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Investigación

Abstract
The research presented in the article is geared 
towards the area of genetic algorithms in the op-
timization of resources and processes, and then a 
case study is set based on vehicular routing and 
optimization of the same, applying the genetic al-
gorithm of Chu-Beasley. This study, which started 
on November 2013 and finished on March 2014, 
was applied in Bogotá city, as it is the capital of 
Colombia. This metropolis counts with many indus-
trial areas, gathering centers, warehouses and other 
commercial activities. Likewise, the growing of the 
capital in the last years has been significant, which 
has generated an exponential territorial extension, 
causing mobility problems and transport. For that 
reason, it is imperative for some warehouses that 
have to distribute their products, to optimize the 
routes and guarantee effectiveness and efficiency 
in delivery.

Keywords: chromosomes, genetic algorithms, mu-
tation, probability, process, recombination theory, 
routing, species, vehicular.

Resumen
La investigación presentada en el artículo está orien-
tada hacia el área de los algoritmos genéticos en la 
optimización de recursos y procesos; a continuación 
se establece un estudio de caso fundamentado en el 
ruteo vehicular y la optimización del mismo, apli-
cando el algoritmo genético de Chu-Beasley. Este es-
tudio, que inició en noviembre de 2013 y terminó 
en marzo de 2014, se aplicó en la ciudad de Bogotá, 
D.C., por ser la capital de Colombia. Esta metrópoli 
cuenta con innumerables zonas industriales, centros 
de acopio, almacenes y demás actividades comer-
ciales. De la misma manera, el crecimiento de la ca-
pital en los últimos años ha sido significativo, lo que 
ha generado una extensión territorial exponencial, 
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INTRODUCTION

The natural selection of the species is considered 
one of the most important theories in recent times 
since it determines the evolutionary character of 
the living beings, specially of the human beings; 
starting from this, some sciences and disciplines 
have been benefited their discursive structure to 
implement various explanatory strategies of the 
own problems of those disciplines. In this sense, 
appears the well-known genetic algorithms, and its 
creator Jhon Holland (1962), comprehends the im-
portance of the evolutionary theory specially the 
related with the adaptive systems, starts the pro-
cess for the creation of such algorithms that search 
fundamentally to design artificial systems that give 
account of the mechanisms and working of the 
natural systems. After the creation of the genetic 
algorithms by Holland, one of his students David 
Goldberg (1972) decided to introduce the algori-
thms designed by his teacher to the plane of the 
industrial problems, although he did not account 
with the support of his mentor, Golderg could have 
success in his enterprise establishing the algori-
thms in the optimization of the industrial process. 
In this way, the evolutionary theory and selection 
of the species become in a method that as enginee-
ring as other disciplines adapt to transform and im-
prove the industrials and entrepreneurial process.

This work intends to apply the genetic algori-
thms (Rondon Villareal, 2010)in the optimization 
of the particular case of vehicular routing, po-
tentiating its effects and improving the industrial 
conditions. It is very important to point out that 
for the application of this specific situation, the 
Chu-Beasley genetic algorithm will be used, since 
this allowed a particular management of the object 

causando problemas de movilidad y transporte. Por 
ello es imperioso para algunas empresas que deben 
distribuir sus productos optimizar los recorridos y 
garantizar efectividad y eficiencia en las entregas.

population of study. The following research pre-
tends to realize a conceptual routing by the gene-
tic algorithms, their classifications and advantages 
of the applications, showing from a concrete case 
the importance of its use in determinate situations.

GENETIC ALGORITHMS

Genetic algorithms can be defined as

The AG are adaptive methods that can be used 
to resolve seeking and optimization problems. These 
methods are based in the genetic process of the live 
organisms. Along the generations, the populations 
evolve in the nature according to the principles of 
the natural selections and the survival of the stron-
gest, postulated by Darwin (1859). (Cerón, 2012).

