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Sniper Rifle Selection Using Evidential Fuzzy
Multi-Criteria Decision Making

Kanitsal Bulanik Cok Kriterli Karar Vermeyi Kullanarak
Keskin Nisanci Tufegi Secimi

ABSTRACT

Some of the main reasons for the uncertainties that are effective in the decision-making processes are
imprecision, randomness, and ambiguity. One of the methods to deal with these uncertainties is the DST
method. DST stands out in applications, especially with its ability to cope with both random and incomplete
information and inconsistency. The main purpose of this study is to compare the results obtained in a
previous sniper rifle selection problem with the results obtained by the DST method using EFMCDM and
to evaluate whether the results obtained by the two methods are compatible with each other. In this study
4 sniper rifles were evaluated with respect to 6 criteria. From the research findings it was concluded that
the DST method provides similar results to the outranking based fuzzy decision-making method for the
sniper rifle selection problem. In addition, the results show that the security forces can use the DST method
for this type of selection problem. In conclusion, it has been demonstrated that the EFMCDM method
based on the belief entropy method can be used in many similar selection problems.

Keywords: Fuzzy logic, evidential fuzzy multi-criteria decision making, Dempster-Shafer theory, sniper gun.

JEL Codes: F40, E20

oz

Karar verme sireclerinde etkili olan belirsizliklerin temel nedenlerinden bazilari kesin olmama, rastgelelik ve
muglakliktir. Bu belirsizliklerle basa ¢ikma yontemlerinden biri de DST yontemidir. DST, uygulamalarda
ozellikle hem rastgele ve eksik bilgi hem de tutarsizlik ile bas edebilme yetenegi ile 6ne gikmaktadir. Bu
¢alismanin temel amaci daha 6nce yapilmis bir keskin nisanci tifegi se¢im probleminde elde edilen
sonuglarla, EFMCDM kullanilarak DST yontemiyle elde edilen sonuglari karsilastirmak ve iki yontemle elde
edilen sonuglarin birbiriyle uyumlu olup olmadigini degerlendirmektir. Calismada 4 keskin nisanci tifegi 6
kritere gore degerlendirilmistir. Arastirma bulgularindan, DST yonteminin keskin nisanci tiifegi segim
problemi igin Ustiinlik esasli bulanik ¢ok 6l¢itli karar verme yontemine benzer sonuglar verdigi sonucuna
varilmistir. Ayrica sonuglar, glivenlik gliglerinin bu tir bir segcim problemi icin DST yontemini kullanabilecegini
gostermektedir. Sonug olarak, inang entropisi yontemine dayali EFMCDM yonteminin benzer bir¢ok segim
probleminde kullanilabilecegi ortaya konmustur.

Anahtar Kelimeler: Bulanik mantik, kanitsal bulanik ¢ok kriterli karar verme, Dempster-Shafer teorisi, keskin
nisanci silah.

JEL Kodlari: F40, E20

Intruduction

The main purpose of MCDM methods is to determine the most suitable alternative by comparing
the alternatives according to the determined criteria. The alternatives are evaluated with respect to
these criteria, which are expressed with numerical measurements or evaluations of users/experts.
On the other hand, in most real applications numerical expressions are insufficient due to lack of
precise information. Therefore, it may be necessary to use alternative approaches such as fuzzy logic
(Lin & Hung, 2011). In addition, in many applications, expert knowledge can be expressed verbally
more comfortably and easily. For this reason, more reliable results can be obtained by using methods
such as fuzzy logic in many decision-making methods (Chatterjee & Namin, 2021).

Many methods have been developed to deal with situations involving incompleteness, imprecision,
uncertainty, and inconsistency that negatively affect the decision-making process. Some of them are
Probability Theory, Fuzzy Set Theory and DST (Zhu et al., 2021). Among these theories, Fuzzy Set
Theory deals with ambiguity, while Probability Theory is concerned mainly with randomness
(Chatterjee & Namin, 2021). DST is more effective than most of the other theories for dealing with

SAVSAD Savunma ve Savas Arastirmalari Dergisi The Journal of Defence and War Studies


https://orcid.org/0000-0001-9348-0709
https://orcid.org/0000-0002-4770-2689
mailto:pgcy2014@gmail.com
https://www.google.com.tr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwixxrOHvNbhAhUNb1AKHYncBu8QjRx6BAgBEAU&url=https://www.msu.edu.tr/sayfadetay?SayfaId=540&ParentMenuId=3&psig=AOvVaw17Gf7G993UVF7_XbgFGAMI&ust=1555567849439862

138

inconsistency, incomplete information, and randomness (Xiao, 2020). In addition, DST introduced the concept of conflict arising from the
assumption that available information may be inconsistent. One of the most important advantages of DST is that it considers with
uncertainty and uses it in the decision-making process (Turhan, 2014; Sun et al., 2020; Chatterjee & Namin, 2021). Another important
advantage is that there is no obligation to give a clear value to the variables as in Bayesian inference (Danaee et al., 2017). This shows how
flexible the theory is.

DST has been successfully used in many different applications ranging from artificial intelligence to medical diagnosis, from statistical
classification to data fusion, from face recognition to risk assessment, and from target identification to multi-criteria decision analysis
(Segkin, 2015).

