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Abstract: In this paper, the FUll COnsistency Method (FUCOM) is extended to work 

in a collective manner, to solve a fuzzy optimization problem and to obtain the fuzzy 

weights of criteria. The employment of a predefined order of criteria decreases the 

number of fuzzy comparisons needed in the evaluation phase. The defuzzified values 

of the optimal weight coefficients are calculated by Graded Mean Integration 

Representation formula. This feature also reduces time complexity without affecting 

the quality of the solution. Two practical examples are presented to verify the 

reliability and feasibility of the proposed fuzzy group FUCOM. The obtained results 

demonstrate that the new fuzzy group weight determination method can obtain 

appropriate criteria importance. 

Keywords: Multi-criteria decision methods, determination of fuzzy weight 

coefficients, fuzzy optimization, fuzzy group full consistency method. 

1. Introduction and related works 

Assessment of criteria weights is an essential and integral part of the Multi-Criteria 

Decision-Making (MCDM) process. The methods for determining the weights of the 

criteria are based on their relative significance according to the preferences of 

experts. In case of uncertain and ambiguous data, the complexity of the problem 

increases and requires new instruments and tools. 

Many scholars have proposed various MCDM algorithms [9]. Due to the 

subjectivism and the uncertainty in evaluation process, using fuzzy numbers and their 

varieties is a possible approach in decision-making problems via triangular [6], 

hesitant [11], and interval-valued [19] fuzzy numbers. Many fuzzy MCDM have been 

developed and employed, such as aggregations [17] of fuzzy relations [14] with fuzzy 

criteria weights [15] and fuzzy weighting functions [16], fuzzy EDAS [8], fuzzy 

TOPSIS [20]. 

The multiple applications of new MCDM modifications in green supplier 

selection [26] are being exhaustively researched, as well as those in bidding strategies 

selection [7], economic clusters ranking [18], network selection [21], technology 
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ordering [4], and factor selection while assessing technological innovations in micro, 

small and medium enterprises [23]. 

Many researchers have designed MCDM algorithms for evaluating relative 

weight values. A comprehensive review of different studies on calculating relative 

importance of criteria can be found in [9]. FUll COonsistency Method (FUCOM) is 

an indirect and subjective method, in which experts assess criteria significance 

according to their own point of view. FUCOM is based on predefined priority and 

pairwise comparison of criteria and, therefore, only a small number of comparisons 

are needed. Another feature of this method is its built-in ability for model verification. 

Model consistency is guaranteed via the satisfaction of the transitivity condition [13]. 

Applications of FUCOM are abundant and prove its versatility in solving a wide 

gamut of tasks, such as selecting contractors for solar panel installations [2], ranking 

airlines [1], choosing forklifts [5], urban mobility system [12] and human resource 

evaluation [22]. In [2] a hybrid (SWARA and FUCOM) method was created, 

representing criteria weights as grey numbers. In [1] the criteria weights were 

determined using FUCOM method and results were compared to those obtained by 

AHP method. The best alternatives were selected via hybrid FUCOM-WASPAS 

model and authors’ choice was conditioned by the optimality of criteria weights [5]. 

In [12] a MCDM based fuzzy FUCOM-Dombi-Bonferroni model is proposed for 

evaluating urban mobility systems. A FUCOM-MARCOS model was introduced for 

the purpose of human resource evaluation, on which the overall efficiency of the 

company depends [22]. 

The idea of developing and applying fuzzy sets for weight determination is not 

new in soft computing. Since decision makers often encounter vague and uncertain 

cases when calculating the relative importance of one element to another, linguistic 

values can be given instead of crisp assessments. In [24] the authors suggested an 

approach based on fuzzy sets to handle uncertainties of AHP in fuzzy environments. 

The new fuzzy model combines the fuzzy linguistic aspect of fuzzy theory with 

DEMATEL algorithm in [25]. In [3], the entropy method was extended for fuzzy sets 

based on triangular fuzzy membership functions. In [6], a modified best-worst 

method (BWM) was applied via triangular fuzzy numbers.  

