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Abstract: In the event that there is a requirement to provide maintenance with a service intervention somewhere in the 
area, it is necessary to select a service team which is optimal for the given task for all the assessed aspects. In this article, 
tests and methods based on TSP principles have been developed that are able to optimize route selection between key 
points. Due to the complexity of algorithm design, two approaches have been validated. The "Brute Force" method, which 
can provide information on the choice of the optimal route according to the specified parameters, and the "Nearest 
Neighbour" method, which is able to quickly calculate a large group of intermediate points, but only provides sufficient 
results. The aim was to create a methodology, guidance, and direction in evaluating route selection. That is why two 
basically opposed methods of TSP solution have been chosen, modified by the authors into a form suitable for 
implementation on virtually any platform. Although the design and program implementation was based on the MATLAB 
platform, no proprietary functions and libraries are used and the entire software design is implemented without the need 
for their use. 
 
1 Introduction 

Distribution logistics is an important part of logistics 
chain, as it enables the final distribution of products to a 
large number of end customers and the provision of related 
services. 

The term distribution logistics refers to the circulatory 
processes provided by the enterprise. Distribution logistics 
is responsible for the location and determination of the 
type, equipment and number of warehouses, type of 
assortment, quantity of supplies, packaging of products, 
organization of transportation, etc. Last but not least, the 
determination of the logistics unit. The logistics unit is the 
largest amount of transportable goods that can be further 
subdivided. It plays an important role in international and 
domestic transport. Its unification achieves savings and 
accelerates the movement of goods. 

The goal of distribution logistics is to ensure that the 
product is properly placed on the market in the best 
possible way, with optimal costs. Therefore, distribution 
logistics should only address a certain segment of a 
particular circulatory process, as one of the components of 
marketing logistics. The so-called distribution policy 
serves her. We can define it as a set, the process of all 
decisions that must be made in relation to a product or 
performance path from the manufacturer to the final 
consumer or processor. Thus, the role of distribution policy 
is to decide on how to create optimal relationships between 
production and consumption, as well as optimal 
distribution links. 

 

2 Logistics in providing maintenance and 
service  

The issue of distribution logistics must also be 
addressed in the area of maintenance and service processes. 
In particular, the following factors affect the organizational 
forms of maintenance and repair activities [1]: 
• the number of independent manufacturing companies 

and firms and their size, 
• territorial distributed units, 
• the number of installed production facilities and their 

structure, 
• the technical complexity of the equipment and the 

resulting complexity of technological, technical and 
economic preparation of maintenance and repair 
operations, 

• the complexity and sophistication of operational 
control of maintenance and repairs. 
 
Although practice very often seeks to define and 

subsequently apply some type of organizational solution - 
such a general and universal solution does not exist nor 
would such an organizational scheme be useful. There is 
no general system that could be used by small, medium or 
large enterprises, as well as by enterprises with advanced 
management or with completely underdeveloped 
management, or enterprises with already built technical 
repair facilities, or enterprises with incomparably lower 
equipment, because everyone it has its specifics both from 
a technical and technological point of view, and of course 
it has an influence on the system for maintenance and 
repair activities [2]. 
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In order to effectively control multiple service groups 
on a large area, it is always necessary to choose which 
group will intervene. This decision depends on several 
conditions that need to be considered.  

The most important decision factors are: 
• Distance of service team from service area. 
• Time of arrival to the place of service. 
• Distance of service team from parent service centre 

after arrival to service area. 
• Priority of service intervention. 

 
If there are more service groups in the terrain or if there 

are several service centres in the area (Figure 1), the actual 
distance of the service team from the service intervention 
decides on the exit. 

 

 
Figure 1 Evaluation of the distance of the intervention site from 

the current service team position 
 
Of course, this value is important, but it says nothing 

about the real distance that a service team will offend. The 
parameters, that defines arrive time, must also take into 
account the route, that service team travel distance. This 
step has proved to be a very complex problem with a highly 
developed scientific background. In short, the issue of the 
so-called "sales representative" and the methods of 
solution is a large quantity [3]. 

