Part I: Understanding Linear Programming (LP) Concepts

I. Building A Model - Example 3.1 

The model for this example was put together by looking at the inputs as well as the constraints, as stated by the company.  The basic concept of deriving this model is simply related to building a system of equations exactly how one would build a linear system of equations for a model to be solved in linear/matrix algebra mathematics classes. 

First the profit for each type of frame was calculated by subtracting materials and labor costs from the price of the frame.  This made a profit objective equation.  Next, three equations were made by using skilled labor, metal, and glass inputs and their respective constraints.  Then, we took the four frame types and made four separate equations for each frame’s constraint (limit on the amount that can be produced for each frame type).  Last, the stipulation was added so that the units of each frame type produced must be greater than zero (the nonnegative number principle).


Now that the model has been built (inputs and constraints have been formally recognized) the model can be subject to sensitivity analysis.

II. Analyzing The Results of Solver 
The results of this solution are those of a typical LP solution.  It contains both binding and non-binding constraints.  Based on the optimal solution, Monte should produce 1000 Type I Frames, 800 Type II Frames, 400 Type III Frames and no type 4 frames.  This production plan is very close to the original production plan, but it earns $450 more in profit and uses all available labor and metal.  Unfortunately, due to the binding constraints which prevents Monet from earning higher profits, this solution only uses 8000 out of the 10,000 available ounces of glass. We would be able to produce more of the Type II, Type III and Type IV frames if more labor and metal were available.
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III. Sensitivity Analysis  

Even though the majority of Monet’s product mix problem has been solved using Linear Programming a sensitivity analysis was performed to see how the optimal solution that was develop through the use of the linear program changes with our model inputs.  The results of the sensitivity analysis were found to be somewhat useful in that they provided plausible ranges for the outcome.  However, the problem is that there is no need to adhere to these conventions in spreadsheet modeling because sometimes the optimal solution is virtually impossible to unravel.

1. Check to see how sensitive the optimal profit and the optimal product (as shown in the excerpt of the spreadsheet directly above) are to changes in the number of labor hours available and the cost per ounce of metal. 
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As you can see one-way tables were produced using the SolverTable function. 

Looking at the first table we can see how the product mix changes as more labor hours become available.  Second, we can see how extra labor hours add to the total profit (as also depicted in the 'Increase' column).  The 'Increase' column also shows that an increase in labor hours, leads to a decrease in profit increase.

Next, we look at the second one-way table pictured.  As one can see, the optimal product mix remains unchanged for a cost of metal in the $0.30 to $0.70 ranges.  Within this range the only thing that changes is profit, and it decreases only because metal gets more expensive.  Outside of this range, however, we change the product mix (and obtain less profit).  Intuitively, once metal  becomes expensive enough, products and that use metal most heavily become less attractive.  They will then be produced at lower levels or dropped form the mix all together.

2. Check to see how sensitive the optimal profit is to simultaneous changes in the hourly labor cost and the total labor hours available. 

For this analysis a two-way table was produced as shown below.
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From the table, we can see how total profit decreases in each row as the hourly labor cost increases (in a separate range that is marked) and how it increases in each column as the available labor hours increase (also in a separate range that is marked).

A spreadsheet with all of the excerpts shown here can be found at example 3_1.xls.

Note: Portions of this report were created by Shana Chapman, Tiffany Crocket, and Chris Martin.
Part II:  Application of a Linear Programming Model

*Note:  Described below is the walk-thru of example 4.5: Blending Models (Practical Management Science By: Winston & Albright), other examples can be found here at other group member sites: Shana Chapman, Tiffany Crockett, and Chris Martin.

