[image: image1.wmf])

5

(

.

,...,

1

;

,...,

1

}

1

,

0

{

)

4

(

,

,...,

1

;

,...,

1

0

,

)

3

(

,

,...,

1

;

,...,

1

)

2

(

,

,...,

1

;

,...,

1

)

1

(

,

,...,

1

1

:

:

min

1

,

1

1

1

1

1

1

1

T

t

K

k

for

z

T

t

K

k

for

I

x

T

t

K

k

for

z

P

x

T

t

K

k

for

d

I

I

x

T

t

for

z

to

Subject

z

F

I

h

x

c

kt

kt

kt

kt

kt

kt

kt

kt

t

k

kt

K

k

kt

K

k

T

t

kt

kt

K

k

T

t

kt

kt

K

k

T

t

kt

kt

=

=

Î

=

=

³

=

=

£

=

=

=

-

+

=

£

+

+

-

=

=

=

=

=

=

=

å

å

å

å

å

å

å

Case Study 14       Supply Chain Design

Supply Chain Design

Problem Description

Supply chain design problems concentrate on determining a logistics infrastructure over a planning horizon. Decisions that facilitate the supply chain design include the following: identify the number, type, and location of plants and warehouses; and identify the sourcing assignments between them and the customers. The objective is to provide the most effective strategic solution in terms of cost and/or service.

In this case study, we consider the distribution of automotive parts and supplies to the Ford authorized dealers throughout North America. Ford is faced with pressure to provide excellent customer service, which means timely distribution of parts to the dealers, with minimal logistics investment, both in capital and operations. Planners want to determine the most effective warehouse locations and dealer service regions to meet these objectives. 

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. Dealer: The main attributes are identification number, name, address (consisting of street address, city, state, and zip), name and telephone number of the contact person, location (consisting of X longitude coordinate and Y latitude coordinate), historical information on demand, facility maintenance cost, etc.

2. Distribution Center: The main attributes are identification number, name, address (consisting of street address, city, state, and zip), name and telephone number of the contact person, location (consisting of X longitude coordinate and Y latitude coordinate), historical information on demand, facility maintenance cost, etc.

3. Product: The main attributes are identification number, weight (per hundred pieces), cost (per hundred pieces), price (per hundred pieces), inventory level, inventory carrying cost (per hundred pieces), etc. Carrying cost is broken down into capital, taxes, shrinkage, and obsolescence.

Note that when a shipment is sent from the production facility to a distribution center or from a distribution center to a dealer, the following information is recorded: quantity shipped, shipping date, unit price charged, transportation costs, material handling costs, etc. 

Access Application Development

The following are some of the queries, forms, and reports one can create in order to increase the functionality of the database:

Queries:
1. The following are important questions posed to supply chain managers: Does the current supply chain have the right number of distribution centers? Are the distribution centers placed in the right locations? To help the managers answer these questions build the following queries: 

a. Present the total demand and total inventory for each product. Include in this query the identification number and name of each product.

b. Find for each distribution center the distance to each dealer. Include in this query the distributors’ and dealers’ names. 

c. Create a query that reports the transportation unit costs and transportation fixed cost from each distribution center to each dealer. 

d. Assume that each dealer is served by the nearest distribution center. Calculate the total shipping costs for each dealer. 

2. Find for each distribution channel (distribution center to dealer channel) the distance traveled in mileage. Include in the query the distribution center name, dealer name, product name, and average amount shipped. Add to this query for each distribution channel the total shipping cost and material handling costs. 

3. Create the following query to help the managers improve the current distribution channel. For each dealer find the three nearest distribution centers. Calculate the total transportation and material handling costs for each dealer-distribution center pair. 

4. From the information presented in the database, one can see that shipments to dealers are made once a week. Ford is considering increasing the frequency of the deliveries. From now on Ford will send two shipments a week. How is this going to affect the costs? Build a query that finds the total cost (transportation costs, inventory holding costs, etc.) if two shipments are made in a week instead of one. 

5. Create the following search queries:

a. Create a query that prompts for the identification number of a distribution center and returns a list of dealers that get shipments from this distribution center. 

b. Create a query that prompts for the identification number of a product and returns a list of dealers that have this product in their inventory and the corresponding inventory level.

c. Create a query that prompts for the name of a state and returns the name and address of the distribution centers and dealers located in that state. 

d. Create a query that prompts for a shipment number and returns the following information: shipment amount, shipment date, and the value of the shipment.

e. Create a query that lists the top three distribution centers (distribution centers that have the highest sales in the current year).       

f. Create a query that lists the top three dealers (dealers that have the highest sales in the current year).       

g. Create a query that presents the three most preferred products (products that sold most).

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, distribution centers, dealers, shipments, etc. These forms allow the user to add, update, and delete information about distribution centers, dealers, shipments, etc.
3. Create a form that allows the user to browse through the information about the products. Create a subform that, for the selected product, presents the quantity sold in the current year and the inventory level at each dealer. Include a command button that, when clicked on, lists the three most preferred products. 
4. Create a query that allows the user to select a distribution center from a combo box. Create a subform that, for the selected distribution center, lists the names of the dealers served, distance to each dealer, and sales of each dealer in the current year. Sort this information by sales.
5. Create a “Search” form. This form includes seven command buttons. When a particular command button is clicked on, one of the search queries (presented previously) is run and the results are presented.     
Design a logo for this database. The logo may include the picture of a Ford car, etc. Insert this logo in the forms created above as well as on the reports that you will be creating next. 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 a report that presents detailed information about shipments made from a distribution center to a dealer on a particular day. This report should include the name and address of the dealer, the name and address of the distribution center, the names of the products shipped, the quantity shipped per product, the amount of money charged, and the day of the delivery. 

2. Create a report that presents the transactions performed in a distribution center during a particular week. The reports should include transaction date and description, identification number, and name and address of the dealer involved in this transaction.

3. List all the products offered by Ford. For each product, present the unit price, inventory level (overall distribution centers and dealers), and total sales in the current year. 

4. Use the chart wizard to perform the following tasks:

a. Graph the monthly sales for a particular product (overall dealers) during the last twelve months. 

b. Graph the monthly transportation costs per dealer for the last twelve months.

c. Graph the end-of-month inventory for a particular product (overall dealers) for the last twelve months.

d. Graph the monthly sales for each distribution center during the last twelve months. 

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

Visual Basic.NET Application Development

This database application can be used by Ford managers, managers of the distribution centers and dealers, the database administrator, 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.  

Product Information: The user can search the database to retrieve information about a particular product. We suggest that the search queries and forms already created in the Access Application Development section be included in here. These forms will enable the user to identify the following: the inventory level, total sales, and cost and price information about a particular product; the best selling products; etc.

Distribution Center: The user can browse the database to learn more about distribution centers. The user can identify the most successful distribution center, list the products offered by a distribution center, etc. 

Dealer Information: This option provides information about the dealers. 

Statistics, Graphics, and Data Mining: We encourage the use of statistical analysis tools, usage of plots (similar to the ones created in the Access Application Development section), etc. that enable the user to draw conclusions about the performance of a distribution center, dealer, or product.  

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 dealers, products, etc.

Web Extension

Users of this database are dealers, distribution centers, the database administrator, etc. A user can access the database from personal computers at home or in the office. To be able to use the database, a user should be a member and have a login name and password. The users should be able to search the database to find out about products, distribution centers, shipments, etc. A member, however, should not be allowed to update/delete information about other members, shipments, products, etc. 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, Georgia Institute of Technology.
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