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Abstract: In recent years, the market of textile and garment materials has been volatile, and the ongoing
US-China trade war is creating good opportunities for other markets such as Vietnam, Bangladesh
and Mexico to continue to expand their market share in the United States. Vietnam is expected to have
great advantages thanks to cheap labor cost and strong production capacity. Raw material supplier
selection in a volatile competitive environment is crucial for a company to succeed, and supplier
selection is a complicate process in which decision-makers must consider multiple quantitative and
qualitative features, along with their symmetrical impact, in order to achieve an optimal result.
The purpose of selecting the right supplier is to improve competitiveness and product quality,
while satisfying customer demand at a minimum production cost. The aim of this paper is to propose
a multicriteria decision making model (MCDM) for garment and textile supplier selection. In the first
stage, all criteria affecting this process are defined by using the supply chain operations reference
model (SCOR) and experts’ opinion. Incorporating hybrid fuzzy set theory into the analytical network
process (ANP) model is the most effective tool for addressing complex problems of decision-making,
which has a connection with various qualitative criteria; thus, the Fuzzy Analytical Hierarchy Process
(FAHP) was applied for determining the weight of all potential suppliers, and the preference ranking
organization method for enrichment of evaluations (PROMETHEE II) was used for ranking the
supplier. The results of this research will assist researchers and decision makers in identifying,
adapting and applying appropriate methods to identify the optimal material suppliers in the textile
and garment industry. This research can also be used to support supplier selection decisions in
other industries.

Keywords: fuzzy theory; sustainable development; SCOR model; FAHP; PROMETHEE II; textile and
garments industry; sustainable supplier selection; MCDM

1. Introduction

At present, the textile and garment industry plays an increasingly important role in the national
economy. It not only serves the increasing and diverse needs of the people but also creates many jobs
and significantly contributes to the national budget to create conditions for economic development.
In Vietnam, the textile and garment industry has made great strides. The average growth rate of the
industry is about 30%/year; in the export sector, the average growth rate is 24.8%/year and accounts for
20% of the country’s total export turnover [1].

However, according to aggregate data of the Vietnam Textile and garment and Apparel Association
(Vitas), the US-China trade conflict has made the total textile and garment demand on the world market
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increase by only 3.3% in 2019, compared to the up to 7.4% from the previous year [2]. When Vietnam
joins the Trans-Pacific Strategic Partnership Agreement (TPP), textile and garment enterprises will
enjoy a tax rate of 0%. However, the TPP stipulates that all input materials of this industry must
be from the TPP to be eligible for preferential tax rates, while Vietnam’s textile and garment and
garment industry is still heavily dependent on foreign material supply, accounting for nearly 88% of
total demand; most of the countries where Vietnam imports raw materials are not part of the TPP [3].
Thus, raw materials supplier selection in a volatile competitive environment is crucial for a company
to succeed.

The selection of material suppliers is an extremely important decision that can enhance a company’s
competitive advantage significantly by enabling the success of subsequence processes within the
production chain. The main objective of a supplier selection process is to reduce purchasing risks,
maximize overall value for buyers and develop proximity and long-term relationships between buyers
and suppliers. Any supply chain activity begins with sourcing raw materials and ends with product
delivery to consumers [4]. A perfect supply chain helps businesses gain many benefits, such as
cost savings, competitive product prices. Therefore, choosing the right supplier plays an essential
role in determining the success or failure in an organization [5]. Supplier selection is a multicriteria
decision process and involves many quantitative and qualitative criteria. Thus, this study aims to
develop a multicriteria decision making model (MCDM) for the supplier selection process within
Vietnam textile and garments industry, by using the supply chain operations reference model (SCOR),
Fuzzy Analytical Hierarchy Process (FAHP) and the preference ranking organization method for
enrichment of evaluations (PROMETHEE II). The combination of these decision-making methods is an
effective tool for supplier selection and evaluation [6,7].

The contribution of this study is to propose a multi-criteria decision-making model to use in
supplier selection, which is considered a useful tool for companies operating to increase competitiveness
and minimum production costs in the textile and garment industry.