Seckin (2015) used the Dempster-Shafer/Analytical Hierarchy Process (DS/AHP) method in the supplier selection problem. In the study of
Cavdur (2005), search engines used the DST method to detect subject changes in user login. Aygiin and Adal (2010) used the DST method
to combine classification algorithms in their study. In his study, Beynon et al. Beynon et al., (2000) talked about the lessons to be taken
about the DS/AHP method. Turhan (2014) conducted a study on decision making using the DST method in target tracking applications.
Danaee et al. (2017) used the DS/AHP method while determining the optimum criteria list in his study. Sun et al. (2020) and Xiao (2020)
discussed the supplier selection problem using the DST method in their studies. Fei et al. (2019) have handled the supplier selection
problem by using the ELECTRE method based on the DST method. Chinnasamy et al. (2022) developed a MCDM system on deletion and
selective translation reality with the fuzzy ELECTRE method based on the DST method. Liu and Gao (2019) discussed the air conditioning
system selection problem by using the intuitionistic fuzzy power Bonferroni mean operator in the DST method. Wu and Tang (2020)
proposed an improved failure mode and effect analysis method based on the uncertainty measure in the steel sheet production process
with the DST method. Fei and Feng (2021) dealt with the air conditioner selection problem in the DST method with Intuitionistic fuzzy
numbers in their studies. Zhong et al. (2023) discussed the smart device selection problem in the DST method with Power Muirhead Mean
Operators of Interval-Valued Intuitionistic Fuzzy Values. Dymova et al. (2021) discussed the supplier selection problem in the DST method
with intuitionistic fuzzy TOPSIS in their study. Qin et al. (2020), in their study, discussed an example of the selection of the best enterprise
resource planning system in the DST method with picture fuzzy values. In the study of Si et al. (2023), a drug selection that can be more
efficient in the treatment process of a COVID-19 patient is discussed by using picture fuzzy set (PFS) and DS evidence theory methods. In
the study of Mokarram and Sathyamoorthy (2023), geographic information system (GIS) based fuzzy AHP and DST methods were used to
identify suitable locations for gas power plant construction. Wu et al. (2023) evaluated the risk analyses of aircraft turbine rotor blade
failure modes using the DST method based on belief entropy. In their study, Fei and Ma (2023) used a method based on DST method that
takes into account the intuitionistic fuzzy environment for emergency alternative selection in a case of flood disaster in China. Zhang et
al. (2023) used the DST-based PROMETHEE method to identify a public safety training base in China. In their study, Ngo et al. (2023)
addressed the service innovation evaluation problem for three banks in Vietnam with the DST method. In their study, Qin et al. (2023)
used the interval-valued intuitionistic fuzzy DST method to determine the best alternative and compared it with other methods. Rashki
and Faes (2023) used the DST method to minimize the probability of error in an efficient reliability analysis. In their study, Dutta and
Shome (2023) used the DST method based on belief correlation measure for target recognition fusion of sensors.

One of the main aims of this study is to determine whether EFMCDM (Xiao, 2020) based on the belief entropy is compatible with the
outranking based FMCDM method (Aouam et al., 2003). In addition, we also investigate how similar the results are for a sample study,
namely the selection of sniper rifles, which was studied in Arslan and Aydin (2009). The main contributions of this paper * as follows: i)
Application of the EFMCDM based on belief entropy to the sniper rifle selection problem. ii) EFMCDM method has been compared with
an outranking based FMCDM method and the results were found to be consistent. iii) The results demonstrate that some of the
uncertainties that are effective in the decision-making process can be overcome with the EFMCDM based on belief entropy.

In Section 1, the basics of fuzzy logic and DST method are explained. In addition, the steps of the EFMCDM based on belief entropy are
explained. In Section 2 of the research, an application was made by using the sniper rifle selection problem with data from Arslan and
Aydin (2009). We also performed sensitivity analysis in this part. In the conclusion part, a summary of the application is presented.

Material Method
Fuzzy Logic

Fuzzy logic was introduced with the article named “Fuzzy Sets” published in (Zadeh, 1965). Due to the uncertain environment in our daily
life, better decisions can be made with the help of some theories such as decision theory and probability theory. Therefore, the concepts
of uncertainty and randomness are a naturel part of modern decision making. Randomness is used to describe the uncertainty of
occurrence for a member of a set, whereas fuzziness is used to describe situations where various degrees of membership are possible for
members of a set. In other words, the decision maker is not forced to use only 2-valued logic, that is there are generalizations to statements
such as "true/false" or "yes/no" in fuzzy logic. Intermediate values such as "l strongly disagree, | disagree, | am undecided, | agree, |
completely agree" can be used (Taban, 2019). It should be noted also that linguistic expressions used to explain perception or reasoning
are always subjective and ambiguous.
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Scientifically, fuzziness is defined as uncertainty. Uncertainty is a situation that cannot be fully known, contains subjective data, and
expresses the different opinions of decision makers. This uncertainty has led to the development of fuzzy logic. The fuzziness is expressed
as uncertainty or not definite in expressions defining a purpose and a system. In other words, perception differences in human thought,
subjective behaviors and uncertainties in their goals can be explained by fuzziness.

In fuzzy set theory, a flexible and gradual transition is allowed from objects that are fully members of the set to objects that are not
completely members of the set (Taban, 2019). The main difference between traditional sets and fuzzy sets is their membership functions.
The membership functions of fuzzy sets represent linguistically uncertain concepts in a meaningful way. Thus, the uncertainty of managers
in decision making is reduced.

Sets in which an object takes the values 0 and 1 depending on whether it is a member of the set or not are called classical sets. This idea
is based on Aristotle's 1 and 0 logic. Full membership status is 1 and non-member status is 0. That is, an element is either a member of
the set or not. In fuzzy sets, on the other hand, each of the objects is assigned a value consisting of numbers between 0 and 1, representing
their degree of membership in the relevant cluster (meaning belonging, not belonging to that cluster, or how much they belong to the
cluster). This value (membership degree) can have an infinite number of values in the continuous range of [0,1].

Fuzzy numbers can be considered as special subsets of fuzzy sets. There are many types of fuzzy numbers, and the most commonly used
ones are trapezoidal and triangular fuzzy numbers. In this study, we use triangular fuzzy numbers.

Triangular fuzzy numbers will be denoted by (I, m, u), where:

I->The smallest possible value

m->Most expected value

u >The greatest possible value (Taban, 2019).

The membership function of a triangular fuzzy number (I, m, u) is shown in Figure 1.
Figure 1

The triangular fuzzy numbers

pz(x)

! m u
DST Method

The decision-making process can be briefly defined as the process of selecting the best alternative by evaluating alternatives according to
one or more criteria. The decision maker should combine the available data while evaluating the alternatives according to the criteria.
There may be uncertainties in many of these data to be combined. Some common causes of uncertainty are; imprecision, randomness
and ambiguity. Inconsistency is expressed as errors arising from the measurements made. Ambiguity refers to the uncertainties arising
from linguistic expressions such as "good", "bad" during decision making.

DST emerged with A.P. Dempster's work in 1967 on determining the lower and upper limits of probability. It was later developed with
some additions in G. Shafer's book, The Mathematical Theory of Proof, in 1976. That's why the theory was named DST, named after both
fathers of ideas. This theory is a numerical method and has been developed to combat incomplete and uncertain information (Seckin,
2015).

DST finds the total probability of the event affected by these events by combining information about the probabilities of more than one
event. It is also an information aggregation rule that aims to increase the confidence level of information from different sources of
evidence (Tang et al., 2021). DST is an effective tool for combining aggregated basic probability assignment (bpa) values and demonstrates
how robust it is to make decisions with simple calculations in an uncertain and imprecise environment (Turhan, 2014).
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DST can be considered as a development of Bayesian probability theory in a sense. It has the advantage of showing "uncertainty" by
distributing probability to multiple event hypotheses rather than a single event (Zhu & Xiao, 2021). In Bayesian probability theory, the
weights assigned to the states are called "probability", while in DST they are called "mass". The most important distinguishing feature is;
in DST, there is no obligation to give a clear value to the variables as in Bayesian probability theory (Danaee et al., 2017).

