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Abstract. Determining criteria weights represents a significant step in multi-criteria
decision-making (MCDM) field, as weights of the criteria directly influence the ranking of
alternatives and the robustness of final decisions. Among subjective methods for determining
the weights of the criteria, the Stepwise Weight Assessment Ratio Analysis (SWARA) method
has been adopted for solving problems in various areas due to its simplicity, applicability and
strong interpretability. To address uncertainty and vagueness inherent in human judgments,
several fuzzy extensions of the SWARA method have been proposed. Existing SWARA ex-
tensions often generate intermediate parameters that exceed the unit interval, which compli-
cates interpretability and reduces numerical transparency. Therefore, this paper proposes a
modified fuzzy extension of the SWARA method that ensures all parameters obtained during
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the calculation procedure of the fuzzy SWARA method to remain within the interval [0, 1].
To validate the proposed approach, several numerical illustrations are presented, including
both individual and group decision making scenarios, followed by computational simulation
implemented in Python programming language. The conducted numerical examples and sim-
ulation results confirm that the proposed extension achieves results identical to those obtained
by the improved multiplicative weighting (IMW) SWARA method, with the note that the
computational procedure of the proposed extension ensures that all variable values are in the
interval [0, 1]. As such, the proposed MF SWARA method represents a bounded, theoretically
consistent and a valuable advancement in the ongoing fuzzy MCDM weighting methods.

Key-words: Criteria weights; fuzzy sets; MCDM; SWARA; triangular fuzzy numbers.

1. Introduction
Determining the weights of the criteria is crucial in decision-making (DM), having in mind

that even a slight change in weights can have a huge impact on how alternatives are ranked [1].
Determining the weights of the criteria constitutes an indispensable step in DM process, as it
fundamentally shapes the evaluation structure [2] and directly influences final decision outcomes
[3–5]. For this reason, a large number of Multiple-Criteria Decision-Making (MCDM) methods
for determining the weights of criteria have been developed and successfully applied in practice,
such as: Entropy method [6], Analytic Hierarchy Process (AHP) method [7], Best-Worst (BWM)
method [8], Method Based on the Removal Effects of Criteria (MEREC) [8, 9], and so forth.

The methods for determining the weight of the criteria belong to one of the mentioned cate-
gories [10]: a) objective methods where criteria weights are determined based on input data from
the decision matrix, that is, based on the performances of the alternatives concerning the criteria,
obtained from one or more decision-makers, and b) subjective methods, which enable decision
makers to express their attitudes regarding the significance of criteria much more directly. Step-
wise Weight Assessment Ratio Analysis (SWARA) method is proposed by Kersuliene et al. [11].
This method can be used for the complete solving of an MCDM problem, but it is often used in
combination with other methods, where the SWARA method is used only for determining criteria
weights. As some more significant examples of the combined application of the SWARA method
and some other MCDM methods, the following can be mentioned: [12–15].

In order to apply the SWARA method for solving significantly more complex decision-
making problems, this method was adapted for the use of fuzzy numbers [16, 17]. In contrast
to classical sets, where an element belongs or does not belong to a set, fuzzy set theory, in-
troduced by Zadeh [18], enables partial belonging to a set, where membership in a set is ex-
pressed by applying the membership function µÃ(x), where µÃ(x) ∈ [0, 1]. In fuzzy decision-
making, numerical values are expected to preserve a clear semantic interpretation. Thus, ensur-
ing bounded fuzzy parameters enhances interpretability, facilitates communication of results to
decision-makers, and improves confidence in the obtained weights.