2. Literature Review

As customers’ expectations grow year after year, global companies are facing serious challenges
in improving and optimizing their supply chains to satisfy consumers. These challenges are further
increased with pressures from global competitions and the dissemination of enterprise information
systems and shorter product life cycles, which lead to increasingly complex supply chains and requires
more sophisticate management methods [8].

There are many different methods for identifying suppliers’ criteria, assessments and selection
that have been published in prestigious scientific journals. Govindan et al. [9] successfully applied
a multi-criteria decision-making model in the evaluation and selection of environmentally-friendly
suppliers. Therefore, it is possible to realize that the problem of supplier selection is an important topic
in both scientific research and practical applications.

Choosing a supplier is a multifaceted strategic decision, but few studies have looked at factors
such as sustainability and risks. Especially when the selection criteria are subjective and require the
judgment of decision makers, and since for each supplier candidate a separate selection criterion
dominates, the supplier selection process can become very complicate [10]. To address decision-related
issues of sustainability, Multi Criteria Decision Analysis (MCDA) models are often applied to support
the decision makers in these processes. However, from the methodological and practical perspective of
sustainability assessment, the MCDA method has some shortcomings. To limit decision making errors,
researchers have used more methods to reduce decision making errors, such as by combining the
PROMETHEE and FAHP method [11,12]. Safari et al. [13] developed an integrated MCDM model for
supplier evaluation and selection process. In this research, the weights of the evaluation criteria were
determined using Shannon’s Entropy, while PROMETHEE was used to rank the potential suppliers in
the final stage. Senvar et al. [14] proposed a multi criteria supplier selection model based on a fuzzy
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PROMETHEE model. The proposed methodology can be used assist decision makers within supply
chains in solving similar selection problems.

Chen et al. [15] presented a hybrid framework for third-party logistics service supplier selection
process. The authors developed a hybrid decision making model by using linguistic PROMETHEE in
combination with maximum deviation method to rank potential logistics service providers, based on
criteria from industry experts, customers, and operational data. Dağdeviren [16] integrated an approach
based on both AHP and PROMETHEE to solve an equipment selection problem. According to
Pan et al. [17], multi-criteria decision-making (MCDM) has not been fully utilized to vendor selection
processes. An approach based on AHP and PROMETHEE takes into account the characteristics of
strategic sourcing, the index for selection focuses on cooperation and long-term character of suppliers
and the method of supplier selection.

Bansal et al. [18] suggested that an AHP-PROMETHEE hybrid model is an effective tool for
third-party logistics service supplier selection processes. AHP is employed to calculate the weights of
criteria, whereas PROMETHEE ranks potential suppliers according to their performance based on these
criteria. Shakey [19] introduced a hybrid AHP-PROMETHEE-2 multicriteria decision making model
to support supplier selection processes. The result suggests that the hybrid model can calculate the
optimum distribution of order quantities among the selected supplier, which maximizes total purchase
value. Sari et al. [20] presented a plausible solution for complex selection problems, by comparing
traditional and non-traditional methods. In this research, the authors identified a group of main
criteria; including quality, delivery, price, environmental health, financial status, managerial capabilities
and working conditions; then, they investigated their interrelations and determined each criterion
importance degree. Wang et al. [21] applied a hybrid fuzzy analytical hierarchy process and green
data envelopment analysis for the sustainable supplier selection process in edible oil production.
Wang et al. [22] proposed an MCDM approach, including the fuzzy analytic network process (FANP)
and The Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) model for solid
waste to energy plant location selection in Vietnam. Wang et al. [23] applied the MCDM model for
supplier selection in the rice supply chain.

As literature review shows, the amount of studies that have applied the MCDM approach
to various fields of science and engineering has been increasing in number over the past years.
Supplier selection is one of the fields where the MCDM model has been employed, especially in the
garment and textile industry, where decision makers must evaluate both qualitative and quantitative
factors. Although some studies have reviewed applications of MCDM approaches in garment supplier
selection, very few works have focused on this problem in a fuzzy environment. This is a reason why
we proposed a fuzzy MCDM model in this study.

