Final Examination
Answer all questions. All work must be shown to qualify for partial credit. Make sure you save the file starting with your last name. Also check to make sure all your work is legible and clear before sending it. Answer 4 out of 5 questions

1. Vollmer Manufacturing makes three components for sale to refrigeration companies. The components are processed on two machines: a sharper and a grinder. The times (in minutes) required on each machine are as follows:
	Machine

	Component
	Sharper
	Grinder

	1
	6
	4

	2
	4
	5

	3
	4
	2



The sharper is available for 120 hours, and the grinder is available for 110 hours. No more than 200 units of component 3 can be sold, but up to 1000 units of each other components can be sold. In fact, the company already has orders for 600 units of component 1 that must be satisfied. The profit contributions for components 1, 2, and 3 are $8, $6, and $9, respectively.
a. Formulate this LP problem and make sure you define all the decision variables.
b. Transform your formulation to the Standard LP form.
c. The Excel Solver Solution to this problem is presented below. Identify and present the optimal solution and the values of the decision variables.
d. Find the slack and/or surplus variables.
e. Will the Sharper or the Grinder or both need more time? Explain.
f. Identify the ranges of optimality and the ranges of feasibility. Discuss them in relation to this problem. Hint: Do not give a general discussion on this question. You must be very specific and use all the results you now have.
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	Final
	Reduced
	Objective
	Allowable
	Allowable

	
	Cell
	Name
	Value
	Cost
	Coefficient
	Increase
	Decrease

	
	$C$19
	Component 1
	600
	0
	8
	1
	1E+30

	
	$D$19
	Component 2
	700
	0
	6
	3
	0.666667

	
	$E$19
	Component 3
	200
	0
	9
	1E+30
	3
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	Final
	Shadow
	Constraint
	Allowable
	Allowable

	
	Cell
	Name
	Value
	Price
	R.H. Side
	Increase
	Decrease

	
	$C$23
	Sharper LHS
	7200
	1.5
	7200
	240
	2800

	
	$C$24
	Grinder LHS
	6300
	0
	6600
	1E+30
	300

	
	$C$25
	Component 1 LHS
	600
	-1
	600
	400
	85.71429

	
	$C$26
	Component 1 LHS
	600
	0
	1000
	1E+30
	400

	
	$C$27
	Component 2 LHS
	700
	0
	1000
	1E+30
	300

	
	$C$28
	Component 3 LHS
	200
	3
	200
	700
	100



Solution:
a)
Let
C1 = units of component 1 manufactured
C2 = units of component 2 manufactured
C3 = units of component 3 manufactured
Max Z=8C1 + 6C2 + 9C3
s.t. 
6C1 + 4C2 + 4C3 ≤ 7200
4C1 + 5C2 + 2C3 ≤ 6600
C3 ≤ 200
C1 ≤ 1000
C2 ≤ 1000
C1 ≥ 600
C1, C2, C3 ≥ 0
b)
Max Z=8C1 + 6C2 + 9C3+S1+S2+S3+S4+S5-S6
s.t
6C1 + 4C2 + 4C3 +S1= 7200
4C1 + 5C2 + 2C3 +S2= 6600
C3 +S3= 200
C1 +S4= 1000
C2 +S5= 1000
C1 –S6= 600
C1, C2, C3, S1, S2, S3, S4, S5, S6 ≥ 0
c)
C1=600, C2=700, C3=200
Optimal sale $10800
d)
S2=300, S4=400, S5=300, all are slack variables.
e)
It can’t make change because its dual is 0, so even if we spend 200000 time on it , it can’t make any change on our sale benefit in optimal point.
f)
Variable	 Objective Coefficient Range
C1 		No Lower Limit to 9.0
C2 		5.33 to 9.0
C3 		6.00 to No Lower Limit
Individual changes in the profit coefficients within these ranges will not cause a change in the optimal number of components to produce.

2. Consider the following linear program
Max 3x1 + 2x2
s.t.
		1x1 + 1x2 < 10
		3x1 + 1x2 < 24
		1x1 +  2x2 < 16
And x1, x2 > 0.
a) Use Excel Solver to find the optimal solution to this problem. State the optimal values of x1, x2, and Z.
b) Assume that the objective function coefficient for x1 changes from 3 to 5. Does the optimal solution change? 
c) Assume that the objective function coefficient for x1 remains 3, but the objective function coefficient for x2 changes from 2 to 4. Does the optimal solution change?
d) What are the shadow prices for these constraints?
e) What conclusions can you draw about changes to the right hand side of constraint 2?
f) Identify the binding and non-binding constraints in this problem and explain.
Solution:
a)
	 
	Profit
	 
	 
	 
	 

	Max Z
	27
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	Variables
	X1
	X2
	 
	 
	 

	Obj. Coef
	3
	2
	 
	 
	 

	Values
	7
	3
	 
	 
	 

	 
	 
	 
	 
	 
	 

