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Abstract

:

The selection of sustainable suppliers (SSS) is the first step in applying a sustainable supply chain and sustainable production. Therefore, it is necessary to select the supplier that best meets the set sustainability criteria. However, the selection of suppliers cannot be done by applying symmetric information, because the company does not have complete information, so asymmetric information should be used when selecting suppliers. Since the SSS applies three main sustainability criteria, environmental, social, and economic criteria, this decision-making problem is solved by applying multi-criteria decision-making (MCDM). In order to solve the SSS for the needs of agricultural production, interval fuzzy logic was applied in this research, and six suppliers with whom agricultural pharmacies in Semberija work were taken into consideration. The application of interval fuzzy logic was performed using the methods PIPRECIA (Pivot pairwise relative criteria importance assessment) and MABAC (Multi-Attributive Border Approximation Area Comparison). Using the PIPRECIA method, the weights of criteria and sub-criteria were determined. Results of this method showed that the most significant are economic criteria, followed by the social criteria. The ecological criteria are the least important. The supplier ranking was performed using the MABAC method. The results showed that supplier A4 best meets the sustainability criteria, while supplier A6 is the worst. These results were confirmed using other MCDM methods, followed by the sensitivity analysis. According to the attained results, agricultural producers from Semberija should buy the most products from suppliers A4, in order to better apply sustainability in production. This paper showed how to decision make when there is asymmetric information about suppliers.
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1. Introduction


Increasing market changes have caused farmers to take effective measures to improve the supply chain and become more competitive in the market. The concept of sustainable agricultural production is increasingly being demanded by more and more buyers. However, agricultural production today thrives with strong intervention by farmers and the question arises as to how sustainable that production is [1]. Due to the growing customer demand and non-selective use of funds, the environment and human health are increasingly affected, so it is necessary to have less invasive and more environmentally friendly production in practice, and most importantly to apply sustainable agricultural production [2]. The application of sustainable agricultural production must be adjusted to the strategic aim of each agricultural producer. They should create a sustainable development strategy and form business goals and plans necessary for agricultural production based on it.



In order to apply the concept of sustainable agricultural production, agricultural producers must adapt their supply chain to respond to market challenges. The challenges faced by agricultural producers within the supply chain are costs reduction, ensuring timely delivery, shortening delivery times, and the existence of asymmetric information [3]. They also have to adapt to the participants in the supply chain, where suppliers and customers are the most important participants [4]. Participants in the supply chain are increasingly influencing agricultural producers in order to reduce the negative impact on the environment [5] and apply social responsibility in business [3].



Based on these influences and changes in the market, agricultural producers have adapted. They are beginning to apply sustainability goals in the supply chain and in agricultural production [6]. Before selecting a supplier, farmers should prepare planning documents and then decide which investments to apply in business. Firstly, they need to assess the quality and efficiency of these investments to help them improve financial performance. When they decide on certain investments, they choose a supplier who will help them achieve the set strategic goals. Since this paper sees the sustainability as a concept of new business of farmers, they use the principles of sustainability when choosing suppliers. The application of sustainability implies meeting three basic criteria of sustainability, namely environmental, economic, and social criteria [7]. By applying sustainability criteria, agricultural producers achieve maximum overall utility [8]. In order to achieve the goals of sustainability, agricultural producers must first cooperate with suppliers who are ready to meet numerous requirements and to adjust to the business policy of the organization that is their customer [5]. In doing so, suppliers will help agricultural producers to achieve sustainability goals, which is one of the most important elements for achieving a sustainable supply chain (SSCM), as they supply agricultural producers with materials, goods, and services. Additionally, suppliers must apply sustainability in business [9]. Once the supplier selection process has been carried out, it is reviewed to ensure that farmers have selected the right supplier who will best assist them in achieving the set strategic goals.



Supplier selection is a crucial component in SSCM, as their economic, social, and environmental performance has a very important impact on the supply chain [10]. Choosing the right suppliers can reduce costs and ensure high quality products [11]. The selection of suppliers is carried out by means of asymmetric information, as there is no symmetric information about all suppliers. Conventional supplier selection is based solely on economic criteria, while social and environmental criteria have not been considered [6,12]. Growing awareness of environmental protection [5,13] and increasing complexity in the world and uncertainty in the environment and existence of asymmetric information impose the importance of sustainable supplier selection (SSS) among organizations [3]. SSS is an ongoing process that requires consideration of the criteria needed to make a decision on the selection of suppliers that will best help the organization achieve its sustainability goals [7]. SSS is a combination of environmental, social, and economic criteria and is necessary for the process of sustainable agricultural production. The SSS is the first step towards the application of sustainability in agricultural production. Applying sustainability criteria when choosing suppliers achieves overall utility and improves the competitiveness of agricultural producers [8].



SSS is mainly modelled as a type of multi-criteria decision making (MCDM) that includes a wide range of alternatives and criteria for evaluating alternatives [14]. In practice, there are many different approaches, but due to the existence of a large number of qualitative criteria, fuzzy logic is mainly applied in the SSS. When using fuzzy logic, the classical fuzzy method is applied, which is based on the use of classical fuzzy logic, which uses fuzzy numbers, and interval fuzzy logic, which is based on the use of interval values for fuzzy numbers. When using classical fuzzy logic, the affiliation function is in the interval [0, 1] and this type of fuzzy logic could not cover all uncertain situations arising from practice [15]. Therefore, the use of interval fuzzy logic is a better tool for modelling unclear information than classical fuzzy logic [16]. Interval fuzzy logic is used in cases where there is a high degree of ambiguity [15] and where linguistic values are not clear enough [17].



The aim of the research is to apply interval fuzzy logic in the selection of SSS on the example of agricultural production in order to perform SSS in conditions of ambiguity in the answers of experts. This paper is motivated by three basic aspects. First, when there are a larger number of suppliers, the application of the MCDM method can provide agricultural producers with a better insight into suppliers who best contribute to the realization of the sustainability goals. Second, that interval fuzzy logic is applied when solving SSS, because it is not possible to have perfect information about each supplier and there is a certain ambiguity in the evaluation of suppliers by experts. When evaluating, experts cannot find a suitable linguistic value that would correspond to their opinion, so they choose the closest one. Third, to facilitate the use of interval fuzzy logic by proposing a new approach when using interval fuzzy logic. During the realization of these aspects, the integration of two methods of multi-criteria analysis will be used, namely the PIPRECIA (Pivot pairwise relative criteria importance assessment) method and the MABAC (Multi-Attributive Border Approximation area Comparison) method. The PIPRECIA method will determine the weights of criteria and sub-criteria for SSS based on the importance these criteria, i.e., sub-criteria have for the decision maker (DM). In this case, they refer to agricultural pharmacies. The MABAC method will be used to rank suppliers based on DM ratings.



This paper is divided, in addition to the introduction, into eight other sections. The second section reviews the literature on sustainable supplier selection. The third section is intended to explain the research methodology. The fourth section will explain the interval logic of the methods used in the paper. The fifth section explains an example from practice. The results of the research will be processed in the sixth section. The seventh section is intended for the evaluation of research results and conducting sensitivity analysis. In the eighth section, a discussion of the obtained results will be performed, while in the conclusion, the most important results will be presented, the limitations of this study and guidelines for future research will be given.




2. Literature Review


SSS is crucial in the global market and is used to improve the competitiveness of organizations and to support sustainable business. Choosing the right supplier increases customer satisfaction, minimizes production costs, and improves competitiveness [18]. The goal of the SSS is to reduce the risk in the organization’s business and to meet the needs of customers together with suppliers [9]. In the last decade, more and more attention has been paid to the SSS in conducting sustainable business and achieving customer satisfaction. There are different approaches to SSS, and it is used in different industries.



Meksavang et al. [14] used the fuzzy VIKOR (in Serbian: Više Kriterijumska Optimizacija i Kompromisno Rešenje) approach to select suppliers in the meat industry, using a modified VIKOR method applying a hybrid average operator. Wang et al. [18] applied a model for SSS based on the Triple Bottom Line approach on the example of the textile industry. During the SSS, they applied two methods of multi-criteria analysis (MCDA), namely: the fuzzy AHP (Analytic hierarchy process) method and the TOPSIS (technique for order preference by similarity to an ideal solution) method. By their example, they proved that this approach based on MCDA methods is very flexible and can be used in the selection of suppliers in other industries.



