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1. Introduction 

After choosing a provider, the next obvious step is to divide them into several categories. It 
basically means that a company divides its suppliers into different categories, which is crucial for a 
purchasing company that wishes to communicate with its suppliers in a structured manner. Instead 
of using a "one-size-fits-all" approach, businesses should take a more strategic stance when 
managing their relationships with suppliers[1]. Two dimensions have long been used to categorize 
providers. A matrix is used to divide suppliers into four groups[2]. Some of the earliest scholars to 
suggest the idea of supplier segmentation were Parasuraman and Kraljic. Using two 
dimensionsprofit effect and supply risk for products given and two levels (low and high) for each, 
Kraljic clearly offered a strategy to divide supplies (the things delivered) into four groups[3]. 
Consequently, supplies are divided into four groups: (1) non-critical items, which have a low profit 
impact and supply risk; (2) leverage items, which have a low profit impact and supply risk; (3) 
bottleneck items, which have a high profit impact and supply risk; and (4) strategic items, which 
have a high profit impact and supply risk. Each segment's suppliers are addressed using a different 
strategy. Some two-dimensional supplier segmentation strategies have been suggested, all of which 
follow Kraljic's so-called portfolio approach[4]. Here are a few examples: the following factors can 
affect the purchase: the supplier's commitment, the commodity's importance, the buyer's and 
supplier's specific investments, technology, and collaboration. Look at Rezaei and Ortt and Day for 
a rundown of methods for supplier segmentation[5]. More than two criteria need to be examined 
when segmenting providers, since various researchers utilize different criteria to do so. The 
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segmentation problem, thus, is really a multi-criteria problem. In a recent literature analysis on 
supplier segmentation, offered a system for categorizing the criteria in various supplier segmentation 
methods according to two main dimensions: supplier capabilities and willingness[6]. Considering 
the factors utilized for supplier segmentation as well as the criteria used for supplier selection, the 
suggested framework offers the following advantages. In contrast to the majority of current supplier 
segmentation approaches, which rely on just two criteria, it enables the consideration of many 
factors. It offers a rationale for combining various standards[7]. Using the standard 2 x 2 grid, it 
provides a sufficient foundation for supplier segmentation. Because the dimensions are based on 
numerous criteria, the resulting matrix is far more inclusive than those employed by other 
approaches[8]. 

Following is a description of the supplier segmentation strategy that was utilized in this particular 
piece of writing. The definition of supplier segmentation is "the identification of the capabilities of 
the available suppliers."in addition to the desire of suppliers on the part of a specific buyer in order 
for the buyer to participate in a strategic and efficient relationship with the suppliers in relation to a 
collection of evolving business roles and activities in the supply chain[9]. According to this concept, 
there are two factors capabilities and willingness that can be used to separate suppliers. These 
dimensions are the basis for the segmentation. It is possible to divide suppliers into distinct 
categories according to each function, such as purchasing, production, research and development, 
financing, and marketing and sales[10]. The dimensions, capabilities, and willingness are considered 
to be notions that consist of multiple criteria. For example, the capabilities of a supplier can be 
evaluated using different criteria such as the quality of the products, the technical capability of the 
supplier in question the design capability of the supplier[11]. In order to assess the willingness of the 
supplier, it is possible to utilize a variety of criteria, including communication and commitment to 
continuous improvement in both product and process[12]. 

When it comes to evaluating and categorizing its suppliers, each buyer may take into 
consideration a unique set of capabilities and willingness criteria[13]. The tables 1 and 2 provide a 
complete sampling of the numerous possible criteria for capabilities and willingness. For further 
information, please refer to the tables. As was indicated earlier, the process of supplier segmentation 
acts as a stage between the selection of suppliers and the management of relationships with those 
suppliers[14]. In light of this, a company ought to choose the criteria in such a way that there is 
coherence between the supplier-related strategic actions that were discussed before. The drivers and 
objectives of participating in collaboration with suppliers, for example, can serve as a helpful 
reference for picking the segmentation criteria[15]. These include things like cost savings, marketing 
advantages, and customer happiness, among other things. If, for instance, lowering costs is one of 
the primary motivating factors behind entering into a partnership, then price may be considered one 
of the criteria for determining the skills of the supplier. Taking into consideration the specifications 
of the methodology that is being utilized is another important aspect to take into account[16]. When 
applying a version of crisp or fuzzy AHP, for instance, it is necessary to select some independent 
criteria for each dimension. several statistical tests are utilized in order to guarantee that the criteria 
are independent of one another[17]. When all of the criteria have been chosen, a two-dimensional 
matrix is produced by adding together the capabilities and willingness criteria. Due to the fact that in 
each of the two dimensions there is the potential for a certain number of levels, this matrix will be an 
X Y matrix. The XY segments are produced by such a matrix. For instance, if two levels (low and 
high) are selected for each dimension, the resulting matrix is a 2x2 matrix, which may be utilized to 
divide the suppliers into four distinct parts[18]. 

