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Abstract

The development of technology has influenced agricultural production and the establish-
ment of the Agriculture 4.0 system in practice. This research is focused on the selection of
equipment and machinery suppliers for the needs of the MAMEX Company. When selecting
suppliers, an approach based on the application of an intuitionistic fuzzy set for decision-
making was used. This approach allows the uncertainty present in decision-making to
be incorporated, considered, and, hopefully, reduced in order to make a final decision on
which of the observed suppliers is the most suitable for this company. Ten criteria were
used that enable the application of sustainability in the supply chain. Eight local suppliers
of equipment and machinery were observed with these criteria. The results obtained by ap-
plying the SWARA (Step-wise Weight Assessment Ratio Analysis) method showed that the
most important criterion for selecting suppliers is the reliability and quality of equipment
and machinery, while the results of the CORASO (COmpromise Ranking from Alterna-
tive Solutions) method showed that the SUP2 supplier is the best choice for establishing
partnership relations with the MAMEX company. This supplier should help the MAMEX
company improve its business and achieve better results in the market. The contribution of
this research is to improve the application of intuitionistic fuzzy sets in decision-making,
and to emphasize the importance of equipment and machinery in agricultural production
in the Agriculture 4.0 system.

Keywords: supplier selection; intuitionistic fuzzy set; decision uncertainty; Agriculture 4.0;
Bonferroni mean operator
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1. Introduction

Agriculture is the oldest production activity and plays a key role in the global economy:.
Its task is to provide food for the human population, whose number is increasing every day.
Therefore, it is necessary to provide additional quantities of food. This can be achieved
by increasing the productivity of agricultural production. The use of modern agricultural
equipment and machinery helps to achieve this. Equipment and machinery covers a wide
range of aspects from sensors, IoT devices, drones, precision-guided machinery, the use of
smart irrigation systems and more. The use of this equipment and machinery increases
productivity in agricultural production. It is necessary to use appropriate equipment and
machinery to improve competitiveness [1], while applying the advantages offered by the
Agriculture 4.0 system.

Agriculture 4.0 is the advancement of the agricultural system by applying digital
technologies, thus solving the challenges of sustainability, climate change and the growing
demand for food. This system enables smarter and more environmentally responsible
production [2], which is performed through the optimization of agricultural decisions
by applying digital technologies [3]. The Agriculture 4.0 system is based on precision
agriculture, where resources are maximized [4], and plays a key role through the process
of automation and financial support in agriculture, especially in developing countries [5].
This system uses data obtained through IoT to implement certain measures where weather
conditions are predicted, and based on these predictions, certain activities are performed in
Agriculture 4.0 [6].

In addition, Agriculture 4.0 combines IoT, Al and robotics to improve productivity
and sustainability in agricultural production [7]. This system offers enormous advantages;
however, the application of this system is limited in developing countries that are facing a
lack of infrastructure and digital skills. The application of digital technologies, especially
IoT devices, increases the potential risk of cyber-attacks that can negatively affect the
entire system [8]. To monitor all these devices used by the Agriculture 4.0 system, it is
necessary to have efficient energy networks that allow the continuous monitoring of all
parameters [9], in addition, the application of drones helps to precisely manage resources in
this system [10]. In this way, the application of digital technologies transforms traditional
methods in agriculture, making agriculture more efficient and sustainable [11].

The Agriculture 4.0 system differs from classical agriculture because in this system,
there is a higher digitalization of agricultural production; additionally, the supplier no
longer supplies only raw materials and materials but also provides services to make
this system function better. The equipment and machinery within this system is more
sophisticated and requires greater knowledge in its use compared to classical equipment
and machinery. Therefore, the role of the supplier in this system is greater because he
no longer sells only equipment and machinery but also services in the form of training
and technical support. The farmer switches to this system in order to achieve higher
productivity and higher yields and, thus, higher income. The supplier should help him
reach these goals, thus emphasizing the importance of the supplier in this system.

In order to achieve this, it is necessary to have a reliable supplier of equipment and
machinery that will help reach the set goals [12]. The relationship between the agricultural
producer and the supplier is interdependent [13]. In order to improve its business, the
supplier must have regular customers, and the agricultural producer must have the right
equipment and machinery to improve its business [14]. Therefore, it is very important
to establish a proper business relationship between suppliers and customers in order to
improve the business of both partners to the general satisfaction of both partners [15].

Suppliers provide access to modern technology [16] that is characteristic of the Agri-
culture 4.0 system and provide service, training and advice to agricultural producers. In
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the conditions of globalization and expansion of the world economy, the range of equip-
ment and machinery appearing on the market is enormous. The supplier needs to follow
modern trends in agriculture and procure adequate equipment and machinery to help
agricultural producers improve production [17]. They consider which equipment and
machinery to purchase in order to ensure the quality and reliability of the product for
agricultural producers.

The selection of equipment and machinery primarily depends on the supplier from
which it is purchased [18]. The selection of a supplier is not a simple decision-making
process. The supplier should help in achieving goals. Based on this, it can be said that
the selection of a supplier of agricultural equipment and machinery in the Agriculture 4.0
system is complex and multiple factors should be included in order to conduct the supplier
evaluation in the right way. The selection of a supplier is a strategic decision that directly
affects the long-term efficiency of the business. The wrong choice of supplier entails losses
in the business. It is possible to experience downtime due to malfunctions and to reduce
productivity and increase the costs of maintaining equipment and machinery.

When choosing a supplier, it is necessary to take into account the volume of production,
what the primary production is and what goals are to be achieved [19]. These are just
some of the factors that decide which suppliers will be selected. Small local agricultural
households need a local supplier who will provide them with quick support and services.
On the other hand, large agricultural companies require suppliers who cooperate with
international manufacturers of equipment and machinery. Therefore, it is crucial that
agricultural producers, regardless of size, have access to quality and reliable equipment
and machinery, which implies establishing relationships with trusted suppliers.

In practice, supplier selection is considered a strategic process that requires a system-
atic approach [20]. In order to select a supplier, it is necessary to consider the characteristics
of the supplier using defined criteria [21]. Since there are a large number of criteria, this
strategic process is solved by applying multi-criteria decision-making (MCDM) [22]. Us-
ing this approach is particularly important when purchasing agricultural equipment and
machinery, because it represents an investment that is burdened with a high degree of
uncertainty and large financial expenditures. Therefore, it is necessary to create a decision-
making model, when selecting a supplier, that is based on the existence of multiple criteria
that would enable the right decision to be made.

The criteria that can be included in this decision-making model can be very diverse.
When choosing, it is necessary to include various sustainability factors in order to protect
the environment and enable future generations to use available resources for agricultural
production. Due to the diversity of criteria in this decision-making model, decision-makers
(DMs) often experience uncertainty in decision-making, because there is a possibility that
some of the suppliers are better than others and that this supplier will not be their choice.
This uncertainty is usually accompanied by a lack of all the necessary information that
DM s need to have in order to make the right decision.

1.1. Motivation of the Research

In modern market conditions, the choice of suppliers of agricultural equipment and
machinery is becoming an important strategic decision that affects the competitiveness,
long-term efficiency and productivity of agricultural producers. This is especially important
in the Agriculture 4.0 system, where the focus is on modern equipment and machinery that
should improve the business of agricultural producers. The changes that have occurred
in the market have influenced changes in the choice of suppliers. Nowadays, not only
economic aspects are taken into account, but also environmental, technological and social
aspects. Therefore, traditional decision-making models are often insufficient for evaluation
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when these various criteria exist. Additional complexity in this decision-making process is
brought about by the fact that DMs often have subjective dilemmas that cause uncertainty
and indecision when evaluating criteria and selected suppliers. The application of an
intuitionistic fuzzy set (IFS) brings a significant advantage over the classic fuzzy approach.
This approach allows the indecision of DMs to be included in the assessment, which is
reflected in the form of uncertainty in decision-making. Using this approach, it is possible
to encompass complex elements of decision-making and enable a realistic evaluation of
suppliers in the Agriculture 4.0 system. The application of IFS allows for better inclusion
of the opinions of DMs who often make decisions intuitively, and this decision cannot be
subsumed under strictly determined frameworks. Taking into account that the agricultural
sector, especially in transition economies, suffers from the lack of systematic methodologies,
this research provides an innovative, methodologically robust and practically applicable
decision-making model. Based on this, it contributes to the development of the theory
of the MCDM system and the practical improvement of the supplier selection process in
agriculture, with a focus on sustainability, rationality and reliability. The application of this
research develops the theory of decision-making in the real challenges of the agricultural
economy in the Agriculture 4.0 system, opening up space for new approaches that better
reflect the complexity and uncertainty of the business environment.

1.2. Research Objectives

In order to address the complexity of the decision-making process and the occurrence
of uncertainty and insecurity in decision-making, it is necessary to develop a methodolog-
ical framework that allows for the consideration of subjective DM assessments. Given
the need to include sustainable dimensions when selecting suppliers, this paper aims to
examine the possibilities of applying IFS in supporting decision-making when selecting
suppliers of agricultural equipment and machinery. The research objectives of this study are
focused on the development of a model that enables the transparent and flexible evaluation
of criteria and suppliers, taking into account the specificities of agricultural production in
the Agriculture 4.0 system. Based on this, the following specific objectives of this research
are set:

e Identify and evaluate criteria for selecting suppliers of agricultural equipment and
machinery, taking into account uncertainty and insecurity.

e  Develop and apply a decision-making model based on intuitionistic fuzzy logic that
integrates subjective DM assessments.

e  Evaluate the results obtained by applying the intuitionistic fuzzy model with different
MCDM methods and give recommendations for sustainable supply chains in the
Agriculture 4.0 system.