3. Methodology

In this paper, the MCDM model for supplier selection is built through a number of steps, as shown
in Figure 1.

3.1. Theorical Basis

3.1.1. Supply Chain Operations Reference (SCOR) Model

The problem of analyzing and assessing the current state of the selection process of the company
needs to be identified. The criteria evaluated and used in the proposed model are built based on
the SCOR model. The SCOR model, also known as the Supply Chain Operations Reference Model,
was approved in 1996 and recognized by the Supply Chain Council (SCC) [24]. This model enables
corporations to conduct a thorough analysis of their supply chains based on the information of various
aspects of the supply chains by providing a set of process details and performance metrics.

As Theeranuphattana et al. [25] stated, the SCOR Model criteria set can be utilized as a business
process reference model, providing a specific set of analysis tools for supply chain business processes,
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best practice metrics. The SCOR model is also an appropriate reference for industrial supply chains.
Furthermore, the implementation of the SCOR model enables a common language between partners in
a supply chain, as it standardizes definitions, process elements and metrics. The main performance
attributes of the SCOR model are shown in Table 1.
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Table 1. The performance attributes of the SCOR model.

Performance Attributes Definition

Reliability Capable of fulfilling orders in the best way. With confidence, the focus is on the ability
to predict results. For example, delivery on time, high quality and appropriate quantity.

Responsiveness Express the speed of execution of requests for customers. For example, cycle time.
Flexibility Able to respond quickly; high speed to increase competitive advantage.

Cost Costs include operating costs, particularly costs of materials, labor and transportation.

Assets The ability to use financial resources effectively; being able to quickly execute requests
from customers. The ability to use funds, including inventory days and financial uses.

3.1.2. Fuzzy Analytical Hierarchy Process (FAHP)

AHP is a Multiple Criteria Decision Making (MCDM) method that simplifies complex and unclear
structured issues by using pairwise comparison matrix to sort criteria [24]. AHP has the main advantage
of ranking alternatives in order of effectiveness.

In the AHP model, there are many pairwise comparison metric assembled based on the nine
levels of the standardized comparison scale [24]. The AHP method is applied to select the priority
level at all levels of the hierarchy according to the pairwise comparison matrix, measured using a scale
of 1 to 9 [24].

The Analytical Hierarchy Process, which uses fuzzy theory, is further developed based on AHP.
In 1965, Zadeh proposed a theory for use in uncertain environmental conditions [25]. With the
application of fuzzy set theory, it can help us better understand and better estimate uncertainty.
The degree of dependence of a fuzzy number on certain sets are shown using a fuzzy set. The value of
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the member function is within the range [0; 1] [26,27]. The Triangular Fuzzy Number (TFN) can be
defined as (o, g, p), respectively, with o, g and p (o ≤ g ≤ p) as parameters, indicating the smallest,
most promising TFN and corresponding maximum values. Each degree of membership includes Mo(y)

(left) and Mi(y) (right), which represent the two sides of a fuzzy number:

M̃ = (Mo(y), Mi(y)) = [o + (g− o)y, p + (g− p)y], y ∈ [0, 1]

TFN is shown in Figure 2.Symmetry 2019, 11, x FOR PEER REVIEW 6 of 14 
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3.1.3. Preference Ranking Organization Method for Enrichment of Evaluations (PROMETHEE)

Preference ranking organization method for enrichment of evaluations (PROMETHEE) was
introduced by Brans and Vincke in 1985 [28]. PROMETHEE I can enable a partial review of alternative
decisions, while PROMETHEE II can evaluate the overall rankings of the alternatives. In this research,
the PROMETHEE II was utilized to calculate the ranking of potential suppliers. PROMETHEE II was
performed according to these followed steps [29,30]:

Step 1: Normalize the decision matrix:

Ri j =

[
xi j −min

(
xi j

)][
max(xi j

)
−min

(
xi j

)
]
. (1)

where xij is the performance indicator of the ith alternative with reference to the jth criterion.
For non-beneficial criteria, Equation (1) can be rearranged as follows:

Rij =

[
max(xij

)
− xij][

max(xij
)
−min

(
xij

)
]
. (2)

Step 2: Determine the differences of the ith alternative in comparison to other alternatives by
calculating the pairwise differences in criteria values between the alternatives

Step 3: Determine the preference function, Pj (i,i′). Bran and Mareschal [21] proposed six main type
of generalized reference functions [28]. However, these functions require some preferential parameters
to be well defined, which, in real world cases, may cause unnecessary difficulties and complexities to
the decision makers. Therefore, a simplified preference function is adopted in this study:

Pj(i, i′) = 0 if Rij ≤ Ri′j ,
Pj(i, i′) =

(
Rij, Ri′j

)
if Rij > Ri′j

(3)
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Step 4: Determine the aggregated preference function with respect to the weights of the criteria.
The aggregated preference function is as follows:

π(i, i′) =

[∑m
j−1 wj × pj(i,i′)

]
∑m

j−1 wj × pj(i,i′)
. (4)

where wj is the weight of the jth criterion.
Step 5: Calculate the leaving and entering outranking flows:

Φ+(i) = 1
n−1 ×

n∑
i′=1
π(i, i′)with i , i′

Φ−(i) = 1
n−1 ×

∑n
i′=1 π(i

′, i)with i , i′.
(5)

where n is the number of alternatives.
In this step, each alternative is compared with (n− 1) other alternatives. The leaving flow

shows how much the alternative outranks others, whereas the entering flow show how much the
alternative is outranked by others. Then, a partial preorder of the alternative can be obtained using
PROMETHEE I, or, a complete preorder can be obtained using PROMETHEE II by using a net flow.
However, using PROMETHEE II can lead to loss of preference relations information.

Step 6: Determine the net outranking flow for individual alternative:

Φ(i)= Φ+(i)−Φ−(i). (6)

Step 7: Calculate the ranking of all potential alternatives based the value ofΦ(i). The higher value
ofΦ(i), the better is the alternative. Thus, the best alternative is the one with the highestΦ(i) value.

4. Case Study

Vietnam’s textile and garment in the international market is said to be currently competitive
because of its abundant labor force, high skilled skills and low labor costs when compared to the
productivity. However, facing these advantages, Vietnam’s textile and garment and garment industry
in 2020, besides opportunities and prospects, still faces significant challenges in selecting raw material
suppliers. In addition to the tax reduction in the provisions of the EVFTA Agreement, Vietnam’s textile
and garment products must comply closely with the standards committed in the Agreement such as
standards of the origin of raw materials. Thus, the purpose of selecting the right supplier is to improve
a company’s competitiveness and product quality, while satisfying customer demand at a lower cost.

This study aimed to develop a multicriteria decision making model (MCDM) for the supplier
selection process within the Vietnam textile and garments industry, by using the supply chain operations
reference model (SCOR), Fuzzy Analytical Hierarchy Process (FAHP) and the preference ranking
organization method for enrichment of evaluations (PROMETHEE II). To verify the proposed model,
the model will be used to select an optimal supplier from 10 potential suppliers, which is provided by
industry experts and head of the purchasing department of a Vietnamese textile company. Ten industry
experts were consulted and interviewed to obtain suitable criteria for the model. All criteria affecting
to supplier selection process are show in Table 2.
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Table 2. Criteria for evaluating supplier define based on the SCOR model.

No. Main Criteria Sub-Criteria Symbol

1 Reliability (A)

Delivered the right quantity A1

Fulfill an order request A2

Delivery performance A3

2 Responsiveness (B)

Order Fulfillment Cycle Time B1

Delivery time B2

Return processing time B3

3 Flexibility (C)
Order fulfillment lead time C1

Production flexibility C2

4 Cost (D)

Transportation cost D1

Returns processing cost D2

Materials cost D3

5 Assets (E)

Cash to cash cycle time E1

Asset turns E2

Inventory days of supply E3

Inventory value E4

The industry experts also discussed and provided their inputs based on a 1–9 Saaty scale (Table 3).

