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Abstract:

Introduction/purpose: The possibility of optimizing a short-range surface-to-
air artillery- missile (short-range SAAM) system design process by applying
the hybridized multi-criteria decision-making (integration of DEMATEL and
MABAC methods) approach in the triangular interval type 2 fuzzy
environments is shown in the paper. By analyzing the content of the
literature, the tactical-technical requirements and sub-requirements were
selected. Furthermore, the weights of these requirements and sub-
requirements are determined. After that, a multi-criteria decision-making
(MCDM) model was created for the evaluation of different initial projects of
designing a short-range SAAM, which was also tested in this paper.

Methods: The proposed approach that combine the DEMATEL and
MABAC methods have been modified by triangular interval type 2 fuzzy
sets (IT2FSs). The triangular IT2F-DEMATEL method was applied to
determine the weights of the requirements and sub-requirements, while the
triangular IT2FS -MABAC method was applied to evaluate the alternatives
— initial project designs of a short-range SAAM.

Results: Integrating the multiple triangular IT2FS-MCDM approach into a
unique model that can be applied in the process of defining the optimal initial
design project of a short-range SAAM.

Conclusion: The paper contributes to military science in making decisions
related to the design of a short-range SAAM.

Keywords: DEMATEL, MABAC, Triangular Interval Type 2 Fuzzy Sets,
Short-Range Surface-to-Air Artillery-Missile System.
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Introduction

This paper will rely on the state's ability to design and mostly produce
new air defense weapons in its limited qualitative and quantitative
capabilities (in terms of population, size of territory, development of the
military-industrial complex, GDP, geopolitical influence, etc.). An example
of the development of a short-range air defense missile system is given in
the paper. This case is possible only in conditions of exponential
development of the military-industrial complex and the transfer of
technology and knowledge (Petrovi¢ & Petrovi¢, 2024). As an initial step
in the design of a new, technologically advanced, short-range air defense
missile system, the formation of a certain number of tactical and technical
requirements and sub-requirements is imposed, which the weapon must
meet in order to oppose modern threats from the air space. An example
of the evaluation of these requirements is given in order to determine their
importance in the formation of requirements and sub-requirements of each
requirement for the design of a modern short-range SAAM (Petrovi¢ &
Petrovi¢, 2024). The research aims to optimize the design process of a
short-range SAAM using a hybrid MCDM approach. The specific objective
is aimed at improving the accuracy of the decision-making process,
handling uncertainty, and optimizing the selection of tactical-technical
requirements. Namely, the process of forming requirements for military
technical-technological solutions is currently based on normative-legal
documents that do not take into account precise scientific validation. The
current process is based on a detailed content analysis, a large database
of processed data, but scientific methodology is not used when drawing
conclusions. Bearing in mind that military organizations are used in
partially controlled conditions (in a combat environment they depend on
the enemy and other components of the operational environment), it is
clear that the selection of requirements for the selection of weapon
systems takes place in conditions of uncertainty (military decision making
is realized in partially determined and indeterminate conditions). Bearing
this in mind, the aforementioned military decision making can be improved
by applying fuzzy theory, in this case IT2FSs. Also, decision making in
military processes aims to create optimal conditions for the implementation
of the decision, based on the proposals of experts from several fields (as
is the case when defining the initial requirements for designing a weapon
system). This results in the need to improve the decision-making process
in order to optimize the decision, which results in the application of MCDM
methods.
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By analyzing the literature, it was concluded that there are scientific
articles that researched this problem or similar research problems. There
are also studies relating to the development of the technology of individual
elements of weapons systems including anti-aircraft missile systems
(Cheng & Mon, 1994; Ding et al, 2018; Jiang et al, 2011). Particularly
interesting is the work that deals with the formation of initial requirements
for designing a fighter aircraft based on overall evaluation criteria by Mavris
& DelLaurentis (1995). The optimization of equipping with a missile system
for combat operations using multi-criteria decision-making methods was
also investigated in some scientific papers (Tesi¢ & Bozani¢, 2023;
Karadayi et al, 2019; Dagistanli, 2025; Dagdeviren et al, 2009). Based on
the aforementioned papers, initial tactical and technical requirements were
formed in this research, with the help of a group of experts who evaluated
them for the needs of optimizing the design of a new short-range air
defense missile system. The formed requirements are as follows: spatial
capabilities (R1), fire capabilities (R2), time capabilities (R3), forces
protection capability (R4), and accessibility and technological reliability
(R5) (Petrovi¢ & Petrovi¢, 2024). These requirements are further classified
into sub-requirements. The spatial capabilities (R1) can be classified into:
ability to detect targets (R11), size of the destruction zone of aerodynamic
and ballistic targets (R12), RCS of the detected target (R13). The fire
capabilities (R2) can be classified into: probability of target destruction
(R21), mathematical expectation of the number of destroyed targets (R22),
channel by target (R23), channel by missile (R24), and system armament
(R25). The time capabilities (R3) can be classified into: fire maneuver
(R31), movement maneuver (32), firing cycle (R33), ability to provide
ordnance and anti-aircraft rockets (R34), and reaction time (R35). The
forces protection capability (R4) can be classified into: frequency agility of
autonomous radars (R41), pulse repetition frequency (R42), autonomy in
operation of combat platforms (R43), ability of passive sensors (R44),
combined guidance (R45), and the ability to protect against continuous
interference (JATDS) (R46). The accessibility and technological reliability
(R5) can be classified into: investment costs (R51), operating costs (R52),
possibility of an "offset" component production (R53), possibility of
installation of components of domestic production (R54), and possibility of
linking with the existing surface to air assets (R55). The sub-requirements
investment costs (R51) and the operating costs (R52) are the cost sub-
requirements. Other sub-requirements are benefit sub-requirements. The
research is conducted by using multi-criteria decision-making methods
(MCDM). The types of MCDM methods used in the research are multiple-
attribute decision-making (MADM) methods. MADM involves the selection
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of the "best" alternative from the pre-specified alternatives described in
terms of multiple attributes (Zavadskas et al, 2014; Sabaei et al, 2015).
These methods enable the prioritization of a discrete - finite number of
requirements and sub-requirements and attributes in hierarchically
structured qualitative - quantitative ambiguous (imperfect) problems
(Petrovic & Milenkovi¢, 2024). Bearing in mind that in the work it is
necessary to prioritize the final number of requirements and sub-
requirements, as well as the ranking of the final number of the alternatives
— initial project documentation, the application of hybridized MADM
methods is completely approved. For the purpose of determining the
mutual influence between the requirements and the sub-requirements, the
Decision - Making Trial and Evaluation Laboratory (DEMATEL) method
was applied in the paper. The evaluation of the project documentation was
performed using the Multi-Attributive Border Approximation area
Comparison (MABAC) method. The justification for applying the hybridized
DEMATEL-MABAC approach is based on the following facts. Using the
DEMATEL method, it is possible to investigate the mutual influence of the
requirements and the sub-requirements for choosing the optimal offer for
designing a SAAM. Bearing in mind that all the capabilities of a weapon
system depend on the mutual influence of its tactical-technical
characteristics, as well as on the influence of other factors of the
operational environment during combat operations, the application of the
DEMATEL method fully ensures the prioritization of the requirements and
sub-requirements of the weapon system, such as a SAAM. The MABAC
method ensures optimal ranking of the project documentation from a pre-
defined number of bidders. Also, this method provides an assessment of
the distance of the quantitatively expressed characteristics (requirements
and sub-requirements) of the offered project documentation from the
boundary approximate areas, which, in addition to the numerical results,
enables the visualization of the obtained results. Also, the MABAC method
provides a solution to problems where there is a conflict between criteria -
requirements, which is also the case when designing a SAAM (for
example, increasing the number of target aircraft affects the reduction of
the protection of forces from the enemy action). All this results in the
DEMATEL-MABAC approach being completely complementary to the
research problem.
The research algorithm is shown in Figure 1.
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Figure 1 — Algorithm of the research

