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Vehicle Routing Problem

Problem Description

The vehicle routing problem is well known in the area of combinatorial optimization. The main reason for such popularity is this problem has a number of applications. For example, the problem of scheduling the delivery of products to a customer using a fleet of vehicles can be modeled as a vehicle routing problem. This problem is a generalization of the traveling salesman problem.

The vehicle routing problem states the following: “Given: (a) a fleet of K capacitated vehicles domiciled at a common depot, say node 1; (b) a set of customer sites j = 1,…,n each with a prescribed demand dj; and (c) the cost cij of traveling from location i to j; Find the set of routes for delivering (picking up) the goods to customer sites at the minimum cost. We assume that the fleet of vehicles is homogeneous and that each vehicle has a capacity of u units.” (Ahuja et al. (1993)).  

The aim of this project is to build a decision support system that will enable companies to identify a schedule for delivering products to customers by solving the vehicle routing problem. Below we present an integer programming formulation of this problem. To learn more about the vehicle routing problem, we refer the students to Ahuja et al. (1993).

Integer Programming Formulation

The following notation is used:

A
the set of arcs of the network

K
the total number of vehicles

u
the capacity of a vehicle

n
the total number of nodes

cij
the cost of using arc (i,j) ((i,j)(A)

di
the demand at node i.

The decision variables are as follows:

[image: image1.wmf]k

ij
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takes the value 1 if vehicle k travels from site i to site j
yij
takes the value 1 if some vehicle travels from site i to site j.

The objective is to minimize the total cost of delivering the products to customers. The first set of constraints shows that there is at most one vehicle traveling from site i to site j (for all (i,j)(A). The second and third sets of constraints show that each customer site is visited exactly once. A vehicle will enter and leave a city exactly once. The fourth and fifth set of constraints show that there will be exactly K vehicles leaving the depot and exactly K vehicles entering the depot. The sixth set of constraints shows that vehicle capacity should not be violated. The seventh set of constraints is the sub-tour elimination constraints. The eighth set of constraints is the integrality constraints.   
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Heuristic Solution Approaches 

Nearest Neighbor: 

Let V* denote the set of customer sites that have not been visited yet by a vehicle. 

1. Start at the depot (node 1) and construct a path consisting of nodes 1, i1, …,ij, 1 where
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2. Repeat Step 1 until all the sites are visited. 

The total number of paths constructed presents the total number of vehicles needed to deliver the products to customers.  

To learn more about the nearest neighbor heuristic as well as other heuristic solution approaches for the traveling salesman problem, we refer the students to Chopra and Meindl (2001). 

Excel Spreadsheets

1. Build a spreadsheet that presents the demand at each customer site.

2. Build a spreadsheet that presents the cost of traveling from customer site i to site j. 

User Interface

1. Build a welcome form.

2. Build a data entry form. The following are suggestions to help you design this form. In this form include two option buttons. The option buttons enable the user 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 appears where the user can type in the total number of customer sites (n). Upon submission of this information, two tables appear. The first table, with dimensions 1 by n, allows the user to enter the data about demand in each customer site. The second table, with dimensions n by n, enables the user to type in the cost of traveling from one site to the others.    

3. Build a form that presents the following details about a related example. The user can understand how the nearest neighbor algorithm works by using this form.

a. The problem statement. 

b. A graphical representation of the corresponding network.

c. Integer programming formulation.

d. Present how the nearest neighbor algorithm was implemented to solve this example. 

e. The optimal number of vehicles needed to deliver the products to customers and the corresponding transportation costs.    

f. A graphical representation of the optimal solution (vehicle tours). 

4. Build a form that allows the user to solve the problem and perform a sensitivity analysis. Give the user the option to select either the Excel solver or the nearest neighbor algorithm to solve the problem. Give the user a number of options (problem parameters to choose from) for the sensitivity analyses.  

5. Build a form to allow the user to access the reports described below. For this purpose use option buttons. 
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. Give a graphical representation of the optimal solution (vehicle tours).

2. Give a graphical representation of the solution (vehicle tours) found using the nearest neighbor approach. 

3. Present the total transportation cost and the total number of vehicles used when the following occurs: 

a. The problem is solved optimally using Excel. 

b. The problem is solved using the nearest neighbor approach.

4. Present the results from the sensitivity analysis.

Reference
Ahuja, R.K., Magnanti, T.L., Orlin, J.B., “Network Flows: Theory, Algorithms and Applications.” Prentice Hall, 1993.

Chopra, S., Meindl, P., “Supply Chain Management: Strategy, Planning, and Operation.” Prentice Hall, 2001. 























































































































































48





























































































































� EMBED Equation.3  ���



























































_1139839314.unknown

_1139841183.unknown

_1234948514.unknown

_1142440689.unknown

_1139840898.unknown

_1139841074.unknown

_1139839146.unknown