1.3. Research Contribution

The contribution of this research is reflected in the theoretical and practical sense,
where the focus is on improving the decision-making process in the selection of suppliers of
agricultural equipment and machinery. First, the research contributes to the development
of the theoretical framework of MCDM decision-making, where integration with IFS is
carried out in the context of supplier selection. In this way, modeling is performed under
conditions of uncertainty and insecurity in DM. This approach overcomes the limitations
of the classic fuzzy approach. In addition, the literature in the MCDM field in the field of
agricultural production and supply chain is enriched. In addition, this paper contributes to
the development of group decision-making, where Bonferroni mean operators are used to
align DM opinions. Unlike classical means, this operator takes into account the comparison
of ratings and their mutual interactions, and with this operator, it is possible to reduce the
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influence of extreme DM ratings. The values obtained with this operator are, thus, more
aligned compared to classical means. Second, the research has a practical contribution,
where the model used can serve as a useful DM tool in the Agriculture 4.0 system. This
model enables a systematic and sustainable approach to supplier selection. Through
defined criteria, economic, technical, environmental and social aspects are included, which
allows the decision-making model used to make a more transparent and objective selection
of suppliers. This is especially present in developing and transition countries. Third, the
research promotes the concept of sustainable supplier selection in the area of procurement
in the Agriculture 4.0 system through the inclusion of environmental and social criteria.
This contributes to the integration of sustainability among agricultural producers, thereby
strengthening awareness of the importance of socially responsible business in rural areas.
Fourth, the decision-making model can serve as a basis for future applications where, with
certain adjustments, it can be used in other areas of decision-making. This allows for the
expansion of the application of IFS wherever there is a certain degree of uncertainty and
subjectivity in decision-making.

1.4. Paper Structure

The paper is structured in a logical sequence of selections from introduction to con-
clusion. The introduction provides the research topic and motivation for the research,
as well as the objectives and contributions of this paper. The literature review allows
for an understanding of previous research focusing on the application of IFS in supplier
selection, and based on this review, the gaps that this paper addresses are defined. The
preliminaries selection provides the methodological foundations of IFS as well as the steps
of this approach through MCDM methods. This is followed by the case study selection,
where a concrete example explains how to select suppliers of equipment and agricultural
machinery. The results selection explains how the results were obtained, interprets these
results and validates them through other MCDM methods and applies sensitivity analysis.
The discussion explains in more detail why these results were obtained and what each
supplier must improve in order to improve its position in the ranking and, thus, become
more competitive. The practical and theoretical implications of this research are then
explained, and limitations and guidelines for future research are provided. Finally, the
research is systematized in the conclusion selection.

2. Literature Review

For the purpose of the literature review, a review of studies aimed at selecting suppliers
of agricultural equipment and machinery was first presented, followed by a review of
studies where IFS was used in supplier selection.

2.1. Selection of Suppliers of Agricultural Equipment and Machinery

Supplier selection is an important element of supply chain management. The com-
plexity of supplier selection is further increasing due to customer and market demands,
especially when it comes to the agricultural sector. When selecting suppliers for the pur-
pose of purchasing agricultural equipment and machinery, we find different approaches in
practice. Lu et al. [23] emphasized that when selecting agricultural machinery suppliers,
there are certain problems in the form of incomplete information for DMs, which is accom-
panied by subjectivity in decision-making, which affects the final decision. Therefore, these
authors used an improved approach to determining weights using the CRITIC (Criteria
Importance Through Inter Criteria Correlation)—Entropy method in their approach and
used the GRA-TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution)
method to determine the ranking of suppliers. This approach showed the highest degree
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of discrimination, which confirmed the results in this decision-making model. Calik [24]
emphasized that changes in the way of doing business include the application of modern
information technology, which has also affected agricultural production. Therefore, he
selected a green supplier of agricultural machinery using the Pythagorean fuzzy environ-
ment and the methods AHP (analytic hierarchy process) and TOPSIS. Ismail et al. [25]
stated that there is great competition between suppliers and those additional efforts are
made by suppliers to attract customers. In order to solve this, these authors presented a
model based on triangular neutrosophic sets with the methods MEREC (MEthod based on
the Removal Effects of Criteria) and MABAC (Multi-Attributive Border Approximation
Area Comparison). In practice, other studies on supplier selection in agriculture is also
present, but they are not strictly related to the procurement of equipment and machinery in
agriculture. Therefore, this specific area of research has not been studied much so far.

2.2. Using Intuitionistic Fuzzy Approaches in Supplier Selection and in Agriculture

The use of IFS in the selection of suppliers has been covered in many studies, so the
studies from 2021 will be presented (Table 1).

Table 1. Using IFS in supplier selection.

Autori Study Description Method Used Industry Sector
. Supplier ranking by . .
Rahimi et al. [26] weight criteria Entropy Machinery industry
Pergin [27] Circular supplier selection AHP and COPRAS Cement industry
Kahraman & Alkan [28] Supplier selection using circular TOPSIS Commodities

Salimian et al. [29]
Wang et al. [30]
Wan et al. [31]
Afzali et al. [32]
Chakraborty et al. [33]
Jiang & Wang [34]
Turk [35]

Nakiboglu & Bulgurcu [36]
Ilbas et al. [37]
Hu & Ren [38]

Lietal. [39]
Hendiani & Walther [40]

Hezam et al. [41]

intuitionistic fuzzy sets
Supplier sustainability in organ
transplantation networks
Green supplier selection using

Entropy, E-VIKOR, MARCOS Medical equipment

. . CIFWDPA operator Environmental resistance
Dombi operational laws
Selection of elect.rlc car OWA Automotive industry
battery suppliers
Supplier selection and .
order scheduling CODAS Steel industry
ApphcatlorT of two-phase supplier WASPAS, CODAS, CoCoSo Pharmaceutical industry
selection methodology
Supplier selection Entropy, BWM, WASPAS Shipbuilding

under uncertainty
A sustainable choice of plastic
packaging suppliers
Selection of suppliers of raw

Taguchi loss function Production of packaging

materials for the textile industry TOPSIS Textile industry
Procurement of vehicle suppliers SMAA-2 Military industry
Selection of supphgrs for IVIFHIOWA Construction industry
hydro construction
Choosing a drone supplier BWM, MULTIMOORA Aero industry
Sustainable choice of suppliers IVIFCLDTIS Construction industry
Choice of suppliers in India for GLDS, Entropy Tron industry

iron manufacturing needs

Source: author composition.

Based on this review and other studies not included in this review, it can be concluded
that the common application of IFS is used for supplier selection. This principle has been
used in various industries but has not been sufficiently used in supplier selection in agri-
culture. IFS approaches in agriculture have been used for various purposes. Mohanta &
Sharanappa, ref. [42] used this approach to determine the efficiency of agricultural produc-
tion in India based on the application of the intuitionistic fuzzy DEA (data envelopment
analysis) model. Kaur et al. [43] used operators to determine the membership function and
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applied it to various examples in agriculture such as product selection on the farm and
production selection on a single farm. Zhou et al. [44] studied the relationship between
water, land, energy and CO, emissions in agriculture under conditions of high uncertainty
and resource scarcity and ecological degradation.

Erdogan [45] used SWARA and MAIRCA (Multi-Attribute Ideal-Real Comparative
Analysis) methods on the example of Agriculture 4.0 to examine the perceptions of agricul-
tural producers in this regard. Sarkar et al. [46] used neural networks to predict the yield
of pulse production in India. Zhang & Wang [47] used the CRITIC method to assess the
quality of services in e-commerce of agricultural products. Zhang et al. [48] applied this
approach to agricultural land management in the conservation and sustainable develop-
ment of forest potential. Xu & Li [49] dealt with the sustainable development of ecological
agricultural areas in order to optimize resources. Gurmani et al. [50] dealt with the problem
of precision agricultural production and the use of drones in agricultural products, using
the TOPSIS method. Kousar et al. [51] worked on planning a sustainable fruit production
management system to improve this production. These and similar studies have shown
that the application of IFS is wide and that this approach can be used in various practical
examples in agriculture. Therefore, this approach can also be used in the selection of
suppliers of equipment and machinery in agricultural production.

