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Abstract:

Introduction/purpose: The paper presents the application of multi-criteria
decision-making methods in order to select an airsoft replica of an automatic
rifle for practicing tactical actions in urban combat. First, experts ranked the
criteria according to which alternatives would be selected. By applying the
Borda and AHP methods, the weighting coefficients of the criteria were
determined, and then the most favorable alternative was selected by applying
the SAW method. The selection procedure was repeated when the selection
was made without experts, but the weighting coefficients of the criteria were
determined by the objective Entropy, CRITIC, and FanMa methods and a
comparative analysis of the results was performed. The aim of the paper is to
select the most effective airsoft rifle for professional and civilian use for
practicing tactical actions and actions in urban combat by combining muilti-
criteria decision-making methods. Minimal resource consumption is always the
starting point today, while ensuring the most efficient way to practice tactical
actions that are as close as possible to real conditions. Methods: For the first
time, the method of determining the weighting coefficients of criteria using
multidisciplinary methods of multi-criteria decision making on a specific problem
in the field of tactics with weapons systems was shown with expert opinion,
and then the results were compared when experts were not engaged. The
experts in the field of Tactics and Weapons from the Military Academy first
selected and ranked seven criteria. Then, their opinions were refined using the
Borda method, and the results were entered into the AHP method to select the
weighting coefficients of the criteria. Finally, the most favorable alternative was
selected based on the SAW method. Since the above procedure for determining
the weighting coefficients of the criteria was calculated for the first time by
engaging experts in this way, the procedure for selecting the most favorable
alternative was repeated without engaging experts, but the weights of the
criteria were determined using objective methods and the results were
compared through comparative analysis. The alternatives are five airsoft rifles
with a hopup chamber, some of which are used at the Military Academy and in
special army units for training in various combat-tactical actions, while in civilian
life they are used by airsoft weapon enthusiasts. Results: The most affordable
airsoft rifle was chosen to provide minimum resource consumption with
maximum performance and bring the greatest possible realism to combat
situations when practicing tactical actions in urban environment. Conclusion:
The solution, with a comparative analysis of the results obtained in two ways,
takes into account the simultaneous optimization of seven criteria which differ
slightly, in order to select the most effective airsoft rifle for practicing tactical
procedures in order to provide conditions that are closest to real combat
situations at short distances.

Keywords: airsoft rifle; selection; Borda; AHP; SAW; Entropy; CRITIC; FanMa
method
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With the advent of airsoft guns with adjustable hopup chambers that improve the flight
characteristics of their projectiles, many "games" have replaced paintball weapons with the newly
appeared ones. Paintball weapons rarely found their place in defense system units, except for some
countries ( ), while the emergence of airsoft weapons has almost
supplanted the use of classic weapons in military units ( ) and police units (

) for practicing certain tactical actions and playing out different situations in urban environments
through different concepts ( ; ; ),
in closed spaces, underground installations, etc. In appearance, airsoft replicas are identical to classic
weapons, and only good experts in weapons, at a closer distance of a few meters, can notice the
differences, which is the goal of manufacturers of this type of weapon, regardless of the country of
production ( )-

There are many works in the literature on the selection of military equipment or fighters using muilti-
criteria decision making, for example, for: choosing an assault rifle, Radovanovi¢ et al, ( ); weapon
selection, Dagdeviren et al, ( ); fighter optimal, Suo et al, ( ); framework for armed unmanned
aerial vehicles, Keles ( ); evaluating military tanks, Genc (2015); a multi-criteria decision-making
approach for equipment evaluation, Guan et al, ( ); selection of vehicles, Araujo et al, ( );
selection of fighter aircraft, Rajurkar et al, ( ); optimising assault boat selection for military
operations, Tesi¢ et al, ( ); weapon system selection, Dagistanli, ( ); and pontoon bridge
selection, Tesic¢ et al, ( )- An analysis of domestic literature does not reveal many works on the
topic of airsoft weapons, while in foreign literature there are studies not only about this type of
weapon but also about injuries caused by it ( ; ;

). The advantages of airsoft over paintball for civilian use and classic weapons for
defensive use are many. Unlike with classic weapons, the shot is almost silent and can be used near
settlements, while the use of maneuver ammunition for practicing tactical actions is generally
prohibited near settlements and even in military and police facilities. The noise level generated by
shooting airsoft weapons indoors is negligible and protects the hearing, unlike when firing a
maneuver bullet. Maintaining airsoft weapons after using pellets is much simpler compared to using a
dummy bullet with classic weapons and paint with paintball. There is less mass of ammunition and
less environmental pollution from pellets compared to the combustion products of gunpowder and
metal (mainly brass or copper) shells that are not removed after use, as well as paint from using
paintball ammunition. Pellets are cheaper than dummy bullets and paintball ammunition and cause
less damage to the walls of buildings and surrounding areas. Among the disadvantages, it can be
noted that wearing glasses, a mask and gloves is mandatory, i.e. every part of the body must be
covered and the player must be dressed in several layers regardless of the weather conditions - a
pellet hit in the body through clothing if an individual is lightly dressed is extremely painful, depending
on the characteristics of the weapon. For civilian use, the key difference between paintball and airsoft
weapons is that airsoft weapon users must be morally responsible and admit to being hit by a pellet
instead of suffer pain and immorally continue playing, while a paintball hit with colored ammunition is
easily noticeable. While taking these features into consideration in a wide range of airsoft weapon
manufacturers, it is necessary to choose the most favorable one for a particular situation in which it is
intended to be used.

