  992


Develop mean and range control charts. From the charts, what comments can you make about the process?

9-1
Trucks arrive at Incaviglia Distribution to be unloaded in a pattern which can be characterized by the Poisson distribution. The average rate of arrivals is 30 per hour, and the service times are normally distributed with a mean service time of 1.5 minutes and a standard deviation of .2 minutes. The drivers make $12 each hour and do not unload the trucks.  What is the average idle time expense incurred by the trucking company each time a driver visits Incavliglia?

9-2
Turk Farrell works at McClane Insurance Company processing claims. The claims arrive at his desk according to a Poisson distribution with a mean of 10 claims per day.  Turk processes the claims according to a uniform distribution with a mean of 11 claims per day and a standard deviation of 2 hours per claim during each 8-hour day. What is the average time elapsed before a newly arrived claim is processed?

9-3
Ramon Garcia plans to open a Dairy Queen restaurant near Astros Field.  The restaurant will have a drive-in window, although Ramon is uncertain about the number of spaces to allow for cars.  During peak business hours (before and after ball games), Ramon estimates that cars will arrive at the drive-in window at the rate of 20 per hour, Poisson distributed. He estimates that the average service time per car will be 2.5 minutes, exponentially distributed.   Ramon assumes that any customer who arrives when the line is full will be lost.  Ramon wants to keep the proportion of lost customers to less than 5 percent. How many spaces should the drive-in line have?

9-4
Motorists arrive at C. J. Nitkowski’s Auto Analytical Center for state emissions inspections at a mean rate of 10 cars per hour, Poisson distributed.  C. J. is able to perform 12 inspections per hour on average and his inspection time is exponentially distributed. He has room to accommodate 6 cars waiting in line for inspections. What percentage of the time will the Center work on inspections?  What percentage of potential customers will go elsewhere for inspections because his waiting area is full?

9-5
Castilla Lumber Company has a logging operation near Texarkana, Arkansas.  Cut logs are skidded from the cut site to a logging road where a crew loads log trucks.  Vinny Castilla has sufficient log trucks to ensure that there is always at least one empty truck available for loading. Load skidders arrive at the truck loading area at an average rate of 3 per hour in a manner that follows a Poisson distribution. A crew of 5 can take care of 4 skidders an hour with service times that are exponentially distributed.  Vinny wants a less costly way to load, since it costs $60 an hour to operate a skidder, loaded or empty. There is a hydraulic off-loader on the market which can service 7 skidders an hour, with normally distributed service times, with a standard deviation of 2 minutes per skidder. It will cost twice as much as the manual crew, each of whose members get $8.50 an hour. A second alternative for Vinny is to add another crew who could service as many skidders as the original crew. However, this option will also call for the addition of a supervisor at $14 an hour. Which of these alternatives is the less costly for Vinny?

9-6
One or more Astros players are assigned to the Shed to sign autographs on selected dates during the off-season.  On these dates, fans arrive in a pattern which is well-described by a Poisson distribution at an average rate of 500 an hour.  A single player can sign autographs at a mean rate of 60 an hour where the service time is exponentially distributed.  Drayton McClane thinks that fans should not have to wait longer than 30 minutes to get an autograph.  How many players should be assigned to work in the Shed on each autograph date?

9-7
The Astros Branch Ticket Office in Sugar Land has two agents.   Customers arrive at the rate of 30 per hour, Poission distributed.  Each clerk can service 20 customers per hour, with exponentially distributed service times.  Johnny Weekly, the Branch manager, is willing to increase the number of agents until he has decreased the mean length of the waiting line by half.  How many agents does Johnny need to meet this goal?
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