2.3. Research Gap

During the literature review, certain gaps were identified. These gaps arise from
the specificity of this research, which has not been given much attention in practice so
far. First, there is a lack of research focusing on the selection of suppliers of agricultural
equipment and machinery in the Agriculture 4.0 system. In the seven papers mentioned
above, it could be seen that no attention was paid to suppliers within the Agriculture
4.0 system. A similar situation is found in other studies where the focus was on the
implementation of this system and not on the importance of suppliers in this system.
This research opens up the possibility of developing research directly focused on the
selection of suppliers of agricultural equipment and machinery in the Agriculture 4.0
system, which gives a strategic dimension to improving agricultural production. The
procurement of equipment and machinery is a long-term investment for agricultural
producers, so it is necessary to use a reliable supplier. Second, although the IFS approach is
widely used in the agricultural sector, especially in the agricultural supply chain, it is not
used enough in practice with a concrete example of supplier selection in this agricultural
system. Applying this approach opens up the possibility of including uncertainty and
insecurity in the selection of suppliers. Although this has been used in many previous
studies, this study will offer a simplification of this approach, which will open up the
possibility of improving this decision-making approach. In addition, Bonferroni mean
operators are used, which allow for better alignment of DM ratings in supplier selection.
Third, previous research has used the selection of sustainable suppliers in agriculture. This
research seeks to build on this approach by incorporating sustainability principles into
the selection of equipment and machinery suppliers. The specificity of this selection is
that suppliers, in addition to supplying equipment and machinery, also offer additional
services in terms of training farmers to use new technologies and providing certain support
in doing so. Nevertheless, introducing these dimensions into the research model is key to
the development of sustainable agricultural production. Sustainability must be present in
all processes in the supply chain in order to achieve sustainable agricultural production.
Fourth, it is necessary to improve the decision-making system in practice and to incorporate
the dimensions of uncertainty and insecurity into the decision-making process. In this way,
this process will be improved and contribute to making a more comprehensive decision.
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Therefore, it is necessary to develop flexible models adapted to the agricultural sector in
order to improve decision-making in agriculture. This is especially present in situations
where subjective assessments of DMs are present that are subject to influence. Therefore,
subjective opinion carries a certain amount of uncertainty, and it is necessary to develop
flexible and robust models in agriculture so that the decision is realistic and correct in order
to avoid risks in investment decision-making.

3. Preliminary

When applying the classical fuzzy approach, decision-making is based on the use
of linguistic terms. In this case, the DM must choose a certain assessment in the form
of linguistic terms, which is transformed into the corresponding fuzzy number through
the membership function. This approach allows decision-making when the DM does
not have complete information. However, this approach does not include uncertainty in
decision-making. If the DM does not have complete information, he will be uncertain in
his assessments [52]. Uncertainty in decision-making is present because the human factor
is included in decision-making, and these decisions are based on the subjectivity of the
DM. For this reason, new approaches have been developed that would include uncertainty
and insecurity. Thus, Zadeh [53] provided the basics of how to include uncertainty in
decision-making. This approach has been elaborated by others and has laid the foundations
for the use of Z-numbers in decision-making. On the other hand, to include uncertainty in
decision-making, Atanassov [54] developed the IFS. These sets represent an extension of
classical fuzzy sets with an additional element that takes into account the uncertainty in
decision-making caused by the lack of information available to the DM. In this way, the
degree of membership (1 4(x)) and degree of non-membership (v 4(x)) to the set A are
determined, and based on them, uncertainty is also determined (774 (x)). Determining the
degree of non-membership is a specific feature of this approach compared to the classic
fuzzy approach.

3.1. Basic Definitions of the Intuitionistic Fuzzy Approach

In order to define the IFS, it is first necessary to define the classical fuzzy set, since IFS
is an extension of this classical set. Let X be the basic element of the set A; then, the classical
fuzzy set can be defined as

A={(xualx))| x € X} ©)

where p4(x) — [0,1] the membership function of each element x € X determined by the
degree of membership in the set A.

By extending the classical fuzzy set and introducing the degree of non-membership,
an IFS is formed. Let X be the basic element of the set A; then, the IFS can be defined as

A= {(x,ualx), va(x))| x € X} @

where

o 1 (x) €0, 1] is the degree of membership of the element x to the set A;
o vu(x) € [0, 1] is the degree of non-membership of the element x to the set A.

When defining these degrees of membership and non-membership, it is necessary to
ensure that their sum does not exceed one (1), and, therefore, for all x € X, the following
condition holds:

0<pa(x)+ova(x) <1 3)
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Based on these relations of the degree of membership and non-membership, the
uncertainty is calculated as follows:

ma(x) =1—pa(x) —va(x). (4)

This uncertainty value indicates how uncertain it is that an element x belongs or
does not belong to the set A. Using the IFS allows expressing certainty, uncertainty and
undecidability simultaneously [55]. In order to clarify the application of the IFS, the
definitions of complement, union and intersection will be given.

The complement of the IFS in the set A is defined as

A = {(x,04(x), pa(x))| x € X} )

Atanassov, ref. [44], gave the basics of operations with two sets A and B:

AB = {x,pa(x).up(x),04(x) +vp(x)—va(x).vp(x),| x € X}, (6)
A+B={x,pa(x)+up(x)—pa(x).up(x),va(x).vp(x),|x € X}, ?)
A — B = {x,min(pa(x), pp(x)), max(pp(x),va(x),|x € X}. ®)

Alternatively, when calculating distance, you can also use the Euclidean distance,
which would be

d (A B) = %Z?:l {(FA(xi) = 5 (xi))? + (va(x;) = vp(x1)* + (A (xi) — ”B(xi))z]’ ©)

3.2. Steps of Application of the Intuitionistic Fuzzy Approach

The evaluation of criteria and selected suppliers will be carried out using the same
linguistic terms. In order to use these terms in the IFS approach, the degree of membership
is first defined (p ,(x)) followed by the degree of non-membership (v 4(x)) to the set A.
Based on these levels, the degree of uncertainty is determined 77 4 (x). This research will use
a linguistic term of nine value scales ranging from very very bad to very very good (Table 2).
The evaluation by the DM is performed by selecting the appropriate rating according to
their opinion for the criteria and then for the suppliers for all the criteria used.

Table 2. Linguistic terms and degrees of membership and non-membership.

Linguistic Terms Symbol IFNs
Very very good VVG (0.90, 0.10)
Very good VEG (0.80, 0.10)
Good GOD (0.70, 0.20)
Medium good MEG (0.60, 0.30)
Medium MED (0.50, 0.40)
Medium bad MEB (0.40, 0.50)
Bad BAD (0.25, 0.60)
Very bad VEB (0.10, 0.75)
Very very bad VVB (0.10, 0.90)

Source: Author Composition.

In order to use IFS in this research, it is first necessary to perform certain steps in order
to obtain crisp numbers that will be used to determine the importance of criteria in the form
of criterion weights and in determining supplier ratings according to the selected criteria.
The reason for performing this transformation is that it provides crisp values for both
weights and alternative evaluations, so there is no need to modify the method to use IFNs
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to obtain weights. In this way, this transformation serves as defuzzification when using
fuzzy numbers. The transformation procedure is carried out using the following steps.

Step 1. DMs’ criteria and alternatives with linguistic terms (Table 2) are evaluated
based on their opinion on how important the criteria are and how much individual suppliers
meet these criteria.

Step 2. Linguistic terms are transformed into certain degrees of membership and
non-membership, and the degree of uncertainty is calculated on these defined degrees.

Step 3. An aggregate decision matrix for IFN is formed. In this step, two decision
matrices are formed for determining the importance of criteria and for evaluating suppliers.

Step 4. The IFN positive ideal solution (1) and negative ideal solution (77) are
determined. In this step, the best (positive ideal) and worst (negative ideal) solutions are
identified based on the aggregate matrix. The ideal value is the value of one (1) for the
degree of membership (u 4(x)), while the negative ideal solution is actually a value of one
(1) for the degree of non-membership (v 4 (x)).

Step 5. The distance measure where a fuzzy normalized Euclidean equation with
three dimensions is used to determine the positive (,;) and negative distances (4;,)
is determined.

Om = \/ (Ha, — T+ (va, — T+ (4, —TH)%, (10)

b =\ (han = TV + (0py — T+ (7ay — T ) (11)

Step 6. The closeness coefficient (CC) is calculated:

Om

CCp = —m
ke,

(12)

The CC values are then used as crisp numbers and, based on them, the weight of the
criteria is determined and the supplier ranking is determined.

4. Case Study

Agricultural production is facing increasing problems in terms of productivity, sus-
tainability and competitiveness. In order to respond to these problems, it is necessary to
transform agricultural production through the application of modern technologies that
enable more efficient use of resources and better planning of agricultural production. Agri-
culture 4.0 represents progress in terms of this production through modernization with
innovative equipment and machinery that enable more productive and efficient opera-
tions where equipment and machinery such as drone sensors, smart irrigation systems
and automatic machines guided by GPS systems are used. In order to acquire and apply
this technology in practice, it is necessary to have a reliable supplier who will provide
quality equipment and machinery as well as service and other things that are needed by
agricultural producers.

The company MAMEX d.o.o0. from Bijeljina was founded in 2007 and was engaged in
the purchase of vegetables from producers in Semberija region of Bosnia and Herzegivina
and their export to other countries. In order to increase efficiency and improve competi-
tiveness, in 2010, it invested in greenhouse production, building 30 greenhouses on three
hectares of land. Nowadays, MAMEX produces 1800 tons of cucumbers, peppers, lettuce,
spinach, beets, garlic and potatoes, and purchases 2800 tons from local producers. About
20% of the products are exported, while the rest are sold through sales channels in Bosnia
and Herzegovina.
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In order to improve its production and business, the company launched a processing
business where they produced food products from vegetables. In order to further improve
its business and improve competitiveness, MAMEX decided that it needed to improve its
agricultural production by applying elements of the Agriculture 4.0 system. The constant
desire to increase efficiency, productivity and product quality has led MAMEX to acquire
and maintain modern equipment—from irrigation systems and climate control in green-
houses to packaging and processing equipment as well as the use of automated machinery.