It means, the genetic algorithms intend to make 
use of the genetic development of the living be-
ings to implement mathematically systems which 
allow the optimization of diverse process. (Pessoa 
Artut, 2011). This work is inspired particularly in 
the selection of the species theory, by Darwin and 
the genetic, this offers an adaptive optimization 
mechanism on the basis of probability, the survi-
val and the adaptation. The principles of the biolo-
gy that guide fundamentally the genetic algorithms 
(Gestal, RiveRo, Rabuñal, & DoRaDo, 2010, p. 30) 
can be considered the following:

1. The evolution process that operates over the 
chromosomes.

2. The natural selection is the union between 
the chromosomes and the actuation of the deco-
ded structures.

3. The reproduction process occurs when the 
evolution take place, maybe through mutations, 

Palabras clave: algoritmos genéticos, cromosomas, 
enrutamiento, especies, mutaciones, probabilidad, 
proceso, recombinación, teoría, vehicular.
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where the chromosomes of the children change sli-
ghtly of the parents or by recombination process. 
(M. Cerrolaza). These principles began to be de-
coded on computerized simulations, which allow 
starting the adaptability process for the algorithms. 
One of the first investigations that gave the deno-
mination of genetic algorithms is the one made by 
Bagley, who developed a test to control the game 
of six peons watching their tasks; this test allow to 
find the necessary conditions to use in an assess-
ment function of the game, this way discovering 
that the algorithm can be used in different ambits. 
On the other hand, the contribution of Rosemberg 
is the application of the algorithms in engineering, 
which process provides substantially the optimi-
zation of functions on industrials works. To solve 
problems using genetic algorithms is indispensa-
ble make use of the chromosomal representation 
of the population.

•	 The way to create the initial population.
•	 An assessment function.
•	 The genetic operators.

The assessment of the parameters that the algo-
rithm uses (M. Cerrolaza).

The first item refers to the importance to code 
the design of variables of strings in finite length, as 
resemble in the genetic the chromosome strings, 
but in the algorithms must be realized from any 
kind of alphabet, which in this case the binary 
code is used. The second aspect is about the elec-
tion of the population, this selection should be ran-
dom. The third ambit in the genetic algorithms is 
the linking of the algorithm with the problem to 
be solved, it means, the exposition of one of the 
chromosomes to the function of merit, which indi-
cates the reaction that is the reason of the success 
or the failure of the algorithm, and its applicability. 
The fourth aspect is the genetic operators that can 
be considered especially with the crossings, muta-
tions and generations, which produce a variation 
in the result. And the last factor in the algorithms is 
the assessment, which involves different elements 

that compose the algorithm and the process to be 
solved (size of the population, reproduction pro-
bability, etc.) Genetic algorithms are an adaption 
of the laws of the biology in the optimization and 
solution of several problems using the changes and 
the variations of the environment, where the situa-
tion is executed. The basic genetic algorithm needs 
fundamentally the following requirements to work:

Generation of the initial population

This is the starter element to elaborate a gene-
tic algorithm, therefore it is very important to ob-
tain the results. The selection of the population is 
random commonly, that is to say, choosing some 
characters of the string, it is important that the po-
pulation is enough big or long to and so is diverse 
and nurtured; but it cannot be too long because 
can produce problems in the code. It is very im-
portant to understand that the size of the popula-
tion affect the successful of the algorithm, due to 
the fact that a small population or a big one do 
not guarantee diverse solutions, for many theore-
tical the perfect size would be between 1 to 21. 
The population use to be chosen generating ran-
domly bunches, but also can be chosen throu-
gh a specific function or generate a portion of 
an individual an after that, create the search. The 
operator for selection is used for the selection to 
choose the best adapted individuals keeping the 
characteristics of the valuable solutions and hen-
ce the possibilities of reproduction are bigger, but 
in some situations the operator select those indi-
viduals that are not enough adapted because the-
se ones can contain useful information necessary 
for the solution. In the selection operator, exist 
two selection ways: By ranking “Developed by 
Whitley (1989) which consist in calculate the re-
production probabilities attending the ordination 
of the population by the adaptive value. And the 
selection by Tournament reports a computational 
value very low due to its simplicity. A group of 
t individuals are selected (commonly t = 2, bi-
nary tournament) and a random number between 
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0 and 1 is generated. If this number is less than 
certain threshold k (usually 0.75), the individual 
with the best adaptation is selected to reproduce 
and if the number is less than K, the individual 
with the worst adaptation is selected.

