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Abstract: Choosing a supplier is a complex decision-making process that can reduce the total cost 

of production inputs and increase profits without increasing the price or sacrificing product quality. 

However, supplier selection processes usually involve multiple quantitative and qualitative criteria 

which increase the complexity of the problem and may decrease the accuracy and effectiveness of 

the process. Such complex decision-making problems can be supported by using multicriteria deci-

sion-making (MCDM) models. While there have been multiple MCDM models to support supplier 

selection processes in different industries and sectors, only a few are developed to support the sup-

plier selection processes in the garment industry, especially under uncertain decision-making envi-

ronment. This paper presents an integrated mathematical model under a fuzzy environment and 

applies it to the supplier selection process in the garment industry. In this research, the authors 

utilize the Buckley extension based fuzzy Analytical Hierarchical Process (FAHP) method in com-

bination with linear normalization based fuzzy Grey Relational Analysis (F-GRA) method to de-

velop a MCDM approach to the supplier selection process under a fuzzy environment. As a result, 

supplier 08 (SA08) is the optimal supplier. The contribution of this work is to propose an MCDM 

model for ranking potential suppliers in the garment industry under a fuzzy environment. The pro-

posed approach can also be applied to support complex decision-making processes under a fuzzy 

environment in different industries. 

Keywords: multicriteria decision-making model (MCDM), supplier selection; FAHP; fuzzy-GRA; 

fuzzy logic; garment industry 

 

1. Introduction 

Vietnam’s garment industry is in the top 5 most exporting countries in the world 

textile industry. Many Indian companies have invested in Vietnam’s garment sector. In 

contrast, Vietnam’s garment enterprises can develop investment in manufacturing ready-

to-wear garments in India to supply the country’s 1.3 billion people market [1]. The bot-

tleneck of Vietnam’s textile and garment industry is raw materials. Every year, textile day 

imports 100% cotton, imports 900,000 tons of yarn and fabric over 11 billion USD, while 

India’s strengths are cotton, fiber, and yarn [1]. Therefore, the two sides can complement 

each other for mutual development. The current challenge for the garment industry is to 

find raw material, towards higher quality and larger scope, rapidly changing world mar-

ket, the rapid development of science and technology. 

The dependence on imported raw materials and lack of high-quality human re-

sources for the textile and dyeing stages are challenges for the sustainable development 

of Vietnam’s textile and garment industry when joining the global textile value chain. 
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Supply chain management (SCM) has become an important issue, affecting the produc-

tivity and efficiency of businesses around the world. A supply chain includes all busi-

nesses and processes that involve, directly or indirectly, in meeting customer demand. A 

typical supply chain includes not only manufacturers and suppliers but also transport 

companies, logistics activities, retailers, and end customers [2]. Supply chain management 

covers all production and business activities of a company. Effective supply chain man-

agement will provide businesses with competitive advantages, help them gain a foothold 

in the market, and expand the strategy of the business [2]. Selecting a supplier is a complex 

decision-making problem that involves different quantitative and qualitative criteria. 

However, such complexity of the problem may decrease the accuracy and effectiveness of 

the process and reduce the overall supply chain performance. These decision-making 

problems can be supported by using multicriteria decision making (MCDM) models. 

There are many multicriteria decision-making methods identified such as the Analytical 

Hierarchical Process (AHP), Analytic Network Process (ANP), Fuzzy Analytic Network 

Process (FANP), Artificial Neural Network (ANN), Data Envelopment Analysis (DEA), 

etc. that can be employed to solve similar decision-making problems [3]. 

The AHP model is a commonly quantitative approach used for supplier selection in 

many industries [3–13]. ANP models are also applied to solve the same type of problem 

on SCM as AHP model [14–16], which is a network analysis method that considers hier-

archy and interactions. This approach considers the interplay between the elements to 

give the result of the priority rating among the criteria and combining with fuzzy numbers 

will help solve the complex problem. 

While there have been multiple MCDM models to support supplier selection pro-

cesses in different industries and sectors, only a few are developed to support the supplier 

selection processes in the garment industry, especially under uncertain decision-making 

environment. The aim of this paper is to propose a fuzzy MCDM method utilizing the 

Buckley extension based fuzzy Analytical Hierarchical Process (FAHP) method in combi-

nation with linear normalization based fuzzy Grey Relational Analysis (F-GRA) method. 

In this process, a FAHP model is applied to calculate the weight of the related criteria. 

Then, Fuzzy-GRA is applied for ranking all potential suppliers. 

2. Literature Review  

2.1. MCDM Methods and Applications 

MCDM models are frequently developed to support decision-makers in solving com-

plex multicriteria decision-making problems in different industries and sectors. These de-

cision-making problems include location selection [17–19], material selection [20,21], and 

asset allocation [22]. Among these, many MCDM models have been developed to solve 

supplier evaluation and selection problems of different supply chains in various indus-

tries. 

