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This is a closed book exam. 

One sheet of hand-written notes & calculator can be used. Use of brain is optional.

There are 4 problems of equal weight. Please do any 3.

Make sure to write your name, and problem number, on every page, and your id number, in addition, on the 1st page. You have 80 minutes from right now. Good Luck!

1 Garden State Chemicals (GSC) Co. produces two chemicals, A and B. These chemicals are produced in two manufacturing processes. The following facts are given:

· A sells for $30 per ounce, and B sells for $20 per ounce.

· Process 1 requires two hours of labor and three pounds of raw material to produce two ounces of A and three ounces of B. 

· Process 2 requires three hours of labor and one pound of raw material to produce four ounces of A and two ounces of B.

· Eighty hours of labor, and 50 pounds of raw material are available.

· Demand for A is unlimited, but only 30 ounces of B can be sold.

· Any amount of B that cannot be sold must be disposed of  at a cost of  $8 per ounce.

(a) Formulate an LP to maximize the revenue minus disposal costs. Define clearly all variables, and explain all constraints.

(b) The problem was solved by SOLVER, giving the  answer report and sensitivity report in.
       the penultimate page.

(b1) Read from these reports the optimal solution and optimal value

(b2) How much will it cost GSC to use one hour of Process 1?

(b3) How much should GSC pay for an additional hour of labor?

(b4) How much should GSC pay for an additional pound of raw material?

(b5) How much will GSC gain if it were possible to sell one more ounce of chemical B?

2 Consider the LP
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(a) Solve graphically. Determine the optimal solution and optimal value. 

(b) The problem was solved by SOLVER, giving the answer report and the sensitivity report      

      in the last page.

(b1) Explain the meaning of reduced cost.

(b2) What does it mean that the decision variable (in Cell $D$11) is 0, and its reduced 

       
        cost is also 0.

(b3) Explain the meaning of shadow cost

(b4) All available 60 units resource 3 are used. Why is its shadow price equal zero?

(b5) The value of resource 2 used is -20. Interpret this negative usage.

[image: image2.wmf]3 Each hour an average of  900 cars enter the network below at node 1 and  travel to node 6 . The number on each arc is the maximum number of cars that the arc can carry in one hour.  The times it takes a car to travel the various arcs is tabulated below

Arc
(1,2)
(1,3)
(2,4)
(2,5)
(3,4)
(3,5)
(4,5)
(4,6)
(5,6)

Time (minutes)
10
50
30
70
10
60
30
60
30

Formulate a model to minimize the total time of travel for all cars from node 1 to node 6.

Define clearly the decision variables, and write all constraints. Explain the objective function, and one of each type of constraints.

4  Garden State Opera (GSO) plans an open-air performance of  the opera Aida in the Rutgers Stadium. The project consists of the following activities, with the given durations.

Activity
Description
Predecessors
Duration (days)

A
Hire conductor
None
3

B
Hire & train musicians
A
6

C
Hire & train vocalists
A
14

D
Procure & train elephants
C
8

E
Construct scenery
D
4

F
Rehearse
B, E
8

G
Advertise & sell tickets
F
9

(a) Draw the project network.

(b) Formulate an LP to determine the minimum project duration.

(c) Explain the terms critical activity and critical path. How do you determine the critical activities from the LP solution in (b)?

(d) The minimal project duration was computed as 46 days. GSO would like to finish it in 30 days. The duration of each activity can be reduced according to the following table

Activity
Cost per day of reducing the duration
Maximum possible reduction (days)

A
$100
3

B
$80
4

C
$60
5

D
$70
2

E
$30
4

F
$20
4

G
$50
4

Formulate an LP to minimize the cost of meeting the deadline.

� EMBED Equation.3  ���
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		Microsoft Excel 8.0 Answer Report

		Worksheet: [Midterm-1-1.xls]Sheet1

		Report Created: 2/23/98 4:19:16 PM

		Target Cell (Max)

				Cell		Name		Original Value		Final Value

				$B$33		Profit		$3,613		$3,613

		Adjustable Cells

				Cell		Name		Original Value		Final Value

				$B$17		Process 1		0.00		0.00

				$C$17		Process 2		80.00		80.00

				$B$27		B amount under 30		0.00		0.00

				$C$27		B amount over 30		23.33		23.33

		Constraints

				Cell		Name		Cell Value		Formula		Status		Slack

				$D$17		Labor used		80.00		$D$17<=$F$17		Binding		0.00

				$B$20		Raw material used		26.67		$B$20<=$D$20		Not Binding		23.33

				$D$27		B production minus amount over		30.00		$D$27<=$F$27		Binding		0.00

				$B$27		B amount under 30		0.00		$B$27>=0		Binding		0.00

				$C$27		B amount over 30		23.33		$C$27>=0		Not Binding		23.33

				$B$17		Process 1		0.00		$B$17>=0		Binding		0.00

				$C$17		Process 2		80.00		$C$17>=0		Not Binding		80.00
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		Microsoft Excel 8.0 Sensitivity Report