The purpose of this paper is to present a fuzzy group FUCOM [13], based on 

imprecise evaluations of the priorities among compared criteria. FUCOM is a 

relatively new multi-criteria method for determining weight coefficients, which is 

particularly attractive in the presence of a priori information about ratios between 

criteria importance. 

In order to extend the application of FUCOM to weight coefficient evaluation 

in an environment of uncertainty, we create an algorithm for collective determination 

of criteria weights via triangular fuzzy numbers. Section 2 describes the basic concept 

of classic FUCOM algorithm. Section 3 presents the fuzzy group FUCOM, which 

applies a specific defuzzification rule. Section 4 verifies new method using examples 

for weight assessments. Finally, the last section concludes with a summary of fuzzy 

group FUCOM and lists some future directions. 
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2. Classic FUCOM 

Let us consider a MCDM problem having m alternatives 𝐴 = (𝐴1, 𝐴2, … , 𝐴𝑚) and 

n decision criteria 𝐶 = (𝐶1, 𝐶2, … , 𝐶𝑛). The decision matrix 𝑋 = (𝑥𝑖𝑗)
𝑚 x 𝑛

 shows 

all appraisals of the alternatives for each criterion. Let the vector of relative weights 

of all criteria be denoted as 𝑤 = (𝑤1, 𝑤2, … , 𝑤𝑛). The task is determining the values 

of the vector of relative weights of criteria 𝑤. 

Algorithm 1 [13]. 

Step 1. Build the ranking set from the given evaluation criteria  
𝐶 = (𝐶1, 𝐶2, … , 𝐶𝑛). The criteria ordering according to their expected significance 

is obtained as follows: 

(1) 𝐶𝑗(1) >  𝐶𝑗(2) >  … >  𝐶𝑗(𝑘), 

where k represents the order of the observed criterion. 

Step 2. Compare each pair of adjacent criteria and determine the comparative 

priorities 𝜑(𝑘−1)/𝑘, 𝑘 = 1, 2, … , 𝑛. Here 𝜑(𝑘−1)/𝑘 represents the importance of 

criterion C𝑗(k−1) compared to that of criterion C𝑗(k), where 𝑘 − 1, 𝑘 represent the 

order of criteria. Then, derive the vector of comparative priorities of the evaluation 

criteria as follows: 

(2) Φ = (𝜑1/2, 𝜑2/3, … , 𝜑(𝑘−1)/k). 

Step 3. Calculate the final values of the weight coefficients (𝑤1, 𝑤2, … , 𝑤𝑛). 

They should satisfy the following two conditions: 

a) The ratio of weight coefficients is equal to the comparative priority 𝜑(𝑘−1)/𝑘, 

(as defined in Step 2). In other words, 

(3) 
𝑤𝑘−1

𝑤𝑘
= 𝜑(𝑘−1)/𝑘). 

b) The weight coefficients should satisfy the transitivity condition, i.e., 

𝜑(𝑘−2)/(𝑘−1) ⊗ 𝜑(𝑘−1)/𝑘 = 𝜑(𝑘−2)/𝑘. Therefore, the second condition that the 

coefficients need to meet is 

(4)  
𝑤𝑘−2

𝑤𝑘
= 𝜑(𝑘−2)/(𝑘−1) ⊗ 𝜑(𝑘−1)/k. 

Based on the listed considerations, a nonlinear constrained programming model 

is built as follows: 

(5) min 𝜒,  

s.t. |
𝑤(𝑘−1)

𝑤𝑘
− 𝜑(𝑘−1)/𝑘| ≤ 𝜒, |

𝑤𝑘−2

𝑤𝑘
− 𝜑(𝑘−2)/(𝑘−1) ⊗ 𝜑(𝑘−1)/𝑘| ≤ 𝜒, 

∑ 𝑤𝑗  ∀𝑗𝑛
𝑗=1 ,  𝑤𝑗 ≥ 0  ∀𝑗. 