The aim of this research is to find the most optimal solution from the five airsoft rifles offered, taking
into account the specifics of the scientific field of Military Sciences - Tactics with Weapon Systems, by
applying the multi-criteria optimization method. The solution is based on the sublimation of the
opinions of the Military Academy experts in this field, who use this type of weapon in the training of
cadets. They do not know multi-criteria decision-making methods, since these experts are not
expected to be knowledgeable about multi-criteria decision making. The proposed methodology was
introduced with the idea of bringing decision making down to the lowest infantry level in the army,
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down to the department commander, with the aim of accepting and using it in various situations of

decision making at the lowest level, not only in the selection of equipment. Based on the criteria
defined by the experts, the alternatives were selected. After that, the criteria were ranked using the
Borda method and the weighting coefficients of the criteria were determined using the AHP method.
This method was chosen to avoid matrix inconsistency when comparing criteria in pairs and because
the experts were not familiar with multi-criteria decision-making methods. Then, the ranking of the
alternatives was carried out using the SAW method and the most optimal alternative was selected.
Instead of the Borda method, any other method of counting ranks could have been used. The SAW
method was chosen as the oldest and simplest method for ranking alternatives, while the use of other
methods is a suggestion for future research. The applied method of determining the weighting
coefficients of the criteria was determined in the above manner for the first time in a paper and
requires verification. It was carried out by determining the weighting coefficients of the criteria using
three objective methods: Entropy, CRITIC, and FanMa, included in the SAW method, and then a
comparative analysis of the results was performed using Spearman's rank correlation coefficient.

Simulators, airsoft weapons and the use of drones will play an enviable role in the training of military
and police units in the future, as well as in many other areas of life and work. Joki¢ et al, ( )
describe the development of a decision support system in the process of training soldiers. Airsoft
weapons are a simulator of classic weapons that can be owned by every citizen of the Republic of
Serbia over the age of sixteen. Airsoft weapons are constantly developing, reaching initial bullet
speeds that are similar to those of a classic pistol, which requires stricter legal regulations. These
velocities of 6 mm bullets were provided by the development of a hopup chamber that can be easily
adjusted by the user depending on the external temperature and the age of the replica, and high-
quality electric motors located in the rifle handle. The hopup chamber ensures the movement of the
bullet along an inverted parabola at distances of up to 100 m. Aiming is done based on muscle
memory and by observing the course of the ball trajectory, and of course, mechanical or various
optical sights can be used for certain distances, depending on the chamber settings. Durable and
quickly rechargeable lithium-polymer Li-Po batteries, which are additional equipment, ensure long-
term operation of the device in extreme conditions, while charging takes about ten minutes. All these
are data - criteria that are difficult to obtain by the manufacturer, but can only be demonstrated based
on experience and prolonged use of the rifle.

In order for the research to be conducted properly, it is necessary to implement each step and phase
with sufficient attention so that the results are valid -

Available criteria from manufacturers include mass, price, length of the replica and the barrel, power
of the replica, initial bullet velocity, magazine capacity and battery capacity, etc. These known and
available criteria were taken into consideration for the research along with the opinion of experts in
the field of tactics with weapon systems.

Hybrid multi-criteria decision-making models have already been applied in the field of military
sciences, namely: Radovanovi¢ et al, ( ) DIBR-FUCOM-LMAW-Bonferroni-grey-EDAS model;
Markatos & Pantelaksis, ( ) holistic approach based on multi-criteria decision making for aircraft
evaluation and comparison; Jokic et al, ( ) selection of calibers for weapons in the Serbian Army;
Tesi¢ et al, ( ) improvement of multi-criteria decision making using fuzzy logic; Ayvaz et al, ( )
integrated Fine-Kinney risk assessment model using Fermatean fuzzy AHP-WASPAS for occupational
hazards in the aquaculture sector; Bozani¢ et al, ( ) Fuzzy DIBR II-MABAC model for flood
prevention; and Kress & MacKayetc ( ) Lanchester-type models for attritional warfare balance
military casualties in two opposing forces.
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Step 1. Defining and ranking criteria by experts
Step 2: Calculation of criteria weight coefficients using the
HASE1; BORDO-AHP method
CALCULATI CRITERIA
EIGHT COEFFICIENTS

-

-

Step 1: Ranking alternatives using the SAW method
Step 2: Selecting the most favorable alternative

HASE 2:
RANKING AL NATIVES

« Step 1: Ranking of alternatives when criterion coefficients
PHASE 3: are determined by subjective methods

COMPARATIVE ANALYSIS « Step 2: Application of Spearman's coefficient
» Step 3: Comparative analysis

Figure1.
Phases and steps of the research

DESCRIPTION OF THE METHODS USED

The work will use the Borda group multi-criteria decision-making method, the AHP and SAW individual
multi-criteria decision-making methods and the Entropy, CRITIC, and FanMa methods. The most
sensitive part of the model is the definition of the weighting coefficients of the criteria, which is
performed using the AHP method. There are a number of methods for defining the weighting
coefficients of the criteria, which have certain advantages compared to the AHP method. Although
the AHP method is one of the older methods of multi-criteria decision making, it has certain qualities
that recommend it over others. The large number of criteria comparisons that exist in the AHP
method, on the one hand, represents more laborious work for experts and analysts who process
information, but on the other hand, it provides rich information from the comparison of criteria in
pairs. In general, newer methods (such as BWM, LBWA, FUCOM, DIBR, and DIBR II) have a much
smaller number of mutual comparisons of criteria, but they do not perform all mutual comparisons of
criteria, but only a part. Considering that information is drawn from a smaller number of comparisons
than when applying the AHP, it is also clear that the possibility of error in defining the weighting
coefficients of the criteria in newer methods is much higher compared to the one involving the AHP.
The mentioned, newer methods have defined techniques for checking consistency. That check is
performed on the segment of pairwise comparisons, unlike with the AHP method where the
consistency check is comprehensive.

Description of the Borda method of group reading

The Borda method is one of the oldest methods of group decision making, developed by the
Frenchman Borda in 1781. It was widely used in the process of voting for the election of deputies in
many countries of the world (Costa, 2017; Barbera et al, 2023; Saari, 2023). It can be used in its original
form (limiyah et al, 2023), and there are a number of modifications (Lin & Lin, 2023; Jones & Wilson,
2024; Biswas et al, 2025b). The basis of the method is to choose the alternative that in most cases was
the first or tended to be the first one.
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A matrix is formed in accordance with the rank of all decision makers, where the first column shows
the rank of alternatives and the first row shows decision makers ( ). The
second matrix is formed where the decision makers are in the left-wing column of the alternatives and
in the first row, and the cells - fields of the matrix are filled by assigning the value o to the last ranked
alternative for each decision maker, the second ranked alternative from the back the value 1 and the
best placed alternative An the value n - 1. Finally, the vector W is obtained in the new right column
where the values by rows are summarized. The best placed alternative - the most acceptable
alternative is the one that has the highest value of the vector W.

