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Abstract: The European Union (EU) is the largest shrimp consumer market in the world in terms of
requirements for shrimp product imports. Therefore, other enterprises that export frozen shrimp
to the EU must consider many criteria when choosing suppliers of raw shrimp. The difficulty of
choosing suppliers of raw shrimp makes selecting raw material suppliers in the fisheries sector a
multi-criteria decision-making problem. In such problems, the decision makers must review and
evaluate many criteria—including qualitative and quantitative factors—to achieve an optimal result.
While there have been multiple multi-criteria decision making models developed to support supplier
selection processes in different industries, none of these have been developed to solve the particular
problems facing the shrimp industry, especially as it concerns a fuzzy decision-making environment.
In this research, the authors propose a Multi-Criteria Decision Making model (MCDM) including
the Fuzzy Analytical Network Process (FANP) and Weighted Aggregated Sum Product Assessment
(WASPAS) for the evaluation and selection process of shrimp suppliers in the fisheries industry. The
model is applied to a real-world case study and the results show that Supplier 3 (SA3) is the most
optimal supplier of raw shrimp. The contribution of this work is the employment of FANP and
WASPAS to propose an MCDM for ranking potential suppliers in the fisheries industry in a fuzzy
environment. The proposed approach can also be modified to support complex decision-making
processes in fuzzy environments in different industries.

Keywords: Multi-Criteria Decision-Making model (MCDM); supplier selection; Fuzzy Analytical
Network Process (FANP); Weighted Aggregated Sum Product Assessment (WASPAS)

1. Introduction

The European–Vietnam Free Trade Agreement (EVFTA) ensures that seafood enter-
prises have more advantages in tax rates and more favorable legal procedures related to
Europe (EU) [1]. The EU is currently the fourth largest shrimp consumer market purchas-
ing from Vietnam, after the US, Japan, and China. The EU accounts for 13.3% of the total
value of Vietnam’s shrimp exports [2]. However, the EU has strict requirements for shrimp
products imported from other countries [3]. To meet the above requirements, frozen shrimp
exporters must improve production systems, improve product quality, and optimally select
suitable raw suppliers.

While the production and export volume of Vietnam shrimp has constantly increased
in recent years, there are many concerns about the sustainability of current farming prac-
tices [4]. Vietnam is among the most heavily impacted countries by climate change and
the country’s coastal aquatic ecosystems are extremely vulnerable to overfishing and en-
vironmental phenomena. As a result, the shrimp farming industry, which provides the
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livelihood of many rural communities, is also seriously threatened. As the consumers
and governments become increasingly concerned with the sustainability of products, it is
extremely important for exporters to identify optimal frozen shrimp suppliers who can
satisfy the requirements of EU importers. Therefore, the frozen shrimp supplier evaluation
and selection process is a decision-making process that involves multiple criteria, which
can be quantitative or qualitative in nature.

Multi-criteria decision making processes can be supported using MCDM methods
such as a Combined Compromise Solution (CoCoSo), Data Envelopment Analysis (DEA),
or Multi-criteria Optimization and Compromise Solution (VIKOR). In many cases, the
selection criteria may consist not only of quantitative, but also qualitative, criteria. In these
cases, fuzzy theory [5] is integrated into the MCDM method to create fuzzy MCDM models
to support the decision-making processes within uncertain decision-making environments.
While there have been multiple MCDM models developed to support supplier selection
processes in different industries, none of these are developed to solve the problem in the
shrimp industry, especially in a fuzzy decision-making environment. This study aims
to develop an MCDM model based on Fuzzy Analytical Network Process (FANP) and
Weighted Aggregated Sum Product Assessment (WASPAS) to support the frozen shrimp
supplier evaluation and selection process within a fuzzy environment.

The rest of this paper is structured as follows. Relevant literatures of MCDM methods
and their applications, the applications of MCDM models in supplier selection problems, and
related researches to the supplier selection problem in the frozen shrimp industry, are described
in Section 2. The research process and the proposed model based on FANP and WASPAS
methods are shown in Section 3. In Section 4, the proposed model is applied to a real-world
case study to demonstrate its feasibility. The conclusion of the paper is shown in Section 5.

2. Literature Review

In the past few decades literature has analyzed and employed MCDM models to
support supplier evaluation and selection processes in different industries to address
criteria in both quantitative and qualitative forms [6–10]. Each of these models are unique
and different from each other as each model uses a unique set of criteria or uses distinct
MCDM methods. In some instances, these MCDM methods are applied in combination
with fuzzy set theory to solve decision-making problems with qualitative criteria.