2.2. Application of MCDM Methods in Supplier Selection Processes 

Multicriteria Decision-Making (MCDM) models for supplier selection problems de-

veloped with a focus on improvements to the performance of suppliers or on the method 

used to rank and select suppliers. In Biswas’s study [23] multiple decision-making meth-

ods are compared and applied to develop an integrated multi-criteria decision-making 

(MCDM) framework to perform a comparative analysis of Indian health care supply 

chains’ performances. Most MCDM models are based on a set of supplier performance 

criteria [24]. These models differ from each other by having different criteria or utilizing 

different MDCM methods. Timmerman proposed a single-objective weighted linear 

model in which suppliers are assessed based on related criteria, these evaluations are then 

combined into a single score which is used to rank the suppliers [25]. Petrovic et al. [26] 

performed a comparative study where three different MCDM approaches are applied in 
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order to help decision-makers to identify the most suitable method for the supplier selec-

tion process. 

There have been many researches that applied linear programming for supplier se-

lection processes [27–29]. Chaundry et al. introduced linear and mixed binary integer pro-

gramming models that support the vendor performance evaluation process [30]. Rosen-

thal et al. proposed a mixed-integer linear programming model to solve the vendor selec-

tion problem [31]. Ghodsypour et al. [32] proposed a mixed-integer non-linear program-

ming model to support solving a multiple sourcing problem; Weber et al. [33] presented 

a decision support system approach by using Multi-objective Programming for the sup-

plier selection process. Gao et al. [34] proposed a multi-objective model for purchasing 

materials. Kannan et al. [35] introduced a Fuzzy MCDM model for supplier selection and 

order allocation while incorporating green criteria. Karpak et al. [36] discussed visual in-

teractive goal programming (VIG) for supplier evaluation and selection problems. Chang 

et al. [37] proposed an integrated model based on multi-choice goal programming and 

multi-segment goal programming to support the supplier selection process. Kuo et al. [38] 

created a hybrid MCDM model based on the ANP and DEA methodologies for supporting 

the supplier selection process.  

Chakraborty et al. [39] utilized D numbers-based Measurement Alternatives and 

Ranking according to the COmpromise Solution (MARCOS) method to developed a 

MCDM model to solve the supplier selection problem in the iron and steel industry. Ra-

makrishnan and Chakraborty [40] developed a cloud The Technique for Order of Prefer-

ence by Similarity to Ideal Solution (TOPSIS) model for the green supplier selection pro-

cess in the automobile industry. Ho et al. [41] concluded that the most common criteria of 

supplier selection decision-making processes were quality, cost, management, technology, 

and flexibility. Kuo-Ping Lin et al. [42] built a supplier selection process based on six main 

criteria. Peng Jia et al. [43] have pointed out in the literature review that the framework 

has developed including economic, environmental, and social sustainability criteria. José 

Roberto et al. [44] also suggested the criteria for selecting and evaluating suppliers based 

on traditional measurements such as cost, quality, JIT, and continuous improvement ca-

pability. 

While there have been many MCDM models developed to solve the supplier selec-

tion problem in various sectors and industries, few try to solve the problem of garment 

supply chains that are heavily supplier dependent, especially under uncertain decision-

making environments. Therefore, this research aims to develop a fuzzy multicriteria de-

cision-making model method based on Buckley extension based Fuzzy AHP and linear 

normalization based Fuzzy GRA to support the supplier selection process in the garment 

industry. 

3. Research Process 

Among many areas where MCDM techniques are frequently applied, supplier selec-

tion involves not only quantitative criteria, such as price and lead time, but also qualitative 

ones such as reputation and communication easiness. Therefore, it is important that Fuzzy 

theory is integrated into supplier selection MCDM models to better present the uncertain 

nature of the decision-making environment. In this paper, Buckley extension-based fuzzy 

Analytical Hierarchical Process (FAHP) and linear normalization based fuzzy Grey Rela-

tional Analysis are chosen to develop the MCDM model. While there are several methods 

that can be applied to calculate the criteria weights; such as Best-Worst Method, Level 

Based Weight Assessment (LBWA) method, the FUll COnsistency Method (FUCOM), and 

A Step-wise Weight Assessment Ratio Analysis (SWARA); FAHP is chosen to develop 

this model due to its easy-to-compute and its availability in decision-making software, 

which allow the proposed model to be easier to be applied. 

The development process includes three main stages and is shown in Figure 1: 
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Stage 1: Analyzing and evaluate the current supplier selection practice of the com-

pany, then identify the main problem of the process. Identifying critical criteria of the 

supplier selection process through literatures and experts’ interview.  

Stage 2: Applying Buckley extension-based fuzzy Analytical Hierarchical Process 

(Fuzzy-AHP) to calculate fuzzy weights of the criteria. Then, using the calculated weight 

as the input for linear normalization based fuzzy Grey Relational Analysis (Fuzzy-GRA) 

in order to calculate the fuzzy grey relational grades of the potential suppliers. 

Stage 3: Defuzzifying the fuzzy grey relational grades using two common methods: 

the Center of Area method and α-cut method. Then, rank the potential suppliers accord-

ing to their crisp grey relational grade. The results are then used to perform a sensitivity 

analysis to verify that the proposed method is reliable across common defuzzification 

techniques and different resolving coefficient values. 

 

Figure 1. Research process. 

4. Theoretical Framework 

4.1. A Triangular Fuzzy Number (TFN) 

A Triangular Fuzzy Number (TFN) can be defined as (�, �, �), with �, � and � (� ≤

� ≤  �) are parameters that specify the smallest likely value, the promising value, and the 

largest possible value of the TFN. A typical TFN is shown in Figure 2 and can be described 

as:  
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x > q,

 (1) 

 

Figure 2. Triangular fuzzy number. 