Given the complexity of the company’s business, which is reflected in the purchase of
vegetables and the production of food products, it is necessary to have a reliable and flexible
supplier of equipment and machinery. The selection of supplier is a strategic decision for
MAMEX. Therefore, this company needs a supplier who will be a strategic partner of this
company on which it can rely. In order to select this supplier, MAMEX selected five DMs
who will evaluate the criteria and the supplier, as follows:

e  The first DM manages all strategic segments of the business and makes decisions. He
was selected because he has the broadest insight into the company’s work and has
many years of experience in cooperation with suppliers.

e  The second DM is in charge of monitoring costs. He was selected because his role is
directly related to the economic criteria of this study.

e  The third DM deals with maintenance and manages equipment and machinery. He
was selected because he has the largest number of points of contact when it comes to
the procurement of these goods.

e  The fourth DM organizes greenhouse production and supervises the equipment
used. He was selected because he has knowledge of the work processes in
agricultural production.

The fifth DM monitors productivity and trains new workers. He was selected because
he can assess how simple the equipment and machinery is and how it contributes to
agricultural production.

MAMEX, with the assistance of the selected supplier, will enable the increase in
productivity and efficiency of agricultural production and improve the competitiveness
of the company through the development of sustainable production. In order to select a
supplier, it is first necessary to determine the criteria with which suppliers will be evaluated.
In this study, it was decided to use extended criteria for sustainable supplier selection with
technical criteria since equipment and machinery are purchased (Table 3). Only on the
basis of a detailed analysis of potential suppliers is it possible to make a decision on which
supplier will have a long-term impact on the efficiency of this company’s business. These
criteria were set up at by considering what MAMEX needed to implement the Agriculture
4.0 system and how to select a supplier for the needs of this system. First, we investigated
what each supplier should have, in order to select the best one. However, due to the
specificity of this research, it was decided not to go into too much detail, and 10 criteria
were selected to evaluate the supplier. Some of these criteria are classic criteria by which
suppliers have been evaluated in previous research and some are specific to the Agriculture
4.0 system. After the criteria were selected, an attempt was made to find some of the studies
in which they were mentioned and used.

With the criteria of innovation, reliability and quality and guarantees, we evaluated
whether the selected suppliers have innovative and high-quality equipment that will not
break down often and that will meet the set standards of this system. Service support and
education and training are focused on the service level that suppliers must provide when
selling equipment and machinery for the Agriculture 4.0 system. Suppliers must train
company employees so that they can use this equipment and machinery effectively and
efficiently. Price and flexibility in payment are related to the financial aspect. Each piece of
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equipment and machinery must be paid for, so it is very important that the supplier has
favorable prices and that it allows payment to be made, for example, in installments or to
have agreed credit arrangements as the purchase of this equipment and machinery entails
higher financial expenses because it represents an investment. The impact on employment
considers the social aspect when selecting suppliers; it is necessary that the implementation
of this system contributes to increasing productivity in production, and since MAMAX
is partly a processing company, this would further affect the increase in the number of
workers and lead to employment. Energy efficiency and sustainability are environmental
aspects when selecting suppliers. It is necessary that this equipment and machinery be
energy efficient so that there is no increase in costs when using them in practice. In addition,
it is necessary to take care of environmental preservation so that future generations can use
available resources.

Table 3. Criteria for selecting suppliers of agricultural equipment and machinery.

Id Criteria Description References
. Equipment and machinery must innovatively comply
cl Innovation with the requirements of Agriculture 4.0 [25,28,33]
s . Equipment and machinery need high performance, with
<2 Reliability and quality a low failure rate and with quality certificates [23,3040]
3 Service support The supplier should ensure fast and professional [27,40,44]
support and spare parts
c4 Product price The monetary amount of all costs of purchasing [23,30,46]
equipment and machinery
cs5 Payment fleibility The use of certain incentives in paying for equipment [23,28,49]
and machinery
Co Warranties and complaints The equipment and m:flc.h ey mus.t have a quality [25,35,40]
guarantee and an efficient complaint procedure
The purchase of equipment and machinery must
<7 Impact on employment contribute to the creation of new jobs [28,3544]
cs Education and training The supplier should .be a.dequa'tely trained on hqw to [23,40,46]
properly use and maintain equipment and machinery
C9 Energy efficiency The equipment and r.nachmery must have low energy [27,30,40]
consumption and save resources
C10 Sustainability The equipment and machinery must support [25,30,49]

environmental, economic and social goals

Source: author composition.

When conducting the research, the specific characteristics the supplier should have
were determined. First, it was decided that it would be a local supplier that specializes in
new approaches in agriculture and that has many years of experience in the procurement
and delivery of equipment and machinery. Then, this supplier must also provide service
for this equipment and machinery so that certain malfunctions or regular services can
be repaired in a timely manner so that time is not wasted. Finally, this supplier must
also provide advisory assistance so that MAMEX can use the purchased equipment and
machinery efficiently. Based on these criteria, eight suppliers were selected to be considered.
These suppliers are marked with the labels SUP1 to SUPS in order to protect the identity of
these suppliers. This is because if a supplier is not selected for MAMEX, it does not mean
that another company will not choose that same supplier as its partner. Each company
is specific and has its own needs that a certain supplier can meet. The selected potential
suppliers are as follows:

e  Supplier 1 (SUP1) sells and services tractors, and offers a wide range of spare parts
and attachments

e  Supplier 2 (SUP2) specializes in the sale of agricultural machinery, attachments and
spare parts, with technical support and consulting to users.



Mathematics 2025, 13, 2268

13 of 31

e  Supplier 3 (SUP3) offers solutions for soil cultivation, planting, protection and harvest-
ing, including equipment and machinery from renowned manufacturers.

e  Supplier 4 (SUP4) sells tractors, attachments, spare parts and lubricants, and provides
service and support to farmers.

e  Supplier 5 (SUP5) offers professional machinery such as combines tractors and balers,
with technical support and user training.

e  Supplier 6 (SUP6) offers a wide range of agricultural tools, spare parts and machines,
with an emphasis on availability and fast delivery.

e  Supplier 7 (SUP7) is focused on the sale of agricultural machinery and spare parts, as
well as irrigation and crop protection equipment.

e  Supplier 8 (SUPS) offers tractors, implements and other types of agricultural equip-
ment, with additional service and maintenance services.

4.1. Conducting Research

The research was conducted through five mutually complementary phases (Figure 1).
This research begins by first defining the problem and research objectives. The problem
itself arises from the set research objectives, which is that from all possible suppliers, it is
necessary to choose the one that will contribute to the improvement of MAMEX's business
and who will become a business partner that the company can rely on. Choosing the
wrong supplier can lead to weaker business results because they cannot contribute to
the same extent as another supplier could. Therefore, the next phase of this research is
the identification and systematization of criteria. The DM was used in this phase. First,
potential criteria that could be used were identified, and from that number of criteria,
15 were selected by elimination, systematization and further analysis and were reduced
to 10 criteria that, in the opinion of the DM, were the most important for this selection.
Next, the identification of suppliers was carried out with the DM and eight suppliers were
selected who met the set conditions. The next phase follows the selection of criteria and
potential suppliers, which is the creation of a questionnaire. This questionnaire was then
forwarded to the DMs who filled it out and returned it. The data were then collected
and prepared for analysis. During phase 5, intuitionistic fuzzy models were formed and
prepared for determining the importance of the criteria and for evaluating and ranking
suppliers. In this case, the SWARA and CORASO methods will be used.

Phase1l [(wmp|  Problem definition Settmg re.search
objectives

Phase 2 mmp| Criteria identification

!

Suppliers’ identifica-
Phase 3 \‘ tion

Questionnaire prepara-

Selection of criteria

Selection of potential
suppliers

r 1 1 1

Phase 4 . Data collection
tion
Phase5  |mmb Pew.el.opr'ne.nt of an (.Zalculation of criteria
intuitionistic fuzzy importance and sup-

model plier ranking

Figure 1. Research phases. Source: author composition.
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4.2. MCDM Method Steps

The application of MCDM methods was carried out by using the SWARA method to
determine the weights of the criteria, while the CORASO method was used to determine
the ranking of suppliers. To implement this, DMs must first assess the importance of the
criteria and evaluate the alternatives with the selected criteria. The process of applying this
research with the selected methods is presented in Figure 2.

Steps for applying MCDM methods

Determining the weight of criteria using
the SWARA method

v

Supplier ranking using the CORASO
method

2

Evaluation criteria

Evaluation alternative

2

2

Transformation of linguistic terms into
IFNs values

|

Transformation of IFN into crisp values

!

Transformation of linguistic terms into
IFNs values

\

Matching crisp values for DMs using the
Bonferroni mean operator

v

Matching crisp values for DMs using
the Bonferroni mean operator

!

Ranking of criteria score values

v

Determining the relative importance of
the criteria

!

Determination of relative q; value

!

Calculation of criteria weights

Figure 2. MCDM method steps.

