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Problem Description

Assigning jobs to machines is a problem faced by many manufacturing companies. Usually, a job requires a considerable amount of time to process in a particular machine. Companies are concerned about the total time it takes to complete all jobs. 

The aim of this project is to build a decision support system that would enable the managers to decide about assigning jobs to machines in such a way that the total time it takes to complete all jobs is minimized. For the purpose of this project we assume that one job can be completed by a single machine and a machine can work only at one job at a time. We give an integer programming formulation and describe an algorithm that can be used to solve the problem.    

Integer Programming Model

We use the following notation:

tij:
the time required by machine i to process job j 

Our decision variables are as follows:

xij:
takes the value 1 if machine i is assigned to job j, and 0 otherwise.
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The objective is to minimize the total machine processing time. The first and second set of constraints show that all jobs should be assigned to machines, a job uses a single machine, and a machine can process at most one job. The third set is the integrality constraints. This is a general assignment problem that can be solved using the transportation simplex method. However, a simpler and efficient heuristic that can be used is the Hungarian method. Below we present the main steps of the Hungarian method. To learn more about the Hungarian method we refer the students to Bazara et al. (1990).
Hungarian Method
Step 1:

Initialize the processing time matrix M (
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). The matrix presents the time it takes to process each job in each machine.

 Find the minimum element of each row (
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Create M* such that 

Find the minimum element of each column (
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Create the reduced cost matrix M** such that
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Step 2:

Draw the minimum number of lines (horizontal and/or vertical) that are needed to cover all zeros in the reduced-cost matrix. If the minimum number of lines is equal to the order of the matrix, an optimal solution is available among the covered zeroes in the matrix. If the minimum number of lines is less than the order of the matrix, go to Step 3. 
Step 3:

Select the smallest (non-zero) element in the reduced-cost matrix that is uncovered by the lines drawn in Step 2. Subtract this element from each uncovered element of the reduced-cost matrix and add it to each element that is covered by two lines. Return to Step 2. 

Excel Spreadsheets

Build a spreadsheet that presents the processing time of each job in each machine. 

User Interface

1. Build a welcome form.

2. Build a data entry form. The following suggestions help in designing the form. Insert a frame that includes two option buttons. The user has the choice to select whether to read the data from a file or manually enter the data in the database. 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, two text boxes should appear where the user types in the total number of jobs (J) and the total number of machines (I). Once this information is submitted, a table with dimensions I by J appears. The user types in the processing times in this table.

Insert a command button that, when clicked –on, solves the problem using the data provided by the user and the algorithm described above and opens Form 3, described below.

3. Build a data analysis form. The following are suggestions for designing this form. Insert two frames in this form. The first frame, titled “Reports,” has a number of option buttons that enable the user to choose to open one of the summary reports described below. The second frame, titled “Sensitivity Analysis,” has two combo boxes. The first combo box allows the user to choose a job (say, job j), and the second combo box allows the user to choose a machine (say, machine i) for the purpose of the sensitivity analysis. For example, the user may want to know the sensitivity of the final solution with respect to the processing time of job j in machine i. Include a command button that, when clicked on, performs the sensitivity analysis with respect to the selected parameter. 
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. Report the optimal assignment of the machines to jobs.

2. Give a graphical representation of the assignment of jobs to machines. Use a bi-partite graph where one set of nodes presents the jobs and the other set of nodes presents the machines. The arcs represent the assignment of a job to a machine. 

3. Report the results of the sensitivity analysis.

Reference
Bazara, S.M., Jarvis, J.J., Sherali, H.D. “Linear Programming and Network Flows.” John Wiley & Sons, Inc., 2nd Ed., 1990.
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