It is also necessary to take into account that if the 
closest team is chosen as a suitable team, it can reach such 
a distance from its service centre that the total distance 
travelled is no longer profitable [4,5].  

This is also related to the priority of the intervention 
(Figure 2), which will be crucial in evaluating the selection 
of a service team. Priority may be the urgency of the 
service action, the quantified loss on equipment, the 
quantified loss counting the entire logistics chain, etc. [6]. 

During maintenance management it is necessary to 
minimize the logistic delay of individual downtime and 
therefore it is also necessary to pay attention to logistics 
issues in the field of maintenance. For preventive 
maintenance, maintenance personnel must pay attention on 
various sites located in different parts of the enterprise. 
This requires planning the optimal path to ensure efficient 

use of service time. In the case of corrective maintenance, 
when multiple failures are reported in a single time period, 
the service team must decide on the sequence of restoring 
the failures to service. One of the partial factors of this 
optimization task is the magnitude of the logistical delay 
caused by transport to the place of intervention. To 
optimize routes, it is possible to take advantage of the 
traveling salesman problem. This method is a key 
parameter in minimizing the logistic delay, which 
significantly affects the total length of time the objects will 
be restored after a failure. This is positively reflected in the 
economy of the company [7]. 

 

 
Figure 2 Prioritize service events 

 
3 Traveling Salesman Problem 

The issue of finding the optimal route is not just a 
domain of logistics. Traveling Salesman Problem (TSP) is 
very similar to the issue addressed by routing protocols in 
data networks. For low number of intermediate points, it is 
possible to apply simple algorithms [8-10], which are not 
very effective, but are fast, computational and low-memory 
and will fulfil their task. If you need to find out the optimal 
route, for example, using the "brute force" method, you 
will have to take into account the very high memory 
requirements, as well as the high CPU load. The "brute 
force" method passes through every possible option and 
selects from it the best parameters [11]. 

The TSP problem is, to say the least, the assignment 
that defines that business travellers must promote products 
in n cities (including the city where they live). After 
visiting each city (each city can be visited only once) it will 
return to the default city of departure (option of return with 
return to starting position). Suppose there is one way to 
connect each two cities. So what's the best way, with a 
minimum journey time? It has been shown that TSP is 
generally a complex problem, i.e. finding a time 
polynomial algorithm to achieve an optimal solution. TSP 
is easy to interpret, but it is very difficult to solve. This 
problem has been arousing the interest of many scientists 
for a long time, although it was presented in 1932. 
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However, so far no effective solution has been found. 
Although TSP is only the shortest circuit problem, there are 
many real TSP related problems in real life [12-14]. For a 
better understanding of the issue, possible examples will be 
explained in the following. 

Example 1. - Mail route. Mail delivery is very closely 
related to the TSP issue. Suppose a mail car needs to collect 
mail in n locations. Under these circumstances, you can 
view the route using a drawing containing n + 1 nodes. One 
node means the post office, from where this postal car 
leaves and returns. The remaining n nodes are nodes that 
need to collect shipments. The aim is to find the shortest 
route while neglecting to optimize the route, taking into 
account the time lag, fuel consumption, or the need to pay 
tolls [15,16]. 

Example 2. - Mechanical Arm. When the mechanical 
arm is used to secure the nuts and bolts on the assembly 
line, this mechanical arm will move from its initial position 
(position where it is necessary to fasten the first nut) to 
each nut in the correct order and then return to its starting 
position. The path that moves the mechanical arm is the 
path that contains the nodes - individual assembly keys. 
The most economical route will allow the mechanical arm 
to complete its work in the shortest possible time. 

