22:711:578, Fall 1997
Operations Management
13 February, 1998

Adi Ben-Israel
Final Exam
4:00-6:00 pm
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This is an open book exam. Calculators can be used. Use of brain is optional.

There are 6 problems of equal weight. Please do any 4.

Make sure to write your name, and problem number, on every page, and your id number, in addition, on the 1st page.

You have two hours from right now. Good Luck!

1. Project Scheduling. Garden State Opera (GSO) is considering staging an opera in the New Brunswick  State Theater. The activities of this project are:

Activity
Description
Predecessors
Duration (weeks)

A
Hire Conductor
None
9

B
Hire Musicians
A
7

C
Rehearse Vocalists
B
4

D
Rehearse Orchestra
B
5

E
Customs and Stage
B
3

F
Joint Rehearsal
C
4

G
Publicity & Tickets
F
3

(a) Draw the project network, and formulate an LP to find the critical path.

(b) The problem was solved to give the following Sensitivity Report. 
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Determine what are the critical activities, and from these the project duration.

(c) By spending more money it is possible to reduce the above activities. The following table the reduction costs and maximal reductions for each activity

Activity
Cost per week of reduction
Maximal reduction (weeks)

A
$500
3

B
$400
4

C

0

D
$100
1

E
$400
1

F
$200
2

G
$300
1

Formulate an LP to crash 7 weeks off the project at a minimal cost.

2. Production costs. Garden State Dairy (GSD) can process cheese in one of its four plants. With each plant we associate a fixed cost ($ per day),  a variable cost ($/ton cheese) and a production capacity (tons/day), given as follows

Plant
Fixed Cost ($/day)
Variable Cost  ($/ton)
Capacity (tons/day)

1
12,000
45
800

2
8,000
60
600

3
9,000
55
1,000

4
10,000
40
700

GSD must produce 3,000 tons per day. Formulate a model to minimize costs.

3. Oil Exploration. Garden State Oil (GSO) must decide whether or not to drill for oil in the Piscataway. It costs $100,000 to drill, and if oil is found it is estimated that its value will be $600,000. At present, GSO believes there is a 45% chance that the field contains oil. 

Before drilling, GSO can hire (for $10,000) a geologist to obtain more information on the likelihood that the field will contain oil. There is a 50% chance that the geologist will issue a favorable report and a 50% chance of an unfavorable report. 

(a) Given a favorable report, there is an 80% chance that the field contains oil. Given an unfavorable report, there is a 10% chance that the field contains oil.

(b) Determine GSO's optimal course of action.

(c) Compute, and explain, the EVSI and EVPI.

4. Billing. A newspaper has 500,000 subscribers who pay $4 per month for the newspaper. It costs the company $200,000 to bill all its customers. Assume that the company can earn interest at a rate of 20% per year on all revenues. Determine how often the newspaper should bill its customers.

Hint: Solve this problem as an EOQ model, with the unpaid subscriptions as the inventory.

5. Taxi[image: image3.wmf]. Consider an airport where taxis and customers arrive (exponential arrival times) with respective rates of one and two per minute. No matter how many other taxis are present, a taxi will wait. If an arriving customer does not find a taxi, the customer immediately leaves.

(a) Model this system as an M/M/1 queue (Hint: think of the taxis as customers).

(b) Find the average number of taxis that are waiting for a customer.

(c) Suppose all customers who use a taxi pay a $2 fare. During a typical hour, how much revenue will the taxis receive?

.
6. Rooms. The American Bar  Association  (ABA) must determine how many rooms to reserve for its annual convention in advance of that event. The ABA expects the number of lawyers attending the convention to be distributed normally with ( = 6000 and ( = 1000. The cost of reserving a room is $50 now (before the convention), and $100 during the convention.