The purpose of this research is to offer a methodology that may be used to categorize suppliers 
based on numerous characteristics. For the purpose of determining the relative importance of the 
criteria contained within each dimension, a Fuzzy Analytic Hierarchy Process (FAHP), which is a 
multi-criteria decision-making (MCDM) technique, is utilized.  

2. Method  

A methodology for the segmentation of suppliers is broken down into five steps and detailed in 
this section. Through screening, the decisionmaker will determine a number of capabilities and 
willingness factors to be used in the selection process. Determine the weights of the different 
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capabilities and willingness criteria by employing an MCDM approach (in this study, a fuzzy AHP) 
to arrive at the corresponding weights. 

The third step is for the decision-maker to assign a score to each supplier after taking into 
account each capability criterion and willingness criterion. This score is based on the evaluation of 
the supplier i with regard to the kth capability criterion and the evaluation of the supplier i with 
regard to the jth willingness criterion, where K and J represent the number of capabilities criteria and 
the number of willingness criteria, respectively. Determine the final aggregated scores representing 
each supplier's capability and willingness to provide the service.  

Based on the final aggregated scores of the providers, divide them into XY segments, where X 
and Y represent the number of levels that are taken into consideration for capabilities and 
willingness, respectively. In the case of a conventional two-two segmentation, for instance, there 
would be four segments (types), where a and b represent the highest possible values of the 
aggregated capabilities and willingness ratings of the supplier, respectively. a 2 and b 2 are the cut-
off positions for the dimensions of supplier capabilities and willingness, respectively, for a common 
2x2 segmentation. These cut-off points are determined by dividing the dimensions into two equal 
portions, Low and High. Within the context of a decision support system for evaluating the quality 
of suppliers, the study investigates the application of Machine Learning and MCDM-Aggregation 
algorithms[19]. 

 

3. Results and Discussion 

A medium-sized broiler (meat-type chicken) company that operates in the food industry, which is 
an important industry with a major share in all nations, was the target of the application of the 
methodology that was proposed. "Food supply systems function in a manner that is intricate, ever-
changing, and describes a "time-critical environment" as one in which consumers have varying and 
growing requirements. They want that fresh products of excellent quality be sold at affordable 
prices. In addition, the fact that the food products contain perishable ingredients makes them 
extremely time-sensitive. The expectation that food companies will be able to fulfill these standards 
on their own is not even close to being realistic. As a result, food companies require the assistance of 
their suppliers in order to manufacture high-quality products at affordable rates and with dependable 
delivery. Within this framework, one of the most important activities is the management of the 
suppliers. In order to accomplish this goal successfully, food firms need to segment their suppliers in 
a manner that is both effective and dynamic[20]. 

The business that was chosen for our investigation is one that purchases newly hatched chicks 
from hatcheries and then raises them to reach market weight in approximately six weeks. Following 
this, the chickens are transported to a processing plant, where they are stunned and taken through 
additional processing steps[21]. Lastly, the products that have been packaged are brought to the 
market by trucks that are equipped with refrigeration. 42 different vendors provide the company 
with the newly hatched chicks, feed, pharmaceuticals, and other necessary supplies. Eleven of the 
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suppliers provide the company with newly hatched chicks, nine of the suppliers provide feed, six of 
the suppliers provide medications, and seventeen of the suppliers provide other goods and 
equipment. In order to categorize these suppliers, we conducted an interview with the manager of 
the company in order to collect the necessary information. The first thing that we did was ask the 
manager to go through the list of capabilities and willingness criteria and choose a few criterion for 
each dimension. Table 1 presents the results of the manager's meticulous assessment, which resulted 
in the selection of six criteria for capabilities and six criteria representing willingness[22]. 