DST has the ability to represent information, even if there is a lack of prior knowledge of all possible outcomes. It also provides a simple
computational method for combining evidence from multiple sources, resulting in a numerical score for each view and belief (Chatterjee
& Namin, 2021).

If a variable can take © different values in DST, that variable has 2© subsets and each subset is assigned a mass value. And the sum of the
mass values of these subsets is equal to 1 (Danaee et al., 2017).

Belief function (bel) and bpa function, which are one-to-one functions, express the information in DST. DST defines the state space in
probability theory as the frame of discernment (Danaee et al., 2017). As the number of elements in the frame of discernment increases,
the computational complexity also increases. Also, when the evidence is highly contradictory, the consolidation result may not be normal.
It can easily be seen that all of these problems are related to the bpa values, thus determining the bpa values is the first step that directly
affects the calculation of the DST (Zhu et al., 2021).

In this study we are interested in application of DST to MCDM problems. Therefore, in this setting the frame of discernment represents
the set of possible actions or selections, which will be denoted by ® = {4;,4,, ..., 4;, ..., Ay}. The power set of ® denoted by 2° contains
all subsets of 0, thatis 2° = {0, {4,}, {4}, ..., {Ax}, {41, A3}, ..., {41, Ay, ..., A}, ..., B} If the following conditions given in equations
(2) and (3) are met for a function m: 2° — [0,1], then this function is a bpa function (Biyiikyazici & Sucu, 2009):

m@) =0 (1)
Lrezom(x) =1(2)

The values of the bpa function here are defined as the probabilities of each element in the frame of discernment, ©. If each subset element
here contains only one element, then in this case, DST overlaps with Bayesian deduction and bpa function is considered as probability
density function. Therefore, DST is considered as a generalized form of Bayesian inference. The m function is called the bpa function, and
m(x) is called the basic probability of x (Xiong et al., 2021).

The sum of the mass values of the subsets is equal to 1. It can also attain O because there is no assignment to the empty set. When x is
considered as any subset of © and the bpa value is different from 0, x becomes a focal element (Xiong et al., 2021). The value taken for
any focal element belonging to the bel function is called the degree of belief (Bliylikyazici & Sucu, 2009).

There are two confidence criteria: bel function and plausibility (pls) function. As the first confidence criterion, the one-to-one bel function
is defined as bel: 2° — [0,1] and this value is obtained from the sums of the propositions as Equation (3) (Beynon et al., 2000).

bel (A) =Ygcam(B), VAS O (3)

The bel(A) value here indicates the level of confidence in any subset of A or A itself. That is, it is the definitive support for A.

Another confidence criteria, the one-to-one function pls (Equation 4), is defined as pls: 2° — [0,1].

pls (A) = 1 — bel(B) = ¥pnazom(B), VAS O (5)

The pls(A) value here also indicates the failure level in case of distrust for A or any subset where A is present. So, it is more plausible to
support A.

bel(A) and pls(A) represent the lower and upper limits of the A function. The lower bound indicates the hypothesis's degree of support
and the upper bound the maximum degree of support expected to be assigned to the hypothesis. From here, it is also understood that
pls(A) = bel(A) (Xiao, 2020).

The mass values, the relations of the observed variables with each other and the relations of the values obtained from the previous
observations are obtained using Dempster Rule of Combination (DRC). This rule is used both to combine previously known data belonging
to a single decision maker and observed data, and to combine data belonging to more than one decision maker (Cavdur, 2005). Information
obtained from different information sources can be easily combined with DRC (Xiong et al., 2021).

When the independent evidence sources m; and m, are combined with Equation (5), the toa function m = m; @ m,:2° - [0,1] is
obtained [4]. The @ operator has commutative and associativity features (Tong et al., 2021).

0 , A=¢

m(4) = Z1_L3,(:ez@|13nc=Aml(B)mZ(C) A%0 (5)

1-K

Here K is expressed as the conflict coefficient between m; and m, and is calculated with Equation (6):
K = Y5.ce2018nc=p M1(B)m,(C) (6)
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For DRC to be useful; the K coefficient should be less than 1 (Xiao, 2020). If K = 0, there is no contradiction between the two proofs, that
is, each focus set m, intersects all focus sets of m,. If K = 1, the two sets of evidence are logically contradictory and as a result they
cannot be combined. The mass function m; @ m, is called the orthogonal sum of m; and m, (Denoeux et al., 2020). K is the mass related
to opposing beliefs and is determined as the result of the mass of each empty intersection (Chatterjee & Namin, 2021).

EFMCDM
In this subsection we give an outline of the steps for applying EFMCDM introduced by Xiao (2020) to MCDM problems.

When applying the DST method to MCDM problems, the frame of discernment is the set of alternatives, which is defined as @ =
{A,, A, ...., A} and the set of criteria as C = {C;, C,, ..., C,}. The ith alternative is shown as A;(i = 1,2, ...,m) and the j* criterion as
Cj(j = 1,2, ...,n). Evaluation of the i" alternative according to the j*" criterion is denoted by {J?ij,i =1,2,..,mvej=1,2,..,n}, whereas
the weighting of the criteria is denoted as {W;,j = 1,2, ...,n}. Since these are fuzzy numbers, we have X;; = (¥;j1, X;j2, X;j3) and W; =
(Wj1, Wy, Wj3) (Xiao, 2020).

The linguistic expressions and fuzzy number values to be used while evaluating the alternatives are shown in Table 1 (Arslan & Aydin,
2009).

The steps to be performed in the application are shown below step by step:

Step-1: The weights of the criteria are determined in Equation (7) (j=1, 2, ..., n).

Table 1
Linguistic Expressions for Alternatives and Corresponding Fuzzy Numbers
Linguistic expressions Abbreviations Fuzzy number values
Very High VH (0.8, 1.0, 1.0)
High H (0.6, 0.8, 1.0)
Medium M (0.3,0.5,0.7)
Low L (0.0,0.2,0.4)
Very Low VL (0.0,0.0,0.2)

W = [Wy .. Wy W] (7)

Step-2: The decision matrix (Equation 8) containing the values of the it alternative according to the j* criterion is arranged (i=1, 2, ..., m).

|' fll eee 21] ee fln -|

| : .3 co
X=| X - Xij . Xin |(8)

g o By e

Step-3: Elements of the weighted decision matrix (JZL"]") are found with Equation (9). Values in this equation, Equation (10) is found with.

w _ = 037 — w w w
X7 = X+ Wy = (X1, X2, Xij3)
W s ~
X = Xjpxwy o (9)

Iv44

Xij2 = Xij2 * Wj3

Xijs = Xz * Wiz (10)
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The weighted decision matrix (D) is created as Equation (11):

~=W =W ~W
I‘ ‘xll e ‘xlj e xln ‘l
n SW ~W ~W
D = xil xij xin (11)
W W W
Xm0 Xmj o Xmn

Step-4: For the benefit (Equation 12) and cost criteria (Equation 13), the fuzzy values combined separately with Equation (14) are
calculated.