The proposed fuzzy extensions of the SWARA method are based on the application of tri-
angular fuzzy numbers (TFNs), which enable the parameters that define the boundaries of the
triangle, i.e. the left boundary, mode and right boundary, to have values greater than 1. That is
why the values of the parameters obtained by applying the calculation procedure of these fuzzy
extensions of the SWARA method are, in some cases, greater than 1. Therefore, this paper pro-
poses a modification of the fuzzy SWARA method, in which the values of the parameters during
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the calculation belong to the interval [0, 1]. The proposed modification gives the same results as
the existing fuzzy extensions of the SWARA method, with the fact that it is not proposed to re-
place the existing fuzzy extensions of the SWARA method, but to serve as a basis for proposing
Intuitionistic, Pythagorean, Spherical or Neutrosophic extensions of the SWARA method. By
introducing boundedness, an interpretability and numerical stability is enhanced, and provides
a stable and consistent basis for the development of advanced fuzzy extensions. Therefore, the
main contribution can be summarized as follows: a) a bounded extension of the fuzzy SWARA
method is developed – which ensures that all computational elements remain within the interval
[0, 1]; b) by introducing MF SWARA, weighting structure is preserved, ensuring full method-
ological compatibility; c) introduction of a flexible linguistic scale for MF SWARA which is
adapted to bounded framework; d) different defuzzification procedures and their influence is
examined.

The primary aim of the research is to provide a new modification of fuzzy SWARA (MF
SWARA) method in which all intermediate and final parameters remain strictly within the in-
terval [0, 1], while preserving the whiting outcomes of existing fuzzy SWARA approaches. To
present the proposed MF SWARA, the remaining part of this article is organized as follows:
In Section 2, the fuzzy extension of the SWARA method is presented, while in Section 3 MF
SWARA is proposed. In Section 4, the criteria weights are determined using the MF SWARA
method presenting its potential. Finally, conclusions are given.

2. Preliminaries

2.1. The SWARA method
The procedure for determining the relative importance of an alternative using the SWARA

method can be presented as follows [19]:
Step 1. Determine the evaluation criteria and arrange them in descending order based on

their expected significance.
Step 2. Set the relative significance sj of each criterion, except the first criterion, as follows:

sj =

{
0 Cj = Cj−1

> 0 Cj > Cj−1

, (1)

where Cj and Cj−1 denote the significance of criterion j and criterion j − 1, respectively; and
j ̸= 1.

Step 3. Calculate the value of coefficient kj as follows:

kj =

{
1 j = 1

1 + sj j > 1
. (2)

Step 4. Calculate the value of coefficient qj as follows:

qj =

{
1 j = 1
qj−1

kj
j > 1

. (3)

Step 5. Determine the weights of the evaluation criteria as follows:

wj =
qj∑n
k=1 qk

, (4)
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where wj denotes the weight of criterion j, and k denotes the number of the criteria.
Based on (1), a higher value of sj indicates a lower significance of criterion j regarding criterion
j − 1. In general, the value sj indicates how much less significant the criterion Cj is in relation
to the previous criterion Cj−1. For example, when sj−1 a value of 0.1 has the significance of
criteria Cj−1 will be 10% lower than the significance of criterion Cj , as illustrated in Table 1.

Table 1. The meaning of sj in the SWARA method
Criterion sj kj qj wj %

C1 1 1 0.284
C2 0.00 1.00 1.00 0.284 0.00%
C3 0.10 1.10 0.91 0.259 -10.00%
C4 0.50 1.50 0.61 0.172 -50.00%

3.52 1.00

2.2. Triangular fuzzy numbers
The fuzzy set (FS) theory was proposed by Zadeh [18], as an extension of a classical set

theory. In contrast to the classical set theory, FS theory allows for partial membership to a set.
Definition 1. [20]. A fuzzy subset Ã of a non-empty set X is defined as follows:

Ã = {⟨x, µÃ(x)⟩ | x ∈ X}, (5)

where µÃ(x) : X → [0, 1] is the membership function of FS Ã, µÃ(x) ∈ [0, 1] is the degree of
membership of the element x to the Ã. Membership functions can have different shapes such as
bell-shaped, Gaussian, trapezoidal, and triangular.

Definition 2. [21]. Triangular fuzzy number (TFN) Ã can be represented as a triplet Ã =
(l,m, u) where membership function is defined as follows:

µÃ(x) =


(x− l)/(m− l) l ≤ x < m

1 x = m

(u− x)/(u−m) m < x ≤ u

0 otherwise

, (6)

where l, m, and u denote left endpoint, mode, and right endpoint, respectively, of TFN Ã, and
l < m < u.