After that, we requested that the manager give each of the criteria that were applied to the 
different suppliers a score that ranged from one (extremely low) to five (very high) for each of the 
criteria. The criterion is used to determine how each supplier is seen, and the score represents that 
perception. In Table 2, you can find the six scores that were obtained after considering all of the 
different criteria. it was possible to determine whether or not the criteria within each dimension were 
independent of one another, as well as whether or not the dimensions themselves were independent. 
There is not a single bivariate correlation that fulfills the capabilities requirements that is either high 
or very high. The same holds true for the criteria of willingness, albeit with considerably stronger 
correlations among the variables in this case. On average, the q values for the capacities and 
willingness criteria are 0.216 and 0.456, respectively. These values suggest that the correlations 
between the criteria are weak, which in turn suggests that they are highly independent of one 
another[23]. 

In addition to that, we requested that the manager carry out a pairwise comparison with reference 
to the various criteria. It is sufficient to have only comparisons elements for each matrix, as was said 
in the explanation of the fuzzy AHP methodology. This is the reason why the manager was asked to 
fill in n 1 cells of each matrix using the fuzzy AHP methodology. In addition to that, we requested 
that the manager carry out a pairwise comparison with reference to the various criteria. It is 
sufficient to have only n 1 comparisons elements for each matrix, as was said in the description of 
the fuzzy AHP approach. This is the reason why the manager was asked to fill in n 1 cells of each 
matrix using the fuzzy linguistic assessment variables (for more information on these variables, see  
Figure 1). The finished matrices for the necessary cells are displayed in Table 2 (capabilities) and 
Table 3 (willingness), respectively. 

According to Equations the completed comparison matrices can be acquired by converting the 
filled cells of Tables 3 and 4 to their corresponding fuzzy numbers. This allows for the completion 
of the comparison matrices, which are listed in Tables 4 and 5 accordingly. It is clear from looking 
at Tables 5 and 6 that there are some elements that do not fit inside the range of [1,0]. Because of 
this, were utilized in order to transfer the elements that were going to be included in the interval 
[0,1]. The outcomes of this process are displayed in Tables 5 and 6, respectively. It is important to 
keep in mind that the process of transformation has a relative impact on factors other than itself. 

Through the utilization we are able to compute the ultimate weights of the numerous criteria that 
are defuzzified. This allows us to arrive at the defuzzified weights, which can be found in Table 8 
and Figures 2 and 3. This is the conclusion that can be drawn from the fuzzy AHP. Through the 
utilization of the criteria weights, we are able to compute the aggregated scores for the capabilities 
and willingness of every provider by utilizing (1) and (2) (refer to Table 8. Now, in accordance with 
the fifth and last phase of the technique that has been proposed, we are able to separate the suppliers 
into four distinct groups, as shown in Figure 4 and Table 7. Every single calculation was carried out 
with the help of the Solver in Microsoft Excel (Microsoft, 2007). It is also possible to make use of 
other optimization applications, such as MATLAB. 
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Table 1 

 

Table 2 
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Table 3 

 

Table 4 

 

Table 5 

 

Table 6 

 

As can be seen, three suppliers are assigned to Type 1 (low capabilities and low willingness), six 
suppliers are assigned to Type 2 (low capabilities and high willingness), three suppliers are assigned 
to Type 3 (high capabilities and low willingness), and the highest number of suppliers, thirty-one, 
are assigned to Type 4 (high capabilities and high willingness). a high level of willingness and 
talents). It can be deduced from this that the broiler company has 31 reliable suppliers. There are 
twelve providers who need to improve their competence, their willingness, or both. All of the 
suppliers are located in or close to the upper right quadrant, as seen in Figure 4, which may be seen 
upon closer study. 
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These suppliers are the worst possible suppliers since they have limited capabilities and, at the 
same time, a low willingness to deal with the buyer. Type 1 suppliers are the worst providers. There 
is a possibility that purchasers will be recommended to replace these. The providers. We were able 
to identify these suppliers through the interview that we had with the management of the broiler 
company. The providers included two companies that produced newly hatched chicks and one 
company that supplied medication. After determining that they lacked both the capabilities and the 
willingness to participate, we talked about the reasons why they became suppliers and what the 
management ought to do. It was noted by the management that it would not be sensible to replace 
the two producers of freshly hatched chicks because the company only works with them when there 
is a strong demand for their products, and it is difficult to locate better suppliers during the high-
demand season. On the other hand, the provider of medication can usually be replaced. 