Moheb-Alizadeh and Handfield [19] used a new model of multi-objective programming based on the DEA (data envelopment analysis) method to perform SSS. They applied SSS on the example of the automotive industry. Pishchulov et al. [20] used a revised Voting AHP method for SSS on the example of a timber construction company in Switzerland. Abdel-Baset et al. [21] applied the methods of ANP (analytical network process) and VIKOR in group decision making in SSS. They used triangular neutrosophic numbers on that occasion to provide fair and reliable predicted results. Matić et al. [7] used a new hybrid MCDM model for assessment and SSS on the example of a construction company. On that occasion, they used FUCOM (Full consistency method) and COPRAS (Complex proportional assessment) methods, as well as rough Dombi aggregator.



Jain et al. [6] applied the FIS (Fuzzy Inference System) to perform SSS on the example of the iron industry in India. They used the fuzzy AHP and TOPSIS method on that occasion. Stević et al. [22] applied a new Interval Rough SAW (simple additive weighting) method to rank a sustainable supplier. They also used the FUCOM method to determine weight criteria. Additionally, Durmić [7] used the FUCOM method to determine the weight of the criteria for SSS on the example of a lime production company. Chen et al. [23] used the methods DEMATEL (Decision making trial and evaluation laboratory) and TOPSIS to perform SSS on the example of smart SSCM application. On this occasion, they used an integrated rough-fuzzy approach.



Negash et al. [11] used a new approach in measuring product quality using the process yield index, and corrections were made with the Bonferroni method, and Monte Carlo simulations were also applied all with the aim of SSS. Ecer and Pamučar [10] applied a modification of the CoCoSo (Combined Compromise Solution) method with the integration of normalized weighted and normalized geometric functions using the Bonoferrioni function. They applied this to the example of the production of home appliances in Serbia. Mohammed et al. [24] used a hybrid multi-criteria approach for SSS in the problem of order allocation. Fuzzy AHP and TOPSIS were used in this approach. Diba and Xie [9] used a new synthetic GRA (grey relational analysis) model that was tested on a small sample of 28 employees operating in four departments of the company. This model was purified using the Q-sort model and used for SSS on the example of a milk company in Senegal.



Khoshfetrat et al. [25] used the AHP method to manage the process of distributing orders from suppliers. Li et al. [26] used the rough cloud TOPSIS method to perform SSS produced by photovoltaic modules. Zeng et al. [27] used the Single-valued neutrosophic fuzzy set (SVFS) to perform SSS. They used the entropy method to determine weight. Amiri et al. [3] used the BMW method and α-cut analysis to perform SSS. In order to do that, they examined three experts from the automotive industry. Peng et al. [8] used a modified VIKOR method together with the entropy method as SSS. Stević et al. [5] used the MARCOS (Measurement Alternatives and Ranking according to the Compromise Solution) method to perform SSS on the example of the medical industry. Memari et al. [28] used the intuitionistic fuzzy TOPSIS method to select an adequate sustainable supplier on the example of car spare parts manufacturers.



Liu et al. [29] used interval type-2 fuzzy sets using the integration of ANP and VIKOR methods to perform SSS. Using the ANP method, the weights of the criteria were determined, while the VIKOR method was used to rank the suppliers in order to select the best supplier for achieving the SSCM. Rabbani et al. [30] used a new model when applying interval fuzzy logic to assess SSS performance in SSCM. On that occasion, they used three options to provide new separation measures matrixes.



Liu, et al. [31] used a new innovative MCDM model for SSS integrating BWM (best-worst method) and AQM (alternative queuing) methods using an interval-valued intuitionistic uncertain linguistic setting. They did the SSS on the example of watch production. Hendiani et al. [15] used the concept of likelihoods of interval type-2 fuzzy preference relations and proposed a new MCDM model for SSS in which criterion weights, as well as scores, are expressed in an interval scale. Despic et al. [32] used a multi-objective DEA model for assessment and SSS. This model has shown how effectiveness, efficiency, and productivity in an uncertain environment are expressed at different levels of trust.




3. Methodology


In order to bring the research closer to human thinking, interval fuzzy logic will be applied in this paper. The application of interval fuzzy logic will be done by applying an integrated approach that includes the PIPRECIA and MABAC methods. Through the integration of these methods, the assessment of SSS will be performed on the example of agricultural producers from Semberija, while agricultural pharmacies from Bijeljina were taken as experts. In order to integrate these methods and assess the SSS, a four-phase methodology will be used (Table 1).



The first phase is the initial phase of research. In this phase, the goal and subject of the research are first defined. The aim of the research is to select SSS using a type-2 fuzzy set. Expert decision-making was used to evaluate suppliers. Experts are from chosen agricultural pharmacies who work on purchases for agricultural producers, and who are familiar with the business of suppliers. A list of sub-criteria used in the selection of SSS was first sent to the selected experts. From all sub-criteria, these experts selected six sub-criteria for the main criteria (Table 2). This was done so that a certain criterion would not be given more importance than others in terms of the number of sub-criteria. Once the criteria were selected, the experts also selected the suppliers to be evaluated using these criteria. Six suppliers were selected for this purpose. Suppliers, for the protection of business secrets, were not described but were given marks from A1 to A6. Based on the defined criteria and alternatives, a survey questionnaire was formed, which consisted of two parts. The first part of the questionnaire was formed to determine the weights of the main criteria and sub-criteria. Since the PIPRECIA method was used to determine the weights, the experts evaluated the main criteria and sub-criteria by determining their values based on the first criterion and the last criterion, i.e., sub-criteria. The experts had to decide how much better or worse the other criteria were in comparison to the first or last criterion. The second part of the questionnaire served to evaluate research alternatives with defined sub-criteria. The evaluation of suppliers was done through a linguistic scale of seven degrees of agreement or disagreement, which ranged from Very poor to Very good (Table 2).



After the data are collected from the experts, the second phase of the research follows, i.e., determining the weights of the criteria and sub-criteria. The experts had to first evaluate the main criteria and then evaluate the sub-criteria by comparing each criterion or sub-criterion in relation to the first and last criteria. In the main criteria, they first compared the social and economic criteria with the ecological criteria and determined the importance of these criteria in relation to the ecological criteria, and compared the ecological and social criteria in relation to the economic criteria. The same procedure was used for the sub-criteria. After the grades were collected by the experts, their opinions were harmonized using the average values of the grades in relation to the first and last criteria, i.e., sub-criteria. The weights of the main criteria and sub-criteria were then determined by the steps of the PIPRECIA method. The final weights of the sub-criteria were obtained by multiplying the weights of the sub-criteria by the corresponding weights of the main criteria. Final weights were used in determining the ranking of suppliers.



The third phase of the research is supplier ranking. In the second part of the questionnaire, the experts rated each supplier with a linguistic value ranging from Very poor (VP) to Very good (VG). Based on the type-2 fuzzy set membership function, the linguistic values were transformed into appropriate numbers (Table 2). Forming of the membership functions is carried out this way so that two triangular fuzzy numbers that make the interval are observed. Their common member is the third number in membership functions. The first and fourth numbers in the membership function are related to the first triangular fuzzy number, while the second and fifth numbers are related to the second triangular fuzzy number. In order to form the initial decision-making matrix, the experts’ assessments were harmonized by applying the average value. In this way, all experts were given the same importance. After that, the steps of the MABAC method are applied, namely normalization of the initial decision matrix, aggravation of the normalized decision matrix, calculation of the matrix elements of alternatives distance from the border approximate area, and finally ranking of alternatives.



The fourth phase of the research is to examine the results and conduct a sensitivity analysis. At this stage, the obtained results are first examined using the MABAC method with selected other MCDM methods. This is done to confirm or refute the results obtained by the MABAC method. The next step in this phase of research is to conduct a sensitivity analysis. The sensitivity analysis will be performed by changing the weights of the sub-criteria and determining how this change in weights affects the ranking of suppliers. In this way, the role of individual sub-criteria in changing the ranking of suppliers will be examined.




4. Results


Interval-valued fuzzy (IVF) was first used in the work of Gorzalczany [33] and was defined in the interval as:


      A =  {  x ,  [   μ A L   ( x )  ,    μ A U   ( x )   ]   }    w h e r e    μ A L  ,  μ A U  : X →  [  0 , 1  ]  ∀ x ∈ X ,    μ A L  ≤  μ A U          μ ¯  A   ( x )  =  [   μ A L   ( x )  ,    μ A U   ( x )   ]    t h e n   A =  {   (  x ,   μ ¯  A   ( x )   )   }  ,   x ∈  (  − ∞ , ∞  )       



(1)




where    μ A L    is upper limit of affiliation and    μ A U    is lower limit of affiliation of fuzzy function.



IVFs are a special form of generalized fuzzy numbers. Similar to generalized fuzzy numbers, IVF can be trapezoidal and triangular in shape [34]. In this paper, triangular-shaped IVF numbers will be used, so operations with this shape will be presented below.