The Analytical Hierarchy Process method was developed by Thomas Saaty ( ). The method has
undergone a large number of modifications, but in some cases it is still used in its original form both in
individual and group decision making, Tesi¢ et al, ( ), and is used in a large number of different
decision-making cases. One of the most recent comprehensive surveys on recent modified and hybrid
approaches to the AHP method can be read in Ashour & Mahdiyar ( ). Here, a modification will be
presented for the first time, where instead of the classic Saaty scale, a scale derived from the Borda
method is used.

A matrix with n rows and columns of criteria is formed and filled first along the unit diagonal because
the criterion is compared with itself and then the newly introduced scale is used while respecting the
filling below the diagonal based on the formula:

aij = 1/aji Q)

The value above the diagonal is filled while the opposite cell is the reciprocal of the filled value,
otherwise the matrix will not be consistent. There are many works on modifications and scales of the
AHP method, one of which is ( ). When filling the matrix from the upper side of the
diagonal, the following should be observed - the value of the normalized initial vector from the Borda
method is subtracted - from the criterion vector in the row, subtract the criterion vector in the
column. In the case of a negative value, enter the reciprocal of the positive value using the formula:

—aij = 1/aij (2)

The next step is to sum the column values. A new matrix of n*n criteria is formed, the cells of which
are filled as the quotient of the cell of the previous matrix with the divisor of the sum by type of the
previous matrix. Finally, the columns are summed and the obtained values represent the weight
coefficients of the criteria and their sum must be 1.

The next step is to calculate the consistency ratio of the CR matrix, which must be less than o0.1.

CR=CI|RI 3)

where Cl is the consistency index
CI=(Amax-n)/(n-1) (4)
and Rl is a random index according to Saaty and depends on the number of criteria and is taken from

the table (in this case it is 4 criteria, i.e., 0.9); Amax is its own value which is calculated in accordance
with the formula for each criterion

Amax = (Aw*w)/w*w (5)

Ais the criteria comparison matrix.
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Table 1. Random index by Saati

n 3 4 5 6 7 8 9 10

RI 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49

The matrix is multiplied by the vector by multiplying W by each row-row cell and summing the
products. If the consistency ratio (CR) is greater than 0.1, the criteria matrix is inconsistent and it is
necessary to check the comparisons or change the method. The closer CR is to 0, the more consistent
the matrix is, and one goes to the initial - main matrix.

Then the weighted sum is calculated for all alternatives, by multiplying the matrix by W. This is done
by writing W below the alternatives and adding the product of the cells of the matrix and the vector
W. In this way, the cells of the alternatives are joined. Again, the number of columns is 1. By
comparing the numbers, the most favorable alternative is reached. The higher the value, the more
acceptable the alternative.

The AHP method for ranking most often uses the Saaty scale. The scale used in the paper differs from
the Saaty scale in that it is derived from counting the ranks of criteria ranked by experts. Therefore,
the scale may have a larger or smaller interval than the Saaty scale, depending on the ranking of the
criteria by experts and the number of experts. If all experts rate a criterion as the least important, the
scale will have a large range. If all experts rate one criterion as the most important, the Borda method
is unusable because the value of one criterion cannot be 0, nor can two criteria have the same rank. In
these cases, the presented method is unusable. In order for the scale to start from 1, all criteria are
divided by the weight of the criterion that is best ranked by experts. So the ratio of the best ranked
criterion to the worst ranked criterion can vary within the limits of maximum d*c-1 where d is the
number of experts and c is the number of criteria.

Simple Additive Weighting is one of the oldest and simplest methods for ranking alternatives
( ). Many modern methods have found their footing in it, and the results
obtained are approximately the same. It is used in both natural and social sciences in hybridization
with another method to determine the weights of criteria. In scientific papers it has been compared
with other methods or used independently ( ; ;

’ ’ ’ ’ )'

It is easy to use and in the first step gives the researcher the freedom to use any formula for
normalizing the initial decision matrix. In this case, vector normalization was used according to the
formulas for:

a) benefit criteria

(6)

b) cost criteria

(7)
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where: fi,. — cell of the initial decision matrix; n,— normalized matrix cell; m — number of alternatives; j -
number of criteria.

The next step is to weight the normalized matrix by multiplying each cell with a weighting coefficient
for that criterion obtained by some other method.

0ij = nj;w; (8)

Finally, in the third step, the cells are summed by type and the total weight value for each alternative
is obtained. The sum of all alternative weights is 1. The most optimal alternative is the alternative with
the highest sum value.

When the weighting coefficients of the criteria are determined based on the objective methods:
Entropy ( ), CRITIC( ), and FanMa method ( )-

Entropy is a method that has been used in various forms since ancient times in natural sciences
( ; ). Since the beginning of this century, it has also appeared in many
works in social sciences ( , ; ; ;

; )- In social sciences, it is used to determine the weights of criteria in combination
with other methods when ranking alternatives ( )- It is based on the use of
the natural logarithm In. The calculation is the same for benefit and cost criteria (

). The initial matrix has numerical values where the rows represent alternatives and the columns
represent criteria ( ). First, the decision matrix is normalized by filling the cells of the
normalized matrix by dividing the cell of the initial matrix by the sum of the cells of the matrix by the
columns-criteria. The next step is to calculate the entropy of the coefficient according to the formula:

n
ej = —kZTij In rij (9)
i=1

where: e, - entropy of the criterion coefficient, k — coefficient obtained as the reciprocal of the natural
logarithm of the number of alternatives, in this case In 5; r= normalized matrix cell, and n — number of
alternatives. In the next step, the degree of divergence of the criteria is calculated by subtracting e,

from 1. Finally, the divergence is normalized by dividing the divergence of one criterion by the sum of
the divergences of all criteria, thus obtaining w, the weighting coefficient of the criterion.