Explain how to use simulation to determine the optimal number of reservations.
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Answer Report 3

		Microsoft Excel 8.0 Answer Report

		Worksheet: [makeup-1.xls]Part (a)

		Report Created: 2/12/98 10:12:12 PM

		Target Cell (Min)

				Cell		Name		Original Value		Final Value

				$I$5		Project time		26		26

		Adjustable Cells

				Cell		Name		Original Value		Final Value

				$B$5				0		0

				$C$5				5		9

				$D$5				13		16

				$E$5				17		19

				$F$5				23		23

				$G$5				26		26

		Constraints

				Cell		Name		Cell Value		Formula		Status		Slack

				$H$9		A Time diff		9		$H$9>=$J$9		Binding		0

				$H$10		B Time diff		7		$H$10>=$J$10		Binding		0

				$H$11		C Time diff		7		$H$11>=$J$11		Not Binding		3

				$H$12		D Time diff		10		$H$12>=$J$12		Not Binding		5

				$H$13		E Time diff		3		$H$13>=$J$13		Binding		0

				$H$14		F Time diff		4		$H$14>=$J$14		Binding		0

				$H$15		G Time diff		3		$H$15>=$J$15		Binding		0

				$B$5				0		$B$5>=0		Binding		0

				$C$5				9		$C$5>=0		Not Binding		9

				$D$5				16		$D$5>=0		Not Binding		16

				$E$5				19		$E$5>=0		Not Binding		19

				$F$5				23		$F$5>=0		Not Binding		23

				$G$5				26		$G$5>=0		Not Binding		26





Sensitivity Report 3

		Microsoft Excel 8.0 Sensitivity Report

		Worksheet: [makeup-1.xls]Part (a)

		Report Created: 2/12/98 10:12:13 PM

		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$B$5				0		1		0		1E+30		1

				$C$5				9		0		0		1E+30		1

				$D$5				16		0		0		1E+30		1

				$E$5				19		0		0		1E+30		1

				$F$5				23		0		0		1E+30		1

				$G$5				26		0		1		1E+30		1

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$H$9		A Time diff		9		1		9		1E+30		9

				$H$10		B Time diff		7		1		7		1E+30		16

				$H$11		C Time diff		7		0		4		3		1E+30

				$H$12		D Time diff		10		0		5		5		1E+30

				$H$13		E Time diff		3		1		3		1E+30		3

				$H$14		F Time diff		4		1		4		1E+30		3

				$H$15		G Time diff		3		1		3		1E+30		5





Part (a)

		Problem 4.20, part (a)

		Start times for nodes

				1		2		3		4		5		6				Project time

				0		9		16		19		23		26				26

		Matrix of activity/node incidences

				1		2		3		4		5		6		Time diff				Duration		Critical?

		A		-1		1		0		0		0		0		9		>=		9		No

		B		0		-1		1		0		0		0		7		>=		7		No

		C		0		0		-1		0		1		0		7		>=		4		No

		D		0		0		-1		0		0		1		10		>=		5		No

		E		0		0		-1		1		0		0		3		>=		3		No

		F		0		0		0		-1		1		0		4		>=		4		No

		G		0		0		0		0		-1		1		3		>=		3		Yes

		There are two critical paths: A-B-C-G and A-B-E-F-G



&CProblem 4.20, part (a)
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Part (b)

		Problem 4.20, part (b)

		Crashing data		Cost/day		Max reduction				Reduction				Original duration

		A		$30		2		>=		2				5

		B		$15		3		>=		3				8

		C		$20		1		>=		0				10

		D		$40		2		>=		0				5

		E		$20		2		>=		0				4

		F		$30		3		>=		0				6

		G		$40		1		>=		1				3

		Start times for nodes

				1		2		3		4		5		6				Project time				Deadline

				0		3		8		12		18		20				20		<=		20

		Matrix of activity/node incidences

				1		2		3		4		5		6		Time diff				Duration

		A		-1		1		0		0		0		0		3		>=		3

		B		0		-1		1		0		0		0		5		>=		5

		C		0		0		-1		0		1		0		10		>=		10

		D		0		0		-1		0		0		1		12		>=		5

		E		0		0		-1		1		0		0		4		>=		4

		F		0		0		0		-1		1		0		6		>=		6

		G		0		0		0		0		-1		1		2		>=		2

		Total cost		$145

		The critical paths are the same as in part (a)



