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Case Study 15       Inventory Routing Problem

Inventory Routing Problem

Problem Description

Coca-Cola Co. in Georgia keeps a fleet of vehicles to facilitate the delivery of its products to all customers in the state. Coca-Cola Co. has five production facilities that produce different products. The facilities produce at given rates and have ample storage capabilities for the products. Customers consume products at a given rate and have limited storage capabilities. Products are delivered to customers on weekly bases. A major challenge is to decide on the delivery routes for each vehicle. The assignment of the vehicles on different routes should be such that the overall costs are minimized.

Database Design

We present below the main entity types of this database. For each entity type, we provide some of the corresponding attributes. Use this information in order to: (a) Build an Enhanced E-R diagram; (b) Transform the Enhanced E-R diagram to a relational database. Identify the primary key(s) and the foreign key(s) for each relation. Draw the relational integrality constraints; (c) For each of the relations created, indicate its normal form. If the relation is not in the 3NF, decompose it into 3NF relations.
1. Customer: The main attributes are customer identification number, address, sign-in date, X (longitude) and Y (latitude) coordinates of their location, amount of time (fraction of an hour) required to make a stop at a customer, list of product(s) used by a customer, mean rate and standard deviation of the weekly consumption at a customer, an upper bound on the inventory level that can be held at a customer, name and telephone number of the contact person, etc.

2. Employee: The main attributes are employee identification number, name, address, annual salary, etc.
3. Plant: The main attributes are plant identification number, address, number of vehicles in the inventory, X (longitude) and Y (latitude) coordinates of their location, amount of time (fraction of an hour) required for making a stop at a plant while the driver is on a tour, list of products that a plant produces, etc.
4. Product: The main attributes are product identification number, name, description, average daily production (overall plants), current inventory level, etc. 
Note: (a) When a product is ordered by a customer, the following information is recorded: transaction identification number, order date, delivery date, payment due date, quantity ordered, and order descriptions; (b) When the production of a product is completed, the following information is recorded: production date and quantity produced.  

Access Application Development

The managers prepare, on weekly bases, a delivery schedule of the final products from the plants to the customers. A big concern in preparing the weekly schedule is deciding about the delivery routes. The assignment should be such that the resources are utilized well and costs are minimized. One could build an optimization model to solve this problem optimally. Obviously, this is not an easy task. Create the following queries to facilitate the management’s decision about the weekly delivery routes.    

Queries:
1. The following query will help the management decide about the customers that will be receiving a delivery on a particular day of the week: 

a. List the customers based on the order date. Usually higher priority is given to orders submitted earlier. Present the order quantity for each customer.

b. List the customers based on the order quantity. Priority will be given to large orders.

c. List the customers that are located on the east/west/north/south side of the state. In each of the four queries created, list customer names and X and Y coordinates of their locations.

d. The assignment of the customers that will be receiving a shipment is done in such a way that the customers’ inventory is not depleted. A customer might require an earlier delivery in the case that the inventory level is very low or there is an important upcoming event. These inquires are recorded in the table orders under the transaction description. List the customers that have made an inquiry for change in the delivery date.  

2. A truckload is enough to satisfy the weekly demand of a number of customers. Given the information about the customers to be visited on a particular day (the results from the previous set of queries), decide about grouping together the customers that will be served by the same truck. The assignment should be such that the total transportation costs are minimized. To help with this decision, create a query that presents for each customer the distance to the rest of the customers that will be receiving a delivery.

3. Create the following search queries:

a. Create a query that prompts for the name of a final product and returns its inventory level (overall plants), unit cost, and unit price.

b. Create a query that prompts for the name of a customer and returns a list of the products consumed by this customer and the weekly consumption rate.

c. Create a query that prompts for the name of a customer/plant and returns the name and address of other customers that are located nearby (within 30 miles). One can use the X and Y coordinates to calculate the Euclidean distance between the two locations.

d. Create a query that prompts for the name of a plant and returns a list of the products produced on that plant, total monthly production, and inventory level of each plant.  

4. The following queries measure a company’s performance: 

a. Present monthly sales during the last twelve months.

b. Present the end-of-month inventory for the last twelve months.

c. List the customers that have signed-in with the company in the last twelve months.

d. List the three most popular products.

e. List five of the best customers. Choose the customers based on total order quantity during the last twelve months.
Forms:
1. Create a user sign-in form together with a registration form for new users.

2. Create the following data entry forms that are used for database administrative functions: products, plants, customers, etc. These forms allow the user to add, update, and delete information about products, plants, customers, etc.

