Use Lindo for Linear Programming problems.  Use POM software library, Excel or any statistical package of your choice for Linear Regression problems

Exercise 1:  Hartman Company

Hartman Company is trying to determine how much of each of two products should be produced over the coming planning period.  The only serious constraints involve labor availability in three departments.  Shown below is information concerning labor availability, labor utilization and product profitability.

	
	Product 1
	Product 2
	Labor available 

	Profit/unit
	$ 30.00
	$ 15.00
	

	Dept A hours/unit
	      1.00
	      0.35
	100 hours

	Dept B hours/unit
	      0.30
	      0.20
	36 hours

	Dept C hours/unit
	      0.20
	      0.50
	50 hours


a) Develop a linear programming model for the problem and solve it to determine the optimal production quantities of products 1 and 2.

Let Product 1 = X, Product 2 = Y

maximize 30 X + 15 Y

s.t.

           1 X + 0.35 Y < = 100 (Department A)


     0.3 X + 0.2 Y <= 36  (Department B)


     0.2 X + 0.5 Y <= 50  (Department C)


    X >0 

                 Y >0


Formulation of Linear Model in Lindo

Maximize 30 X + 15 Y

s.t.

           1 X + 0.35 Y < = 100


0.3 X + 0.2 Y <= 36  


0.2 X + 0.5 Y <= 50  


X >0 

            Y >0


Lindo Output

Global optimal solution found.

Objective value:                              3284.211

                       Variable           Value        Reduced Cost

                              X        77.89474            0.000000

                              Y        63.15789            0.000000

                            Row    Slack or Surplus      Dual Price

                              1        3284.211            1.000000

                              2        0.000000            15.78947

                              3        0.000000            47.36842

                              4        2.842105            0.000000

                              5        77.89474            0.000000

                              6        63.15789            0.000000

Ranges in which the basis is unchanged:

                                      Objective Coefficient Ranges

                                  Current             Allowable      Allowable

                Variable      Coefficient         Increase      Decrease

                       X         30.00000         12.85714         7.500000

                       Y         15.00000         5.000000         4.500000

                                           Right-hand Side Ranges

                     Row          Current       Allowable        Allowable

                                        RHS             Increase         Decrease

                       2         100.0000         20.00000         2.454545

                       3         36.00000        0.6279070        6.000000

                       4         50.00000         INFINITY       2.842105

The optimal production quantities are Product 1 = 77.89 ~ 78 (approx) and Product 2 = 63.15 ~ 63 (approx.)

Also, all the constraints are satisfied. Slacks are 0 except for Department 3 where slack value is 2.842

b) Suppose overtime can be scheduled in some of the departments.  Which departments would you recommend scheduling for overtime?  How much would you be willing to pay per hour of overtime in each department?

The overtime can be scheduled in department A and B as the value of shadow price (Dual price) for these two departments is 15.79 and 47.37 respectively. This means that scheduling 1 hr of overtime in Department A would improve the objective function by $15.79 and that in Department B would improve the objective function by $ 47.37. Scheduling overtime in Department C would not improve the objective function as the value of shadow price (Dual price) is zero for this department.
The shadow prices of hours on Department A and B being $ 15.79 and $47.37 respectively, these are the maximum prices one would be willing to pay for per hour of overtime in the respective departments. 

c) Suppose that 10, 6 and 8 hours of overtime may be scheduled in departments A, B, and C, respectively.  The cost per hour of overtime is $18 in department A, $22.50 in department B, and $12 in department C.  Revise the model and determine an optimal product quantity if overtime is made available.  What are the optimal production quantities, and what is the revised profit?  How much overtime do you recommend using in each department? What is the increase in profit if overtime is used? 

Revised Linear Program in Lindo

Maximize 30 X + 15 Y

s.t.

           1 X + 0.35 Y < = 110 


0.3 X + 0.2 Y <= 42 


0.2 X + 0.5 Y <= 58   


X >=0


Y >=0


Solution Output Lindo

  Objective value:                              3676.744

  Total solver iterations:                             2

                       Variable           Value        Reduced Cost

                              X        80.69767            0.000000

                              Y        83.72093            0.000000

                            Row    Slack or Surplus      Dual Price

                              1        3676.744            1.000000

                              2        0.000000            27.90698

                              3        1.046512            0.000000

                              4        0.000000            10.46512

                              5        80.69767            0.000000

                              6        83.72093            0.000000

The optimal production quantities are Product 1 = 80.69 ~ 81 (approx) and Product 2 = 83.72 ~ 84 (approx.)

The Revised Profit = $ 3676.744
Using the cost of overtime as $18 in department A, $22.50 in department B, and $12 in department C, the actual increase in profit would be :
$3676.744 –(10* 18 + 22.5* 5 + 8 *12) = $3288.244
If Overtime is used then increase in profit = $ 3288.744 - $ 3284.244 = $ 4.5
Recommendation
Going by shadow prices and the range report in the original solution, it can be seen that scheduling overtime only in Department A and B is profitable. And the range in which it is profitable is : 20  hrs increase in Department A and 0.63 hrs in department B. The allowable increase in department C is infinity but it does not add any thing in the profit. Looking at the available overtime hours(10,6 and 8 hrs in dept A,B and C resply), following is the new objective function and constraints and the solution.
maximize 30 X + 15 Y

s.t.

           1 X + 0.35 Y < = 110

0.3 X + 0.2 Y <= 36.63  


0.2 X + 0.5 Y <= 50  


X >0 

              >0


 Global optimal solution found.

  Objective value:                              3471.947

  Total solver iterations:                             3

                       Variable           Value        Reduced Cost

                              X        96.62632            0.000000

                              Y        38.21053            0.000000

                            Row    Slack or Surplus      Dual Price

                              1        3471.947            1.000000

                              2        0.000000            15.78947

                              3        0.000000            47.36842

                              4        11.56947            0.000000

                              5        96.62632            0.000000

                              6        38.21053            0.000000

Here, X= 96.63 , Y = 38.21 

Actual profit = 3471.95 – (10* 18 + 0.63*22.50)  = $3277.78 

Profit without overtime = $3284.244.
Thus, it can be seen that because of the cost of overtime, it is not considerably profitable to use available overtimes in any of the departments. If all the available overtimes are used, the profit increases by $ 4.5, which is negligible. And if the overtime is used in accordance with the profitability range reflected by the shadow price, it results into loss of $6.469. 
