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Case Study 30       Support System for the Multi-Period Capital Budgeting Problem

Support System for the Multi-Period Captial  Budgeting Problem
Problem Description

Capital budgeting is a procedure that allocates the resources of a business to prospective projects under consideration. Projects usually require initial investments that may span more than a single time period. Companies expect future returns from their investments. The objective is to maximize the net return from these investments. The available resources of a company are usually limited, and that makes the allocation process challenging. When analyzing the possible alternatives (projects), companies consider the fact that some projects are mutually exclusive and some are mandatory inclusive projects. That means only one of the mutually exclusive projects should be selected, and if one project is selected, all its mandatory inclusive projects should be selected as well. 

The aim of this project is to build a decision support system that would enable a company to identify potential projects to invest in. Below we present an integer programming model to solve the multi-period capital budgeting problem.

Integer Programming Model

We use the following notation:

I
the total number of projects available

Ri
the net return from project i
T
the length of the planning horizon

Bt
the amount of money available for investment in period t (t = 1,…,T) 

Fit
the investment made on project i in period t
Mj
the jth set of mutually exclusive projects (j = 1,…,J and J ( I),

El
the lth set of mandatory inclusive projects (l = 1,…,L and L ( I).

Note that Ri presents the net present value of the cash inflows and outflows for project i.  

Our decision variables are as follows:
xi 
is a binary variable that takes the value 1 if project i is selected and 0 otherwise

yl
is a binary variable that takes the value 1 if set l of mandatory inclusive projects is selected and 0 otherwise.

The objective of this problem is to maximize the net return from the investment. The first set of constraints shows that the total amount invested in each period should not exceed the budget available. The second set of constraints shows that at most one of the projects that are mutually exclusive should be selected. The third and fourth set of constraints show that if one of the projects is selected, all its mandatory inclusive projects should be selected as well. The fifth set of constraints is the integrality constraints. 
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Excel Spreadsheets

1. Build a spreadsheet that presents the expected cash flows generated from each investment during the planning horizon. 

2. Build a spreadsheet that presents the budget available for investment in each time period.
3. Build a spreadsheet that presents the funds required for each investment during the planning horizon.   
User Interface 

1. Build a welcome form.

2. Build a data entry form. The following are suggestions for designing this form. Insert a frame that includes two option buttons. The option buttons enable the user to select whether to read the data from a file or manually enter the data in the database. 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, two text boxes appear where the user types in the total number of projects and the length of the planning horizon. Once this information is submitted, three tables appear. The first table (with dimensions T by I) enables the user to type in the expected cash flows from each investment during the planning horizon. The second table (with dimensions T by 1) enables the user to type in the budget available for investment in each time period. The third table (with dimensions T by I) enables the user to type in the funds required for each investment in each period.
Insert a frame titled “Select the Mutually Exclusive Projects.” The frame includes a list box and a command button. The list box presents all the available projects. The user should be able to select at least one project at a time from this list. The user clicks on the command button to submit the mutually exclusive projects selected from the list. Insert a frame named “Select the Mandatory Inclusive Projects.” The frame includes a list box and a command button. The list box presents all the available projects. The user should be able to select at least one project at a time from the list. The user clicks the command button to submit the mandatory inclusive projects selected from the list. Insert a command button that, when clicked on, submits the problem data, uses the Excel solver to solve the corresponding integer programming problem, and opens Form 3, described below. 

3. Build a form to present the results of the data analyses. The following are suggestions to help you design this form. 

a. Insert a frame titled “Reports” that has a number of option buttons to enable the user to choose to open one of the summary reports described below. 
b. Insert a frame titled “Sensitivity Analysis.” Include the following controls in this frame:

i. Two text boxes where the user can type in a time period and a project name. 

ii. Option buttons that allow the user to select whether to perform a sensitivity analysis with respect to the budget available in a time period t, investment required by project i in period t, etc.    

iii. Insert a command button that, when clicked on, performs the sensitivity analysis with respect to the selected parameter and prompts the user to open the corresponding report. For example, the user may choose to perform a sensitivity analysis with respect to changes on the funds required by project i in period t.
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 a list of the projects that should be selected. For each of the selected projects, present the investments required and the net return. 

2. Report the maximum return from the investments.

3. 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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