Definition 3. [22]. Let Ã = (al, am, au) and B̃ = (bl, bm, bu) be a two positive TFNs,
and k is a positive crisp number. The arithmetic operations of these TFNs, necessary for the
development of the fuzzy extension of the SWARA method, are as follows:

Ã⊕ B̃ = (al + bl, am + bm, au + bu), (7)

Ã⊘ B̃ = (al/bu, am/bm, au/bl), (8)

Ã · k = (al · k, am · k, au · k), (9)

Ã/k =

(
al ·

1

k
, am · 1

k
, au · 1

k

)
, (10)

Ã+ k = (al + k, am + k, au + k). (11)
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2.3. The fuzzy SWARA and IMW SWARA methods

The process of defining criteria weights using the fuzzy SWARA method can be represented
by the following steps [16, 17]:

Step 1. Determine the evaluation criteria and arrange them in descending order based on
their expected significance.

Step 2. Set the relative significance s̃j of each criterion using fuzzy linguistic variables. Mavi
et al. [16] proposed a fuzzy linguistic scale with five points, which is shown in Table 2.

Table 2. Fuzzy linguistic scale proposed by Mavi et al. [16]
Linguistic variable TFN scale
Equally important (1, 1, 1)

Moderately less important (2/3, 1, 3/2)
Less important (2/5, 1/2, 2/3)

Very less important (2/7, 1/3, 2/5)
Much less important (2/9, 1/4, 2/7)

The fuzzy linguistic variable ‘Equally important’ in Table 2 has a fuzzy value (1, 1, 1), which
is equivalent to a crisp value 1. It is obvious that this is an inadequate fuzzy scale because in
the SWARA method, “Equally important”, that is “Same importance” corresponds to the value
0, not 1. Therefore, Vrtagic et al. [17] proposed the application of a new fuzzy linguistic scale,
which is shown in Table 3.

Table 3. Fuzzy linguistic scale proposed by Vrtagic et al. [17]
Linguistic variable TFN scale
Equally significant (0, 0, 0)

Weakly less significant (2/9, 1/4, 2/7)
Moderately less significant (1/4, 2/7, 1/3)

Less significant (2/7, 1/3, 2/5)
Really less significant (1/3, 2/5, 1/2)
Much less significant (2/5, 1/2, 2/3)

Dominantly less significant (1/2, 2/3, 1)
Absolutely less significant (1, 1, 1)

Step 3. Calculate the value of fuzzy coefficient k̃j as follows:

k̃j =

{
1̃, j = 1,

1̃ + s̃j , j > 1.
(12)

Step 4. Calculate the value of fuzzy coefficient q̃j as follows:

q̃j =

1̃, j = 1,
q̃j−1

k̃j
, j > 1.

(13)
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Step 5. Determine fuzzy weights w̃j of the evaluation criteria as follows:

w̃j =
q̃j

n∑
k=1

q̃k

. (14)

Step 6. Determine crisp weights of the evaluation criteria.
In Mavi et al. [16] and Vrtagic et al. [17], different procedures were suggested to convert

fuzzy criteria weights into crisp values. Mavi et al. [16] use a very simple defuzzification proce-
dure proposed by Opricovic and Tzeng [23]. In this approach, the left endpoint, mode, and right
endpoint of TFN have the same significance:

df(w̃) =
1

3
(l +m+ u). (15)

In contrast, Vrtagic et al. [17] propose an approach in which the mode of TFN is more im-
portant than left and right endpoints:

df(w̃) =
1

6
(l + 4m+ u). (16)

3. The Modified Fuzzy SWARA (MF SWARA) Method
In the following, a modification of the fuzzy SWARA method is proposed, which enables all

the values of the coefficients k̃j and q̃j , as well as the value of the
∑n

k=1 q̃k to, remain within the
interval [0, 1]. The process of determining the weights of the criteria using the modified fuzzy
SWARA method can be presented using the following steps:

Step 1. Determine the evaluation criteria and arrange them in descending order based on
their expected significance.