Supposing that   A ˜   i   B ˜   are also two triangular IVF numbers that are represented as    A ˜  =  [    A ˜  L  ,   A ˜  U   ]  =  [   (   a 1 U  ,  a 1 L   )  ,  a 2   (   a 3 L  ,  a 3 U   )   ]    and    B ˜  =  [    B ˜  L  ,   B ˜  U   ]  =  [   (   b 1 U  ,  b 1 L   )  ,  b 2   (   b 3 L  ,  b 3 U   )   ]   . The basic mathematical operations of IVF numbers are:



Adding IVF numbers:


       A ˜  +  B ˜  =  [   (   a 1 U  ,  a 1 L   )  ,  a 2   (   a 3 L  ,  a 3 U   )   ]  +  [   (   b 1 U  ,  b 1 L   )  ,  b 2   (   b 3 L  ,  b 3 U   )   ]  =        [   (   a 1 U  +  b 1 U  ,  a 1 L  +  b 1 L   )  ,  a 2  +  b 2  ,    (   a 3 L  +  b 3 L  ,  a 3 U  +  b 3 U   )   ]       



(2)







Subtraction of IVF numbers:


       A ˜  −  B ˜  =  [   (   a 1 U  ,  a 1 L   )  ,  a 2   (   a 3 L  ,  a 3 U   )   ]  −  [   (   b 1 U  ,  b 1 L   )  ,  b 2   (   b 3 L  ,  b 3 U   )   ]  =        [   (   a 1 U  −  b 1 U  ,  a 1 L  −  b 1 L   )  ,  a 2  −  b 2  ,    (   a 3 L  −  b 3 L  ,  a 3 U  −  b 3 U   )   ]       



(3)







Multiplication of IVF numbers:


       A ˜  −  B ˜  =  [   (   a 1 U  ,  a 1 L   )  ,  a 2   (   a 3 L  ,  a 3 U   )   ]  −  [   (   b 1 U  ,  b 1 L   )  ,  b 2   (   b 3 L  ,  b 3 U   )   ]  =        [   (   a 1 U  −  b 1 U  ,  a 1 L  −  b 1 L   )  ,  a 2  −  b 2  ,    (   a 3 L  −  b 3 L  ,  a 3 U  −  b 3 U   )   ]       



(4)







Division of IVF numbers:


       A ˜  ÷  B ˜  =  [   (   a 1 U  ,  a 1 L   )  ,  a 2   (   a 3 L  ,  a 3 U   )   ]  ÷  [   (   b 1 U  ,  b 1 L   )  ,  b 2   (   b 3 L  ,  b 3 U   )   ]  =        [   (   a 1 U  ÷  b 1 U  ,  a 1 L  ÷  b 1 L   )  ,  a 2  ÷  b 2  ,    (   a 3 L  ÷  b 3 L  ,  a 3 U  ÷  b 3 U   )   ]       



(5)







Multiplying IVF numbers by an ordinary number


  q ×  A ˜  = q ×  [   (   a 1 U  ,  a 1 L   )  ,  a 2   (   a 3 L  ,  a 3 U   )   ]  =  [   (  q ×  a 1 U  , q ×  a 1 L   )  , q ×  a 2   (  q ×  a 3 L  , q ×  a 3 U   )   ]   



(6)







Dividing IVF numbers by an ordinary number


   A ˜  ÷ q =  [   (   a 1 U  ,  a 1 L   )  ,  a 2   (   a 3 L  ,  a 3 U   )   ]  ÷ q =  [   (     a 1 U   q  ,    a 1 L   q   )  ,    a 2   q   (     a 3 L   q  ,    a 3 U   q   )   ]   



(7)







4.1. IVF PIPRECIA Method


The classical PIPRECIA method was developed by Stanujkić et al. [35]. The advantage of the PIPRECIA method is that it allows the evaluation of criteria without first sorting the criteria by importance [36]. This method uses the comparison of criteria with the first or last criterion and evaluates other criteria on the basis of these criteria. The IVF PIPRECIA method procedure is performed using the following steps:



Step 1. Forming a set of criteria for comparison and selection of experts for decision making.



Step 2. Decision makers individually evaluate the criteria by comparing those criteria with the first criterion. If, in their opinion, the other criterion is more significant than the first, they choose the appropriate linguistic statement (Table 3). If the other criteria are less important than the first criterion, the decision maker chooses a linguistic statement (Table 3).


     s j r   ¯  =  {      >  1 ¯    i f    C j  >  C  j − 1         =  1 ¯    i f    C j  =  C  j − 1         <  1 ¯    i f    C j  <  C  j − 1          



(8)




where      s j r   ¯    denotes the evaluation of the criteria by r decision maker. After that, the linguistic statements are transformed into IVF numbers. In order to take into account the opinions of all decision makers, a geometric mean is used to calculate the average matrix      s j r   ¯    which is used for.



Step 3. Determining the coefficient      k j   ¯   



After the average value of the criteria has been determined by the decision maker, a coefficient    k j   . forms. The value 1 is set for the first criterion for comparison, while the value determined on the basis of the average value of the criteria is determined for the others, by subtracting that average value from the value 2.


     k j   ¯  =  {      = 1   i f   j = 1       2 −    s j   ¯    i f   j > 1        



(9)







Step 4. Determining the IVF numbers weight      q j   ¯   



Determining the weight      q j   ¯    is done by overwriting the values of    k j    for the first criterion, while for the other criteria, dividing the value    k j    of the previous criterion with the value    k j    of the criterion for which the value      q j   ¯    is calculated.


     q j   ¯  =  {      =  1 ¯    i f   j = 1            q  j − 1    ¯       k j   ¯      i f   j > 1        



(10)







Step 5. Determining the relative weight of the criterion      w j   ¯   



The value of the weight of criterion      w j   ¯    is calculated by dividing the values of      q j   ¯    by the values of the sum of the values of      q j   ¯   . In this step it is necessary to make sure that in IVF there are two triangular fuzzy numbers that have their limits, and it is necessary to determine the values of relative weight of the criterion in accordance with these triangular fuzzy numbers.


     w j   ¯  =      q j   ¯     ∑  j = 1  n     q j   ¯     



(11)







In the following steps, it is necessary to apply the same logic, with the comparison being made with the last criterion.



Step 6. Individual assessment of the decision maker in relation to the last criterion.


     s j r  ′  ¯  =  {      >  1 ¯    i f    C j  >  C  j + 1         =  1 ¯    i f    C j  =  C  j + 1         <  1 ¯    i f    C j  <  C  j + 1          



(12)







The linguistic statements are then transformed into IVF numbers and the average matrix      s j  r ′    ¯    is determined using a geometric mean. The other steps are carried out in the same way



Step 7. Determining the coefficient      k j  ′  ¯   


     k j  ′  ¯  =  {      = 1   i f   j = n       2 −    s j  ′  ¯    i f   j > n        



(13)







Step 8. Determining the fuzzy weight      q j  ′  ¯   


     q j  ′  ¯  =  {      =  1 ¯    i f   j = n            q  j − 1   ′  ¯       k j   ¯      i f   j > n        



(14)







Step 9. Determining the relative weight of the criterion      w j  ′  ¯    taking care that the interval is observed through two triangular fuzzy numbers.


     w j   ¯  =      q j  ′  ¯      ∑   j = 1  n     q j  ′  ¯     



(15)







Step 10. In order to determine the final weights of the criteria, it is necessary to calculate the average value of      w j  ″  ¯   


     w j  ″  ¯  =     w ¯  j  +     w ′  ¯   j   2   



(16)







These weights will be used to calculate the ranking of the order of alternatives obtained using the MABAC IVF method.




4.2. MABAC IVF Method


Multi-Attributive Border Approximation Area Comparison (MABAC) method was developed by Pamučar and Ćirović [37]. The basic MABAC method is reflected in defining the distance of the alternative from the border approximate domain. The border approximate area represents the average value for all alternatives. If the value of an alternative is above the border approximate domain, its value will be positive and vice versa.



The application of the IVF MABAC method is done using 7 steps.



Step 1. Forming an initial decision matrix. In this step, experts will evaluate m alternatives using n criteria. Since experts determine a value using a linguistic value, it is first necessary to transform that value into IVF numbers. Since there are several decision makers, the average value for the IVF number is calculated in order to take into account the opinion of all experts.



