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Abstract − Soft multi-criteria decision-making, a developing area, is among the most prevalent 

problems handled by researchers. This study aims to introduce a soft decision-making method and 

apply it to rank the side effects of COVID-19 vaccines. Based on the literature, the present study 

features the advantages and disadvantages of previously observed multi-criteria decision-making 

(MCDM) methods are summarized. This paper achieves to utilize multisets simultaneously with the 

known soft decision-making methods. The primary concern hereof is to offer an insightful everyday-

life example. Finally, the authors discuss the need for further research. 
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1. Introduction 

Multi-criteria decision-making (MCDM) methods encompass a diverse set of approaches. These methods can 

be broadly divided into two categories: discrete MCDM or discrete multi-attribute decision-making (MADM) 

and continuous multi-objective decision-making (MODM) methods [1,2]. A great many publications have 

recently been released on the development and application of MCDM methods in various fields. This article 

aims to document the exponentially growing interest in MCDM methods and techniques and reviews the latest 

literature on MCDM methods and their applications. The foundations of the modern MCDM were established 

in the 1950s and 1960s. The 1970s marked a critical decade for many pioneering works. The development of 

MCDM research built momentum in the 1980s and early 1990s and seems to have continued to grow 

exponentially up to the present time [3]. [4] has formulated the fundamentals of decision-making with multiple 

objectives. [5] has reviewed the development of MODM methods and their applications in a relatively short 

period. Later, [6] has analysed the MADM methods: Simple Additive Weighting (SAW) [7], Technique for 

Order of Preference by Similarity to Ideal Solution (TOPSIS) [7], Elimination and Choice Expressing Reality 

(ELECTRE) [8], and LINMAP [9]. [10] has published a detailed study on Analytic Hierarchy Process (AHP). 

Then, the author has published a study on the further development of Analytic Network Process (ANP) and a 

book which deals with the problem of the compromise theory. [11] has authored a book that addresses the 

same theory. [5] has studied MCDM in groups. [8] has summed up the available information on the ELECTRE 
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group method. [12] has written several seminal research papers. Yet the development of hybrid and modular 

methods has recently become more critical. They are based on the well-known methods, such as SAW [7], 

TOPSIS [5], AHP [10], and ELECTRE [8], and their modifications by applying fuzzy number and grey number 

theory. It is evident from the foregoing theoretical discussion that two articles [13,14] stand out. Two other 

relevant papers have featured soft multisets [15] and soft multi-criteria decision-making [16].  

In the current study, section 2 analyses MCDM methods. Section 3 presents some of the basic notions needed 

for the following sections. Section 4 proposes a new algorithm by modifying the algorithm provided in [16], 

and then propounds its other version to allow for a comparison with the proposed method. The last section 

discusses the need for new methods further research. 

2. Analysis of Multi-Criteria Decision-Making Methods 

This section presents a review of 11 methods in the literature. These methods are 1) MAUT, 2) AHP, 3) FST, 

4) CBR, 5) DEA, 6) SMART, 7) GP, 8) ELECTRE, 9) PROMETHEE, 10) SAW, and 11) TOPSIS. It is 

expected that this detailed review will give a deeper insight into these methods. 

2.1. Multi-Attribute Utility Theory (MAUT): The most commonly used MCDM approach in this analysis 

is MAUT [17-19]. This theory has been summarized by Loken as “a more systematic approach to incorporate 

risk expectations and uncertainty into decision support approaches with multiple parameters” [20]. MAUT’s 

main benefit is that it takes confusion into account. It potentially has a utility attributed to it, which is not a 

quality that is accounted for in many MCDM methods.  

MAUT has been widely applied to attend to economic, environmental, actuarial, and agricultural issues and 

water and energy management problems. These issues typically exhibit large quantities of ambiguities and 

provide ample data to make MAUT a proper decision-making process. 

2.2. Analytic Hierarchy Process (AHP): While examining the methods, their relationship with the above or 

other predefined methods is included as well. The MAUT and AHP approaches are based on various 

assumptions on value measures, and AHP is developed independently of other decision theories. The use of 

pair-wise comparisons to evaluate alternatives in terms of several parameters as well as to estimate criteria 

weights is the main characteristic of the AHP system. AHP’s implementation and its position in the studies on 

MCDM have followed a similar pattern as with MAUT and experienced increased usage in real-world 

application examples. AHP is used to compare weighting and ranking. AHP is capable of navigating various 

indicators. 