	S.t
	 
	 
	Total
	 
	Limit

	Cont 1
	1
	1
	10
	<=
	10

	Cont 2
	3
	1
	24
	<=
	24

	Cont 3
	1
	2
	13
	<=
	16



X1=7, X2=3, 
Optimal Solution Max Z=$27
b)
Yes, it will be changing to $41
c)
Yes, it will be changing to $33
d)
Shadow prices are Constraints 1 is 1.5 and Constraints 2 is 0.5
e)
The improvement in the value of optimal solution will be 0.5 for every unit increase in the right-hand side of constraint 2 as long as the right-hand side is between 18 and 30.
f)
	Constraints
	
	
	
	

	
	Cell
	Name
	Cell Value
	Formula
	Status
	Slack

	
	$D$9
	Cont 1 Total
	10
	$D$9<=$F$9
	Binding
	0

	
	$D$10
	Cont 2 Total
	24
	$D$10<=$F$10
	Binding
	0

	
	$D$11
	Cont 3 Total
	13
	$D$11<=$F$11
	Not Binding
	3




3.The monthly sales for Telco Batteries, Inc., were as follows in Table 1:
Table 1: Monthly Sales
	MONTH
	SALES

	January
	10

	February
	14

	March
	15

	April
	14

	May
	12

	June
	10

	July
	14

	August
	18

	September
	20

	October
	20

	November
	22

	December
	23


Forecast January sales using each of the following:
a) A 4-month moving average.
b) Exponential smoothing using an alpha = 0.25
c) The trend projection model
d) Which of the forecast models is better and why?

4.Consider the following linear program
Min 8X + 12Y
s.t.
1X + 3Y > 9
2X + 2Y > 10
6X + 2Y >18
X, Y > 0
a. Use the Excel Solver to find the Optimal Solution. Please identify the solutions as well as the slack and surplus variables.
b. Assume that the objective function coefficient for X changes from 8 to 6. Does the optimal solution change? Use the sensitivity analysis report to answer this question.
c. Assume that the objective function coefficients for X remains 8, but the objective function coefficient for Y changes from 12 to 6. Does the optimal solution change? Use the sensitivity analysis report to answer this question.
d. What are the shadow prices and what do they mean?
e. Identify the range of optimality and the range of feasibility for this problem.
Solution:
a)
	 
	Profit
	 
	 
	 
	 

	Min Z
	48
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	Variables
	X
	Y
	 
	 
	 

	Obj. Coef
	8
	12
	 
	 
	 

	Values
	3
	2
	 
	 
	 

	 
	 
	 
	 
	 
	 

	S.t
	 
	 
	Total
	 
	Limit

	Cont 1
	1
	3
	9
	>=
	9

	Cont 2
	2
	2
	10
	>=
	10

	Cont 3
	6
	2
	22
	>=
	18


X=3, Y=2, 
Optimal Solution Min Z=$48
b)
Yes, it will be changing to $42
c)
Yes, it will be changing to $36
d)
Shadow prices are Constraints 1 is 2 and Constraints 2 is 3
e)
	Adjustable Cells
	
	
	
	

	
	Cell
	Name
	Original Value
	Final Value
	
	

	
	$B$6
	Values X
	7
	3
	
	

	
	$C$6
	Values Y
	3
	2
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Constraints
	
	
	
	

	
	Cell
	Name
	Cell Value
	Formula
	Status
	Slack

	
	$D$9
	Cont 1 Total
	9
	$D$9>=$F$9
	Binding
	0

	
	$D$10
	Cont 2 Total
	10
	$D$10>=$F$10
	Binding
	0

	
	$D$11
	Cont 3 Total
	22
	$D$11>=$F$11
	Not Binding
	4




5. The Toyota Camry is one of the best-selling cars in North America. The cost of a previously owned Camry depends on many factors, including the model year, mileage, and condition. To investigate the relationship between the car’s mileage and the sales price for Camrys, the following data show the mileage and sale price for 19 sales (PriceHub web site, February 24, 2012).
	Miles (1,000s)
	Price ($1,000s)

	22
	16.2

	29
	16

	36
	13.8

	47
	11.5

	63
	12.5

	77
	12.9

	73
	11.2

	87
	13

	92
	11.8

	101
	10.8

	110
	8.3

	28
	12.5

	59
	11.1

	68
	15

	68
	12.2

	91
	13

	42
	15.6

	65
	12.7

	110
	8.3



a. Develop an estimated regression equation showing how price is related to miles driven. What is the estimated regression model?
b. Test whether each of the regression parameters for the slope and the y-intercept is equal to zero at 0.01.
c. How much of the variation in the sample values of price does the model estimated in part (a) explain?
d. Suppose that you are considering purchasing a previously owned Camry that has been driven 60,000 miles. Use the estimated regression equation developed in part (a) to predict the price for this car. Is this the price you will offer the seller? Hint: To answer these questions, make sure you remove all the outliers that may be present in the data.
Solution:
a)
There is a negative, linear relationship between the two variables.
The estimated regression model is Y hat =16.47 -0.059X
b)
Ho:β=0
Ha:β≠0
P-Value=0.000 < 0.01, it falls in the rejection region, there is a significant evidence of relationship between the variables.
c)
In order to see the impact of miles on price variation we need to check the coefficient of determination (R square). The value is 0.53
This means about 53% of variations in the price can be explained by the changes in miles driven.
d)
The price will be
y = 16.47 – 0.059*60 = 12.94332
Using the above estimated regression equation; Driven 60,000 miles would be $12943.32.

7