Representation of the individuals

The main types of representation can be classi-
fied as follows:

•	 Binary: where each gen of the chromoso-
me is a bit (0 or 1).

•	 Example: 010011000. Integer: Where each 
gen of the chromosome is an integer.

•	 Example: 106-107-108. Real: Where each 
gen is a real number.

•	 Example: 1.28-3.26-5.23

Permutation: Where each gen is an integer num-
ber but cannot be repeated in the chromosome. 
Codification scheme: The genetic algorithms are co-
dified as the genetic strings; with the purpose of ge-
nerate genotypes and phenotypes (rizar Mesa, 2014)

The genotype of an organism is the total sum 
of all the genes it inherited, it is a pattern or a 
kind of model designed to serve as a guide for 
the development of the organism, so that it be-
comes the same kind of being the parent or pa-
rents of the proceeding. At the cellular level, the 
genotype is the model that guides the develop-
ment and activities of the cell and is transmitted 
to daughter cells when the cell divides more. The 
phenotype of an organism includes factors such 
as physical appearance, biochemical processes 
occurring in the body and behavior, and living in 
a world and interact with others. In summary, the 
phenotype of an organism is how it looks to ob-
servers.It means, give possible solutions to several 
problems, optimizing such solutions, transmitting 
it from generation to generation looking for the 
most suitable, that is the reason why the genetic 
algorithm needs to use a simple alphabet –that 
generally is the binary code– and

The variables that represent the parameters of the 
problem must be discretized to represent it with string 
bits. It must be used enough resolution able to ensure 
that the output has a suitable level of precision. It is 
assumed that the discretization is representative of the 
objective function. (Zimmermann, 2013).

The crossing: it is a mechanism of analysis and 
interpretation of data, which is used to obtain a 
screening of the information of the populations and 
makes multiples mixtures until create better indivi-
duals, each time more adapted to the conditions. 
There are many methods for those combinations:

The crossing point, where a point is selected in 
the string of the parents, the genes are crossed to 
the left. In the n point crossing, many positions in 
the string of the parents are chosen and the genes in 
each side of the position are crossed. In the uniform 
crossing, it is decided which of the parents assume 
each position of the string. It is important taking into 
account in the crossings, that the good features must 
be inherited or such crossings must not leave that 
the children have worst features that their parents.

MUTATION

Mutation intends to produce fundamentally inno-
vating solutions since the alteration of some genes 
in an existent solution to promote the variability in 
the population, creating an element of randomness 
in the environment of the population. To realize 
mutations, it can be since the most elemental way 
in which each gen mutates randomly with totally 
freedom and independence, until complex con-
figurations where the mutation is realized taking 
into account some characteristics of the genes.

Schaffer & col. find that the effect of the crossing 
in the search is lower than the expected. They use 
the well-known primitive evolution, where the evo-
lutional process consists only of the selection and 
mutation. They also find that such primitive evolu-
tion exceeds to an evolution based on exclusively in 
the selection and crossing. (Goldberg, 2011).
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The mutation is constituted in one of the fun-
damental elements in order to prevail the popula-
tion and even that the conditions of adaptability 
are higher and better, some people consider the 
mutations fundamental for the heuristic exercise 
of the genetic algorithms.

Substitution of the population: With the cros-
sings and the mutations, appear new populations 
that are denominated the lineage or descendants 
that will create the new populations, such creation 
of new populations have three different ways:

•	 “When the numbers of individuals reach certain 
number, a subset of the population is removed 
containing the less adapted individuals.

•	 Each time a new individual is created in the po-
pulation, the less adapted is erased and the new 
one takes its place.

•	 Each time a new individual is created in the po-
pulation, a solution is deleted randomly inde-
pendently of its adaptation”.

•	 Referent to the stop criterion, this respond to a 
maximum number of descendants or to the reso-
lution time, or with the situation and condition of 
the population.