Solving that model produces the optimal values of the evaluation weights 

(𝑤1, 𝑤2, … , 𝑤𝑛). 

3. The fuzzy group FUCOM 

Let there be n criteria for evaluating a research object. Let 𝑎̃𝑖𝑗 represent the relative 

fuzzy preference of criterion i to criterion j, which is a triangular fuzzy number and 

𝑎̃𝑖𝑗 = (1, 1, 1) when i = j. According to FUCOM [13] and definitions of fuzzy 

operations [10], a pairwise comparison of two fuzzy weights is defined as a fuzzy 
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comparison 𝑎̃𝑖𝑗 = 𝑤̃𝑖/𝑤̃𝑗.  

In Algorithm 2 there is a detailed description of fuzzy group FUCOM for 

calculating the fuzzy weight coefficients of criteria. 

Algorithm 2 

Step 1. The evaluation criteria 𝐶 = (𝐶1, 𝐶2, … , 𝐶𝑛) are ranked. The ranking 

is performed according to the significance of the criteria: 

𝐶𝑗(1) ≥  𝐶𝑗(2) ≥  … ≥  𝐶𝑗(k), 

where the second index represents the rank of the criterion. 

Step 2. A comparison of the ranked criteria is carried out and the fuzzy 

comparative priority 𝜑̃(𝑘−1)/𝑘, 𝑘 = 1, 2, … , 𝑛, where k represents the rank of the 

criterion, is determined by each member of a group of experts. The mean values of 

fuzzy priorities generated by the team are calculated. The vector of the average fuzzy 

comparative priorities of the evaluation criteria is obtained as follows:  

(6) Φ̃ = (𝜑̃1/2, 𝜑̃2/3, … , 𝜑̃(𝑘−1)/𝑘). 

Step 3. The optimal values of the fuzzy weight coefficients  

𝑤̃ = (𝑤̃1, 𝑤̃2, … , 𝑤̃𝑗, … , 𝑤̃𝑛) are calculated, where 𝑤̃𝑗 = (𝑙𝑗, 𝑚𝑗, 𝑢𝑗), 𝑗 = 1, 2, … , 𝑛. 

In order for the fully consistency condition to be met, the relative importance 

coefficients should satisfy the following two conditions. 

a) The ratios of the fuzzy weight coefficients are equal to the corresponding 

fuzzy comparative priorities among 𝜑̃(𝑘−1)/𝑘, 𝑘 = 1, 2, … , 𝑛, calculated in Step 2: 

(7) 
𝑤̃𝑘−1

𝑤̃𝑘
= 𝜑̃(𝑘−1)/𝑘. 

b) The values of the fuzzy weight coefficients should satisfy the transitivity 

condition, i.e.,  𝜑̃(𝑘−2)/(𝑘−1) ⊗ 𝜑̃(𝑘−1)/𝑘 = 𝜑̃(𝑘−2)/𝑘 or in our case: 

(8) 
𝑤̃𝑘−2

𝑤̃𝑘
= 𝜑̃(𝑘−2)/(𝑘−1) ⊗ 𝜑̃(𝑘−1)/𝑘. 

Then a fuzzy nonlinear programming model can be defined as follows: 

(9) |
𝑤̃𝑘−1

𝑤̃𝑘
− 𝜑̃(𝑘−1)/𝑘| ≤ 𝜒̃, and |

𝑤̃𝑘−2

𝑤̃𝑘
− 𝜑̃(𝑘−2)/(𝑘−1) ⊗ 𝜑̃(𝑘−1)/𝑘| ≤ 𝜒̃, 

with the minimization of the value 𝜒̃, where 𝜒̃ = (𝑙𝜒, 𝑚𝜒, 𝑢𝜒). 

