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Abstract  

In the area of supply chain management, selecting the right suppliers plays a key role in ensuring the smooth 

operation of the entire process. Traditional evaluation methods of the suppliers often rely on clear-cut metrics, 

failing to consider the complexity and uncertainty that often accompany these processes. In contrast, the fuzzy 

approach allows for the inclusion of a variety of criteria and assessments in the form of linguistic terms, what 

leads to a more comprehensive evaluation of potential suppliers.  

The dynamic development of technology in recent years has become an important factor influencing the 

functioning of modern enterprises. Modern IT tools, artificial intelligence and data analysis enable companies 

to gain a competitive advantage by rationalizing and optimizing business and decision-making processes. 

Organizations have the opportunity to improve their activities, increase efficiency, identify new opportunities 

and respond faster to changing market conditions. 

The paper introduces a multi-criteria provider evaluation model based on fuzzy logic, which will allow you to 

take into consideration different expert’s opinions on various criteria, such as product/service quality, costs, 

on-time delivery, innovation, or communication ability. Presenting approach should help company in adapting 

to changing market requirements. In addition to the model, an application with an intuitive interface will be 

presented, which will allow users to conveniently use the tool and make good decisions in the process of 

selecting the best supplier.  

The proposed methodology is a valuable resource for organizations, helping them use the potential of modern 

technologies to improve supply chain management and make strategic business decisions. 
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1. INTRODUCTION 

To ensure the effective and smooth operation of an enterprise, the key area is supply chain management and, 

more specifically, the issue of supplier selection. Cooperation with the right business partners gives a chance 

to increase the efficiency of the organization, increase competitiveness and minimize costs. To make the right 

decision during the evaluation and selection it is necessary to determine the factors by which suppliers will be 

verified. The most considered criteria are price, delivery, and quality [1, 2]. In addition to these, during the 

evaluation process, experts also pay attention to other aspects of cooperation with suppliers, making this issue 

a multi-criteria problem. The development of technology and artificial intelligence makes it possible to 

effectively consider various selection criteria. 

The purpose of this paper is proposing a tool for an expert multi-criteria method of the supplier evaluation and 

selection in a resilient supply chain. After analyzing the used multi-criteria supplier evaluation methods, an 

application in MATLAB software was developed that use fuzzy sets theory to aggregate linguistic expert 

assessments in selected categories and generate supplier rating in linguistic, numerical and ranking form. 
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2. MULTI-CRITERIA SUPPORT FOR SUPPLIER SELECTION  

Dynamic business changes and the multiplicity of factors affecting decisions on supplier selection force the 

use and development of tools to support multi-criteria evaluation.  

Among others, the following methods are used to assist multi-criteria supplier evaluation: 

• Decision-Making Trial and Evaluation Laboratory (DEMATEL) method. It is a decision analysis and 

evaluation method that helps understand the complex relationships between different variables in the 

context of decision-making. The method creates a graph of relationships between variables to better 

understand how they affect each other [3]. 

• Analytic Hierarchy Process (AHP) method. It is a structured approach to decision-making that helps 

solve the problem of choosing among multiple options that are rated in terms of multiple criteria. The 

AHP process involves comparing pairs of options in terms of their impact on the problem under 

consideration [4]. 

• Analytic Network Process (ANP). It is an extension of the AHP method, as it allows the modeling of 

relationships between criteria in the form of a network of relationships. The method uses matrices of 

pairwise comparisons, so the effect of each criterion on every other criterion can be determined. Its 

advantage is flexibility and the ability to introduce new criteria into the analysis [5]. 

• Genetic Algorithms (GA). This is an artificial intelligence technique inspired by evolutionary processes 

in nature. The algorithm searches the space of possible solutions through the creation of new 

generations by crossing u mutation of individuals from the previous generation. The condition for 

stopping the search is, for example, a set time or number of iterations [6]. 

• Linear programming (LP). It is a mathematical method for solving optimization problems in which the 

goal is to find the best solution of the linear function. Linear programming problems involve maximizing 

or minimizing the objective function while maintaining linear constraints [7]. 

• Fuzzy set theory (FST). This field deals with the representation of information that is not unambiguous 

or exact. Unlike classical set theory, where elements are either in or out of a set, in fuzzy set theory, 

elements can belong to a set on some level rather than fully. The concept of fuzzy sets is particularly 

useful in situations where the boundaries between belonging and not belonging to a set are unclear or 

subjective. Fuzzy set theory defines membership functions that determine the degree to which an 

element belongs to a set. The theory is widely used as a method to support multi-criteria decisions 

because it allows uncertainty and subjective judgments to be taken into account in the decision-making 

process. In result the decision-makers can make more rational choices that are consistent with their 

preferences [8]. 