The conditions mentioned before constitute the 
simple genetic algorithms, but exist certain modifi-
cations to the same that will be described as follows:

CHU-BEASLEY ALGORITHM

The use of genetic algorithms in the solutions of 
determinate problems is a case of the metaheu-
ristic (canarias, 2013), General strategies to build 
algorithms that are above heuristics, and extend 
somewhat beyond, called metaheuristics, i.e., to 
solve a kind of general computational problem, 
using the parameters given by the user on gene-
ric and abstract procedures waiting a manner effi-
cient. Typically, these procedures are heuristic. 
Due to the fact that it works under the computatio-
nal system, that is why we talked about the simple 
genetic algorithms described previously; however, 

it appears new modification in these algorithms, 
which are not going to be described in this re-
search. This work is focused in a specific algorithm 
due to the features of the problem and its optimi-
zation, the algorithm is known as the Chu-Beasley 
algorithm. This algorithm consists fundamentally, 
in a modification of the simple genetic algorithm 
with some additional considerations that allow a 
higher optimizing of the possible solutions.

The algorithm must satisfice some characteristics:

•	 The initial population must be totally heterogeneous.
•	 The selection process is by tournament.
•	 The recombination generates two children; one 

of them will be selected through any criteria.
•	 The Chu-Beasley algorithm must have two alterna-

tive parents for the selection by random lottery, the-
se two alternatives are crossed, obtaining a child 
alternative, if is possible, the mutation is applied, if 
not, it must be repaired with a reparation method to 
acquire an observable alternative that achieve the 
necessary number of zeros in the population.

•	 In each insistence, only one individual is ente-
red to the population, taking into account the 
next parameter: The current alternative or resul-
tant will be replaced by a worse alternative of the 
existent population. Moreover, if the resultant al-
ternative is not better than the worse alternative 
of the existent population, this one will not be 
taking into account and will be discarded.

OPTIMIZING OF THE VEHICULAR 
ROUTING USING THE CHU-BEASLY 
GENETIC ALGORITHM

The case of Super Almacenes Olímpica 
(SAO), Bogotá, D.C.

Taking into account the importance of the genetic 
algorithms in the optimizing of the resources and 
process, following, it is established a case based 
on the vehicular routing (Pessoa Artut, 2011)and 
the optimizing of it, applying the Chu-Beasley ge-
netic algorithm.
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Geographical framework
The case of study will be applied in the Bogotá 
city because is the capital of Colombia, this me-
tropolis counts with many industrial areas, gathe-
ring centers, warehouses and other commercial 
activities; in the same way, the growing of the ca-
pital in the last years has been significant, which 
has generated an exponential territorial extension, 
causing mobility problems and transport (Clau-
dia Archetti , Martin W. P. Savelsbergh , M. Grazia 
Speranza, 2006), for that reason it is imperative for 

some warehouses that have to distribute their pro-
ducts, to optimize the routes and guarantee effecti-
veness and efficiency in delivery.

Bogotá D.C is divided in twenty locations (See 
figure 1), such division allows to establish travels 
and measure the distances, and also set up routes 
due to the distances and the security and mobility 
problems.

Taking into account the amplitude of the Co-
lombian capital, for the case that is going to be 
developed in the present work, the vehicular 

Figure 1. Map of Bogotá, D.C. by locations.

Source: (Bogotá, 2014).

routing is going to be executed in three of the 
twenty locations, supporting them in the distri-
bution of the products of one of the most impor-
tant chain warehouses of the city. In this sense, 
the optimizing of the vehicular routing (Grutt-
ner & Pinninghoff, 2009) will be realized in the 
distribution of products of Olímpica warehou-
ses that have the mission of: The Olympic Sto-
res born in the Colombian Atlantic Coast in the 
hands of the Char family, which starts especially 
drugstores that quickly become chain are one of 
the first stores to build the format superstore, i.e., 
in one place offer all kinds of items needed for 

homes, drugstore, fruits, vegetables, food, restau-
rant, appliances, etc. Today it is one of the few 
stores that do not have foreign capital in Bogotá, 
is from the eighties offering service. The Super 
Almacenes Olímpica (SAO) are very appreciated 
in the capital, for the monthly promotions that 
realize a their low prices that are specially offe-
red to the people who are joined to Compensar; 
likewise, the mall of food, which is very concu-
rrent, therefore, every day, the restaurants should 
receive supplies coming from other regions, and 
they are distributed by trucks in routes by locali-
ties (See figure 2).
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As it was mentioned before, for the concrete 
case of the application of the Chu-Beasley algo-
rithm in the vehicular routing of the SAO ware-
houses, fourteen (14) warehouses (See figure 3) are 
going to be used, which are located in Chapinero, 
Barrios Unidos and Teusaquillo as follows:

RESEARCH METHODOLOGIES

Description of the problem

The Super Almacenes Olímpica (SAO) must do 
many daily routs to carry the products to the 

Figure 2. Location of the SAO warehouses in Bogotá, D.C.