2.3. Fuzzy Set Theory (FST): Modelling and handling uncertainties have become essential issues in solving 

complex problems. FST was introduced by [21] to overcome the problems caused by uncertainties in a wide 

variety of fields. An efficient MCDM technique itself has been proved to be fuzzy logic. The use of cost-

benefit analysis as the primary tool for decision analysis to discuss environmental projects has been tackled by 

[22]. Fuzzy logic “takes into account the insufficient information and the evolution of available knowledge” 

[23]. Fuzzy systems can also be challenging to build because of drawbacks. In certain instances, before being 

used in the real world, they can require multiple simulations. FST has been developed and used in such fields 

as engineering, economics, medicine, and environmental and social sciences. 

2.4. Case-Based Reasoning (CBR): There are two popular ways to distinguish between companies in 

financial distress and those in healthy financial situations: human preference-oriented forecasting and data-

driven forecasting. [24] uses CBR to provide a new framework for forecasting financial distress in businesses 

one year before the real distress. Employing the Manhattan distance, Euclidean distance, and inductive form, 

CBR compares three different models and their respective results with a ranking-order case-based model of 

reasoning (ROCBR). One of CBR’s key advantages over most MCDM techniques is that it can improve over 

time, especially as more instances are added to the database. Through its database of events, it can also respond 

to environmental changes. Its significant downside is its vulnerability to data inconsistencies.  
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2.5. Data Envelopment Analysis (DEA) [25]: DEA is used to develop a model that will help policymakers 

of any country prioritize their actions. The goal thereof is to improve the relevant highways in the most efficient 

way possible. This method is able to successfully score the productivity of countries by obtaining 21 separate 

data. In this method, a mutual comparison is made. The comparison method refers to the grading of the 

efficiency of the most efficient alternatives. With a rating of 1.0, all the other alternatives are a fraction of 1.0. 

This offers several advantages. The most essential one is that multiple inputs and outputs can be processed. 

2.6. Simple Multi-Attribute Rating Technique (SMART) [26]: SMART counts as one of the most 

accessible categories of MAUT. Its name derives from its convenient use. This approach requires two 

assumptions, “preferential independence” and “utility independence”. In conjunction with the real numbers, 

this approach transforms significance weights into real numbers. In addition to those described in MAUT, the 

key benefits of SMART relative to the MAUT system are that it is easy to use and genuinely facilitates any 

form of weight assignment technique. 

2.7. Goal Programming (GP) [13]: GP is a realistic type of programming that provides an unlimited number 

of solutions to choose from. All of its strengths are that it can address large-scale concerns. Its most notable 

value, according to some methods, is the potential to generate limitless alternatives. A significant downside to 

this strategy is that the coefficients are not weighted. To accurately weight the coefficients, many 

implementations find it appropriate to use other approaches, such as AHP. This condition is not, however, 

present in this process. It eliminates one of its drawbacks by doing this while choosing infinite options, which 

can cause option inconsistencies. This follows a general trend that in applications that avoid many of their 

drawbacks, MCDM approaches are most frequently used – i.e., that coefficient weight does not care.  

2.8. ELECTRE [8]: The areas in which ELECTRE is used are issues with electricity, economy, environment, 

water management, and transport. It considers ambiguity as other approaches do. ELECTRE is a form of 

transformation of several iterations dependent on compatibility analysis. Its greatest value is that it takes into 

account complexity and uncertainty. Its downside is that it may be difficult to describe the mechanism and its 

consequences concerning its terms and poor comprehensibility. 

2.9. PROMETHEE [27]: PROMETHEE is similar to the aforesaid ELECTRE method in that it has multiple 

iterations and is also a transformation method. Its value is that it is convenient to use. The presumption that 

the parameters are proportional does not require it. The drawbacks are that it provides no explicit weight 

distribution method and allows weights to be allocated. Still, it fails to offer a consistent method for assigning 

these values. 

2.10. SAW [7]: “SAW is a value function established based on a simple addition of scores representing the 

goal achievement under each criterion, multiplied by the particular weights” [7]. Its ability to compensate 

between criteria is among the reasons for its selection in usage. For policymakers, it is intuitive as well. It is 

easy to use thanks to its ability to render calculations without basic and complicated computer programs. 

