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Abstract:

Introduction/purpose: The paper presents the method of applying multi-
criteria decision-making methods in order to improve shooting and select
the most favorable conditions for shooting. Alternatives were ranked by
individual multi-criteria decision-making methods AHP and VIKOR by
experts, and then the most favorable alternative was selected using the
Borda method of group decision making. The aim of the work is to select
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the most efficient way of shooting with minimal human fatigue, consumption
of movable things and in the shortest possible time through a combination
of multi-criteria decision-making methods, which will ensure the accuracy
and precision of the rifle for subsequent shooting and other operations.

Methods: The paper presents one of the ways of using multidisciplinary
methods of multi-criteria decision making for a specific problem in the field
of tactics with weapon systems. Experts from the field of armaments, using
the AHP and VIKOR methods of individual multi-criteria decision making,
selected the most favorable alternative in accordance with four given
criteria. Then, by applying the Borda method of group decision making, the
the most favorable alternative was selected - the most favorable conditions
for the execution of preparatory shooting at serial number one with a 12.7
mm long range rifle. The alternatives are four shootings, namely, two ways
of performing preparatory shooting with a 12.7 mm long range rifle at serial
number one, one from the current Instructions and Program of Shooting
with Infantry Weapons and the other newly proposed method, as well as
two ways of realizing shooting for testing the accuracy and precision of a
long range rifle.

Results: The selection of the most effective conditions for the execution of
the first initial preparatory shooting at serial number one with a long range
rifle, which will ensure maximum accuracy of the weapon and the minimum
consumption of resources - time, ammunition, targets, and personnel
fatigue.

Conclusion: The solution takes into account the simultaneous optimization
of several criteria in order to select the most efficient way of performing
preparatory shooting at serial number one in order to ensure rested and
trained personnel as well as accurate and precise long range rifles for
subsequent shootings, which leads to the maximum saving of resources,
the satisfaction of personnel, and precise weapons.

Key words: long range rifle, rectification, shooting, AHP, VIKOR, Borda
method.

Introduction

The application of individual and group methods of multi-criteria
decision making is an unavoidable segment in the decision-making
process in complex organizational systems such as the Serbian Armed
Forces. The work represents one of the models for choosing the most
economical conditions for the execution of preparatory shooting at serial
number one with a 12.7 mm long range rifle M-93 with the application of
the individual AHP and VIKOR methods and the Borda method of group
multi-criteria decision making (Suknovic¢ et al, 2021).




The symbiosis of multi-criteria decision-making methods in solving
problems in the field of tactics and weapons is already known, as well as
in other fields. Jokic et al. (2024 ) write about the best caliber for rifles, while
Petrovi¢ et al. (2018) used the DEMATEL-AHP method to select the best
jet for the protection of Serbia's airspace. The same authors apply the
Fuzzy - AHP approach in evaluating the criteria for choosing a missile
system for anti-aircraft operations (Petrovi¢ et al, 2018). Radovanovi¢ &
Stevanovi¢ (2020) apply the fuzzy AHP-VIKOR method to select the best
method for testing the accuracy and precision of sniper rifles. Akmaludin
et al. (2023) use the AHP-VIKOR methods for smartphone selection.
Demir et al. (2023) use the AHP-VIKOR method extended by the
Pythagorean set of fuzzy numbers to evaluate the railway transport system
in Turkey. Akmaludin et al. (2021) use a combination of the AHP-VIKOR
methods for the selection of the best swimming athletes. Radovanovi¢ et
al. (2021) analyze the accuracy and precision of shooting with automatic
rifles using the AHP method. Oufella (2024) uses a hybrid model of the
Borda number and the PROMETHEE method to select a maintenance
strategy. Sonatha et al. (2021) use the AHP, Topsis and Borda methods
to support a group decision-making system.

The 12.7 mm long range rifle M-93 (named BLACK ARROW) is a tool
of high accuracy and precision, which achieves its firepower by shooting
immediate targets at distances of up to 1800 m (Zastava Arms, 2024) or
2000 m, depending on the optical sight it has. The stated conditions for the
execution of the first shooting with a long range rifle in the Serbian Army
do not give satisfactory results and require a lot of time. The subject of the
research is the arrival of more efficient conditions for the execution of initial
shooting with a long range rifle.

The paper proposes the conditions for the execution of preparatory
shooting at serial number one, which at the same time represent a test of
the accuracy and precision of a long range rifle and a check of a sniper in
uniform aiming and firing. The described rectification procedure with the
help of binoculars is unique and requires the introduction of binoculars into
the tool kit. The aim of the work is to choose the most efficient and effective
shooting procedure in relation to the presented alternatives by applying
multi-criteria decision-making methods whose contribution will be a
reduction in shooting time and a smaller amount of ammunition as well as,
at the same time, an improvement in accuracy and weaponry for all
subsequent shooting and combat tasks.
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Problem description

During the realization of the preparatory shooting at number one in
accordance with the regulations, certain problems appear. The existing
way of performing preparatory shooting at serial number one with a long
range rifle is realized at a distance of 400 m, and before that it is necessary
to test the accuracy and precision of the rifle at a distance of 100 m or 400
m, depending on the optical sight it has. The optical sight M-93 has an
aiming distance on the distance mechanism of 0, and it is possible to carry
out a test at both 100 and 400 m, while the optical sight M-94 has an aiming
distance of 4, and no rule or instruction describes the use of the existing
targets for testing accuracy and precision. This work is the first place where
a unique procedure for the rectification of both optical sights and the
procedure for testing the accuracy and precision of the sights at the same
target for testing accuracy and precision at a distance of 100 m is
described, which can also represent preparatory shooting at serial number
one. The rectification procedure is necessarily performed after every
removal and re-installation of the optical sight on the rifle.