&CProblem 4.20, part (b)
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Answer Report 3

		Microsoft Excel 8.0 Answer Report

		Worksheet: [makeup-1.xls]Part (a)

		Report Created: 2/12/98 10:12:12 PM

		Target Cell (Min)

				Cell		Name		Original Value		Final Value

				$I$5		Project time		26		26

		Adjustable Cells

				Cell		Name		Original Value		Final Value

				$B$5				0		0

				$C$5				5		9

				$D$5				13		16

				$E$5				17		19

				$F$5				23		23

				$G$5				26		26

		Constraints

				Cell		Name		Cell Value		Formula		Status		Slack

				$H$9		A Time diff		9		$H$9>=$J$9		Binding		0

				$H$10		B Time diff		7		$H$10>=$J$10		Binding		0

				$H$11		C Time diff		7		$H$11>=$J$11		Not Binding		3

				$H$12		D Time diff		10		$H$12>=$J$12		Not Binding		5

				$H$13		E Time diff		3		$H$13>=$J$13		Binding		0

				$H$14		F Time diff		4		$H$14>=$J$14		Binding		0

				$H$15		G Time diff		3		$H$15>=$J$15		Binding		0

				$B$5				0		$B$5>=0		Binding		0

				$C$5				9		$C$5>=0		Not Binding		9

				$D$5				16		$D$5>=0		Not Binding		16

				$E$5				19		$E$5>=0		Not Binding		19

				$F$5				23		$F$5>=0		Not Binding		23

				$G$5				26		$G$5>=0		Not Binding		26





Sensitivity Report 3

		Microsoft Excel 8.0 Sensitivity Report

		Worksheet: [makeup-1.xls]Part (a)

		Report Created: 2/12/98 10:12:13 PM

		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$B$5				0		1		0		1E+30		1

				$C$5				9		0		0		1E+30		1

				$D$5				16		0		0		1E+30		1

				$E$5				19		0		0		1E+30		1

				$F$5				23		0		0		1E+30		1

				$G$5				26		0		1		1E+30		1

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$H$9		A Time diff		9		1		9		1E+30		9

				$H$10		B Time diff		7		1		7		1E+30		16

				$H$11		C Time diff		7		0		4		3		1E+30

				$H$12		D Time diff		10		0		5		5		1E+30

				$H$13		E Time diff		3		1		3		1E+30		3

				$H$14		F Time diff		4		1		4		1E+30		3

				$H$15		G Time diff		3		1		3		1E+30		5





Answer Report 4

		Microsoft Excel 8.0 Answer Report

		Worksheet: [makeup-1.xls]Part (a)

		Report Created: 2/12/98 11:03:03 PM

		Target Cell (Min)

				Cell		Name		Original Value		Final Value

				$I$5		Project time		26		26

		Adjustable Cells

				Cell		Name		Original Value		Final Value

				$B$5				0		0

				$C$5				9		9

				$D$5				16		16

				$E$5				19		19

				$F$5				23		23

				$G$5				26		26

		Constraints

				Cell		Name		Cell Value		Formula		Status		Slack

				$H$9		A Time diff		9		$H$9>=$J$9		Binding		0

				$H$10		B Time diff		7		$H$10>=$J$10		Binding		0

				$H$11		C Time diff		7		$H$11>=$J$11		Not Binding		3

				$H$12		D Time diff		10		$H$12>=$J$12		Not Binding		5

				$H$13		E Time diff		3		$H$13>=$J$13		Binding		0

				$H$14		F Time diff		4		$H$14>=$J$14		Binding		0

				$H$15		G Time diff		3		$H$15>=$J$15		Binding		0

				$B$5				0		$B$5>=0		Binding		0

				$C$5				9		$C$5>=0		Not Binding		9

				$D$5				16		$D$5>=0		Not Binding		16

				$E$5				19		$E$5>=0		Not Binding		19

				$F$5				23		$F$5>=0		Not Binding		23

				$G$5				26		$G$5>=0		Not Binding		26





Sensitivity Report 4

		Microsoft Excel 8.0 Sensitivity Report

		Worksheet: [makeup-1.xls]Part (a)