Background of the methodology

Bearing in mind that type 1 fuzzy sets are not appropriate to model
words, T2FSs are developed. This type of fuzzy sets is an extension of
type 1 fuzzy sets, and they ensure the use of a linguistic variable in the
conditions of linguistic uncertainty (Kahraman et al, 2014). Type-1 fuzzy
sets have been applied successfully in many areas including modeling,
control, and data mining (Huang et al, 2014). Other types of fuzzy numbers
have been developed in fuzzy theory. For example, unlike type 1 fuzzy
sets, intuitionistic fuzzy sets take into account more uncertainties in the
form of the membership function (membership degree, non-membership
degree, and hesitation degree, Deng et al, 2016). However, neither type-
1 fuzzy sets nor intuitionistic fuzzy sets represent the optimal choice when
making decisions in conditions of uncertainty characterized by the
ambiguity of the collected linguistic data. A Type-2 Fuzzy Set (T2FS) is
characterized by membership functions, i.e., the membership values for
each element of this set. The membership value of a T2FS is a fuzzy set
in [0,1], not a crisp number (Huang et al, 2014). The T2FS can express
more fuzzy semantics of humans’ thoughts, and recently it has attracted
the researchers’ attention. It has been widely developed and successfully
used in many practical real-world applications and many areas, including
signal processing, human silhouette extraction, diet application, and
pattern recognition design (Huang et al, 2014). Bearing in mind the
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aforementioned, the use of T2FSs when solving the problem of evaluating
the project documentation for designing the short-range SAAM is fully
justified. The data, collected for the research purpose, and referring to the
determination of the importance of requirements and sub-requirements for
the creation of the model, as well as for the evaluation of the initial project
documentation, are ambiguous and of a qualitative type. Also, these data
reflect the subjective assessment of a small number of respondents. The
foregoing implies that decision making takes place in conditions of
uncertainty and multi-knowledge, which is the reason why the triangular
interval type 2 fuzzy sets (IT2FSs) were applied in the paper. IT2FSs are
widely used in solving optimization issues in various fields. For example,
Hsien-De Huang et al. (2014) proposed a novel soft-computing
mechanism based on the ontology model for malware behavioral analysis
by using IT2FSs. Liu et al. (2024) used IT2FSs for the control design of
uncertain dynamical systems to relax this limitation of conventional T1FS-
based control design. Tekeli et al. (2024) conducted a numerical
performance analysis of tank coatings in chemical tankers to contribute to
the decision-making process of shipowners and safety professionals by
IT2FSs. This type of fuzzy sets ensures the unambiguity of the answers
obtained from a small number of corespondents in conditions of
uncertainty and increases the reliability of the obtained results. Namely, in
contrast to a type-1 fuzzy set, which has the membership grade as a crisp
number, an IT2FS has membership functions which are also fuzzy
numbers. Whilst type-1 fuzzy sets have membership functions which are
two-dimensional, type-2 fuzzy sets are three-dimensional (Baratimehr et
al, 2023; Kiraci & Akan, 2020; Ucal Sari et al, 2013). The third dimension
provides additional degrees of freedom for possibility in models of
uncertainty (Ugal Sari et al, 2013).
The form of the triangular ITFS is (Kahraman et al, 2014):

~
~

A = (Zl.U,Zf):( ﬁ’,ag,ag;H(ZiU)l(afl,aé,aé;H(Zf))
where:
H(Zf’) is the membership value of the element «”, in the upper

(1)

triangular function of the membership, and H(ZI.L) is the membership
value of the element @, in the lower triangular function of the membership,
H(4Y)e0.0] H(4,)e[0.1]1 <i < n (Kiraci & Akan, 2020; Baykasoglu &

Godlcuk, 2017; Petrovi¢ & Petrovi¢, 2024).
For two triangular IT2FSs:
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Z (ZlU,ZlL): (aﬁ,afﬁ,ag;H(ZlU))(aﬁ,afz,aé;H(ZlL))
A, = ()= (ot ot ol (Y Mo, oy, ol ()

Their elementary operations are respectively given as follows (Kiraci
& Akan, 2020; Kahraman et al, 2014):

4,04, =[a" +al.a" +a.al +almin(E (A0 ) min(m (2 )]

[af] + aZLl ,afz + asz ,aé + ang;min(H(Z,L )) min(H(ZZL ))]

2)

A -4, = a4 —a%.a% - a4’ - a%min(m (77 ) (7Y )]
[afl —as,,al, —ax,a —ale;min(H(ZlLlH(ZzL ))] 3)
Z ®i = [af{ xad,a, xas,a xa%;min(H(ZIU )),min(H(ZZU ))],
[afl X ale,ale X afz,aé xaé;min(H(Zf )) min(H(ZzL ))] (4)
Dot il ()|

A, Ayy Ay Ay (5)

L L L _ ~

{;% , % , Z—z min(pr (45 ) #( AL ))}

k@A =k@ (3, 4")=(kxal kxalkxal;H(Y))
kxaﬁ,kxafz,kxaf};H(Zf)) 6)
A _[a¥ ab af oy [ak ab ab
T ) »
k is a scalar.

T I

i

7 = [T Al xfa 1 (3 ) far et xlas (3 o
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The ranking value of the triangular IT2FS Z,. can be calculated as

follows (Kiraci & Akan, 2020; Baykasoglu & Golcik, 2017; Petrovi¢ &
Petrovi¢, 2024):

Rank(A, ) =M, (47)+ M, (A" )+ M, (A" )+ M, (4 )-

Mp(/]l.f)z(a’f’+aijfp+"%,1sps2 (11)

S, Zl:’) - the standard deviation of the elements a; and aj,,.,):

(S1 (47)+5,(A5)+8,(47)+5, (4 )+S, (21,.U)+S3(21L))+H(,21?f)+ﬂ( ”%)(10)

1 p+l j 1 p+l j 2
2| ag—5 X ay

Sp(fll.j)=\/2"” j,ISpSZ (12)

S, (;11.") - the standard deviation of the elements a;, ,

Sa(ilf)=\/§i[a;z—§:zlaij (13)

k=1

1< p<3:

~

The formula for the defuzzification of the triangular IT2FSZ,. is
(Kahraman et al, 2014):

1 {[(afg —a[b]')Jr(ag —afl/ )]/3+af1/ + ]}

DIriT4, = 2 H(AY)x [[(a,é ~a,; )+ (afL2 —a )]/3 +ay

(14)
Interval type-2 fuzzy sets-DEMATEL method

The weights of the requirements and the sub-requirements of each
requirement were calculated by using the triangular IT2FS-DEMATEL
method. This method is based on the determination of direct and indirect
influences between each criterion on each criterion (Lee et al, 2013;
Kahraman et al, 2014). It was developed with the aim of studying groups
with complex and connected relationships. This method was chosen for
the prioritization of criteria because it analyzes structures with complex
causal relationships between their elements in partially determined or non-
deterministic organizational systems and processes (Petrovic &
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Milenkovi¢, 2024; Shieh & Wu, 2016). It should be noted that there are
limitations when using the hybridized MCDM approach when using the
DEMATEL method, as has been written about by a number of authors
(Demir, 2025; Kolour et al, 2025). The procedure of the triangular IT2FS-
DEMATEL method is as follows (Baykasoglu & Golcuk, 2017; Petrovi¢ &
Petrovi¢, 2024):

1) The average IT2FS matrix of the influence between the tactical -

technical requirements was obtained as follows:
5] AP ehO®..0 B

D=|D
k

y

nxn (15)
D® :[130(.“} - individual IT2FS matrix of the influence between the

requirements of the k-th expert (after the transformation of linguistic
variables in the IT2FS),

k - number of experts,

n - number of requirements.