Step 2. Set the relative significance s̃j of each criterion using fuzzy linguistic variables. MF
SWARA can be used with the linguistic variables shown in Table 3, but a new fuzzy linguistic
scale, presented in Table 4, is also proposed for use with MF SWARA.

Table 4. Fuzzy linguistic scale proposed for using with MF SWARA
Linguistic variable Abbreviation TFN scale Crisp value
Equally significant ES (0, 0, 0) 0.00

Slightly less significant SL (0, 0, 0.25) 0.08
Moderate less significant ML (0, 0.25, 0.5) 0.25

Less significant LS (0.25, 0.5, 0.75) 0.50
Very less significant VL (0.5, 0.75, 1) 0.75
Much less significant ML (0.75, 1, 1) 0.92

The MF SWARA method can be applied using other linguistic scales. Crisp values shown
in the column named Crisp values were calculated using (13). Based on the values from this
column, it can be seen that the proposed scale is not linear. Linguistic scales significantly facil-
itate the application of fuzzy numbers, but the choice of one of the linguistic variables offered,
and transformation of its meaning into a certain TFN, can to some extent limit the expression
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of the respondents’ attitudes regarding the significance of the criteria. In the case of applying
this modification of the SWARA method, it is recommended that they can modify the predefined
values of TFN scales following their preferences when they consider it necessary.

Step 3. Calculate the value of fuzzy coefficient k̃j as follows:

k̃j =


(0.5, 0.5, 0.5), j = 1,

(1̃ + s̃j)

2
, j > 1.

(17)

Step 4. Calculate the value of fuzzy coefficient q̃j as follows:

q̃j =


(0.5, 0.5, 0.5), j = 1,

q̃j−1

2k̃j
, j > 1.

(18)

Step 5. Calculate the recalculated value q̃′j of fuzzy coefficient q̃j as follows:

q̃′j =
q̃j
n
. (19)

Step 6. Determine fuzzy weights w̃j of the evaluation criteria as follows:

w̃j =
q̃′j

n∑
k=1

q̃′k

. (20)

Step 7. Determine crisp weights of the evaluation criteria.
Step 5 in the MF SWARA is introduced with the aim of ensuring that

∑n
k=1 q̃k is less than 1.

3.1. Determining crisp weights of the criteria in the MF SWARA
Defuzzification of the fuzzy criteria weights in the MF SWARA method can be performed

similarly as in the fuzzy SWARA and IMW SWARA methods by using (15) or (16).
However, in the case of using linguistic variables that are transformed into symmetrical TFNs,

in cases of decision-making based on the attitudes of one DM, the results obtained by applying
fuzzy MCDM methods can be as the results obtained by using classic MCDM methods. The
difference, between the criteria weights obtained applying the fuzzy SWARA method applied
with linguistic variables represented with symmetrical fuzzy numbers and the SWARA method
applied with crisp numbers is illustrated in the supplementary material [24].

Significantly greater benefits from applying fuzzy extensions can be achieved by using de-
fuzzification procedures which enables giving different significances to the boundaries and modes
of TFNs, such as using the following equations:

df(w̃) =
αl +m+ (1− α)u

2
, (21)

df(w̃) =
αl + λm+ (1− α)u

2
. (22)
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In Eqs. (21) and (22) coefficient α ∈ [0, 1] and coefficient λ ≥ 0.
In the case of applying Eqs. (15), (16), (21) and (22), the sum of the calculated weights can

be greater than 1, which is why it is necessary to normalize criteria weights as follows:

wj =
wj

n∑
k=1

wk

. (23)

3.2. Determining weights of the criteria using MF SWARA in group decision-
making

There are two basic scenarios for determining the criteria weights in group decision-making,
i.e.: a) the first, less frequently used, approach in which criteria weights are calculated individ-
ually for each respondent and based on these individual criteria weights, group criteria weights
are determined usually as the average of the individual criteria weights. In this approach, it
is possible to assign different importance to respondents; and b) the second approach is based
on forming group attitudes, usually group decision-making matrix, based on the individual atti-
tudes of respondents, and perform further calculation using group decision-making matrix. It is
recommended that the group MF SWARA method include both scenarios, whereby the determi-
nation of the criteria weights is actually based on the second approach, that is, the use of a group
decision-making matrix. In other words, the group MF SFARA method has two basic scenarios.