Source: (Tiendeo.com | Gran Vía 395, 2013).

Figure 3. Sample of the warehouses.

Source: (Tiendeo.com | Gran Vía 395, 2013).
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warehouse, the drugwarehouse, the restaurants by 
all the city, such products are delivered by trucks 
that supply the warehouses of the different loca-
tions. Only one truck distributes the products to 
the localities of Chapinero, Teusaquillo and Barrios 
Unidos, this starts from a X central, these centric 
locations have the majority of the offices, malls, 
and also have two difficulties, by one side is the 
mobility and in the other hand the concentration 
of the population; for that reason it is necessary 
to optimize the vehicular routing, improving the 
times and realizing faster deliveries. The SAO en-
terprise count with vehicles for the distribution of 
their own brand (Brand Olympic), in the entirely 
city of Bogotá, D.C., due to the huge size of the 
warehouses, the distribution in the urban area and 
taking into account the problematic of the trans-
port in Bogotá, it is indispensable to divide the de-
livery of the products, nevertheless, due to these 
measures taken, the delivery process remains slow 
in the delivery of their products to the warehouses, 
and there is not any standard to follow, and that is 
why their deliveries still are unsuccessful.

To achieve the optimizing of the vehicular rou-
ting, the Chu-Beasley genetic algorithm will be 
used to find the best route and in this way impro-
ves the times in the deliveries.

For the problem of the vehicular routing, the 
traveling salesman problem will be taking into ac-
count, thus:

The vehicular routing problem (VRP) has seve-
ral applications in many industries. Some of these 
applications can be seen in the enterprises that dis-
tribute perishable foods and drinks, in the public ser-
vices, logistic operators, garbage collection, postal 
service, etc. In concrete, the VRP came up as a ge-
neralization of the traveling salesman problem. In 
this problem, a traveler has to visit a group of cities, 
crossing for each one exactly one time, in order that 
the salesman returns to the city where he started in a 
shorter distance. When exist more than one traveler, 
we are taking about the m-traveling salesmen pro-
blem. (Quintero, 2012).

Apparently, the distribution should be by loca-
tions, but it is not very efficiently doing it in that 
way, this is because the distribution of the warehou-
ses is not uniformly distributed in each location, for 
example, in the location of Chapinero exists 10 su-
permarkets, meanwhile in the location of Teusaqui-
llo there are only 2. As a probe case, a sector guided 
by the map is going to be taken and the location 
of the different warehouses. The sector is taken by 
parts from the locations of Chapinero, Barrios Uni-
dos and Teusaquillo with 14 headquarters in total.

PROCEDURES AND ALGORITHMS

To reach the optimizing of the vehicular routing of 
the Super Almacenes Olímpica in the locations of 
Chapinero, Teusaquillo and Barrios Unidos, the pro-
cess will begin making the measures of the distan-
ce between each one of the 14 warehouses, where 
the optimizing of the vehicular routing will be im-
plemented. To measure the approximately distan-
ces between the different headquarters, it was used 
the “Distance Measurement Tool” from Google, 
which allow to measure an approximately distance 
between two points (See figure 4). For this specific 
case, it has to be taking into account the routes of 
the Bogotá city, it is established that the distance [A-
B] is different to the distance [B-A], for this reason, 
the number of possible combinations for this case is 
given by n, where n is the number of headquarters.

CODIFICATION

Generally, it is used the binary code to realize the 
codification of the population, however, for the 
Travelling Salesman Problem (TSP), this kind of re-
presentation it is not very suitable. An entirely co-
dification is use for each one of the headquarters 
that goes from the 1st until the 14th , that is way the 
chromosome	would have 14 genes (14 headquar-
ters), each number represents the name of the wa-
rehouse or headquarter, according to table 1.

Table 2 presents an example of one of the chro-
mosomes or possible solution for the proposed 
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Figure 4. Distance measuring.