The final model for determining the optimal values of the fuzzy weight 

coefficients can be described as follows: 

(10) min 𝜒̃,  

s.t. |
𝑤̃𝑘−1

𝑤̃𝑘
− 𝜑̃(𝑘−1)/𝑘| ≤ 𝜒̃,  |

𝑤̃𝑘−2

𝑤̃𝑘
− 𝜑̃(𝑘−2)/(𝑘−1) ⊗ 𝜑̃(𝑘−1)/𝑘| ≤ 𝜒̃, 

∑ 𝑅(𝑤̃𝑗) = 1𝑛
𝑗=1 ,  𝑙𝑗 ≤ 𝑚𝑗 ≤ 𝑢𝑗,  𝑙𝑗 ≥ 0  ∀𝑗. 

Considering 𝑙𝜒 ≤ 𝑚𝜒 ≤ 𝑢𝜒, we let 𝜒̃∗ = (𝑝∗, 𝑝∗, 𝑝∗) ≤ 𝑙𝜒, Equation (10) can 

be rearranged as follows: 

(11) min 𝜒̃∗,  

s.t. |
𝑤̃𝑘−1

𝑤̃𝑘
− 𝜑̃(𝑘−1)/𝑘)| ≤ (𝑝∗, 𝑝∗, 𝑝∗),   

|
𝑤̃𝑘−2

𝑤̃𝑘
− 𝜑̃(𝑘−2)/(𝑘−1) ⊗ 𝜑̃(𝑘−1)/𝑘| ≤ (𝑝∗, 𝑝∗, 𝑝∗),  

∑ 𝐺(𝑤̃𝑗) = 1𝑛
𝑗=1 ,   𝑙𝑗 ≤ 𝑚𝑗 ≤ 𝑢𝑗,  𝑙𝑗 ≥ 0  ∀𝑗. 

By solving Equation (11), the optimal fuzzy weights (𝑤̃1
∗, 𝑤̃2

∗, … , 𝑤̃𝑛
∗) are 

obtained. 
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The new elements in fuzzy group FUCOM are as follows: 

1. Applying a set of linguistic terms or their equivalent fuzzy triangular 

numbers for measuring the significance of criteria, instead of crisp values (Step 2).  

2. Defining the average fuzzy criteria priority in case of group decision-making 

(Step 2). 

3. Simplifying the heuristic formula is for converting fuzzy numbers to real 

values (Step 3 and Graded Mean Integration Representation (GMIR) formula [26]). 

4. Reducing the number of constraints in comparison with other fuzzy 

triangular methods for weights determination (Step 3 and Equation (11)). 

The advantages of the proposed fuzzy group FUCOM are the following: 

 It works with group assessments in terms of both beneficial and cost criteria 

in a fuzzy environment; 

 It decreases time complexity by using an heuristic formula for transforming 

fuzzy assessments to crisp ones; 

 It reduces the number of nonlinear constraints by simplifying the 

optimization model. 

4. Practical examples 

Let fuzzy pairwise comparisons of criteria be performed by a group of decision 

makers via five grade linguistic variables and their corresponding Triangular Fuzzy 

Numbers (TFNs) [6]. 

Example 1. A buyer uses five criteria Ci, i = 1, 2, …, 5, where C1 is quality,  

C2 – price, C3 – comfort, C4 – safety , and C5 – style, to evaluate car alternatives, and 

then make a consumer buying decision. The fuzzy group FUCOM is used to select 

the optimal weight coefficients, which can reflect uncertainty and ambiguity of buyer 

when making the purchase decision. The vectors of fuzzy comparative priorities are 

given in Table 1 [6]. 
 