5" = max{&}}, for benefit criteria (BCj)  (12)
1

Xij1 = miin{i}’]-"l}, for cost criteria (CC;)  (13)

=W =W W
<xij1 %j2 %3

( TWE W ~W+) ,for BC;

Fw _{ ij3 *ijz Xijz
7. W EW W
ij1 ij2 ij3

(_] Zyz _J> , fo‘r CC]

i
Thus, the elements needed to normalize the D matrix are found. The normalized version of the combined weighted decision matrix (5)
is shown as Equation (15):

(14)

Zw ZW Zw
|'x11 xl] xl‘l’l ]
5 _ Sw zw zw
D - xl'l xi]' xin (15)
l;w . W v J
m1 mj mn

Values here are displayed in X}] = (X!}, X}, X!3) format.

Step-5: The defuzzification process is performed by applying Equation (16) to the normalized combined decision matrix elements. The
defuzzification process is defined as the conversion of a fuzzy number to a definite number (Ross, 2005):

W o W o 1/ w \2 1/ _w \?
Def(FW) = {#xxdx s 43 (s~ ) —3(R-H)
€ ( ij fu(x)dx -z +xl (16)
u Xja+als

The defuzzied matrix (Def(ﬁ)) with the resulting elements is shown as Equation (17):
[ Def(%{1) - Def(xj) -+ Def (%) ]

Def(ﬁ):‘ Def(FY) - Def(R) .. Def( ‘ (17)

|Def (%) - Def(Zp)) . Def (%)l
Step-6: The defuzzied decision matrix (Def(fl"]‘-’ ) elements are normalized by applying Equation (18):

WV
Do (7)) = genil)

=S per(eny J = L2 1
Z;’LlDef(f\smj),] ,2,..,n (18)

The normalized defuzzied matrix (D—ef(B)) is shown as Equation (19):
Def (Xty) -+ Def(Xy) - Def(%tn)

Def(D) =| Def(Z%) - Def(%Y) .. Def (%%, (19)
| : : : |
|Def (®) - Def(Zn)) . Def (Fm)l

Step-7: The belief entropy (Ed (Cj)) of the (; criterion is calculated by Equation (20) (Kang & Deng, 2019):

Def (%)

2|Ai|_1

Eq(C) = — X%, Def(%;;) log (20)
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As a result of applying Equation (21) to the calculated belief entropy, the degree of uncertainty of the C; criterion is found:

Def (%)
Ail_y (21)

— zﬁlwofij)log 2|

U(G) =efa =e
Step-8: The degree of uncertainty of the C;criterion is normalized by Equation (22):

] u(e)
U(G) =g 4 I =12 (22)

Step-9: The bpa value of the A; alternative in terms of the ; criterion is calculated by Equation (23), Equation (24) and Equation (25) (Sun
et al., 2020):

me, (@) =0 (23)

me,(A) = Def (&)« (1= T) (24)

mcj(Q) =1- ﬁlmcj(Ai),i =12,...m j=1,2,..,n (25)

Thus, it is concluded that the bpa value of the frame of discernment is Y gce me; (B) =1.

Step-10: Multiple proofs are combined with Equation (26) as follows:

me = ((me, ®mc,), ® .. ®mg,)  (26)

(n-1)

Thus, in terms of the C; criterion, the final bpa value of the 4;(i = 1, 2, ..., m) alternative is found, and this value gives the belief values
of the alternatives (Equation 27):

Bel(A) = mc(4) (27)
Step-11: A; alternatives are ranked according to their belief values and the best alternative is decided by Equation (28):

= argmax{Bel(4;)} (28)

1<ism

A would be the best alternative.

The Research Findings and Discussion
Application

The sniper rifle selection data in Arslan and Aydin (2009) were used in this study. They used an outranking based FMCDM method that
was proposed by Auouam et al. (2003). Since 4 sniper rifles were considered, there are 4 alternatives and 6 criteria. The criteria were
determined as minute of angle (MOA), weight of sniper gun (Weight), effective range (Range), binocular equipment (Binocular), ergonomic
and upgradeability, respectively. Alternatives are Dragunov (Russia), SR25 (USA), Acc.L96A1 (UK) and Steyr SSG-69 (Austria). Detailed
information about the alternatives and criteria is available in Arslan and Aydin (2009). Although the methodology is similar to Xiao (2020)
study, Xiao (2020) used trapezoidal fuzzy numbers in her study. In this study, triangular fuzzy numbers, which are a special case of
trapezoidal fuzzy numbers, are used since triangular fuzzy numbers are used in Arslan and Aydin (2009).

The set of alternatives is defined as @ = {Dragunov (A1), SR25 (A2), Acc. L96A1 (A3), Steyr SSG — 69 (A4)} and the set of criteria as
C ={MOA, Weight, Range, Binocular, Ergonomic and Upgradeability}.

The steps in the study to be done are as follows:

Step-1: As a result of the study conducted by Arslan and Aydin (2009), the criteria importance weights in Table 2 were used.

Table 2
Criterion Importance Weights
MOA Weight Range Binocular Ergonomic Upgradeability
(C4) (C2) (C3) (C4) (Cs) (Co)
0.3 0.1 0.2 0.2 0.1 0.1

Step-2: The linguistic values given to the alternatives in the fuzzy MCDM based on an outranking relation study conducted by Bozkaya and
Arslan (2008) and Arslan and Aydin (2009) are given in Table 3 and the fuzzy number values are given in Table 4.
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Table 3
Rating of Alternatives by Linguistic Values According to the Criteria Evaluated by the Decision Maker
Alternatives C, C, C3 C, Cy Ce
Dragunov VL H L M L M
SR25 H M VH H VH VH
Acc.L96A1 VH VL VH VH H VH
Steyr SSG-69 VH M VH M L M
Table 4
Rating of Alternatives by Linguistic Values According to the Criteria Evaluated by the Decision Maker
Alternatives C, C, C; C, Cy Ce

Dragunov | (0.00;0.00;0.20) | (0.60;0.80;1.00) | (0.00;0.20;0.40) | (0.30;0.50;0.70) | (0.00;0.20;0.40) | (0.30;0.50;0.70)
SR25 (0.60;0.8.0;1;00) | (0.30;0.50;0.70) | (0.80;1.00;1.00) | (0.60;0.80;1.00) | (0.80;1.00;1.00) | (0.80;1.00;1.00)
Acc.l96A1 | (0.80;1.00;1.00) | (0.00;0.00;0.20) | (0.80;1.00;1.00) | (0.80;1.00;1.00) | (0.60;0.80;1.00) | (0.80;1.00;1.00)

Steyr SSG-69

(0.80;1.00;1.00)

(0.30;0.50;0.70)

(0.80;1.00;1.00)

(0.30;0.50;0.70)

(0.00;0.20;0.40)

(0.30;0.50;0.70)

Step-3: Using Equation (9) and (10), the weighted decision matrix (D) is obtained in Table 5.