2.11. TOPSIS [5]: Its main benefits are that it has a clear method and it is accessible and programmable. 

Regardless of the number of attributes, the number of phases remain the same. It can be inferred from most of 

the uses in the literature that TOPSIS confirms the responses proposed by other methods of MCDM. The value 

of its flexibility and the potential to retain the same number of steps regardless of the challenge scale helps it 

be easily used as a decision-making mechanism for evaluating or retaining other approaches in its own right. 

3. Preliminaries 

This section provides some of the basic definitions to be needed for the following sections.  

Definition 3.1. Soft sets [28, as cited in 29] Let 𝑈 be an initial universe, 𝑃(𝑈) be the power set of 𝑈, 𝐸 

be the set of parameters, and 𝐴 ⊆ 𝐸. Then, a soft set 𝐹𝐴 over 𝑈 is defined as 𝐹𝐴 ≔ {(𝑥, 𝑓𝐴(𝑥)): 𝑥 ∈ 𝐸} 

where 𝑓𝐴: 𝐸 → 𝑃(𝑈) is a mapping and 𝑥 ∉ 𝐴 for 𝑓𝐴(𝑥) = ∅. 
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Definition 3.2. Multisets [30] Let 𝑈 be universal set, ℕ be a set of unsigned integer numbers, and 𝑋 ⊆

𝑈. Then, a multiset 𝑀𝑋 over 𝑈 is defined as 

𝑀𝑋 ≔ {
𝑓𝑋(𝑢)

𝑢
∶ 𝑢 ∈ 𝑈} 

where 𝑓𝑋: 𝑈 → ℕ be a mapping such that 𝑢 ∉ 𝑋 for 𝑓𝑋(𝑢) = 0  Here, 
𝑓𝑋(𝑢)

𝑢
 means that 𝑢 occurring 

𝑓𝑋(𝑢) times. Moreover, if 𝑓𝑋(𝑢) = 0, then  
𝑓𝑋(𝑢)

𝑢
 is not shown in the multiset. Here, if 𝑋 = 𝑈, MSs 

can be denoted by M or M1, M2, … 

Definition 3.3. [30] Let 𝑀𝑋, 𝑀𝑌 be two multisets over 𝑈. If, for all 𝑢 ∈ 𝑈, 𝑓𝑋(𝑢) ≤ 𝑓𝑌(𝑢), then  𝑀𝑋 is 

called multi-subset of 𝑀𝑌 and is denoted by 𝑀𝑋 ⊆̃ 𝑀𝑌. 

Example 3.4. Let 𝑈 = {𝑢1, 𝑢2, 𝑢3}, 𝑋 = {𝑢1, 𝑢3}, and 𝑓𝑋: 𝑈 → ℕ is a mapping defined by 𝑓𝑋(𝑢1) = 25, 

𝑓𝑋(𝑢2) = 33, and 𝑓𝑋(𝑢3) = 40. Then, the multiset 𝑀𝑋 = {
25

𝑢1
,
0

𝑢2
,
40

𝑢3
} briefly 𝑀𝑋 = {

25

𝑢1
,
40

𝑢3
}. 

Similarly, let 𝑌 = 𝑈 and 𝑀𝑌 = {
32

𝑢1
,
10

𝑢2
,
50

𝑢3
}. Then, 𝑀𝑋 ⊆̃ 𝑀𝑌 since 

𝑓𝑋(𝑢1) = 25 ≤ 𝑓𝑌(𝑢1) = 32 

𝑓𝑋(𝑢2) = 0 ≤ 𝑓𝑌(𝑢2) = 10 

𝑓𝑋(𝑢3) = 40 ≤ 𝑓𝑌(𝑢3) = 50 

Definition 3.5. [30] Let 𝑀𝑈 be a multiset over 𝑈 and 𝑛 ∈ ℕ. If, for all 𝑢 ∈ 𝑈, 𝑓𝑈(𝑢) = 𝑛, then 𝑀𝑈 is 

called n-multi-set over 𝑈 and is denoted by 𝑀𝑛. If, for all 𝑋 ⊆ 𝑈, max
𝑢∈𝑋

𝑓𝑋(𝑢) = 𝑛, then 𝑀𝑛 is referred 

to as n-universal multiset over 𝑈. Here, 𝑀0 is called empty multiset over 𝑈. It can be observed that 

𝑀∅ is empty multiset over 𝑈.  