The optical sight rectification procedure is carried out in such a way
that the test target is placed at a distance of 100 m and with the help of a
universal stand and binoculars for the rectification of a long range rifle, the
barrel is aimed at the control point 400, and that the optical sight, on which
the distance mechanism is set to 4 and the direction mechanism to O,
brings it to the aiming point which is at the bottom of the target, i.e., 30 cm
vertically below the control point 400. Then, with 4 bullets, the accuracy
and precision of the rifle is tested on the same target with sight 4, aiming
at the aiming point at the bottom of the target. Hits should be grouped
around control point 400 in a 12 cm diameter circle described around the
control point. The procedure for testing accuracy and precision can also
be a preparatory shooting at serial number one, which, compared to the
existing conditions, saves 3 test bullets and shortens the distance from
400 m to 100 m.

The procedure can also be implemented at control point 800, which
is 72 cm above the aiming point, sight 8; then, at the same distance of 100
m, the hits will be grouped around control point 800 in a circle with a
diameter of 12 cm. This method of rectification and testing of accuracy and
precision combines shooting for testing accuracy and precision with
preparatory shooting at serial number one and ensures the accuracy of
the rifle at all aiming distances depending on the model of the optical sight.




Description of the methods used

The work will use the AHP and VIKOR individual multi-criteria
decision-making methods (Hanif et al, 2022; Gbébeloglu & Ungan, 2023;
Abdillah et al, 2023; Komazec & Petrovi¢, 2019); and the Borda group
multi-criteria decision-making method.

Description of the AHP method

The Analytical Hierarchy Process method was developed by Thomas
Satti (1988). The method has undergone a large number of modifications
(Petrovic et al, 2018; Bozani¢ et al, 2016; Ayvaz et al, 2024), but in some
cases it is still used in its original form (Radovanovi¢ & Stevanovi¢, 2020)
both in individual and group decision making (TeSi¢ et al, 2024), and is
used in a large number of different decision-making cases.

For pairwise comparisons, which are the basis of this method, the
Saati scale is used, Table 1. The pairwise comparison leads to the initial
decision matrix. Satie's scale is used to determine the value of criteria and
can also be used to rank alternatives.

Table 1 — Saati's scale of comparison

Standard values | Dominance of strength Derived/invasive values
1 same meaning 1

3 weak dominance 1/3

5 strong dominance 1/5

7 very strong dominance 117

9 absolute dominance 1/9

2,4,6,8 limit 1/2,1/4,1/6, 1/8

The first step of using the method is to compare the alternatives in
accordance with the criteria. In individual as well as in group decision
making and the application of the AHP method, it is first necessary to
perform a comparison of alternatives in pairs in accordance with each
criterion separately, respecting the following: on the diagonals of the
matrix, the value is

aij= 1/aji . (1)

Then a new matrix is formed for the same criteria and all alternatives,
and it is filled based on the previous one in such a way that the sum total
value of the column is divided by the value from the cell of that column of
the previous matrix and the value is entered in the same cell of the new
matrix. The next step is to determine the mean value of each type of the
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second matrix. In this way, a certain value of the criterion column is
obtained for all alternatives in accordance with the given criterion in the
decision matrix. The sum of the resulting column is 1 and represents the
degree of confidence in the alternatives for the given criterion.

The next step is the comparison of n pairs of criteria, i.e., determining
the eigenvector W for the criteria - determining the degree of confidence
in the criteria or the weight of the criteria or weights. A matrix of criteria by
type and column is formed and filled in as described above. Then the types
are summed up and a new matrix is formed as mentioned above. The
mean value of the species of the second tick is represented by the vector
W and the sum of that column is 1.

The next step is to calculate the consistency ratio of the CR matrix,
which must be less than 0.1.

CR=CI/RI (2)

where
- Cl is the consistency index

Cl = (Amax-n) / (n-1) (3)
- Rl is a random index according to Sati 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 (4)
A - is the criteria comparison matrix.

Table 2 — Random index by Saati

n 3 4 5 6 7 8 9 10
RI 0.58 0.9 1.12 1.24 1.32 1.41 145 | 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.




Description of the VIKOR method

Multi-criteria Compromise Ranking is a method proposed by the
Serbian scientist Serafim Opricovi¢ in 1998 (Opricovi¢, 1998). The VIKOR
method was applied in a large number of works in its original form (Nisel,
2014; Opricovi¢ & Tzeng, 2004; Delibasi¢ et al, 2023; Yue & Lv, 2024;
Khan et al, 2024; Sennaroglu & Celebi, 2018) as well as in vague
envinronment (Chatterjeea & Chakrabortib, 2016). It is favorable in cases
where decision makers do not have equality in decision making, when
individuals have the right of veto, when they are committed to certain
criteria, and when the criteria are easily measurable. It represents a
compromise when choosing alternatives, observing the minimum or the
maximum in the desired criteria.