Table 5
Weighted Decision Matrix
Alternatives Cy C, C3 C, Cs Ce
Dragunov (0.00;0.00;0.06) (0.06;0.08;0.10) (0.00;0.04;0.08) (0.06;0.10;0.14) (0.00;0.02;0.04) (0.03;0.05;0.07)
SR25 (0.18;0.24,0.30) (0.03;0.05;0.07) (0.16;0.20;0.20) (0.12;0.16;0.20) (0.08;0.10;0.10) (0.08;0.10;0.10)
Acc.L96A1 (0.24,0.30;0.30) (0.00;0.00;0.02) (0.16;0.20;0.20) (0.16;0.20;0.20) (0.06;0.08;0.10) (0.08;0.10;0.10)
Steyr SSG-69 | (0.24;0.30;0.30) (0.03;0.05;0.07) (0.16;0.20;0.20) (0.06;0.10;0.14) (0.00;0.02;0.04) (0.03;0.05;0.07)

Step-4: Using Equation (12), (13) and (14), the normalized weighted decision matrix (5) is obtained in Table 6. Here, the x}’l"’{ value was

determined as 0.18 for the MOA criterion, which was determined as the cost criterion, and the xlyj‘-’f value for the weapon weight criterion

was determined as 0.03.

Table 6

Normalized Weighted Decision Matrix

Alternatives

¢y

C;

Cs

Cy

Cs

Ce

Dragunov

(0.00;0.00;0.33)

(2.00;2.67;3.33)

(0.00;0.20;0.40)

(0.30;0.50;0.70)

(0.00;0.20;0.40)

(0.30;0.50;0.70)

SR25

(1.00;1.33;1.67)

(1.00;1.67;2.33)

(0.80;1.00;1.00)

(0.60;0.80;1.00)

(0.80;1.00;1.00)

(0.80;1.00;1.00)

Acc.L96A1

(1.33;1.67;1.67)

(0.00;0.00;0.67)

(0.80;1.00;1.00)

(0.80;1.00;1.00)

(0.60;0.80;1.00)

(0.80;1.00;1.00)

Steyr SSG-69

(1.33;1.67;1.67)

(1.00;1.67;2.33)

(0.80;1.00;1.00)

(0.30;0.50;0.70)

(0.00;0.20;0.40)

(0.30;0.50;0.70)
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Step-5: Using Equation (16), the defuzzied decision matrix (Def(ﬁ)) is obtained in Table 7.

Table 7
Defuzzied Decision Matrix
Alternatives C, C, C; C, Cs Ce
Dragunov 0.11 2.67 0.20 0.50 0.20 0.50
SR25 1.33 1.67 0.93 0.80 0.93 0.93
Acc.L96A1 1.56 0.22 0.93 0.93 0.80 0.93
Steyr SSG-69 1.56 1.67 0.93 0.50 0.20 0.50
Step-6: Using Equation (18), the normalized defuzzied decision matrix (D—ef(ﬁ)) is obtained in Table 8.
Table 8
Normalized defuzzied Decision Matrix
Alternatives (9 C, C3 C, Cs Ce
Dragunov 0.0244 0.4286 0.0667 0.1829 0.0938 0.1744
SR25 0.2927 0.2679 0.3111 0.2927 0.4375 0.3256
Acc.L96A1 0.3415 0.0357 0.3111 0.3415 0.3750 0.3256
Steyr SSG-69 0.3415 0.2679 0.3111 0.1829 0.0938 0.1744

Step-7: Using Equation (20) and (21), the belief entropy values (Ed (Cj)) and uncertainty degrees of the criteria are obtained in Table 9.

Table 9

Belief Entropy Values and Uncertainty Degrees of Criteria

G C; Cs Cs Cs Ce
E4(C) 1.7081 1.7137 1.8327 1.9447 1.6927 1.9330
u(c;) 5.5187 5.5493 6.2505 6.9917 5.4344 6.9104

Step-8: Using Equation (22), the uncertainty degrees of the C; criterion are normalized. Table 10 includes the normalized version of the
uncertainty degrees of the criteria.

Table 10

Normalized Uncertainty Degrees of Criteria
u(cy) U(Cy) U(Cs3) U(Cy) U(Cs) U(Ce)
0.1506 0.1514 0.1705 0.1907 0.1483 0.1885

Step-9: The bpa values of the alternatives are calculated using Equation (23), (24) and (25), are shown in Table 11.
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Step-10: Belief values of alternatives obtained using Equation (26) and (27), are shown in Table 12.

Table 11
BPA Values of Alternatives
(o C, Cs C, Cs Ce
m(4,) 0.0207 0.3637 0.0553 0.1480 0.0799 0.1415
m(4,) 0.2486 0.2273 0.2581 0.2369 0.3726 0.2642
m(45) 0.2901 0.0303 0.2581 0.2763 0.3194 0.2642
m(A4,) 0.2901 0.2273 0.2581 0.1480 0.0799 0.1415
m(0) 0.1506 0.1514 0.1705 0.1907 0.1483 0.1885
Table 12
Belief Values of Alternatives
Bel(A,) Bel(A,) Bel(A3) Bel(A,)
0.0400 0.5340 0.2765 0.1479

Step-11: The best alternative is determined by using Equation (28). As a result of the operations, the alternative order is determined as
A, > A3 > A, > Ay

Sensitivity Analysis

The values obtained for the ranking of the alternatives are respectively; 0.0400 for Al alternative; 0.5340 for A2 alternative; 0.2765 for
the A3 alternative; and 0.1479 for the A4 alternative. Thus, the order for the alternatives is obtained as A2>A3>A4>A1.