Transformation of IFN into crisp values

2

Normalizing the decision matrix

v

Determining alternative solutions

v

Calculation of aggregate values

v

Calculation of deviations from alterna-
tive solutions

J

Determining the value of the CORASO
method

The importance of the criteria was determined using the SWARA method. This method
is one of the subjective methods that are subject to subjective assessment by the DM. In
addition to these methods, objective methods are also used in practice to determine the
importance of criteria. The specificity of these objective methods is that the weight of the
criteria is determined in the same way as the alternative ratings. If the ratings of alternatives
to a certain criterion vary more in relation to other criteria, its importance will be greater. In
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objective methods, the weight of the criteria is affected by the rating of the alternative and
not the importance of that criterion to the DM. This makes it possible for a criterion that is
not important for the decision, according to the DM, to receive the highest importance and
one that is significant to have the lowest importance. For this reason, objective methods
were not used in this research to determine the importance of criteria, and a subjective
method was used instead, namely, the SWARA method. However, it was possible to use a
combination of objective and subjective methods to determine the weights, but even then,
the objective methods would have a significant influence on the final ranking, so this idea
was rejected. This method has been used in practice since 2010 [56], so it has been used in
many papers and its validity has been proven in practice.

In order to determine how important individual criteria are for supplier selection, an
adapted SWARA method was used. The SWARA method was first used by Kersuliene
et al. [56]. This is one of the methods for subjectively determining the weight of criteria [57].
The importance of weights is determined based on DM ratings. The application of this
method in this research is performed as follows:

Step 1. Assessment of the importance of criteria by the DM. In this step, DMs provide
ratings in the form of linguistic terms (Table 2).

Step 2. Transformation of linguistic terms and application of intuitionistic fuzzy
approach definitions to form crisp values.

Step 3. Harmonization of criterion ratings using the Bonferroni mean operator.

1
p+a

1 k
k(k — 1)21'.]' =1
i#j

Step 4. Ranking the average scores of the criteria.

el I (13)

Nl

ri=

Step 5. Determining the relative importance of the criteria. The criterion with the
highest average score is given a value of one (1). The other criterion values are obtained
by subtracting the value of the criterion for which the relative importance of the criterion
is calculated from the average value of the better ranked criterion and adding a value of

lifj=1
k: = 14
/ {q+1ﬁj>1 (14)

one (1).

Step 6. Determination of relative q; value. This is performed in such a way that the
value one (1) is rewritten for the first ranked criterion, while g;, the value of the other
criteria, is calculated in such a way that, from the qj value, we can determine the relative
importance of that criterion that counts.

lifj=1
qf‘{@fﬁj>1 (15)

Step 7. Calculation of criteria weights. In this step, the individual value g; is divided
by the cumulative g; value.
aj
Y14k

wj = (16)

After the weights of the criteria were determined, the suppliers were ranked. In
this study, the CORASO method was applied. The CORASO method is a new MCDM
method that has not been widely used in practice. However, in a study conducted by
Puska et al. [58], they showed that this method gives consistent results in contrast to some
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other much better-known methods. Stevi¢ et al. [59] showed that the TOPSIS method does
not show consistent ranking when the effects of dynamic decision matrices are calculated.
Due to this characteristic and the simplicity of operation, this method was chosen for
this study in comparison to some other methods such as VIKOR (Multicriteria Competi-
tive Ranking), MABAC or PROMETHEE (Preference Ranking Organization Method for
Enrichment Evaluation).

This method ranks alternatives based on deviations from alternative solutions [58].
Alternative solutions are the highest-value alternatives for individual criteria and the
lowest-value alternatives. This method was adapted to this study with the following steps:

Step 1. Supplier evaluation with linguistic terms.

Step 2. Transformation of linguistic terms and application of the definitions of the
intuitionistic fuzzy approach. In this step, the formation of the aggregate intuitionistic
fuzzy decision matrix is further performed using the Bonferroni mean operator.

=
1 k =(UL)p=(UL)q
R lij=1" " (17)
i #]

Step 3. Establishing the decision matrix. In this step, the sum of intuitionistic fuzzy

xl-]- =

numbers is transformed into crisp numbers.
Step 4. Normalizing the decision matrix.

Xl‘]‘

njj = for benefit criteria (18)
Xj max
Xj min S
njj = . for cost criteria (19)
ij

where Xj min and x 7 max are, respectively, the minimum and maximum values for criterion j.
Step 5. Determining alternative solutions.
Step 6. Aggregating normalized alternatives.

Z)]' = ZUj‘Tlij (20)
Step 7. Calculation of aggregate values.
i =Y 0 (21)

Step 8. Calculation of deviations from alternative solutions.

S

R o= 22)
! Sj max AS
S .
R,j _ mzsn AS (23)

Step 9. Determining the value of the CORASO method.

_ Ri—R}

R]‘-l—R/]'

Qi (24)

The improvement of these methods by applying the Bonferroni mean operator is
reflected in the fact that the use of classical analyses for the environments is based on the
assumption that all elements are independent. However, decision-making in a company is
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not a completely independent process because DMs still work together and there is a certain
mutual influence. Therefore, it is necessary to include their ratings through interactions
when calculating the average rating using the Bonferroni mean operator. In addition, the
Bonferroni mean operator is a much more flexible tool for determining the mean value
because it supports different forms of aggregating ratings in relation to DM preferences.
In addition, it allows for the provision of a balanced aggregation of DM ratings. In this
way, the steps of these methods are improved and their use in group decision-making is
enabled, taking into account and harmonizing DM ratings.

5. Results

When examining which of the selected suppliers shows the best results, it is first
necessary to examine the importance of the selected criteria. The first step of this analysis
is the DM’s assessment of the importance of the criteria using linguistic terms (Table 4).

Table 4. Assessment of the importance of criteria by DMs.

DMs C1 C2 C3 C4 C5 Ce c7 C8 C9 C10

DM1 VVG VVG VEG MEG MEG GOD MED MED MEG VVG

DM2 VVG VVG VEG GOD GOD VEG MED MED MEG VEG

DM3 VEG VVG VVG GOD MEG GOD MED MED MEG VVG

DM4 VEG VEG GOD MEG MEG GOD MED MED MEG VVG

DM5 VVG VVG VEG GOD GOD GOD MEG MEG MEG VEG
Source: author composition.

After that, these linguistic terms are transformed into the corresponding intuitionistic
numbers according to the defined membership function (Table 2). For example, the value
very very good is transformed into an intuitionistic number [0.90, 0.10], the term very good
into an intuitionistic number [0.80, 0.10] and the value good into [0.70, 0.20]. Then, the
uncertainty value is calculated, which is calculated using Equation (4). For example, for the
value very good, the uncertainty value is calculated as follows:

1-0.80—0.10 = 0.10
This is calculated for all values and an intuitive decision matrix is formed (Table 5).
Table 5. Intuitionistic decision matrix.
C1 Cc2 C3 C4 C10
DM1 (0.90,0.10,0.00)  (0.90, 0.10,0.00)  (0.80, 0.10,0.10)  (0.60, 0.30, 0.10) (0.90, 0.10, 0.00)
DM2 (0.90,0.10,0.00)  (0.90, 0.10,0.00)  (0.80, 0.10,0.10)  (0.70, 0.20, 0.10) (0.80, 0.10, 0.10)
DM3 (0.80,0.10,0.10)  (0.90, 0.10,0.00)  (0.90, 0.10,0.00)  (0.70, 0.20, 0.10) (0.90, 0.10, 0.00)
DM4 (0.80,0.10,0.10)  (0.80,0.10,0.10)  (0.70,0.20,0.10)  (0.60, 0.30, 0.10) (0.90, 0.10, 0.00)
DM5 (0.90,0.10,0.00)  (0.90, 0.10,0.00)  (0.80, 0.10,0.10)  (0.70, 0.20, 0.10) (0.80, 0.10, 0.10)

Source: author composition.

The next step in calculating the weights using the SWARA method is to transform
the intuitive decision matrix into a crisp decision matrix. This is performed by calculating
distance measures. In order to calculate these distance measures, positive and negative
ideal solutions must be determined. These solutions are determined so that all elements
belong to the set and do not belong to the set. In this way, the positive ideal solution is [1, 0],
and the negative ideal solution is [0, 1]. Once this is determined, the distance measures
are calculated. In the example of criteria C1 and DM1 (E1), this is calculated as follows:
(Equations (10)-(12))
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5 = (09— 1) + (01— 0 + (0— 0) = 0.14, 5, = /(09— 0>+ (0.1 — 12 + (0— 0)> = 1.27,

_ 127 _
CCn = 0.14+127 — 0.90

Using the same procedure, a crisp decision matrix is formed (Table 6). After that, the
average score is calculated using the Bonferroni mean operator. These scores then form the
basis for calculating weights using the SWARA method. Using the example of criterion C1,
the Bonferroni mean operator is calculated as follows (izraz 13):

1
r = \/(5(5_1) x (0.9 x0.9+40.9 x 0.8314+0.9 x 0.831+0.9 x 0.9+ --- + 0.9 x 0.831)) = 0.872

Table 6. Crisp decision matrix and Bonferroni mean operator values.

c1 C2 C3 C4 C5 Cé6 Cc7 C8 9 C10

DM1 0.900 0.900 0.831 0.645 0.645 0.741 0.549 0.549 0.645 0.900
DM2 0.900 0.900 0.831 0.741 0.741 0.831 0.549 0.549 0.645 0.831
DM3 0.831 0.900 0.900 0.741 0.645 0.741 0.549 0.549 0.645 0.900
DM4 0.831 0.831 0.741 0.645 0.645 0.741 0.549 0.549 0.645 0.900
DM5 0.900 0.900 0.831 0.741 0.741 0.741 0.645 0.645 0.645 0.831
BMO 0.872 0.886 0.827 0.702 0.683 0.758 0.568 0.568 0.645 0.872
Rank 2 1 4 6 7 5 9 9 8 2

Source: author composition.

