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Abstract 

Linear programming problems with integers, are issues in which some or all decision  variables are restricted to 

be their values are correct values, and  here  these models can  be solved by neglecting the constraints of integers 

and then rotating the fractional values of the optimal solution to obtain correct values, paying attention to the need 

for the resulting solution to belong to the accepted solutions area, but this procedure can lead to the desired purpose 

if the number of variables is small, but if there is a number We do not guarantee to obtain an optimal correct 

solution for the model, even if all the solution combinations are tested, knowing that in the model that contains a 

variable  𝒏, a set of solutions2𝑛 must be tried, and if we can rotate, the correct solution will be an approximate 

solution, in order to obtain more accurate integer values, we present in this research a study in which we use binary 

integer variables to build the neutrosophic linear mathematical model. The importance of this study lies in 

providing solutions to many practical problems that require solutions with integers and we will clarify all of the 

above by building a mathematical model for the problem of the mixture of products using binary integer variables 

and neutrosophic values. 
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1. Introduction 

In practical life, we encounter a lot of mathematical models that do not accept a solution unless the compounds of 

this solution are correct values, and one of the most important examples of these models is the product mixture 

model, and a distinction must be made between this model and the model of the installation of mixtures because 

what is meant by the mixture of products is to choose the appropriate product production from among the range 

of products that can be produced by a production company, it is clear that the optimal solution compounds must 

be integers, but in fact when solving such models The values of some or all variables may be incorrect values, 

which requires us to use methods to approximate them to integer values belonging to the accepted solution area, 

and the optimal solution is an approximate solution that may cause a loss to the company, and to obtain an accurate 

ideal solution for such models, use the binary integer variable that takes one of the two values, and here the one 

agrees with the decision to produce the product and zero the decision not to produce 𝛿𝑗    0   𝑜𝑟   1   [1,2]  As a result 

of this use, we get linear mathematical models Optimal solution compounds have valid values, it should be noted 

here that this study is identical to the concepts of neutrosophic science because there is no determination in it, we 

do not know exactly which product we will produce, that is, these models can be considered neutrosophic linear 

models, also we can here from the concepts contained in the research [3] In addition to the binary variable, we can 

obtain neutrosophic linear models for the problem of the mixture of products using neutrosophic values with all 

problem data And some of them, which will enable us to obtain an optimal solution with neutrosophic values, 

values that the American scientist Florentin Smarandache knew when he introduced his new science neutrosophic 

science in 1995, a science that grew and developed rapidly thanks to the efforts of those interested in this science 

and scientific development [4-12]. 
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2.  Discussion:   

The profit of any company that can produce a number of products is affected by the optimal choice of products 

that will produce it from the group of products that it can produce. To help these companies choose the products 

that bring them the greatest profit, operations research provided linear mathematical models called product 

mixtures. Since the optimal solution for any linear model may have one or all of its components’ incorrect values, 

the researchers formulated the appropriate model 𝛿𝑗 for such problems. Use the binary integer variable that takes 

one of the two values 0 𝑜𝑟 1 and here one corresponds to the product production decision and zero non-production 

decision: 

Question text: [1] 

A company is planning to produce 𝑁product where the product 𝑗 needs a fixed preparation cost or a fixed 

production cost 𝐾𝑗  independent of the quantity produced, and needs a variable cost 𝐶𝑗per production unit 

commensurate with the quantity produced, suppose that each unit of the product 𝑗 needs 𝒂𝒊𝒋 unit of the supplier 

𝑖where there is 𝑀 supplier and assuming that the product 𝑗 has a sales opportunity of 𝑑𝑗  and is sold at the price 

𝑃𝑗  of a monetary unit per unit and that only  𝑏𝑗  unit of the supplier 𝒊 is available where 

𝑖 = 1,2, − − −, 𝑀 
 

 The goal of the issue becomes to determine the optimal product mix which makes the net profit the greatest 

possible 

Formulation of the mathematical model: 

Determination of the cost: 

From the text of the problem, we note that the total cost of production is the fixed cost in addition to the variable 

cost, which is a nonlinear function of the quantity produced,  

 But with the help of binary integer variables 𝛿𝑗 , the problem can be formulated in the form of a linear model 

with integers 

We assume that the binary integer variable 𝛿𝑗 symbolizes the decision to produce the product  𝑗 or not to produce 

it, in other words: 

𝛿𝑗 = {
1      𝑗   if production decision was taken
0                                   otherwise                   