Sensitivity analysis (Figure 2) was performed to demonstrate the robustness. For this, each criterion was excluded from the evaluation
one by one, and the alternatives were reordered. When the MOA criterion is excluded, the value obtained for the Al alternative is 0.1021;
the value obtained for alternative A2 is 0.5004; the value obtained for the A3 alternative was calculated as 0.2516 and the value obtained
for the A4 alternative was calculated as 0.1382. Thus, the alternative order was obtained as A2>A3>A4>A1. When the weight criterion is
excluded, the value obtained for the Al alternative is 0.0258; the value obtained for alternative A2 is 0.4069; the value obtained for the
A3 alternative was calculated as 0.4372 and the value obtained for the A4 alternative was calculated as 0.1241. Thus, the alternative order
was obtained as A3>A2>A4>A1. When the range criterion is excluded, the value obtained for the Al alternative is 0.0841; the value
obtained for alternative A2 is 0.4862; the value obtained for the A3 alternative was calculated as 0.2715 and the value obtained for the
A4 alternative was calculated as 0.1505. Thus, the alternative order was obtained as A2>A3>A4>A1. When the binocular criterion is
excluded, the value obtained for the A1l alternative is 0.0595; the value obtained for alternative A2 is 0.4881; the value obtained for the
A3 alternative was calculated as 0.2545 and the value obtained for the A4 alternative was calculated as 0.1904. Thus, the alternative order
was obtained as A2>A3>A4>A1. When the ergonomic criterion is excluded, the value obtained for the Al alternative is 0.0805; the value
obtained for the A2 alternative is 0.4011; the value obtained for the A3 alternative was calculated as 0.2449 and the value obtained for
the A4 alternative was calculated as 0.2656. Thus, the alternative order was obtained as A2>A4>A3>A1. When the upgradeability criterion
is excluded, the value obtained for the Al alternative is 0.0615; the value obtained for the A2 alternative is 0.4693; the value obtained for
the A3 alternative was calculated as 0.2646 and the value obtained for the A4 alternative was calculated as 0.1969. Thus, the alternative
order was obtained as A2>A3>A4>A1.
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Figure 2

Sensitivity Analysis

The values obtained for the ranking of the alternatives are respectively; 0.0400 for Al alternative; 0.5340 for A2 alternative; 0.2765 for
the A3 alternative; and 0.1479 for the A4 alternative. Thus, the order for the alternatives is obtained as A2>A3>A4>A1.

Sensitivity analysis (Figure 2) was performed to demonstrate the robustness. For this, each criterion was excluded from the evaluation
one by one, and the alternatives were reordered. When the MOA criterion is excluded, the value obtained for the Al alternative is 0.1021;
the value obtained for alternative A2 is 0.5004; the value obtained for the A3 alternative was calculated as 0.2516 and the value obtained
for the A4 alternative was calculated as 0.1382. Thus, the alternative order was obtained as A2>A3>A4>A1. When the weight criterion is
excluded, the value obtained for the Al alternative is 0.0258; the value obtained for alternative A2 is 0.4069; the value obtained for the
A3 alternative was calculated as 0.4372 and the value obtained for the A4 alternative was calculated as 0.1241. Thus, the alternative order
was obtained as A3>A2>A4>A1. When the range criterion is excluded, the value obtained for the Al alternative is 0.0841; the value
obtained for alternative A2 is 0.4862; the value obtained for the A3 alternative was calculated as 0.2715 and the value obtained for the
A4 alternative was calculated as 0.1505. Thus, the alternative order was obtained as A2>A3>A4>A1. When the binocular criterion is
excluded, the value obtained for the A1l alternative is 0.0595; the value obtained for alternative A2 is 0.4881; the value obtained for the
A3 alternative was calculated as 0.2545 and the value obtained for the A4 alternative was calculated as 0.1904. Thus, the alternative order
was obtained as A2>A3>A4>A1. When the ergonomic criterion is excluded, the value obtained for the A1 alternative is 0.0805; the value
obtained for the A2 alternative is 0.4011; the value obtained for the A3 alternative was calculated as 0.2449 and the value obtained for
the A4 alternative was calculated as 0.2656. Thus, the alternative order was obtained as A2>A4>A3>A1. When the upgradeability criterion
is excluded, the value obtained for the Al alternative is 0.0615; the value obtained for the A2 alternative is 0.4693; the value obtained for
the A3 alternative was calculated as 0.2646 and the value obtained for the A4 alternative was calculated as 0.1969. Thus, the alternative
order was obtained as A2>A3>A4>A1.

Conclusions

In this study we applied the EFMCDM method introduced by Xiao (2020) to the sniper rifle selection problem studied in [30]. The results
show that indeed some of the uncertainties that are effective in the decision-making process can be overcome with EFMCDM. In addition,
the same rankings for the sniper rifles have been obtained with both MCDM approaches.

In Arslan and Aydin (2009), the MOA criterion (C1) weight was 0.3; weight criterion (C2) weight is 0.1; range criterion (C3) weight 0.2;
binocular criterion (C4) weight is 0.2; ergonomic criterion (C5) weight was determined as 0.1 and upgradeability criterion (C6) weight was
determined as 0.1.

When the degree of uncertainty of the criteria is evaluated in our study, the criterion with the lowest degree of uncertainty is ergonomic
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(C5) criterion. The criterion with the highest degree of uncertainty is binoculars (C4). The degrees of uncertainty of the other criteria are
as follows, from low to high: MOA criterion (C1) is second, weight criterion (C2) is third, range criterion (C3) is fourth, and upgradeability
criterion (C6) is fifth. A decrease in the level of uncertainty indicates an increase in the importance of the criterion. For this reason, while
the gun ergonomics criterion provides the greatest effect in calculating the belief values of the alternatives, the binocular magnification
and viewing angle criteria show the lowest effect.

In Arslan and Aydin (2009), the superiority value of the SR25 alternative was 1.23; the superiority value of the Acc.L96A1 alternative was
1.07; the superiority value of the Steyr SSG-69 alternative was calculated as 0.45 and the superiority value of the Dragunov alternative
was calculated as -2.75.

As a result of the findings obtained in this study, the belief value of the SR25 alternative was 0.5340; the belief value of the Acc. L96A1
alternative was 0.2765; the belief value of Steyr SSG-69 alternative was calculated as 0.1479 and the belief value of Dragunov alternative
was calculated as 0.0400. The same ranking was obtained with the ranking of the alternatives in the study conducted by Arslan and Aydin
(2009). Thus, it has been demonstrated that DST, which tries to minimize uncertainty, and outranking based FMCDM method yield results
that support each other.

Finally, the best alternative was determined as the second alternative with the criteria accepted within the scope of this study. Technical
information about the criteria plays an important role in ranking the alternatives. According to the results obtained based on the
evaluations of the experts with the entropy belief approach, the SR25 weapon was determined as the best weapon among the alternatives.