When calculating the Bonferroni mean operator, first, determine how many DMs there
were; in this case, there were five DMs. Then, each DM value is multiplied by the other
DM. This is performed in pairs and these values are added. For example, the values of
the first DM are multiplied by the values of the other DMs. The value of the first DM is
multiplied by the value of the second DM, then, the value of the first DM is multiplied by
the value of the third DM, and so on, until the value of the first DM is multiplied by all DM
values. This is performed for each DM and the values are added. Then, this is multiplied
by the value k(k—1), which is the value 0.05 (1/20). Finally, the root value is calculated and
the Bonferroni mean operator values are formed. After that, the Bonferroni mean operator
(BMO) values are ranked and the steps of the SWARA method are calculated.

In order to apply the SWARA method, it is necessary to rank the criteria. Thus, the
first criterion is ranked C2, followed by criteria C1 and C10 up to criterion C8, which is the
lowest ranked criterion. Then, the relative importance values of the criteria are calculated.
The value of one (1) is given for the best-ranked criterion, which is criterion C2. Then, this
value is calculated for the next criterion, namely, C1, in such a way that the value of the
criterion for which the relative importance is calculated is subtracted from the BMO value
of the better-ranked criterion, and the value of one (1) is added. In the example of this
criterion, the calculation procedure is as follows (Equation (14)):

kcp =0.886 —0.872 +1 = 1.014

Respecting this principle, the relative importance of all criteria is calculated. Then, the
relative g; value is calculated. The highest ranked criterion (C2) is overwritten by the k;
value and then, the relative g; value is calculated, by taking the g; value of the better-ranked
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criterion and dividing it by its k; value. In the example of criterion C1, this calculation is
performed as follows (Equation (15)):

~1.000

q; = To1a — 0.986

In the next step, the values g; are added for all criteria and the weight of the criteria is
calculated. This procedure is performed in such a way that the individual g; values of the
criterion are divided by the total value g; criterion. The weight calculation procedure for
the example of criterion C1 is as follows (Equation (16)):

0.986

Determining the weights in this way and using the steps of the SWARA method
showed that based on the DM, the most important criterion is C2—Reliability and Quality,
followed by Cl1—Innovation and C10—Sustainability (Table 7). The least important crite-
rion based on these DM ratings is C8—Education and Training. When all the weighted
criteria are considered, it can be concluded that there is no significant deviation, so all
criteria have significant importance in selecting a supplier.

Table 7. Calculation of criterion weights using the SWARA method.

Criteria k; q; wj
C2 1.000 1.000 0.115
C1 1.014 0.986 0.113
C10 1.000 0.986 0.113
C3 1.046 0.943 0.108
Ceé 1.068 0.883 0.101
C4 1.056 0.836 0.096
C5 1.019 0.820 0.094
C9 1.038 0.790 0.091
Cc7 1.078 0.733 0.084
C8 1.000 0.733 0.084
8.712

Source: author composition.

After the weights of the criteria have been calculated, the suppliers are ranked. The
first step in this process is to evaluate the selected suppliers using the criteria. Each DM
provides a score in the form of linguistic terms (Table 8).

Then, the linguistic terms are converted into intuitionistic values in the same way as
for the criteria. Then, a summary intuitionistic decision matrix is formed using BMO. Using
this operator, the average intuitionistic value is calculated. Then, the distances from the
positive and negative ideal solutions are calculated and the CC value is calculated, which
is used as the crisp value for calculating the rank order of the CORASO method (Table 9).

Due to the specificity of the criteria, and the ratings themselves in the form of linguistic
terms, all criteria are in the form of benefit criteria, so normalization is applied for this type
of criteria. In this normalization, the values of alternatives to individual criteria are divided
by the highest value of the alternative in that criterion (Table 10). In the example of supplier
SUP1 and criterion C1, the normalization calculation procedure is performed as follows

(Equation (18)):
0.722
ny = OST =0.891
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Table 8. Evaluation of suppliers in linguistic terms.

El C1 Cc2 C3 C4 C5 Coé Cc7 C8 C9 C10
SUP1 GOD VEG GOD GOD GOD GOD VEG GOD MEG GOD
SUP2 VEG VEG GOD VEG VEG GOD VEG GOD GOD MEG
SUP3 MEG MEG MED GOD GOD MEG MEG MED MED MEG
SUP4 MED MEB MEB MEB MED MED MEB MEG BAD MED
SUP5 GOD GOD VEG MEG MEG GOD MEG GOD MED GOD
SUP6 MED MED GOD MED MEG MEG MEG MED MEB MED
SUP7 GOD VEG GOD GOD MEG GOD GOD VEG GOD MED
SUP8 MED MEG MEG MEG MEG MEG MEG MEB MEB MEG

E2 C1 Cc2 C3 C4 C5 (@3 c7 C8 C9 C10
SUP1 MEG GOD GOD MEG GOD MEG GOD MEG MEG GOD
SUP2 GOD GOD VEG GOD GOD MEG GOD GOD MEG GOD
SUP3 MEG MED MEG MEG MED MEB MED MEB MED MEG
SUP4 MEB MEB MEB MEB MED MED MEB MEB BAD MEB
SUP5 MEG MED MEG MED MED MEG MED GOD MED MEG
SUP6 MED MEB MEB MED MED MEG MED MEB MED MEB
SUP7 MEG MEG MED MEG MEG GOD MED MEG GOD MEG
SUP8 MED MEB MED MED MED MEB MED MEB MED MEG

E5 C1 Cc2 C3 C4 C5 Cé c7 C8 9 C10
SUP1 MEG GOD MEG MEG MED MEG MED MEG MED MEG
SUP2 GOD GOD GOD GOD GOD MEG GOD MEG GOD MEG
SUP3 MED MEG MEB MEG MEG MED MEG MEB MED MED
SUP4 MEB BAD BAD MEB MEB MEB MEB MED MEB MEB
SUP5 MEG MEG GOD MED MEG MEG MED MEG MED MEG
SUP6 MEB MEB MEG MEG MED MED MED MEB BAD MEB
SUP7 MEG GOD MEG GOD MED MEG MEG GOD MEG MED
SUP8 MEB MED MEB MED MEB MED MED MEG BAD MEB

Source: author composition.

Table 9. Initial crisp decision matrix.

El C1 Cc2 C3 C4 C5 Ceé Cc7 C8 C9 C10
SUP1 0.722 0.811 0.760 0.722 0.755 0.722 0.775 0.722 0.646 0.741
SUP2 0.811 0.811 0.778 0.797 0.811 0.722 0.797 0.741 0.760 0.703
SUP3 0.646 0.646 0.627 0.722 0.685 0.607 0.646 0.529 0.607 0.646
SUP4 0.529 0.466 0.446 0.490 0.549 0.568 0.490 0.607 0.442 0.529
SUP5 0.722 0.704 0.779 0.646 0.685 0.722 0.646 0.741 0.627 0.722
SUP6 0.549 0.549 0.686 0.626 0.626 0.665 0.646 0.529 0.524 0.549
SUP7 0.722 0.793 0.704 0.760 0.676 0.741 0.704 0.793 0.741 0.607
SUP8 0.549 0.607 0.607 0.607 0.607 0.607 0.607 0.549 0.543 0.627

Source: author composition.

Then, alternative solutions are determined that represent the highest values of alter-
natives for individual criteria or the lowest values of alternatives for individual criteria
(Table 10).

The next step is to aggregate these normalized values including alternative solutions
where individual values are multiplied by the appropriate weights. For example, for
supplier SUP1 and criterion C1, this is calculated as follows (Equation (20)):

011 = 0.113 x 0.891 = 0.101
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Table 10. Normalized decision matrix and alternative solutions.

C1 C2 C3 C4 C5 Ce6 C7 C8 9 C10
ASmax 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
SUP1 0.891 1.000 0.976 0.907 0.931 0.975 0.973 0911 0.849 1.000
SUP2 1.000 1.000 0.999 1.000 1.000 0.975 1.000 0.935 1.000 0.948
SUP3 0.796 0.796 0.805 0.907 0.844 0.819 0.810 0.667 0.798 0.871
SUP4 0.653 0.574 0.573 0.615 0.677 0.767 0.615 0.766 0.581 0.714
SUP5 0.891 0.868 1.000 0.811 0.844 0.975 0.811 0.935 0.824 0.975
SUP6 0.677 0.677 0.880 0.786 0.772 0.897 0.811 0.667 0.689 0.740
SUP7 0.891 0.978 0.904 0.954 0.834 1.000 0.884 1.000 0.975 0.819
SUP8 0.677 0.749 0.779 0.762 0.749 0.819 0.762 0.692 0.715 0.845
ASpin 0.653 0.574 0.573 0.615 0.677 0.767 0.615 0.667 0.581 0.714

Source: author Composition.