A fuzzy number is given as: 

�� = (��(�), ��(�)) = [n + (p − q)�, q + (h − q)�], � ∈ [0,1] (2)

with �(�) and �(�) represent the two sides of the fuzzy number, respectively. 

4.2. Buckley Extension Based Fuzzy-AHP Algorithm 

The Analytic hierarchy process (AHP) is known as an effective method to support 

solving multi-criteria decision-making problems developed by Saaty [45]. While the 

method is commonly used in different MCDM models, AHP has certain limitations due 

to its inability to combine the uncertainty and inaccuracy inherent in the mapping be-

tween decision-makers’ perceptions and judgments into crisp numbers used in the 

method. There are several ways to overcome these limitations, one of them is the integra-

tion of fuzzy set theory into the AHP method to create Fuzzy-AHP models. 

Fuzzy-AHP is a popular MCDM technique that is frequently employed to deal with 

the uncertainty and vague nature of human’s decision-making processes as the technique 

can represent these elements better than the classic AHP method due to the incorporation 

of the fuzzy set theory [46,47]. 

In this research, Buckley’s Fuzzy-AHP method is utilized to calculate the criteria 

weights as it can be extended to solve decision-making problems in fuzzy environments 

and its approach is simpler compared to other Fuzzy-AHP methods. The steps of Buck-

ley’s Fuzzy-AHP are as follows [48]: 

Step 1: Build pairwise comparison matrices of all the related criteria as: 

M� =

⎣
⎢
⎢
⎡

1 b��� ⋯ b���

b� �� 1 ⋯ b���

⋮ ⋮ ⋱ ⋮
b��� b��� ⋮ 1 ⎦

⎥
⎥
⎤

 = 

⎣
⎢
⎢
⎡

1 b��� ⋯ b���

1/b��� 1 ⋯ b���

⋮ ⋮ ⋱ ⋮
1/b��� b��� … 1 ⎦

⎥
⎥
⎤

 (3)

where: 
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���� =  �
1�, 3�, 5�, 7�, 9�  

1
1���, 3���, 5���, 7���, 9���

 (4)

criterion � has relative importance to criterion � 
� = � 
criterion � has relative importance to criterion � 

Step 2: Examine the consistency of the calculated fuzzy pairwise comparison matri-

ces. 

Step 3: Apply the geometric mean technique to calculate the fuzzy geometric mean 

as Equation (5): 

��� = (b��� × b��� × ⋯ × b���)�/� (5)

where b��� is the fuzzy comparison value of criterion i to criterion n; thus is the geometric 

mean of fuzzy comparison value of criterion i to each criterion. 

Step 4: The fuzzy weights of each criterion is calculated as follows: 

w� � = z�� × (z�� × z�� × ⋯ × z��)�� (6)

with w� �  as the fuzzy weight of the i��  criterion which can be shown as w� � =

(lw�, mw�, uw�) where lw�, mw�, and uw� are the lower, middle, and upper values of w� �, 

respectively. 

4.3. Linear Normalization-Based Fuzzy GRA Method  

A typical Fuzzy-GRA algorithm includes eight steps as follows [49,50]: 

Step 1: Firstly, a panel of k decision-makers (��, ��, … , ��) is consulted. Each decision-

maker will rank each criterion (C�, C�, … , C�) in increasing order: 

���� =
1

�
�����

�� + ⋯ + ����
�� =

1

�
� ����

�

�

���

 (7)

with x��� = (a��, b��, c��). 

Step 2: The normalized decision matrix R are calculated as: 

�̃�� = �
���

��
� ,

���

��
� ,

���

��
�� , � = 1, … , �; � = 1, … , � for ��� (8)

��� = �
��

�

���
,

��
�

���
,

��
�

���
� , � = 1, … , �; � = 1, … , � for ��� (9)

with 

��
� = ��������� ��� ��

� = min������ with � = 1, … , � (10)

Step 3: Calculate the reference series as: 

��� = [�̃��, �̃��, … , �̃��], with �̃�� = max��̃��� where j = 1, …, m (11)

Step 4: Determine the distance matrix where the distance ���� between each compar-

ison value to the reference value is calculated as: 

���� = ��̃�� − �̃��� (12)

Step 5: The fuzzy grey relational coefficient (����) is defined as: 

���� =
����� + ������

���� + ������

 (13)

with ����� = max (����), ����� = min (����), and � is the resolving coefficient � ∈ [0,1].  

Step 6: The fuzzy grey relational grade (���) is calculated as: 
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��� = ∑ ���
�
��� ���� , with � = 1, … , � (14)

where the weight of the ��� criterion is ��� with ∑ ���
�
� = 1�. 

Step 7: Apply Center of Area (COA) or α-cut method to defuzzify the grey relational 

grade of each alternative. 

(a) Center-of-Area method 

The COA method can be applied to calculate the priorities and overall scores of the 

alternative by transforming fuzzy grey relational grade into crisp numbers [51]. A crisp 

number � corresponding to the convex fuzzy number �� can be estimated as: 

� =
∫ ���(�)���

∫ ���(�)��
 (15)

(b) Alpha-cut method 

The α-cut method is applied in this research to validate the results and performance 

of the proposed model. The α-cut method can be used to compare two fuzzy number in 

terms of their α-cut values [51,52]. 