= ~NU L U U U . ~U

D; = (D,.j » Dy ): (dy‘lad@/z’d@/wH(D@/ ))> (d
triangular IT2FS element of the non-negative average IT2FS matrix of the
influence between tactical - technical requirements.

n n
Ifs = %nax[wnZdéénw Zd%} the normalized direct-relation matrix
=1 =T

Ldh.dl;H(DE) is the

§1° 7525 753>

is:

= (~U ~L\_ (.U U _U. ~U L L _L. ~L
X = (xi/' > X ) = (xill,x(/pxgﬁaH(xy ))a(xgjlaxgjzaxm’H(xi/ )) is the triangular

IT2FS element of the normalized direct-relation matrix.

=s®5ﬁ

x

(55,;/):H(D;/),H(gz;.)zH(D;),iz1,...n,j=1,2,...,n(16)

2) The total relation matrix is:
= [% Z (70 7L\ _ (U U U . (zU L L L. pr(7L
T _[tijlxn oLy _(tz‘/ 5Ly )_(tiﬂ’ty'z’ti/‘s’H(tij ))’(tijlsty'z’tiﬂ’H(ti/ ))'

The IT2FS element of the total relation matrix, where:
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U _ U .U U \-1 U _ U U U -1
i = Xy Xy = X50)  seens by = X X (Gys — X3) s

L L . L -1 L L L L Nl
iy = X5 X @y = X50) 5o by = X5 < (s = X5)

H (2} )= H (5] ). H (5] ) = H (%} )i =1..m, j = 1,2

I 7 (17)

T=[0 | o0 = (it H () (it H (55))- s the
triangular IT2FS identity square matrix with the elements on the main

diagonal:
b= (L H (2)).(LLsH (%)) 1<i<nl<j<ni=

Other elements are:
iy =(0,0,0:H (%)),(0,0,0:H (%)) 1<i<m1 < j<mi#

3) Using formula 10, the defuzzification of the elements of the
triangular IT2FS total relation matrix elements

DTriTT =T = [tg ]nxn was obtained. From the defuzzificated

total relation matrix, the sum of the rows D, ,i = 1,2,..., n (efect

each requirements on other requirements) and the sum of the
columns R, j =1,2,....n (cause relationship — influence other

requirements on each requirement) were calculated as follows
(Baykasoglu & Golcuk, 2017; Petrovi¢ & Petrovi¢, 2024):

D, => "t (19)
j=1

R, => 17 (20)
=1

4) The requirements’ weights of importance are :

impw, = (D, + R,)*> +(D, — R,)?

(21)
5) The normalized requirements’ weights of importance are:
6) impw, = _impw, i =1,...,71 - number of requirements(22)

n

E impw,
i=1
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The same procedure was used to evaluate all sub-requirements of
each requirement. After normalization, the sum of weights for all sub-
requirements of each 1 - requirement is:

m
i
VVi — 2 I,Wr , ¥ =1,...,m - the number of the sub-requirements of
r=1

the 7 - requirement, respectively, sum of all sub-requirements, is:

> > =1
r=1 i=1 (23)

Where wi represents the weights of the 7 sub-requirements of the i -
requirement.

Interval type-2 fuzzy sets-MABAC method

One of the MADM methods that provides a solution to a wide range
of problems is the MABAC method developed by Pamudéar & Cirovi¢
(2015). The application of the MABAC method ensures evaluation and
selection of the most appropriate alternative among a set of pre-specified
alternatives. By applying the MABAC method with simplier computation
steps, the most suitable solution is determined based on the comparison
of the distance of each observed alternative from the boundary
approximate areas - BAA (Pamudar & Cirovi¢, 2015). Furthermore, this
method ensures solving the MADM problem with the properties of
attributes that can be in conflict. Also, it allows selection and ranking of
alternatives using linguistic variables for forming the initial decision matrix
(Torkayesh et al, 2023). There are also limitations related to the application
of MABAC as described by Mehdiabadi et al. (2025) and Yalgin et al.
(2025). For model testing, the integrated IT2FS-MABAC approach was
applied. This approach provides valid results in the conditions of high level
of uncertainty, which is the situation with the initial projects of designing
combat systems.

The procedure of the IT2FS-MABAC method is as follows (Pamucar
& Cirovi¢, 2015; Torkayesh et al, 2023):

1) In the first step, from the data about the sub-requirements and the
alternatives (project designs of the short-range artillery-missile air
defense system) the initial decision matrix is formed by applying
formulas 2 and 7.
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M

Il
—
P N1

} 5|:f(1)®f(2)® @ (k)}

~

:[7,.]} l<i<nl<j<m

]:py:(ﬁjuoﬁf):(ﬁflj’fyg»ﬁf;v (f )) (fyl»fyzafyp (]; ))

- The IT2FS element of the initial decision matrix,
n - number of sub-requirements,
m - number of alternatives — number of offers for designing a short-range
artillery-missile air defense system,
k - number of experts who evaluate the submitted documentation for
each element of the initial decision matrix (the summary initial decision
matrix is calculated from the individual initial decision matrices that were
formed on the basis of expert evaluation - for each expert individually).

2) The normalized IT2FS decision matrix is calculated as follows:

R=[7],, 7 = (ZJQ’FI‘/‘L):(rlﬁ’rv%’“‘/%;H(’:uy))’(”‘/‘LI’FIJ‘LZ’rié;H(FvL))
- The IT2FS element of the normalized decision matrix, where:
a) For the sub-requirements of the benefit type:

RSN

f,ﬁ _ij_ ft/g B ij_ f,ﬂ _ij_ H (7Y
U+ U-"> U+ U+ _ U= (r;j ) ?
- =1 =T - S
V. = ,
B O/ N e T
U+ U-"2° pU+ U-"> pU+ 2 ( ij )
R e e ”
b) For the sub-requirements of the cost type:
Rt S e U e A
U+ _ pU-" pU+ _ pU-? pU+ _ U= (7; ) ?
-\
Ty = . . . ’
[ij B i/g fJU _fijLz ij - iﬁ .H(NL)j
U+ U-2° pU+ U-"2 pU+ U-"~ i
R e A A 25)

where:
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£ =max(j <1< m(£5)),

3) Inthe next step, the weighted decision matrix is constructed:

5 Iz 2 (~U ~L\_ (.U U .U. ~ I L L. ~L
V= [vij lxm V= (vl.j »Vy )— (vijlﬂvij29vij3ﬂH(Vij )),(v,.jl,vﬁz,viﬁ,H(vU )) The

triangular IT2FS element of the weighted decision matrix, where:
v, =W, ®(z§[j @I), or (according to formulas 2 and 6):

=<u

) :(W, x (ri +1), W, x(r;

ij ijl ij2

1, x (f + D H (7)),
3 + D, (s
(i )=H(7)

H(5)=H (7). (26)

4) Using formulas 4 and 9, the border approximation area (BAA) is
calculated as follows (for each sub-requirement):

G=[2] .2 =% @%, 0.7, 1<in o

5) The distance matrix from the BAA is calculated as follows:
0-=l3, Lm -F,-% lm (28)

6) By summing the elements of the matrix Qfor each alternative
(for all values of n) the final values of the requirement functions

—

0% (s + 1 H (1)

of the alternative (the closeness coefficient §j to the BAA for
each alternative) are obtained:

S/ = al/ 6_)512/ @..@qw,‘] :1,...,m (29)
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7) Ranking values S, are calculated by formulas 10-13:

~
~

S, = Rank(Sj),j =1,...m

8) Finally, the alternatives are ranked. The optimal alternative is
the one that has the largest value of S .

Results

The requirements’ weights (R1-R5) were calculated by using the
triangular IT2FS-DEMATEL method. There is no influence of the
requirement in itself. The values of influence expressed by linguistic
variables and IT2FS are shown in Table 1.

Table 1 — DEMATEL Causal influence linguistic variables

Linguistic variable of
influence

No (N) ((0,0,0:1),(0,0,0:0.8))

Low (L) ((0,0.2,0.4;1),(0,0.1,0.3;0.8))
Medium (M) ((0.2,0.4,0.6;1),(0.1,0.3,0.5;0.8))
(

(

Triangular IT2FS

High (H) (0.4,0.6,0.8;1),(0.3,0.5,0.7;0.8))
Very high (VH) (0.6,0.8,1;1),(0.5,0.7,0.9:0.8))

Firstly, by using DEMATEL causal influence linguistic variables of
pairwise comparisons between requirements, the mutual influence
between the requirements was determined by four experts individually
(Table 2), and transformed into the triangular IT2FS (based on Table 1).

~

The average IT2FS matrix of the influence between the requirementsf)
was obtained by using formula 11 (Table 3).

Table 2 — Answers of experts in linguistic variables - matrix of mutual influence (Petrovic¢
& Petrovic, 2024)

R R1 R2 R3 R4 R5

R1 N 3L+M 2L+2M H+3VH H+3VH
R2 3L+M N 2M+2H 4VH H+3VH
R3 3L+M 3L+M N H+3VH 2H+2VH
R4 L+M+2H 2M+2H 2H+2VH N 4VH

R5 L+3M 3M+H 2M+2VH 4VH N
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Table 3 — Average IT2FS matrix of influence (Petrovi¢ & Petrovic, 2024)

R | R1 R2 R3 R4 R5

R |0,00; 0.05,0.25,0.45 | 0.1,0.3,0.5; | 0.55,0.75,0.95 | 0.55,0.75,0.95

1 10,0,0 ; 0.05,0.2,0. | ;

0.03,0.15,0.35 | 4 0.45,0.65,0.85 | 0.45,0.65,0.85

R | 0.05,0.25,0.45 | 0,0,0; 0.3,05,0.7; | 0.6,0.8,1; 0.55,0.75,0.95

2 |; 0,0,0 0.2,04,06 | 0.5,0.7,0.9 ;
0.03,0.15,0.35 0.45,0.65,0.85

R | 0.05,0.25,0.45 | 0.05,0.25,0.45 | 0,0,0; 0.55,0.75,0.95 | 0.5,0.7,0.9;

3 |; ; 0,0,0 ; 0.4,0.6,0.8
0.03,0.15,0.35 | 0.03,0.15,0.35 0.45,0.65,0.85

R | 0.25,0.45,0.65 | 0.2,0.4,0.6: 0.5,0.7,0.9; | 0,0,0; 0.6,0.8,1:

4 |; 0.3,0.5,0.7 0.4,0.6,0.8 | 0,0,0 0.5,0.7,0.9
0.18,0.35,0.55

R |0.13,0.35,0.55 | 0.25,0.45,0.65 | 0.4,0.6,0.8; | 0.6,0.8,1; 0,0,0;

5 |; ; 0.3,0.5,0.7 | 0.5,0.7,0.9 0,0,0
0.08,0.25,0.45 | 0.15,0.35,0.55

H(DY)=1H(D})=08,i=1...5=1,...5

~

1’ were obtained using formulas 12-13. The defuzzificated total relation
matrix was obtained using formula 10, and the sum of rows and the sum
of columns of the total relation matrix were calculated using formulas 14
and 15. The weights of importance of the requirements were calculated

The normalized direct-relation matrix ):( and the total relation matrix

using formulas 16-17, respectively (Table 4) (Petrovi¢ & Petrovi¢, 2024).

Table 4 — Defuzzificated total relation matrix and requirements’weights (Petrovi¢ &
Petrovic, 2024)

R [R1 R2 [R3 [R4 [R5 D | R |w |w
R1 |0 0.017 | 0.024 | 0.074 | 0.073 | 0.188 [ 0.084 | 0.292 | 0.143
R2 [0.017 |0 0.042 [ 0.087 | 0.078 [ 0.223 | 0.100 | 0.342 | 0.168
R3 | 0015 [0.016 |0 0.073 | 0.066 | 0.171 | 0.180 | 0.350 | 0.172
R4 |0.030 |0.036 | 0.064 |0 0.087 [ 0.217 | 0.318 | 0.549 | 0.270
R5 |0.022 | 0.031 [0.051 [0.085 |0 0.189 | 0.304 | 0.502 | 0.247

The weights of the sub-requirements, shown in Table 5 and Figure 2,

were determined in the same way.
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Table 5 — Total relation matrix and sub-requirements’ weights

R D) R! impw,. | impW, | W'
R11 | 0.294 0.245 | 0.734 0.306 0.044
R1 R12 | 0.323 0.375 | 0.835 0.348 0.050
R13 | 0.351 0.338 | 0.830 0.346 0.049
R21 | 0.224 0.214 | 0.662 0.212 0.036
R22 | 0.157 0.211 | 0.607 0.194 0.033
R2 R23 | 0.274 0.224 | 0.706 0.226 0.038
R24 | 0.124 0.097 | 0.470 0.150 0.025
R25 | 0.214 0.254 | 0.684 0.219 0.037
R31 | 0.122 0.134 | 0.506 0.162 0.028
R32 | 0.217 0.202 | 0.647 0.208 0.036
R3 R33 | 0.214 0.243 | 0.676 0.217 0.037
R34 | 0.199 0.175 | 0.611 0.196 0.034
R35 | 0.243 0.217 | 0.678 0.217 0.037
R41 | 0.045 0.053 | 0.313 0.095 0.026
R42 | 0.055 0.071 | 0.355 0.108 0.029
R43 | 0.317 0.285 | 0.776 0.236 0.064
Ra R44 | 0.194 0.212 | 0.637 0.194 0.052
R45 | 0.185 0.174 | 0.599 0.182 0.049
R46 | 0.194 0.173 | 0.606 0.184 0.050
R51 | 0.371 0.285 | 0.810 0.262 0.065
R52 | 0.199 0.203 | 0.634 0.205 0.051
R5 R53 | 0.092 0.147 | 0.489 0.158 0.039
R54 | 0.103 0.135 | 0.488 0.158 0.039
R55 | 0.234 0.219 | 0.673 0.218 0.054
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RiZ%R13

