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After completing this lesson, you should be 
able to: 

1. Define linear programming 

2. Describe the type of problem that would lend 
itself to solution using linear programming. 

3. Formulate a linear programming model from a 
description of a problem 

4. Solve simple linear programming problems 
using the graphical method. 

 

 



 Linear programming consist of a sequence of steps that 
will lead to an optimal solution to problems, in cases 
where an optimum exists.  

 

 Two types of general-purpose solution techniques are 
graphical linear programming and computer solutions. 

 

 Graphical Linear Programming provides a visual 
portrayal of many of the important concepts of linear 
programming. However, it is limited to problems with 
only two variables.  

 
 

William J. Stevenson (2005) Operations Management.8th Ed. McGraw-Hill/Irwin 

 



 The general process for solving linear-
programming exercises is  
◦ to graph the inequalities (called the "constraints")  
◦ to form a walled-off area on the x, y-plane (called the 

"feasibility region").  

 
 Then you figure out the coordinates of the 

corners of this feasibility region (that is, you 
find the intersection points of the various pairs 
of lines), and test these corner points in the 
formula (called the "optimization equation") for 
which you're trying to find the highest or 
lowest value. 

 http://www.purplemath.com/modules/linprog.htm 

 



 Linear programming is a powerful 
quantitative tool used by operations 
managers and other managers to obtain 
optimal solutions to problems that involve 
restrictions or limitations, such as budgets 
and available materials, labor, and machine 
time.  These problems are referred to as 
constrained optimization problems. 



 Examples of Linear Programming applications 
to such problems (constrained optimization)  
including: 
1. Establishing locations for emergency equipment 

and personnel that will minimize response time 

2. Determining optimal schedules for airlines for 
planes, pilots, and ground personnel. 

3. Developing financial plans 

4. Determining optimal blends of animal  



Linear Programming Models are mathematical 
representation of constrained optimization 
problems. These characteristics can be 
grouped into two categories: Components and 
Assumptions. 
 
Four (4) Components provide the structure of 

a linear programming model: 
a) Objective 

b) Decision variables 

c) Constraints 

d) Parameters 

 



 Linear programming algorithms require that 
a single goal or objective, such as 
maximization of profits, be specified. 

 The two general types of objectives are 
maximization and minimization. 

 A maximization objective might involve 
profits, revenues, efficiency, or rate of return. 
Conversely, a minimization objective might 
involve cost, time, distance travelled, or 
scrap.  



 The objective function is a mathematical 
expression that can be used to determine the 
total profit (or cost, etc., depending on the 
objective) for a given solution. 
 

 Decision variables represent choices available to 
the decision maker in terms of amounts of either 
inputs or outputs.  
 

 For example, some problems require choosing a 
combination of inputs to minimize total costs, 
while others require selecting a combination of 
outputs to maximize profits or revenues. 
 



Constraints are limitations that restrict the alternatives available to 
decision makers. Three (3) types of constraints are  

1. less than or equal to (<),  

2. greater than or equal to (>), and  

3. simply equal to (=).  

 

A < constraint implies an upper limit on the amount of some scarce 
resource (machine hours, labour hours, materials) available for use.  

 

A > constraint specifies a minimum that must be achieved in the final 
solution (e.g., must contain at least 10 percent real fruit juice, must 
get at least 30 km/L on the highway).  

 

The = constraint is more restrictive in the sense that it specifies 
exactly what a decision variable should equal (e.g., make 200 units of 
product A). 



 A linear programming model can consist of one 
or more constraints.  

 

 The constraints of a given problem define the set 
of all feasible combinations of decision variables; 
this set is referred to as the feasible solution 
space.  

 

 Linear programming algorithms are designed to 
search the feasible solution space for the 
combination of decision variables that will yield 
an optimum in terms of the objective function. 



An LP model consists of a mathematical 
statement of the objective and a mathematical 
statement of each constraint.  

 

These statements consist of symbols (e.g., x1, 
x2) that represent the decision variables and 
numerical values, call parameters.   

 

The parameters are fixed values; the model is 
solved given those values. 



  



 First, the model lists and defines the decision variables. 
These typically represent quantities. In this case, they are 
quantities of three different products that might be 
produced. 

 Next, the model states the objective function.  It includes 
every decision variable in the model and the contribution 
(profit per unit) of each decision variable.   
 

 Thus, product x1 has a profit of $5 per unit.  The profit 
from product x1 for a given solution will be 5 times the 
value of x1 specified by the solution; the total profit from 
all products will be the sum of the individual product 
profits.  Thus, if x1 = 10, x2 = 0, and x3 = 6, the value of 
the objective function would be: 
◦ 5(10) + 8(0) + 4(6) = 74 

 



The objective function is followed by a list of three constraints.   
Each constraint has a right-side numerical value (e.g., the labour 
constraint has a right-side value of 250) that indicates the amount 
of the constraint and a relation sign that indicates whether that 
amount is a maximum (>), a minimum (>), or an equality (=).  
 
The left side of each constraint consists of the variables subject to 
that particular constraint and a coefficient for each variable that 
indicates how much of the right-side quantity one unit of the 
decision variable represents.   
 
For instance, for the labour constraint, one unit of x1 will require 
two hours of labour.  The sum of the values of the lift side of each 
constraint represent the amount of that constraint used by a 
solution.  Thus, if x1 = 10, x2 = 0, and x3 = 6, the amount of 
labour used would be: 

◦ 2(10) + 4(0) + 8(6) = 68 hours 



Because this amount does not exceed the quantity 
on the right-hand side of the constraint, it is 
feasible. 
 
Note that the third constraint refers to only a 
single variable; x1 must be at least 10 units.  Its 
coefficient is, in effect, 1, although that is not 
shown. 

 
Finally, there are the nonnegativity constraints.  
These are listed on a single line; they reflect the 
condition that no decision variable is allowed to 
have a negative value. 



 In order for linear-programming models to 
be used effectively, certain assumptions must 
be satisfied.  These are: 

1. Linearity: the impact of decision variables is linear in 
constraints and the objective function. 

2. Divisibility: noninteger values of decision variable are 
acceptable. 

3. Certainty: values of parameters are known and 
constant. 

4. Nonnegativity: negative values of decision variables 
are unacceptable. 



1. First, there must be limited resources (such as a 
limited number of workers, equipment, 
finances, and material); otherwise there would 
be no problem. 

 

2. Second, there must be an explicit objective 
(such as maximize profit or minimize cost) 

 

3. Third, there must be linearity (two is twice as 
much as one; if it takes three hours to make a 
part, then two parts would take six hours and 
three parts would take nine hours). 



4. Fourth, there must be homogeneity (the 
 products produced on a machine are 
 identical, or all the hours available from a 
 worker are equally productive. 
 
5. Fifth, there must be divisibility: Normal 
 linear programming assumes products  and 
 resources can be subdivided into fractions. If 
 this subdivision is not possible (such as flying 
 half an airplane or hiring one-fourth of a 
 person), a modification of linear 
 programming, called integer programming, 
 can be used. 

 







 It is easy to see in general that the objective function, being 
linear, always takes on its maximum (or minimum) value at a 
corner point of the constraint set, provided the constraint set 
is bounded. The maximum occurs along an entire edge or 
face of the constraint set, but then the maximum occurs at a 
corner point as well 
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