First, the initial matrix is filled based on the qualitative properties of
the criteria for each alternative, where the criteria are in the first row, and
the alternatives are in the first column of the matrix. Then, another type is
formed above the criteria, where it is defined whether it is necessary for
the criterion to be minimal if it is a negative property, for example, costs,
or the maximum if good performance is in question.

It is necessary to define the weighting coefficients of the criteria
obtained on the basis of some other method, in this case on the basis of
the AHP method. A weight-normalized matrix is formed by multiplying each
cell of the previous matrix by the weight coefficient of the criterion.

Then, at the end of each column, two more types of the minimum and
the maximum are formed. The minimum and the maximum for each
criterion are extracted from each column.

Then, the strategy S is calculated as the sum value of each type, that
is, the sum of all criteria for a given alternative, as well as the strategy R
which is obtained as the minimum of each type, that is, criteria for each
alternative. If more than one strategy R is minimal, i.e., 0, it is necessary
to determine the corrected value of the strategy R* by subtracting Rmin
from S.

The matrix is formed based on the formulas:

for MAX: t=X - X(min) / X(max) - X(min) (5)

for MIN: t=X(max) - X / X(max) - X(min) (6)

The next step is to determine the normalized strategy Sn, in
accordance with the formula:

Sn = (S — Smin) / (Smax — Smin) (7)

Next, it is necessary to determine the normalized strategy Rn, which

is obtained by the formula:
1153
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Rn = (R* - R*min) / (R*max - R*min) (8)
Finally, a compromise strategy Q is obtained for the value of the
parameter v=0.5. The highest value of Q represents the most favorable
alternative, but if the conditions are met:
that it is sufficiently better than the second-ranked alternative
DQ(a") - DQ(a™) 2 DQ (9)
DQ =min (0,25,1/1-J) (10)
where J-number is an alternative.
That is, J = 4 in this case. So, DQ is 0.25 because it is less than
0.333; and
that it has a strong enough position, that one of the three conditions
is met: (it maintains the first position for v=0.25 and for v=0.75; or it
maintains the first position for v=1 or it maintains the first position for v =0).

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 (Barbera et al, 2023; Sonatha et al, 2021; Saari, 2023; Suknovi¢
et al, 2021). It can be used in its original form (Murti et al, 2021; Everaere
et al, 2023; limiyah et al, 2023), and there are a number of modifications
(Costa, 2017; Lin & Lin, 2023; Jones & Wilson, 2024). The basis of the
method is to choose the alternative that in most cases was the first or
tended to be the first one.

First, a matrix is formed in accordance with the rank of all decision
makers, where the first column is the rank of alternatives and the first type
is decision makers. Then, 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 0 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 species are summarized. The best placed alternative
- the most acceptable alternative is the one that has the highest value of
the vector W.

If it happens that two alternatives have the same rank, then the
following is examined: the independence of the irrelevant alternative (the
rank of the third alternative is changed and it is monitored whether it affects
the two that have a higher rank); the group agreement (which is the order




of ranks of two equally ranked alternatives among all decision makers);
and non-dictatorship (check whether the result was obtained as the
opinion of one individual).

Description of the alternatives and the criteria

Multi-criteria decision making was implemented for four alternatives
in accordance with four criteria:

Alternative 1 - Preparatory shooting at serial number one with a 12.7
mm long range rifle M-93 from the 2020 provisional Instructions and
Programs of Shooting with Infantry Weapons temporarily at a distance of
400 m, with 3 + 4 = 7 bullets at target number 1 with the aiming point -
black circle with a diameter of 10 cm. It is necessary to go to the target
twice for one executor, which is 800 m and requires 40 minutes to execute
the shooting. If the rifle is not accurate and precise, it may happen that the
entire 1x1 m target is missed, and the accuracy and precision of the rifle
must be tested additionally, which increases the time required for shooting,
as well as the amount of ammunition.

Alternative 2 - Testing the accuracy and precision of the rifle at a
distance of 400 m with 4 + 4 = 8 bullets. It requires a time of 40 minutes
and consumes one bullet more and is carried out at the same target
number 1 with the aiming point - black circle with a diameter of 10 cm. It is
favorable that both optical sights, M-93 and M-94, can be tested, and
unfavorable that it may happen that there are no hits on the target.

Alternative 3 - Testing the accuracy and precision of the rifle at a
distance of 100 m with 4 + 4 = 8 bullets. It requires a time of 10 minutes
and consumes one bullet more compared to A1 and is carried out at the
same target number 1 with the aiming point - a black circle with a diameter
of 10 cm or some other aiming point on the target. It is favorable that the
distance is 100 m, but it is unfavorable that the optical sight M-94 has a
minimum aiming distance of 400 m, and it is necessary to define a control
point in relation to the elevation of the bullet path at 100 m, because the
aiming point and the control point do not coincide, which requires another
target.

