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1. Introduction

The task of choosing the optimal route remains an important challenge in the modern world, as
it serves to solve diverse and dynamic tasks. Many industries, including logistics, transportation,
travel and commercial services, emergency management, and more, rely on this process to maximize
operational efficiency and reduce financial costs [1-3].

Optimal route selection is associated with complex factors that may change according to
constantly variable circumstances. For instance, optimal route selection in logistics may involve
finding a path that reduces fuel costs while ensuring timely delivery. In the transportation sector, the
goal might be to discover the fastest possible route. In emergency management, a quick and optimal
route can become a defining factor, as it depends on how quickly an ambulance can reach its
destination to save lives.

Route optimization requires consideration of many factors, including topological and geographic
factors, traffic density and road conditions, weather conditions, cost-effectiveness, and more [4].
Therefore, the problem of selecting an optimal route remains relevant today as it is closely related
to the effective functioning of many industries.
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The rapidly growing demand for comfortable and fast service, as well as adherence to the
principles of green transportation and low energy consumption, forces companies to constantly seek
more efficient and optimal routes. Thus, the task of choosing the optimal route is not only about
economic efficiency but also about ecological and social responsibility [5-6]. This adds relevance to
the research of the problem.

Given the relevance of the topic, our goal is to create an algorithm for selecting optimal routes
that take multiple criteria into account. The contribution of the authors in the paper lies in the
development of an optimal route selection algorithm and software that takes into account a variety
of industrial needs. The novelty of the paper lies in the consideration of multiple criteria, which makes
the algorithm more tailored to specific sectors such as logistics and emergencies. The proposed
algorithm can help companies reduce costs, increase safety, and improve customer satisfaction,
significantly enhancing the relevance of the research and the practicality of its results.

The remainder of the article is organized as follows: Section 2 defines the problem. Section 3
presents the route selection algorithm, Section 4 discusses the software implementation of the
algorithm, and Section 5 contains conclusions and future research directions.

2. Problem Definition

The problem of selecting an optimal route involves the processes of analysis and decision-making
aimed at identifying the best route based on specific criteria. The route selection problem is defined
under the following conditions: we have a single starting location from which the route begins and
must also end. Additionally, there are several additional locations that the route must include. The
goal of the route selection process is to return to the starting location most economically and
efficiently while visiting all necessary locations.

The task involves the following aspects:

i.  Starting and ending location — The route begins and ends at a specific starting location.
ii.  Additional locations —Several locations must be visited, increasing the complexity of the
route. Each additional location must be visited once before the route returns to the
starting location.
iii.  Optimization objectives — It is important to consider several key objectives during the
route optimization process, such as:
* Cost minimization — Fuel consumption and transportation costs, which significantly
affect the outcome.
* Time reduction — The length of the route and transportation duration, which are
directly related to customer satisfaction.
* Safety assurance — Selecting a route that maximizes the safety of passengers and
transported goods.

As it appears, this problem is similar to the traveling salesman problem (TSP) [7,8], which is a
classic combinatorial optimization task that seeks to find a route through a set of cities, visiting each
city exactly once and returning to the starting city while minimizing the total route length.
Considering that our idea is based on route selection while taking into account multiple different
criteria, this problem will be derived from the TSP into a multi-criteria decision-making problem.
Solving the problem requires the use of optimization algorithms that will allow us to find the most
efficient route while considering various criteria.
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3. Route Selection Algorithm

The proposed algorithm for route selection is based on the permutation [9,10] of route
combinations and the determination of corresponding distances, as well as multi-criteria decision
analysis methods technique for order preference by similarity to ideal solution (TOPSIS) and criteria
importance through intercriteria correlation (CRITIC). The TOPSIS method is used for ranking
alternatives, while the CRITIC method is employed for calculating the weights of the evaluation
criteria. The CRITIC and TOPSIS methods were chosen for their capabilities, which assist in optimizing
the route selection process within the context of multi-criteria decision analysis.

The use of the CRITIC method, in this case, is justified by its ability to objectively determine the
weights of criteria based on their variation and correlations. The CRITIC method considers the
variational range of the data for the criteria and their correlations, indicating the informational
significance of each criterion [11-13]. Consequently, this method allows significant criteria to receive
greater weight, while less important criteria receive less, thus reducing subjectivity and ensuring a
more objective evaluation.

