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Case Study 23       Support System for an Agricultural Business

Support System for an Agricultural Business

Problem Description

The aim of this project is to build a support system that will enable agricultural businesses to make better decisions. The following are some of the issues a farmer is concerned about. 

1. Land is an expensive and scarce resource. A farmer has to decide during the planting season how much land to allocate to each crop. 

2. The farmer has to decide how much to produce. This is not an easy decision because of the uncertainties of demand and production yield. Production yields depend on unpredictable factors such as weather, insect population, etc.

3. The farmer has to identify how many employees to hire.  

In order to help the farmer identify an optimal allocation of resources to each crop, we use linear programming. Linear programming has shown to be a powerful optimization tool that has been used to model several other problems. Below we describe the linear programming model.

Linear Programming Model

We use the following notation:

A:
presents the total number of acres available for harvesting

di:
presents the demand for crop i
li:
presents the expected yield (per acre) of crop i harvested

hi:
presents the number of working hours required to harvest one acre of crop i
H:
presents the maximum number of working hours that can be purchased at a rate of $ r/hour

ci:
presents the cost of planting one acre of crop i.

The decision variables are as follows:

xi:
presents the total number of acres allocated to crop i
zi:
presents the total number of working hours needed to harvest crop i.  

The objective is to minimize the total costs of planting and harvesting the crops. The first set of constraints shows that the whole available land should be planted. The second set of constraints shows that the total number of working hours allocated to harvesting the crops should not be greater than the total number of working hours available. The third set of constraints shows that production of a particular crop should be at least as large as the corresponding demand. The last set of constraints is the non-negativity constraints. To learn more about linear programming we refer the students to Winston (1994).     
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Excel Spreadsheets

1. Build a spreadsheet that presents the annual demand for crops.

2. Build a spreadsheet that presents the cost of planting one acre of land of a particular crop i for i = 1,...,n.

3. Build a spreadsheet that presents the production yield for crop i for i = 1,…, n.

4. Build a spreadsheet that presents the total number of hours required to harvest one acre of crop i for i = 1,…, n.

User Interface

1. Build a welcome form.

2. Build a data entry form. The following are suggestions for building the form. Insert a frame titled “Problem Data.” The frame includes two option buttons. The user has the choice to select whether to read the data from a file or manually enter the data. Include a command button that, when clicked on, performs these actions: 
a. If the user chose to read the data from a file, a text box should appear where the user types in the name of the file.

b. If the user chose to enter the data manually, a text box should appear where the user types in the total number of crops. After the number of crops is submitted, four tables appear with dimensions 1 by n. In the first table the user types in the annual demand for each crop, and in the second table the user types in cost of planting each crop. In the third table the user types in the expected yield of each crop. In the fourth table the user types in the total number of hours required to harvest one acre of each crop.

Insert a text box where the user can type in the total number of acres of land available. Insert two text boxes where the user can type in the total number of hours that can be purchased and the corresponding hourly payment rate. Insert a command button that, when clicked on, submits the data for this problem, solves the corresponding linear programming problem, and opens Form 3, described below.

3. Build a form titled “Analyzing the Problem.” Insert two frames in this form. The first frame, titled “Reports,” has a number of option buttons that enable the user to choose to open one of the summary reports described below. The second frame, titled “Sensitivity Analysis,” has four combo boxes, one for each of these parameters: demand, planting cost, yield, and number of working hours per crop. These combo boxes enable the user to select a particular parameter for the sensitivity analysis. For example, the user may want to know the sensitivity of the final solution with respect to demand for corn. Include a command button that, when clicked on, performs the sensitivity analysis with respect to the selected parameter and presents the results.

Design a logo for this project. Insert this logo in the forms created above. Pick a background color and a font color for the forms created. Include the following in the forms created: record navigation command buttons, record operations command buttons, and form operations command buttons as needed. 

Reports

1. Report the total number of acres allocated to each crop. 

2. Report the total number of working hours needed to harvest each crop.

3. Report the total costs of planting and harvesting each crop.

4. Report the unmet demand for each crop.

5. Report the results from the sensitivity analysis. 

Reference
Winston L.W., “Operations Research: Applications and Algorithms.” Duxbury Press, 3rd Ed., 1994.
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