The limitations of the study are as follows: i) In the case of developing and changing the decision matrix of this research, different findings
can be encountered. ii) Different results can be obtained with the same data with different MCDM methods. iii) Changes in the number
of decision makers/experts can directly affect the result.

The suggestions as a result of the study are as follows: i) The results of the sniper rifle selection problem handled with the EFMCDM
method based on belief entropy yielded the same results with an outranking based FMCDM method, and two main research questions
developed within the scope of the research were answered. ii) With the study, it has been shown that the security forces can achieve a
healthy result in the sniper rifle selection problem by supporting the previous study and obtaining the same results. iii) Researchers can
conduct new studies with different criteria that can be obtained as a result of literature review. iv) Studies can be updated by adding newly
developed sniper rifles to alternatives. v) Different selection problems can be handled with the EFMCDM method based on belief entropy.
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Genisletilmis Ozet
Girig
Cok kriterli karar verme (CKKV) metodolojisinin temel amaci, 6nceden belirlenmis 6lgltler dogrultusunda alternatifleri kiyaslayarak en
elverisli alternatifi tespit etmektir. Alternatifler, nicel oOlgimler veya uzmanlarin degerlendirmeleriyle belirlenen kriterlere goére
degerlendirilmektedir. Ancak gergek hayatta, veri eksikligi nedeniyle nicel ifadelerin yetersiz oldugu durumlarla sikga karsilasilmaktadir.
Bu gibi durumlarda, bulanik mantik gibi alternatif siralama yaklagimlarinin kullaniimasi gerekebilmektedir. Ayrica, birgok durumda uzman

gorisleri so6zIU olarak daha agik ve kolay ifade edilebilmektedir. Bu sebeple, bulanik mantik gibi yontemlerin kullaniimasiyla karar verme
sureglerinde daha giivenilir sonuglar elde edilebilmektedir.

Yontem

Karar verme sirecindeki eksiklik, belirsizlik ve tutarsizlik gibi durumlarla basa ¢ikmak igin ¢esitli yontemler gelistirilmistir. Bu yontemlerden
bazilari Olasilik Teorisi, Bulanik Kiime Teorisi ve DST olarak adlandirilmaktadir. Bulanik Kiime Teorisi belirsizlikle ilgilenirken Olasilk Teorisi
genellikle rastlantisallik tGzerine odaklanmaktadir. DST ise tutarsizlik, eksik bilgi ve rastlanti durumlariyla basa ¢ikmak igin diger teorilere
kiyasla daha etkili olabilmektedir. Bunun yani sira DST, mevcut bilgilerin tutarsizhigiyla ilgili catisma kavramini ortaya atarak belirsizligi ele
almakta ve karar verme siirecinde kullanilmaktadir. Ayrica, DST'nin énemli bir diger avantaji da degiskenlere kesin bir deger atama
zorunlulugunun olmamasidir. Bu durum da teorinin esnekligini gdstermektedir.

DST, yapay zeka tabanli tibbi teshislerden istatistiksel siniflandirmaya, veri birlestirme islemlerinden ylz tanima sistemlerine, risk
analizinden c¢ok kriterli karar analizine kadar genis bir yelpazedeki uygulamalarda basarili bir sekilde kullaniimaktadir.

Bu galismanin esas hedeflerinden biri, inang Entropisine Dayali Kanitsal Bulanik Cok Kriterli Karar Verme (EFMCDM) Yénteminin, Ustiinliik
Esasli Bulanik Cok Olgiitlii Karar Verme Yéntemi ile uyumlu olup olmadigini belirlemektir. Ayrica, Arslan ve Aydin (2009) tarafindan
incelenen keskin nisanci tifegi secimi gibi bir 6rnege odaklanarak sonuglarin ne derece benzer oldugu da arastiriimistir. Bu makalenin
temel katkilari sunlardir: i) EFMCDM Yénteminin keskin nisanci tiifegi secimi problemine uygulanmasi, ii) EFMCDM y&nteminin, Ustiinliik
Esash Bulanik Cok Olgiitli Karar Verme Yéntemi ile karsilastiriimasi ve sonuglarin tutarli olup olmadiginin gézlemlenmesi, iii) Karar verme
surecinde etkili olan belirsizliklerin EFMCDM yontemi ile asilabileceginin gosterilmesi.

Zadeh tarafindan 1965 yilinda yayinlanan "Fuzzy Sets" baslikl makale, bulanik mantigi anlatmaktadir. Glnliik hayatimizin belirsiz dogasi,
karar teorisi ve olasilik teorisi gibi cesitli teorilerle daha iyi kararlar almayl amaglamaktadir. Bu sebeple, bulanikhk ve rastlantisallik
kavramlari modern karar verme siireglerinin énemli bir pargasi olmaktadirlar. Rastlantisallik, bir kimenin Gyeleri icin meydana gelebilecek
belirsizligi ifade ederken bulaniklik ise bir kimenin Uyeleri igin gesitli Uyelik derecelerinin mimkin oldugu durumlari tanimlamaktadir. Bu
baglamda, karar verici artik sadece "dogru/yanlis" veya "evet/hayir" gibi ifadelerle sinirli kalmamakta; bulanik mantik, "kesinlikle
katilmiyorum, katilmiyorum, kararsizim, katiliyorum, tamamen katiliyorum" gibi ara degerleri de icerebilmektedir.

Bilimsel olarak, bulaniklik belirsizlik olarak nitelendirilmektedir. Belirsizlik, tam olarak bilinmeyen, 6znel verileri iceren ve karar vericilerin
farkl goruslerini iceren bir durumu ifade etmektedir. Belirsizlik, bir amaci ve bir sistemi tanimlayan ifadelerdeki belirsizlik ya da kesin
olmama durumu olarak agiklanmaktadir. Yani, insan disincesindeki algi farkhliklari, 6znel davranislar ve hedeflerdeki belirsizlikler
bulaniklk kavramiyla agiklanabilmektedir.

Bir nesnenin kiimenin Uyesi olup olmamasina bagh olarak 0 ve 1 degerlerini aldigi kimelere klasik kiimeler denilmektedir. Bu fikir
Aristoteles'in 0 ve 1 mantigina dayanmaktadir. Tam lyelik durumu 1, Giye olmama durumu ise 0'dir. Yani bir eleman ya kiimenin tyesidir
ya da degildir. Bulanik kiimelerde ise nesnelerin her birine ilgili kiimeye (yelik derecelerini temsil eden 0 ile 1 arasindaki sayilardan olusan
bir deger atanmaktadir. Bu deger [0,1] araliginda sonsuz sayida degere sahip olabilmektedir.