Alternative 4 - Proposal for preparatory shooting on regular color 1 at
a target for testing accuracy and precision with the aiming point and control
point 400 at 30 cm above the aiming point and control point 800 at 72 cm
above the aiming point, at a distance of 100 m (with prior optical sight
rectification) with 4 bullets at one of the control points. A distance of 200
m is covered, which is four times less compared to A1, 4 bullets are used
and fired at the same target on which rectification is performed.
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The criteria are as follows:

Criterion 1 - The time for which the shooting procedure ends, which is
directly related to the shooting distance and the number of bullets. It is
preferred to be the minimum value;

Criterion 2 - Ammunition consumption ranging from 4 to 8 rounds. A
minimum value is also desirable;

Criterion 3 — The target is determined by type and it can be: target
number three with a black circle aiming point with a diameter of 10 cm; a
target with a crosshair as an aiming point; a target for testing accuracy and
precision into which both rectification and shooting are performed. In the
target for accuracy testing, we perform two actions, but it must be
sketched, while target number 1 exists, and the second in order should be
sketched or the aiming point marked on a clean target support. The
criterion is of a linguistic type and depends on the choice of an alternative.
The maximum value is preferred; and

Criterion 4 - Fatigue of personnel, which carries weights from 1 to 4
and is directly related to the shooting distance, shooting time, and the
number of bullets. It is preferred to be the minimum value.

The alternatives and the criteria are evaluated by decision makers,
experts in the field of weapons with shooting training who work at the
Military Academy with many years of teaching experience and experience
in the troops, and experts in the field of weapons with experience of
working in the Serbian Army units.

Ranking results

The first and the second decision maker used the AHP method of
individual multi-criteria decision making, for the third decision maker (DO3)
the alternative ranking method is unknown and the rank is (the best is A1;
the second place is A2; the third place is A3, and the last place is the A4
alternative), while the fourth decision maker used the VIKOR method of
multi-criteria decision making.

The first decision maker ranked the alternatives as follows:

Table 3 — Ranking of alternatives in accordance with the time criterion

Time A1 A2 A3 A4

A1 1 0.5 0.5 0.3333
A2 2 1 0.25 0.25
A3 2 4 1 0.2

A4 3 4 5 1




Decision maker 1 works as follows: The first matrix is filled in with
respect to (1), while the second is filled in based on the first, and so on for
all four criteria. It can be concluded that for alternative A4, the criterion
"time" has the greatest importance, then for alternative A3, and for A2, and
for A-1 it has the least importance.

Table 4 — Ranking of alternatives in accordance with the ammunition criterion

Ammunition A1 A2 A3 A4
A1 1 2 2 2
A2 0.5 1 0.8 0.8
A3 0.5 1.25 1 1
A4 0.5 1.25 1 1

From the above tables, it can be seen that the ammunition is the most
important for A1, the target for A4, while the fatigue of the executor is equal
for A3 and A4 because the shortest distance is covered.

Table 5 — Ranking of alternatives in accordance with the target criterion

Target A1 A2 A3 A4
A1 1 1 2 0.5
A2 1 1 0.5 0.5
A3 0.5 2 1 0.5
A4 2 2 2 1

Table 6 — Ranking of alternatives in accordance with the fatigue criterion

Fatigue A1 A2 A3 A4
A1 1 1 0.25 0.25
A2 1 1 0.25 0.25
A3 4 4 1 1

A4 4 4 1 1

The following tables check the importance of the criteria
"ammunition", "target" and "fatigue", according to Satie's scale of
comparison of Tables 4 - 6. The procedure is identical to the previous case
and requires attention when filling out the initial matrix.

Now it is necessary to check the consistency of the matrix and the
consistency ratio CR (2), by ranking the criteria in Table 7. The procedure
is identical to the previous two cases and requires attention when filling
out the initial matrix.
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Table 7 — Ranking of the criteria and determining the weighted sum of the criteria

K-1 K-2 K-3 K-4
K-1 1 0.33 0.33 1
K-2 3 1 0.25 4
K-3 3 4 1 5
K-4 1 0.25 0.2 1

The mean values of other matrices represent the initial values for the
initial decision matrix, Table 8.

Table 8 — Formation of the initial matrix and the priority vector - weighting W

Time Ammunition Target Fatigue
A-1 0.1097 0.3992 0.2381 0.1
A-2 0.1331 0.1788 0.1699 0.1
A-3 0.2328 0.2110 0.2066 0.4
A-4 0.5244 0.2110 0.3854 0.4
W 0.1156 0.2645 0.5267 0.0932

Table 9 — Matrix consistency check

A*w Amax Cl RI CR
0.47 4.09 0.078 0.9 0.087
1.12 4.22
24 4.55
0.38 4.08

4.23

From Table 9, it can be concluded that the CR=0.087, which is less
than 0.1, the matrix is consistent, and the alternatives are then ranked
using the same procedure.

Table 10 shows that, for decision maker 1 (DO1), A4 was ranked best,
followed by A1, then A3 and the lowest ranked one was A2.

Table 10 — Final ranking of the alternatives with weighted sums for DO1

A-1 0.2530 2.
A-2 0.1615 4.
A-3 0.2288 3.
A-4 0.3567 1.




In the same way, the second decision maker, DO2, with the help of
the AHP methods, arrived at the final decision-making matrix and ranked
the alternatives as in Table 11.

Table 11 — Formation of the initial matrix and the priority vector - weighting W

Time Ammunition Target Fatigue
A-1 0.1339 0.4 0.2 0.1
A-2 0.1339 0.2 0.2 0.1
A-3 0.2054 0.2 0.2 0.4
A-4 0.5268 0.2 0.4 0.4
W 0.1981 0.2748 0.3873 0.1397

For decision maker 2 (DO2), the CR is 0.045, better than for DO1.
Since this is less than 0.1, it means that the matrix is consistent, Table 12.