The α-cut method can be utilized to convert the total weighted performance matrices 

into interval performance matrices which show the ����� and ������ value  of each alterna-

tive: 

��� =

⎝

⎛

������
�������

������
�������

⋮ ⋮
������

�������⎠

⎞ (16)

With: α�����
= α × (n − 1) + 1 

α������
= u − α × (u − n) 

The calculated interval performance matrices can then be converted into real num-

bers by applying the λ function and λ values, with λ ∈ (0.1) as follow: 

��� = �

����

����

⋮
����

� (17)

where 

���� = � × �������
+ (1 − �) × ������

 (18)

Step 8: Rank the alternatives using the defuzzified values with better alternatives 

having higher values. 

5. Numerical Application 

Currently, the textile and garment industry plays an increasingly important role in 

the Vietnamese economy, in particular one of the industries with the highest export turn-

over in the country in recent years and especially exports to the USA market. On the other 

hand, it is also one of the industries in which Vietnam has a competitive advantage and 

exploits it effectively. In fact, Vietnam’s garment export products in recent years have 

continuously increased in terms of both quantity, product categories, and value of export 

turnover, becoming one of the main export products of Vietnam. 

However, 2019 is a difficult year for the Vietnam Textile and Garment industry when 

faced with many unpredictable fluctuations from the market. According to the Vietnam 

Textile and Apparel Association, the textile industry is facing huge development oppor-

tunities from the recently signed Free Trade Agreements (FTAs). In order to enjoy the 
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incentives brought by FTAs, the domestic textile and garment industry has hardly taken 

advantage of it because it has to strictly meet the rules of origin from fabric, yarn onwards. 

Meanwhile, in Vietnam, there is a shortage of factories producing raw materials, weaving, 

dyeing unable to actively source raw materials. 

In a closed garment production chain, the role of raw material suppliers always plays 

an important role in sustainable industry development. In this research, we applied 

MCDM model for ranking all potential suppliers in the garment industry.  

First, the criteria are selected from related literature and industrial expert reviews. 

Then, the 10 potential suppliers are identified. The information of criteria and supplier are 

shown in Tables 1 and 2. 

Table 1. Criteria and sub-criteria. 

Criteria Symbol Sub-Criteria Symbol 

Service Quality A 

Reliability A1 

Communication easiness A2 

Supply capacity A3 

Quality of transport place A4 

Flexibility and agility A5 

Product B 

Product price B1 

Quality B2 

Just in time Delivery B3 

Technology B4 

Risk Factors C 

Order delays C1 

Customer complaints C2 

Resource consumption C3 

Pollution production C4 

Supplier’s Characteristics D 
Reputation D1 

Financial status D2 

Table 2. Potential supplier list. 

Supplier’s Symbol 

Supplier 1 SA01 

Supplier 2 SA02 

Supplier 3 SA03 

Supplier 4 SA04 

Supplier 5 SA05 

Supplier 6 SA06 

Supplier 7 SA07 

Supplier 8 SA08 

Supplier 9 SA09 

Supplier 10 SA10 

Next, five industrial experts, including experienced procurement managers and sup-

ply chain managers, are requested to compare the criteria with the aim of selecting the 

best supplier. In this stage, a linguistic scale for relative importance (Table 3) is employed. 

Table 3. Linguistic terms and corresponding fuzzy numbers. 

Linguistic Variable Fuzzy Number 

Very Low (VL) (1, 2, 3) 

Low (L) (2, 3, 4) 

Fairly Low (FL) (4, 5, 6) 

Medium (M) (5, 6, 7) 

Fairly High (FH) (7, 8, 9) 

High (H) (8, 9, 10) 
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The Buckley Extension Based Fuzzy-AHP Algorithm method is applied to calculate 

the weight of all criteria, some data are shown in Appendix A. These weights are shown 

in Tables 4 and 5.  

Table 4. Results from Buckley extension based fuzzy-analytic hierarchy process (AHP) method. 

Criteria 
Fuzzy Geometric Mean of 

Each Row 
Fuzzy Weights 

Non-Fuzzy  

Performance 
Normalization 

A1 0.7767 1.0983 1.5263 0.0370 0.0720 0.1384 0.0825 0.0721 

A2 0.7831 1.0903 1.4757 0.0373 0.0715 0.1338 0.0809 0.0707 

A3 0.8855 1.2460 1.7017 0.0422 0.0817 0.1543 0.0927 0.0811 

A4 0.8318 1.1544 1.5546 0.0396 0.0757 0.1410 0.0854 0.0747 

A5 1.0031 1.4031 1.9063 0.0478 0.0920 0.1728 0.1042 0.0912 

B1 0.9052 1.2643 1.7420 0.0431 0.0829 0.1579 0.0947 0.0828 

B2 0.6249 0.8487 1.1752 0.0298 0.0557 0.1066 0.0640 0.0560 

B3 0.6880 0.9436 1.3055 0.0328 0.0619 0.1184 0.0710 0.0621 

B4 0.7844 1.0918 1.4841 0.0374 0.0716 0.1346 0.0812 0.0710 

C1 0.6699 0.9214 1.2775 0.0319 0.0604 0.1158 0.0694 0.0607 

C2 0.5785 0.7819 1.0839 0.0275 0.0513 0.0983 0.0590 0.0516 

C3 0.6905 0.9334 1.2774 0.0329 0.0612 0.1158 0.07 0.0612 

C4 0.6077 0.8389 1.1885 0.0289 0.0550 0.1078 0.0639 0.0559 

D1 0.5674 0.7646 1.0783 0.0270 0.0501 0.0978 0.0583 0.0510 

D2 0.6326 0.8678 1.2228 0.0301 0.0569 0.1109 0.0660 0.0577 

Table 5. Fuzzy weight from fuzzy AHP (FAHP) model. 

