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Case Study 40       Economic Lot-Sizing Problem

Economic Lot-Sizing Problem

Problem Description

Economic lot sizing is a well-known problem in the area of production and operations management, as it has a variety of applications. For example, the economic lot-sizing problem is the core problem in aggregate production planning in MRP systems. 

The economic lot-sizing problem is defined as follows: Given the demand, unit production cost, and unit inventory holding cost for a commodity, and given production capacities and set-up costs for each time period over a finite, discrete-time horizon, find a production schedule that satisfies demand at minimum cost. This model assumes a fixed and a variable component of production costs.

Let T be the length of the planning horizon, and ct, ht, st, bt denote the unit production cost, the unit inventory holding cost, the set-up cost, and demand in period t (t = 1,…,T), respectively. The following are the decision variables for this problem:

qt:
amount produced in period t
It:
inventory level at the end of period t
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A mixed-integer programming formulation of the classical economic lot-sizing problem is as follows:
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The objective of this problem is to minimize the total production and inventory costs during the planning horizon. The first set of constraints is the flow conservation constraints. The second set of constraints shows that if production occurs in period t, the total amount produced could be as high as demand during periods t to T. Constraint (3) shows that the initial inventory level and the inventory level in the end of the planning horizon are equal to zero. Constraint (4) is the integrality constraints, and constraint (5) is the non-negativity constraints.     

The aim of this project is to build a decision support system that enables the user to build a production plan by solving the economic lot-sizing problem. Below we present a dynamic programming algorithm to solve the economic lot-sizing problem. This algorithm solves the problem in O(T2). The special structure of the optimal solutions to economic lot-sizing problem explains why the dynamic programming algorithm works. In this project we simply describe the algorithm. To learn more about the economic lot-sizing problem and dynamic programming algorithm, and to understand why this algorithm works, we refer the students to Nemhauser and Wolsy (1999) and Wagner and Whitin (1958).

Dynamic Programming Algorithm

Let v(t) be the minimum cost of a solution for periods 1,…,t. If 
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 is the last period in which production occurs, then 
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. This implies that the problem can be divided into two smaller sub-problems and the least cost solution 
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 is optimal for the first sub-problem (periods 1,…,( -1). This leads to the following recursive function:
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with v(0) = 0.

Calculating v(t) for t = 1,…,T leads to the optimal solution v(T) of the economic lot sizing problem.

Excel Spreadsheets

Build a spreadsheet that present the following data: ct, ht, st, bt for t = 1,…,T.

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 can type in the length of the planning horizon T. Upon the submission of this data a table appears. The table has dimensions T by 4 and allows the user to type in ct, ht, st, bt for t = 1,…, T. 

3. Build a form that allows the user to understand the economic lot-sizing problem by looking at an example. This form includes the following:

a. A problem statement.

b. Problem formulation.

c. The optimal objective function value and optimal solution.

d. A graphical representation of the optimal solution.

4. Build a form that allows the user to solve the problem and view the results. In this form include three frames. In the first frame include two option buttons and a command button. The option buttons allow the user to select a method to solve the problem. The two methods available are the dynamic programming algorithm and the Excel solver. When the command button is clicked –on, the problem is solved using the method selected by the user. The second frame has a number of option buttons that allow the user to open any of the reports described below. The third frame, titled “Sensitivity Analysis,” has option buttons that enable the user to choose a parameter for the sensitivity analysis. The user is interested in testing 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 following results:

a. The optimal production plan.

b. The optimal inventory level in each period of the planning horizon.

c. The optimal inventory holding costs.

d. The optimal production costs.

e. The optimal set-up costs.

f. The optimal total costs.

2. Report the results from the sensitivity analysis.

3. Give a network representation of the optimal solution.
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