Table 12 — Final ranking of the alternatives with weighted sums for DO2

A-1 0.2279 3.
A-2 0.1729 | 4.
A-3 0.229 2.
A-4 0.3702 1.

Decision maker 4 (DO4) used the VIKOR method and formed the
initial decision matrix as in Table 13.

Table 13 — Initial decision matrix

L max-min min min max min
K1 K2 K3 K4
A1 40 7 1 4
A2 40 8 1 4
A3 10 8 2 1
A4 10 4 2 1
MAX 40 8 2 4
MIN 10 4 1 1

Then in Table 14, the field of the previous matrix is multiplied with the
weight vector from the AHP.
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Table 14 — Normalized decision matrix

Then, in accordance with (5) and (6), he formed a normalized decision
matrix, Table 15. From there, he determined the strategies S and R, then

R*, then with formulas (7) and (8).

The strategies Sn, Rn and finally the compromise strategy Q, for the
probability v = 0.5, a simple comparison of which leads to the ranking of
the alternatives, if certain conditions of sufficient advantage and a
sufficiently firm position of the first-ranked alternative compared to the

second-ranked alternative are met.

The complete procedure for calculating the strategies is described in

the text above.

W 0.1953 0.35007 0.21867 0.2758
L max-min min min max min
K1 K2 K3 K4
A1 7.812 2.450 0.219 1.103
A2 7.812 2.801 0.219 1.103
A3 1.953 2.801 0.437 0.276
A4 1.953 1.400 0.437 0.276
MAX 7.812 2.801 0.437 1.103
MIN 1.953 1.400 0.219 0.276
Table 15 — Second normalized decision matrix
K1 K2 K3 K4 S R R* Sn Rn Q
A1 0 0,5 0 0 0.25 0 0.0025 0.0625 0.0625 0.0625
A2 0 0 0 0 0 0 0 0 0 0
A3 1 0 1 1 3 0 0.03 0.75 0.75 0.75
A4 1 1 1 1 4 1 0.04 1 1 1
min 0 0 0
max 4 1 0.04

Table 16 — Checking the sufficient advantage of the first-ranked alternative

In accordance with (9), DQ =1 - 0.75 = 0.25. In accordance with (10),
the sufficient advantage of the first-placed alternative A4 in relation to the

Q Rang
A1 0.0625 3.
A2 |0 4.
A3 | 0.75 2.
A4 1 1.




second-placed alternative A3 is 0.33333 = 0.25. Further, from Table 17, it
is checked whether one of the three conditions is fulfilled, so that the first
ranked alternative satisfies the condition of a sufficiently firm position.

Table 17 — Checking a sufficiently firm position

v=1 v=0 v=0.75 v=0.25
A1 0.0625 0.0625 0.0469 0.0156
A2 0 0 0 0
A3 0.75 0.75 0.5625 0.1875
A4 1 1 0.75 0.25

Although only one of the three conditions needs to be met, in this case
all three conditions are met. It is concluded that the first-ranked alternative
maintains a strong enough position in relation to the second-ranked
alternative both when v=0 and when v=1 and when v=0.75 and 0.25. It can
be concluded that the individual methods of multi-criteria decision making,
the VIKOR and the AHP, gave similar results. In certain cases, the use of
one of the methods does not give the expected results, and it is necessary
to change the method.

From Table 18, it can be concluded that for the first, second and fourth
decision maker, the best alternative is A4, while the opinion of the third
decision maker deviates and for him the best alternative is A1 and the
lowest ranked alternative is A4. Regardless of everything, his opinion is
taken into consideration even if he does not agree with the others.

Table 18 — Results of the individual multi-criteria decision-making methods

METOD | AHP AHP VIKOR
RANG DO 1 DO 2 DO 3 DO 4
1. A4 A4 A1 A4

2. A1 A3 A2 A3

3. A3 A1 A3 A1

4 A2 A2 A4 A2

When the alternative rankings of all four decision makers are entered
in Table 18, the following results are obtained. From the aforementioned
table, a new Table 19 is formed, which represents the summarization and
ranking of the results of all decision makers while respecting the rule that
the worst-placed alternative is assigned 3, the second-placed 2, the third-

Aleksi¢, A. et al, Application of the AHP and VIKOR methods of individual decision making and the Borda method of group decision making when

choosing the most efficient way of performing preparatory shooting at serial number one from a 12.7 mm long range rifle M-93, pp.1147-1170



@VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 3

placed 1, and the last or fourth-placed 0. In Table 19, a simple sum of the
ranks leads to the best ranked alternatives to A4.

Table 19 — Use of the Borda method in the ranking of the alternatives

DO 1 DO2 |DO3 |DO4 |W RANG
A1 2 1 3 1 7 2.
A2 0 0 2 0 2 4.
A3 1 2 1 2 6 3.
A4 3 3 0 3 9 1.

The Borda method gives the final ranking of alternatives A4, A1, A3,
and A2. The best alternative is A4, while the least favorable is A2.