Step 2. Normalization of the initial matrix elements. The elements of the normalized matrix are obtained by using the expressions:



For benefit-type criteria:


   r ˜  =  [   (     a  i j 1  U     a  j 3  +    ,    a  i j 1  L     a  j 3  +     )  ,    a  i j 2      a  j 3  +    ,  (     a  i j 3  L     a  j 3  +    ,    a  i j 3  U     a  j 3  +     )   ]    i f   j ∈ C  



(17)







For cost-type criteria:


   r ˜  =  [   (     a  1 j   U −      a  i j 3  U    ,    a  1 j   U −      a  i j 3  L     )  ,    a  1 j   U −      a  i j 2     ,  (     a  1 j   U −      a  i j 1  L    ,    a  1 j   U −      a  i j 1  U     )   ]    i f   j ∈ C  



(18)







Step 3. Calculation of the weighted matrix (V) elements.


    v ˜   i j   =    w j  ″  ¯  ·   r ˜   i j   +    w j  ″  ¯   



(19)







Step 4. Determination of the approximate border area matrix (G). The boundary approximate area is calculated for each criterion according to the expression.


   g  i j   =    (   ∏  j = 1  m    v ˜   i j    )    1 / m    



(20)




where m represents total number of alternatives



Step 5. Calculation of the matrix elements of alternatives distance from the border approximate area ( Q ). The distance from the boundary approximate domain (    q ˜   i j    ) is calculated as the difference between the elements of the aggravated matrix (V) and the values of the boundary approximate domains (G).


   Q ˜  =  V ˜  −  G ˜   



(21)







Alternative    A i    can take a positive value based on this expression if it is in the upper approximate region, and a negative value if it is in the lower approximate region.


    A ˜  i  ∈  {        G ˜  +    i f     q ˜   i j   > 0           G    ˜  i f     q ˜   i j   = 0         G ˜  −    i f     q ˜   i j   < 0        



(22)







In order for alternative    A i    to be the best, it must belong to the above approximate domain and have the highest value of all alternatives.



Step 6. Ranking of alternatives. The value of criterion functions by alternatives is obtained by summing the deviation of alternatives from approximate areas (    q ˜  i   ).


    S ˜  i  =   ∑   j = 1  n    q ˜   i j   ,   j = 1 , 2 , … , n ;   i = 1 , 2 , … , m  



(23)







Step 7. Final ranking of alternatives. By defuzzification of the obtained values     S ˜  i   , the final rank of alternatives is obtained.


   S i  =    S 1 U  +  S 1 L  + 2  S 2  +  S 3 L  +  S 3 U   6   



(24)









5. Case Study


Semberija is known in Bosnia and Herzegovina for its agricultural activities. Various agricultural crops are planted on over 50,000 hectares. In order to take advantage of Semberija and the city of Bijeljina itself, it is necessary to apply sustainable agricultural production, while respecting modern agricultural production and at the same time respecting environmental standards. Therefore, this research was conducted on the example of three wholesale agricultural pharmacies Agrimatco, Agromarket, and Brazda, which work directly with agricultural producers.



The research was conducted to determine which of the suppliers, these pharmacies work with, use business sustainability and which of these suppliers is the most suitable in terms of sustainability criteria. Identifying the supplier that most applies sustainability in its business also improves the performance of agricultural activities in these areas. The identification of these suppliers is done by using sustainability criteria when evaluating them. Applying sustainability criteria, suppliers are selected not only by being the most economically suitable, but also by respect they pay to their workers and stockholders, and by being friendly to the environment.



When determining the sub-criteria, adjustment with agricultural pharmacies was performed. They were sent a list of 10 sub-criteria related to the main sustainability criteria rated with grades from 1 to 5. The sub-criteria that took from 7 to 10 places were not taken into account. Some of these criteria are: green competencies, environmental image, Air pollutant emission, the rights of stakeholders, ease of communication, financial power, defective rate, etc.



In March 2021, a conversation was held with the directors of these agricultural pharmacies and key suppliers were identified. After that, a list of those suppliers was made, and six of the same suppliers that these agricultural pharmacies work with were established. Due to data protection, agricultural pharmacies wanted the names of suppliers not to be published, but to be assigned a label from A1 to A6. After the suppliers to be evaluated were determined, an annex questionnaire was formed, and it consisted of two parts. The first part is intended to determine the weight of the criteria, while the second part of the questionnaire is intended to evaluate the alternatives. In addition, the introductory part of the questionnaire provides definitions of criteria and sub-criteria so that directors of agricultural pharmacies can better understand the criteria with which they evaluate the supplier.



In the analysis of suppliers, three main criteria were used, namely the ecological, social, and economic criteria (Table 4), and these criteria were divided into six more sub-criteria. The reason for this is that a certain criterion would not be given more importance, because if a criterion has more sub-criteria, it can be assumed that this criterion is more important and significant than other criteria. The survey questionnaires were distributed to agricultural pharmacies and were collected within 7 days. After the survey questionnaires were collected, they were processed and based on them and the results of this research were obtained.




6. Results


During the SSS for the needs of agricultural production, it is first necessary to determine the weighting coefficients for the criteria and sub-criteria. Determination of weight coefficients is performed using the IVF PIPRECIA method. The implementation of this method will be explained in detail on the example of determining the weights of the criteria for the main criteria. When determining the weights of the main criteria, each of the respondents had to determine how important the second and third criteria are in relation to the first criterion and the second and first criteria in relation to the third criterion. The directors of agricultural pharmacies, i.e., decision makers (DM), determine the value of these criteria by choosing a certain linguistic value from the scale of values provided for the PIPRECIA method (Table 3). After selecting the appropriate values, the linguistic values are transformed into IVF values (Table 5). Based on these values, a joint score is formed which is obtained by applying a geometric mean (GM) [36]. This mean value is the starting point for determining the initial values of the criteria.



After the mean values are determined, the coefficient kj is determined by applying expression (9). For the first part of Table 6, the values for criterion C1 are entered one, while for the other criteria the value is obtained by subtracting from the number two the average value (GM) of the grade for that criterion (Table 5). In the second part of the table, the value one is entered for C3, while for the other criteria the values are obtained by subtracting from the number 2 the average value (GM) for these criteria. The next step is to calculate the coefficient qj. The calculation of this coefficient is performed by applying expression (10). For the first part of Table 6, the calculation of the coefficient qj is performed by overwriting the value for C1. For criterion C2, the values of the coefficient qj for the previous criterion are divided by the value of kj for the C2 criterion. In the second table, the value of kj is rewritten for the C3 criterion, while the value for the C2 criterion is obtained by dividing the value of qj in the previous criterion in this case by the criterion C3 with the values of kj calculated, which is C2. In the same way, the other criteria are calculated by taking the values of qj for the previous criterion. The value of wj is calculated by dividing the values of qj by the sums of the values of qj for a particular IVF number. Care must be taken that the value intervals are formed on the basis of two triangular fuzzy numbers so that these fuzzy numbers do not need to be confused. The calculation of wj for the first IVF number is done by dividing the value of qj by the value of the sum of qj for the fourth IVF number. For the second IVF number, the value qj of the second IVF number is divided by the value of the sum qj for the fifth IVF number. Other values of wj are calculated in the same way. When the values of wj are formed, dephasification (DF) is performed and the value of DF is calculated for both parts of the table. The final value of wj for a given criterion is done by determining the average value of DF for that criterion.



Using the previously explained method, the weights were calculated for both the main criteria and the sub-criteria. The results of the weighting criteria show that based on the opinion of the director of agricultural pharmacies, the most important is the economic criterion (C1), followed by the social (C2) and then the ecological criterion (C3) (Table 7). When looking at the results obtained for the sub-criteria in the environmental criterion, the most important criterion is recycling and reduction (C11), in the social criterion it is the sub-criterion reputation (C21), while in the economic criterion the most important sub-criterion is price (C31). When comparing the weights of sub-criteria outside the main criteria, it is necessary to take into account the weight of the main criteria. Each sub-criterion needs to be multiplied by the corresponding weight of the main criteria. Afterwards they need to be compared. When it comes to the criteria C21 and C31, in order to be able to compare them, it is necessary to firstly multiply the weight of criterion C21 by the weight of criterion C2 (0.3057 × 0.2550) the same is the case with criterion C31 (0.4150 × 0.5173). When these weights are obtained, then it is possible to compare these criteria, namely C21 = 0.0757, C31 = 0.2146. In this way, we can say that according to agricultural pharmacies, criterion C31 is 2.8360 times more important than criterion C21.



Since the weights of the criteria are determined, the ranking of the order of alternatives is calculated. In the second part of the survey questionnaire, the directors of agricultural pharmacies evaluated suppliers based on the set criteria and sub-criteria. The results of this assessment are given in Table 8.