Criteria Symbol Fuzzy Weights 

Reliability A1 0.0370 0.0720 0.1384 

Communication easiness A2 0.0373 0.0715 0.1338 

Supply capacity A3 0.0422 0.0817 0.1543 

Quality of transport place A4 0.0396 0.0757 0.1410 

Flexibility and agility A5 0.0478 0.0920 0.1728 

Product price B1 0.0329 0.0612 0.1158 

Quality B2 0.0298 0.0557 0.1066 

Just in time Delivery B3 0.0328 0.0619 0.1184 

Technology B4 0.0374 0.0716 0.1346 

Order delays C1 0.0319 0.0604 0.1158 

Customer complaints C2 0.0275 0.0513 0.0983 

Resource consumption C3 0.0431 0.0829 0.1579 

Pollution production C4 0.0289 0.0550 0.1078 

Reputation D1 0.0270 0.0501 0.0978 

Financial status D2 0.0301 0.0569 0.1109 

In the next step, Linear Normalization Based Fuzzy GRA Method (Fuzzy-GRA) is 

employed for ranking all potential suppliers. The results of the Fuzzy-GRA model are 

shown in Tables 6 and 7 and Figure 3. 

Table 6. Results from center-of-area defuzzification. 

Alternatives SUM Center-of-Area (BNP) Ranking Order 

SA01 0.3289 0.6163 1.1547 0.7000 5 

SA02 0.2836 0.5284 0.9752 0.5957 8 

SA03 0.3094 0.5761 1.0694 0.6516 6 

SA04 0.2767 0.5130 0.9446 0.5781 9 

SA05 0.3364 0.6297 1.1711 0.7124 4 

SA06 0.2715 0.5013 0.9164 0.5631 10 
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SA07 0.2923 0.5421 0.9954 0.6099 7 

SA08 0.3713 0.7004 1.3158 0.7958 1 

SA09 0.3542 0.6598 1.2261 0.7467 2 

SA10 0.3466 0.6428 1.1912 0.7269 3 

Table 7. Results from α-cut method. 

Alternatives Α (left) Α (right) α-Cut Value Ranking Order 

SA01 0.4726 0.8855 0.6790 5 

SA02 0.4060 0.7518 0.5789 8 

SA03 0.4428 0.8228 0.6328 6 

SA04 0.3949 0.7288 0.5618 9 

SA05 0.4830 0.9004 0.6917 4 

SA06 0.3864 0.7089 0.5476 10 

SA07 0.4172 0.7688 0.5930 7 

SA08 0.5359 1.0081 0.7720 1 

SA09 0.5070 0.9429 0.7250 2 

SA10 0.4947 0.9170 0.7059 3 

 

Figure 3. Ranking score from Center of Area (BNP) and α-cut method. 

6. Results and Discussion 

In this section, the proposed model’s rationality and stability are verified using the 

concept of sensitivity analysis. In this case, the resolving coefficient values (ζ) are used to 

test the reliability of the proposed approach between ζ = 0.1 and ζ = 1. From Figures 4 and 

5, it can be seen that, with changing values of ζ, the ranking results are the same with both 

defuzzification methods. Therefore, the ranking results of the proposed model are robust 

and reliable.  
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Figure 4. Variation analysis of ζ values of each alternative for α-cut method. 

 

Figure 5. Variation analysis of ζ values of each alternative for center-of-area method. 

In the global value chain, the stages that bring the highest value are designing sam-

ples, supplying raw materials, and trading. However, the Vietnamese garment industry 

is currently engaged in the production of low-value end products. Besides, businesses are 

mainly subcontractors for firms in the region, unable to design and build their own brands. 

In order to rise, there is no other way to eliminate the imbalance in the special chain that 

needs to find the right material supplier. Choosing a supplier is a complex decision that 

can reduce the total cost of production inputs and increase profits without increasing the 

price or sacrificing product quality. This is expected as high flexibility suppliers can pro-

vide many benefits to the garment supply chain where demand uncertainty has become 

an important issue since the Trade War between the US and China began and the appear-

ance of the Covid-19 pandemic. 
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AHP) and linear normalization based fuzzy Grey Relational Analysis (Fuzzy-GRA) com-

bined Multi-Criteria Decision-Making (MCDM) methodology. In this process, a FAHP 

model is applied to calculate the weight of the related criteria. Then, the Center-of-Area 

method and α-cut method are applied for ranking all potential suppliers. From the results 

in Figure 3, both defuzzification methods give identical results, with Supplier 8 (SA08) as 

the optimal supplier. This means the proposed method is robust to different deffuzify 

methods. Therefore, it is confirmed that the results of the supplier ranking are reliable. 