CRITIC is also a method by which the weighting coefficients of criteria can be determined objectively
based on mathematical calculations. It appears in works of domestic and foreign authors (
; ; ; ). Unlike the previous method, when
normalizing the matrix, it is necessary to pay attention to benefit and cost criteria ( ;
). For benefit criteria, it is calculated by subtracting the minimum value of the column
for that criterion from the matrix cell and dividing it by the difference between the maximum and
minimum values ( ). While for cost criteria, the value of the cell of the initial matrix is
subtracted from the maximum value per column and the value is divided by the difference between
the maximum and minimum values per column - criterion. Then, the standard deviation of the
coefficients per column is calculated. The next step is to form a matrix of linear correlation
coefficients, where each coefficient is compared with each other, where the value 1 is obtained along
the diagonals of the matrix, and below and above the diagonal are the same values and they can be
negative. The next matrix is formed by subtracting the value of the cell of the previous matrix from
the number 1, thus avoiding negative cell values. Then the column values are summed and the sumis
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multiplied by the linear correlation coefficient. Finally, the criterion weighting coefficient value is
obtained when the previous sum value is divided by the column sum for all coefficients.

The FanMa method is an objective method for determining the weight coefficients of criteria based
on mathematical calculations. Although the calculations are simpler, it is less commonly used than the
previous two methods ( ; ). As with the previously described
method, matrix normalization is performed, for benefit criteria it is calculated by subtracting the
minimum column value for that criterion from the matrix cell and dividing it by the difference
between the maximum and minimum column values, and for cost criteria the value of the initial
matrix cell is subtracted from the maximum value per column and the value is divided by the
difference between the maximum and minimum values per column - criterion. Then the weighting
coefficient is calculated by the formula:

*_

1
_— 2 :"‘ (10)
Zi— (X- _xi')z n 1*
[ =1+"J J ][ i zizl(xj _ xij)z

where x*[ is the maximum criteria value per column and the sum is always 1, x, represents the

Wj

coefficient values for each alternative, and j is the number of criteria.

The seven numerical criteria (three of which are cost and four are benefit, based on which the
alternatives will be ranked) are as follows:

C1 - length of the rifle barrel in mm;

C2 - length of the rifle in the combat position in mm;
C3 - initial velocity of the bullet expressed in m/s;

C4 - pricein eur;

e (5 -rifle power depending on the hopup chamber in J;
e (6 -frame capacity in pieces of bullets (pcs), and

e K7-massinkg.

The five alternatives that were selected according to the available criteria proposed by experts are
givenin

The use of classic weapon maneuver ammunition in urban combat does not have the target impact
effect, and, since the sound created by firing a maneuver bullet requires the use of earmuffs, they
jeopardize the ability to maintain communication and, consequently, command. The reality of the
situation refers to the elimination of soldiers from combat, which would be done in a real situation by
a live ammunition hit. On the other hand, when an airsoft rifle projectile with criteria aggregated and
ranked by experts (3- initial bullet velocity; 2- barrel length that provides the previous one; 6- frame
capacity that does not require constant replacement during use) hits another soldier, the pain will
force him to admit that he has been hit and force him to abandon the fight, i.e. he will be thrown out
of the fight.
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<ing

SLV36
M15A4 SAM7W

e

Cyma 077

Figure 2.
Five airsoft guns as alternatives

Prices of alternatives vary from seller to seller. In this paper, prices are taken from the same domestic

website in Serbia and converted into euros, to avoid discrepancies between the price of the replica
and the data.

Table 2. Criteria values for alternatives

Alternatives/ C @ Q a 4 s c6 C7
A1 BT5 As 229 735 100 221 1 200 1.9
A2 SLV36 247 500 100 213 1 470 2.85
A3 M15A4 372 850 95 195 0.9 300 2.15
A4 SAM7 W 445 870 95 255 0.9 600 2.98
A5 Cyma 077 455 940 120 340 1.7 600 3.42

Other criteria are also publicly available from manufacturers and sellers themselves and everything
except the power of the replica can be checked by the user after purchase. Of course, they are
dependent on each other, so the power of the replica affects the range of the bullet. All automatic
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rifles use the same 6 mm diameter bullet, weighing 2 g, the so-called twenty, which can be of different
colors and is mostly white, so this information is not taken as a criterion.

The criteria available for airsoft weapons were ranked by the experts from the Military Academy,
professors who teach cadets specified types of weapons, and operators who have maintained rifles
for a longer period. They develop tactical and technical requirements and make proposals to the
Military Academy on weapon purchase; this work will be one of the guidelines for the procurement of
the next range of rifles. In order to verify the results of the experts, objective methods were also
used, and two of the three give identical results as the ranking by the experts.

First, five experts in the field of Military Sciences from the Military Academy ranked the seven criteria
as givenin

Table 3. Ranking of the alternatives according to the time criterion

Rang E1 E2 E3 E4 Es5
1 Cs C1 Cs C4 Cs
2 (@] C4 (@] (@] C4
3 & 7 c6 C7 a
4 C4 G < €] @

cé Q2 C4 cé ceé
6 G G (5} (@) (5}
7 Q2 6 Q2 c3 Q2

To determine the scale for the AHP method using the Borda method, the expert ratings were entered
into a table, summed by type, and all cells divided by 9, as this was the lowest weight, as shown in the
table. A problem for the above implementation may arise if two criterion weights are equally
important. In that case, use another method of determining criterion weights.

Table 4. Determining the weight coefficient by the Borda method

C/E E1 E2 E3 E4 Es WB RANG WB/5
C1 1 ) 1 1 2 5 7 1
C2 6 4 6 5 6 27 1 5-4
c3 5 5 5 6 5 26 2 5.2
C4 3 1 4 o] 1 9 5 1.8
G o 3 0 3 0 6 6 1.2
c6 4 6 2 4 4 20 3 4

7 2 2 3 2 3 12 4 2.4
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In the event that all experts have selected one criterion as the most important or that two criteria are
of the same rank, the proposed method is unusable and then it is preferable to use the classical AHP
method with the Saaty scale or some of the other subjective methods for selecting criterion
coefficients such as BVM, LBVA, FUCOM and DIBR I and Il which have fewer steps compared to the
AHP.

These results were used for the scale used in the AHP method in accordance with 1 and 2 and the
following criteria comparison table was obtained.