Source: (Google, 2005).

Table 1. Addresses from the sample warehouses.

Warehouse Code Address
Headquarter 1 1 cr 40 # 22c-10
Headquarter 2 2 cr 13 # 56-59
Headquarter 3 3 cll 63 # 16-25
Headquarter 4 4 cll 63a # 16-55
Headquarter 5 5 cll 64 # 11-05
Headquarter 6 6 cl 72 # 13-85
Headquarter 7 7 cr 7 # 82-82
Headquarter 8 8 Cr 24 # 63f-55
Headquarter 9 9 cr 72 # 53-12
Headquarter 10 10 cll 69 # 44-20
Headquarter 11 11 Av La Esperanza # 69-07
Headquarter 12 12 Dg 40 # 45A-04
Headquarter 13 13 Cll 53 # 28-05
Headquarter 14 14 Cll 67 # 10-22

Source: own work.

Table 2. Chromosome 1.

Gen1 Gen2 Gen3 Gen4 Gen5 Gen6 Gen7 Gen8 Gen9 Gen10 Gen11 Gen12 Gen13 Gen14
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Source: own work.
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case. Each gen# indicates the order of the head-
quarter within the route (chromosome), and the 
associated number indicates the number of the 
headquarter from the chromosome.

You must take into account that when you 
analyze the aptitude assessment of the chro-
mosome as a feasible solution, you should add 
the routes that are between each of the head-
quarters according to the order described in the 
chromosome. This can be done using the data 
from table 3.

Distances table

Table 4 presents the distance between each of the 
headquarters, the data is represented in kilometers. 
You must take into account as stated before, for this 

case the distance of [A,B] is different to the distan-
ce [B,A], this is due to the different conditions of 
transport in the city, where most of the times differ 
in big size these two distances. The data provided 
in table 4 was extracted using GoogleMaps (“Dis-
tance Measurement Tool”) to approximate the dis-
tances among the geographical locations of each 
warehouse.

Selection method

As a selection method we use the selection tour-
nament method, for this case were selected ran-
domly couples of individuals to compete against 
each other and the most suitable according to the 
aptitude assessment will be able to be part of the 
next generation with their genes intact.

Table 3. Chromosome 2.

Gen1 Gen2 Gen3 Gen4 Gen5 Gen6 Gen7 Gen8 Gen9 Gen10 Gen11 Gen12 Gen13 Gen14
14 10 3 4 11 6 7 13 9 1 8 12 5 2

Source: own work.

Table 4. Distances of the fourteen warehouses.

1 2 3 4 5 6 7 r 8 9  10 11 12 13 14
Headquarter 1 0 3,19 3,46 3,54 5,5 5,68 7,12 4,45 2 4 3,77 1,48 2,06 5,7

Headquarter 2 3,25 0 0,7 0,78 0,8 1,75 2,83 1,68 5,56 2,83 5,38 3,03 1,45 1,08

Headquarter 3 3,03 0,78 0 0,08 0,58 1,24 2,61 0,86 4,93 2,07 4,97 2,82 1,37 0,88

Headquarter 4 3,52 8,1 0,08 0 0,55 1,12 2,51 0,89 4,94 2,03 5,03 2,95 1,45 0,78

Headquarter 5 3,86 0,85 0,59 0,52 0 0,95 2,11 1,26 5,35 2,38 5,47 3,33 1,84 0,4

Headquarter 6 4,6 1,8 1,21 1,14 0,96 0 1,51 1,21 5,17 1,97 5,65 3,9 2,56 0,74

Headquarter 7 5,95 2,84 2,58 2,48 2,13 1,48 0 2,66 6,44 3,24 7,01 5,36 3,94 1,77

Headquarter 8 3,69 1,7 0,91 0,89 1,26 1,23 2,72 0 4,15 1,14 4,44 2,8 1,7 1,37

Headquarter 9 5,12 5,6 4,93 4,96 5,4 5,2 6,48 4,15 0 3,24 2,02 3,75 4,56 5,55

Headquarter 10 4,26 2,84 2,04 2,03 2,35 1,96 3,28 1,13 3,2 0 3,97 3,06 2,51 2,39

Headquarter 11 3,77 5,39 4,95 4,96 5,56 5,62 6,88 4,31 2,1 3,92 0 2,63 4,02 5,65

Headquarter 12 1,42 3 2,84 2,93 3,38 3,91 5,42 2,78 3,74 3,08 2,68 0 1,58 3,7

Headquarter 13 2,04 1,41 1,35 1,45 1,84 2,55 3,96 1,69 4,55 2,52 4,04 1,59 0 2,19