2.1 Fuzzy set and fuzzy logic 

In the literature, a fuzzy set A is defined as an ordered set of pairs: 

A = {(x, μA(x)) ; x ∈ X},                (1) 

where: 

μA (x) → [0,1] is the membership function of the fuzzy set A, X is finite universe of discourse. This function 

determines the membership value for each element in the set, indicating the degree to which the element 

belongs to the fuzzy set. The membership function can have the values [9]: 

• μA(x) = 1 –  that means the full membership to fuzzy set A; 

• μA(x) = 0 – that means no membership to fuzzy set A; 

• 0 < μA(x) < 1 – that means partial membership to fuzzy set A. 
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Fuzzy logic enables the representation of concepts that cannot be defined uniquely, making it more flexible 

than classical two-value logic and allowing a more accurate representation of reality. Its advantages include 

enabling more accurate modeling of reality and a more realistic approach to problems in which the boundaries 

between concepts are fuzzy. These features make fuzzy logic more „user-friendly“ and lead to faster decision-

making. Decision-making process based on fuzzy logic depends on the fuzzy rules of the form IF ... AND / OR 

... THEN, for example:  

IF a is A1 AND b is B2 THEN c is C1 

IF a is A2 OR b is B1 THEN c is C2, 

where a, b, c are the linguistic variables and A1, A2, B1, B2, C1, C2 are the fuzzy subsets. 

2.2 Fuzzy approach in supplier selection 

Fuzzy sets theory is applied in many areas, one of them is supply chain management. In [10], a universal 

supplier selection model supporting the purchasing department was proposed. The main task in the proposed 

model is to determine the numerical score for different suppliers considering their respective performance in 

each criterion and then select the best supplier. The literature also includes developments of more advanced 

methods using fuzzy sets. An example is the fuzzy TOPSIS and fuzzy ELECTRE methods used in green 

supplier selection for internet company [11], or fuzzy AHP used to generate criteria weights for a sustainable 

global selection of suppliers [12]. In turn, paper [13] presents a sustainable selection of suppliers of 

components for the production of gears using fuzzy DEMATEL method. Another example of sustainable 

supplier selection, this time in an automotive company gives work [14] that uses the fuzzy data envelopment 

analysis method. In this work, a fuzzy point method is proposed for the evaluation of suppliers, in which the 

assessment is performed not by one but several experts. 

3. TOOL FOR PROVIDER EVALUATION AND SELECTION 

3.1 Fuzzy supplier evaluation model 

The basis for the creation of a fuzzy model to evaluate suppliers is the adoption of input variables, i.e. the 

criteria by which potential providers are to be evaluated. Table 1 presents the evaluation criteria along with 

the linguistic variables proposed to represent the attitude and opinion of the experts involved in the evaluation 

process. The parameters for the membership function are in the interval [0,1], which facilitates normalization 

for different criteria. Thus, results from different categories can be aggregated in a uniform way. Using the 

quality criterion as an example, the ratio of the number of products with acceptable quality to the number of 

defective products can be calculated. Table 2 lists the categories into which a supplier can be classified. 

Table 1 Input variables and their membership function parameters (source: own elaboration) 

Criterion  Linguistic variable Membership function parameters 

Quality 

poor [0 0 0.25 0.45] 

average [0.3 0.55 0.8] 

perfect [0.65 0.85 1 1] 

Price 

high [0 0 0.15 0.3] 

average [0.25 0.5 0.75] 

low [0.7 0.85 1 1] 

Communication 

minimal [0 0 0.25 0.5] 

moderate [0.35 0.55 0.75] 

effective [0.6 0.8 1 1] 
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Innovation 

little [0 0 0.2 0.4] 

sufficient [0.3 0.6 0.8] 

high [0.75 0.9 1 1] 

Timeliness 

unacceptable [0 0 0.2 0.4] 

moderate [0.3 0.5 0.7] 

precise [0.6 0.8 1 1] 

Table 2 Output variables and their membership function parameters (source: own elaboration) 

Linguistic variable Membership function parameters 

top supplier [0 0.1 0.4] 

backup supplier [0.3 0.6 0.8] 

declined supplier [0.75 0.9 1] 

The fuzzy model and the application using it were created in MATLAB which allows the use of a ready-made 

environment for applying arithmetic and fuzzy logic. The designed model is illustrated in Figure 1. Expert 

knowledge of supplier evaluation has been implemented in the Rule Editor, which is a set of rules that condition 

the outcome of the model. In this model, all the rules were generated and then reviewed to verify and generalize 

some of them. The full list of rules (3^5=243) has been simplified to 115 items. An example of simplified rules 

are rules that contain the evaluated element at the lowest level, such as "Quality is poor" in combination with 

other lowest levels of criteria. All of them have been simplified to an exemplary form such as "If the Quality is 

poor, then the declined supplier ", i.e. the "extreme" cases of supplier evaluations have been simplified. The 

designed model is of Mamdani type and is based on a database of 115 rules. 

