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Problem Description

XYZ, Inc. has allocated a budget to provide food for children attending primary and middle schools in Chile. The company awards contracts to eligible firms for providing this service. Lately, the company has not been very successful in assigning contracts to quality bidders. The schools have been complaining about the quality of food served. 

The aim of this project is to build a decision support system that will help XYZ, Inc. improve the quality of the companies chosen to serve the schools. We provide a mathematical model to solve the problem of assigning contracts to bidders. 

Integer Programming Model

For modeling purposes, we divide the country into a number of geographical areas. Each geographical area is divided into territorial units (TUs). Firms bid to get contracts for a single or a combination of TUs in order to exploit economies of scale. 

The following are some business rules that need to be followed in the order presented.

1. The interested firms are registered with XYZ, Inc. 

2. XYZ, Inc. evaluates the firms registered from a managerial, financial, technical, and legal viewpoint. The firms that do not satisfy the minimum reliability requirements are ruled out. XYZ, Inc. assesses the capacity of the firms that do meet the minimum requirements. The firms are classified based on their financial and operating capacity as well as technical and managerial capabilities.

3. The firms that meet the minimum requirements bid for the contract confidentially. Their bids are assigned a code and stored in the system. Each bid must include the following:

a. The TUs being applied for.

b. The price of three food structures for each meal type. 

c. Nutritional information of all foods offered.

4. The nutritional information of the meals offered is compared to the standards set by XYZ, Inc. The firms that meet the requirements are qualified. The qualified firms compete on prices and reputation. The wining firms are then chosen using the following integer programming model.

The following is the notation used in the integer programming model:

R
is the set of geographic regions in the country

I
is the set of TUs

K
is the set of participating firms

J
is the set of bids submitted

cj(f, d) 
is the cost of bid j for a given food f structure and demand level d
wk: 
is the weight assigned to firm k (k(K) according to its performance rating 

e(j)
is the firm presenting bid j (j(J)

u(j)
is the set of TUs in bid j

O(k,r)
is the set of bids presented by firm k that include TUs belonging to region r (r(R)

M(k)
is the maximum number of TUs acceptable for firm k. This limit depends on the size of the firm. 
The decision variables are as follows:
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Xj
takes the value 1 if bid j ((j ( J) is accepted and 0 otherwise
      

Ykr
takes the value 1 if firm k will serve TUs in region r ((k ( K, (r ( R) and 0 otherwise




Zk
takes the value 1 if firm k has at least one bid accepted and 0 otherwise.
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The objective is to minimize the weighted cost of the accepted bids. The cost of a bid is weighted based on the performance rating of the bidder. The first set of constraints shows that to each TU will be assigned a company (the winner of a bid) to offer food services for their schools.  The second set of constraints shows that the number of TUs assigned to a firm is limited. The third set of constraints shows that firm k will be assigned to serve TUs in region r (Ykr=1) only if its bid is accepted (Xj = 1). The fourth set of constraints shows that in the case firm k is assigned to serve region r (Ykr=1), the total number of bids that are accepted (that belong to firm k and serve region r) will be at most equal to the total number of bids submitted by firm k for region r. The fifth set of constraints shows that if firm k won at least one bid (Zk=1), there will be at least one region r assigned to this firm. The sixth set of constraints shows that if firm k won at least one bid (Zk=1), the total number of regions assigned to that firm will be bounded by the total number of regions to be served. The last set of constraints is the integrality constraints.   

Excel Spreadsheets:
1. Build a spreadsheet that presents the data about the regions to be covered and their corresponding TUs.

2. Build a spreadsheet that presents the evaluation criteria related to managerial, financial, technical, and legal aspects of businesses.   

3. Build a spreadsheet that presents the following data about the firms registered for the bidding process: the maximum number of TUs that can be assigned to this firm, the weight assigned (by XYZ, Inc.) on each performance criteria, etc. The maximum number of TUs assigned to a firm is based on the firm’s financial and operating capacity.

4. Build a spreadsheet that presents the data about technical project requirements, such as the nutritional requirements of different meals.

5. Build a spreadsheet that presents the following data about each bid: the name of the firm bidding, the TUs the firm is bidding for, the price of different food structures offered for each meal, and the nutritional values of each food structure. Assign a code to each bid.

User Interface

1. Build a welcome form.

2. Build a data entry form. The following are suggestions to help you design this form. 

a. Insert a frame titled “Regions” that has three option buttons and a command button. The option buttons enable the user to choose whether to add/delete/update the information about a region in the database. The command button allows the submission of the selection made by the user. If the user selected to add a region, then a text box appears where the user types-in the following: the name of the region, its location, and the names of the corresponding TUs. If the user selected to delete a region, a text box and a (delete) command button appear. The user types in the text box the name of the region and clicks on the command button to delete the information about the selected region from the database. If the user selects to update the information about a region, a text box and a command button appear. The user types in the text box the name of the region and clicks on the command button. In response, the corresponding spreadsheet is opened, and the cursor is located at the row that presents the data about the selected region.

b. Insert a frame titled “Firms.” The frame includes three option buttons that enable the user to choose whether to add/delete/update the information presented in the database about the firms bidding.

c. Insert a frame titled “Bids.” The frame includes three option buttons and a combo box. The user selects one of the bids listed in the combo box. The option buttons allow the user to select whether to add/delete/update the data presented in the database about the selected bid. 

d. Insert a frame titled “Performance Criteria.” The frame includes three option buttons that allow the user to choose whether to add/delete/update the information presented in the database about each performance criteria.

3. Build a form that allows the user to analyze the bids posted. The following are suggestions to help you design this form:

a. Insert a command button that, when clicked on, returns the names of the firms that satisfy the minimum reliability requirements.

b. Insert a command button that, when clicked on, lists the names of the firms qualified and the corresponding weight assigned to each one based the performance criteria. Sort the information in descending order of the performance weight.

c. Insert a command button titled “See an Example.” When the user clicks on this button, a frame opens that includes the following:
i. A problem statement. 

ii. A formulation of the corresponding auction-bidding mathematical model.

iii. The optimal assignment of regions to firms.

d. Insert a command button that, when clicked on, uses Excel to solve the mathematical model for the auction bidding problem and opens Form 3, described below.

4. Build a form that allows the user to perform a sensitivity analysis. In this form insert a list box to present the parameters that can be used for the sensitivity analyses. For example, the user might be interested to know the sensitivity of the optimal assignment to the maximum number of TU’s acceptable for a firm, etc.

5. Build a form that allows the user to open and view the reports presented below. Include a number of option buttons to enable the user to select one of the reports. 

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. List the firms that meet the minimum reliability requirements.

2. List the names of the qualified firms. For each firm, present the weight assigned by XYZ, Inc. based on the performance criteria. Sort this information in descending order of the performance criteria.

3. Present the optimal assignment of firms to TUs.

4. Present the results from the sensitivity analysis.  

Reference
Epstein, R., Henríquez, L., Catalán, J., Weintraub, Y.G., Martínez, C., “A Combinatorial Auction Improves School Meals in Chile.” Interfaces, Vol. 32, Nr. 6, 2002.








































































































































� EMBED Equation.3  ���





� EMBED Equation.3  ���





45






































































































































� EMBED Equation.3  ���




























































_1115529567.unknown

_1139734734.unknown

_1142440689.unknown

_1115529370.unknown

