A paper mill produces rolls of paper that are 10 inches wide and 100 feet long. These rolls are used for creating narrower rolls of paper that are used in cash registers, automatic teller machines (ATMs), and other devices. The narrower widths (2, 2.5, and 3 inches) needed for these devices are obtained by cutting the 10-inch rolls using pre-specified cutting patterns. Cutting pattern # 1 will cut the 10-inch roll into four rolls that are 2.5 inches each. Cutting pat-tern # 2 results in three rolls that are each 3 inches wide (leaving 1 inch of waste on the end). Cutting pattern # 3 results in one roll that is 3 inches wide and two rolls that are 3.5 inches wide. Cutting pattern # 4 results in one of the 2.5-inch rolls, one of the 3-inch rolls and one of the 3.5-inch rolls (leaving 1 inch of waste). Cutting pattern # 5 results in 1 roll that is 2.5 inches wide and two rolls that are 3.5 inches wide (leaving 0.5 inches of waste on the end). An order has been received for 2,000 of the 2.5-inch rolls, 4,000 of the 3-inch rolls, and 5,000 of the 3.5 inch rolls. How many rolls should be cut on each pattern if the company wants to minimize the total number of 10-inch rolls used? How many rolls should be cut on each pattern if the company wants to minimize the total waste?
SOLUTION 

The objective is to minimize the total number of 10-inch rolls used.  There are three constraints, indicating that the number of each size roll (2.5, 3, and 3.5 inches) generated by the cuts must be at least the number needed to fill the orders.  Define the decision variables as
Xi = number of 10-inch rolls cut with cutting pattern i for i = 1, 2, 3, 4, 5.

Minimize number of rolls = X1 + X2 + X3 + X4 + X5

Subject to
4X1 + X4 + X5 > 2000 number of 2.5-inch rolls needed to fill orders 
3X2 + X3 + X4  > 4000 number of 3-inch rolls needed to fill orders
2X3 + X4 + 2X5 > 5000 number of 3.5-inch rolls needed to fill orders 

             Xi ( 0 for i = 1, 2,. . ., 5

Solving this on the computer results in the following solution: 

X1 = 500; 
X2 = 500; 
X3 = 2500; 
X4 = 0; 
X5 = 0 with a total number of rolls used equal to 3,500.  

If the company wanted to minimize waste instead of minimizing the number of rolls used, waste generated from each cutting patterned is considered.  Patterns 1 and 3 have no waste, patterns 2 and 4 each have 1 inch of waste, and pattern 5 has 0.5 inches of waste.  Thus, the objective function would become
Minimize total waste = X2 + X4 + 0.5X5
The constraints would not change.  The optimal solution is:

X1 = 500;  
X2 = 0; 
X3 = 4,000;  
X4 = 0;  
X5 = 0 with total waste equal to 0 inches.  
However, with this solution, there are 8,000 extra 3.5” rolls.