Table 5. Initial matrix of the criteria rankings

C a Q2 (&) C4 s cé c7
C1 1 0.2273 0.2381 1.25 5 0.3333 0.7143
C2 4.4 1 0.2 3.6 4.2 1.4 3
(& 4.2 5 1 3.4 4 1.2 2.8
C4 0.8 0.2778 0.2941 1 0.6 0.4545 1.6667
(@] 0.2 0.2381 0.2500 1.6667 1 0.3571 0.8333
Cc6 3 0.7143 0.8333 0.6 2.8 1 1.6
c7 1.4 0.3333 0.3571 0.6 1.2 0.625 1

Based on the normalization of the previous matrix and further summarization by types, the weighting
coefficients of the criteria in were obtained.

Table 6. Ranking of the alternatives according to the criterion weight

w1 w2 w3 w4 w5 w6 w7

0.0948 0.2178 0.3136 0.0749 0.0645 0.1538 0.0806

Now it is necessary to check the consistency of the matrix and the consistency ratio CR (3, 4, 5). It can
be concluded that CR=0.095, which is less than 0.1, meaning the matrix is consistent, and the
coefficients are then ranked using the same procedure.

When the weighting coefficients of the criteria from and the data from are entered
into the SAW method, by applying formulas (6), (7) and (8), the following rank is obtained.

Table 7. Final ranking of the alternatives with the SAW method

At 0.4070 5.
A2 0.4350 2.
A3 0.4112 4.
A4 0.4266 3.

A5 0.4401 1.
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Therefore, the best ranked alternative is As. In order to check the procedure and for small deviations
in the weights on the basis of which the alternatives are ranked, it is necessary to perform a sensitivity
analysis or some other method. Here, the alternatives will be ranked using the same method when
the criteria are determined on the basis of subjective methods.

The best ranked alternative is the most expensive, if the price is considered. Since the material base is
always the desired minimized criterion ( ), if this criterion were reduced and its
reduction distributed to the other criteria, there would be no change in the rankings. Considering the
qualities and advantages of the other criteria that are important for close urban combat, despite the
highest price, this alternative was selected as the most favorable.

The weighting coefficients of the criteria were determined by simple counting - using the Borda group
decision-making method that uses an ordinal scale. Since the experts were not required to do so, and
therefore the relationship between the two criteria was not taken into account, the question arises
whether the method is valid and verification is necessary. In order to verify the reliability of the
procedure for determining the weighting coefficients of the criteria using the Borda and AHP
methods, an analysis was performed based on a comparison of the ranks of alternatives when
objective methods for determining the weights of the criteria were applied.

When the data from are included in the three objective methods (Entropy, CRITIC and FanMa)
for calculating the criterion coefficients, they amount to

Table 8. Rank and size of the criteria with the objective methods

Method /[ C (@ Q G 4 s ce6 C7
0.1799 0.0983 0.0185 0.0968 0.1590 0.3434 0.1040
Entropy
2 5 7 6 3 1 4
0.1559 0.1371 0.1251 0.1529 0.1279 0.1408 0.1602
CRITIC
2 5 7 3 6 4 1
0.1505 0.2325 0.0910 0.1072 0.0845 0.1790 0.1553
FanMa
4 1 6 5 7 2 3

If the ranking of criteria and their weighting coefficients for both the hybrid Borda-AHP method and
the objective methods are presented graphically, it looks like this:

The shows that the importance of the criteria varies from method to method. The C3
criterion, which represents the initial velocity of the projectile and is directly related to the Cs, is the
most important for experts, while subjective methods see it as the least important. The situation is
similar with the C6, which represents the capacity of the frame, so the experts put it in third place
because it can be replaced with a frame of a different capacity, while mathematical objective methods
do not see this and Entropy puts it in first place. The C7 is also interesting, changing places from first
to fiftth depending on the method of determination. Then experts placed it in the fifth place, although
it is important how much weight soldiers will carry with them, and yet airsoft rifles are lighter than
real combat weapons.
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Figure 3.
Graphical ranking of the criteria

If the coefficients obtained by the objective methods are entered into the SAW method, the following
ranks with their weights are obtained.

Table 9 shows that the last ranked alternative A1 and the second to the last ranked alternative A3 are
the same in all four cases. The alternative A5 is in the first place three times, while when the weighting
coefficients of the criteria are selected using the FanMa method, it is in the second place. It is also
observed in the FanMa method that the difference in weight between the first alternative and the
second one is small, only 0.009. The A2 can be said to be a critical alternative for some reason because
it changes ranks from method to method, from the first to the third, so it is necessary to deal with it
more in a deeper sensitivity analysis, e.g. by reducing the most significant criterion or the least
significant one at the expense of the others, which is a suggestion for future research. It is probably
because of these deviations that it is used less in works. This is shown graphically in Figure 4.

Table 9. Rank and weights of the alternative choices when the coefficient weights are calculated using
different methods

A/Method Borda/AHP Entropy CRITIC FanMa

At 0.4070 5 0.33602 5 0.45501 5 0.4790 5
A2 0.4350 2 0.37974 3 0.47196 3 0.5065 1
A3 0.4112 4 0.36069 4 0.46689 4 0.4896 4
A4 0.4266 3 0.40394 2 0.47467 2 0.5045 3

As 0.4401 1 0.41707 1 0.48193 1 0.5054 2
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Figure 4.
Graphical representation of the rank of the alternatives when coefficient weights are determined by different methods

Spearman's rank correlation coefficient is very useful for analyzing the obtained ranks (Wardany &
Zahedi, 2024). If Spearman's rank correlation coefficient is used, it is calculated using the formula:

n 2
L (E;_l’j) ()

where D is the difference in ranks and n is the number of sample members.
If the starting point is the ranks obtained by the SAV method, it looks like this: Figure 5

Spearman's coefficient shows (1; 0.9; 0.9; 0.9) a very high correlation between the ranks of the
alternatives, although the A2 shows a deviation of two ranks. Since in three out of four cases the A5 is
the first-ranked alternative, it is also the best solution for purchasing an airsoft rifle for urban combat
and practicing close-range combat actions.