3. Create a “Search” form. This form will allow the user to run each of the search queries and view the results. One can use command buttons to run the search queries.

4. Create a form that allows the user to browse through the information about products. For each product, present the identification number, name, and average daily production. Create a subform that, for the selected product, presents a list of the plants that produce this product. Create a command button that, when clicked-on, presents a list of the customers that have ordered this product. 

5. Create a form that allows the user to choose a plant (identification number) from a combo box. For the chosen plant, present the plant name, address, and name and telephone number of the contact person. Create a subform that presents for each plant a list of the products produced and corresponding production quantity. Create a command button that, when clicked on, prompts for the location of a plant and returns a list of the customers located in the vicinity (within 30 miles).

6. Create a form that allows the user to choose a customer (customer identification number) from a list box. For the chosen customer, present the following information: name, address, mean rate and standard deviation of the weekly consumption, an upper bound on the inventory level, and name and telephone number of the contact person. Create a command button that, when clicked on, provides a list of products ordered by this customer. Create another command button that, when clicked on, presents the name of the nearest plant to this customer.
7. Create a form that allows the user to browse through the information about the employees. For each employee, present the following information: employee identification number, name, and address; name of the plant the employee works at and name of the employee’s supervisor. 
8. Use a tab control to create a form that presents the information about plants, products, and customers. 

9. Create an order form. This form allows the user to place an order for a product. The following are some features one may include in this form: 

a. Set the default value for the Order Date textbox at today’s date.

b. Set the default value for the Delivery Date textbox at one week from today’s date.

c. Use Option Group to allow the customer to choose one of the five plants to get the delivery from.

d. Use a combo box to allow the customer to choose a product.

Design a logo for this database. The logo may contain the picture of a Coca-Cola bottle, etc. One is encouraged to visit the Coca-Cola website to get ideas when designing this logo (www.cocacola.com). Insert the logo in the forms created above. Have the background color of the forms light red and the border color for the titles yellow. Include the following in the forms created: record navigation command buttons, record operations command buttons, and form operations command buttons as needed. 

Reports
1. Create next week’s daily route report for each driver. The reports should indicate the plants from where each shipment will be initiated, the route to be followed, the customers that will be visited, and the name and amount of the products to be delivered.

2. Create the monthly plant activity report. This report presents for each plant the type of products produced during the last month and the corresponding quantities.

3. Create a customer order report. The report should include the following information about an order: order number, customer name and address, quantity ordered, order date, and delivery date.     

4. Create a delivery costs report. This report presents the total delivery cost per week for the last 10 weeks. Use the chart wizard to plot this information.   

5. Use the label wizard to create labels with the address of each customer. 

6. Create the following “end of the year” performance reports:

a. List the five most popular products. 

b. List the five most preferred customers. Choose the customers based on quantity ordered.

c. Present total revenues generated from sales.

d. Present the best plant of the year. (The plant that generated the highest revenues.)

7. Use the chart wizard to plot the following:

a. Total sales (quantity ordered) per month during the last twelve months.

b. Total production (overall plants) per month during the last twelve months.

c. Total distance traveled per month during the last twelve months.

d. Total transportation costs per month during the last twelve months.

Visual Basic.NET Application Development

This database application can be used by customers, plant managers, etc. In the following figure we present a tentative layout of the system. 


In the welcome screen, the user can choose one of the five options presented. We give details about the forms or set of forms to be included in each option; however, you are encouraged to add other forms you find important. We suggest that the queries, forms, and reports already created in the Access Application Development section be included in here.

Products & Orders: The user can browse the database about products and place orders. 

Plants: The user can browse the database to learn more about each plant (e.g., product produced at a plant, quantity produced, plant location, etc.).  

Statistics, graphs, and data mining: this option provides various statistics, plots trends, and performs data analysis. 
Customers: This form allows the user to browse through the information about each customer. Only the plant managers are allowed to have access in this part of the database.

Update: The update form requires an administrator login name and password. This form allows the user to add/delete/update the information kept in this database about products, customers, plants, orders, etc.

Web Extension

A user may access this database from personal computers at home or in the office. The user could be a customer, a plant manager, the database administrator, etc. The user should be able to search for products, plants, orders, etc. To be able to place an order, the customer needs a login name and a password. Only the managers should have access to customer information and order forms. Only the database administrator can have access to the update forms.

Develop an ASP.NET web application that will enable the users to access the database and perform the activities described above. Your application will have forms similar to the ones described in the VB.NET Application section.

Reference 

Adapted from: “A Supply Chain Design Case Study.” The Logistics Institute at Georgia Institute of Technology.
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