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In general, the linear programming problem is expressed as follows: 
Given a linear function 

                                (1.1) 

and linear constraints 

 ,        (1.2) 

 , , …, .                                     (1.3) 

 
Find such values of unknowns satisfying conditions (1.2) and (1.3) that deliver the maximum 
(minimum) value to the linear function (1.1). 
The conditions (1.2) and (1.3) of the problem are called its boundary conditions, and the linear function 
(1.1) is the goal or objective function of the problem. Since all boundary conditions and the objective 
function of this problem are linear, problem (1.1) – (1.3) is called a linear programming problem. 
In specific problems, condition (1.2) can be a system of equations, a system of inequalities of the form 
«≤» or «≥», or a mixed system. However, it can be shown that a problem of the form (1.1) – (1.3) can 
be reduced to the form 
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 , (1.4) 

 ,                (1.5) 

 , , …, .                                   (1.6) 

 
Indeed, consider a linear inequality with n unknowns 

 .                             (1.7) 

 
To convert this inequality into an equation, add an unknown number to its smaller side . As a 
result, we obtain a linear equation with п + 1 unknown 

 .               (1.8) 

 
Variable , by means of which the inequality (1.7) is transformed into the equation (1.8), it is 
called an additional variable. The following theorem shows that inequality (1.7) and equation (1.8) have 
the same solutions. 

Theorem. For each solution  inequality (1.7) corresponds to a single 

solution  equations (1.8), and, conversely, each solution  equation 

(1.8) corresponds to a single solution  inequalities (1.7). 
Proof. Let be the solution of inequality (1.7). Then there is a 
relation . 

Let's move the left part of this inequality to the right and denote the resulting expression in the right part 
by : 

. 

It follows that the solution  Indeed, it is a solution to the equation 
(1.8): 

 

. 

On the contrary, let satisfy equation (1.8), i.e. let the relations take place 

nn xcxcxcZ +++= 2211

ï
ï
î

ïï
í

ì

=+++

=+++
=+++

mnmnmm

nn

nn

bxaxaxa

bxaxaxa
bxaxaxa







2211

22222121

11212111

..............................

01 ³x 02 ³x 0³nx

bxaxaxa nn £+++ 2211

01 ³+nx

bxxaxaxa nnn =++++ +12211 

01 ³+nx

),,,( 21 nbbb =X
),,,,( 121 += nn bbbb Y Y

X

baaa nn £+++ bbb 2211

1+nb

12211 )(0 +=+++-£ nnnaaab bbbb 

),,,,( 121 += nn bbbb Y

=++++ +12211 nnnaaa bbbb 

baaabaaa nnnn =+++-++++= )( 22112211 bbbbbb 



  153  
 
   International Journal of Economy and Innovation | Volume 48 | Gospodarka i Innowacje 

 
    
   Kielce: Laboratorium Wiedzy Artur Borcuch 

Copyright © 2024 All rights reserved International Journal for Gospodarka i 
Innowacje This work licensed under a Creative Commons Attribution 4.0  

, . 

Then, discarding the number on the left side of this equality , we get the inequality 

. 

It follows that  — solving the inequality (2.7). 

 
Now consider a linear inequality with n unknowns 

 .                      (1.9) 

 
To convert this inequality into an equation, we subtract an additional variable from its large side 

. As a result, we obtain a linear equation with n + 1 unknowns 

 .       (1.10) 

 
Thus, any inequalities in the constraint system of a linear programming problem can be transformed 
into equations. That is, if the system of constraints of a linear programming problem contains 
inequalities, then by introducing into each of them its own non-negative additional variable, it can be 
transformed into a system of equations. In this case, each additional variable enters the linear function 
with a coefficient equal to zero. 

For example, let the linear programming problem be given as 

 ,                     (1.11) 

 ,       (1.12) 

 , , …, .                          (1.13) 

 

In the above–mentioned way, this task can be reduced to a similar form to a task of type (1.4) - (1.6) 

 ,   (1.14) 
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 ,                 (1.15) 

 , , …, , , …, .     (1.16) 

 
Now, let's assume that the linear programming problem is given in a different form: 

 ,                                               (1.17) 

 ,                                 (1.18) 

 , , …, .                                                    (1.19) 

 

In this case, this task can also be reduced to a similar type of task (1.4) – (1.6) 

 ,           (1.20) 

 ,                    (1.21) 

 , , …, , , …, .       (1.22) 

 
It should also be noted that the right-hand sides of inequalities and equations of any system of 
constraints can be considered non-negative, i.e.  ( ). If for some k-th inequality 

or equation , then this inequality or equation is multiplied by -1, and the sign of the inequality 
is reversed. 

If for any variable  the non-negativity condition is not set ( ), that is, there is no restriction 

on the sign of this variable, then this variable can be represented as the difference between two non-
negative variables: 
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, , . 

Then you need to substitute this difference instead of a variable  in all constraints and in the 

objective function. 

On the other hand, if for any variable  instead of a condition  the condition is set 

, then from this variable to another non-negative variable  they switch using formulas 

 и . 

To transform the problem of finding the maximum value of the objective function of a linear 
programming problem into the problem of finding the minimum value of this function, the objective 
function should be taken with the opposite sign and vice versa. 
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