Two types. Not only do these suppliers have limited capabilities, but they are also quite willing 
to collaborate with the buyer. It is possible that these providers will take advantage of the 
relationship more than the buyer will. It is possible for the buyer to assist these providers in 
improving their capabilities. In the course of the interview, we were able to identify these vendors. 
Again, the majority of them were producers of freshly hatched chicks (three out of six); two of them 
were suppliers of feed, and one of them supplied materials and equipment. The fact that these 
suppliers have a high level of willingness to work together with the company is a fortunate 
circumstance that makes it desirable to invest in their growth. Through the formation of cross-
functional teams to identify and solve problems, which is in fact a component of a total quality 
management (TQM) system the company could assist these suppliers in improving their skills. 
Additionally, because the primary issue with newly hatched chicks is to ensure that the chicks are 
sold on time, the company has the ability to minimize its supply base. Supply base reduction is 
described as the process of and actions linked to lowering the number of suppliers. By way of 
illustration, the company has the ability to terminate its partnership with the newly hatched chick's 
manufacturer of Type 1 and boost its purchasing volume with Type 2 suppliers. This will not only 
address the company's concern regarding the shortage during high demand seasons, but it will also 
address the issue of the shortage. 

The third type. Although they have a high level of capabilities, these suppliers have a low degree 
of willingness to engage with the buyer. In this scenario, it is more likely that the suppliers do not 
gain from the relationship, or that the relationship is not significant enough for them to enter into a 
close relationship with the customer. In situations like these, the buyer should investigate the reasons 
behind the behavior of the suppliers and work to strengthen the connection with them, since it is 
beneficial to continue working with these suppliers. During the course of the interview, the suppliers 
were identified as one producer of freshly hatched chicks, one supplier of feed, and one supplier of 
material and other pieces of equipment. The establishment of a partnership is one way to increase 
the willingness of these suppliers: "A partnership is a tailored business relationship that is based on 
mutual trust, openness, shared risk, and shared rewards that results in business performance that is 
greater than what would be achieved by the two firms working together together in the absence of 
partnership. It is possible that this will bring these suppliers into the best quadrant, which is Type 4. 
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In the fourth category, the suppliers are considered to be the best since they possess strong 
capabilities and a high level of willingness. Working with these providers gives the customer the 
opportunity to reap benefits. For instance, in our situation, the purchaser can reap the benefits. when 
considering the capability of the providers in terms of low prices, good delivery, high quality, and 
other factors. Additionally, the relationship between the buyer and the supplier is beneficial to both 
parties, which indicates that the relationship is more likely to be a partnership-based arrangement. 
There are 31 vendors in this market segment, five of which are producers of freshly hatched chicks, 
five of which are suppliers of medication, six of which are suppliers of feed, and fifteen of which are 
suppliers of material and equipment. The company ought to make an effort to preserve its 
relationship with these suppliers, for instance by achieving a significant level of operational 
integration and by enhancing inter-organizational communication. This sort of communication is 
essential for the dissemination and exchange of information and knowledge that is mutually 
beneficial. This, in turn, will result in the creation of synergy through the combination of resources 
and capabilities, which will ultimately lead to the development of a long-term strategic advantage. 

