
747 Module A    Linear Programming

4.	 Linearity
	 The last requirement of a linear programming problem is that the objective function and the 

constraints have linear relationships. That is, the effect of changing a decision variable is pro-
portional to its magnitude. Although this requirement of linearity may seem overly restrictive, 
many real-world business problems can be formulated in this manner. Nevertheless, there are 
also many real-world problems that cannot be formulated as a linear program because either 
the objective function or one or more of the constraints are nonlinear. For such nonlinear prob-
lems, there are other advanced solution methods that are available, but they are not discussed 
in this module because they are beyond the scope of this book.

Formulating a Linear Programming Problem
Example A.1 illustrates the steps for using LP to determine the optimal product mix.

EXAMPLE A.1: Enrobe Textiles Inc.a is a small clothing manufacturer that produces men’s polo shirts 
and pants. The production manager, Zhang Wei, uses two primary resources: sewing machine hours 
and cutting machine hours. For next month’s production of shirts and pants, Mr. Wei can schedule up 
to 300 hours of sewing machine time and up to 240 hours of cutting machine time. Production of each 
polo shirt requires 3.0 hours of sewing time and 1.0 hour of cutting time. Each pair of pants requires 
2.0 hours of sewing time and 2.0 hours of cutting time. Based on the analysis of cost and sales figures, 
Mr. Wei estimates that each polo shirt will yield a profit of $5 and each pair of pants will generate a 
profit of $7. Enrobe’s objective is maximizing profits.b

SOLUTION
We first organize the information given in the example as shown in Table A.2.

TABLE A.2: Enrobe Textiles Inc. Data

PROFITS/UNIT SEWING TIME/UNIT (IN HOURS) CUTTING TIME/UNIT (IN HOURS)

Polo Shirts $5 3.0 1.0

Pants $7 2.0 2.0

Total Time Available (in hours) 300 240

Step 1: Define the decision variables.

We begin by first defining the decision variables, which are the alternative courses of action available 
to the decision maker. The production manager, Zhang Wei, has to choose the number of polo shirts, 
the number of pairs of pants, or a combination of the two to be produced. Because these numbers will 
vary and are under Zhang Wei’s control, we define the decision variables as

X1 = number of polo shirts to be produced

X2 = number of pairs of pants to be produced

Step 2: Define the objective function.

Because each polo shirt yields $5 in profits, if Zhang produces 20 shirts, Enrobe earns $100 ($5 × 20) 
in profits, and if Zhang produces 50 shirts, Enrobe earns $250 ($5 × 50) in profits. Similarly, if Zhang 
produces 100 pairs of pants, Enrobe earns $700 ($7 × 100) in profits. Because Zhang wants the best 
production combination of polo shirts and pants that will maximize profits, he defines the objective 
function as follows:

Maximize profit = $5X1 + $7X2 Linear relationship: 
the effect of changing 
a decision variable 
is proportional to its 
magnitude

a Unless otherwise stated, in the Examples, Solved Problems, and Problems, fictional company names are used.
bUnless otherwise stated, all currency is in U.S. dollars.
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