Table 3. 1–9 Saaty Scale of Importance Intensities.

Importance Intensity Definition

1 Equal importance
3 Moderate importance of one over another
5 Essential importance
7 Demonstrated importance
9 Extremely importance

2,4,6,8 Intermediate values

Based on the inputs from the consulted industry experts, the fuzzy comparison matrix of the main
criteria from the AHP model are calculated as in Table 4.

Table 4. Fuzzy comparison matrix for the main criteria.

Main Criteria A B C D E

A (1,1,1) (1,2,3) (1/5,1/4,1/3) (1/4,1/3,1/2) (1,2,3)

B (1/3,1/2,1/1) (1,1,1) (1/3,1/2,1/1) (1/4,1/3,1/2) (1,2,3)

C (3,4,5) (1,2,3) (1,1,1) (1,2,3) (2,3,4)

D (2,3,4) (2,3,4) (1/3,1/2,1/1) (1,1,1) (3,4,5)

E (1/3,1/2,1/1) (1/3,1/2,1/1) (1/4,1/3,1/2) (1/5,1/4,1/3) (1,1,1)

The values in Table 5 were converted to real numbers by using the TFN. During the defuzzification,
the authors obtained the coefficients α = 0.5 and β = 0.5. Here, α represents the uncertain environment
conditions, and β represents the attitude of the evaluator is fair.



Symmetry 2020, 12, 979 8 of 12

Table 5. Real number priority of the main criteria.

Main Criteria A B C D E

A 1 2 1/4 1/3 2

B 1/2 1 1/2 1/3 2

C 4 2 1 2 3

D 3 3 1/2 1 4

E 1/2 1/2 1/3 1/4 1

The individual maximum value λmax and weight w of the matrix are calculated as follows:

GM1 = (1× 2×
1
4
×

1
3
× 2)

1
5
= 0.8

GM2 = (
1
2
× 1×

1
2
×

1
3
× 2)

1
5
= 0.7

GM3 = (4× 2× 1× 2× 3)
1
5 = 2.17

GM4 = (3× 3×
1
2
× 1× 4)

1
5
= 1.78

GM5 = (
1
2
×

1
2
×

1
3
×

1
4
× 1)

1
5
= 0.46∑

GM = 5.91

The weights of individual main criteria are calculated as follows:

ω1 =
0.8027
5.9140

= 0.14

ω2 =
0.6988
5.9140

= 0.12

ω3 =
2.6189
5.9140

= 0.37

ω4 =
1.7826
5.9140

= 0.3

ω5 =
0.4610
5.9140

= 0.08
1 2 1/4 1/3 2

1/2 1 1/2 1/3 2
4 2 1 2 3
3 3 1/2 1 4

1/2 1/2 1/3 1/4 1


x


0.14
0.12
0.37
0.30
0.08


=


0.72
0.63
1.98
1.56
0.40




0.72
0.63
1.98
1.56
0.40


/


0.14
0.12
0.37
0.30
0.08


=


5.30
5.30
5.41
5.17
5.16
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Based on number of main criteria, the authors found that n = 5; λmax and CI are calculated as
follows:

λmax =
5.30 + 5.30 + 5.41 + 5.17 + 5.16

5
= 5.27

CI =
λmax − n

n− 1
=

5.27− 5
5− 1

= 0.07

To calculate the CR value, we found that RI = 1.12, with n = 5.

CR =
CI
RI

=
0.07
1.12

= 0.06

Since CR = 0.06 ≤ 0.1, there is no need to re-evaluate. The weights of the main criteria are shown
in Table 6.

Table 6. The weights of the main criteria.