CONCLUSION

Based on previous research in the field of multi-criteria decision making in the field of military
sciences, one of hybrid decision-making models is presented and a new methodology for calculating
the weighting coefficients of criteria is proposed. Based on the experts' proposals, the criteria were
selected, and based on them, alternatives were found. By applying the hybrid model of three multi-
criteria decision-making methods, the weighting coefficients of the criteria were first determined
using the Borda-AHP model, then five alternatives were ranked using the SAW method, and the most
favorable one was selected. Based on the analysis of the factual situation, airsoft rifles are already in
use in military units for these purposes. The proposed model is in accordance with the opinion of the
five experts who teach Tactics with Weapon Systems at the Military Academy. The proposed method
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for ranking and selecting airsoft weapons will serve experts in purchasing a new quantity of rifles for
the needs of the Military Academy. It can also be used by other structures for the acquisition of other
types of equipment, subject to restrictions. The rifle selected in this way with the above criteria is best
for close distances in urban combat as well as for combat in underground installations, which are
topics studied at the third and fourth year of the Infantry Module. The rifle can also be used for
various demonstrations of close urban combat implemented by special army units and the Military
Academy. The rifle selected in this way with the most significant weighting coefficient and initial
bullet velocity has the appropriate accuracy of hitting the target at longer distances and over 50 m; it
is more effective compared to other rifles and can be used at longer distances.

BORDA and AHP
1

FanMa Entropy

Critic
Figure 5.
Spearman's rank correlation coefficient of the alternatives

The presented method of selecting weighting coefficients, which is an innovation in multi-criteria
decision making, has yielded results in this case. A problem may arise if two criteria in the Borda
method have the same rank, and it is necessary to further improve it and adapt it to the specific
situation. A comparative analysis has shown that the proposed model for determining the weighting
coefficients of criteria is valid and one of the ways of determining the weights of criteria is given when
experts are not familiar with the methods of multi-criteria decision making, which is also a
contribution to the methodology of multi-criteria decision making. Also, the weights of criteria that
vary depending on the method of determination did not greatly affect the rank of alternatives. The
presented model can be further improved by examining and checking the ranking through other
methods for ranking criteria and alternatives. It can also be checked and compared using the Saaty
scale. A more detailed sensitivity analysis can be performed by gradually reducing the number of
criteria or eliminating a criterion. The presented method of determining the weights of criteria based
on a simple ranking of them by experts, which was applied for the first time, showed satisfactory
results in sensitivity analysis. It is necessary to further develop and upgrade it and examine its
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application in combination with other methods. Based on the research, it can be concluded that the
existing method of defining the weighting coefficients of criteria is very simple to calculate, especially
with a large number of criteria and does not require knowledge of multi-criteria decision-making
methods by experts. It can also be undoubtedly concluded that the aforementioned methodology can
be used in other situations when choosing new weapons and military equipment.
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Aleksi¢, A. et al.

Seleccidn de unrifle airsoft para combate urbano
utilizando el modelo hibrido de toma de decisiones
multicriterio Borda-AHP-SAW y Entropy-CRITIC-FanMa-SAW

Resumen:

Introduccién/objetivo: El articulo presenta la aplicacién de métodos de toma de
decisiones multicriterio para seleccionar una réplica airsoft de un rifle automatico parala
practica de acciones tdcticas en combate urbano. Primero, expertos clasificaron los
criterios segun los cuales se seleccionarian las alternativas. Mediante los métodos Borda
y AHP, sedeterminaron los coeficientes de ponderacion de los criterios,
y posteriormente se selecciond la alternativa mas favorable mediante el método SAW. El
procedimiento de seleccidn se repitié cuando la seleccidn se realizd sin expertos, pero
los coeficientes de ponderacién de los criterios se determinaron mediante los métodos
de Entropfa Objetiva, CRITIC y FanMa, y se realizé un andlisis comparativo de los
resultados. El objetivo del articulo es seleccionar el rifle airsoft mas efectivo para uso
profesional y civil para la practica de acciones tacticas en combate urbano mediante
la combinacién de métodos de toma de decisiones multicriterio. El consumo minimo de
recursos es siempre el punto de partida, garantizando al mismo tiempo la forma mas
eficiente de practicar acciones tacticas lo mds cercanas posible a las condiciones
reales. Métodos: Por primera vez, se presenté el método para determinar
los coeficientes de ponderacién de criterios mediante métodos multidisciplinarios de
toma de decisiones multicriterio sobre un problema especifico en el campo de las
tacticas con sistemas de armas, con laopinién de expertos. Posteriormente, se
compararon los resultados sin la participacion de expertos. Los expertos en Tacticas y
Armas de la Academia Militar seleccionaron y clasificaron siete criterios. Posteriormente,
sus opiniones se refinaron mediante el método Borda y los resultados se incorporaron al
método AHP para seleccionar los coeficientes de ponderacién de los criterios.
Finalmente, se selecciond la alternativa mas favorable con base en el método SAW. Dado
que el procedimiento descrito para determinar los coeficientes de ponderacién de los
criterios se calculé por primera vez con la participacion de expertos, se repitid el
procedimiento para seleccionar la alternativa mds favorable sin la participacion de
expertos, pero se determinaron los pesos de los criterios mediante métodos objetivos y
se compararon los resultados mediante analisis comparativo. Las alternativas son cinco
rifles de airsoft con recdmara hop-up, algunos de los cuales se utilizan en la Academia
Militar y en unidades especiales del ejército para entrenamiento en diversas acciones
tacticas de combate, mientras que en la vida civil son utilizados por entusiastas de las
armas airsoft. Resultados: Se eligié el rifle airsoft mas asequible para ofrecer un
consumo minimo de recursos con el maximo rendimiento y aportar el mayor
realismo posible a las situaciones de combate al practicar acciones tacticas en el entorno
urbano. Conclusién: La solucién, con un analisis comparativo de los resultados obtenidos
de dos maneras, considera la optimizacién simultdnea de siete criterios ligeramente
diferentes para seleccionar el rifle airsoft mas eficaz para la practica de procedimientos
tacticos, con el fin de proporcionar condiciones lo mas cercanas posible a las situaciones
reales de combate a corta distancia.