The selection of the TOPSIS [14] method is based on its ability to evaluate alternatives based on
their proximity to positive ideal and negative ideal solutions. The principle of TOPSIS is founded on
the idea that the best alternative should be close to the ideal (best) solution and as far as possible
from the anti-ideal (worst) solution [15,16]. This unique approach, which is based on the distance
between positive and negative ideals, occupies a significant place in multi-criteria assessment. It
greatly simplifies the process of ranking alternatives [17,18].

Combining these two methods enables the optimal selection of routes to be maximally accuracy-
oriented and scientifically justified. Thus, the combined use of the CRITIC and TOPSIS methods
reduces the risk of subjectivity and allows for a more structured assessment of alternatives, which
overall provides a high level of objectivity and reliability in the decision-making process [19,20].

The optimal route selection algorithm we propose includes the following general stages.

Step 1. Definition of locations and creation of their distance matrix. In the distance matrix (Table
1), d;;(i,j = 1,...,n) defines the distance from location i to location j. Naturally, the values of the
elements located on the main diagonal of the matrix will be 0. This matrix is symmetric since d;; =
dj;, meaning that the distance from i to j is the same as from j to .

Table 1
Distance matrix

L, L, L,
Ly dyiq diz din
L, da daz dan
Ln dnl dnz dnn

Stage 2. Formation of possible routes. It involves the creation of all possible routes and the
calculation of their corresponding distances. The search for all possible routes and the calculation of
their respective distances are based on permutations. The pseudocode for the search is provided
below:

Algorithm DetermineRoutesDistances (Locations, distance_matrix)
1. Initialize distance_list to an empty list

2. For each permutation of Locations (permutations(Locations)) do:
3. Setcurrent_distanceto 0
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4. Forifrom 0 to length(route) - 1 do:

5 If i == length(route) - 1 then:

6. current_distance += distance_matrix[routeli]][route[0]]
7. Else:

8 current_distance += distance_matrix[route[i]][route[i + 1]]
9. Append (route, current_distance) to distance_list

10. Return distance_list

11. Function permutations(array)

12. If length(array) == 0 then:

13. return[[]]

14. If length(array) == 1 then:

15. return [array]

16. result =]

17. For each element in the array do:

18. remaining_elements = array without element

19. For each perm in permutations(remaining_elements) do:
20. result.append([element] + perm)

21. return result

Stage 3. Definition of the decision matrix. The decision matrix (Table 2) consists of alternatives
and evaluation criteria, where x;; (i=1,...,k, j=1,...,m) represents the evaluation of the route R;
according to the criterion ;. The alternatives are the routes defined in Stage 2 as {Ry, Ry, ..., Ry }.
The evaluation criteria are {Cy, C5, ..., C;,}. In this case, the first criterion C; represents the total
distance of the route, which is calculated during the determination of all possible routes (Stage 2).
The other evaluation criteria depend on the user’s preferences regarding which criteria they wish to
consider for optimal route selection.

Table 2
Decision matrix

(o C, Cn
Ry X11 X12 X1m
R, X21 X22 Xom
Ry XK1 Xk2 Xkm

Stage 4. Data collection. After forming the decision matrix, it is necessary to fill it with data. This

stage involves evaluating each alternative according to the criteria. In our case, in addition to the first
criterion (C;) (which is the total distance of the route), we manually gather this data input.
Stage 5. Determining the weights of evaluation criteria. It should also be noted that the user has the
option to manually determine the weights of the evaluation criteria according to their preferences
and to not use the algorithm presented above. As mentioned, we use the CRITIC method to calculate
the weights of the evaluation criteria. The pseudocode for the algorithm to determine the weights of
the evaluation criteria is presented below:

1. Function CalculationWeights (decisionMatrix):

2. n=number of alternatives (rows in decisionMatrix)
3.  m=number of criteria (columns in decisionMatrix)
4. stdDevs = array of size m initialized to 0

5. forjfrom1tom:

6 mean = sum of decisionMatrix[i][j] for i from 1 to n
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7. variance = sum of (decisionMatrix[i][j] - mean)?2 forifrom 1ton
8. stdDevslj] = sqrt(variance)

9. correlations = 2D array of size m x m initialized to 0

10. forjfrom 1tom:

11. for k from 1 to m:

12. if j 1= k:

13. mean) = sum of decisionMatrix[i][j] for i from 1 ton

14. meankK = sum of decisionMatrix[i][k] for i from 1 to n

15. covariance = sum of (decisionMatrix[i][j] - mean)) * (decisionMatrix[i][k] - meanK) for ifrom 1 ton
16. corr = covariance / (stdDevs[j] * stdDevsl[k])