Sub-requirements

Figure 2 — Weights of importance of the sub-requirements

After the calculated weights of the sub-requirements and the formed
model for ranking and the delivery of the bidder's initial project
documentation (five bids) in accordance with the established
requirements, the model was tested. Model testing was performed using
the triangular IT2FS-MABAC method. This method was applied due to the
fact that the offers are of a descriptive-qualitative nature, which is why the
triangular IT2FS was applied in order to eliminate ambiguity in the project
documentation offers. Hypothetically, the project teams submitted the
initial project documentation, and the experts completed the initial
assessment for each submitted offer. For each sub-requirement, experts
for the selection of the short-range SAAM individually perform a qualitative
assessment in the form of the following linguistic variables: very poor (VP),
poor (P), medium (M), good (G), and very good (VG). Linguistic variables
were adapted based on the Likert scale of ranking. The obtained estimates
are grouped in Table 6.
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Table 6 — Initial decision matrix (linguistic variables)

Criteria/Alt. A1 A2 A3 A4 A5
R11 3G+2VG 3M+2VG 5VG 5VG VG+4G
R12 2G+3VG 4G+VG G+4VG 4VG+G VG+4M
x R13 4G+VG 3G+2M 4VG+G 4VG+G G+4M
R21 2G+3VG 5M 3M+2G M+4G 3M+2G
R22 G+4VG 2M+3P VP+4P 5VP 2M+3G
R23 G+4VG 2M+3G M+4G 5VP 3M+2G
R24 4M+P VP+2P+2M | M+4G M+4P 4VP+P
& R25 2G+3M 3M+2G VG+4G M+4P 4P+M
R31 3VG+2G 3G+2M 3G+3VG | G+4VG G+4VG
R32 2VG+3G VG+4G 5VG G+4G 5VG
R33 M+4G 2M+P+2VP | G+4G 5VG M+4P
R34 2VG+3G G+4M 5VG 5VG M+4P
R R35 5G 2VG+3G 5G 2M+3G G+4M
R41 4G+M 2G+2M+P 4G+1VG | G+4M 5G
R42 3M+2P M+4G M+4P M+4P 5M
R43 AM+G 5VG 4VG+G 3G+2VG | 2M+3G
R44 3M+2G G+4M 3G+2M G+4VG 5VG
R45 P+4M M+4P 3G+2M G+4VG G+4VG
¥ R46 5VG G+4M G+4G 5M G+4VG
R51 3G+2M 4VG+G M+4P 5G 2M+3P
R52 VG+4G M+4P G+4VG G+4VG G+4M
R53 VG+4G 5VG G+4VG G+4VG VG+4G
R54 2G+2M+VG | G+4M M+4G G+4VG G+4M
& R55 G+4VG M+3G+VG | 2G+3VG | G+4VG G+4M

The initial estimations were transformed into the triangular IT2FS

based on the equivalence shown in Table 7.
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Table 7 — MABAC linguistic and triangular IT2FS variables for the rating of alternatives

Linguistic variable of
influence

Very poor (VP) ((0,0,0;1),(0,0,0;0.8))
Poor (P) ((0,0.2,0.4;1),(0,0.1,0.3;0.8))
Medium (M) ((0.2,0.4,0.6;1),(0.1,0.3,0.5;0.8))
(
(

Triangular IT2FS

Good (G) ((0.4,0.6,0.8;1),(0.3,0.5,0.7;0.8))
Very good (VG) ((0.6,0.8,1;1),(0.5,0.7,0.9;0.8))

After the linguistic variables were transformed into the triangular
IT2FS, the summary initial decision matrix was calculated. After that, the
normalized triangular IT2FS decision matrix was calculated by formulas
24-25. The weighted IT2FS decision matrix was calculated by using
formula 26. The border approximation area (BAA), the distance matrix
from the BAA, was calculated respectively by using formulas 27 and 28.

The criterion functions for all alternatives - bids §j were calculated by
using formula 29. The ranking values S, were calculated by using

formulas 10-13. Based on the obtained results, the project documentation
was ranked. The obtained results are shown in Tables 8-9.

triangular IT2FS-DEMATEL-MABAC approach, pp.811-841

Table 8 — Summary IT2FS initial decision matrix F

Criteria/Alt. | A1 A2 A3 A4 A5

R11 | 243444, | 182838 | 345 3,4,5; 22,3242
19,2939 | 132333 |253545 |253545 |1.7,2737
Rip | 263646, | 223242, | 283848; |283848; | 142434
21,3141 | 172737 |233343 |233343 |0.9,1929
R13 | 228242, | 162636 | 283848; |283848; | 122232
X 17,2737 | 112131 |233343 [233343 |07,1727
Roq | 2636486, | 1.23; 1.4,24,34; | 1.82.838; | 1.4,2.4,3.4;
21,3141 |051525 |091929 |1.32333 |0.9,1.929
Roy | 2:83.84.8; | 04,1424, 100816, | 00,0; 1.6,2.6,3.6;
23,3343 |020919 |0,04,1.2 0,0,0 1.1,2.1,3.1
Ro3 | 283848 | 162636 | 182838 | 000; 1.4,2.4,3.4;
233343 | 112131 |132333 |0,0,0 0.9,1.9,2.9

Roq | 081828, | 041.22; 1182838 | 021222 |00204;

