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Case Study 36       Aggregate Production Planning Problem

Aggregate Production Planning Problem

Problem Description
Aggregate production planning is the process of determining the optimal production quantity, workforce size, overtime, machine capacity, inventory level, amount to be subcontracted, and backlogging that optimizes production costs in a manufacturing environment. The aim of this project is to build a decision support system that enables the managers to prepare their production plans. For the purpose of this project, we present a simple example and provide an optimization model that solves the corresponding aggregate production planning problem. 

“Red Tomato Tools” is a manufacturer of gardening equipment. Their operations consist of assembling parts into multipurpose gardening tools. Their capacity is determined mainly by the size of their workforce. The demand for their product is highly seasonal. Demand for gardening tools is high in spring and almost zero in winter. Demand seasonality makes the process of planning production quite challenging. Below we present a mathematical model that enables us to solve this planning problem. The model assumes no limitations in the amount of inventory carried, amount of final product subcontracted, and amount of stock-out. 

Mathematical Model
We use the following notation:
T
length of planning horizon

dt
demand in period t (t = 1, …, T)

(t
total number of working hours per employee in period t
wt
hourly salary in period t
(t
total number of hours needed to produce one unit of the final product in period t 

ht 
cost of hiring one employee at the beginning of period t
lt 
cost of laying off an employee at the beginning of period t
pt
unit production (material) cost in period t
it
unit inventory holding cost in period t
st
unit stock-out cost in period t
ct
cost of purchasing one unit of final product from a subcontractor in period t
ot
unit overtime cost in period t.
The decision variables are as follows:
Wt
size of the workforce in period t
Ht 
total number of employees hired in the beginning of period t
Lt 
total number of layoffs in the beginning of period t
Pt
quantity produced in period t
It
inventory in the end of period t
St
unsatisfied demand in the end of period t
Ct
amount of final product produced by subcontractors in period t
Ot
amount of overtime used in period t.

The objective is to minimize the total cost. The total cost consists of labor, material, inventory holding, overtime, stock-out, subcontracting, hiring, and layoff costs. 
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The first set of constraints is the workforce conservation constraints. The second set of constraints is the labor capacity limitation constraints. The third set of constraints is the inventory balance constraints. The final set of constraints is the non-negativity constraints.

Excel Spreadsheets
1. Build a spreadsheet that presents the expected unit costs (e.g., cost of materials, inventory holding cost, etc.) during each period of the planning horizon. 

2. Build a spreadsheet that presents demand in each period of the planning horizon.

3. Build a spreadsheet that presents historical data about the amount of inventory.

4. Build a spreadsheet that presents historical data about the total number of employees, the number of employees hired, and the number of employees laid off.

5. Build a spreadsheet that presents historical data about the amount of final product subcontracted.  

User Interface

1. Build a welcome form.

2. Build a data entry form. The following are suggestions to help you design this form. In this form insert two option buttons. These option buttons allow the user to select whether to read the data from a file or manually enter the data. 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, a text box appears where the user types in the total number of periods in the planning horizon. Upon submission of this information, five tables appear. The user types in these tables the data required.   

3. Insert a data analysis form. In this form insert a command button that, when clicked on, solves the problem using the mathematical model presented above and opens two frames. The first frame includes a number of option buttons that allow the user to open any of the reports described below. The second frame, titled “Sensitivity Analysis,” has a number of option buttons that allow the user to select a parameter for the sensitivity analysis. The user is interested in identifying the sensitivity of the optimal solution with respect to demand, costs, etc.    
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 workforce size, number of new hires, and number of layoffs, production quantity, inventory level, amount subcontracted, and amount of overtime.

2. Report the optimal total cost of production as found from solving the mathematical model. 

3. Report the results of the sensitivity analysis.

Reference
Winston, L.W., “Operations Research: Applications and Algorithms.” Duxbury Press, 3rd Ed., 1994.
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