17. correlationsl[j][k] = corr

18. criticWeights = array of size m initialized to 0

19. forifrom1tom:

20. corrSum = sum of abs(correlations[i][k]) for k from 1tom, k !=i
21. criticWeights[i] = stdDevs[i] * (1 - corrSum / (m - 1))

22. totalWeight = sum of criticWeightsl[i] for i from 1tom

23. normalizedWeights = array of size m

24. forifrom 1tom:

25. normalizedWeights[i] = criticWeights[i] / totalWeight

26. return normalizedWeights

Stage 6. Ranking of the alternatives. Finally, the ranking of alternatives should be carried out,
which ensures that the optimal route is selected. The pseudocode of the alternative ranking
algorithm is given below:

Algorithm RankingAlternatives (decision_matrix, weights)

1. Set number_of alternatives = number of rows in decision_matrix

2. Set number_of criteria = number of columns in decision_matrix

3. Normalize the decision matrix

4. For each criterion j from 1 to number_of_criteria do:

5. For each alternative i from 1 to number_of_alternatives do:

6. normalized_matrix[i][j] = decision_matrix[il[j] / sqrt(2(decision_matrix[k][j]*2))
7. Determine the weighted normalized matrix
8.
9.

For each criterion j from 1 to number_of criteria do:
For each alternative i from 1 to number_of alternatives do:

10. weighted _normalized_matrix[i][j] = normalized_matrix[i][j] * weights[j]
11. Identify the ideal (best) and anti-ideal (worst) solutions
12. For each criterion j from 1 to number_of criteria do:
13. ideal_solution[j] = max(weighted_normalized_matrix[i][j]) // if the criterion is benefit
14. anti_ideal_solution[j] = min(weighted_normalized_matrix[i][j]) // if the criterion is cost
15. Calculate the distance from the ideal and anti-ideal solutions
16. For each alternative i from 1 to number_of_alternatives do:
17. distance_to_ideal[i] = sqrt(Z((weighted_normalized_matrix[i][j] - ideal_solution[j])*2))
18. distance_to_anti_ideal[i] = sqrt(Z((weighted_normalized_matrix[i][j] - anti_ideal_solution[j])*2))
19. Calculate the relative closeness to the ideal solution
20. For each alternative i from 1 to number_of_alternatives do:
21. relative_closeness[i] = distance_to_anti_ideal[i] / (distance_to_ideal[i] + distance_to_anti_idealli])
22. Rank the alternatives based on relative closeness
23. Sort alternatives by relative_closeness in descending order
24. Return the ranked list of alternatives
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4. Algorithm Implementation

The algorithm proposed in this paper is implemented as a Web application, which allows us to
select the optimal route. The application functions as follows: first, we need to define the locations
we wish to visit, after which we can establish the distance matrix. Based on the distance matrix, we
can identify all possible routes. Along with determining the routes, the total distances for each
corresponding route are calculated. Afterward, we can proceed to define the decision matrix, where
the alternatives consist of the routes we have defined. Regarding the evaluation criteria, as we
already know, one criterion will be the distances we calculated during the stage of finding all possible
routes, while additional criteria can be added at the user's discretion.

The calculation of the weights for the evaluation criteria in the application can be performed in
two ways: one is to use the weighting determination algorithm proposed in this paper, or the other
is for the user to define the weights manually, according to their preferences. After discussing all the
aforementioned stages, we can finally rank the alternatives and select the optimal route.

To demonstrate the operation of the application, let's consider a specific example. Suppose a
tourist intends to visit four locations (Location 1, Location 2, Location 3, Location 4). They begin their
visit from Location 1 and must return to this location at the end. Figure 1 represents the
corresponding distance matrix for these locations.

Choosing the Optimal Route

Item Add Item ‘

Distance Matrix

Location 1 Location 2 Location 3 Location 4

Location 1 0 249 336

Location 2 219 0 130
Location 3 ‘249 ‘ ‘44 ‘ 0
Location 4 ‘336 | | 130 ‘ 0

Defining Routes | Generate Decision Matrix

Fig. 1. Distance matrix

The distances matrix describes the distances between the corresponding locations. Our next task
is determining all possible routes for visiting these locations and their corresponding total distances.
To do this, we need to click the "Defining Routes" button. After this, we can generate the decision
matrix by clicking the "Generate Decision Matrix" button, which will provide us with the decision
matrix shown in Figure 2.