04,1323 |020816 |1.32333 |0.1,0717 |00.1,0.3
& | R25(1142434; | 142434, 1223242, |021222; |0.2,1.222;
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0.9,19,29 | 09,1929 |17,2737 |01,0717 | 01,0717
R31 263.646; | 1.6,26,36; | 24,34,44; | 2.83.848; | 2.8,3.8/4.58;
2.1,3.1,41 1.1,2.1,31 19,2939 |233343 | 233343
R32 243444; | 223242; | 345; 2,3,4; 3.4,5;
19,2939 |172737 (253545 | 152535 |253545
R33 1.8,2.8,3.8; | 0.4,1,1.6; 2,3,4; 3.4,5; 0.2,1.2,2.2;
1.3,23,33 |0.2,0.7,1.3 | 1.5253.5 253545 | 01,0717
R34 243444; [ 1.22232; | 34,5; 3.4,5; 0.2,1.2,2.2;
19,2939 |071727 |253545 |253545 |01,0717
2,3,4; 2434,44; | 234, 1.6,2.6,3.6; | 1.2,2.2,3.2;
& R3S 152535 |192939 |152535 | 112131 |0.7,1.7,2.7
R41 1.8,28,38; | 1.22232; | 223242, |1.22232; | 234;
13,2333 |081.727 |1.72737 |071727 | 152535
R42 0.6,1.6,2.6; | 1.8,2.8,3.8; | 0.21.2,2.2; | 0.2,1.2,2.2; | 1,2,3;
0.3,1.1,21 1.3,2.3,33 | 0.1,0.71.7 | 0.1,0.7,1.7 | 0.5,1.5,2.5
R43 1.2,2232; | 3,4,5; 2.83.84.8; |243444; | 1.6,2.6,3.6;
071727 | 253545 |233343 |192939 |1.1,21,31
R44 1.42434; | 1.22232; | 1.6,26,36; | 2.8,3.8,4.8; | 3,4,5;
09,1929 |071.727 | 112131 | 233343 |253545
R45 0.8,1.8,2.8; | 0.2,1.2,2.2; | 1.6,2.6,3.6; | 2.8,3.84.8; | 2.8,3.8,4.8;
04,1323 |010717 | 112131 |233343 | 233343
< | R46 3,4,5; 1.2,22,32; | 234; 1,2,3; 2.8,3.8,4.8;
x 253545 | 071727 |152535 | 051525 | 23,3343
R51 1.6,2.6,3.6; | 2.8,3.84.8; | 0.21222; | 234; 0.4,1.4,2.4;
11,2131 |233343 | 01,0717 | 152535 | 0.2,091.9
R52 223242; | 021222; | 28384.8; | 2.8,3.84.8; | 1.2,22,3.2;
17,2737 |01,0717 |233343 |233343 |0.71.727
R53 22,3242; | 345; 2.8,3.84.8; | 2.8,3.84.58; | 2.2,3.2,4.2;
172737 |253545 |233343 |233343 |1.7,2737
R54 1.8,2.8,38; | 1.2,22,3.2; | 1.8,2.8,3.8; | 2.8,3.8,4.8;, | 1.2,2.23.2;
13,2333 |071727 |132333 |233343 |0.71.727
o | RS5 2.8,3.84.38; | 2,3,4; 2.6,3.6,4.6; | 2.8,3.84.8; | 1.222,3.2;
o 23,3343 |152535 |213141 |233343 |0.71.727

H(f,-,-U)=1,H(ﬁf)=0.8,i=1,...,24;j=1,.,,,5
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Table 9 — IT2FS and ‘crisp’ values of the closeness coefficient to the BAA and the rank of
the alternatives

Candidates | = = Ranking

S, Rank (S ; )
A1 (0.035,0.039,0.044;1),

(0.027,0.037,0.044,0.8) 1.943248956 2
A2 (-0.057,-0.057,-0.056;1),

(-0.056,-0.057,-0.059;0.8) 1.570539829 5
A3 (0.085,0.088,0.091;1),

(0.081,0.086,0.086;0.8) 2.141097582 1
A4 (0.030,0.019,0.010;1),

(0.036,0.024,0.017;0.8) 1.877131511 3
A5 (-0.025,-0.026,-0.026;1),

(-0.023,-0.026,-0.028;0.8) 1.694628858 4

A sensitivity analysis was done through changes in the weights of
requests. The sensitivity analysis was carried out through 20 scenarios
(Table 10). In each scenario, the weights of all sub-requirements within
one requirement are increased (reduced) by 20%, and 40%, respectively.
The weights of the other requirements and sub-requirements are
increased (decreased) so that the sum of the criteria values is 1.

Table 10 — Sensitivity analysis of the results

R =R, x12 R =R, x14 R =R, x08 R =R, *x0.6
A3> Al> 44> A5> A2 Al>A3> 44> A2> A5 | A3> Al> A4> A5> A2 | A3> Al> 44> 42> A5
R, =R, x12 R, =R, x14 R, =R, x0.8 R,=R,,, %006
A3> Al > A4 > A5> A2 AL>A3> A4> AS> A2 | A3> Al> A4> A5> A2 | Al> 43> A5> 44> A2
R, =R, x12 R, =R, x14 R,=R,,, %038 R, =R, %06
A3> Al> 44> A5> A2 A3> A1> A4> A2> AS | A3> A1>AS5>A4> A2 | A3> Al> A4> A5> A2
R, =R, ,x12 R, =R, x14 R,=R,,; %08 R, =R, ;%006
A3> A1> A5> A4 > A2 A3> Al> A4> A5> A2 | A3> A1> A5> A4> A2 | A3> A4> A1> A5> A2
Ry =R, x12 R,=R,,x14 R =R, x08 R, =R, %006
Al> A3> A5> A4 > A2 A3> A1 > A5> A4 > A2 A3> Al> A4 > A5> A2 | A3 > A4> Al> A5> A2

The results in the table show that the ranking of the alternatives
changed through 11 scenarios. In other scenarios, the ranking of the
alternatives did not change. The correlation of the results was tested using
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Kendall's coefficient of concordance W. This coefficient represents a
measure of the agreement between several judges (in this case 20
scenarios) who have rank ordered a set of entities (in this case five
alternatives) (Field, 2005). The value of Kendall's coefficient of
concordance for all 20 scenarios and 5 variables is 0.8635. The value of
the coefficient of 0.8635 is extremely significant for a significance of 0.05.
Thus, it can be concluded that there is a very high correlation (closeness)
of ranks through the scenarios and that the results obtained using the
hybridized fuzzy-DEMATEL-MABAC approach are credible.

Discussion

Based on the obtained results (Tables 3 — 4), it can be concluded that
the requirement related to the ability to protect forces has the greatest
weight (Petrovi¢ & Petrovié, 2024). The next requirement in order of
importance is the ability to protect forces, followed by: time capabilities,
spatial capabilities and fire capabilities which represent the requirement
that has the least weight - the least importance (Petrovi¢ & Petrovic, 2024).
It is obvious that, according to the experts, the most important ability to
protect forces and force's survival (R4) is the most important requirement
when using a modern weapon system. In order to carry out a combat
mission, it is necessary to ensure the survival of the forces. Bearing in
mind the modest GDP and the limited capabilities of the military industry,
the experts believe that when designing new weapons, the cost of the
technological process, as well as the cost of use and maintenance, are
very significant - requirement (R5). The importance of the time capabilities
of (R3) is reflected in the modern conditions of Air Force and Air Defence
warfare, which affect the need for high maneuverability of units with the
ability to repel mass air strikes. The importance of the other two
requirements, R1 and R2, is a bit lower than that of the others, but despite
that their influence on the design of a new air defense missile system is
extremely large.

The obtained results for the sub-requirements (Table 5 and Figure 2)
indicate that the experts single out two sub-requirements during
evaluation, while they evaluate the others almost equally. Sub-requirement
R43 (autonomy in operation of combat platforms) - 0.064 and R52
(investment costs) have significantly greater importance than the others.
This is justified by the fact that the SAAM for anti-aircraft operations,
following the tendencies of the complexity of modern conflicts, must be
able to react completely independently and in a timely manner to threats
in the airspace. An extreme importance of operational autonomy is evident
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on the example of missile systems of older technological generations,
composed of several subsystems. In the event that any of these
subsystems is damaged or destroyed by enemy action, the system's
operation would not be possible. It is also understandable that the price of
the investment is of great importance, regarding that a complex asset like
that is viewed as a long-term investment in the defense system. The
experts placed slightly less importance on sub-requirements R44 (ability
of passive sensors) -0.052 and R55 (possibility of linking with the existing
surface to air assets) - 0.054 and R52 (operating costs) - 0.051 and R12
(size of the destruction zone of aerodynamic and ballistic targets) - 0.050.
This is a consequence of the fact that there is a constant tendency to
passivate the operation of the system, which reduces the total radiation
time and thus enables safer work in terms of observation, detection and
tracking of targets in the airspace. Also, the possibility of linking with the
existing surface to air assets increases overall compatibility and excludes
additional costs of procurement and training of staff. Also, SAAMs often
require constant maintenance, training, and logistical support. High
operating costs can strain a nation's budget, especially if these systems
need to be kept at a high state of readiness at all times. Ensuring that
operating costs are manageable helps maintain a sustainable defense
posture over the long term. The destruction zone's size is crucial for air
defense, directly affecting interception effectiveness. A larger zone
increases the chances of neutralizing aerodynamic and ballistic threats by
providing more engagement opportunities. It accommodates evasive
maneuvers, enables simultaneous target management, and improves
tracking of stealth aircraft or decoys. A broader zone also enhances
adaptability to various attacks, ensures comprehensive coverage, and
strengthens system integration. Ultimately, it optimizes resources and
boosts overall defense reliability and success.