The first basic scenario. In the first basic scenario, the criteria weights were determined
individually for each respondent, using the MF SWARA method, whereby the respondents were
suggested to check the values of the boundaries and modes of the TFNs after the transformation
of the linguistic variables into TFNs, and correct them according their preferences, with the ful-
fillment of the conditions 0 < l ≤ m ≤ u ≤ 1. In cases where respondents are not familiar with
the use of MCDM methods and/or fuzzy numbers, it is recommended that they be provided with
assistance from persons who are skilled in the application of fuzzy extensions of MCDM meth-
ods. It is also suggested the usage of forms created in a spreadsheet software for collecting the
opinions of respondents, so that the calculation can be carried out interactively, and the results,
i.e. criteria weights, can be presented numerically and graphically after each modification. By
using such approach, the respondents could more easily notice whether the obtained values of the
criteria weights realistically reflect their attitude, and otherwise, they could correct the linguistic
variables with which they express their attitudes regarding the significance of the criteria or the
values of the boundaries and mode corresponding TFNs.

The second basic scenario. The second scenario of using MF SWARA method in the group
decision-making environment is based on the application of the calculation procedure of the MF
SWARA method using a group decision-making matrix, which is formed based on the opinions of
the respondents obtained in the previous step. After determining the fuzzy criteria weights, crisp
criteria weights are determined using one of the previously presented defuzzification procedures.

4. Numerical Illustrations
The purpose of the conducted numerical illustrations is to demonstrate applicability, effec-

tiveness, consistency and robustness of the proposed MF SWARA method. Considered examples
are designed to highlight the preservation of the weighting structure and the boundedness of the
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intermediate parameters, as well as influence of different decision-making scenarios in individ-
ual and group contexts. Therefore, in order to verify, as well as emphasize the specificity of
the proposed approach, three numerical illustrations and one computational simulation are pre-
sented in this section: a) the first numerical illustration presents the use of the proposed approach
for calculating criteria weights for the evaluation of rural tourism trips based on the opinions of
one respondent; b) the second numerical illustration presents the application of the MF SWARA
method in a group decision-making environment, also for determining criteria weights; c) the
third numerical illustration shows a comparison of the results obtained using the IMF SWARA
and MF SWARA methods (provided as supplementary material [24]), and the computational
simulation also presents a comparison of the results obtained using the IMF SWARA and MF
SWARA methods (provided as supplementary material [24]).

4.1. The first numerical illustration

As mentioned previously, the first numerical illustration presents the use of the proposed
approach for calculating criteria weights for evaluating rural tourism trips based on the opinions
of one respondent. This example is partially adopted from Stanujkic et al. [25]. In this numerical
illustration MF SWARA method is used for determining criteria weights of the following crite-
ria: destination’s appeal (C1); Supporting capacities (C2); Accommodation and amenity (C3);
Transportation and availability (C4), and Price (C5).

The opinions of respondent concerning the significance of the criteria are shown in Table 5,
while the calculation details are presented Table 6.