 

 

Then the cost of producing one unit of the product 𝑗 becomes as follows  𝐾𝑗𝛿𝑗 + 𝐶𝑗𝑥𝑗𝛿𝑗  where  𝜹𝒋 = 𝟏 if𝑥𝑗 > 0  

and 𝛿𝑗 = 0 if  𝑥𝑗 = 0 and therefore the goal function will be written as follows 

 

𝑍 =  ∑ 𝑃𝑗

𝑁

𝑗=1
𝑥𝑗 − ∑ (𝐾𝑗𝛿𝑗 + 𝐶𝑗𝑥𝑗)

𝑁

𝑗=1
 

 

Limitations of the problem:  

A restriction on the supplier 𝑖 is given in the following relationship:  

 

∑ 𝑎𝑖𝑗

𝑁

𝑗=1
𝑥𝑗 ≤ 𝑏𝑗   ; 𝑖 = 1,2, − − −, 𝑀 

 

The restriction of the demand for the product 𝑗 is given by the following relationship: 

 

𝑥𝑗 ≤ 𝑑𝑗𝛿𝑗    ; 𝑗 = 1,2, − − −, 𝑁 

 

Mathematical model: find the maximum value of the function  

 

𝑍 =  ∑ 𝑃𝑗

𝑁

𝑗=1
𝑥𝑗 − ∑ (𝐾𝑗𝛿𝑗 + 𝐶𝑗𝑥𝑗)

𝑁

𝑗=1
 

Within Restrictions  

∑ 𝑎𝑖𝑗

𝑁

𝑗=1
𝑥𝑗 ≤ 𝑏𝑗   ; 𝑖 = 1,2, − − −, 𝑀 

 

𝑥𝑗 ≤ 𝑑𝑗𝛿𝑗    ; 𝑗 = 1,2, − − −, 𝑁 

𝑥𝑗 ≥ 0 and  𝛿𝑗 = 1 or  𝛿𝑗 = 0 

And or for all values 
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 𝛿𝑗 = 1      𝛿𝑗 = 0    ;  𝑗 = 1,2, − − −, 𝑁 

 

From the previous model, we notice that 𝑥𝑗  takes a positive value only when 𝛿𝑗 = 1 , and in this case, the 

production of the product 𝑗 is limited by the quantity 𝑑𝑗 and the fixed production cost 𝐾𝑗  is included in the goal 

function 

The idea of indeterminacy  is the basis of neutrosophic science represented here through the use of the binary 

integer variable because the optimal solution depends on the decision to produce a product or not to produce it, 

although we cannot guarantee the company a safe working environment in light of the great changes in the labor 

market through price strikes, resource availability or non-availability, and so on. 

So it was necessary to reformulate this problem using neutrosophic values for the sales opportunity 𝑑𝑗 and the 

cost of producing one unit of each product 𝐶𝑗and selling price 𝑃𝑗  so that the sales opportunity becomes 𝑑𝑗 + 𝜀𝑗 , 

production cost 𝐶𝑗 + 𝜇𝑗 and selling price 𝑃𝑗 + 𝜑𝑗  where 𝜀𝑗 and 𝜇𝑗 and 𝜑𝑗 are the indeterminacy and  is the 

change in the sales opportunity, cost and selling price respectively depending on the conditions of the work 

environment and takes one of the following forms:  

𝜀𝑗 = [𝜆𝑗1 ,𝜆𝑗2] Or  𝜀𝑗 = {𝜆𝑗1 ,𝜆𝑗2}  ------- and  𝜇𝑗 = [𝜈𝑗1 , 𝜈𝑗2]   او 𝜇𝑗 = {𝜈𝑗1 , 𝜈𝑗2} ---------- and 𝜑𝑗 = [𝜃𝑗1 , 𝜃𝑗2]   او

𝜑𝑗 = {𝜃𝑗1 , 𝜃𝑗2} ---------- 

Which are values close to the values  𝑑𝑗  and  𝐶𝑗 and can be any neighborhood to them. 