According to the experts, the least important sub-requirements are
R24 (channel by missile) - 0.025, R41 (frequency agility of autonomous
radars) - 0.026, R31 (fire maneuver) - 0.028, and R42 (pulse repetition
frequency) - 0.029. Although rated much lower, sub-requirement R41
(frequency agility of autonomous radars) should not be forgotten because
the ability of radars to work at different frequencies is crucial for the
effectiveness of the SAAM because it increases their ability to detect and
track different targets. Lower frequencies extend the detection range,
aiding in spotting large objects such as aircraft. Higher frequencies
improve resolution, enabling precise tracking of small or fast-moving
targets such as missiles or drones. Low-frequency radars perform better
in poor weather, while high frequencies are more vulnerable to
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interference. Multi-frequency radars resist countermeasures, enhancing
reliability in combat. Higher frequencies also enable faster tracking of
threats like incoming missiles. Overall, operating across different
frequencies maximizes detection, resolution, and defense resilience. The
weights of other sub-requirements are approximate. Based on the
obtained data, it can be concluded that the ability to protect forces has the
greatest importance. This is understandable because in combat
operations, the human resource is the most important resource. Protecting
forces in combat is crucial for maintaining capability and minimizing losses,
ensuring operational continuity. It also boosts morale, which is a key to
long-term success. Reducing manpower losses lowers training costs and
shortens the time needed to regain readiness. Ultimately, sustained force
protection increases the chances of success in combat. After the analysis
of the obtained results of the weights of certain requirements and sub-
requirements, a model was created for evaluating the initial project
documentation of the respective bidders (project teams) for the design of
the short-range SAAM. In the next step, the mentioned MCDM model was
tested. It was assumed that five bidders applied for the competition and
that they submitted the basis of the project proposal based on the created
model. The obtained results are shown in Table 9. Based on the obtained
results, it can be concluded that the offer number 3 is the best, while the
offer of the project team number 2 is the worst. It can also be seen from
the results that the MCDM model is successful and that there is a clear
numerical difference between the bidders (alternatives) that ensures their
ranking. In this way, by applying the IT2FS-COPRAS method, the MCDM
model was successfully tested and it was shown that it works.

Conclusion

The paper shows the possibility of applying the IT2FS-DEMATEL-
MABAC approach for the purpose of forming a model with which it is
possible to evaluate the initial project documentation for designing the
short-range SAAM. The IT2FS-DEMATEL approach was applied for the
evaluation of requirements and sub-requirements and the formation of a
model for the evaluation of the INITIAL project documentation. The IT2FS-
MABAC approach was applied to test the model based on the estimated
data for five providers of the initial project documentation. The application
of the IT2FS was conditioned by the need to eliminate ambiguity in the
obtained results. Based on the results obtained in the research, it can be
concluded that this approach when defining the basic conditions -
requirements that are necessary for the assessment of the initial project
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documentation for designing a short-range SAAM can have its
scientifically based application.

There are numerous practical possibilities of applying the results of
this research. Namely, in the future, based on the obtained results, it is
possible to form a unique model with the help of which it is possible to
design the production of SAAMs or similar combat systems. Also, this
model can serve as a basis for choosing the optimal weapon system when
equipping armed forces. Also, this model can serve as a basis for the
modernization of certain weapon systems based on the estimated
requirements for modernization. The MCDM decision-making model can
also have a comprehensive practical application during the optimization of
the decision-making process when solving other numerous problems in
military units.

In the following research, it is necessary to consider the
operationalization of tactical-technical requirements in order to create a
wider scope of conditions that determine the ability of the project contractor
to design a short-range SAAM in accordance with real current and future
needs. Also, it is possible to improve the model through the application of
other MCDM approaches that will include other MADM methods in
different fuzzy theory conditions.
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Optimizacion del proceso de disefo de sistemas de misiles de artilleria
tierra-aire de corto alcance utilizando el enfoque triangular hibrido
IT2FS-DEMATEL-MABAC

Ivan B. Petrovi¢, autor de correspondencia, Milan D. Petrovi¢

Universidad de Defensa de Belgrado, Academia Militar,
Belgrado, Republica de Serbia

CAMPO: matqméticas aplicadas, operational research, ciencias militares
TIPO DE ARTICULO: articulo cientifico original

Resumen:

Introduccién/objetivo: La posibilidad de optimizar el proceso de disefio de
un sistema de artilleria-misil tierra-aire de corto alcance (SAAM de corto
alcance) mediante la aplicacion del enfoque hibrido de toma de decisiones
multicriterio (integracion de los métodos DEMATEL y MABAC) en entornos
difusos de intervalo triangular tipo 2, se muestra en este articulo. Mediante
el analisis del contenido de la literatura, se seleccionaron los requisitos y
subrequisitos tactico-técnicos. Ademas, se determinaron los pesos de
estos requisitos y subrequisitos. Posteriormente, se cre6 un modelo de
toma de decisiones multicriterio (MCDM) para la evaluacion de diferentes
proyectos iniciales de disefio de un SAAM de corto alcance, que también
se probo en este articulo.

Métodos: El enfoque propuesto, que combina los métodos DEMATEL y
MABAC, se modifico mediante conjuntos difusos de intervalo triangular tipo
2 (IT2FS). El méetodo triangular IT2F-DEMATEL se aplico para determinar
los pesos de los requisitos y subrequisitos, mientras que el método
triangular IT2FS-MABAC se aplicé para evaluar las alternativas (disefios
iniciales del proyecto de un SAAM de corto alcance).

Resultados: Integracion del enfoque triangular multiple IT2FS-MCDM en
un modelo Gnico que se puede aplicar en el proceso de definicion del
proyecto de disefio inicial 6ptimo de un SAAM de corto alcance.
Conclusién: El articulo contribuye a la ciencia militar en la toma de
decisiones relacionadas con el disefio de un SAAM de corto alcance.
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Palabras claves: DEMATEL, MABAC, conjuntos difusos de intervalo
triangular tipo 2, sistema de artilleria y misiles tierra-aire de corto
alcance.

OnTMMmM3aums npolecca NPOeKTUPOBaHMS 3eHUTHO-PAKETHOTO
KoMMekca Maron ganbHOCTU C UCMoMb3oBaHWeM rmbpuaHoro
TpeyronbHoro noaxoga IT2FS-DEMATEL-MABAC

UeaH B. MNeTpoBuy, koppecnoHaeHT, MunaH [. NeTtposuy?