Example 3. - Analog circuit of an integrated circuit. 
Often, thousands of separate electronic components need 
to be inserted during integrated circuit manufacturing. 
When switching from one electronic element to another, 
some energy is consumed. So how is it possible to arrange 
a production order for minimum energy consumption? This 
is also a solution for TSP. 

In addition to the examples above, the issues associated 
with finding the shortest route are linked to issues such as 
the layout of the transport network, the choice of a walking 
path, the laying of the pipeline needed for city planning, 
and engineering structures, etc. Because finding a solution 
for TSP plays an important role in real life, much attention 
is being paid to this issue [17-19]. 

 
The mathematical description of problems TSP 
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where dij is the distance between the city i and the city 

j, the decision variable xij = 1 is the route made by the 
business traveller (including the route from the city i and 
the city j), xij = 0 is the route not made by the passenger. 

| S | means the number of elements contained in the S set 
(1).  

 
The objective function (1) defines the total minimum 

distance, z (2) shows that a business traveller can only 
leave the city once, (3) defines that a business traveller can 
enter the city only once. It can be seen from (2) and (3) that 
business travellers visit each city once, but do not exclude 
the possibility of any loop. Definition (4) specifies that a 
vendor should not create any loop in any subset of cities 
[20]. 

 
4 Evolutionary algorithm for TSP solution  

As mentioned above, traditional algorithms used to 
solve TSPs have some significant limitations. With the 
advent of evolutionary algorithms, many new numerical 
optimization algorithms appear [21]. These algorithms are 
to some extent random search algorithms. ACA and PSO 
are typical parallel algorithms, although they cannot 
guarantee that they will obtain an optimal solution in 
limited time, they can provide a satisfactory solution within 
an acceptable time frame. In order to determine the effect 
of the solution for the TSP obtained by the optimization 
algorithm, it is necessary to consider the search capabilities 
of the search algorithm. For example, a strong optimization 
algorithm will have a better effect, while an algorithm that 
easily gets stuck in a local extreme often helps to obtain an 
optimal solution for a TSP of a local nature. An example 
of an evolutionary algorithm for solving TSPs is the Ant 
Antony Algorithm. 

Ant Colony Algorithm (ACA) is a relatively new 
evolutionary algorithm presented by the Italian scientist 
Dorigo. He called it the "ant system" and achieved a 
relatively good experimental result with it. As for ACA, n 
represents the number of cities for TSP, M represents the 
number of ants in the colony, dij (i, j = 1,2,…, n) represents 
the distance between the city and the city j, τij (t) represents 
the pheromone concentration on the route between cities i 
and j in time t. The initial condition at time t = 0 is the 
concentration of pheromone on each route equal, 
respectively τij (0) = C, where C is a constant. During 
movement in the colony, the ant (k = 1.2,…, m) determines 
which direction to follow, according to the pheromone 
concentration on each route. Pij

k (t) represents the 
probability of movement (choice) of ant from city i to city 
j at time t (6). 

 

��� !"# 
 $ %&'( !)#*&'+ !)#
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where prohibk (k = 1.2,… m) means that the ant has 

passed through the given city, with only one first at the 
beginning (default city). During the algorithm, the length 
of the prohibk variable increases gradually. The term allow 
k = {1,2,…, n} - prohibk defines another city, the direction 
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that an ants are allowed to. The quantity ηij represents 
visibility and is derived from the length of a given route 
between two cities i and j. The variables α and β affect the 
pheromone concentration τ and visibility η. 

Over time, pheromones on each route lose their 
intensity. The ACA algorithm uses the principle of positive 
feedback, which accelerates the evolutionary process and 
also allows the native use of parallelization calculations. 