Then, the values for all suppliers are added up and the deviation from the alternative
solutions is calculated (Table 11) and the value of the CORASO method is calculated. In the
example of supplier SUP1, this is performed as follows (Equations (22)—(24)):

0944 0.644 0.944 — 0.682

Ry = = —0944, R'] = = — 0682, Q1 = —— =222 _ 0161
1= 1.000 1= 0944 Q1= G0 +0.682

Table 11. Calculation of the CORASO method.

S] R]‘ R Ji Qi Rank

ASmax 1.000

SUP1 0.944 0.944 0.682 0.161 2
sup2 0.986 0.986 0.653 0.203 1
suP3 0.814 0.814 0.791 0.014 5
sur4 0.652 0.652 0.987 —0.204 8
SuP5 0.897 0.897 0.718 0.111 4
SUP6 0.759 0.759 0.848 —0.055 6
sur7 0.922 0.922 0.698 0.138 3
surs 0.757 0.757 0.851 —0.059 7
ASin 0.644

Source: author composition.

The results of the CORASO method (Table 11) showed that the best-rated supplier
was SUP2, followed by SUP1, while the worst-rated supplier was SUP4. Thus, supplier
SUP2 represents the best choice for MAMEX according to DM ratings.

5.1. Results Validation

In order to examine the results obtained by the CORASO method, validation of the
results using comparative analysis was applied [60,61]. This analysis was performed by
using the same initial crisp decision matrix and weights obtained by the SWARA method,
but the supplier rankings were performed using the steps of the other methods used. In this
study, six MCDM methods were used to determine the ranking. The SAW (simple additive
weighting) method is the simplest MCDM method that performs ranking on weighted
normalized data. As such, this method is very easy to use and, therefore, it was adopted
in this analysis. The MABAC method ranks alternatives based on deviations from the
geometric mean [62]. In addition, this method uses more complex normalization, and when
weighting normalized data, in addition to multiplication with the weights of the criteria
of the normalized data, addition with the weights of the criteria was also performed. The
ARAS (additive ratio assessment) method is a simple method that uses a utility function
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to determine its value. In addition, it uses a percentage normalization where individual
alternatives are divided by the sum of all alternative values. Using the MABAC and ARAS
methods, the impact of normalization on the ranking of suppliers was examined.

The MARCOS (Measurement of Alternatives and Ranking according to the Compro-
mise Solution) method determines the ranking in relation to ideal and anti-ideal solutions
and in relation to the membership function [63]. This method is one of the most widely used
newer MCDM methods and is, therefore, included in this analysis. The WASPAS (Weighted
Aggregated Sum Product Assessment) method ranks alternatives as a compromise between
the two methods WSM (weighted sum model) and WPM (weighted product model). The
WAS method is actually a SAW method. The WPM method uses scaling of normalized
values with weights. Based on the compromise of these two methods, the ranking was
performed. The CRADIS (Compromise Ranking of Alternatives from Distance to Ideal
Solution) method uses adapted steps of the TOPSIS, MARCOS and ARAS methods in its
steps, but also has steps that are specific only to this method. The SAW, MARCOS, WASPAS
and CRADIS methods use the same normalization as the CORASO method, so whether the
specific steps of these methods affect the final ranking was examined.

Some of the more well-known methods such as TOPSIS and VIKOR were not used in
this analysis because the results of these methods significantly deviate from other methods.
Puska et al. [64] showed that using the VIKOR method, obtained rank orders are not related
to other methods, and that they deviate greatly from the results of other methods, and
11 different methods were used in the validation assessment. Other studies, such as the
study by Stevic et al. [59], have shown that the results of the TOPSIS method are unstable
and lack consistency. For these reasons, these methods were not used, but rather, the
selected methods were used instead.

However, in addition to all this, the results of all these methods show the same ranking
as the CORASO method (Figure 3), so the results obtained by applying this method are
confirmed, namely, that supplier SUP2 is the best choice for the company MAMEX for
purchasing equipment and machinery and establishing partnership relations with this
supplier. These relations will assist the company MAMEX in improving its business.

o = N w R (2} (o)} ~N 0o
]

SUP1 SUP2 SUP3 SUP4 SUP5 SUP6 SUP7 SUP8

B CORASO mSAW mMABAC mARAS m MARCOS mWASPAS mCRADIS

Figure 3. Results of comparative analysis. Source: author composition.
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5.2. Sensitivity Analysis

Sensitivity analysis was used to determine the impact of criterion weights on the final
ranking of alternatives [65]. These analyses can be performed in different ways [66—69].
In the performed sensitivity analysis, the weights obtained by the SWARA method were
applied. When performing this sensitivity analysis, each individual criterion is reduced by
90%, while the other criteria increase in proportion to that reduction. At the initial weight,
the sum of the weight values was equal to one. As the value of one criterion decreases, that
sum decreases. For this reason, it is necessary to proportionally increase the weights of the
other criteria so that the sum of the weights is equal to one. First, the value of one of the
criteria is reduced and then, the values of the other criteria are gradually increased until
their sum is approximately equal to one. In the example of scenario S1, the weight value of
criterion C1 is reduced from 0.113 to 0.011, while the values of other criteria are increased by
11% in order to compensate for the decrease in the weight value of one criterion. In this way,
the sum of the weights is approximately equal to 1, that is, in this way, it is 0.9956, which
is almost 1. In other scenarios, the values of other individual criteria decrease, while the
values of other criteria that do not decrease increase by 11%. In this way, the impact of that
criterion on the ranking of the alternatives was examined, which means that the alternative
had better indicators compared to the alternative that is ranked better. The results of this
sensitivity analysis show that there is a change in the ranking of suppliers SUP6 and SUP8
(Figure 4). According to three criteria, SUP 6 was ranked worse. In order for the SUP8
supplier to be better than the SUP6 supplier, they need to meet these three criteria.

3 -
a A A
6 - .—.—./ \.—./ \.—.—.
5
4 - X £ 3 3 3 3 3 '3 '3 '3 X
3 .
5
1 [ L i i i i i i i i i
0
S0 s1 52 $3 s4 S5 s6 57 s8 9 s10
—e—SUP1 —®—SUP2 —4—SUP3 SUP4 —x%—SUP5 —e—SUP6 SUP7 SUP8

Figure 4. Results of sensitivity analysis when reducing the importance of criteria. Source: author
composition.

Sensitivity analyses showed that regardless of increasing or decreasing the importance
of the criteria, supplier SUP2 is the best in all scenarios and, thus, it is the best choice
for MAMEX.

6. Discussion

With changing market conditions, the use of modern equipment and machinery
has become necessary in agricultural production. However, with the development of
technology, this equipment and machinery has become more sophisticated, and on this
basis, the Agriculture 4.0 system has developed. Due to the specificity of this production



Mathematics 2025, 13, 2268

24 of 31

system, the importance of suppliers is increasing [70]. The supplier is no longer just a
supplier of equipment and machinery, but also a partner on whom the company should
rely [71], because he needs to provide training on how to use this new equipment and
machinery, as well as provide support in the form of repairs and upgrades of this equipment
and machinery. As stated in the paper by Erdogan [45], in order to implement this system,
the farmer needs to be trained in the use of digital technologies. In addition to supplying
equipment and machinery, the supplier should also organize training for farmers and
provide them with support in using these technologies. It is important to choose a supplier
who will be a partner to the company and help it achieve its set goals. Modern equipment
and machinery used in the Agriculture 4.0 system must enable the agricultural producer
to improve their production. It is necessary to procure reliable and efficient equipment
and machinery in order to respond to climate change, which negatively affects agricultural
production [72]. In addition, it is necessary to choose a supplier that will assist in applying
this technology in general due to its specificity. Therefore, as stated in the research by
Gurmani et al. [50], it is necessary to obtain this equipment from a reliable supplier. In
this research, the selection of equipment and machinery suppliers for the needs of the
Agriculture 4.0 system was carried out using the example of the company MAMEX.

Due to the specificity of this procurement, the objectives that the supplier had to meet
are specific. These objectives are presented in the criteria with which the suppliers were
evaluated. These criteria had to be formed in accordance with the specifics of this system,
as shown in the paper by Ilbas et al. [37], who adapted the criteria used to the military
industry. Thus, in this study, the criteria were adapted to the selection of suppliers in the
Agriculture 4.0 system. The research applied extended sustainable criteria, where the focus
was on technical criteria. Equipment and machinery should be reliable, and the supplier
should provide all necessary support. These criteria were systematized, and a total of
10 criteria were selected, according to which suppliers were evaluated. The selection of
potential suppliers was also specific to this research. The focus of the selection of this
supplier was on the possible speed of support and procurement; therefore, local suppliers
were used. The point of this is that not only does MAMEX develop, but so does the supplier
itself. They would be a partner to this company and meet specific requirements in terms of
implementing modern agricultural production. Therefore, the potential supplier had to be
ready to improve its business and help MAMEX.