169



Decision Making Advances
Volume 3, Issue 1 (2025) 164-174

Decision Matrix:

Enter criterion name Benefit) Add Criterion

Route Total Distance (Cost)
Calculate Weight = Weights

Location 1 -> Location 2 -> Location 3 -> Location 4 -> Location 1

[s1) [s)]
w o

Location 1 -> Location 2 -> Location 4 -> Location 3 -> Location 1

Location 1 -> Location 3 -> Location 2 -> Location 4 -> Location 1

~
w1
[te]

Location 1 -> Location 3 -> Location 4 -> Location 2 -> Location 1
Location 1 -> Location 4 -> Location 3 -> Location 2 -> Location 1
Location 1 -> Location 4 -> Location 2 -> Location 3 -> Location 1 59

Choosing the Best Option

Fig. 2. The decision matrix including the alternatives (routes) and one criterion

~ [=2) [s2]
o el
w L\ ]

In the decision matrix, we will add three assessment criteria: time, safety, and difficulty. As a
result, we will obtain a decision matrix with six alternatives (routes) and four criteria for evaluation.
The decision matrix is shown in Figure 3.

Decision Matrix:
Enter criterion name Benefit] Add Criterion
Total Difficulty of the
Distance Time(min.) Safety(1-100) road(1-100)
Route (Cost) (Cost) (Benefit) (Cost)
Calculate Weight  Weights ‘0 ‘ o 0 0
Location 1 -> Location 2 -> Location 3 - 693 ‘ io \0 \0
> Location 4 -> Location 1
Location 1 -> Location 2 -> Location 4 - ‘692 ‘ io ‘0 ‘[)
> Location 3 -> Location 1 §
Location 1 -> Location 3 -> Location 2 - ‘759 ‘ |0 ‘U ‘0
> Location 4 -> Location 1
Location 1 -> Location 3 -> Location 4 - ‘592 ‘ |0 ‘0 ‘D
> Location 2 -> Location 1
Location 1 -> Location 4 -> Location 3 - ‘&93 | |0 ‘0 ‘O
> Location 2 -> Location 1 .
Location 1 -> Location 4 -> Location 2 - \759 ‘ |D ‘D ‘O
> Location 3 -> Location 1
Choosing the Best Option

Fig. 3. Decision matrix

After defining the decision matrix, we will fill in the data for the matrix, which is presented in
Figure 4.
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Defining Routes | Generate Decision Matrix

Choosing the Best Option

Enter criterion name

Route

Calculate Weight Weights

Location 1 -> Location 2 -> Location 3 -

Location 4 -> Location 1

Location 1 -> Location 2 -> Location 4 -

Location 3 -> Location 1

Location 1 -> Location 3 -> Location 2 -

Location 4 -> Location 1

Location 1 -> Location 3 -> Location 4 -

Location 2 -> Location 1

Location 1 -> Location 4 -> Location 3 -

Location 2 -> Location 1

Location 1 -> Location 4 -> Location 2 -

Location 3 -> Location 1

v

v

v

v

Decision Matrix:

BenefitO)

Total Distance Time(min.)
(Cost) (Cost)
I Ol
693 [720 |

692
[759 [710 |
692 734

693 710

759 [780 |

Safety(1-100)
(Benefit)

o]

|50

o |
5

0 |
]

80

Add Criterion

Difficulty of the
road(1-100) (Cost)

Fig. 4. Data-filled decision matrix

After filling in the data for the decision matrix, it is necessary to determine the weights of the
evaluation criteria. As we know, we have proposed two approaches: one is the automatic calculation
of weights using the corresponding algorithm (which is provided in the paper), and the other is the
manual determination of weights. Let us use the first approach for weight determination; for this,
we will click the "Calculate Weight" button, which will result in the calculation of the weights for the
evaluation criteria. The decision matrix presented with the weights of the evaluation criteria is given

in Figure 5.

Defining Routes

Enter criterion name

Route

Calculate Weight Weights

Location 1 -> Location 2 -> Location 3 -

Location 4 -> Location 1

Location 1 -> Location 2 -> Location 4 -

Location 3 -> Location 1

Location 1 -> Location 3 -> Location 2 -

Location 4 -> Location 1

Location 1 -> Location 3 -> Location 4 -

Location 2 -> Location 1

Location 1 -> Location 4 -> Location 3 -

Location 2 -> Location 1

Location 1 -> Location 4 -> Location 2 -

Location 3 -> Location 1

Choosing the Best Option

Generate Decision Matrix

Decision Matrix:

Benefit(
Total Distance Time(min.)
(Cost) (Cost)
054 | [021
693 | [720

69 [720

759 | [710

692 | 734

93 | 710

759 | 780

Safety(1-100)

(Benefit)

013 |

50

i

Add Criterion

Difficulty of the
road(1-100) (Cost)

01C |

60 |

Fig. 5. Decision matrix with evaluation criteria weights
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Now we can proceed to select the optimal route; for this, we will click the "Choosing the Best
Option" button. As a result, a ranked list of alternatives will be displayed, which is presented below
in Figure 6.