		Report Created: 2/12/98 11:03:04 PM

		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$B$5				0		1		0		1E+30		1

				$C$5				9		0		0		1E+30		1

				$D$5				16		0		0		1E+30		1

				$E$5				19		0		0		1E+30		1

				$F$5				23		0		0		1E+30		1

				$G$5				26		0		1		1E+30		1

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$H$9		A Time diff		9		1		9		1E+30		9

				$H$10		B Time diff		7		1		7		1E+30		16

				$H$11		C Time diff		7		0		4		3		1E+30

				$H$12		D Time diff		10		0		5		5		1E+30

				$H$13		E Time diff		3		1		3		1E+30		3

				$H$14		F Time diff		4		1		4		1E+30		3

				$H$15		G Time diff		3		1		3		1E+30		5





Part (a)

		Problem 1, part (a)

		Start times for nodes

				1		2		3		4		5		6				Project time

				0		9		16		19		23		26				26

		Matrix of activity/node incidences

				1		2		3		4		5		6		Time diff				Duration		Critical?

		A		-1		1		0		0		0		0		9		>=		9		Yes

		B		0		-1		1		0		0		0		7		>=		7		Yes

		C		0		0		-1		0		1		0		7		>=		4		No

		D		0		0		-1		0		0		1		10		>=		5		No

		E		0		0		-1		1		0		0		3		>=		3		Yes

		F		0		0		0		-1		1		0		4		>=		4		Yes

		G		0		0		0		0		-1		1		3		>=		3		Yes



&CProblem 1, part (a)
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Answer Report 6

		Microsoft Excel 8.0 Answer Report

		Worksheet: [makeup-1.xls]Part (b)

		Report Created: 2/12/98 11:08:01 PM

		Target Cell (Min)