The ongoing process of information exchange and 
communication between individuals helps to find a better, 
more effective solution. It is easy to focus on the local 
extreme when there is only one individual. Colony 
collaboration, however, allows several subsets of the 
solution space to be obtained that provide a better 
environment to implement another solution. The 
movement of individual individuals in the colony is 
random. In fact, the measures taken to exclude the 
possibility of local extreme occurrence slow down the 
speed of convergence. When the size of an anthill colony 
grows, it will take longer to find the best route. The 
principle of an ant colony is very popular today and many 
scientific papers are devoted to it. Many improvements and 
optimizations are available. However, it cannot be said that 
this algorithm was in the final stage of optimization. On the 
contrary, it seems that it is very suitable for the solution of 
TSP and is only at the very beginning of its journey [22]. 

 
5 Design of optimization method based on 

TSP principles 
5.1 Brute Force Method 

In principle, it is a method that can check all variations 
of routes and calculate their suitability index, resp. price, 
the English term "Cost". Each selected route has its own 
specific price. This is an analogy of data networks, where 
a route with the lowest cost is selected - cost, cost. This 
criterion was chosen as appropriate and therefore the cost 
of each route will be calculated. Both presented methods 
allow for a variable number of specific properties, 
parameters for each route, so there is no limitation in their 
number. However, the essential condition is independence 
from the direction of the selected route. The route price is 
therefore the same in both directions. This limiting 
condition is introduced for purely objective reasons, in a 
significant simplification of the algorithm. Directional 
constraint is very specific and not very utilized. Multiple 
algorithms can be created to calculate the path price. The 
current time, the dynamic path utilization, etc. can play a 
role. The cost of the trip in this case can be calculated, for 
example, by the relation (7). 

 9�:→< 
 ∑ = ∙ > � ��    (7) 
 
where ci is the price of the route between two points a 

and b, wk the weight of the specific route parameter i and 
σk determines the value of the specific route parameter i. 
The specific property, parameter such as route difficulty, 

static load, toll etc. is multiplied by the appropriate weight 
and the sum of all parameters determines route price. It 
should be borne in mind that, for example, a faster route 
will show a lower price because the lowest cost of the route 
is the criterion of optimality. Only the length of the route 
is taken into account within the algorithm, other features 
and weights have been omitted for reasons of debugging 
and clarity. The route length was calculated in two-
dimensional space according to formula (8). 
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where ?�

:→< corresponds to the length of the route 
between points a and b, dX and dY are the distances 
between points in the X and Y axes, ax, bx, and y, would be 
the coordinates of the given axis for that point. Then the 
total length of the route ci between points a to n is the sum 
of the partial lengths li. 

 
The generated algorithm generates key points in the 

desktop automatically and randomly for testing purposes. 
Fixed points can generate overly optimistic results, and the 
algorithm could gravitate to optimize for a given point 
array in the face. Thus, the random distribution of key 
points helps to test the developed algorithm. The number 
of parameters of each route is defined and the area size in 
which the optimal route is sought is determined. These 
values correspond to the size of the business, the area 
where the service teams are located. 

Furthermore, the number of route points is defined, 
which significantly influences the solution time and the 
optimum route. 

Subsequently, the coordinates of the individual through 
points of the route, which are in the range 0; dimX and 
0; dimY. The result is a three-dimensional matrix with 
the depth of parameter + 1 and the rank of dimX, 
respectively dimY. 

The following is the "%% Start and End Point 
Definition" section, which aims to determine the starting 
and ending points of the route. No extra point is generated, 
both are selected from existing points. 

In real-time deployment, the starting position would be 
the current location of the service team and the end point 
instead of service intervention. In this case, a random 
generator of both points is created. 

A very important step is to create a matrix of all points 
(cities) on the map. 

In fact, the map_1 variable represents the entire area at 
a given resolution, and only in places where there are 
through points is the cell value set to 1. Individual points, 
including coordinates, are stored in trace_1. The procedure 
that passes all points in the matrix map_1 and stores them 
in the new variable trace_1 is named "%% Saving all 
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waypoints to trace_1 without optimization". Individual 
points are stored in the matrix in the order in which the 
procedure algorithm encounters them. The order of points 
is not optimized. 