 Then the text of the problem becomes as follows: 

The text of the problem according to neutrosophic science:  

A company is planning to produce 𝑁 product where the product 𝑗 ا    needs a fixed preparation cost or a fixed 

production cost   𝐾𝑗 independent of the quantity produced, and needs a variable cost 𝐶𝑗 + 𝜇𝑗 per production unit 

commensurate with the quantity produced, we suppose that each unit of the product  𝑗  needs 𝑎𝑖𝑗  a unit of the 

supplier 𝑖 where there is 𝑀 supplier. Assuming that the product 𝑗 that has a sales opportunity 𝑑𝑗 + 𝜀𝑗  is sold at the 

price of  𝑃𝑗 + 𝜑𝑗 monetary unit per unit and that only 𝑏𝑗 unit of the supplier 𝑖 is available where  𝑖 = 1,2, − − −, 𝑀  

the goal of the problem becomes to determine the optimal product mix that makes the net profit as great as possible. 

Formulation of the mathematical model: 

Determination of the cost: 

From the text of the problem, we note that the total cost of production is the fixed cost in addition to the variable 

cost, which is a nonlinear function of the quantity produced,  

But with the help of binary integer variables  𝜹𝒋, the problem can be formulated in the form of a linear model with 

integers 

We assume that the binary integer variable 𝛿𝑗 symbolizes the decision to produce the product 𝑗 or not to produce 

it in other words   

𝛿𝑗 = {
1      𝑗  if production desicion was taken
0                                    otherwise               

 

Then the cost of producing one unit of the product becomes as follows  𝐾𝑗𝛿𝑗 + (𝐶𝑗 + 𝜇𝑗)𝑥𝑗, where 𝛿𝑗 = 1 if 𝑥𝑗 >

0 and 𝛿𝑗 = 0  if  𝑥𝑗 = 0  and therefore the goal function becomes as follows: 

 

𝑍 =  ∑ (𝑃𝑗 + 𝜑𝑗)
𝑁

𝑗=1
𝑥𝑗 − ∑ (𝐾𝑗𝛿𝑗 + (𝐶𝑗 + 𝜇𝑗)𝑥𝑗)

𝑁

𝑗=1
 

Restrictions of the problem: 

A restriction on the supplier 𝑖 is given in the following relationship: 

∑ 𝑎𝑖𝑗

𝑁

𝑗=1
𝑥𝑗 ≤ 𝑏𝑗   ; 𝑖 = 1,2, − − −, 𝑀 

The restriction of the demand for the product  𝑗 is given by the following relationship: 

 
𝑥𝑗 ≤ (𝑑𝑗 + 𝜀𝑗)𝛿𝑗    ; 𝑗 = 1,2, − − −, 𝑁 

 

Mathematical model: Find the maximum value of the function:  

 

𝑍 =  ∑ (𝑃𝑗 + 𝜑𝑗)
𝑁

𝑗=1
𝑥𝑗 − ∑ (𝐾𝑗𝛿𝑗 + (𝐶𝑗 + 𝜇𝑗)𝑥𝑗)

𝑁

𝑗=1
 

Within Restrictions  

∑ 𝑎𝑖𝑗

𝑁

𝑗=1
𝑥𝑗 ≤ 𝑏𝑗   ; 𝑖 = 1,2, − − −, 𝑀 
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𝑥𝑗 ≤ (𝑑𝑗 + 𝜀𝑗)𝛿𝑗    ; 𝑗 = 1,2, − − −, 𝑁 

 

𝑥𝑗 ≥ 0 and  𝛿𝑗 = 1 or  𝛿𝑗 = 0 

And or for all values      

𝑗 = 1,2, − − −, 𝑁 

From the previous  model, we note that 𝑥𝑗 takes a positive value only when 𝛿𝑗 = 1 and in this case the 

production of the product  𝑗  is limited by the quantity  𝑑𝑗 + 𝜀𝑗 and the fixed production cost  𝐾𝑗   included in the 

goal function, by solving  this model we get an optimal neutrosophic value for the goal function    𝑁𝑍∗ through 

which we know the profit that the company can achieve in the best and worst conditions and enable the company 

to develop appropriate plans for the workflow in it.   

 

3. Conclusion and Results  

In this study, we presented important ideas for building mathematical models for practical problems that require 

that their solutions be correct values, and through which he showed the importance of using the binary integer 

variable in obtaining correct values, as it helps in converting some nonlinear mathematical programming 

problems into linear programming problems, and also the importance of using neutrosophic values to obtain an 

ideal solution that guarantees the company a safe workflow with the fluctuations of working conditions, we 

focus on the need to use neutrosophic values in problems that are affected by surrounding  conditions, and also 

the use of binary integer to convert some nonlinear programming problems into linear programming problems, 

and this is what we will present in later researches . 
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