Conclusion

Individual multi-criteria decision-making methods AHP and VIKOR
can give different results or be less favorable for a certain problem. In this
case, the decision makers obtained favorable results by applying two
different methods. Using the VIKOR method, the first-ranked alternative
A4 satisfied the criterion of sufficient advantage and sufficiently solid
position for all three conditions, out of which only one is sufficient to be
fulfilled in relation to the second-ranked alternative A3. The third decision
maker only presented the results without explaining the method used. All
four decision makers had an equal right to vote in the decision. By applying
the Borda group decision-making method, their results were summarized
and the most favorable alternative was selected, which is the fourth
alternative, A4.

The paper presents a model of the application of multi-criteria
decision-making methods for solving a specific problem in the field of
weapon use for the purpose of training and realization of the first initial
preparatory shooting at serial number one with a 12.7 mm long range rifle,
through the selection of the most favorable conditions for shooting. The
mentioned procedure combines three actions into one, rectification of the
sight - without the use of ammunition, testing the accuracy and precision
of the rifle and at the same time the implementation of preparatory
shooting, i.e., checking the sniper's training in uniform aiming and firing.
The rectification procedure is the product of the author's experiment and
for the first time in any official literature in Serbia it is shown here; it was
tested in practice where it gave positive results. The idea for the procedure
was taken from the shooting with the 30 mm Automatic Grenade Launcher
M-93, where the preparatory shooting at serial number one is also the




shooting for testing accuracy and precision and checking the operator's
training in proper aiming and firing.

The results show that there is a need for a justified change in the
conditions for the execution of preparatory shooting with a long range rifle,
and the mentioned procedure can be used to select any other four
alternatives with four criteria in any field with the ranking of alternatives
and criteria by experts in that field.

Multi-criteria decision-making methods have shown results and are
used in all areas, both in natural and social spheres of life, in order to
obtain maximum product performance. The proposal for future research is
that before purchasing and putting weapons into use, multi-criteria
optimization methods should be used, the existing and new systems
should be compared with the proposed procedure, and the results and the
opinions of experts should be followed when purchasing or modernizing
assets. Through the aforementioned procedure, the performance of the M-
19 modular rifle or the M-20 modular machine gun can be compared with
the existing rifles and machine guns or the Kornet EM anti-armor system
with the existing anti-armor weapons.
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Resumen:

Introduccion/objetivo: El articulo presenta el método de aplicar métodos de
toma de decisiones multicriterio para mejorar disparos y seleccionar las
condiciones mas favorables para disparos. Los expertos clasificaron las
alternativas mediante los métodos individuales de toma de decisiones
multicriterio AHP y VIKOR, y luego se seleccioné la alternativa mas
favorable utilizando el método Borda de toma de decisiones grupales. El
objetivo del trabajo es seleccionar la forma mas eficiente de disparar con el
minimo cansancio humano, consumo de objetos méviles y en el menor
tiempo posible mediante una combinacion de métodos de toma de
decisiones multicriterio, que garanticen la exactitud y precision del disparo
del rifle para disparos posteriores y otras operaciones.

Métodos: El articulo presenta una de las formas de utilizar métodos
multidisciplinarios de toma de decisiones multicriterio para un problema
especifico en el campo de la tactica con sistemas de armas. Los expertos
en el campo de armamentos, utilizando los métodos AHP y VIKOR de toma
de decisiones individuales segun multiples criterios, seleccionaron la
alternativa mas favorable de acuerdo con cuatro criterios dados. Luego,
aplicando el método Borda de toma de decisiones en grupo, se eligio la
alternativa mas favorable: las condiciones mas favorables para realizar el
tiro preparatorio en el nimero de serie uno con un rifle de largo alcance de
12,7 mm. Las alternativas son cuatro tiros, a saber, dos modos de realizar
el tiro preparatorio con un fusil de largo alcance calibre 12,7 mm ndmero
de serie uno, uno del actual Instructivo y Programa de Tiro con Armas de
Infanteria y el otro método recientemente propuesto, asi como dos modos
de realizar tiros para probar la exactitud y precision de un rifle de largo
alcance.

Resultados: La seleccion de las condiciones mas efectivas para la
ejecucion del primer tiro preparatorio inicial en el nimero de serie uno con
un rifle de largo alcance, que garantizara la maxima precision del arma y el
minimo consumo de recursos: tiempo, municiones, objetivos y fatiga del
personal.

Conclusion: La solucion tiene en cuenta la optimizacion simultanea de
varios criterios para seleccionar la forma mas eficiente de realizar tiros
preparatorios en el numero de serie uno para garantizar personal
descansado y capacitado, asi como rifles de largo alcance precisos y
exactos para tiros posteriores. lo que conduce al maximo ahorro de
recursos, la satisfaccion del personal y armas precisas.