Table 5. Attitudes of respondents

Criterion Linguistic variable Abbreviation s̃j
l m u

C1

C2 Less significant LS 0.25 0.50 0.75
C3 Equally significant ES 0.00 0.00 0.00
C4 Slightly less significant SL 0.00 0.00 0.25
C5 Equally significant ES 0.00 0.00 0.00

Table 6. Calculation details and fuzzy criteria weights obtained using MF SWARA method

Criterion k̃j q̃j q̃′j w̃j

l m u l m u l m u l m u
C1 0.50 0.50 0.50 0.50 0.50 0.50 0.10 0.10 0.10 1.19 1.36 1.64
C2 0.63 0.75 0.88 0.29 0.33 0.40 0.06 0.07 0.08 0.68 0.91 1.31
C3 0.50 0.50 0.50 0.29 0.33 0.40 0.06 0.07 0.08 0.68 0.91 1.31
C4 0.50 0.50 0.63 0.23 0.33 0.40 0.05 0.07 0.08 0.54 0.91 1.31
C5 0.50 0.50 0.50 0.23 0.33 0.40 0.05 0.07 0.08 0.54 0.91 1.31

0.31 0.37 0.42

The values in columns k̃j , q̃j , q̃′j and w̃j were calculated using Eqs. (17) to (20). Crisp values
of criteria weights obtained using Eqs. (15) and (23) are shown in Table 7.
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Table 7. Fuzzy and crisp values of criteria weights

Criterion w̃j wjl m u
C1 1.19 1.36 1.64 0.270
C2 0.68 0.91 1.31 0.187
C3 0.68 0.91 1.31 0.187
C4 0.54 0.91 1.31 0.178
C5 0.54 0.91 1.31 0.178

A similar process of transforming fuzzy to crisp criterion weights could be done by applying
Eqs. (16), (21) or (22). The obtained results demonstrate that the proposed MF SWARA method
produces a consistent distribution of criteria weights while ensuring that all computational ele-
ments remain within the predefined interval. The weights of the criteria reflect initial preferences
of decision-maker, confirming that transformation does not distort the relative importance of the
criteria structure.

4.2. The second numerical illustration

The second numerical illustration demonstrates the application of the MF SWARA method
in a group decision-making environment. The attitudes of the first of the three respondents were
previously shown in Table 5, while the attitudes of the remaining two respondents are shown in
Tables 8 and 9.

Table 8. Attitudes of the second of the three respondents

Criterion Linguistic variable Abbreviation s̃j
l m u

C1

C2 Slightly less significant SL 0.00 0.00 0.30
C3 Moderate less significant ML 0.00 0.25 0.50
C4 Slightly less significant SL 0.00 0.00 0.35
C5 Equally significant ES 0.00 0.00 0.00

In the MF SWARA method, linguistic variables are used to help respondents to more easily
transform their preferences regarding the importance of the criteria into a corresponding fuzzy
number, where it is emphasized that respondents should check the result of the transformation
of linguistic variables into fuzzy numbers and correct them following their preferences, with the
fulfillment of the conditions l ≤ m ≤ u ≤ 1. The second respondent used this possibility and,
in Table 8, corrected the upper limit of the linguistic variable “Slightly less significant” to 0.35,
instead of 0.30, for criterion C4.

The group fuzzy decision matrix formed on the attitudes of three respondents is presented in
Table 10, while the details of the calculation of the fuzzy criteria weights are presented in Table
11.

Crisp weights obtained by the defuzzification procedures expressed by Eqs. (15), (16), (21)
and (22), and also by applying Eq. (23), are shown in Table 12 and in Fig. 1.
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Table 9. Attitudes of the third of the three respondents

Criterion Linguistic variable Abbreviation s̃j
l m u

C1

C2 Equally significant ES 0.00 0.00 0.00
C3 Equally significant ES 0.00 0.00 0.00
C4 Slightly less significant SL 0.00 0.00 0.25
C5 Equally significant ES 0.00 0.00 0.00

Table 10. Group attitudes of respondents

Criterion s̃j
l m u

C1

C2 0.08 0.17 0.35
C3 0.00 0.08 0.17
C4 0.00 0.00 0.28
C5 0.00 0.00 0.00

Table 11. Calculation details and fuzzy criteria weights obtained using group MF SWARA
method

