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ADM2302 Winter 2009 Mid-term Special (Alternate)

SAMPLE MID-TERM EXAMINATION
ADM2302 
Business Decision Models

							Duration: 80 minutes

INSTRUCTIONS TO STUDENTS:
Answer all questions on the examination question sheets.
Show all work and make assumptions explicit where necessary.
Calculators, rulers, and one loose leaf sheet (81/2 by 11, both sides) of notes are permitted.
Please verify that your examination contains 9 pages.
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3
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	Statement of Academic Integrity:
This work conforms to the rules on academic integrity of the University of Ottawa:

Signature: __________________________________

For more information on what constitutes a breach of academic integrity, please consult the following web sites:  http://www.uottawa.ca/academic/info/regist/crs/home_5_ENG.htm  and   http://www.uottawa.ca/plagiarism.df
 Please note that  any submission in a course (homework, assignment, report, etc) that does not include that signed statement will not be corrected and will get a grade of zero.  



QUESTION 1 (35 points)		Linear Programming Formulation

[image: Sports Experts]Sports Experts (http://www.sportsexperts.ca/sportsexperts/) is Ottawa's full-line authorized dealer for Blizzard snowboards for the 2009 winter season. SE’s sales projections for January, February and March are 250, 300, and 100 snowboards for each of these three months.  Blizzard has agreed to provide SE with up to 200 boards each month at a unit cost of $179. Using “rush orders”, Blizzard can also provide SE with up to 50 additional boards per month at an increased unit cost of $190 each. Boards not sold at the end of the month in which they are in stock are stored in the SE store at a cost of $20 per board per month. It takes the store clerks 1.5 hours per board to set up, sticker, and display the snowboards and seasonal clerk time availability is limited to 250, 300, and 200 hours in each of the 3 months respectively. Finally SE have 25 Blizzard snowboards in stock from last season (Winter 2008 model) that they can sell in 2009 and they want to have another 50 of the 2009 models left at the end of March 2009 for the start of next winter.

(a) Write down the algebraic/mathematical formulation of this problem as a linear programming problem to minimize the total cost to SE of purchasing and stocking the snowboards (30 points)






















 





(b) Write down a feasible solution to the SE LP problem above. (5 points)


QUESTION 2 (30 points)		Linear Programming - Graphical Methods
 
Market Masters produces two products, widgets and smidgets.  Their profit optimization problem is given by the following correct linear programming formulation:

Let W and S denote the numbers of widgets and smidgets to produce, respectively, then 

Maximize 	z  =	9W + 12S

subject to:

Constraint 1)				4W + 2S	 ≥	 20
Constraint 2)				  W + 2S 	≤ 	20
Constraint 3)				2W + S 	≤ 	16
Constraint 4) Non-negativity		     	    W, S ≥ 0

         	

(a) Use the graph page attached to sketch the feasible region and solve the linear program. Write the optimal solution to the linear program in the box below.  (20 points)




	 Solution:

	

		


QUESTION 2		Linear Programming - Graphical Methods (continued)	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	











QUESTION 2		Linear Programming - Graphical Methods (continued)

(b) The Right Hand Side (RHS) of Constraint 2 has just decreased to 14 (from 20). Show the impact of this change on the graph and state below the optimal solution to the new linear program. (5 points)

	Revised Solution (b):

	

		













(c) IGNORE PART (b) WHILE DOING THIS QUESTION. The objective function coefficient on widgets has decreased from 9 to 3 per unit widget. Show the impact of this change on the graph and state below the optimal solution to the new linear program. (5 points)


	Revised Solution (c):

	

		












QUESTION 3 (35 points)		Linear Programming Sensitivity Analysis

Alphabet Alfred produces four products: W, X, Y and Z, using three resources, namely wood, metal and labour.  The first three constraints in the SOLVER output below are the resource constraints.  Alphabet Alfred must produce a total of at least 205 units of the first two products and proper use of his machinery requires that the amount of Y produced be exactly 1/3 of the amount of Z produced.  The tables below give the revenue per unit for the outputs, and the cost per unit for the inputs.

	Product
	Revenue per unit 
	
	Input
	Cost per unit 

	W
	$82
	
	Wood (meters)
	$3.00

	X
	$65
	
	Metal (meters)
	$5.00

	Y
	$131
	
	Labour (hours)
	$4.00

	Z
	$63
	
	
	



The correct algebraic formulation of the linear programming problem is given below:


Let W, X, Y and Z denote the number units of products W, X, Y and Z to produce, then
 
                 Maximize	45W + 26X + 53Y + 34Z

	subject to:	
			3W + 10X +   2Y +   5Z  ≤  2900	Wood (meters)
			4W +     X + 12Y +   2Z  ≤    400	Metal (meters) 	
			2W +     X +   3Y +     Z  ≤    300	Labour (hours)
			  W +     X                        ≥    205	Demand for First two products 
					 Y - .33Z =        0	Balance Y and Z requirement
				    W, X, Y and Z ≥       0