The algorithm for finding the optimal route itself is in 
the section called "%% Finding the Shortest Way - 
BruteForce Method". The aim of the method is to find the 
optimal route by analysing each individual route 
combination. The condition is that the individual 
waypoints are not duplicated and the route passes from the 
starting point to the end point. The computing complexity 

is 
GMND

G
 operations, where n is the total number of through 

points. By simple calculation it is possible to find out that 
in case of 4 points of the route 2 combinations of points in 
the route will result. Two points are always fixed, that is, 
the starting and ending points. 

There is a lot of material describing the issue of 
combinatory such as here [23,24]. However, the 
combination creation algorithm is not directly listed. The 
most complicated part of the "Brute Force" method was to 
create a complete combination matrix where each line 
would represent one unique route from the starting point to 
the end point. To this end, a binary math based combination 
matrix method has been developed. The method is not 
optimized, it can create duplicate routes, but it does not 
change the result. The principle is based on the binary 
notation of the sequence of numbers presented in on the 
left. 

It is apparent from the binary notation that the ones and 
zeros create a pure combination structure. Thus, the 
method of the combination matrix method was that if the 
individual positions in binary expression were replaced by 
individual through points, it would be possible to 
effectively create their combination matrix. If we introduce 
binary expressions of numbers in the range 0, n as a 
matrix (e.g. matrix A), individual cells at the level of 
weights represent through points [25]. If a value of 1 is 
entered in matrix A at weight level 1, the through point is 
shifted one position to the left to be exchanged with its 
neighbour. Basically, the "swap" function is performed on 
the adjacent two cells of matrix A. In this way, the 
individual through points are "bubbled" to the right places.  

If the cell value of matrix A at the highest weight level 
is equal to 1, the outer cells are exchanged (right at 
Figure 3). 

 

 
Figure 3 Display of decimal numbers in binary form and route 

point migration method 
 
An example of the algorithm is shown in Figure 4, the 

coordinates of the through points are shown in Table 1 and 
an example of the combination matrix of the x values of the 
through points in Table 2. 

 

 
Figure 4 An example of the placement of 4 through points with 

the starting and ending points 
 

Table 1 Coordinate of through points 

Point order Y-coordinate X-coordinate 

1. 10 5 

2. 5 9 
3. 8 2 
4. 2 10 

 
Table 2 Combination of x-coordinate of through points 

 
 
 
 
 
 
 

 

A combination of X-coordinate points 

10 5 8 2 

10 8 5 2 

10 5 8 2 

10 5 8 2 
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The creation of the combinatorial matrix is dealt with 
in the program section called "%% Finding the Shortest 
Way - BruteForce Method". 

The output of this part of the program is the variable 
var_mapx and var_mapy, where all combinations of x and 
y coordinates of through points are stored. 

The following is the calculation of the length of the 
individual routes in the section marked with the heading 
"%% Calculate the length of individual routes". The 
lengths of each route are calculated according to formula 
(8). Path lengths are stored in the trace_2 variable 
unchanged. 

The following is the shortest route ("%% Finding the 
shortest path") by a simple algorithm by browsing the 
individual path length records. The output of the algorithm 
is mnm and mxm.  Examples of output routes when using 
the "Brute Force" method are see in the Figure 5. 
Computational testing also took place as part of the 
verification. See Figure 6 for details. This method is 
suitable for a low number of through points. With the 
number of points, computational complexity increases, and 
from a certain threshold, the method on conventional 
machines is unusable. Its main advantage is finding the 
optimal route, according to the given criteria. 

 

 
Figure 5 Example of output routes when using the "Brute Force" 

 

 
Figure 6 The computational complexity of the method "Brute Force"
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5.2 Nearest Neighbour Method  
Due to the limitations of the "Brute Force" method, it 

was also necessary to verify one of the methods, which, 
although not leading to an optimal result, will be applicable 
within certain compromises. One of these methods is the 
method called "Nearest Neighbour", respectively nearest 
neighbour. This method has been elaborated and modified 
for use by the author of this thesis to find the optimal path 
for the service team.  

