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Case Study 16       Support System for a Car Rental Company

Support System for a Car Rental Company

Problem Description

A rental car company owns a number of vehicles. The vehicles, when not rented, are located in a number of parking lots around town. The company does not own these parking lots. The company is charged differently for each vehicle. The rate charged depends on the following: the size and type of the vehicle, the location of the parking lot used, the duration of parking, and the time of parking. The rates are lower during the weekend and at night. 

The management is concerned about the parking expenses. The management wants to find out the best assignment of vehicles to parking lots so that parking expenses are minimized. We describe a mathematical model to solve this problem. The aim of this project is to build a decision support system that will help the managers to solve the problem of assigning vehicles to parking lots and perform sensitivity analysis with respect to different parameters. The sensitivity analysis will give more insights about how fluctuations in prices and (parking lots’) capacity will affect the optimal assignment of vehicles to parking lots.   

Integer Programming Model

We propose a mathematical model to solve the problem. The following is the notation used in our problem formulation:

zj
presents the capacity of parking lot j.

cijk 
presents the cost for parking vehicle i at lot j in period k.
(ijk: 
takes value 1 if vehicle i exits lot j in period k; and 0 otherwise.

The decision variable for this model is as follows:
xijk:
takes value 1 if vehicle i is parked in parking lot j in period k; and 0 otherwise.

The following is an integer programming formulation of this problem:
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The objective is to minimize the total cost of parking. Constraints (1) show that a vehicle can be parked in only one parking lot in a particular period of time. Constraints (2) show that the total number of vehicles parked in a particular parking lot in a period should not exceed the capacity of the parking lot. Constraints (3) show that the total number of vehicles assigned to parking lot j in period k must be at most as much as the number of parking spots available. The number of parking spots available is equal to parking lot capacity minus the total number of vehicles assigned to parking lot j from time 0 to k-1 plus the total number of vehicles that left the parking lot from time 0 to k. Constraints (4) indicate that the decision variables are binary variables.       

Excel Spreadsheets

1. Build a spreadsheet that presents the following information about each parking lot: name, address, capacity, and cost charged for parking a particular vehicle type during different times of the day and different days of the week. 

2. Build a spreadsheet that presents the following information about each car: identification number, current location, time it entered the current location, and time it left the location.

User Interface

1. Build a welcome form.

2. Build data entry forms that will allow the user to add/update/delete the records saved in the database.

3. The managers are interested to search the database to find out the following: (i) the parking lots that offer the best prices during the weekend, at night, during working hours, and in the evening; (ii) the parking lots that offer the best prices for a particular type of vehicle; (iii) the parking lot that has the largest number of available spots during the weekend or during working hours, etc. Build a search form to accomplish this task. The following suggestions will help you to design the form. 

a. Build a frame that has three option buttons. The option buttons enable the user to select one of the following search criteria: best prices, best times, or most available. Insert two command buttons: the OK and Cancel buttons. When the user clicks on the OK button, Form (3.b) is open. 

b. This form specifies the search criteria. Depending on the selection that the user made in (3.a), one of the following frames appears.

c. Build a frame labeled “best prices.” The frame has three option buttons named “By Vehicle,” “By Parking Lot,” and “By Time.” Insert a command button that, when clicked on, searches the database for the parking lots that offer the best prices for each vehicle type, the best price overall parking lots, or the best price for each time period, depending on the user’s choice. 

d. Build a frame labeled “Best Times.” Insert two combo boxes that allow the user to select a vehicle and a parking lot. Insert a command button that, when clicked on, presents the best (cheapest) time periods for the selected vehicle in the selected parking lot. The combo boxes should have an option called “All” that, when selected by the user, presents correspondingly the best time periods for all vehicles in a particular parking lot or the best time periods for a particular vehicle in all parking lots.      

e. Build a frame labeled “Most Available.” Insert a combo box that allows the user to pick a particular time period. Include a command button that, when clicked on, presents the five parking lots that have the greatest number of available spots.  

f. Insert a command button that, when clicked on, runs the integer programming model and opens Form 4, described below.

4. Build a form that presents the solution of the integer programming model. Insert a frame labeled “Sensitivity Analysis.” In this frame include a combo box to enable the user to choose the parameter (cijk) with respect to which to perform the sensitivity analysis. Insert a command button that, when clicked on, performs the sensitivity analysis and opens the corresponding report.s
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 results of the integer programming model. Report the total monthly expenses of the company for parking. 

2. Report the results of the sensitivity analysis.

3. Report for each vehicle the parking lot(s) that offers the best rates.

4. Report the parking lots that offer the best rates overall.

5. Report for each parking lot the rates during the weekend.

6. Plot the hourly utilization of each parking lot during working hours.

7. Plot the hourly utilization of each parking lot during the weekend.

















































16



































































































































































































































� EMBED Equation.3  ���



























































_1243331511.unknown

_1142440689.unknown