Palabras claves: rifle de largo alcance, rectificacion, tiro, AHP, VIKOR,

método Borda.
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MpyMmeHeHne MeToO0B MHAMBUAYANbLHOrO NpUHATUA pewweHnid AHP 1
VIKOR 1 meToga rpynnoBoro npuHsatus pewexun Borda npu Beibope
Hambonee apdeKTUBHOro cnocoba BbIMOMHEHNSI MONOArOTOBUTENBbHBLIX
ynpaxHeHun Nel no cTtpenbbe n3 panbHoGoWHOW BUHTOBKM M-93
kannbpa 12,7-mm
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6 Benrpaackuin yHMBEpCUTET, dhaKynbTeT OpraHn3aLMOHHbIX HayK,
kadeapa opraHunsauum busHec-cuctem, r. benrpaa, Pecnybnuka Cepbus

PYBEPUKA TPHTW: 27.47.19 WUccnepoBaHue onepauui,
78.25.00 BoopyxeHune 1 BOeHHas TexHuka
BWO CTATbW: opurmHanbHasa Hay4Has ctaTbs

Pesrome:

BsedeHue/uenb: B daHHOU cmambe npedcmassieH  criocob
npumeHeHuUs1 Memo0da MHO20KpumepuanbHo20 MPUHAMUS peweHul ¢
uenblo cosepuieHcmeosaHusi cmpesnbbbl U ebibopa Haubonee
briazonpusamHbix  ycrosul  Ons cmpenbbbl.  AnbmepHamuebi
paHXuposanucb 3dKcriepmamu  Ha  OCHO8aHUU  UCIMO/b308aHUst
UHOuBUdyarbHbIX  MHO20KpumepuarsbHbIX  Memodo8  MPUHSAMUS
pewenuti ,AHP“ u ,VIKOR®, nocne 4ezo nyywas anbmepHamuea
8bibupanack Memodom epyrnnogoeo NpuHaIMus peweHud ,Borda“. Llernb
OaHHOU cmambu - e6blbpamb Haubonee aghghekmusHbIl crnocob
cmpenbbbi ¢ MUHUMaIbHBLIM YMOoMIeHUeM JYesiogeka, pacxooom eeuwleli
u 8 Kpam4yadiwue CPOKU, ucronb3ys covyemaHue
MHO20KpumepuarbHbIX memodos npuHaMUS peweHud,
obecrieyusatowiux mMoyHocmb cmpesnbbbl U opyXxusi 8 nocnedyowux
y4eHusix u Opyaux delicmeusix.

Memoodbi: B daHHOU cmambe npedcmasrieH 00UH u3 crocobos
ucronbL308aHUs MYnbMuOUCYUMNITUHaPHbIX memodos
MHO20KpUmepuanbHo20 MPUHAMUS peweHul o KOHKpemHouU 3adaye 8
obracmu makmuKu cucmeM 800pYXeHUs. dkcriepmsl 1o bannucmuke
8blbpanu Hauboree 8bi200HYI0 aflbmepHamuegy ¢ MoMoWbo Memodos
UHAUBUQYarIbHO20 MHO20KpUMepUaabHo20 NpuHamMus peweHut ,AHP*
u ,VIKOR“ no 4yembipem 3adaHHbIM Kpumepusm. 3amem ¢
npumeHeHuem memoda 2pyrnrnoeoao npuHAmMus peweHul ,Borda“ 6bin
rnpoussedeH OKOHYamersbHbIl 8bl6op Haubonee 6nasonpusmMHoO20
anbmepHamueHo20 g8apuaHma-ycrosusi 8bIMOSTHEHUS
rnodeomosumeribHbIX yripaxHeHul rno cmpesnsbe Ne1 u3 dansHobolHou
8UHMOBKU Kanubpa 12,7 mm. ArilbmepHamugHbIMU S8/1110Mcs Yembipe
criocoba cmpenbbbl, a uMeHHo dsa criocoba  8bIMNOSIHEHUS
rnodzomosumeribHbIX  yrpaxHeHuli no cmpensbe Ne 1 u3




OasibHObOUHOU 8UHMOBKU Kanubpa 12,7 MM, 00uH criocob coeanacHo
UHecmpykyuu u npoepamme cmperibbbl U3 CMPESIKOBO20 OPYXUsS U
emopol — Hoeblli crocob, a makxe dea criocoba 8bINoHEeHUs
ynpaxHeHud no cmpesnbbe 051 Mpoeepku moyHocmu 0aribHOb60UHOU
B8UHMOBKU.

Pesynbmamel: Bbibop Haubonee 6nazonpusmHbiXx ycroeul 0Ons
rnposedeHusi nepgoeo  M0O020MO8UMENIbHO20  YrPaXXHeHUs o
cmpenbbe Ne1 u3 QOanbHoboUHOU 8uHMOSKU obecriequsaem
MaKcuMarsibHy MOYHOCMb OPYXKUSI U MUHUMAaSTIbHbIU pacxo0 pecypcos
- 8pemeHu, boernpunacos, MuweHel, ycmanocmu cocmasa.

Bbigodsl:  PeweHue yyumbsigaem OOHOBPEMEHHYIO — ONMuMU3ayuto
HECKOJIbKUX Kpumepuee C Uesibio 8bibopa Hauboree aghgheKkmusHo20
criocoba 8bIMosHEHUST T0020mMo8UMETbHbIX YrpaxHeHUU rno cmperbbe Ne
1 ¢ yenbio obecrieyeHusi 0mMOOXHy8wWe20 U Nod20moe/IeHHO20 JIUYHO20
cocmasa u mo4Hocmu 0anbHOO0UHOU BUHMOBKU Orsi 1ocriedyrouux
yyeHul, 4mo npueodUM K MaKCUMaslbHOU 3KOHOMUU PEeCypcos,
ydo8remeopeHUo cocmaea U moYyHOCMU OPYKUS.

Knovesble  crioga: OanbHoboUHas  8UHMOBKa,  UcrpasrieHue,
cmpensba, AHP, VIKOR, memod Borda.