Headquarter 14 4,19 1,12 0,85 0,75 0,35 0,74 1,81 1,37 5,53 2,4 5,73 3,69 2,19 0

Source: own work.
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Size of the sample
It is used the probabilistic sampling method "simple 
random sampling", as a method for sample selec-
tion. Equations (1), (2) and (3) are used to compute 
the size of the sample. All of them rely on the finite 
property of the population.

	    	 (1)

The possible combinations are given by the fac-
torial of n (i.e., n!) Therefore it is not feasible to 
compute the total population (N), so we have that 
N = n! , where n corresponds to the number of 
headquarters of the case to analyze.

Where

	  	  (2)

N = 14! =	 87178291200
N-1 =	 87178291199
Z =	 1,96
Z2	 3,8416
Q	 0,5
Q2	 0,25
E = 95% =	 0,05
E2	 0,0025

	  	  (3)

Replacing

	

87178291200	 ∗ 	0, 25	 ∗ 3, 8416
�87178291199	 ∗ 0, 0025� 	�	�0, 25 ∗ 3, 8416�2� 

N = size of the sample	  
N = 85, 1204
Now, the work will be realized with a sam-

ple of 386 individuals from a population of 
87178291200. (Condori, 2014).

CHROMOSOME

According to the size for the calculation of the 
sample, 386 chromosomes are selected randomly, 
and we will call it as the initial population (P0). P0 
is referred in the file PoblacionesGeneradas.xlsx 
on the sheet Poblacion Inicial.

The calculation of the aptitude for each indi-
vidual is realized. This is achieved using the data 
distance indicated in table 4. For this, we take the 
number of the gen1 (that represents a headquar-
ter) and the distance from gen2, the distance of 
the gen2 with the gen3 and thus successively un-
til gen14, where is set the distance with the gen1, 
and at the end, the entirely of the distances be-
tween the genes are summed up, this result indi-
cates the total distance traveled by a vehicle X for 
all the headquarters, returning to the headquarter 
where it started. An example of this is presented 
in table 5.

Table 5. Example of aptitude of the chromosome.

Gen Number (i) Gen1 Gen2 Gen3 Gen4 Gen5 Gen6 Gen7 Gen8 Gen9 Gen10 Gen11 Gen12 Gen13 Gen14
No of headquar-
ter

13 4 3 14 5 7 11 6 1 10 8 12 9 2

Distance km 
between Gen 
sub(i) and the gen 
sub(i+1)

1,45 0,08 1,12 0,35 2,11 7,01 5,62 4,6 4 1,13 2,8 3,74 5,6 1,45

Source: own work.

Total Distance Traveled = DTR = Suma ([Gen1,Gen2] + [Gen2,Gen3] +…………… + [Gen14,Gen1]) DTR = 41,06 km. In this 
way you will have that for the previous chromosome the calculation of its aptitude is = DTR = 41.06 km.
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As a method of selection, we will use the tour-
nament deterministic method, where after having 
the initial population (P0), we will select random 
couples that will compete against each other to de-
termine who will pass to conform the next popula-
tion (P1), the criterion to define the winner of the 
tournament is by the adding between each of the 
genes, and it is selected that one, which distance 
is the shorter, that is to say, calculating the aptitude 
of each one of the genes, the most suitable will be 
the one of lower DTR (Granada, 2014).

Step followed, the genetic operator of crossing 
will be used. Given the big multitude of algorithms 
of crossing and after the assessment of the most re-
levant, it is decided to initially use the algorithm 
of crossing of 1 point. In this step and taking into 
account the essence of the algorithm used for the 
crossing of a point, came up the need of adding a 
new method of reparation, which guarantee that 
after the crossing, the resultant chromosome co-
ver all the headquarters without exception, which 
would guarantee the uniqueness of their genes.