Definition 3.6. Soft multisets (SMSs) [31] Let 𝑀𝑉 be a multiset, 𝑀(𝑀𝑉) be the set of all the multiset of 𝑈, 

𝐸 be parameters set, and 𝐴 ⊆ 𝐸. Then, a soft multiset (SMS) Ω𝐴 over 𝑍𝐾 is defined as 

Ω𝐴 ≔ {(𝑥, Ω𝐴(𝑥)): 𝑥 ∈ 𝐸} 

where Ω𝐴: 𝐸 → 𝑀(𝑈) is a mapping such that Ω𝐴(𝑥) = 𝑀
0 if 𝑥 ∉ 𝐴. Here, if 𝐴 = 𝐸, SMSs can be 

denoted by Ω or Ω1, Ω2, … 

Definition 3.7. Fuzzy set [21] Let 𝑈 be an initial universe, [0,1] be unit closed interval, and 𝜇:𝑈 → [0,1] 

be a mapping, Then, a fuzzy set 𝜇 over 𝑈 is defined as  

𝜇 ∶= {(𝑥, 𝜇(𝑥)): 𝑥 ∈ 𝑈} or briefly 𝜇 ∶= { 𝑥
𝜇(𝑥)

: 𝑥 ∈ 𝑈} 

Definition 3.8. Fuzzy soft set [32, as cited 33] Let 𝑈 be an initial universe, 𝐹(𝑈) be the set of all the fuzzy 

sets over 𝑈, 𝐸 be parameters set, and 𝐴 ⊆ 𝐸. Then, a fuzzy soft set Γ𝐴 over 𝑈 is defined as 

Γ𝐴 ≔ {(𝑥, Γ𝐴(𝑥)): 𝑥 ∈ 𝐸} 

where Γ𝐴: 𝐸 → 𝐹(𝑈) is a mapping such that Γ𝐴(𝑥) = 𝟎 if 𝑥 ∉ 𝐴. Here, 𝟎 denotes the empty fuzzy set. 

Moreover, if 𝐴 = 𝐸, fuzzy soft sets can be denoted by Γ or Γ1, Γ2, … 

Definition 3.9. [34, as cited in 35] Let 𝑈 be an initial universe, 𝐸 be parameters set, 𝐴 ⊆ 𝐸, and Γ𝐴 be a 

fuzzy soft set over 𝑈. Then, [𝑎𝑖𝑗] is called fuzzy soft matrix of Γ𝐴 and is defined by 
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[𝑎𝑖𝑗] =

[
 
 
 
 
𝑎11 𝑎12 𝑎13 … 𝑎1𝑛 …

𝑎21 𝑎22 𝑎23 … 𝑎2𝑛 …

⋮ ⋮ ⋮ ⋱ ⋮ ⋮

𝑎𝑚1 𝑎𝑚2 𝑎𝑚3 … 𝑎𝑚𝑛 …

⋮ ⋮ ⋮ ⋱ ⋮ ⋱ ]
 
 
 
 

 

such that for 𝑖, 𝑗 ∈ {0,1,2,⋯ }, 𝑎𝑖𝑗 ≔ ΓA(𝑥𝑗)(𝑢𝑖) where ΓA(𝑥𝑗)(𝑢𝑖) refers to the membership degree of 𝑢𝑖 in 

the fuzzy set ΓA(𝑥𝑗). Here, if |𝑈| = 𝑚 and |𝐸| = 𝑛, then [𝑎𝑖𝑗] has order 𝑚 × 𝑛. 

Definition 3.10. Let [𝑠𝑖1] be a real matrix has order 𝑚 × 1. Then, normalisation [𝑠̂𝑖1] of [𝑠𝑖1] is defined by 

𝑠̂𝑖1 ∶= {

𝑠𝑖1 −min
𝑘
𝑠𝑘1

max
𝑘
𝑠𝑘1 −min

𝑘
𝑠𝑘1

, max
𝑘
𝑠𝑘1 ≠ min

𝑘
𝑠𝑘1

1, max
𝑘
𝑠𝑘1 = min

𝑘
𝑠𝑘1

 

4. An Application of Soft Multisets to a Decision-Making Problem Concerning Side 

Effects of COVID-19 Vaccines  

Firstly, this section presents the data on the post-treatment side effects of the COVID-19 vaccine provided in 

[36-39] and obtained by the feedback received from 791, 530, 80, and 814 people located in Manisa/Turkey, 

the United States, Konya/Turkey, and the Czech Republic, respectively. The COVID-19 pandemic, identified 

in 59 suspect cases (In Hubei/Wuhan, China), has spread to affect the whole world [40-41]. Authorities have 

launched vaccination campaigns to prevent its spread. In this sense, several types of vaccines have been 

developed (for more about the properties of the COVID-19 vaccines, see [41-42]). 