Table 1. Fuzzy comparative priorities (Example 1) 

Criteria C2 C1 C3 C4 C5 

𝜑̃(𝑘−1)/𝑘 (1, 1, 1) (0.67, 1, 1.5) (0.67, 1, 1.5) (1.5, 2, 2.5) (1.5, 2, 2.5) 

𝜑̃(𝑘−2)/𝑘   (0.67, 1, 1.5) (1.5, 2, 2.5) (3.5, 4, 4.5) 
 

Taking into consideration the fuzzy group FUCOM for getting the optimal fuzzy 

weights of all criteria, the following nonlinear constrained optimization problem can 

be built: 

(12) min 𝜒̃∗,  

|
𝑤̃2

𝑤̃1
− (0.67, 1, 1.5)| ≤ (𝑝∗, 𝑝∗, 𝑝∗),  |

𝑤̃1

𝑤̃3
− (0.67, 1, 1.5)| ≤ (𝑝∗, 𝑝∗, 𝑝∗), 

|
𝑤̃3

𝑤̃4
− (1.5, 2, 2.5)| ≤ (𝑝∗, 𝑝∗, 𝑝∗),  |

𝑤̃4

𝑤̃5
− (1.5, 2, 2.5)| ≤ (𝑝∗, 𝑝∗, 𝑝∗), 

|
𝑤̃2

𝑤̃3
− (0.67, 1, 1.5)| ≤ (𝑝∗, 𝑝∗, 𝑝∗),  |

𝑤̃1

𝑤̃4
− (1.5, 2, 2.5)| ≤ (𝑝∗, 𝑝∗, 𝑝∗), 

|
𝑤̃3

𝑤̃5
− (3.5, 4, 4.5)| ≤ (𝑝∗, 𝑝∗, 𝑝∗), 

∑ 𝐺(𝑤̃𝑗) = 15
𝑗=1 ,  𝑙𝑗 ≤ 𝑚𝑗 ≤ 𝑢𝑗,  𝑙𝑗 ≥ 0, 𝑗 = 1, 2, … , 5. 
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Then, we can obtain the following optimization model represented by crisp 

numbers: 

(13) min 𝑝∗, 

|
𝑙2

𝑢1
− 0.67| ≤ 𝑝, |

𝑚2

𝑚1
− 1| ≤ 𝑝, |

𝑢2

𝑙1
− 1.5| ≤ 𝑝, |

𝑙1

𝑢3
− 0.67| ≤ 𝑝, |

𝑚1

𝑚3
− 1| ≤ 𝑝,  

|
𝑢1

𝑙3
− 1.5| ≤ 𝑝, |

𝑙3

𝑢4
− 1.5| ≤ 𝑝, |

𝑚3

𝑚4
− 2| ≤ 𝑝, |

𝑢3

𝑙4
− 2.5| ≤ 𝑝, |

𝑙4

𝑢5
− 1.5| ≤ 𝑝,  

|
𝑚4

𝑚5
− 2| ≤ 𝑝, |

𝑢4

𝑙5
− 2.5| ≤ 𝑝, |

𝑙2

𝑢3
− 0.67| ≤ 𝑝, |

𝑚2

𝑚3
− 1| ≤ 𝑝, |

𝑢2

𝑙3
− 1.5| ≤ 𝑝, 

|
𝑙1

𝑢4
− 1.5| ≤ 𝑝, |

𝑚1

𝑚4
− 2| ≤ 𝑝, |

𝑢1

𝑙4
− 2.5| ≤ 𝑝, |

𝑙3

𝑢5
− 3.5| ≤ 𝑝, |

𝑚3

𝑚5
− 4| ≤ 𝑝,  

|
𝑢3

𝑙5
− 4.5| ≤ 𝑝, 

(1/6)(𝑙1 + 4𝑚1 + 𝑢1 + 𝑙2 + 4𝑚2 + 𝑢2 + 𝑙3 + 4𝑚3 + 

+ 𝑢3 + 𝑙4 + 4𝑚4 + 𝑢4 + 𝑙5 + 4𝑚5 + 𝑢5) = 1,  

𝑙1 ≤ 𝑚1 ≤ 𝑢1, 𝑙2 ≤ 𝑚2 ≤ 𝑢2, 𝑙3 ≤ 𝑚3 ≤ 𝑢3,   𝑙4 ≤ 𝑚4 ≤ 𝑢4, 𝑙5 ≤ 𝑚5 ≤ 𝑢5,  

𝑙1 ≥ 0, 𝑙2 ≥ 0, 𝑙3 ≥ 0, 𝑙4 ≥ 0, 𝑙5 ≥ 0, 𝑝 ≥ 0. 