Again, as with the previous method, two endpoints, 
default and endpoint, are selected. The method is based on 
the assumption that the ideal route choice will be through 
the nearest next point.  

The initial setting is the same as the previous method. 
A map of the area with through points is created. The area 
size is defined by the dimX and dimY variables. If there 
are not many through points (<6), they will be printed on 
the MATLAB application window. Following is the 
definition of the start and end points, the start and fin 
variables, then a simple matrix of all through points 
(trace_2) is created as they are stored, without 
optimization. Up to now, only the input data has been 
edited into an appropriate format for analysis. The core of 

the algorithm is the partition named "%% Nearest 
Neighbour method". In the cycle "% Calculate the length 
between the waypoints", the distance from the starting 
point to all the other points according to formula (8) is 
calculated. Only a simple distance between points is 
considered. Additional parameters are neglected. If these 
parameters are available, the calculation according to 
formula (7) and (8) is used. The nearest point (the "% found 
shortest route") to the starting point is marked as the 
starting point after the cycle is completed and the process 
is repeated. The output of this part of the algorithm is the 
newly arranged trace_3 matrix, where the route is already 
optimized. The following is the calculation of the total 
length of the route in the section called '% compute total 
route length' [26]. On Figure 7 are examples of output 
routes when using the "Nearest Neighbour" method. 
Computational tests were performed as part of the 
verification. See Figure 8 for details. This method is 
suitable for both low and high throughput points. The 
number of points increases the computational complexity 
of the method linearly. Its main disadvantage is only 
approximate optimization of the route, according to the 
specified criteria. 

 

 
Figure 7 Example of output routes when using the "Nearest Neighbour" 
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Figure 8 The computational complexity of the method Nearest Neighbour 

6 Conclusion 
In the paper, two approaches to the optimal route using 

TSP were presented. Two solutions were chosen, the 
"Brute Force" method and the "Nearest Neighbour" 
method. The "Brute Force" method provides better results 
from the optimal route selection, but is only suitable for 
low through points. The algorithm created in MATLAB 
was able to optimize the route with a maximum of 22 
through points in reasonable time and with enough 
memory. The output of the algorithm is the optimal route, 
determined according to the parameters of individual 
routes between neighbouring points. 

Although the "Nearest Neighbour" method does not 
provide the optimum route from the starting point to the 
end point compared to the "Brute Force" method, its 
computational complexity is of the order of magnitude and 
is also capable of handling thousands of waypoints. 

As you can see from the pictures, the "Nearest 
Neighbour" method gives a good or a good comparable 
results with the Brute Force method for a low number of 
through points. A higher number of points shows 
insufficient optimization of the algorithm and a temporary 
jam in the local extreme.  

It is important to realize that the data used was of 
random nature within objectivity and it is likely that the 
results of the Nearest Neighbour will be better when using 
real position data. 

The aim is to transform the localization data into a 
simpler form, to create a time link to the location data and, 
in particular, to optimize the intervention of the service 
teams according to their current location and priority of the 
intervention. The output is a system of original algorithms 
and procedures that can be part of the maintenance process 

optimization. The developed methodology can be deployed 
in industrial and non-industrial processes. It can be 
assumed that good maintenance management with good 
work management can significantly reduce the likelihood 
of production equipment failures and prevent additional 
costs. 

The data processing algorithms created are inherently 
unique, even though they are based on the previously 
described theories. Both presented optimization methods 
are adapted for the needs in the field of service team 
management (or in other areas where intervention is 
needed at given time with given priority). The methods are 
optimized (from the program code point of view) with 
regard to current needs and computational complexity, 
which is the main scientific contribution. 
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