				Cell		Name		Original Value		Final Value

				$B$26		Total cost Cost/day		$1,900		$1,100

		Adjustable Cells

				Cell		Name		Original Value		Final Value

				$B$14		Cost/day		0		0

				$C$14		Max reduction		9		9

				$D$14		>=		14		15

				$E$14		Reduction		16		18

				$F$14				18		20

				$G$14		Original duration		20		22

				$E$4		>= Reduction		0		0

				$E$5		>= Reduction		2		1

				$E$6		>= Reduction		0		0

				$E$7		>= Reduction		0		0

				$E$8		>= Reduction		1		0

				$E$9		>= Reduction		2		2

				$E$10		>= Reduction		1		1

		Constraints

				Cell		Name		Cell Value		Formula		Status		Slack

				$H$18		A Time diff		9		$H$18>=$J$18		Binding		0

				$H$19		B Time diff		6		$H$19>=$J$19		Binding		0

				$H$20		C Time diff		5		$H$20>=$J$20		Not Binding		1

				$H$21		D Time diff		7		$H$21>=$J$21		Not Binding		2

				$H$22		E Time diff		3		$H$22>=$J$22		Binding		0

				$H$23		F Time diff		2		$H$23>=$J$23		Binding		0

				$H$24		G Time diff		2		$H$24>=$J$24		Binding		0

				$I$14		Project time		22		$I$14<=$K$14		Binding		0

				$B$14		Cost/day		0		$B$14>=0		Binding		0

				$C$14		Max reduction		9		$C$14>=0		Not Binding		9

				$D$14		>=		15		$D$14>=0		Not Binding		15

				$E$14		Reduction		18		$E$14>=0		Not Binding		18

				$F$14				20		$F$14>=0		Not Binding		20

				$G$14		Original duration		22		$G$14>=0		Not Binding		22

				$E$4		>= Reduction		0		$E$4>=0		Binding		0

				$E$5		>= Reduction		1		$E$5>=0		Not Binding		1

				$E$6		>= Reduction		0		$E$6>=0		Binding		0

				$E$7		>= Reduction		0		$E$7>=0		Binding		0

				$E$8		>= Reduction		0		$E$8>=0		Binding		0

				$E$9		>= Reduction		2		$E$9>=0		Not Binding		2

				$E$10		>= Reduction		1		$E$10>=0		Not Binding		1

				$E$4		>= Reduction		0		$E$4<=$C$4		Not Binding		3

				$E$5		>= Reduction		1		$E$5<=$C$5		Not Binding		3

				$E$6		>= Reduction		0		$E$6<=$C$6		Binding		0

				$E$7		>= Reduction		0		$E$7<=$C$7		Not Binding		1

				$E$8		>= Reduction		0		$E$8<=$C$8		Not Binding		1

				$E$9		>= Reduction		2		$E$9<=$C$9		Binding		0

				$E$10		>= Reduction		1		$E$10<=$C$10		Binding		0





Sensitivity Report 6

		Microsoft Excel 8.0 Sensitivity Report

		Worksheet: [makeup-1.xls]Part (b)

		Report Created: 2/12/98 11:08:02 PM

		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$B$14		Cost/day		0		399.9999999836		0		1E+30		399.9999999836

				$C$14		Max reduction		9		0		0		100.0000000083		399.9999999989

				$D$14		>=		15		0		0		99.999999999		0

				$E$14		Reduction		18		0		0		99.9999999989		1E+30

				$F$14				20		0		0		99.999999999		1E+30

				$G$14		Original duration		22		0		0		399.9999999986		1E+30

				$E$4		>= Reduction		0		100.0000000045		499.9999999882		1E+30		100.0000000045

				$E$5		>= Reduction		1		0		399.9999999996		0		99.9999999992

				$E$6		>= Reduction		0		0		0		1E+30		0

				$E$7		>= Reduction		0		99.9999999976		99.9999999976		1E+30		99.9999999976

				$E$8		>= Reduction		0		0		400.0000000007		1E+30		0

				$E$9		>= Reduction		2		-199.9999999989		199.9999999998		199.9999999989		1E+30

				$E$10		>= Reduction		1		-99.999999999		299.9999999997		99.999999999		1E+30

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$H$18		A Time diff		9		399.9999999988		0		3		1

				$H$19		B Time diff		6		399.9999999988		0		3		1

				$H$20		C Time diff		5		0		0		1		1E+30

				$H$21		D Time diff		7		0		0		2		1E+30

				$H$22		E Time diff		3		399.9999999988		0		3		1

				$H$23		F Time diff		2		399.9999999988		0		3		1

				$H$24		G Time diff		2		399.9999999988		0		3		1

				$I$14		Project time		22		-399.9999999988		22		1		3





Part (b)

		Problem 2, part (c)

		Crashing data		Cost/day		Max reduction				Reduction				Original duration

		A		$500		3		>=		0				9

		B		$400		4		>=		3				7

		C				0		>=		0				4

		D		$100		1		>=		0				5

		E		$400		1		>=		1				3

		F		$200		2		>=		2				4

		G		$300		1		>=		1				3

		Start times for nodes

				1		2		3		4		5		6				Project time				Deadline

				0		9		13		15		17		19				19		<=		19

		Matrix of activity/node incidences

				1		2		3		4		5		6		Time diff				Duration

		A		-1		1		0		0		0		0		9		>=		9

		B		0		-1		1		0		0		0		4		>=		4

		C		0		0		-1		0		1		0		4		>=		4

		D		0		0		-1		0		0		1		6		>=		5

		E		0		0		-1		1		0		0		2		>=		2

		F		0		0		0		-1		1		0		2		>=		2

		G		0		0		0		0		-1		1		2		>=		2

		Total cost		$2,300



&CProblem 1, part (c)
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