The research has successfully created a hybrid MCDM model using Fuzzy AHP and 

Fuzzy GRA to assist the supplier evaluation and selection process in the garment industry. 

Results from the case study show that the model is feasible and reliable. 

7. Conclusions 

Traditionally, garment materials mainly come from China. However, with the impact 

of the ongoing US-China trade war, the textile manufacturer is looking at other markets 

such as Vietnam, Bangladesh, and Mexico to limit the uncertainty introduced by the trade 

war. As the decision to choose a supplier in a constantly changing competitive environ-

ment is crucial for a company to succeed, it is important that companies in the garment 

industry have a robust and effective sourcing strategy. As such, supplier selection is an 

important process for any company in the industry. 

There have been multiple literatures about the development of MCDM models and 

their applications in various fields of science and engineering. While there have also been 

many applications of MCDM models in supplier selection problems, not many literatures 

have focused on solving these multicriteria decision-making problems in a fuzzy environ-

ment, especially in the garment industry. Therefore, hybrid AHP with fuzzy logic and 

Fuzzy GRA is utilized in this study to support the supplier selection process in the gar-

ment industry. 

Initially, a Fuzzy Analytic Hierarchy Process (FAHP) model is employed to calculate 

the fuzzy weights of the criteria of the supplier selection processes. Then, a Fuzzy grey 

relational analysis (FGRA) process is applied to rank all potential suppliers. The FGRA 

model proposed can be applied to other multiple criteria decision-making problems since 

it shows good results in the research. As a result, supplier 08 (SA08) is the optimal supplier. 

The contribution of this work is to propose a multicriteria decision-making model 

(MCDM) for ranking potential suppliers in the garment industry under a fuzzy environ-

ment. However, the proposed approach still has certain limitations. Although there al-

ready exist many upper-level theories and domain-specific theories regarding the deci-

sion-making process under fuzzy environment, few express the attributes of alternatives 

as numerous types of fuzzy numbers. Thus, future works can focus on solving this limi-

tation so as to reduce the difficulties of putting the proposed approach into practice. 
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Appendix A 

Table A1. Integrated matrix. 

  X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 

A1 4.4 5.4 6.4 4.0 5.0 6.0 2.8 3.8 4.8 4.6 5.6 6.6 4.6 5.6 6.6 2.8 3.8 4.8 5.0 6.0 7.0 5.4 6.4 7.4 4.2 5.2 6.2 2.8 3.8 4.8 4.8 5.8 6.8 4.6 5.6 6.6 6.0 7.0 8.0 5.8 6.8 7.8 5.8 6.8 7.8 

A2 2.8 3.8 4.8 3.4 4.4 5.4 4.6 5.6 6.6 4.2 5.2 6.2 4.8 5.8 6.8 2.8 3.8 4.8 4.8 5.8 6.8 5.0 6.0 7.0 4.4 5.4 6.4 4.4 5.4 6.4 4.0 5.0 6.0 4.2 5.2 6.2 4.4 5.4 6.4 5.0 6.0 7.0 4.4 5.4 6.4 

A3 2.8 3.8 4.8 3.2 4.2 5.2 4.4 5.4 6.4 5.0 6.0 7.0 5.0 6.0 7.0 4.6 5.6 6.6 5.0 6.0 7.0 4.4 5.4 6.4 6.2 7.2 8.2 4.4 5.4 6.4 4.4 5.4 6.4 4.0 5.0 6.0 4.6 5.6 6.6 4.6 5.6 6.6 5.0 6.0 7.0 

A4 2.8 3.8 4.8 3.2 4.2 5.2 4.4 5.4 6.4 4.6 5.6 6.6 5.2 6.2 7.2 3.0 4.0 5.0 5.4 6.4 7.4 4.6 5.6 6.6 5.8 6.8 7.8 4.4 5.4 6.4 4.0 5.0 6.0 4.0 5.0 6.0 4.6 5.6 6.6 5.0 6.0 7.0 4.6 5.6 6.6 

A5 4.4 5.4 6.4 4.0 5.0 6.0 4.4 5.4 6.4 5.0 6.0 7.0 4.4 5.4 6.4 4.4 5.4 6.4 4.8 5.8 6.8 4.4 5.4 6.4 5.0 6.0 7.0 3.0 4.0 5.0 4.8 5.8 6.8 4.4 5.4 6.4 4.4 5.4 6.4 4.4 5.4 6.4 4.8 5.8 6.8 

A6 3.2 4.2 5.2 3.4 4.4 5.4 4.2 5.2 6.2 4.8 5.8 6.8 4.4 5.4 6.4 4.6 5.6 6.6 5.0 6.0 7.0 4.6 5.6 6.6 5.0 6.0 7.0 4.4 5.4 6.4 4.4 5.4 6.4 3.8 4.8 5.8 3.2 4.2 5.2 3.4 4.4 5.4 3.2 4.2 5.2 

