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ABSTRACT:  
 
Allocation of resources, work machines and workers to maximize profit and minimize investment has 
always been of paramount importance. Linear programming as part of mathematical programming is 
the method that solves the mentioned problem. Progress of programming languages has led to more 
efficient and accurate resolution of such problems.  Programming language Python with the PuLP 
library to optimize the allocation of resources will be presented in this paper. 
 
1. INTRODUCTION 
 
The field of applied math, called Operational Research, is a multidisciplinary science that uses 
mathematical modeling, statistics and algorithms to achieve optimal or nearly optimal problem 
solutions. According to the British Encyclopedia, Operational Research is defined as the application of 
scientific methods for managing military, state, business and other processes. Historical development 
of the Operational Research are seen in the 17th century, but official start is in 1937, and it was created 
by the needs of the British military industry, more precisely for the advancement of the radar system 
[1]. Regardless of the rapid development of operational research, most of its applications will emerge 
in the future. Linear programming is one of the most important areas of operational research. Today's 
computers are used to calculate linear programming algorithms, due to the speed and accuracy of the 
processing. Python has taken a special place among the programming languages and as such it has been 
integrated into almost all spheres of science, as well as operational research where it stands out as the 
main tool for processing and data analysis, and with its robustness and simplicity of syntax, is a favorite 
tool for solving linear programming problems. 
 
2. LINEAR PROGRAMMING 
 
The first contributions to linear programming were given by famous scientist Fourier, who developed 
a method for solving linear inequalities. This method was also named after him as the Fourier-Motzkin 
method. Formulation of linear programming was provided by Soviet scientist Leonid Kantorovich in 
order to optimize military processes. American economist T.C.Koopmans ormulated economic 
problems through linear programming at the same time as Leonid Kantorovich. The aforementioned 
scientists received the Nobel Prize for their achievements. The most important name in the world of 
linear programming, according to a large number of scientists, is George Dantzig, who developed a 
known simplex method, usable for a large number of linear programming cases [2]. The implementation 
of linear programming has led to the resolution of a large number of problems from various fields of 
science and life. 
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2.1. Mathematical interpretation of linear programming 
 
The standard form of linear programming consists of [2]: 
 

1. Objective function 
𝐹 = 𝐹(𝑥 + 𝑥 +. . . +𝑥 ) = 𝑐 𝑥 + 𝑐 𝑥 +. . . +𝑐 𝑥    (1) 

 
2. Constraints: 

𝑎 𝑥 + 𝑎 𝑥 +. . . +𝑎 𝑥 ≤ 𝑏     (2) 
 

𝑎 𝑥 + 𝑎 𝑥 +. . . +𝑎 𝑥 ≤ 𝑏      (3) 
 

𝑎 𝑥 + 𝑎 𝑥 +. . . +𝑎 𝑥 ≤ 𝑏     (4) 
 

3. Positive solutions: 
𝑥 ≥ 0, 𝑥 ≥ 0, . . . , 𝑥 ≥ 0      (5) 

 
Linear programming can be defined as: "Finding positive solutions of linear unequal systems for which 
the target function reaches the optimum maximum or minimum." Therefore, any nenegative solution 
represents a possible solution to the problem of linear programming. The problems of linear 
programming are divided into three categories: 
 

1. It has an optimal solution 
2. It has multiple solutions, it is not feasible 
3. There are infinite solutions 

 
The problem of linear programming has the solution if the size 𝐹 (𝐹 ) has the final value of the 
S set of permissible solutions, and there is no solution if the set S is empty or if the size 𝐹 (𝐹 ) has 
no final value. 
 
There are two criteria for optimizing, minimizing and maximizing the function  value. The problem of 
choosing an optimal solution is unique because one criterion can easily be replaced by another. 
 
3. PROGRAMMING LANGUAGE PYTHON 
 
Python as a higher level programming language is a language of general purpose, object-oriented, with 
dynamic structure and a large number of libraries. It was developed in 1990, and has since embarked 
on all programming spheres. Python is most used in Linux, but is also present in other operating 
systems. Its use is wide and can be met as a programming language for artificial intelligence, machine 
learning, data analysis, web programming and many other applications [3]. 
 
3.1. Solving linear programming problems with Python 
 
Solving the problem of linear programming with the programming language Python is done with the 
help of the PuLP library. This open-source library is a simple to use and widespread tool to solve linear 
programming problems. The PuLP Library is installed using the command „sudo pip install pulp" 
within the terminal. Once installed, the PuLP library can be included in the python project, and its 
functions can be used to solve the problem. The functioning of the library will be explained through a 
practical example: 
 



Zinaid Kapić. Fatka Kulenović – Optimization of resource distribution by using linear programming 
in Python programming language 

 

RIM 2019 230

The production plant needs to maximize profits. Currently, they produce three products A, B and C. 
Each product requires a different time period for processing on a machine. There are three machines, 
machine_1 which is in operation at 20h per week, machine_2 operating at 14h per week, and machine_3 
running at 12h per week. Product A requires resources of the machine_1 3h, product B 2h, and product 
C 1h per week. Machine resources_2 are required in the following ratio: 2h product A, 1h product B 
and 3h product C. Machine resources_3 are required in the following ratio: 1h product A and 2h product 
B and 1h product C. How much product A should be produced and how much B and C to achieve 
optimal profit, if product A is known to cost 850 KM, product B 750 KM, and product C 760 KM. How 
much is the total earnings? 

 
Table 1: Tabular presentation of the given data 
 

Machine/ 
Product 

Machine 
1 

Machine 
2 

Machine 
3 

<= 

Product 1 3 2 1 20 
Product 2 2 1 2 14 
Product 3 1 3 1 12 

 
 
Tabular data display is made for easier computation and data transparency. Based on the value of the 
product, we write the objective function: 
 

𝐹 = 850 ∗ 𝐴 + 750 ∗ 𝐵 + 760 ∗ 𝐶   (6) 
 
In addition to the goal function, you need to see the limitations, and you can easily distinguish them 
based on the tabular presentation: 
 

3 ∗ 𝐴 + 2 ∗ 𝐵 + 1 ∗ 𝐶 ≤ 20     (7) 
2 ∗ 𝐴 + 1 ∗ 𝐵 + 2 ∗ 𝐶 ≤ 14     (8) 
1 ∗ 𝐴 + 3 ∗ 𝐵 + 1 ∗ 𝐶 ≤ 12    (9) 

 
The program code is based on the previous objective function and constraints: 
 

 
Figure 1: Python code 
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The 

results are given in figure 2: 
 

Figure 2: Results 
 

Optimal earning is 6510 KM for production of 5 Products A, 2 Products B and 1 Product C. As it is 
seen Python allows to easily include objective function and constraints in a small number of lines. PuLP 
uses functions pulp.LpProblem to declare type of optimization, function pulp.LpVariable to declare 
variables and pulp.solve to solve linear programming problem. 
 
3. CONCLUSION 
 
Operational research, and linear programming with them, have an increasing importance in achieving 
maximum cost-effectiveness of the process. Starting from predefined criteria and goal functions, the 
optimum solution to the problem is achieved. 
Complex problems can be scaled up and quickly calculated using programming languages, among them 
Python. Python, along with its extensive library, includes PuLP, the library for linear programming,  
 
accelerating the process of programming and solving problems. In a concrete example, we have seen 
the realization of resource optimization using the above-mentioned programming language 
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