Criterion k̃j q̃j q̃′j w̃j

l m u l m u l m u l m u
C1 0.50 0.50 0.50 0.50 0.50 0.50 0.10 0.10 0.10 0.213 0.236 0.297
C2 0.54 0.58 0.68 0.37 0.43 0.46 0.07 0.09 0.09 0.158 0.203 0.274
C3 0.50 0.54 0.58 0.32 0.40 0.46 0.06 0.08 0.09 0.135 0.187 0.274
C4 0.50 0.50 0.64 0.25 0.40 0.46 0.05 0.08 0.09 0.105 0.187 0.274
C5 0.50 0.50 0.50 0.25 0.40 0.46 0.05 0.08 0.09 0.105 0.187 0.274

0.34 0.42 0.47

Table 12. Calculation details and fuzzy criteria weights obtained using group MF SWARA
method

Criterion w̃j wj w̄jl m u (15) (16) (21) (22)
C1 0.213 0.236 0.297 0.240 0.238 0.239 0.239 0.236
C2 0.158 0.203 0.274 0.204 0.203 0.204 0.204 0.203
C3 0.135 0.187 0.274 0.192 0.189 0.191 0.191 0.194
C4 0.105 0.187 0.274 0.182 0.185 0.183 0.183 0.183
C5 0.105 0.187 0.274 0.182 0.185 0.183 0.183 0.183

From Table 12, it can be noticed that by applying different defuzzification procedures, dif-
ferent criteria weights are obtained, as well as that these differences in weights are not so big.
However, there are two valid reasons for this: a) the attitudes of the respondents do not show
great differences in the significance of the criteria, and b) Eqs. (21) and (22) were used with the
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following coefficients α = 0.5 and λ = 1.
Column w̄j of the previous table also shows the criteria weights, which represent the average

value of the criteria weights obtained based on the attitudes of each respondent, calculated in the
first step of the group MF SWARA method.

Fig. 1. Criteria weights obtained using different defuzzification procedures.

Significantly greater benefits from the use of defuzzification procedures represented by Eqs.
(21) and (22) can be conceded by varying the values of coefficients α and λ. One example of
applying Eq. (21) and different values of the coefficient α is presented in Table 13 and in Fig. 2.

Table 13. Criteria weights obtained using Eq. (21) and different values of coefficient α
w̃j wj

Criterion l m u α = 0 α = 0.5 α = 1
C1 0.213 0.236 0.297 0.223 0.239 0.262
C2 0.158 0.203 0.274 0.199 0.204 0.210
C3 0.135 0.187 0.274 0.193 0.191 0.188
C4 0.105 0.187 0.274 0.193 0.183 0.170
C5 0.105 0.187 0.274 0.193 0.183 0.170

Further analysis of varying defuzzification parameters reveals that the MF SWARA method
allows controlled sensitivity regarding weights of the criteria. By adjusting coefficients, decision-
makers can highlight different aspects of the fuzzy numbers (central tendency of spread) without
compromising the overall consistency. Such flexibility enhances adaptability of the method in
various decision-making environments.

Fig. 2. Criteria weights obtained using Eq. (21) and different values of coefficient α.

5. Conclusions
This paper proposes a modification of the fuzzy SWARA method, IM SWARA, in which the

values of all variables used in the calculation procedure applied for determining criteria weights
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belong to the interval [0, 1]. The proposed modification gives the same results as the existing
fuzzy extensions of the SWARA method, especially IMW SWARA method, which was proven
by three numerical calculations and one computational simulation, written in the Python pro-
gramming language. The key contribution of the paper lies in providing a bounded and consis-
tent fuzzy SWARA framework that enhances interpretability, improves numerical stability and
facilitates integration into large-scale or simulation-based decision support systems. Therefore,
proposed method provides an adequate mythological foundation for further developments that
requires strict parameter boundedness. It should be emphasized here that the newly proposed ex-
tension, that is MF SWARA method, is not proposed to replace the existing fuzzy extensions of
the SWARA method, or more precisely the IMW SWARA method, but rather to serve as a basis
for proposing intuitionistic, Pythagorean, spherical or neutrosophic extensions of the SWARA
method. For this reason, attempts to develop and apply intuitionistic and neutrosophic exten-
sions of the SWARA method can be mentioned as directions for the future development of the
proposed modification.
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