Table 7 

 

4. Conclusion 

partitioning of the population. Using fuzzy-based AHP to solve problems of this nature is 
extremely relevant from a scientific point of view. The intrinsic complexity and fuzziness of notions 
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in the management sciences, where "boundaries are not sharply defined," appears to be an ideal fit 
for methodologies that are based on fuzzy sets theory. In general, this seems to be the case. A great 
number of concepts are evaluated in management sciences for the purpose of assisting managers in 
making decisions. One prominent example of such constructs is the evaluation and segmentation of 
service providers. In order to evaluate and categorize suppliers, a prospective purchaser needs to 
take into account a multitude of criteria, which are then integrated in a manner that is both 
complicated and ambiguous. Therefore, the AHP technique captures the complexity of the 
phenomena of supplier evaluation by employing a rigid hierarchy to evaluate and classify 
alternatives (in our instance, suppliers). However, it does not take into account the natural fuzziness 
that is present in human evaluations when dealing with situations of this nature. The intricacy and 
fuzziness of this phenomenon are both captured by the fuzzy analysis of probabilities (AHP). One of 
the first formulations of the supplier segmentation problem as a multi-criteria problem, as far as we 
are aware, is presented here. We have examined two overarching factors, namely the competence of 
providers and their desire to provide their services. The relevant parameters that each individual 
buyer may take into consideration will be covered by these two dimensions. After determining the 
relative weights of the criterion, the fuzzy AHP that was proposed was utilized. Finally, two 
aggregated scores were computed for each provider, one for their capability and one for their 
willingness. To illustrate the position of each supplier in relation to its capabilities and willingness, a 
scatter plot was utilized. The horizontal and vertical axes of the plot, respectively, represent the 
capabilities and willingness dimensions of the market. 

The formation of four distinct groups of providers is accomplished by dividing each axis into two 
proportional halves. When dealing with suppliers in each market category, the buyer have to come 
up with a variety of alternative techniques. Taking into consideration six criteria for capabilities and 
six criteria for willingness, the proposed methodology was utilized in order to segment the suppliers 
of a broiler producer. As a consequence, each provider is currently positioned within a particular 
market niche. By implementing the proposed methodology, the buyer is also able to view the 
location of each supplier inside a segment, which is significant in contrast to practically all of the 
prior approaches to supplier segmentation, which place a supplier into a segment. To add insult to 
injury, the suggested methodology is able to divide the suppliers into more than four distinct 
categories because the final aggregated capabilities and willingness scores for each source are 
derived in a continuous spectrum. This decision is mostly determined by the number of suppliers, as 
well as the company's capacity and desire to implement various strategies for each of the suppliers 
of the company. 

There is a significant amount of significance that our findings may have for managers. According 
to the findings of the investigation, certain vendors lacked either the capabilities or the motivation to 
provide the service. Because of the intricacy of the supplier evaluation (the manager of the broiler 
firm suggested six criteria for two dimensions, capabilities and willingness, in order to evaluate his 
suppliers), an evaluation that is entirely based on intuition is probably likely going to be insufficient 
for dealing with the issue under consideration. As an alternative to the regular AHP, fuzzy AHP 
could be utilized to solve the fuzziness that is associated with the evaluation of the criteria. The 
manager was able to clarify, adapt, and specify his implicit strategy of supplier evaluation and 
segmentation with the help of the results of our study within a qualitative evaluation that took place 
during an interview. This was an amazing thing to observe. 

In situations where there is a limited amount of data (in the form of a limited number of 
examples), fuzzy techniques are advantageous since they are simple to implement. Furthermore, the 
evaluation task in fuzzy techniques appears to be more closely aligned with the sort of evaluation 
that managers perform in practice, and the outcomes are simpler for these managers to grasp and use 
in practice using fuzzy approaches. 

In spite of the fact that multi-criteria decision-making (MCDM) techniques have been utilized to 
address a wide range of supply chain management (SCM) issues, including supplier selection, 
supplier improvement, and buyer–supplier relationship, it is surprising to learn that the literature on 
supplier segmentation has not benefited from these decision-making systems. Other multi-criteria 
decision making (MCDM) approaches, such as ANP, TOPSIS, fuzzy TOPSIS, and PROMETHEE, 
are recommended by us as a means of addressing the strategic decision-making challenge that 
practically all companies that operate within SCM frameworks are grappling with. The clustering 
techniques are also suggested for future research (to see a comprehensive list of clustering 
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techniques, making it possible to compare the performance of different methods, and it is to be 
expected that the suitability of each particular method for different situations can be identified. Other 
partners in the supply chain management framework, such as those involved in research and 
development (R&D), might also be segmented using the methods and framework that we provide. 
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