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Case Study 64       Warehouse Layout Problem

Warehouse Layout Problem

Problem Description

Warehouses usually have docks for loading and unloading goods and open areas for storing. The trucks that deliver/pick up goods arrive at one of the loading/unloading docks. The warehouse operators must collect or deliver the required goods from their storage area. In managing the warehouse, the operating staff must decide where to store the goods. The best location is close to any dock so that the cost of (a) accessing goods and transferring them to the dock for loading or (b) unloading the goods from the dock and transporting them to the storage area is minimized. As a result, goods compete for storage areas that are closest to the docks. 
The aim of this project is to build a decision support system that will allow warehouse managers to decide about allocating the storage space available to goods in such a way that the material handling costs are minimized. To learn more about the warehouse layout problem, we refer the students to Francis et al. (1992). Below we present a mathematical model for this problem.

Mathematical Model

Suppose that there are p items to be stored, and the warehouse has r loading and unloading docks. Let wik be the total cost per foot incurred when item i is transported from its storage area to dock k. Typically, warehouses store items on pallets, and wik is proportional to the number of pallet loads of item i moving between dock k and the storage area of i.     
This problem is discretized by subdividing the floor area into q square grids of equal size, numbered in any convenient manner from 1 to q. Let Fi be the total number of grids required to store item i. Assume that
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. Let dkj denote the distance between dock k and the center of grid j. 

The decision variables are as follows: 
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The integer programming formulation of this problem is as follows:\
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Where, 
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is the average cost for locating item i in grid j, assuming that each item is equally likely to be loaded or unloaded from each dock. The objective is to minimize the average material handling costs at the warehouse. The first set of constraints shows that the space occupied by an item should be equal to the space required for storing the item. The second set of constraints shows that in a particular storage area we can store only one item. The last set of constraints is the binary constraints.

This problem is an instance of the transportation problem. The students can use Excel to solve the problem; however, we suggest that they develop a heuristic procedure for this problem. The following are some insights they can consider while developing their heuristic approach: The problem assumes that 
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; therefore, we know that all the space available will be used. Sort the coefficients cij–s in ascending order. Start with the minimum cij, and assign item i in grid j. Continue assigning the items to grids. Note that if grid j* is already assigned to an item, grid j* will not be available for the next assignments. Also, after each assignment of item i* the amount of that item available for the next assignments is reduced.   

Excel Spreadsheet

1. Build a spreadsheet that presents the distance matrix dkj for k = 1,…,r; j = 1,…,q. 

2. Build a spreadsheet that presents the total cost per foot incurred when an item is transported from its storage area to loading/unloading areas (wik for i = 1,…,p; k = 1,…,r). 

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 include the following controls: 

a. Three text boxes where the user types in the total number of storage areas (q), the total number of items (p), and the total number of loading/unloading docks (r).

b. Two option buttons that allow the user to choose whether to type in the data or read the data from the file. If the user chooses to type in the data, two tables appear (one with dimensions r by q and the other p by r) where the user types in the distance matrix (dkj) and material handling costs (wik). If the user chooses to read the data from a file, upon selection a text box appears where the user types in the name of the file (the location of Spreadsheets 1 and 2).

3. Build a form that allows the user to understand the warehouse layout problem by looking at an example. This form includes the following:

a. A problem statement.

b. A mathematical formulation of the stated problem.

c. The optimal objective function value and the corresponding optimal solution.

4. Build a form that does the following: allows the user to select a method for solving the problem, solves the problem, and presents the corresponding results. Use the following controls: check boxes, command buttons, etc. as needed.  

5. The user may be interested to learn about the sensitivity of the optimal solution to changes in the distance between the storage area and loading/unloading docks, the total number of grids needed to store a particular item, unit handling costs, etc. Build a form that allows the user to perform a sensitivity analysis. Use a list box to allow the user to select a parameter for the analyses. 

6. Build a form that allows the user to view any of the reports described below. Use option buttons. 

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 results from the sensitivity analysis.

2. Report the optimal assignment of the items to grids and the optimal material handling costs.

3. Give a graphical representation of the final solution.

Reference
Francis, R.L., McGinnis, L.F., White, J.A., “Facilities Layout and Location.” 2nd Ed., Prentice Hall, 1992.
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