Main Criteria A B C D E Weight

A 1 2 1/4 1/3 2 0.14

B 1/2 1 1/2 1/3 2 0.12

C 4 2 1 2 3 0.37

D 3 3 1/2 1 4 0.30

E 1/2 1/2 1/3 1/4 1 0.08

Total 1

CR = 0.06

The weight of each sub criteria can be calculated based on the weights of main criteria.
The calculated weight of each sub criteria using FAHP is shown in Table 7.

Table 7. The weight of the sub criteria.

No Symbol Weight

1 A1 0.07

2 A2 0.05

3 A3 0.01

4 B1 0.08

5 B2 0.03

6 B3 0.01

7 C1 0.28

8 C2 0.09

9 D1 0.22

10 D2 0.06

11 D3 0.02

12 E1 0.05

13 E2 0.00

14 E3 0.02

15 E4 0.01

In the next stage, PROMETHEE II was implemented to evaluate and rank the potential suppliers.
The results of PROMETHEE II is shown in Table 8.
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Table 8. Final ranking from PROMETHEE II.

Supplier Φ+(i) Φ−(i) Φ(i) Ranking

S1 1.46 2.2 -0.74 8

S2 1.04 2.99 -1.95 10

S3 2.23 1.75 0.48 5

S4 1.94 2.55 -0.61 7

S5 2.25 1.71 0.54 4

S6 1.41 1.96 -0.55 6

S7 1.68 2.49 -0.81 9

S8 2.27 1.32 0.95 3

S9 2.82 1.33 1.49 1

S10 2.58 1.38 1.20 2

Discussion

Textile enterprises have started to spend a large amount of investment in modern technologies
to catch up with the trend of Industry 4.0. There have been many factories investing in public
equipment modern technology and robots. Enterprises have been providing solutions to change the
product structure and promote exports of high value goods. The selection of material suppliers is
an extremely important decision that can enhance a company’s competitive advantage significantly
by enabling the success of subsequence processes within the production chain. The main objective
of a supplier selection process is to reduce purchasing risks, maximize overall value for buyers and
develop proximity and long-term relationships between buyers and suppliers.

In this paper, the proposed model was built through three phases as described in Section 3. In the
first stage, all criteria affecting to raw material are defined based on SCOR model. FAHP was applied
to evaluate weights for the criteria. In the second stage, the criteria will be assessed on a fuzzy scale
through experts in the textile and garment industry. In final stage, the authors continue to apply the
PROMETHEE II method to enrich the selection, rank the suppliers and help select the most appropriate
supplier. Based on the results of PROMETHEE II presented in Table 8, supplier ranking list is S9, S10,
S8, S5, S3, S6, S4, S1, S7 and finally S2. With the above results, we can determine that the optimal
supplier is supplier 9 (S9).

5. Conclusions

In modern supply chains, supplier performance is evaluated using multiple criteria rather than
just cost factors. The selection optimal suppliers nowadays incorporate new viewpoints towards better
resource allocation, minimizing risks associated with purchasing and reducing costs by saving time,
money and effort.

In this study, the authors proposed a multi-criteria decision-making model for supplier selection
in the textile industry in Vietnam. SCOR model helps to build a set of criteria, as a prerequisite for the
next stage, using the FAHP model to determine the weight of these criteria. Finally, PROMETHEE
II provided the ranking of potential suppliers and identified the optimal alternative. PROMETHEE
II helped utilizing the exact weight set of FAHP after converting fuzzy numbers, while reducing the
subjectivity of the assessor when developing the FAHP model. In addition, PROMETHEE II is easy to
understand, easy to perform calculations and give clear results. Quantitative research also helps to
model, analyze data and statistics and produce clear results.

The research has implemented SCOR, FAHP and PROMETHEE II models for selecting the most
suitable supplier and the implementation using a case study has shown that the proposed model
is feasible. However, while the proposed model provides important criteria for supplier selection
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processes in garment and textile industry, decision makers can alter the number of criteria to better fit
their organizations’ specific needs and situations.

The combined model can also be studied in conjunction with other models to diversify options.
Not only that, this research can also be applied to many other fields such as financial assessment and
measuring the level of risk in construction engineering.
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