A7 2.4 3.4 4.4 4.2 5.2 6.2 4.6 5.6 6.6 5.0 6.0 7.0 4.6 5.6 6.6 5.4 6.6 7.8 5.8 6.8 7.8 5.8 6.8 7.8 5.4 6.4 7.4 4.2 5.2 6.2 4.2 5.2 6.2 3.4 4.4 5.4 3.2 4.2 5.2 3.4 4.4 5.4 2.8 3.8 4.8 

A8 4.4 5.4 6.4 4.6 5.6 6.6 4.6 5.6 6.6 4.6 5.6 6.6 5.8 6.8 7.8 4.4 5.4 6.4 4.4 5.4 6.4 4.4 5.4 6.4 6.2 7.2 8.2 4.4 5.4 6.4 4.4 5.4 6.4 4.4 5.4 6.4 4.4 5.4 6.4 4.4 5.4 6.4 4.4 5.4 6.4 

A9 3.0 4.0 5.0 2.8 3.8 4.8 2.8 3.8 4.8 4.6 5.6 6.6 5.8 6.8 7.8 3.8 4.8 5.8 4.6 5.6 6.6 4.8 5.8 6.8 6.2 7.2 8.2 6.2 7.2 8.2 6.6 7.6 8.6 6.0 7.0 8.0 5.6 6.6 7.6 5.2 6.2 7.2 4.6 5.6 6.6 

A10 4.2 5.2 6.2 4.4 5.4 6.4 4.2 5.2 6.2 4.4 5.4 6.4 5.0 6.0 7.0 4.4 5.4 6.4 6.2 7.2 8.2 5.4 6.4 7.4 5.8 6.8 7.8 5.2 6.2 7.2 5.2 6.2 7.2 5.4 6.4 7.4 6.0 7.0 8.0 5.6 6.6 7.6 5.8 6.8 7.8 

Table A2. Normalized matrix. 

  X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 

A1 0.69 0.84 1.00 0.61 0.76 0.91 0.42 0.58 0.73 0.66 0.80 0.94 0.59 0.72 0.85 0.36 0.49 0.62 0.63 0.73 0.88 0.59 0.69 0.81 0.68 0.81 1.00 0.34 0.46 0.59 0.56 0.67 0.79 0.58 0.70 0.83 0.75 0.88 1.00 0.74 0.87 1.00 0.74 0.87 1.00

A2 0.44 0.59 0.75 0.52 0.67 0.82 0.70 0.85 1.00 0.60 0.74 0.89 0.62 0.74 0.87 0.36 0.49 0.62 0.65 0.76 0.92 0.63 0.73 0.88 0.66 0.78 0.95 0.54 0.66 0.78 0.47 0.58 0.70 0.53 0.65 0.78 0.55 0.68 0.80 0.64 0.77 0.90 0.56 0.69 0.82

A3 0.44 0.59 0.75 0.48 0.64 0.79 0.67 0.82 0.97 0.71 0.86 1.00 0.64 0.77 0.90 0.59 0.72 0.85 0.63 0.73 0.88 0.69 0.81 1.00 0.51 0.58 0.68 0.54 0.66 0.78 0.51 0.63 0.74 0.50 0.63 0.75 0.58 0.70 0.83 0.59 0.72 0.85 0.64 0.77 0.90

A4 0.44 0.59 0.75 0.48 0.64 0.79 0.67 0.82 0.97 0.66 0.80 0.94 0.67 0.79 0.92 0.38 0.51 0.64 0.59 0.69 0.81 0.67 0.79 0.96 0.54 0.62 0.72 0.54 0.66 0.78 0.47 0.58 0.70 0.50 0.63 0.75 0.58 0.70 0.83 0.64 0.77 0.90 0.59 0.72 0.85

A5 0.69 0.84 1.00 0.61 0.76 0.91 0.67 0.82 0.97 0.71 0.86 1.00 0.56 0.69 0.82 0.56 0.69 0.82 0.65 0.76 0.92 0.69 0.81 1.00 0.60 0.70 0.84 0.37 0.49 0.61 0.56 0.67 0.79 0.55 0.68 0.80 0.55 0.68 0.80 0.56 0.69 0.82 0.62 0.74 0.87

A6 0.50 0.66 0.81 0.52 0.67 0.82 0.64 0.79 0.94 0.69 0.83 0.97 0.56 0.69 0.82 0.59 0.72 0.85 0.63 0.73 0.88 0.67 0.79 0.96 0.60 0.70 0.84 0.54 0.66 0.78 0.51 0.63 0.74 0.48 0.60 0.73 0.40 0.53 0.65 0.44 0.56 0.69 0.41 0.54 0.67

A7 0.38 0.53 0.69 0.64 0.79 0.94 0.70 0.85 1.00 0.71 0.86 1.00 0.59 0.72 0.85 0.69 0.85 1.00 0.56 0.65 0.76 0.56 0.65 0.76 0.57 0.66 0.78 0.51 0.63 0.76 0.49 0.60 0.72 0.43 0.55 0.68 0.40 0.53 0.65 0.44 0.56 0.69 0.36 0.49 0.62

A8 0.69 0.84 1.00 0.70 0.85 1.00 0.70 0.85 1.00 0.66 0.80 0.94 0.74 0.87 1.00 0.56 0.69 0.82 0.69 0.81 1.00 0.69 0.81 1.00 0.51 0.58 0.68 0.54 0.66 0.78 0.51 0.63 0.74 0.55 0.68 0.80 0.55 0.68 0.80 0.56 0.69 0.82 0.56 0.69 0.82