In order to be able to rank the alternatives, it is first necessary to transform the linguistic values into IVF numbers (Table 9). Since there are three decision makers (DM), i.e., directors of agricultural pharmacies, it is necessary to harmonize their opinions. The geometric mean (GM) was used in the harmonization of opinions for the same reason why it was used in the PIPRECIA method. Mean values of IVF numbers are used to calculate the ranking of alternatives. Due to the existence of a number of criteria and sub-criteria, the paper will explain the procedure of implementing the IVF MABAC method on the first four sub-criteria within the environmental criterion.



After the initial decision matrix is formed based on the use of the mean values of the decision maker, the data is normalized and a normalized decision matrix is formed (Table 10). This decision matrix is then aggravated with the appropriate weights obtained using the PIPRECIA method. The next step in implementing the MABAC method is to calculate the boundary approximate area. The value of the distance of the alternative elements from the boundary approximate domain is then calculated, taking into account that the interval is formed on the basis of two fuzzy triangular numbers.



The last steps in the implementation of the IVF MABAC method are the calculation of the sum of individual values of the distance of alternatives from the approximate area and the calculation of the values of the IVF MABAC method (Table 11). This value is obtained by desificiation of the sum of the values of the distance from the approximate area. The obtained results obtained using the IVF MABAC method show that the most important supplier is A4 according to the opinions of the directors of agricultural pharmacies, while the supplier A6 is the worst in meeting the set criteria in the SSS.




7. Validation of Results and Sensitivity Analysis


In order to examine the obtained results using the IVF MABAC method, the suppliers will be ranked using four other methods: IVF MARCOS method, IVF SAW method, IVF ARAS (Additive Ratio Assessment) method, and IVF TOPISI method. The ranking results obtained by these methods (Figure 1) show that there is a difference in ranking only when applying the IVF TOPSIS method and in alternatives A1 and A2 where the ranking is changed. For other alternatives, the same ranking order of alternatives is retained. In this way, it has been proven that the results using the IVF MABAC methods do not deviate from the results obtained using other IVF methods.



After the validation of the research results, the sensitivity analysis is performed. The task of sensitivity analysis is to examine how a change in the weights of sub-criteria affects the ranking order of alternatives [39]. For this purpose, 19 scenarios were formed (Table 12). The scenarios were formed as follows. One of the sub-criteria is given 8 times more importance and is assigned a weight of 0.32 while the other sub-criteria are given the same importance as 0.04. In this way, 18 scenarios were formed, while in 19 scenarios all criteria were given the same importance.



By applying these scenarios, obtained results show that in all scenarios the supplier A4 is in the first place, while the supplier A3 is in the second place in the ranking (Figure 2). Supplier A1 is in the third place in 15 scenarios, while supplier A4 is in the third place in the remaining 4 scenarios. Supplier A5 is in the fifth place in 18 scenarios, while in one scenario, supplier A6 is in the fifth place.



The conducted sensitivity analysis showed that there are no significant deviations in the ranking of alternatives and that only in a few scenarios there was a change in the ranking of two suppliers. In this way, it was shown that the conducted selection of a sustainable supplier is not sensitive to changes in the weights of the sub-criteria, and the ranking orders obtained using the IVF MABAC method were confirmed.




8. Discussion


Agricultural producers buy raw materials and all necessary raw materials in B&H mostly from agricultural pharmacies [40]. Therefore, agricultural pharmacies were examined in this research. The SSS applied sustainability criteria which are further divided into the same number of sub-criteria. In this way, none of the main criteria is given greater importance [7]. Since this choice of supplier is one of the basic problems of MCDM, different methods were used to solve this problem [14]. This research uses the approach of interval fuzzy logic. This approach is used when there is a problem of ambiguity [15] and when decision makers are unclear in the offered linguistic values. However, interval fuzzy logic is applied this way to make SSS even more secure.



An integrated approach was used in this study, which included the PIPRECIA and MABAC methods. The PIPRECIA method was used to determine the weighting coefficients for the main criteria and sub-criteria. Determination of weight coefficients using the PIPRECIA method is performed without prior sorting of criteria by importance and thus facilitates the application of this method [36]. The use of the interval version of the PIPRECIA method has only increased the security, because the advantages of both the method itself and the application of interval fuzzy logic are applied. The same is the case with the application of the MABAC method, because interval fuzzy logic was used in this method as well. In this way, the integrated interval approach of SSS was applied.



This research was conducted on the example of agricultural pharmacies from Bijeljina. First, the suppliers from whom they procure these pharmacies were harmonized, so the evaluation of these suppliers was performed. The obtained results of the integrated methodology first showed that the economic criteria are the most important for agricultural pharmacies, followed by social and economic criteria. In this way, it has been shown that price and quality are the deciding factors taken into account when choosing a supplier, while environmental and social criteria are in the background. This shows that it is necessary to strengthen the awareness of agricultural producers in Semberija about the importance of environmental and social criteria when choosing suppliers and their goods, because only in this way is it possible to apply sustainable agricultural production which is imperative in the world [41].



Ranking results of suppliers and validation of results showed that supplier A4 best meets the set sustainability principles. In addition, the sensitivity analysis showed that in all scenarios used, this supplier showed the best results. Through the validation of the results, it was shown that only with IVF TOPSIS there is a deviation from the ranking of suppliers, with suppliers A1 and A2. Deviations of the TOPSIS method are also present in the works that examined the validation of the results [39,42,43]. Therefore, it is necessary to establish the reason why this method deviates from other MCDM methods in future research.



The results of the sensitivity analysis showed that in 5 scenarios there is a different ranking order. Alternative A1 ranked lower than alternative A2 in the application of the fourth scenario. Alternative A5 ranked lower than A6 in one scenario. These results are due to scores for individual sub-criteria that were evaluated eight times higher than other criteria for specific scenarios. For this reason, Alternative A2 had a better ranking compared to A1 in the sixth scenario. In the same way, the change is visible in other alternatives. Sensitivity analysis confirmed the ranking of alternatives because the same ranking of alternatives was maintained in 14 scenarios.




9. Conclusions


SSS is the first step in implementing sustainability. At the same time, SSS is a key factor not only in applying the principles of sustainability but also in increasing business efficiency and improving competitiveness. Therefore, when establishing sustainability in business, it is necessary to choose the appropriate supplier who will help in that. This paper offered a way in which interval fuzzy logic can be applied in SSS on the example of agricultural production in Semberija. The application of sustainable agricultural production should be the focus of all agricultural producers. Since most agricultural producers procure equipment and materials from agricultural pharmacies, in this paper, three agricultural pharmacies were taken as experts in decision-making.



Based on the obtained results, applying the integrated approach based on the IVF PIPRECIA and MABAC methods, the obtained results which showed that the supplier A2 best meets the set sustainability criteria. These results were confirmed by the use of other IVF methods and the performed sensitivity analysis. In doing so, the A2 supplier should be the first choice of agricultural producers in order to apply sustainability in production themselves.



A limitation in conducting this research is that not every supplier of agricultural raw materials was taken into account. However, not all agricultural pharmacies work with all producers, i.e., suppliers, so six suppliers were taken with whom all three agricultural pharmacies work. Another restriction is that not all agricultural pharmacies in Semberija were taken, but only those located in Bijeljina. Bijeljina is the largest city in Semberija, so it is logical that the largest agricultural pharmacies are located in Bijeljina. This paper does not aim to cover all suppliers and all agricultural pharmacies, but the focus was on the SSS in order to implement sustainable agricultural production in Semberija. Choosing SSS is the first step in doing that.