 

Figure 1 Main panel of Fuzzy Logic Designer (source: own elaboration) 

3.2 Application based on fuzzy approach 

The application interface presented in Figure 2 is divided into two parts. In the left part there is an editing area 

where the user can enter data. There is also a button that starts the calculation and assessment process. In 

turn, on the right side there is a presentation area where the calculation results and short instructions on how 

to operate the application are displayed. Additionally, the user has access to a ranking that presents a summary 

of the best suppliers. This division into two functional parts facilitates the effective use of the application and 

ensures a clear distinction between the areas of operation.  
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The designed application allows the selection of ratings in the form of linguistic variables from drop-down lists 

(DropBox type) by three experts (Expert 1, Expert 2, Expert 3) for four suppliers (Supplier A, Supplier B, 

Supplier C, Supplier D), who are rated according to five criteria (Quality, Price, Communication, Innovation, 

Timeliness). During the rating process, each expert is asked to complete all available fields according to 

specific criteria. Each field contains three terms that allow you to evaluate a given criterion. There are several 

stages in the assessment process. In the first one, the ratings of each expert in all categories are obtained. In 

the described case, 4 suppliers were assessed according to 5 criteria, which gives 20 ratings generated by 

each expert. Then, the average values of the ratings for each supplier in individual criteria are calculated. The 

built-in functions of the MATLAB - Fuzarith were used for calculations. Fuzarith uses the continuous regions 

defined by the α-cuts of fuzzy sets A and B to compute the corresponding α-cut of the output fuzzy set C [15]. 

The following table (Table 3) shows how to compute the left and right boundaries of the output interval. Here: 

[AL AR] is the interval defined by the α-cut of fuzzy set A. 

[BL BR] is the interval defined by the α-cut of fuzzy set B. 

[CL CR] is the interval defined by the α-cut of fuzzy set C. 

Table 3 Mathematical operations on fuzzy sets [15] 

 

In the next step, a knowledge base defined in the form of an if...then rule is used. An example rule is: 

If Quality is perfect and Price is average and Communication is moderate and Innovation is high and Timeliness 

is moderate then top supplier 

Depending on the value of the input data, appropriate rules are used in the inference process, the activation 

of which allows the determination of the fuzzy form of the result. The next stage is the fuzzy value 

defuzzification process, during which the fuzzy result is transformed into a sharp numerical value. The "defuzz" 

MATLAB function and the centroid method were used for this purpose. The centroid method as a 

defuzzification method in fuzzy logic determines the weighted average of fuzzy values based on the degrees 

of membership. In presented example we can see expert opinion regarding the level of suppliers' compliance 

with the criteria as well as the crisp numerical and linguistics ratings for each supplier. There also is the visual 

prompt which of the supplier achieved the best result. 

https://www.mathworks.com/help/releases/R2022b/fuzzy/fuzarith.html?doclanguage=en&nocookie=true&prodfilter=ML%20SL%20CT%20NN%20FI%20FL%20OP%20RK%20ST&docviewer=helpbrowser&docrelease=R2022b&s_cid=pl_webdoc&loginurl=https%3A%2F%2F127.0.0.1%3A31515%2Ftoolbox%2Fmatlab%2Flogin%2Fweb%2Findex.html%3Fsnc%3DFQ9XME%26external%3Dtrue%26channel%3D__mlfpmc__&searchsource=mw&snc=Y9SW79&container=jshelpbrowser#mw_f732fb06-f58e-4ea5-9b03-c8588b7b298b
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Figure 2 Application interface for supplier evaluation (source: own elaboration) 

4. CONCLUSION 

The selection and evaluation of suppliers is an extremely important task in an enterprise, which directly affects 

its position on the market and success in achieving strategic goals. The designed tool allows the company to 

make more effective decisions regarding the selection and evaluation of a supplier. The application aggregates 

subjective ratings of suppliers and eliminates the need to precisely enter unambiguous values, which is 

particularly important in situations where the data is uncertain or subject to a certain degree of subjectivity. 

This method of evaluating suppliers avoids the influence of the evaluators' personal preferences on the 

decision-making process. 
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