 

OBJECTIVE

Chandler Oil has 5,000 barrels of crude oil 1 and 10,000 barrels of crude oil 2 available.  Chandler sells gasoline and heating oil.  These products are produced by blending together the two crude oils.  Each barrel of crude oil 1  has a "quality level" of 10 and each barrel of crude oil 2 has a quality level of 5.  Gasoline must have an average quality  level of at least 8, whereas heating oil must have an average quality level of at least 6.  Gasoline sells for $25 per barrel and heating oil sells for $20 per barrel.  The advertising cost to sell one barrel of gasoline is $0.20 and the advertising costs to sell one barrel of heating oil is $0.10.  We assume that demand for heating oil and gasoline is unlimited, so that all of Chandler's production can be sold.  Chandler wants to maximize profit.
VARIABLES/MEASURES

· The number of barrels of gasoline and heating oils produced (the outputs) 

· The number of barrels of each crude oil (the inputs) used to produced each output 

· The quality levels of the inputs used to make the outputs 

· The total profit earned 

MATHEMATICAL MODEL FORMULATION

As in the mathematical model explained in Example 3.1, the model for this example is put together very similarly.  First taking the gasoline and heating oil unit price values, two equations were made.  Next, taking the gasoline and heating oil again two equations were made from the cost of advertising for each product.  Then, by using the quality level of the two products, two constraint equations were made, thus utilizing the quality constraints on each product.  Last, more equations were made using the total barrels of crude oil as production constraints.  As with before, the nonnegative number principle was also applied.

DEVELOPMENT OF THE SPREADSHEET MODEL

The spreadsheet model was easy to setup, once the mathematical model was found.
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First the shaded regions indicate the input variables (variables the user would have to input), such as selling prices, advertising costs, quality levels, required quality levels of product, and the number of available barrels of each crude.  Next, the trial values for the amount of each crude (in barrels) for each crude was entered, and correspondingly the sum of each was also entered (column value 'Barrels sold').

Now, to use the quality constraints, the SumProduct (=Sumproduct("trial values of inputs", QualityLevels)) function was used to get the quality obtained, and the quality required was calculated by multiplying the expected quality level with the number of barrels of each crude sold.

Finally, revenue, cost (advertising), and profit were calculated.  Revenue was calculated by simply using the SumProduct of selling prices, and barrels sold.  While the cost of advertising took the SumProduct of advertising costs per unit and barrels sold.  Last, profit was of course calculated by subtracting advertising cost from total revenue.

ANALYSIS OF RESULTS

Using solver, the optimal profit for Chandler was found.  It was concluded that Chandler should make 5,000 barrels of gasoline with 3,000 barrels of crude oil 1 and 2000 barrels of crude oil 2.  It should also make 10,000 barrels of heating oil with 2,000 barrels of crude oil 1 and 8, 000 barrels of crude oil 2.  With this blend, Chandler will earn a profit of $323,000.
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Next, two corresponding sensitivity analyses were performed.

First, using SolverTable, an one-way table showing the sensitivity of profit and ouputs sold to the selling price of gasoline was calculated.
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Here we can see as the price of gasoline increases, Chandler produces more gasoline and less heating oil.  Also, we see that profit never decreases as the the changes in the 'Increase' column indicate.

Next, we computed an one-way table sensitivity analysis of profit and outputs sold to the availability of crude oil 1.
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First one can see that profit increases, but a decreasing rate, as more crude oil 1 is available.  This a common occurrence in LP models.  Second, the amount of gasoline produced increases while the amount of heating oil produced decreases.  The reason behind this is that crude oil 1 has higher quality than crude oil2, and gasoline requires higher quality.  Gasoline also sells for a higher price.  Therefore, as more crude oil 1 is available, Chandler can produce more gasoline, receive more profit, and still meet quality standards.

DSS GUIDELINES

The model outline above can be used as a DSS, by simply change the inputs and trial errors as necessary, and then running Solver to optimize profit.  But, keep in mind this is a LP model, and it may be more logical to make certain inputs/constraints non-linear for best probable results.  Also, most companies using a blending model would run the model periodically (maybe each day) and set production on the the basis of the current inventory of inputs, and the the current demand forecasts (in this model it was assumed that demand was unlimited and accordingly all of Chandler's production could/was sold).  Then the forecasts and the input levels would be updated, and the model would be run again to determine the next day's production.

A copy of the spreadsheet used for this example can be found here: example4_5.xls
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