Table 1. By-Symptom Distribution of the frequency of side effects (%) of COVID-19 vaccine 

 Symptoms / Sources  n*=791 [36] n=530 [37]  n=80 [38]  n=814 [39]  

𝒔𝟏 Headache 11.9 13 13.8 45.6 

𝒔𝟐 Muscle/joint pain 9.5 11.6 46.3 64.9 

𝒔𝟑 Sore Throat 3.7 8.5 23.8 - 

𝒔𝟒 Chills/Fever 3.2 2.8 37.5 55.6 

𝒔𝟓 Diarrhoea/Nausea/Vomiting 3.4 5.7 5 13 

𝒔𝟔 Loss/change in taste or smell 1.2 1.6 6.3 10 

𝒔𝟕 Cough 1.6 9.9 61.3 - 

𝒔𝟖 Hypertension 0.9 - 26.2 - 

𝒔𝟗 Shortness of breath 0.4 4.1 20 - 

𝒔𝟏𝟎 Injection site pain 18 - - 89.8 

𝒔𝟏𝟏 Injection site swelling 1.3 - - 25.6 

𝒔𝟏𝟐 Injection site itching/redness 1.4 - - 23 

𝒔𝟏𝟑 Lymphadenopathy 0.4 - - 16.2 

𝒔𝟏𝟒 Fatigue  - 

 

17.9 50 62.2 

*number of people 

Secondly, this section presents two soft decision-making (SDM) methods provided in [43,44]. Since these 

SDM methods have been configured to operate in the fuzzy parameterized fuzzy soft matrices space, they are 

reduced to the fuzzy soft matrices space. 
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Algorithm Steps of sMBR01 [43] 

Step 1: Construct a fuzzy soft matrix [𝑎𝑖𝑗] has order 𝑚× 𝑛 

Step 2: Obtain [𝑠𝑖1] defined by 

𝑠𝑖1 ≔∑

𝑚

𝑘=1

∑

𝑛

𝑗=1

sgn(𝑎𝑖𝑗 − 𝑎𝑘𝑗),    𝑖 ∈ {1,2, . . . , 𝑚} 

Step 3: Obtain the decision set { 𝑢𝑘 
𝑠̂𝑘1 |𝑢𝑘 ∈ 𝑈} 

Algorithm Steps of CCE10 [44] 

Step 1: Construct a fuzzy soft matrix [𝑎𝑖𝑗] has order 𝑚× 𝑛 

Step 2: Obtain the score matrix [𝑠𝑖1] defined by 

𝑠𝑖1 ≔
1

n
∑

𝑛

𝑗=1

𝑎𝑖𝑗 ,   𝑖 ∈ {1,2, . . . , 𝑚} 

Step 3: Obtain the decision set { 𝑢𝑘 
𝑠̂𝑘1 |𝑢𝑘 ∈ 𝑈} 

Thirdly, this section proposes a new algorithm, denoted by KPS21, by modifying the algorithm provided in 

[16]. Then, it propounds its other version, i.e., KPS21/2, to allow for a comparison with KPS21. These methods 

achieve to utilize multisets simultaneously with the known soft decision-making methods. 

