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Case Study 21       The Lockbox Problem

The Lockbox Problem 

Problem Description
Operating in a dynamically changing environment poses many challenges to companies. One of the problems most companies have to deal with is delays: delays in receiving an order, delays in processing an order, delays in submitting an order, delays in submitting a payment, delays in receiving a payment, etc. Dealing with delays is a very sensitive issue, as it impacts the financial standings of the company.

These days, companies receive payments (checks) from customers all over the United States. The checks are then sent to the bank, and the money is finally transferred to the company’s account. Due to the time it takes to ship the checks using the U.S. Postal Service and the time needed to process the checks in the bank, there is a variable delay from the date when the check is postmarked by the customer to the time the check is cleared (the company actually receives the money). The delay time is even longer when the checks are mailed across the country. For example, a check mailed in Pittsburgh to a company located in Pittsburgh is cleared within two days; however, a check mailed in Pittsburg to a company located in Los Angeles could take at least five days to clear. These delays cost the company, as it could use the money elsewhere. Companies have discovered one way to clear checks as quickly as possible. To speed up the process, companies open offices in different cities around the country. These offices, called lockboxes, handle a company’s checks in a timely manner.      

The aim of this project is to build a decision support system that would help the managers decide where to locate the lockboxes such that the total time it takes to clear the checks received by customers is minimized.  

The Model

In this project we aim to identify locations for the lockboxes such that the total travel time of the checks is minimized. This is a location problem. We provide an integer programming formulation for this problem.

We use the following notation:

lij:
is the lost interest due to the assignment of the region i to lockbox j. This is calculated by multiplying the average daily return of the cash inflow by the number of days that it takes to clear a check. 

cj:
is the cost of opening lockbox j.
The decision variables are as follows:
yj:
is a binary variable that takes the value 1 if lockbox j is opened and 0 otherwise. 

xij:
is a binary variable that takes the value 1 if region i mails checks to l
ockbox j and 0 otherwise. 

The integer programming model:
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The objective is to minimize the cost of opening and assigning customers to lockboxes. The first set of constraints shows that an open lockbox is assigned to exactly one region. The second set of constraints shows that a region should be assigned to exactly one lockbox. The third set of constraints is the integrality constraints.

Excel Spreadsheets

1. Build a spreadsheet that presents the lost interets lij of assigning lockbox i to region j, for all i and j.

2. Build a spreadsheet that presents the cost (cj) of opening lockbox j.  

User Interface

1. Build a welcome form.

2. Build a form that enables the user to add/update/delete the data in the database. 
The following are suggestions for building this form. Insert a frame called “Problem Data.” 
Insert two option buttons in this frame to enable the user to choose whether to type in the data or read the data from a file. Insert a command button that, when clicked on, performs one of the following actions depending on the user’s selection: 
a. If the user chose to read the data from a file, a text box appears that enables the user to type in the name of the file. 

b. If the user chose to enter the data manually, two text boxes appear. One of the text boxes enables the user to type in the total number of regions (I) and the other the total number of lockboxes (J). Insert a command button that, when clicked on, submits the user’s input and creates two tables with the appropriate dimensions where the user can type in lost interests of assigning a lockbox to a region and the cost of opening a lockbox.  

3. Build a form titled “Data Analysis.” The following are suggestions for building this form. Insert a command button that, when clicked on, uses the Excel solver to solve the mixed integer programming formulation of this problem and presents the results. Insert a frame called “Sensitivity Analyses.” The frame includes two combo boxes. The first combo box allows the user to select one of the parameters cj (j =1,…,J), and the second combo box allows the user to select one of the parameters lij (i =1,…,I; j =1,…,J) for the sensitivity analysis. Insert a command button that, when clicked on, runs the sensitivity analysis with respect to the selected parameter(s) and opens a report that presents the results of the analysis.  
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 optimal locations of the lockboxes, the optimal assignment of regions to lockboxes, and the optimal assignment cost.

2. Give a graphical representation of the final solution.

3. Report the results of the sensitivity analysis.

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