The EXCEL solution is shown below and on the last page of the exam:

	
	W
	X
	Y
	Z
	
	
	

	
	0.00
	286.05
	2.33
	6.98
	
	
	

	
	45
	26
	53
	34
	7797.67
	
	

	Wood (meters)
	3
	10
	2
	5
	2900.00
	<=
	2900

	Metal (meters)
	4
	1
	12
	2
	327.91
	<=
	400

	Labour (hours)
	2
	1
	3
	1
	300.00
	<=
	300

	Demand First two products
	1
	1
	0
	0
	286.05
	>=
	205

	Balance Y and Z requirement
	0
	0
	1
	-0.33
	0.00
	 =
	0




The SOLVER computer output for the above problem is on the last page. You will need this output to answer the questions below in parts (a) through (e). Consider each part independently. 



QUESTION 3			Linear Programming Sensitivity Analysis (continued)
(a) What are the optimal values of the decision variables, and the objective function? (6 points)
		

		
	      	

(b) Up to 12 additional hours (beyond the original 300 hrs) of labour are available at an additional cost of $10 per hour.  What is the new optimal value of the objective function given this change? (5 points)





(c) An additional 125 meters of Wood have been available at the going price ($3.00 per meter). Are you interested in taking advantage of this opportunity? Why or why not? (5 points)






(d) The unit revenue of W has risen to $89 per unit from $82 per unit and Alfred is considering producing some W units to take advantage of this increase. Provide Alfred with advice (in the space below) on the production of W given the price rise. (5 points)





(e) Complete the table below: write a brief description of each item using LP terminology and record the values that belong in the Solver table results on the next page. Note: The letters (A-G) in the table below refer to specific cells in the Solver table. (14 points – 2 points per item)
	Item
	Description
	Value

	A
	

	

	B
	

	

	C
	

	

	D

	
	

	E

	
	

	F
	

	

	G

	
	


QUESTION 3			Linear Programming Sensitivity Analysis (continued)

Alphabet Alfred SOLVER Solution

	

Microsoft Excel 11.0 Answer Report
	
	

	Worksheet: [Send to SOLVER.xls]Q3 Form
	
	

	
	
	
	
	
	
	

	Target Cell (Max)
	
	
	
	

	
	Cell
	Name
	Original Value
	Final Value
	
	

	
	$G$9
	 Obj func
	7797.67
	7797.67
	
	

	
	
	
	
	
	
	

	Adjustable Cells
	
	
	
	

	
	Cell
	Name
	Original Value
	Final Value
	
	

	
	$C$8
	W
	0.00
	A
	
	

	
	$D$8
	X
	286.05
	286.05
	
	

	
	$E$8
	Y
	2.33
	2.33
	
	

	
	$F$8
	Z
	6.98
	6.98
	
	

	
	
	
	
	
	
	

	Constraints
	
	
	
	

	
	Cell
	Name
	Cell Value
	Formula
	Status
	Slack

	
	$G$14
	Balance
	B
	$G$14=$I$14
	Not Binding
	0.00

	
	$G$13
	Demand
	286.05
	$G$13>=$I$13
	Not Binding
	81.05

	
	$G$10
	Wood
	2900.00
	$G$10<=$I$10
	C
	0.00

	
	$G$11
	Metal
	327.91
	$G$11<=$I$11
	Not Binding
	D

	
	$G$12
	Labour
	300.00
	$G$12<=$I$12
	Binding
	0.00







	Microsoft Excel 11.0 Sensitivity Report
	
	
	

	Worksheet: [Send to SOLVER.xls]Q3 Form
	
	
	

	
	
	
	
	
	
	
	

	Adjustable Cells
	Final
	Reduced
	Objective
	Allowable
	Allowable

	
	Cell
	Name
	Value
	Cost
	Coefficient
	Increase
	Decrease

	
	$C$8
	W
	0.00
	-6.60
	45
	6.60
	1E+30

	
	$D$8
	X
	286.05
	0.00
	26
	17.75
	0.17

	
	$E$8
	Y
	2.33
	0.00
	53
	1.00
	16.71

	
	$F$8
	Z
	6.98
	0.00
	34
	0.33
	5.57

	
	
	
	
	
	
	
	

	Constraints
	Final
	Shadow
	Constraint
	Allowable
	Allowable

	
	Cell
	Name
	Value
	Price
	R.H. Side
	Increase
	Decrease

	
	$G$10
	Wood
	2900.00
	0.02
	2900
	100.00
	258.33

	
	$G$11
	Metal
	327.91
	0.00
	400
	E   
	F   

	
	$G$12
	Labour
	300.00
	25.77
	300
	19.02
	10.00

	
	$G$13
	Demand
	286.05
	G
	205
	81.05
	1E+30

	
	$G$14
	Balance
	0.00
	-24.35
	0
	3.57
	6.67
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