Palabras claves: rifle airsoft, seleccién, Borda, AHP, SAW, entropia, CRITIC, método
FanMa
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BbiboOp cTpanikb0/1bHOM BUHTOBKU A8 6OEB B rOpOACKUX
yC/IOBUAX C UCMO/Ib30BaHMEM rmbpugHou
MHOMOKpUTEPUA/ZIbHOM MOAe/ N NPUHATUA pelueHut BORDA-
AHP-SAW 1 ENTROPY-CRITIC-FANMA-SAW

Pesome:

BBegeHue/uenb: B paHHOW  CcTaTbe  MpeAcTaB/eHO  MPUMEHeHMe  MeTOo/A0B
MHOFOKPUTEPUA/ZIbHOFO MPUHATUA pelleHnit npu  Bblibope CTpaiikbo/bHOM  Komuu
aBTOMAaTUYECKOM BUHTOBKM /1A OTPabOTKM TaKTUYECKUX MPUEMOB B FOPOACKUX
ycnoBuaAx. CHadazna skcnepTamu 6bl/10 MPOM3BEAEHO PaHXMpOBaHWE KpUTepueB, Ha
OCHOBaHWM KOTOPbIX B AasbHelllem OyaeT caenaH BbIbOp MoOAXOAALLEro BapuaHTa.
Mpumenaa metogbl BORDA u AHP, Obiin onpepgeneHbl BecoBble KO3DPULMEHTDI
KpUTepureB, a 3aTeM C NoMoLLbo MeToga SAW 6bi BbIbpaH /yywwimii BapuaHT. Mpoueaypa
oTbopa 6bla NOBTOpeHa, Korga oTbop mpoBoauaca 6e3 yyacTua aKcnepToB. B aTom
c/lydae BecoBble KO3IGOULMEHTbI KpuTepueB OblM onpegeseHbl C MOMOLLbI0 06bek-
TMBHbIX MeTogoB Entropy-CRITIC-FanMa, a 3atem npoBegeH CpaBHWUTE/bHbIA aHa/u3
pe3ysbtaToB. Llenb cTathu 3ak/ntodaetcA B Bblbope Haubosee  3pPeKTUBHOWM
CTPalKb0/1IbHOM BUHTOBKM A/1A C/YKEBHOro U rpaxKAaHCKOro UCno/ib30BaHUA B OTpaboTke
TaKTUYECKUX MPUEMOB B FOPOACKUX YC/NIOBUAX MyTeM COYeTaHMA MeTOAO0B MPUHATHA
MHOrOKpPUTEpUa/IbHbIX pelleHui. B coBpemeHHOM Mupe OTNpaBHOM TOYKOM ABAAETCA
MWHUMa/IbHoe mnoTpeb/ieHne pecypcoB, HO TMpu 3TOM obA3aTe/bHO A0/MKHa OblTb
obecriedyeHa Haubosee 3ppekTMBHAA OTPabOTKA TaKTUYECKUX TPUEMOB B YC/IOBUAX,
NpUBAMMKEHHBIX K peanbHbiM. MeTogbl: CHavasa Obl1 MPUMEHEH 3KCMepTHLIN MeTog,
onpege/neHna BecCOBbIX KO3QOULMEHTOB KpPUTEPUEB C WCMO/Ib30BAHUEM MEX/AM-
CUMM/IMHAPHBIX METOAO0B MHOrOKPUTEPUA/TIbHOTO TPUHATUA PeLleHWit Mo KOHKPeTHOW
npob6seme B 06/1aCTM BOEHHOM TaKTUKU. B ca1yyae, Korga sKCnepTbl He NMpUB/EKaNUCh, Obin
npoBeseH CpaBHWTE/IbHbIM aHa/M3 pe3y/abTaToB. JKCMepTbl B 06/1aCTM TaKTUKM U
BOOPYKeHUA 13 BoeHHO akagemnu cHa4vana BbIOpa/an 1 paHXUpoBaan CeMb KpUTEPUEB.
3aTeM KX MHeHuA OblM nogTBepKAeHbl C nomouibto metoga BORDA, nocne 4ero
pe3sysbTaTbl GbM BBeAeHbl B meTosd AHP ans Bbibopa BecoBbiX KO3hPULMEHTOB
KputepueB. B KoHue Ha oOcHOBaHuWM MeToga SAW 6bin BbiGpaH /AydylumMii BapuaHT.
MocKo/MbKY oOnucaHHaA Bbllle Mpoleaypa Orpese/ieHUAs BeCOBbIX KO3PPULMEHTOB
KpuTepures Brepsble Obla paccymMTaHa 3KCnepTaMu Takum obpasom, npoueaypa Boibopa
Nydllero BapuaHta 6bi1a noBTopeHa 6e3 npuB/eYeHUs 3KCNepToB, HO Beca KpUTepueB
6blM Onpese/ieHbl C UCMNO/Ib30BaHNEM OOBEKTUBHbIX METOA0B, a pe3y/bTaTbl COMOC-
TaB/leHbl C MOMOLLbIO CPaBHUTE/IbHOrO aHa/M3a. A/NbTepHATMBHLIMU BapuaHTamu Gbiin
NATb CTPaNKO0/IbHBIX BUHTOBOK C MAaTPOHHUMKOM hop-up, HeKOTOpble U3 KOTOPbIX UCMO/b-
3yl0TCA B BO@HHOM aKagemum 1 B CrieLiMa/ibHbIX BOEHHbIX NOApasAe/IeHUAX Mpu obyydeHnun
BOEHHO-TAaKTUYECKOI MOArOTOBKE M MPOCTO /NtOOUTENAMM CTPaliKbO/IbHOrO OpYKUA.
PesysbTatbl Bblbop nogxogAuielt CTpaikbo/IbHOW BWHTOBKM OblA CAe/aH C y4eToMm
MWHUMA/IbHOrO pacxoda PpecypcoB U MaKCMManbHOM 3PdeKTUBHOCTU OTpPaboTKu
TaKTUYECKUX MPUEMOB B YC/N0BUAX, MPUO/MMKEHHBIX K pea/ibHbiM. BbiBOA: PelueHue,
OCHOBaHHOE Ha CPaBHWTE/IbHOM aHa/n3e pe3y/bTaToB, MO/YHeHHbIX ABYMA cnocobamu,
Y4MTbIBAaET O4HOBPEMEHHYIO ONMTUMM3ALMIO CEMU KPUTEPUEB, KOTOPble HE3HAYUTE/IbHO
OT/IMYAIOTCA APYr OT ApYra, C Le/blo Bbibopa Hanbosee 3¢pPeKTUBHON CTpaitkbo/bHOM
BUMHTOBKM A1 OTPAOOTKMU TaKTUYECKMUX MPUEMOB Ha OAMMKHUX AUCTAHLMAX B YC/I0BUAX,
NPUB/IMKEHHBIX K PeasibHbIM.