Choosing the Best Option

Routes Ranked List:

Location 1 -> Location 3 -> Location 4 -> Location 2 -> Location 1
Location 1 -> Location 4 -> Location 2 -> Location 3 -> Location 1
Location 1 -> Location 4 -> Location 3 -> Location 2 -> Location 1
Location 1 -> Location 2 -> Location 4 -> Location 3 -> Location 1

Location 1 -> Location 2 -> Location 3 -> Location 4 -> Location 1

Location 1 -> Location 3 -> Location 2 -> Location 4 -> Location 1

Fig. 6. Ranked list of the routes

The ranked list of the routes shown in Figure 6 indicates that the optimal route is "Location 1 -
Location 3 - Location 4 - Location 2 - Location 1".

Let us consider the case where the weights of the evaluation criteria are determined manually.
Figure 7 shows the decision matrix along with the manually defined weights of the evaluation criteria.

Decision Matrix:

Enter criterion name BenefitD) Add Criterion
Total Safety(1- Difficulty of
Distance Time(min.) 100) the road(1-
Route (Cost) (Cost) (Benefit) 100) (Cost)
Calculate Weight Weights 0.2 0.4 ‘ 0.4 030
Location 1 -> Location 2 -> Location 693 720 | [s0 60
3 -> Location 4 -> Location 1
Location 1 -> Location 2 -> Location 692 730 70 40
4 -> Location 3 -> Location 1
Location 1 -> Location 3 -> Location 759 710 50 50
2 -> Location 4 -> Location 1
Location 1 -> Location 3 -> Location 692 734 ‘ ISO 30
4 -> Location 2 -> Location 1
Location 1 -> Location 4 -> Location 693 l 710 70 40
3 -> Location 2 -> Location 1
Location 1 -> Location 4 -> Location 759 780 80 20

2 -> Location 3 -> Location 1

Choosing the Best Option

Fig. 7. Decision matrix with manually defined weights of the evaluation criteria

This approach for defining the weights of the evaluation criteria is effective when the user wants
to assign greater importance to a specific evaluation criterion. For example, in our case, the most
prioritized aspect for the user is the safety of the route.
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After manually defining the weights of the evaluation criteria, let us select the best route by
clicking the "Choosing the Best Option" button. As a result, a ranked list of alternatives will be
displayed (Figure 8).

Choosing the Best Option

Routes Ranked List:

Location 1 -> Location 4 -> Location 2 -> Location 3 -> Location 1

N

Location 1 -> Location 3 -> Location 4 -> Location 2 -> Location 1

Location 1 -»> Location 4 -> Location 3 -> Location 2 -> Location 1

Location 1 -»> Location 2 -> Location 4 -> Location 3 -> Location 1

=

Location 1 -> Location 3 -> Location 2 -> Location 4 -> Location 1 0.2

600606686

Location 1 -> Location 2 -> Location 3 -> Location 4 -> Location 1

Fig. 8. Ranked list of the routes

As shown in Figure 8, the optimal route is "Location 1 -> Location 4 -> Location 2 -> Location 3 ->
Location 1". This means the optimal route has changed compared to the previous case, even though
the decision matrix remains the same. This is natural since we changed the weights of the evaluation
criteria. This reflects the flexibility of the proposed algorithm, which allows the user to give high
priority to the criteria they prefer when selecting the optimal route.

5. Conclusions

The paper presented an algorithm for selecting the optimal route. It was based on route
permutation and multi-criteria analysis. It ensured efficient and quick decisions for optimal route
selection. One of the advantages of the algorithm is that it takes multiple criteria into account for
selecting the optimal route, allowing users to choose an optimal route tailored to their specific needs.

Particular importance was given to applying the algorithm’s software presented in the paper in
areas of human activity where route planning was relevant. It should also be noted that the proposed
software tool requires further development to become more user-friendly. For this, a map should be
integrated into its interface, enabling users to mark specific locations and automatically determine
the distance matrix using map services. Also, simplifying the input of data into the decision matrix
will greatly simplify the software’s usability. We are actively working to improve the proposed
software solution to turn it into an effective software product.
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