DST, 1967 yilinda A.P. Dempster'in olasiligin alt ve Ust sinirlarini belirlemeye yonelik calismasiyla ortaya ¢cikmistir. Daha sonra 1976 yilinda
G. Shafer'in The Mathematical Theory of Proof adl kitabinda bazi eklemelerle gelistirilmistir. Bu nedenle teoriye, her iki fikir babasinin
adini tagilyan DST adi verilmistir. Bu teori sayisal bir yontem olup eksik ve belirsiz bilgilerle miicadele etmek igin gelistirilmistir.

DST, birden fazla olayin olasiliklari hakkindaki bilgileri birlestirerek bu olaylardan etkilenen olayin toplam olasiligini bulmaktadir. Ayni
zamanda farkli kanit kaynaklarindan gelen bilgilerin gliven diizeyini artirmayi amaglayan bir bilgi birlestirme kuralidir. DST, toplanmis temel
olasilik atama (TOA) degerlerini birlestirmek igin etkili bir ara¢ olarak kullanilmakta ve belirsiz ve kesin olmayan bir ortamda basit
hesaplamalarla karar vermenin ne kadar saglam oldugunu géstermektedir.

DST bir anlamda Bayes olasilik teorisinin bir genellemesi olarak dislintlmektedir. Olasiligi tek bir olay yerine birden fazla olay hipotezine
dagitarak "belirsizligi" gosterme avantaji bulunmaktadir. Bayes olasilik teorisinde, durumlara atanan agirliklar "olasilik" olarak
adlandirilirken DST'de "kiitle" olarak adlandirilmaktadir. En dnemli ayirt edici 6zelliklerden biri ise DST'de Bayes olasilik teorisinde oldugu
gibi degiskenlere net bir deger verme zorunlulugunun olmamasidir.

Uygulama

Bu calisma, Arslan ve Aydin'in (2009) keskin nisanci tiifegi se¢im verilerini temel almaktadir. Bu verilerde, Auouam vd., (2003) tarafindan
dnerilen Ustiinliik Esash Bulanik Cok Olcitlii Karar Verme Yéntemi kullanilmistir. Calismada 4 farkli keskin nisanci tiifegi ve bunlarin
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degerlendirilmesinde kullanilan 6 kriter bulunmaktadir. Bu kriterler sirasiyla dogruluk, silah agirligi, etkili menzil, dirbiin biylitme ve goris
agisl, silah ergonomisi ve gelistirilme yetenegi olarak belirlenmistir. Dragunov (Rusya), SR25 (ABD), Acc.L96A1 (ingiltere) ve Steyr SSG-69
(Avusturya) ise incelenen keskin nisanci tifegi alternatifleridir. Detayl bilgi, Arslan ve Aydin (2009) ¢alismasinda yer almaktadir. Bu ¢alisma,
metodoloji agisindan Xiao'nun (2020) c¢alismasina benzerlik gostermektedir ancak Xiao'nun galismasinda yamuksal bulanik sayilar
kullanilmigtir. Bu calismada ise Arslan ve Aydin'in galismasinda Gggensel bulanik sayilar kullanildigi icin yamuksal bulanik sayilarin 6zel bir
durumu olan lggensel bulanik sayilar tercih edilmistir.

Elde ettigimiz degerlere dayanarak alternatifler igin siralama su sekildedir: A2 en yiiksek degere sahipken onu A3, ardindan A4 ve en son
Al takip etmektedir. Dolayisiyla elde edilen siralama A2 > A3 > A4 > A1l seklindedir.

Sonug

Bu ¢alismada, Arslan ve Aydin (2009) tarafindan incelenen keskin nisanci tiifegi secim problemine Xiao (2020) tarafindan tanitilan EFMCDM
yontemi uygulanmistir. Elde edilen sonuglar, EFMCDM'nin aslinda karar verme sirecinde etkili olan bazi belirsizlikleri ele alabildigini
gostermektedir. Ayrica, her iki CKKV yaklagimiyla da keskin nisanci tiifekleri igin ayni siralamalar elde edilmistir.

Arslan ve Aydin (2009) ¢alismasinda, dogruluk kriterinin (C1) agirlig1 0,3 olarak belirlenmistir. Silah agirhigi kriterinin (C2) agirhgi 0,1; etkili
menzil kriterinin (C3) agirhigi 0,2; dirbun buylutme ve goris acisi kriterinin (C4) agirhgi 0,2; silah ergonomisi kriterin (C5) agirligi 0,1 ve
gelistiriime yetenegi kriterinin (C6) agirhgi ise 0,1 olarak hesaplanmistir.

Bu calismada, kriterlerin belirsizlik diizeyleri incelendiginde, belirsizlik derecesi en diistik olan kriter silah ergonomisi kriteri (C5) olarak
belirlenmistir. En yiksek belirsizlik derecesine sahip kriter ise diirblin bliylitme ve goris agisi (C4) olarak belirlenmistir. Diger kriterlerin
belirsizlik dereceleri sirali olarak su sekildedir: dogruluk kriteri (C1) ikinci, silah agirhgi kriteri (C2) Gguinc, etkili menzil kriteri (C3) dérdinci
ve gelistiriime yetenegi kriteri (C6) besinci sirada yer almaktadir. Belirsizlik dlzeyinin azalmasi, bir kriterin 6neminin arttigini
gostermektedir. Bu baglamda, silah ergonomisi kriteri alternatiflerin inang degerlerinin hesaplanmasinda en biiyiik etkiye sahipken diirbiin
blyltme ve goris acisi kriterleri en diisiik etkiyi gostermektedir.

Arslan ve Aydin (2009) calismasinda, SR25 alternatifinin Ustlnlik degeri 1,23 olarak belirlenmistir. Acc.L96A1 alternatifinin Ustlinliik degeri
1,07; Steyr SSG-69 alternatifinin Ustinliik degeri 0,45 ve Dragunov alternatifinin Ustiinlik degeri ise -2,75 olarak hesaplanmistir.

Bu calismada elde edilen bulgular sonucunda SR25 alternatifinin inang¢ degeri 0,5340; Acc. L96A1 alternatifinin inang¢ degeri 0,2765; Steyr
SSG-69 alternatifinin inang degeri 0,1479 ve Dragunov alternatifinin inang degeri 0,0400 olarak hesaplanmistir. Arslan ve Aydin (2009)
tarafindan yapilan ¢alisma sonucunda elde edilen siralama ile galismamiz sonucunda elde edilen alternatif siralamalarinin ayni oldugu
goriilmektedir. Boylece belirsizligi en aza indirmeye calisan EFMCDM Yéntemi ile Ustiinliik Esash Bulanik Cok Olgiitli Karar Verme
Yénteminin birbirini destekleyen sonuglar verdigi ortaya konulmustur.
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