A9 0.47 0.63 0.78 0.42 0.58 0.73 0.42 0.58 0.73 0.66 0.80 0.94 0.74 0.87 1.00 0.49 0.62 0.74 0.67 0.79 0.96 0.65 0.76 0.92 0.51 0.58 0.68 0.76 0.88 1.00 0.77 0.88 1.00 0.75 0.88 1.00 0.70 0.83 0.95 0.67 0.79 0.92 0.59 0.72 0.85

A10 0.66 0.81 0.97 0.67 0.82 0.97 0.64 0.79 0.94 0.63 0.77 0.91 0.64 0.77 0.90 0.56 0.69 0.82 0.54 0.61 0.71 0.59 0.69 0.81 0.54 0.62 0.72 0.63 0.76 0.88 0.60 0.72 0.84 0.68 0.80 0.93 0.75 0.88 1.00 0.72 0.85 0.97 0.74 0.87 1.00

Table A3. Distance matrix. 

  X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 

A1 0.00 0.00 0.00 0.09 0.09 0.09 0.27 0.27 0.27 0.06 0.06 0.06 0.15 0.15 0.15 0.33 0.36 0.38 0.06 0.08 0.12 0.09 0.13 0.19 0.00 0.00 0.00 0.41 0.41 0.41 0.21 0.21 0.21 0.18 0.18 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

A2 0.25 0.25 0.25 0.18 0.18 0.18 0.00 0.00 0.00 0.11 0.11 0.11 0.13 0.13 0.13 0.33 0.36 0.38 0.04 0.06 0.08 0.06 0.08 0.12 0.02 0.03 0.05 0.22 0.22 0.22 0.30 0.30 0.30 0.23 0.23 0.23 0.20 0.20 0.20 0.10 0.10 0.10 0.18 0.18 0.18 

A3 0.25 0.25 0.25 0.21 0.21 0.21 0.03 0.03 0.03 0.00 0.00 0.00 0.10 0.10 0.10 0.10 0.13 0.15 0.06 0.08 0.12 0.00 0.00 0.00 0.17 0.22 0.32 0.22 0.22 0.22 0.26 0.26 0.26 0.25 0.25 0.25 0.18 0.18 0.18 0.15 0.15 0.15 0.10 0.10 0.10 

A4 0.25 0.25 0.25 0.21 0.21 0.21 0.03 0.03 0.03 0.06 0.06 0.06 0.08 0.08 0.08 0.31 0.33 0.36 0.09 0.13 0.19 0.02 0.03 0.04 0.14 0.19 0.28 0.22 0.22 0.22 0.30 0.30 0.30 0.25 0.25 0.25 0.18 0.18 0.18 0.10 0.10 0.10 0.15 0.15 0.15 

A5 0.00 0.00 0.00 0.09 0.09 0.09 0.03 0.03 0.03 0.00 0.00 0.00 0.18 0.18 0.18 0.13 0.15 0.18 0.04 0.06 0.08 0.00 0.00 0.00 0.08 0.11 0.16 0.39 0.39 0.39 0.21 0.21 0.21 0.20 0.20 0.20 0.20 0.20 0.20 0.18 0.18 0.18 0.13 0.13 0.13 

A6 0.19 0.19 0.19 0.18 0.18 0.18 0.06 0.06 0.06 0.03 0.03 0.03 0.18 0.18 0.18 0.10 0.13 0.15 0.06 0.08 0.12 0.02 0.03 0.04 0.08 0.11 0.16 0.22 0.22 0.22 0.26 0.26 0.26 0.28 0.28 0.28 0.35 0.35 0.35 0.31 0.31 0.31 0.33 0.33 0.33 
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A7 0.31 0.31 0.31 0.06 0.06 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.15 0.15 0.00 0.00 0.00 0.12 0.17 0.24 0.12 0.17 0.24 0.11 0.15 0.22 0.24 0.24 0.24 0.28 0.28 0.28 0.33 0.33 0.33 0.35 0.35 0.35 0.31 0.31 0.31 0.38 0.38 0.38 

A8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.06 0.00 0.00 0.00 0.13 0.15 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.22 0.32 0.22 0.22 0.22 0.26 0.26 0.26 0.20 0.20 0.20 0.20 0.20 0.20 0.18 0.18 0.18 0.18 0.18 0.18 

A9 0.22 0.22 0.22 0.27 0.27 0.27 0.27 0.27 0.27 0.06 0.06 0.06 0.00 0.00 0.00 0.21 0.23 0.26 0.02 0.03 0.04 0.04 0.06 0.08 0.17 0.22 0.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.05 0.05 0.08 0.08 0.08 0.15 0.15 0.15 

A10 0.03 0.03 0.03 0.03 0.03 0.03 0.06 0.06 0.06 0.09 0.09 0.09 0.10 0.10 0.10 0.13 0.15 0.18 0.15 0.20 0.29 0.09 0.13 0.19 0.14 0.19 0.28 0.12 0.12 0.12 0.16 0.16 0.16 0.08 0.08 0.08 0.00 0.00 0.00 0.03 0.03 0.03 0.00 0.00 0.00 
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