KatoueBbie c/0Ba: CTpaiikbo/bHas BMHTOBKA, Bblbop, meToabl BORDA, AHP, SAW,
Entropy, CRITIC, FanMa



Aleksi¢, A. et al.

N360p airsoft nywke 3a ypbaHy 6opby npumeHom
XMBpUAHOr MOAeNa BULLEKPUTEPUjYMCKOT 04/1YHUBaAHA
BOPAA-AXIT-CAW u Entropy-Critic-FanMa-SAW

CaxeTtak:

YBog/umm: Y pagy je npeAcTaB/be€H HauMH MPUMEHE MeToAa BULLEKPUTEPUjyMCKOr
OoANyuMBatba pagu ogabupa airsoft pensvke ayTomaTcke nywKe 3a yBexbaBare
TaKTUYKMX TOCTynaka y 6opbu y ypbaHoj cpeaguHu. Hajnpe cy ekcnepTv u3BpLUMAM
paHrupare KpuTepujyma no Kojuma he ce BpwmTn U360p antepHaTtuse. [prvmMeHOM
mMeToga BORDA u AHP ogpehenn cy TexuwHu koeduumjeHTn KpuTepujyma, a 3aTum je
HajnoBO/bHUja anTepHaTMBa odabpaHa npumeHom meTtoga SAW. MocTtynak ogabupa y
KOjeM eKcnepTu He y4ecTBYjy je MOHOB/bEH , Ma Cy TEXMLUHU KoePULUjeHTU KpUTepujyma
oapehenn objekTuBHMM MeTogama Entropy-CRITIC-FanMa v usBpLueHa je KomnapaT1BHa
aHaznu3a pesy/TaTa. Uumb paga jecte ga ce KOMBUHALUMjOM METOAA BULLEKPUTEPUjYMCKOT
oANyuMBatba ogabepe HajedpukacHuja airsoft nywka 3a npodecMoHasHy W LUBUAHY
ynoTpeby 3a yBerkbaBatbe TaKTUHKMX pagtbu M NocTynaka y 6opbu y ypbaHoj cpeauHu.
MuHMManaH yTpowak pecypca yBeK je rMo/sasHa OCHOBa, y3 obesbehemwe LWTO
eduKacaHujer HaumHa yBexbaBarba TaKTUUKMX PaghM Koje Cy npub/avKHe CTBapHUM
ycnosuma. Metoge: Mo nNpBuM NyT je NpuKasaH eKCnepTCKU HauuH ogpehrBama TeXMLLHUX
KoeduumjeHaTa Kputepujyma ynotpebom MY/ATUANCLUUMNIMHAPHUX mMeTosa
BULLEKPUTEPUjYMCKOT Og/lyuMBarba Ha KOHKPeTHOM npob/semy u3 06/acTn TakTuKe ca
CcMCTeMMMa  HaopyXkawa, a 3atum  Cy, Yy OACYyCTBY eKcneparta, pesyaTtatu
ynopehenu.Ekcneptv U3 06/1acTu TakTUKe M Haopyxkaka ca BojHe akagemuje Hajnpe cy
opaabpann u paHrMpanun cegam KpUTepUjyma, a 3aTuM Cy BUX0Ba MULL/bEHa CybMmmnpaHa
y3 nomoh metosa BORDA, n pe3yatatu yHeceHu y meTos AHP pagu nsbopa TeXMLLIHUX
KoeduumjeHaTa kputepujyma. Ha Kpajy je, Ha ocHoBy meToga SAW , usBplueH usbop
HajroBO/bHUje anTepHaTuBe. [lOWTO je HaBegeHM NOCTynaK oppehHuBarba TEXMLLHMX
KoeduLmjeHaTa KpUTepUjymMa no Npsu MyT NpopayyHaT aHraxKoBakeM eKcrepaTa Ha OBaj
Ha4WH, NocTynak ogabupa HajnoBO/bHUje anTepHaTMBEe je MOHOB/beH 6e3 aHrakoBaha
eKcriepaTa, a TeXwuHe KpuTepujyma ogpeheHe cy 06jeKTMBHUM MeTOogama, ma cy
pe3yaTaTu ynopeheHu KomMnapaTMBHOM aHa/in3oM. ANTepHaTUBY Mpe/CcTas/ba neT airsoft
nywaka ca hopup Komopom, 0g KOjux ce Heke KOpwucTe Ha BojHOj akagemuju u y
cneumjasiHMM  jeauHuuama Bojcke 3a yBekbaBame pasmMuMTUX H60pPOEHO-TAaKTUYKMX
pajrK, a KoOpucTe UX W UMBUAW, /bYOuTemM airsoft Haopyara PesyataT: MU36op
HajroBo/bHUje airsoft mylke, Koja he o06e36eanTH MMHMMaNaH YTPOLIAK pecypca U
HajroBo/bHUje nepdopmaHce y yC/10BOMAa HajnpubankHWjum BopbeHoj cutyaumju npu
yBex6aBarby TAaKTUUKMX Padru Y ypbaHoj cpeanHn. 3ak/byyak: Pellerbe y3 KOMNapaTuBHY
aHaznu3y pesy/aTtaTta gobujeHnx Ha ABa Ha4uMHa y3uma y 063up MCTOBpeMeHYy ONTUMU3ALIU]y
cegam KpuUTepujyma, Koju ce He3HaTHO pas/IvMKyjy, pagu ogdabupa HajepuKacHuje airsft
nyLIKe 3a yBexkbaBarbe TaKTUYKMX NOCTYNaKa paav obesbehera yc/10Ba HajnpubAnKHUUX
peanHoj 6opbeHoj cuTyaumju Ha KpaTKUM AUCTaHLama.

K/byuHe peun: airsoft nywka; ogabup; BORDA; AHP; SAW; Entropy; CRITIC; meTog FanMa