		Worksheet: [Midterm-1-1.xls]Sheet1

		Report Created: 2/23/98 4:19:16 PM

		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$B$17		Process 1		0.00		-16.67		30.00		1.67E+01		1.00E+30

				$C$17		Process 2		80.00		0.00		40.00		1.00E+30		1.67E+01

				$B$27		B amount under 30		0.00		-20.00		-20.00		2.00E+01		1.00E+30

				$C$27		B amount over 30		23.33		0.00		-8.00		8.00E+00		5.20E+01

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$D$17		Labor used		80.00		34.67		80.00		7.00E+01		3.50E+01

				$B$20		Raw material used		26.67		0.00		50.00		1.00E+30		2.33E+01

				$D$27		B production minus amount over		30.00		8.00		30.00		2.33E+01		1.00E+30





Sheet1

		Problem 1

		Process inputs		Process 1		Process 2

		Hours required		2		3

		Raw material required (pounds)		3		1

		Yield of A (ounces)		2		4

		Yield of B (ounces)		3		2

		Selling prices per ounce

		A		$30

		B		$20

		Maximum B that can be sold		30

		Disposal cost per ounce of B		$8

		Hours on each process		Process 1		Process 2		Labor used				Available

				0		80		80		<=		80

		Raw material constraint		Raw material used				Available

				26.6666666667		<=		50

		Yields		Process 1		Process 2		Total produced

		A		0		106.6666666667		106.6666666667

		B		0		53.3333333333		53.3333333333

		Product B under or over 30?		B amount under 30		B amount over 30		B production minus amount over				Maximum B that can be sold

				0		23.3333333333		30		<=		30

		Revenue from A		$3,200

		Revenue from B		$600

		Disposal cost of B		$187

		Profit		$3,613



&CProblem 3.65




_949779743.xls
Answer Report 1

		Microsoft Excel 8.0 Answer Report
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		Target Cell (Max)

				Cell		Name		Original Value		Final Value

				$E$4		Coefficients Objective		46		59.9999999999

		Adjustable Cells

				Cell		Name		Original Value		Final Value

				$C$11		Decision variables		12		20

				$D$11		Decision variables		5		0

		Constraints

				Cell		Name		Cell Value		Formula		Status		Slack

				$E$6		Resource 1 Used		59.9999999999		$E$6<=$G$6		Not Binding		60.0000000001

				$E$7		Resource 2 Used		-20		$E$7<=$G$7		Not Binding		70

				$E$8		Resource 3 Used		59.9999999999		$E$8<=$G$8		Binding		0

				$E$9		Resource 4 Used		59.9999999999		$E$9<=$G$9		Binding		0

				$C$11		Decision variables		20		$C$11>=$C$13		Not Binding		20

				$D$11		Decision variables		0		$D$11>=$D$13		Binding		0





Sensitivity Report 1

		Microsoft Excel 8.0 Sensitivity Report

		Worksheet: [Book1]Sheet1

		Report Created: 2/23/98 10:51:28 PM

		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$C$11		Decision variables		20		0		3		1E+30		0

				$D$11		Decision variables		0		0		2		0		1E+30

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$E$6		Resource 1 Used		59.9999999999		0		120		1E+30		60

				$E$7		Resource 2 Used		-20		0		50		1E+30		70

				$E$8		Resource 3 Used		59.9999999999		0		60		1E+30		0

				$E$9		Resource 4 Used		59.9999999999		1		60		0		60





Sheet1

		Problem 2

										Objective

		Coefficients				3		2		59.9999999999

										Used				Available

		Resource 1				3		4		59.9999999999		<=		120

		Resource 2				-1		2		-20		<=		50

		Resource 3				3		1		59.9999999999		<=		60

		Resource 4				3		2		59.9999999999		<=		60

		Decision variables				20		0

						>=		>=

		Lower bounds				0		0
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		Target Cell (Max)