By solving Equation (13), the optimal fuzzy weights of five criteria (quality, 

price, comfort, safety and style) are calculated as follows:  

𝑤̃1
∗ = (0.2169, 0.2637, 0.3248); 𝑤̃2

∗ = (0.2176, 0.2637, 0.3254), 
𝑤̃3

∗ = (0.2167, 0.2637, 0.3248); 𝑤̃4
∗ = (0.1299, 0.1318, 0.1445), 

𝑤̃5
∗ = (0.0578, 0.0659, 0.0866); 𝜒̃∗ = (0.7532, 0.7532, 0.7532 ). 

Then, we can obtain the crisp weights (GMIR) of five criteria, which are:  

𝑤1
∗ =  0.2661; 𝑤2

∗ =  0.2662; 𝑤3
∗ =  0.2660; 𝑤4

∗ =  0.1336; 𝑤5
∗ =  0.0680. 

It can be seen that price ≻ quality ≻ comfort ≻ safety ≻ style, which is in 

accordance with the preference order obtained by employing BWM and fuzzy BWM 

[6]. The consistency ratio is 0.0818, which is lower than that obtained by using BWM 

(0.2237) and fuzzy BWM (0.0984). It can be concluded that the fuzzy FUCOM shows 

higher comparison consistency than the BWM method.  

Example 2. The buying company can employ four criteria Ci, i = 1, 2, …, 4, 

where C1 is willingness to improve performance, C2 – willingness to share 

information, C3 – willingness to rely on each other, and C4 – willingness to become 

involved in a long-term relationship, to evaluate supplier performance. The weights 

of these four criteria were calculated using BWM and fuzzy BWM [6]. 

The fuzzy comparative priorities of the criteria are calculated. Willingness to 

improve performance (C1) is selected as the best criterion, and willingness to share 

information (C2) is regarded as the worst criterion (Table 2). 

 
Table 2. Fuzzy comparative priorities (Example 2) 

Criteria C1 C3 C4 C2 

𝜑̃(𝑘−1)/𝑘 (1, 1, 1) (0.67, 1, 1.5) (1, 1, 1) (2.5, 3, 3.5) 

𝜑̃(𝑘−2)/𝑘   (0.67, 1, 1.5) (2.5, 3, 3.5) 

 

Stepping on fuzzy group FUCOM for getting the optimal fuzzy weights of all 

criteria, the following nonlinear constrained optimization problem is built: 
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(14) min 𝜒̃∗,  

|
𝑤̃1

𝑤̃3
− (0.67, 1, 1.5)| ≤ (𝑝∗,  𝑝∗, 𝑝∗),  |

𝑤̃3

𝑤̃4
− (1, 1, 1)| ≤ (𝑝∗, 𝑝∗, 𝑝∗), 

|
𝑤̃4

𝑤̃2
− (2.5, 3, 3.5)| ≤ (𝑝∗, 𝑝∗, 𝑝∗),  ∑ 𝐺(𝑤̃𝑗) = 14

𝑗=1 , 

𝑙𝑗 ≤ 𝑚𝑗 ≤ 𝑢𝑗,  𝑙𝑗 ≥ 0, 𝑗 = 1, 2, … , 4. 