However, the selection of suppliers entails the problem of knowing all suppliers
and their business, which requires specific information that is difficult to obtain [73]. For
this reason, this decision-making process includes uncertainty in decision-making that
is present in DMs, because they do not have all the necessary information. Therefore,
they used the IFS that enabled the inclusion of uncertainty in decision-making. This is
because the application of a classic fuzzy set allows for the provision of information with
incomplete information, but it does not allow for the inclusion of the uncertainty that each
DM has when making a decision [74]. IFSs have been used in various studies where it was
necessary to choose a supplier; as such, this method of decision-making has been confirmed
in practice and, therefore, was taken in this study.

In order to use this approach, it was necessary to adapt the methods to this approach.
In this study, the SWARA and CORASO methods were used. In addition to the fact that the
methods had to be adapted to this approach, the problem with this decision-making model
is that group decision-making was used, so it was necessary to harmonize the DM ratings,
because five DMs were used who evaluated the importance of the criteria and suppliers. In
order to harmonize these ratings, BMO was further used. The application of this operator
further upgraded the approach used in this research.
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The results of the application of the SWARA method showed that the most important
criteria, according to the DM, are reliability and quality as well as innovation and sustain-
ability. This means that equipment and machinery must first be reliable so that it does
not break down and so that it can be used whenever necessary. In addition, it must meet
the requirements of MAMEX in terms of quality. The supplier must purchase innovative
equipment in order to be able to respond to the increasingly complex requirements that
prevail in agriculture. Therefore, it is necessary to implement various measures in a timely
manner in order to optimize the conditions for agricultural production. In addition, it is
necessary to take into account the sustainability and impact of equipment and machinery
on the environment.

The application of the CORASO method has shown that the supplier SUP2 has the
best results compared to other suppliers and is the first choice for establishing a partnership.
The reason why this supplier was chosen is that it specializes in the sale of agricultural
machinery, attachments and spare parts. In addition, it provides technical support and
advice to users on which equipment and machinery to purchase in order to have better
yields. However, other suppliers should not be underestimated, because this supplier is
the best for MAMEX, but another supplier might be better suited for another company.
Therefore, the best supplier in one case may not be suitable for all companies in a particular
field; rather, it is a specific decision-making process and is specific to each company [75].

6.1. Theoretical and Practical Implications

The implications of this research are multiple. When selecting suppliers of equipment
and machinery for the needs of agricultural production in the Agriculture 4.0 system, certain
theoretical and practical postulates were set. First, a decision-making model was formed
that included criteria that enabled sustainable supplier selection. However, the focus was
on technical criteria, because the objects of procurement that need to be purchased from
suppliers are technical devices. In this way, when selecting suppliers, the economic, social
and environmental dimensions, and not only the technological dimension, were taken into
account. The application of this modeling method has established new guidelines for the
development of the theory of sustainability, especially when applying the Agriculture 4.0
system. In this way, environmental awareness is strengthened when choosing suppliers,
which are key items in the supply chain that are necessary for conducting agricultural
production. Applying this approach in practice contributes to the integration of sustainable
practices in agricultural production, which affects the awareness of agricultural producers
about the importance of sustainability. In addition, it also affects the achievement of socially
responsible business, as in the example of the company MAMEX.

The next implications of this research are in the application of the IFS approach, which
allows the application of uncertainty in decision-making. Uncertainty is always present
when the human factor is involved, and this is the case in most decision-making processes.
Therefore, the inclusion of uncertainty in the decision-making process contributes to the
theoretical and practical development of this system. New theoretical foundations are being
set for the development of new approaches in the application of MCDM methods. These
methods must be adapted to this approach, which provides guidelines for how new MCDM
methods that appear in practice can be used for the IFS approach. The development of new
approaches enriches the decision-making process, especially in agriculture when selecting
suppliers of equipment and machinery. This equipment and machinery that is purchased
from suppliers is crucial for improving agricultural production and allows greater effects
to be achieved with the same resources and fewer resources. Therefore, the implication
of this research is emphasizing the importance of equipment and machinery in order to
implement the Agriculture 4.0 system.
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6.2. Research Limitations

Research limitations are present in every study and, for the most part, usually arise
from the research methodology itself [76]. In practice, there are many criteria that could
have been used when selecting suppliers of equipment and machinery for the needs of the
Agriculture 4.0 system. Other criteria could have been used and, therefore, this choice can
be criticized. Further limitations may be related to the suppliers selected in this research.
The question can arise about why MAMEX decided to establish a partnership relationship
with local suppliers and not go to regional suppliers of equipment and machinery. Regional
suppliers can use distribution channels to deliver equipment and machinery to the company
very quickly. However, the problem arises when this equipment and machinery breaks
down, because then the supplier needs to come to the site of the failure, so it is advantageous
to have a local supplier who can quickly provide service services. Limitations can also
be considered in regard to the methods used in this research. The SWARA method is one
that has been used for many years in decision-making problems. However, like every
method, it has certain advantages and disadvantages. Therefore, it is always possible
to use other methods, but the application of these other methods entails the problem of
other results that could affect the final selection of suppliers. The CORASO method is a
newer one that is not used much in practice and that still needs to compete with other
methods. It was chosen because the IFS approach has not yet been developed for this
method, so it is used as an example to explain how new methods can be developed in the
IFS approach. Ultimately, the choice of method is a matter for the researcher and there is
always a degree of doubt as to whether the methods used will give good results. Therefore,
further analyses are performed that allow these doubts to be removed, namely, comparative
analysis and sensitivity analysis. In this study, no more complex methods of comparative
analysis were used to validate the research results because all methods used had the same
ranking order and there were no deviations. Therefore, it was not necessary to conduct
further analyses to examine the results of the CORASO method in relation to other methods.
Another limitation of this research could be the use of the IFS approach, because it is more
complicated than the classic fuzzy approach. However, with this approach, an attempt
was made to include uncertainty in decision-making, which was not possible with the
classic approach.

6.3. Directions for Future Research

The limitations of the study should be guidelines for future research in order to remove
these limits and, thus, improve future research. This study also aims to improve various
areas and, thus, contribute to the development of science. In future research, it is necessary
to address only the criteria used for supplier selection. In this way, answers would be
obtained to the question of which criterion is more suitable for certain research and which
criterion should be used in certain research. Some of the criteria could be observed together
and, thus, cover more aspects of supplier selection with fewer criteria. Then, in subsequent
research, it is necessary to use other MCDM methods in order to establish which method is
more suitable and easier to use, and on the other hand, which methods are safer and more
reliable. Therefore, in future research, attention should be paid only to the MCDM method,
where its application in various decision-making segments is analyzed. The methodology
used, based on the IFS approach, showed good flexibility and reliability in practice, so it
should also be used in future research in various areas where there is uncertainty in access.

7. Conclusions

With the development of agricultural production, the importance of agricultural
equipment and machinery is increasing. This is especially present in the development of
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new systems in agriculture such as the Agriculture 4.0 system. In this system, the focus is
on automation in agricultural production through the use of more sophisticated equipment
and machinery. Therefore, this research was focused on the importance of equipment and
machinery in the Agriculture 4.0 system and the supplier of this equipment and machinery.
The example of the company MAMEX showed how the IFS approach can be applied when
selecting suppliers, including uncertainty and uncertainty in the decision-making process.
The specificity of MAMEX is that it is first and foremost an agricultural producer, then
a purchaser of agricultural products and, also, a producer of food products. In this way,
this company has completed its cycle from the production of agricultural products to
the marketing of food products, while also using raw materials from other agricultural
producers in the Semberija region of Bosnia and Herzegovina. Based on the impact on the
regional development of the Semberija region, the selection of suppliers was based on local
suppliers of equipment and machinery in order to further influence the development of
this region.

This research is based on the evaluation of selected DMs of the company MAMEX. In
order to harmonize the evaluations of these DMs, BMO was applied, which enabled better
use of DM ratings when analyzing the results of this research. The results obtained showed
that the reliability and quality of this equipment and machinery are the most important
criteria and that the SUP2 supplier is the best choice for establishing partnership relations.
These relations should help improve the business of the company MAMEX and, on the
other hand, improve the business of the SUP2 supplier because they will have a reliable
customer who has great potential to further develop their business, which will also affect
the development of the SUP2 supplier’s business.
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Abbreviations

The following abbreviations are used in this manuscript:

SWARA (Step-wise Weight Assessment Ratio Analysis)

CORASO  COmpromise Ranking from Alternative SOlutions

MCDM Multi-Criteria Decision-Making

DM Decision-Maker

IFS Intuitionistic Fuzzy Set

CRITIC Criteria Importance Through Inter Criteria Correlation
TOPSIS Technique for Order of Preference by Similarity to Ideal Solution
AHP Analytic Hierarchy Process

MEREC MEthod based on the Removal Effects of Criteria

MABAC  Multi-Attributive Border Approximation area Comparison
DEA Data envelopment analysis

MAIRCA  Multi-Attribute Ideal-Real Comparative Analysis

ARAS Additive Ratio Assessment
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MARCOS Measurement of Alternatives and Ranking according to the Compromise Solution
WASPAS  Weighted Aggregated Sum Product Assessment

WSM Weighted Sum Model

WPM Weighted Product Model

RAWEC Ranking of Alternatives with WEights of Criterion
SAW Simple Additive Weighting

CRADIS Compromise Ranking of Alternatives from Distance to Ideal Solution
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