MCDM methods are frequently employed in different decision-making problems in
different industries and sectors. Alizadeh et al. [11] developed an AHP integrated Geo-
graphical Information System (GIS) for the Seismic Vulnerability Assessment (SVA) process
in the construction industry. The model was utilized to choose the most suitable place for
urban residential building projects in Tabriz City, Iran. Padmanathan et al. [12] introduced
an AHP based MCDM model to evaluate the performance of solar PV systems regarding
economic performance and Life Cycle Cost Analysis (LCCA). Tzeng et al. [13] introduced
an approach to evaluate intertwined effects in e-learning programs based on MCDM meth-
ods. The proposed model was built using Fuzzy AHP and DEMATEL. Mousavi et al. [14]
developed an MCDM tool for the artificial reefs site selection problems. The proposed
approached is a combined MCDM integrated GIS model based on Weighted Linear Combi-
nation (WLC) and AHP. Villacreses et al. [15] developed an MCDM integrated GIS model
to solve the location selection problem of wind farm projects in Ecuador. Peng et al. [16]
developed an MCDM model for assessing regional earthquake vulnerability. The proposed
model was built based on six MCDM methods (TOPSIS, GRA, PROMETHEE II, VIKOR,
ELECTRE III, and WSM) and eleven criteria. The MIVES multi-criteria analysis network
which combined multi-attribute utility theory (MAUT) and MDCM is also applied in differ-
ent decision-making problems such as public investment projects evaluation and selection
problem [17] and assessment process of urban-pavement conditions [18]. Mallick [19]
used a combination of Fuzzy AHP method and Geoinformation Techniques to support the
location evaluation and selection process of municipal solid waste landfill. The proposed
model is applied to the Asir Region of Saudi Arabia and shows that 38.14% of the total eval-
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uated area are very suitable place for a solid waste landfill. Miranda-Ackerman et al. [20]
developed a green supplier selection model in agro-food industry supply chains based on
TOPSIS method in combination with a multi-objective decision-making model. The pro-
posed model is applied to an orange juice supply chain. Alamanos et al. [21] employed four
MCDM techniques—multi attribute utility theory (MAUT), AHP, TOPSIS and ELECTRE—
to create a multi-criteria analysis tool to support the water resource management strategies
evaluation process. Karacan et al. [22] introduced a novel approach to the chickpea cultivars
selection problem under stress conditions using FAHP and goal programming technique.
Mostafaeipour [23] et al. developed a MCDM based approached support the analysis of
potential geothermal project location in Afghanistan. The authors utilized stepwise weight
assessment ratio analysis (SWARA) and the additive ratio assessment (ARAS) methods to
develop the MCDM model. The proposed model result shows that the Ghazni province is
the most optimal location for new geothermal projects. Ulutaş et al. [24] introduced a novel
MCDM model to support the equipment selection problem in the field of logistics. The
proposed model used the correlation coefficient and the standard deviation (CCSD) in com-
bination with the indifference threshold-based attribute ratio analysis method (ITARA) to
calculate the equipment selection criteria weights, while the compromise solution method
(MARCOS) was employed to rank the alternatives. Wu and Abdul-Nour [25] performed
a comparative evaluation of four MCDM techniques—AHP, ELECTRE III, TOPSIS, and
PROMETHEE II—in their ability to solve the urban sewer network plan selection problem.
The authors suggested that PROMETHEE II is the optimal MCDM technique to solve
the problem.

In supply chain management, MCDM models are commonly employed in decision
support systems [26–30]. One of the common use cases of these systems is to solve supplier
selection problems. Rezaeisaray et al. [31] introduced a novel MCDM model to solve the
outsourcing supplier selection problem in pipe manufacturing. The proposed model is
created using DEMATEL, Fuzzy ANP, and Data Envelopment Analysis (DEA) methods.
Liu et al. [32] proposed an integrated MCDM model based on Best-worst method (BWM)
and Alternative Queuing Method (AQM) to support solving the supplier selection problem
under fuzzy environment. Wang Chen et al. [33] support the green supplier selection
process using a fuzzy MCDM model. In this model, Fuzzy AHP and Fuzzy TOPSIS
were employed in combination with economic and environmental criteria. Hamdan
and Cheaitou [34] introduced an approach to the supplier selection and order allocation
(SS/OA) problem which is based on a combination of AHP, Fuzzy TOPSIS, and multi-
objective optimization methods. Wang et al. [35] proposed multicriteria decision-making
(MCDM), including a fuzzy analytic network process (FANP) and technique for order
preference by similarity of an ideal solution (TOPSIS) for NPP location selection in Vietnam.
Wang et al. [36] proposed an MCDM model using a combination of SCOR metrics with
an AHP-TOPSIS approach to support the supplier selection process. Wang et al. [37]
introduced a FANP-DEA-based approach to the supplier selection processes in the rice
supply chains. Pang et al. [38] utilized fuzzy preference programming (FPP) method in
combination with the ANP method to develop a MCDM model to support wind turbine
supplier evaluation and selection process. The proposed model was applied to a real-world
case study in China and Goldwind was identified as the optimal supplier. Hoseini et al. [39]
developed an MCDM model to support the sustainable supplier selection process using
fuzzy best-worst method (Fuzzy BWM) and fuzzy inference system model. Zhang et al. [40]
introduced a DEMATEL-Fuzzy VIKOR based MCDM model to solve sustainable supplier
selection problem. The proposed approach takes the interaction between criteria and the
uncertain nature of the decision-making environment into consider which allows a more
effective and accurate supplier selection process. Wang et al. [41] introduced a FAHP-
DEA-based approach to sustainable supplier selection problems in edible oil production
industry. Malek et al. [42] employed grey relational analysis method (GRA) to develop a
novel hybrid GRA model for green supply network assessment problem.