In future research, it is necessary to focus on other factors in the application of sustainable agricultural production and not only on suppliers. Additionally, other approaches and other methods need to be applied in order for the SSS to be complete. This paper showed that the application of 4 different methods gave the same ranking order of suppliers thus confirming this order. However, no comparison of different approaches was made. Therefore, it is necessary in future research to compare different approaches such as: fuzzy, fuzzy 2 approaches, interval fuzzy approach, rough, interval rough approach, and other approaches, and to determine whether the application of different approaches plays a role in the ranking of alternatives.
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Figure 1. Results of the validation result. 
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Figure 2. Results of the sensitivity analysis. 
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Table 1. Research methodology.
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Phase 1. Initial research phase

	
Defining the goal and subject of research




	
Forming a group of experts




	
Defining criteria and alternatives in the form of suppliers




	
Forming a questionnaire based on established criteria and alternatives




	
Completion of the questionnaire by experts




	
Phase 2. Determining the weight of the criteria

	
Expert assessment of the criteria in relation to the first criterion




	
Expert assessment of the criteria in relation to the last criterion




	
Calculation of average values for criteria and sub-criteria




	
Implement the steps of the type-2 fuzzy PIPRECIA method




	
Determining the weights of criteria and sub-criteria




	
Phase 3. Ranking suppliers

	
Forming an initial decision matrix




	
Normalization of the initial decision matrix




	
Complicating the normalized decision matrix




	
Implementation of the other steps of the type-2 fuzzy MABAC method




	
Determining the ranking of suppliers




	
Phase 4 Examining the results and conducting a sensitivity analysis

	
Comparison of rank order with other type-2 fuzzy methods




	
Scenario formation and difficulty




	
Conducting sensitivity analysis




	
Analysis of the obtained results
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Table 2. Linguistic values and membership functions.
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	Linguistic Values
	Membership Functions





	Very Poor (VP)
	[(1, 1.5); 2; (2, 2.5)]



	Poor (P)
	[(1, 2.5); 3; (3.5, 4.5)]



	Medium Poor (MP)
	[(2, 3.5); 4; (5, 5.5)]



	Medium (M)
	[(3, 4.5); 5; (6, 7.5)]



	Medium Good (MG)
	[(4, 5.5); 6; (8, 9)]



	Good (G)
	[(5, 6.5); 8; (9.5, 10)]



	Very Good (VG)
	[(6, 7.5); 9; (10, 10)]
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Table 3. Scale 1–2 for evaluation of criteria.
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Linguistic Scale

	

	
IVF Number




	
     a 1 U     

	
     a 1 L     

	
     a 2     

	
     a 3 L     

	
     a 3 U     

	
DFV






	
Almost equal value

	
Scale 1–2

	
1.000

	
1.015

	
1.030

	
1.040

	
1.050

	
1.027




	
Slightly more significant

	
1.100

	
1.125

	
1.150

	
1.175

	
1.200

	
1.150




	
Moderately more significant

	
1.200

	
1.250

	
1.300

	
1.325

	
1.350

	
1.285




	
More significant

	
1.300

	
1.375

	
1.450

	
1.475

	
1.500

	
1.420




	
Much more significant

	
1.400

	
1.500

	
1.600

	
1.625

	
1.650

	
1.555




	
Dominantly more significant

	
1.500

	
1.625

	
1.750

	
1.775

	
1.800

	
1.690




	
Absolutely more significant

	
1.600

	
1.750

	
1.900

	
1.925

	
1.950

	
1.825




	
Weakly less significant

	
Scale 0–1

	
0.667

	
0.725

	
0.800

	
0.900

	
1.000

	
0.818




	
Moderately less significant

	
0.500

	
0.600

	
0.667

	
0.850

	
1.000

	
0.723




	
Less significant

	
0.400

	
0.450

	
0.500

	
0.600

	
0.667

	
0.523




	
Really less significant

	
0.333

	
0.375

	
0.400

	
0.450

	
0.500

	
0.412




	
Much less significant

	
0.286

	
0.315

	
0.333

	
0.375

	
0.400

	
0.342




	
Dominantly less significant

	
0.250

	
0.275

	
0.286

	
0.315

	
0.333

	
0.292




	
Absolutely less significant

	
0.222

	
0.240

	
0.250

	
0.275

	
0.286

	
0.255
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Table 4. Decision criteria.






Table 4. Decision criteria.











	Id
	Criterion
	Definition
	Sources





	C1
	Ecological criterion
	
	



	C11
	Recycling and reduction
	Material reuse and waste reduction
	[5,7,38]



	C12
	Green product
	Production of products that are environmentally friendly
	[7]



	C13
	Eco product design
	Product design in accordance with environmental standards
	[7,9,18]



	C14
	Environmental management system
	Application of ISO 14001 standards in the organization
	[5,7,9,24]



	C15
	Pollution control
	Environmental impact reduction standards
	[3,5,7,10]



	C16
	Waste management
	Waste management system in the organization
	[24,28]



	C2
	Social criteria
	
	



	C21
	Reputation
	General opinion on the organization by external participants
	[5,7]



	C22
	Sharing information
	Presentation of all important information about the organization
	[7,8,24]



	C23
	Employee training and development
	Investment in employee development by the organization
	[5,10]



	C24
	Impact on the local community
	The impact that the organization has on the local community
	[3,18,38]



	C25
	Safety and health at work
	Implementation of measures for the protection of the health and safety of employees
	[7,10,15,24,26]



	C26
	Employee rights
	Application of standards for respect for workers’ rights
	[5,7,15]



	C3
	Economic criterion
	
	



	C31
	Price
	The monetary amount of the value of a product, good, or service
	[5,10,28]



	C32
	Quality
	The degree to which products meet customer requirements
	[7,8,18,26]



	C33
	Delivery on time
	Ability to deliver products at a specified time
	[3,8,10]



	C34
	Logistics costs
	Costs of supply of materials and services by suppliers
	[9,28];



	C35
	Technological capacities
	Technological capacity of suppliers and the ability to deliver all products and services
	[7,18,24,25]



	C36
	Innovation
	Possibility of production of new and improved products and services
	[5,9,38];
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Table 5. Evaluation of the main criteria using the fuzzy PIPRECIA method.






Table 5. Evaluation of the main criteria using the fuzzy PIPRECIA method.





	
PIPRECIA

	
C1

	
C2

	
C3




	
DM1

	

	
1.100

	
1.125

	
1.150

	
1.175

	
1.200

	
1.200

	
1.250

	
1.300

	
1.325

	
1.350




	
DM2

	

	
0.500

	
0.600

	
0.667

	
0.850

	
1.000

	
1.000

	
1.015

	
1.030

	
1.040

	
1.050




	
DM3

	

	
0.500

	
0.600

	
0.667

	
0.850

	
1.000

	
1.200

	
1.250

	
1.300

	
1.325

	
1.350




	
GM

	

	
0.650

	
0.740

	
0.800

	
0.947

	
1.063

	
1.129

	
1.166

	
1.203

	
1.222

	
1.242




	
PIPRECIA

	
C3

	
C2

	
C1




	
DM1

	

	
0.500

	
0.600

	
0.667

	
0.850

	
1.000

	
0.400

	
0.450

	
0.500

	
0.600

	
0.667




	
DM2

	

	
0.400

	
0.450

	
0.500

	
0.600

	
0.667

	
0.667

	
0.725

	
0.800

	
0.900

	
1.000




	
DM3

	

	
0.333

	
0.375

	
0.400

	
0.450

	
0.500

	
0.500

	
0.600

	
0.667

	
0.850

	
1.000




	
GM

	

	
0.405

	
0.466

	
0.511

	
0.612

	
0.693

	
0.511

	
0.581

	
0.644

	
0.771

	
0.874











[image: Table] 





Table 6. Calculating the weights of the main criteria.
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kj

	
qj

	
wj

	
DF




	
C1

	
1.000

	
1.000

	
1.000

	
1.000

	
1.000

	
1.000

	
1.000

	
1.000

	
1.000

	
1.000

	
0.315

	
0.288

	
0.347

	
0.386

	
0.364

	
0.341




	
C2

	
1.350

	
1.260

	
1.200

	
1.053

	
0.937

	
0.741

	
0.794

	
0.833

	
0.950

	
1.067

	
0.234

	
0.228

	
0.289

	
0.366

	
0.389

	
0.299




	
C3

	
0.871

	
0.834

	
0.797

	
0.778

	
0.758

	
0.851

	
0.952

	
1.045

	
1.221

	
1.407

	
0.268

	
0.274

	
0.363

	
0.471

	
0.512

	
0.375




	
Sum

	
2.592

	
2.745

	
2.879

	
3.170

	
3.473

	
0.817

	
0.790

	
1.000

	
1.223

	
1.265

	




	

	
kj

	
qj

	
wj

	
DF




	
C1

	
1.489

	
1.419

	
1.356

	
1.229

	
1.126

	
0.421

	
0.459

	
0.495

	
0.587

	
0.680

	
0.183

	
0.188

	
0.229

	
0.286

	
0.322

	
0.239




	
C2

	
1.595

	
1.534

	
1.489

	
1.388

	
1.307

	
0.627

	
0.652

	
0.672

	
0.721

	
0.765

	
0.272

	
0.267

	
0.310

	
0.352

	
0.363

	
0.312




	
C3

	
1.000

	
1.000

	
1.000

	
1.000

	
1.000

	
1.000

	
1.000

	
1.000

	
1.000

	
1.000

	
0.433

	
0.409

	
0.462

	
0.488

	
0.474

	
0.455




	
Sum

	
2.048

	
2.111

	
2.167

	
2.307

	
2.445

	
0.888

	
0.864

	
1.000

	
1.126

	
1.158

	











[image: Table] 





Table 7. Weights of criteria and sub-criteria.






Table 7. Weights of criteria and sub-criteria.