Then, we can obtain the following optimization model represented by crisp 

numbers: 

(15) min 𝑝∗,  

|
𝑙1

𝑢3
− 0.67| ≤ 𝑝, |

𝑚1

𝑚3
− 1| ≤ 𝑝, |

𝑢1

𝑙3
− 1.5| ≤ 𝑝,  |

𝑙3

𝑢4
− 1| ≤ 𝑝,  

|
𝑚3

𝑚4
− 1| ≤ 𝑝,  |

𝑢3

𝑙4
− 1| ≤ 𝑝,  |

𝑙4

𝑢2
− 2.5| ≤ 𝑝, |

𝑚4

𝑚2
− 3| ≤ 𝑝, |

𝑢4

𝑙2
− 3.5| ≤ 𝑝,   

1

6
(𝑙1 + 4𝑚1 + 𝑢1 + 𝑙2 + 4𝑚2 + 𝑢2 + 𝑙3 + 4𝑚3 + 𝑢3 + 𝑙4 + 4𝑚4 + 𝑢4) = 1,  

𝑙1 ≤ 𝑚1 ≤ 𝑢1, 𝑙2 ≤ 𝑚2 ≤ 𝑢2,  𝑙3 ≤ 𝑚3 ≤ 𝑢3;  𝑙4 ≤ 𝑚4 ≤ 𝑢4,   

𝑙1 ≥ 0, 𝑙2 ≥ 0, 𝑙3 ≥ 0, 𝑙4 ≥ 0,  𝑝 ≥ 0. 

By solving Equation (15), the optimal fuzzy weights of four criteria are 

calculated as follows:  

𝑤̃1
∗ = (0.1982, 0.2973, 0.4450),   𝑤̃2

∗ = (0.0849, 0.0990, 0.1188),  

𝑤̃3
∗ = (0.2973, 0.2973, 0.2973),   𝑤̃4

∗ = (0.2973, 0.2973, 0.2973),  

𝜒̃∗ = (0.0034, 0.0034, 0.0034).  

Then, we can obtain the crisp weights (by using GMIR formula) of four criteria, 

which are: 

𝑤1
∗ =  0.3054, 𝑤2

∗ =  0.1000, 𝑤3
∗ =  0.2973, 𝑤4

∗ =  0.2973. 
It can be seen that willingness to improve performance (C1) is the most 

important criterion (0.3054) in terms of buyer’s evaluation of supplier performance, 

the next most important criteria are willingness to rely on each other (C3) and 

willingness to become involved in a long-term relationship (C4) (0.2973), and 

willingness to share information (C2) (0.1000). This weight order is consistent with 

results obtained using BWM and fuzzy BWM methods.  

The consistency ratio for this case is 0.0012, which is significantly lower than 

that of the BWM technique (0.382) and fuzzy BWM method (0.0353). It can be 

concluded that the fuzzy group FUCOM shows higher priority comparison 

consistency than the BWM and fuzzy BWM. 

5. Conclusions and future directions 

The presented fuzzy group FUCOM allows team of experts to evaluate in linguistic 

terms both beneficial and cost criteria. The new method has high efficiency that is 

achieved by incorporating the following features: 1) a relatively small number of 

fuzzy pairwise assessments due to the predefined order of criteria; 2) a built-in 

mechanism for calculating the optimal values of fuzzy relative weights; 3) an 

effective rule for fuzzy-to-crisp numbers conversion. The defuzzified values of the 

fuzzy weight coefficients are calculated by Graded Mean Integration Representation 

formula. This type of relationship (a linear combination) reduces the time complexity 

without affecting the quality of the solution. Therefore, this new method has the 



 57 

potential to solve efficiently weight estimation problems under uncertainty and with 

vague assessments. 

Two practical examples are discussed in order to illustrate the efficiency of the 

proposed fuzzy group FUCOM with symmetric triangular fuzzy numbers. The results 

obtained show that the new fuzzy extension is reliable and can successfully solve the 

task of relative weight determination. In the future, we plan to integrate the proposed 

fuzzy FUCOM with other comprehensive MCDM methods, such as EDAS, CODAS 

or MARCOS. We can also attempt to develop other FUCOM extensions via interval 

value type-2, hesitant, intuitionistic or neutrosophic fuzzy numbers. We will also 

apply the fuzzy group FUCOM in other real world problems, such as selecting the 

optimal agriculture and evaluating the benefits of eco-agricultures in a big data 

environment. 
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