Mpumena AHP n VIKOR meToga nnamesuayanHor ognyymsana n Borda
MeToda rpynHor oanyyvMBaka npu u3bopy HajedmkacHujer HadmHa
u3BpLlerwa npunpemHor rahawa Ha pegHoM 6pojy 1 ganekoMeTHOM
nywkom M-93 kanmbpa12,7 mm
Anexcandap P. Anekcuh?, ayTop 3a npenucky, 6opuc B. Jennbawmh®,
XKerbko M. Jokuh@, Mapko P. PagoBaHoBsuh?
2YHuBepauteT oabpaHe y beorpaay, BojHa akagemuja,

Katenpa TakTuke ca cuctemmma Haopyxama, beorpaa, Penybnuka Cpbuja

5 YuusepauteT y Beorpagy, ®akynteT opraHM3aLMoHUX Hayka,
Katepnpa 3a opraHmnsauujy nocnosHux cuctema, beorpag, Penybnuka Cpbuja

OBJIACT: npumereHa matemaTtuka, MalLMHCTBO, BOjHE HayKe
(TakTMKa ca cucTemmma Haopyxama)
KATETOPWJA (TUIT) YNAHKA: opuruHanHm Hay4Hu pag

Caxxemak:

Yeod/yurb: Y pady je npedcmasrbeH HaquH rnpumeHe memoda
suLwieKkpumepujymckoe odrydugara Yuju je yurb yHanpeherme eahama u
odabupa wmoO [OBO/BHUUX yCrioea 3a u3epwere 2afjarba.
AnmepHamuse cy  paHaupaHe UHOUBUOYanHUM memodama
suwekpumepujymckoe oodnydyuearka AHP u VIKOR 00 cmpaHe
eKcrepama, HakOH 4eea je HajliosorbHUja anmepHamusa odabpaHa
npumeHom Borda memoda epynHoz odnyqusarka. Ljurb pada jecme Oa ce

Aleksi¢, A. et al, Application of the AHP and VIKOR methods of individual decision making and the Borda method of group decision making when

choosing the most efficient way of performing preparatory shooting at serial number one from a 12.7 mm long range rifle M-93, pp.1147-1170
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KoMbuHayujom memoda suweKkpumepujyMmckoa o0nydusara 00abepe
HajeghukacHUju Ha4yuH u3spwerba eahama y3 MUHUManaH 3amop
Jsbydcmea, ympouwiak roKpemHux cmeapu U 3a wmo kpahe epeme, koju he
obe3bedumu mayHocm uripeyusHocm opyha 3a HapeOHa eahar-a u Opyaa
Ogjcmea.

Memode: lpukazaH  je  jedaH o0 HayuHa ynompebe
MynmuduCyUNIUHapHUX Memoda 8ULLEKPUMEPU)yMCKO2 00/Ty4Yusara Ha
KOHKpemHom npobriemy u3 obracmu makmuke ca cucmemuma
Haopyxarba. Ekcriepmu u3 obrnacmu Haopyxarsa cy npumeHom AHP u
VIKOR memode uHOusudyasiHoz2 euleKpumepujyMckoe 00s1yqusarha,
npema Yemupu 3aBama Kpumepujyma, udepuwiunu u3bop HajnososrbHuje
anmepHamuee. 3amum je rnpumeHom Borda memoda epyrHoe
odnyqusarba usspuwieH KoHa4aH 00abup HajrosorbHUje anmepHamuee —
ycrioea 3a usspwetrbe rpuripemHoz 2ahawa Ha pedHom 6pojy 1
Oanekomem+om nywkom M-93, kanubpa 12,7 mm. AnmepHamuee cy
yemupu eaharba — 08a HauyuHa u3epwera rnpunpemMHoz 2afjama Ha
pedHom b6pojy 1, jedaH u3 ,Ynymemea u npoepama 2afjarba newadujckum
Haopyxarem” u Opyeu HO80MpedroxXeHU HayuH, Kao u 0ea HayuHa
peanusayuje 2ahara 3a ucrumuearse mayHocmu U Mpeyu3Hocmu
OarilekomemHe ryuike.

Pesynmam: UsabpaHu cy HajrnogorbHUjU yCrioeu 3a u3spulere rpeoe
rnoyemHoe npuripemHoe 2afjarba Ha pedHom 6pojy 1 danekomMemHom
nywkoM, Koju he ob6esbedumu MmakcumanHy mayHocm opyha u
MUHUMaraH ympouwak pecypca — epemMeHa, MyHuuuje, mema U 3amopa
spydcmea.

Sakrpyyak: Pewerse y3uma y 063up ucmospeMeHy onmumu3auujy euwie
Kpumepujyma padu olabupa HajehukacHujee HaqyuHa U3eplieHsa
npuripemMHoe 2ahara Ha pedHom 6pojy 1. Ha maj Ha4yuH obe3behyje ce
0OMOPHO U 0by4eHO Sbydcmeo, Kao U rpeyusHocm dasiekoMemHe rnywKe
3a HapeOHa 2afjarba, wimo 0o8odu 0o MakcumariHe yuimede pecypca.

KrbyyHe peyqu: anekomemHa nywka, pekmucbukauyuja, eahare, AHP,
VIKOR, memoO0 Borda.
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