	Criterion
	Weight
	Criterion
	Weight
	Criterion
	Weight
	Criterion
	Weight





	C1
	0.2903
	C11
	0.2475
	C21
	0.2550
	C31
	0.5173



	C2
	0.3057
	C12
	0.1952
	C22
	0.1893
	C32
	0.2532



	C3
	0.4150
	C13
	0.1841
	C23
	0.1667
	C33
	0.1472



	
	
	C14
	0.1657
	C24
	0.1478
	C34
	0.0971



	
	
	C15
	0.1472
	C25
	0.1419
	C35
	0.0798



	
	
	C16
	0.1127
	C26
	0.1310
	C36
	0.0666
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Table 8. Linguistic decision matrix.






Table 8. Linguistic decision matrix.





	DM1
	C11
	C12
	C13
	C14
	C15
	C16
	C21
	C22
	C23
	C24
	C25
	C26
	C31
	C32
	C33
	C34
	C35
	C36



	A1
	MG
	VP
	M
	P
	G
	P
	P
	M
	MP
	P
	MP
	MP
	P
	MP
	M
	MP
	MP
	MP



	A2
	M
	M
	VP
	M
	MP
	MG
	MG
	MP
	P
	M
	MG
	MG
	MG
	VG
	MG
	M
	M
	P



	A3
	MP
	G
	MG
	MG
	M
	MP
	G
	G
	G
	G
	M
	M
	G
	MG
	G
	MG
	G
	G



	A4
	VG
	MG
	G
	G
	MG
	M
	VG
	VG
	MG
	VG
	G
	G
	VG
	G
	VG
	G
	MG
	MG



	A5
	P
	MP
	P
	MP
	P
	MG
	M
	VP
	VG
	MP
	VP
	P
	M
	P
	VP
	VP
	P
	VP



	A6
	VP
	P
	MP
	VP
	VP
	VP
	MP
	P
	M
	VP
	P
	VP
	MP
	VP
	MP
	P
	VP
	M



	DM2
	C11
	C12
	C13
	C14
	C15
	C16
	C21
	C22
	C23
	C24
	C25
	C26
	C31
	C32
	C33
	C34
	C35
	C36



	A1
	M
	MG
	M
	G
	MG
	M
	MG
	MP
	M
	MG
	M
	MG
	MG
	MG
	M
	G
	MG
	M



	A2
	P
	P
	MP
	MG
	G
	MG
	G
	M
	MG
	G
	MG
	M
	M
	M
	G
	M
	M
	G



	A3
	MG
	M
	MG
	MP
	M
	MP
	MP
	MG
	MP
	VG
	VG
	G
	VG
	G
	MG
	MG
	G
	MG



	A4
	VG
	VG
	VG
	VG
	VG
	G
	VG
	VG
	G
	M
	G
	VG
	G
	VG
	VG
	VG
	VG
	VG



	A5
	MP
	G
	G
	VP
	P
	VG
	VP
	P
	VG
	MP
	MP
	P
	P
	MP
	P
	VP
	P
	P



	A6
	G
	MP
	P
	P
	VP
	P
	P
	VP
	P
	P
	P
	MP
	VP
	P
	VP
	P
	MP
	MP



	DM3
	C11
	C12
	C13
	C14
	C15
	C16
	C21
	C22
	C23
	C24
	C25
	C26
	C31
	C32
	C33
	C34
	C35
	C36



	A1
	G
	MG
	M
	MG
	G
	VG
	MG
	MG
	MG
	G
	VG
	G
	MG
	G
	MG
	MG
	MG
	MG



	A2
	MG
	M
	MP
	M
	MG
	M
	M
	M
	M
	MP
	M
	M
	MP
	MG
	G
	MP
	M
	MP



	A3
	VG
	G
	G
	VG
	VG
	G
	VG
	G
	G
	G
	G
	VG
	G
	VG
	VG
	G
	G
	VG



	A4
	M
	MP
	MG
	G
	M
	MG
	G
	VG
	VG
	VG
	MG
	MG
	VG
	MP
	M
	VG
	VG
	G



	A5
	MP
	P
	VP
	MP
	VP
	MP
	P
	MP
	P
	P
	MP
	MP
	VP
	M
	P
	VP
	P
	VP



	A6
	P
	VP
	P
	P
	MP
	P
	MP
	VP
	MP
	M
	P
	P
	MP
	P
	MP
	P
	VP
	P
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Table 9. Transformation of linguistic values into IVF numbers.
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	DM1
	C11
	C12
	C13
	C14
	