Crossings in order (OX)

This crossing consists of randomly selecting a subs-
tring of a parent A. That substring will be given to 
the equal son, that is, same genes, same order. The 
genes of the substring of the parent A are removed 
from the parent B, the remaining genes of the pa-
rent B will be those that are missing in the son. See 
figure 5 for an explanation.

Figure 5. Crossing OX.

Source: (Rodriguez Gonzales , 2010).

Mutation operator

The mutation operator will be applied at a rate of 
1.04% of the population, which is equivalent ac-
cording to the population P to 4 individuals, this 
value will be constant in each generation (ycien-
cia, 2014).

Replace of the population

Now, it will be obtained a population P(temp), 
with a number of individuals equal to the P(0) 
(current population), for this, is applied a repla-
cing, taking into account the population obtained 
during the application of the different operators 
that we will call P(temp) and the current popula-
tion P(0) which we will call P(i). The replacement 
will be used to obtain the new population P(i+1), 
taking into account the following restriction:

Each individual from P(temp) will be part of 
the new population P(i+1) if and only if, its apti-
tude assessment is better than the aptitude assess-
ment of an individual from P(i), otherwise it will 
not be taken into account. After analyzing the to-
tality of the individuals from P(temp), we will ob-
tain the new population P(i+1), this population 
will return to the beginning of the iteration and 
thus until the stop criterion.

Stop criterion
As stop condition, it is established a condition 
of number of iterations, which is composed as 
follows:

•	 In each iteration is saved the individual who-
se aptitude assessment will salient (in the case 
when more than one individual exist with the 
best assessment, only one will be selected ran-
domly). This individual will be maintained un-
til another one with better aptitude assessment 
replaces it.

•	 After 1000 iterations the process will end, and 
displays the chromosome with better aptitude.
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Flowchart
The following are the steps taken by the G.A. A flow-
chart representation is provided in figures 6, 7 and 8.

1.	 Start with an initial population, which is rando-
mly generated.

2.	 Aptitude assessment of each individual.
3.	 Apply the operators (Selection, crossing and 

mutation).
4.	 Generate the new population.
5.	 Go to step 2 until the stop condition be 

satisfied.
6.	 When the stop condition is accomplished, return 

to the best individual found.

Figure 6. General flow diagram.

Source: own work.

Figure 7. General operators.

Source: own work.

Figure 8. Replacement.

Source: own work.
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RESULTS

Developed software

To automate the process, a console application in 
.NET with framework 3.5 was developed. Althou-
gh there are specialized software for this kind of 
problems such as Prolog and Lisp that were the 
first choice consulted, but the first one was se-
lected because of the names of the authors of the 
work to the syntax of the same. Figures 9 and 10 

show screenshots of the software. Following data 
were entered into the program genetic Algorithm.

Enter the number of population: 386. Enter the 
number of iterations: 1000 Please iteration: 1. 386 
vectors were created.

CONCLUSIONS

For a vehicle routing problem, the traveling sales-
man case, we have that for a number of 14 head-
quarters, the possible combinations of the problem 

Figure 9. Prolog program input.

Source: own work.

Figure 10. Mutation process and final iteration of the program.

Source: own work.
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is given by n!, Where n is the number of headquar-
ters. So we have that the time cost to evaluate the 
problem fully, it would take according to an analy-
sis approximately about 45,336 years. This is ta-
king into account the language used. For a sample 
of the population of 386 we have that the chromo-
some with better aptitude assessment after 1000 
iterations is. As shown in table 6.

Given the initial population, where big part of 
the population has an attitude assessment supe-
rior to 40 km, and only 3 chromosomes less than 
0.08%, hardly are below 30 km can be considered 

acceptable this mechanism, even we cannot gua-
rantee that it is the best option, but undoubtedly, 
considering the cost, it is very acceptable.
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Table 6. Final chromosome.

Gen 1 Gen 2 Gen 3 Gen 4 Gen 5 Gen 6 Gen 7 Gen 8 Gen 9 Gen 10 Gen 11 Gen 12 Gen 13 Gen 14 Distances 
Total /km

11 12 1 13 2 7 5 4 14 3 6 8 10 9 23,44

Source: own work.
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