Algorithm Steps of KPS21 

Step 1: Input a parameter set 𝐸, 𝐴 ⊆ 𝐸, a universal set 𝑈, and 𝑋 ⊆ 𝑈 

Step 2: Construct a multiset 𝑀𝑋 over 𝑈 

Step 3: Construct an SMS ΩA over 𝑈 

Step 4: Compute the fuzzy soft set Γ𝐴 = {(𝑥, Γ𝐴(𝑥)): 𝑥 ∈ 𝐸} defined by  

Γ𝐴(𝑥) = {
Ω𝐴(𝑥)(𝑢)/∑ Ω𝐴(𝑥)(𝑣)𝑣

𝑢
∶ 𝑥 ∈ 𝐸} 

Step 5: Obtain the fuzzy soft matrices [𝑎𝑖𝑗] 

Step 6: Apply sMBR01 to the [𝑎𝑖𝑗] 

Algorithm Steps of KPS21/2 

Step 1: Input a parameter set 𝐸, 𝐴 ⊆ 𝐸, a universal set 𝑈, and 𝑋 ⊆ 𝑈 

Step 2: Construct a multiset 𝑀𝑋 over 𝑈 

Step 3: Construct an SMS ΩA over 𝑈 

Step 4: Compute the fuzzy soft set Γ𝐴 = {(𝑥, Γ𝐴(𝑥)): 𝑥 ∈ 𝐸} defined by  

Γ𝐴(𝑥) = {
Ω𝐴(𝑥)(𝑢)/∑ Ω𝐴(𝑥)(𝑣)𝑣

𝑢
∶ 𝑥 ∈ 𝐸} 

Step 5: Obtain the fuzzy soft matrices [𝑎𝑖𝑗] 

Step 6: Apply CEC11 to the [𝑎𝑖𝑗] 

Fourthly, this section applies KPS21 and KPS21/2 to the side-effect data provided in Table 1. 

Step 1: 𝐸 = {𝑥1, 𝑥2, 𝑥3, 𝑥4}, 𝐴 = 𝐸, 𝑈 = {𝑢1, 𝑢2, … , 𝑢14}, and 𝑋 = 𝑈 such that 

𝑢𝑖 = 𝑠𝑖 for all 𝑖 ∈ {1,2,… ,14}  
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𝑥1 = Data located in Manisa/Turkey 

𝑥2 = Data located in the United States 

𝑥3 = Data located in Konya/Turkey 

𝑥4 = Data located in the Czech Republic 

Step 2: The multisets 𝑀1,𝑀2, 𝑀3 and 𝑀4 over 𝑈, which show the distribution of side effects and whose values 

are obtained by rounding the values provided in Table 1 to the nearest integer number, are as follows:   

𝑀1 = 〈
12

𝑢1
,
10

𝑢2
,
4

𝑢3
,
3

𝑢4
,
3

𝑢5
,
1

𝑢6
,
2

𝑢7
,
1

𝑢8
,
18

𝑢10
,
1

𝑢11
,
1

𝑢12
〉 

𝑀2 = 〈
13

𝑢1
,
12

𝑢2
,
9

𝑢3
,
3

𝑢4
,
6

𝑢5
,
2

𝑢6
,
10

𝑢7
,
4

𝑢9
,
18

𝑢14
〉 

𝑀3 = 〈
14

𝑢1
,
46

𝑢2
,
24

𝑢3
,
38

𝑢4
,
5

𝑢5
,
6

𝑢6
,
61

𝑢7
,
26

𝑢8
,
20

𝑢9
,
50

𝑢14
〉 

𝑀4 = 〈
46

𝑢1
,
65

𝑢2
,
56

𝑢4
,
13

𝑢5
,
10

𝑢6
,
90

𝑢10
,
26

𝑢11
,
23

𝑢12
,
16

𝑢13
,
62

𝑢14
〉 

Step 3: Thus, an SMS Ω over 𝑈 is as follows: 

Ω = {(𝑥1,𝑀1), (𝑥2, 𝑀2), (𝑥3,𝑀3), (𝑥3, 𝑀4)} 

Step 4: Therefore, the fuzzy soft set Γ  

Γ =

{
  
 

  
 
(𝑥1, { 𝑢1

0.21 , 𝑢2
0.18 , 𝑢3

0.07 , 𝑢4
0.05 , 𝑢5

0.05 , 𝑢6
0.02 , 𝑢7

0.04 , 𝑢8
0.02 , 𝑢10

0.32 , 𝑢11
0.02 , 𝑢12

0.02 }),

(𝑥2, { 𝑢1,
0.17 𝑢2,

0.16 𝑢3,
0.12 𝑢4,

0.04 𝑢5,
0.08 𝑢6

0.03 , 𝑢7,
0.13 𝑢9

0.05 , 𝑢14
0.23 }),

(𝑥3, { 𝑢1,
0.05 𝑢2,

0.16 𝑢3,
0.08 𝑢4

0.13 , 𝑢5,
0.02 𝑢6

0.02 , 𝑢7, 𝑢8
0.09 ,0.21 𝑢9

0.07 , 𝑢14
0.17 }),

(𝑥4, { 𝑢1,
0.11 𝑢2,

0.16 𝑢3,
0.14 𝑢4

0.03 , 𝑢5,
0.02 𝑢6

0.22 , 𝑢7, 𝑢8
0.06 ,0.06 𝑢9

0.04 , 𝑢14
0.15 }), }

  
 

