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Case Study 6       Dairy Routing Problem

Dairy Routing Problem

Problem Description

Central Lechera Asturiana (CLAS) Company is one of the largest distributors of dairy products in the north part of Spain. The company has 700 employees and distributors throughout the country and processes about 1.3 million liters of milk every day. Its products are distributed through a network of 19 distributors spread around the country, each serving a specific area. Each distributor supervises a number of team leaders (sales promoters). Each team leader coordinates the activities of five to ten vendors. Each vendor deals directly with the clients. A vendor works with 5,000 to 15,000 clients, which are mainly retailers, supermarkets, and hypermarkets.

Designing a logistic network for distributing the dairy products produced by CLAS is a challenging problem because the company is large and has many clients located in different regions. There are a large number of possible assignments of shops to vendors and many possible daily delivery routes. CLAS and other companies that offer dairy products are in need of efficient delivery routes because dairy products sell high-volume, low-margin and have limited shelf life. A poor supply chain design would generate additional costs because of overtime and extra miles traveled to satisfy demand in a timely manner.

To help the company manage the distribution of clients among the promoters and vendors, you are assigned to build a decision support tool. The system should help the managers to make the following decisions: the number of times a client should be visited, the assignment of clients to vendors, and the routes a vendor should perform in a particular day. This problem is complex; therefore, we propose a hierarchical decomposition-based heuristic to solve it. This procedure solves the problem by breaking it into simpler sub-problems, solving the sub-problems, and using the solution of sub-problems to generate a solution to the overall problem. Below we describe the steps of this heuristic. For more details see Adenso-Diaz et al. (1998).       

A Heuristic Approach

Step 1. Determine the total number of visits to each client per week. This decision is based on the buying potential of each client, overall capacity of the logistic network, etc.
Step 2. Distribute the clients among sales promoters. Each distributor has five to ten vendor teams, each headed by a promoter. In doing the assignment of clients to sales promoters, you should consider their geographical location, number of loads demanded by each client, etc. 
Step 3. Distribute the clients assigned to a sales promoter among the team’s vendors seeking geographically balanced assignments that are reasonable in terms of number of visits, distance traveled, number of loads transported, and delivery time.   
Step 4. At this point, a vendor knows which clients it will serve (output of Step 3) and how many times a week they are to be visited (output of Step 1). Given this information, the system should provide to each client a schedule of visits that satisfies these conditions: the number of visits to a client coincides with the desired number of visits; and the vendor visits a similar number of shops every day (the number of clients visited in a day is balanced throughout the week).

Step 5. The system should build a report that lists the clients in the order in which they are visited each day of the week. In creating such a list, consider that the clients should be visited within a time window, and the number of miles traveled should be minimized. 

Note: In Step 2 we determine the best distribution of clients among sales promoters. The problem presented in this step, as well as in Steps 3 and 4, is a special version of the clustering problem. These problems are quite challenging. We suggest that the students use simple heuristics to perform these tasks. For example, start with an initial assignment, and then make feasible modifications to the solution (such as passing clients from one promoter to the other) to improve the results. This procedure continues until no better exchange can be identified.    

Excel Spreadsheets

1. Build a spreadsheet that presents the following information about each client: name, X and Y coordinates of client location, average weekly demand, etc.
2. Build a spreadsheet that keeps historical data of client orders.
3. Build a spreadsheet that keeps the following information about each vendor: name, X and Y coordinates of vendor location, etc.
4. Build a distance matrix from each client to each vendor.
5. Build a spreadsheet that keeps information about each sales promoter: name, X and Y coordinates of sales promoter location, etc.
6. Build a spreadsheet that keeps information about each distributor: name, X and Y coordinates of distributor location, etc.

User Interface
1. Build a welcome form.
2. Build a form that will enable the user to add/delete/update the data used in this problem. The following are instructions for creating this form.

a. Update the average weekly demand of a client. To complete this task, insert a combo box that lists the name of each client. Insert a text box where the user can type the value of the average weekly demand. Insert a command button that, when clicked on, submits the new value of demand for the selected client.  

b. Delete the data about a client. To complete this task, insert a combo box that lists the name of each client. Insert a command button that, when clicked on, deletes the information about the selected client from the database. 

c. Add a new client to the database. To complete this task, insert text boxes where the user can type in the data required about the new client (such as name, location, etc.). Insert a command button that, when clicked on, adds the data about the new client in the database.   

Insert a command button that, when clicked on, solves the problem using the heuristic approach and opens Form 3, described below.

3. Build a form that presents the results from solving this problem and allows the user to perform a sensitivity analysis with respect to problem data. The following are some instructions for creating this form.
a. Use a list box to present the sales promoters assigned to each distributor, the vendors assigned to each sales promoter, and the clients assigned to each vendor. Provide a graphical representation of the solution, where nodes represent vendors and clients, and arcs represent the assignment of clients to vendors.

b. Use a list box to present the names of the clients. The user should be able to select more than one client at a time from this list. Insert two text boxes where the user can type a lower and an upper bound in the percentage change of clients’ demand (e.g., -20% to +20% changes from the current level). Insert a command button that, when clicked on, results in the following: a sensitivity analysis is performed with respect to demand changes of the selected clients; and a report is opened that contains the results of this analysis.

c. Insert a command button that, when clicked on, provides the following statistics about the data collected: overall (clients) average demand, standard deviation of demand, and maximum and minimum demand.   

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
7. Build a report that presents details about the final solution of the heuristic. The report should include the following information about each client: name, vendor’s name that serves the client, timing of each visit, quantity ordered, etc. 
8. Build a report that presents details about the sensitivity analysis with respect to demand. 

Reference
Adenso-Diaz B., Gonzales, M., and Garcia, E., “A Hierarchical Approach to Managing Dairy Routing.” Interfaces, Vol: 28:2, 1998. 
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