				Cell		Name		Original Value		Final Value

				$E$4		Coefficients Objective		46		59.9999999999

		Adjustable Cells

				Cell		Name		Original Value		Final Value

				$C$11		Decision variables		12		20

				$D$11		Decision variables		5		0

		Constraints

				Cell		Name		Cell Value		Formula		Status		Slack

				$E$6		Resource 1 Used		59.9999999999		$E$6<=$G$6		Not Binding		60.0000000001

				$E$7		Resource 2 Used		-20		$E$7<=$G$7		Not Binding		70

				$E$8		Resource 3 Used		59.9999999999		$E$8<=$G$8		Binding		0

				$E$9		Resource 4 Used		59.9999999999		$E$9<=$G$9		Binding		0

				$C$11		Decision variables		20		$C$11>=$C$13		Not Binding		20

				$D$11		Decision variables		0		$D$11>=$D$13		Binding		0





Sensitivity Report 1

		Microsoft Excel 8.0 Sensitivity Report

		Worksheet: [Book1]Sheet1

		Report Created: 2/23/98 10:51:28 PM

		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$C$11		Decision variables		20		0		3		1E+30		0

				$D$11		Decision variables		0		0		2		0		1E+30

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$E$6		Resource 1 Used		59.9999999999		0		120		1E+30		60

				$E$7		Resource 2 Used		-20		0		50		1E+30		70

				$E$8		Resource 3 Used		59.9999999999		0		60		1E+30		0

				$E$9		Resource 4 Used		59.9999999999		1		60		0		60





Sheet1

		Problem 2

										Objective

		Coefficients				3		2		59.9999999999

										Used				Available

		Resource 1				3		4		59.9999999999		<=		120

		Resource 2				-1		2		-20		<=		50

		Resource 3				3		1		59.9999999999		<=		60

		Resource 4				3		2		59.9999999999		<=		60

		Decision variables				20		0

						>=		>=

		Lower bounds				0		0
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		Microsoft Excel 8.0 Answer Report
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		Report Created: 2/23/98 4:19:16 PM

		Target Cell (Max)

				Cell		Name		Original Value		Final Value

				$B$33		Profit		$3,613		$3,613

		Adjustable Cells

				Cell		Name		Original Value		Final Value

				$B$17		Process 1		0.00		0.00

				$C$17		Process 2		80.00		80.00

				$B$27		B amount under 30		0.00		0.00

				$C$27		B amount over 30		23.33		23.33

		Constraints

				Cell		Name		Cell Value		Formula		Status		Slack

				$D$17		Labor used		80.00		$D$17<=$F$17		Binding		0.00

				$B$20		Raw material used		26.67		$B$20<=$D$20		Not Binding		23.33

				$D$27		B production minus amount over		30.00		$D$27<=$F$27		Binding		0.00

				$B$27		B amount under 30		0.00		$B$27>=0		Binding		0.00

				$C$27		B amount over 30		23.33		$C$27>=0		Not Binding		23.33

				$B$17		Process 1		0.00		$B$17>=0		Binding		0.00

				$C$17		Process 2		80.00		$C$17>=0		Not Binding		80.00





Sensitivity Report 1

		Microsoft Excel 8.0 Sensitivity Report

		Worksheet: [Midterm-1-1.xls]Sheet1

		Report Created: 2/23/98 4:19:16 PM

		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$B$17		Process 1		0.00		-16.67		30.00		1.67E+01		1.00E+30

				$C$17		Process 2		80.00		0.00		40.00		1.00E+30		1.67E+01

				$B$27		B amount under 30		0.00		-20.00		-20.00		2.00E+01		1.00E+30

				$C$27		B amount over 30		23.33		0.00		-8.00		8.00E+00		5.20E+01

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$D$17		Labor used		80.00		34.67		80.00		7.00E+01		3.50E+01

				$B$20		Raw material used		26.67		0.00		50.00		1.00E+30		2.33E+01

				$D$27		B production minus amount over		30.00		8.00		30.00		2.33E+01		1.00E+30





Sheet1

		Problem 1

		Process inputs		Process 1		Process 2

		Hours required		2		3

		Raw material required (pounds)		3		1

		Yield of A (ounces)		2		4

		Yield of B (ounces)		3		2

		Selling prices per ounce

		A		$30

		B		$20

		Maximum B that can be sold		30

		Disposal cost per ounce of B		$8

		Hours on each process		Process 1		Process 2		Labor used				Available

				0		80		80		<=		80

		Raw material constraint		Raw material used				Available

				26.6666666667		<=		50

		Yields		Process 1		Process 2		Total produced

		A		0		106.6666666667		106.6666666667

		B		0		53.3333333333		53.3333333333

		Product B under or over 30?		B amount under 30		B amount over 30		B production minus amount over				Maximum B that can be sold

				0		23.3333333333		30		<=		30

		Revenue from A		$3,200

		Revenue from B		$600

		Disposal cost of B		$187

		Profit		$3,613
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