YHuBepcuTeT 06opoHbl B Benrpage, BoeHHasn akagemus,
r. benrpag, Pecnybnuka Cepbus

PYBPUKA TPHTW: 27.47.19 ViccnepgoBaHne onepauui,
28.17.31 MopenunpoBaHue NpoLieccoB ynpasreHus
BWO CTATbW: opurmHanbHas Hay4Has ctaTbs

Pe3some:

BeedeHue/uenb: B 0OaHHOU cmambe ripedcmasneHbl 803MOXHOCMU
onmumu3ayuu  fpouyecca  MPOeKMUpPogaHUsi  3eHUMHO-PaKemHoeo
Komririekca manoli  danbHOoCmMu € [TOMOWbHO 2ubpudHo20
MHO20KpuUmepuanbHo20 nodxoda K MpUHSIMUK peweHul (UHmeapayusi
memodos DEMATEL u MABAC) e Heuemkol cpede C mpeyaosibHbiM
uHmepsasnomMm emopoz2o mura. KoHmeHm-aHanu3 ucrionib3oeasicsi Orisi
8bIbopa makmu4ecKkux U mexHu4eckux mpebosaHut u 3ada4y. B cmamee
paccmaerieHbl ripuopumems! mpebosaHull, orpedenieHbl UX 8eC08ble
KoaghpuyueHmsl, a makxxe paspabomaHa MHO20KpuUmMepuarsHas Mooesb
npuHsamus peweHut (MKMIIP) dns oueHKu rnep8oHayasnbHbIX MPoeKmos
3€HUMHO-paKemHo20 KOMrifiekca npomueogo3dyuwHol 0bopoHbI Marou
OQanbHocmu. B cmambe makxke npedcmaesrneHbl —pe3yribmamal
mecmupoeaHusi daHHoU Modesu.

Memodki: lNpednoxeHHbIl nodxod, codemarowuti memodsl DEMATEL
u MABAC, moduchuyuposaH C MOMOWbIO HEYEMKUX MHOXecms C
mpeyaosbHbiM uHmepsanom emopoz2o muna (IT2FS). TpeyzonbHbil
memod IT2F-DEMATEL 6bin nipumeHeH 0 orpedenieHUsi 8eco8bixX
KoaghpuyueHmos mpebosaHuli u 3adad, a mpeyaosibHbIl Memod
IT2FS-MABAC  6bi1  npumeHeH Onsi  OUEHKU  allbmepHamue
rnepeoHayasibHbIX  [POEKMHbLIX  peweHuUl  3eHUMHO-PaKemHoao
Komriekca marsnol danbHocmu.

Pesynbmambi:  UHMezpayuss  MHOXECMBEHHO020  mpeya0slbHO20
nodxoda IT2FS-MCDM e eduHyro moOenb, Komopass Moxem
pumMeHsmbcsi 8  fpouyecce  onpedesieHuss  OnMMmuMasbHO20
repeoHayasibHo20 MpPoeKma 3eHUMHO-paKkemHo20 Komrisiekca manou
danbHocmu.
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Bbigod: [JaHHass cmambsi gHOcum 8Krad 8 pa3gumue 80eHHOU HayKu 8
obnacmu npuHAMUS peweHul, cesi3aHHbIX ¢ pa3pabomkol 3eHUMHO-
pakemHoe20 Komrisiekca masou 0asbHOCMU.

Knowesbie cnoea: DEMATEL, MABAC, Heyemkue MHOXecmea C

mpeya0sibHbIM UHMeps8anioM 6mopoao mura, 3eHUMHO-pakemHbil
KomMmrinekc masol 0asibHOCMU.

OnTumMusaumja npoueca Am3sajHupatba apTUIbepujCKo-pakeTHoOr
cucTema 3a NpoTUBBA3AYXOMNMOBHA AejcTBa NPUMEHOM XNbpuaHor
Tpoyrnactor npuctyna UT20C-OEMATEJI-MABAK

UeaH B. MNeTposuh, ayTop 3a npenucky, Muna+ [. Netposuh
aYHuBep3uteT oabpaHe y beorpaagy, BojHa akagemuja

OBNACT: npumen-eHa MaTemaTyka, onepaunoHa UCTpaxnBaka, BOjHe Hayke
KATEFOPWJA (TWIM) YNAHKA: opuriHanHu Hay4Hu pag

Caxemak:

Yeod/uyurb: Y paly je npukadaHa moz2yhHocm onmumu3sauuje rpoueca
du3sajHupar-a apmurbepUjCKo-pakemH{oe cucmema 3a
npomuesea3dyxoriniogHa dejcmea Marnoe domema rnpUMeHoM XubpudHoe
suwekpumepujymckoz (UHmeepayujom memoda HEMATEJST u MABAK)
npucmyna y 0O0fnydusary Yy MmpoyanacmoM uHmepeanHom ¢hasu
OKpyxXerby muna 2. AHanusoMm calpxaja u3eplweHa je cenekyuja
makmu4ko-mexHuU4kux 3axmesa u rnodsaxmesa. Takofje, obaesrbeHa je
rpuopumemu3ayuja 3axmesa, o0pefieHe cy penamueHe MmeXuHe
3axmeea U ro03aximesa U KpeupaH BULIEKPUmMepUujyMCKU Mooen
odnyyuesarba (BKO wmoden) 3a eeanyayujy mnodemHuUx rpojekama
OusajHupars-a apmusbepujcKo-paKkemHoa cucmema 3a
rnpomusesa3dyxorisiogHa Oejcmea Marnoe Oomema. WV3epweHo je u
mecmuparbe moderia.

Memode: [pednoxeH modenn BKO kombuHyje memode AEMATEJI u
MABAK modugpkosaHe nomoRy mpoyanacmux UHmMepsasHux ¢hasu
ckyrioga muna 2 (UT2®C). Tpoyanacmu memod UT2OC-OEMATE]T]
rnpumer-eH je 3a odpefjusarbe mexuHe 3axmesa u nodlaxmeesa, 0ok je
mpoyenacma memola UT2®C-MABAK npumerneHa 3a eearnyayujy
anmepHamuea — [o4YemHe npojekmHe  JOKyMeHmauuje  3a
ousajHupar-e apmusbepujcKo- pakemHoe cucmema 3a
npomuesa3sdyxorsiogHa dejcmea marnoe domema.

Pesynmamu:  WHumeepucawe  suwecmpykoe BKO  npucmyna
3acHogsaHoz Ha mpoyanacmum UT2@OC y jeOuHcmeeHU Moder MoXe ce
npumeHUmMu y npouyecy 0eguHucarba onmumarsHe rno4YemHe npojeKmHe
dokymeHmauuje 3a dusajHupaH-e apmusrbepujcKo-pakemHoe cucmema
3a npomuesea3dyxoriiogHa Oejcmea masoz domema.
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3akrbyyak: Pad donpuHocu 80jHOj Hayyu rnpusiukom oHowera o0s1yKa
y npouyecy Ou3ajHuparba apmusbepujcKo-pakemHoe cucmema 3a
npomuesea3sdyxorogHa dejcmea manoe domema.

KrbyyHe pedu: JEMATEJI, MABAK, mpoyanacmu uHmepeganHu ¢hasu
CKyriogu muria 2, apmusbepujcKo-pakemHu cucmem maisoz domema.
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