	A1
	4, 5.5, 6, 8, 9
	1, 1.5, 2, 2, 2.5
	3, 4.5, 5, 6, 7.5
	1, 2.5, 3, 3.5, 4.5
	…



	A2
	3, 4.5, 5, 6, 7.5
	3, 4.5, 5, 6, 7.5
	1, 1.5, 2, 2, 2.5
	3, 4.5, 5, 6, 7.5
	…



	A3
	2, 3.5, 4, 5, 5.5
	5, 6.5, 8, 9.5, 10
	4, 5.5, 6, 8, 9
	4, 5.5, 6, 8, 9
	…



	A4
	6, 7.5, 9, 10, 10
	4, 5.5, 6, 8, 9
	5, 6.5, 8, 9.5, 10
	5, 6.5, 8, 9.5, 10
	…



	A5
	1, 2.5, 3, 3.5, 4.5
	2, 3.5, 4, 5, 5.5
	1, 2.5, 3, 3.5, 4.5
	2, 3.5, 4, 5, 5.5
	…



	A6
	1, 1.5, 2, 2, 2.5
	1, 2.5, 3, 3.5, 4.5
	2, 3.5, 4, 5, 5.5
	1, 1.5, 2, 2, 2.5
	…



	DM2
	C11
	C12
	C13
	C14
	…



	A1
	3, 4.5, 5, 6, 7.5
	4, 5.5, 6, 8, 9
	3, 4.5, 5, 6, 7.5
	5, 6.5, 8, 9.5, 10
	…



	A2
	1, 2.5, 3, 3.5, 4.5
	1, 2.5, 3, 3.5, 4.5
	2, 3.5, 4, 5, 5.5
	4, 5.5, 6, 8, 9
	…



	A3
	4, 5.5, 6, 8, 9
	3, 4.5, 5, 6, 7.5
	4, 5.5, 6, 8, 9
	2, 3.5, 4, 5, 5.5
	…



	A4
	6, 7.5, 9, 10, 10
	6, 7.5, 9, 10, 10
	6, 7.5, 9, 10, 10
	6, 7.5, 9, 10, 10
	…



	A5
	2, 3.5, 4, 5, 5.5
	5, 6.5, 8, 9.5, 10
	5, 6.5, 8, 9.5, 10
	1, 1.5, 2, 2, 2.5
	…



	A6
	5, 6.5, 8, 9.5, 10
	2, 3.5, 4, 5, 5.5
	1, 2.5, 3, 3.5, 4.5
	1, 2.5, 3, 3.5, 4.5
	…



	DM3
	C11
	C12
	C13
	C14
	…



	A1
	5, 6.5, 8, 9.5, 10
	4, 5.5, 6, 8, 9
	3, 4.5, 5, 6, 7.5
	4, 5.5, 6, 8, 9
	…



	A2
	4, 5.5, 6, 8, 9
	3, 4.5, 5, 6, 7.5
	2, 3.5, 4, 5, 5.5
	3, 4.5, 5, 6, 7.5
	…



	A3
	6, 7.5, 9, 10, 10
	5, 6.5, 8, 9.5, 10
	5, 6.5, 8, 9.5, 10
	6, 7.5, 9, 10, 10
	…



	A4
	3, 4.5, 5, 6, 7.5
	2, 3.5, 4, 5, 5.5
	4, 5.5, 6, 8, 9
	5, 6.5, 8, 9.5, 10
	…



	A5
	2, 3.5, 4, 5, 5.5
	1, 2.5, 3, 3.5, 4.5
	1, 1.5, 2, 2, 2.5
	2, 3.5, 4, 5,5.5
	…



	A6
	1, 2.5, 3, 3.5, 4.5
	1, 1.5, 2, 2, 2.5
	1, 2.5, 3, 3.5, 4.5
	1, 2.5, 3, 3.5, 4.5
	…



	GM
	C11
	C12
	C13
	C14
	…



	A1
	3.9, 5.4, 6.2, 7.7, 8.8
	2.5, 3.6, 4.2, 5, 5.9
	3, 4.5, 5, 6, 7.5
	2.7, 4.5, 5.2, 6.4, 7.4
	…



	A2
	2.3, 4, 4.5, 5.5, 6.7
	2.1, 3.7, 4.2, 5, 6.3
	1.6, 2.6, 3.2, 3.7, 4.2
	3.3, 4.8, 5.3, 6.6, 8
	…



	A3
	3.6, 5.2, 6, 7.4, 7.9
	4.2, 5.8, 6.8, 8.2, 9.1
	4.3, 5.8, 6.6, 8.5, 9.3
	3.6, 5.2, 6, 7.4, 7.9
	…



	A4
	4.8, 6.3, 7.4, 8.4, 9.1
	3.6, 5.2, 6, 7.4, 7.9
	4.9, 6.4, 7.6, 9.1, 9.7
	5.3, 6.8, 8.3, 9.7, 10
	…



	A5
	1.6, 3.1, 3.6, 4.4, 5.1
	2.2, 3.8, 4.6, 5.5, 6.3
	1.7, 2.9, 3.6, 4.1, 4.8
	1.6, 2.6, 3.2, 3.7, 4.2
	…



	A6
	1.7, 2.9, 3.6, 4.1, 4.8
	1.3, 2.4, 2.9, 3.3, 4
	1.3, 2.8, 3.3, 3.9, 4.8
	1, 2.1, 2.6, 2.9, 3.7
	…



	max
	4.8, 6.3, 7.4, 8.4, 9.1
	4.2, 5.8, 6.8, 8.2, 9.1
	4.9, 6.4, 7.6, 9.1, 9.7
	5.3, 6.8, 8.3, 9.7, 10
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Table 10. Steps of the IVF MABAC method.
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Normalized decision matrix




	

	
C11

	
C12

	
C13

	
C14




	
A1

	
0.43, 0.60, 0.68, 0.85, 0.97

	
0.28, 0.39, 0.46, 0.55, 0.65

	
0.31, 0.47, 0.52, 0.62, 0.78

	
0.27, 0.45, 0.52, 0.64, 0.74




	
A2

	
0.25, 0.44, 0.49, 0.61, 0.74

	
0.23, 0.41, 0.46, 0.55, 0.70

	
0.16, 0.27, 0.33, 0.38, 0.44

	
0.33, 0.48, 0.53, 0.66, 0.80




	
A3

	
0.40, 0.58, 0.66, 0.81, 0.87

	
0.46, 0.63, 0.75, 0.90, 1.00

	
0.45, 0.60, 0.68, 0.88, 0.97

	
0.36, 0.52, 0.60, 0.74, 0.79




	
A4

	
0.52, 0.70, 0.81, 0.93, 1.00

	
0.40, 0.58, 0.66, 0.81, 0.87

	
0.51, 0.67, 0.78, 0.95, 1.00

	
0.53, 0.68, 0.83, 0.97, 1.00




	
A5

	
0.17, 0.34, 0.40, 0.49, 0.57

	
0.24, 0.42, 0.50, 0.61, 0.69

	
0.18, 0.30, 0.38, 0.42, 0.50

	
0.16, 0.26, 0.32, 0.37, 0.42




	
A6

	
0.19, 0.32, 0.40, 0.45, 0.53

	
0.14, 0.26, 0.32, 0.36, 0.44

	
0.13, 0.29, 0.34, 0.41, 0.50

	
0.10, 0.21, 0.26, 0.29, 0.37




	
w

	
0.07, 0.07, 0.07, 0.07, 0.07

	
0.06, 0.06, 0.06, 0.06, 0.06

	
0.05, 0.05, 0.05, 0.05, 0.05

	
0.05, 0.05, 0.05, 0.05, 0.05




	
Weighted decision-making matrix




	

	
C11

	
C12

	
C13

	
C14




	
A1

	
0.10, 0.11, 0.12, 0.13, 0.14

	
0.07, 0.08, 0.08, 0.09, 0.09

	
0.07, 0.08, 0.08, 0.09, 0.09

	
0.06, 0.07, 0.07, 0.08, 0.08




	
A2

	
0.09, 0.10, 0.11, 0.12, 0.13

	
0.07, 0.08, 0.08, 0.09, 0.10

	
0.06, 0.07, 0.07, 0.07, 0.08

	
0.06, 0.07, 0.07, 0.08, 0.09




	
A3

	
0.10, 0.11, 0.12, 0.13, 0.13

	
0.08, 0.09, 0.10, 0.11, 0.11

	
0.08, 0.09, 0.09, 0.10, 0.11

	
0.07, 0.07, 0.08, 0.08, 0.09




	
A4

	
0.11, 0.12, 0.13, 0.14, 0.14

	
0.08, 0.09, 0.09, 0.10, 0.11

	
0.08, 0.09, 0.10, 0.10, 0.11

	
0.07, 0.08, 0.09, 0.09, 0.10




	
A5

	
0.08, 0.10, 0.10, 0.11, 0.11

	
0.07, 0.08, 0.09, 0.09, 0.10

	
0.06, 0.07, 0.07, 0.08, 0.08

	
0.06, 0.06, 0.06, 0.07, 0.07




	
A6

	
0.09, 0.09, 0.10, 0.10, 0.11

	
0.06, 0.07, 0.07, 0.08, 0.08

	
0.06, 0.07, 0.07, 0.08, 0.08

	
0.05, 0.06, 0.06, 0.06, 0.07




	
GAO

	
0.09, 0.11, 0.11, 0.12, 0.13

	
0.07, 0.08, 0.09, 0.09, 0.10

	
0.07, 0.08, 0.08, 0.09, 0.09

	
0.06, 0.07, 0.07, 0.08, 0.08




	
Elements of alternatives distance from the border approximate area




	

	
C11

	
C12

	
C13

	
C14




	
A1

	
−0.02, −0.01, 0.01, 0.04, 0.03

	
−0.02, −0.02, 0.00, 0.02, 0.01

	
−0.02, −0.01, 0.00, 0.02, 0.02

	
−0.02, −0.01, 0.00, 0.02, 0.02




	
A2

	
−0.03, −0.02, −0.01, 0.02, 0.02

	
−0.02, −0.02, 0.00, 0.02, 0.01

	
−0.02, −0.02, −0.01, 0.01, 0.00

	
−0.01, −0.01, 0.00, 0.02, 0.02




	
A3

	
−0.02, −0.01, 0.01, 0.04, 0.03

	
−0.01, 0.00, 0.01, 0.03, 0.03

	
−0.01, 0.00, 0.01, 0.03, 0.03

	
−0.01, −0.01, 0.00, 0.02, 0.02




	
A4

	
−0.01, −0.01, 0.02, 0.04, 0.04

	
−0.01, −0.01, 0.01, 0.03, 0.02

	
0.00, 0.00, 0.02, 0.04, 0.03

	
0.00, 0.00, 0.02, 0.03, 0.03




	
A5

	
−0.04, −0.03, −0.01, 0.01, 0.01

	
−0.02, −0.02, 0.00, 0.02, 0.01

	
−0.02, −0.02, −0.01, 0.01, 0.00

	
−0.02, −0.02, −0.01, 0.00, 0.00




	
A6

	
−0.04, −0.03, −0.01, 0.01, 0.00

	
−0.03, −0.03, −0.01, 0.00, 0.00

	
−0.02, −0.02, −0.01, 0.01, 0.00

	
−0.02, −0.02, −0.01, 0.00, 0.00
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Table 11. Ranking of alternatives.
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Alternative

	
      S ˜  i     

	
Qi

	
Rank






	
A1

	
−0.358

	
−0.266

	
0.007

	
0.403

	
0.350

	
−0.1087

	
3




	
A2

	
−0.353

	
−0.266

	
0.003

	
0.390

	
0.345

	
−0.1128

	
4




	
A3

	
−0.192

	
−0.105

	
0.221

	
0.629

	
0.532

	
0.1651

	
2




	
A4

	
−0.140

	
−0.053

	
0.283

	
0.676

	
0.562

	
0.2420

	
1




	
A5

	
−0.518

	
−0.460

	
−0.195

	
0.116

	
0.042

	
−0.4317

	
5




	
A6

	
−0.547

	
−0.502

	
−0.241

	
0.059

	
−0.022

	
−0.5001

	
6











[image: Table] 





Table 12. Scenarios in sensitivity analysis.






Table 12. Scenarios in sensitivity analysis.





	Scenarios
	C11
	C12
	C13
	C14
	C15
	C16
	C21
	C22
	C23
	C24
	C25
	C26
	C31
	C32
	C33
	C34
	C35
	C36





	Scenario 1
	0.32
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04



	Scenario 2
	0.04
	0.32
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04



	Scenario 3
	0.04
	0.04
	0.32
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04



	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…



	Scenario 18
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.04
	0.32



	Scenario 19
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
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