  
 

 

Step 5: The fuzzy soft matrix of Γ is as follows: 

[𝑎𝑖𝑗] =

[
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0.21 0.17 0.05 0.11

0.18 0.16 0.16 0.16

0.07 0.12 0.08 0

0.05 0.04 0.13 0.14

0.05 0.08 0.02 0.03

0.02 0.03 0.02 0.02

0.04 0.13 0.21 0

0.02 0 0.09 0

0 0.05 0.07 0

0.32 0 0 0.22

0.02 0 0 0.06

0.02 0 0 0.06

0 0 0 0.04

0 0.23 0.17 0.15]
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Step 6: The decision set and the rank of the alternatives obtained by sMBR01 are as follows: 

{ 𝑢1,
0.83 𝑢2

1 , 𝑢3,
0.52 𝑢4

0.7 , 𝑢5
0.45 , 𝑢6

0.22 , 𝑢7
0.61 , 𝑢8

0.19 , 𝑢9
0.03 , 𝑢10

0.7 , 𝑢11
0.14 , 𝑢12

0.14 , 𝑢13
0 , 𝑢14

0.77 } 

and 
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𝑢13 ≺ 𝑢9 ≺ 𝑢11 ≈ 𝑢12 ≺ 𝑢8 ≺ 𝑢6 ≺ 𝑢5 ≺ 𝑢3 ≺ 𝑢7 ≺ 𝑢4 ≈ 𝑢10 ≺ 𝑢14 ≺ 𝑢1 ≺ 𝑢2 

Similarly, the decision set and the rank of the alternatives obtained by CEC11 is as follows: 

{ 𝑢1
0.82 , 𝑢2

1 , 𝑢3
0.41 , 𝑢4,

0.54 𝑢5,
0.27 𝑢6

0.14 , 𝑢7,
0.58 𝑢8

0.17 , 𝑢9
0.11 , 𝑢10

0.89 , 𝑢11
0.12 , 𝑢12

0.12 , 𝑢13
0.06 , 𝑢14

0.83 } 

and 

𝑢13 ≺ 𝑢9 ≺ 𝑢11 ≈ 𝑢12 ≺ 𝑢8 ≺ 𝑢6 ≺ 𝑢5 ≺ 𝑢3 ≺ 𝑢4 ≺ 𝑢7 ≺ 𝑢1 ≺ 𝑢14 ≺ 𝑢10 ≺ 𝑢2 

Both of the results manifest that the appearance rates of the side effects 𝑢13, 𝑢9, 𝑢11, 𝑢12, 𝑢8, 𝑢6, and 𝑢5 account 

for less than 50%, and the methods produce the same ranking orders for these alternatives. Moreover, the 

appearance rates of the side effects 𝑢3, 𝑢7, 𝑢4, 𝑢10, 𝑢14, 𝑢1, and 𝑢2 are greater than 50%, and the methods 

produce the same ranking orders for 𝑢3 and 𝑢2, while those of the others are different. sMBR01 and CEC11 

methods are reliable since they pass all the tests provided in [45]. KPS21 and KPS21/2 methods are also 

reliable as they are based on the aforesaid methods, respectively. However, the uncertainty inherent in the 

problem causes some of the produced ranking orders to be different. 

5. Conclusion 

In this study, an example of an algorithm used in alternative decision-making processes was introduced to 

provide a working example of the MCDM method for selecting alternatives used in everyday life and the 

decisions that can be reached with the help of the concept of soft sets emerging on the concept of uncertainties. 

It is believed that the algorithms proposed in this study can be used in different disciplines and will offer 

guidance for future studies. Moreover, to improve the proposed method, it is worth studying the current soft 

decision-making methods [46-52]. 
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