Symmetry 2021, 13, 370 4 of 17

While there have been multiple MCDM models introduced to support supplier selection
problems, none of these is developed for the frozen shrimp industry, especially under un-
certain decision-making environment. Martinez-Cordero [43] developed a MCDM model to
evaluate and select sustainable shrimp farming method. Gangadharan et al. [44] employed an
AHP-based decision-making support model for the ground water vulnerability assessment
process of shrimp farming area. This research study’s goal is to develop a robust and effective
supplier selection decision support tool for frozen shrimp exporters under fuzzy environment
by combining FANP and WASPAS methods. The FANP method is chosen due to its advan-
tages over FAHP in complex decision-making problems where there is dependency between
criteria. Furthermore, FANP and WAPAS methods are also easy-to-understand and readily
available in many decision support software, which increase the proposed model usability.

3. Methodology
3.1. Research Graph

The implementation process of the proposed model consists of six steps as shown
in Figure 1.
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Figure 1. Research process.

Step 1: Identify the Problem.
The first step is to learn about the purchasing process as well as the criteria for selecting

suppliers at the company through observing the actual operating environment. At the same
time, related literature is reviewed in order to identify selection criteria and sub-criteria.

Step 2: Data Collection.
Collect criteria, gather information about suppliers, set up a team of experts or out-

source to evaluate criteria.
Step 3: Fuzzy Analysis Network Process (FANP) model.
Apply the FANP method to find the related weights of the criteria and sub-criteria.
Step 4. Check the FANP model’s result.
Check the correctness of the model. If the result is not satisfactory, return to section

and re-evaluate the comparison matrix.
Step 5: WASPAS model.
Experts will conduct an initial assessment combined with the weights from the FANP

model. Build a new integration model that supports multi decision-making.
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Step 6: Conclusions and recommendations.
Analyse and parse the results achieved when conducting the research. Identify is-

sues encountered and unresolved. Provide findings to stakeholders. Develop models in
combination with other methods used in other decision-making areas.

3.2. An Integrated Model for Supplier Selection
3.2.1. Fuzzy Analytic Network Process (FANP) Model

While according to Satty [45], the combination of fuzzy theory and AHP/ANP meth-
ods is unnecessary, the combination of fuzzy theory and ANP/AHP methods is widely
applied in similar decision-making problems. The FANP method is chosen to calculate
the criteria weights in this study due to its ability to handle interdependent criteria [46]
which is common in supplier selection problems, as well as its ability to represent the
uncertain nature of the decision-making process. Furthermore, FANP method is also
widely available in different decision-making software which helps improve the proposed
method’s usability.

Theoretical weaknesses of the AHP/ANP are primarily: the rank reversal problem,
the priorities derivation method, and the comparison scale [47,48]. The rank reversal and
priorities derivation method are closely related to each other. The rank reversal because of
the formulation of the problem assumes that there is a ranking of alternatives determined
with the use of the right eigenvector (preference aggregation method). Solving a reversal
problem and performing a preferences aggregation with the use of a left eigenvector
method should, as a result, produce a reverse sequence of elements which were pairwise-
compared in a matrix. However, this is not always true, in particular in the case of some
inconsistencies in the pairwise comparison matrix [49,50]. Therefore, it is important to
check the consistency of the pairwise comparison matrix to ensure that the model can
perform adequately.

As such, the FANP model is applied to calculate the weights of the selection criteria
and sub criteria through four steps as follows:

Step 1: Building the FANP model structure.
The relationships between the selection criteria and the suppliers are shown on Figure 2:
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Step 2: Calculate the pairwise comparison matrix.
A fuzzy pairwise comparison matrix is employed to carry out the pairwise comparison

between the criteria. The matrix is defined as follows:

Ñk =


ñk

11 ñk
12 · · · ñk

1a

ñk
21 ñk

22 · · · ñk
2a

· · · · · · · · · · · ·

ñk
a1 ñk

a2 · · ·
· · ·
ñk

aa

 (1)

where:
Ñk is the fuzzy pairwise comparison matrix.
ñk

aa is the triangular fuzzy mean value of the pairwise priority comparison result
between the criteria.

The triangular fuzzy trigonometric method is applied to convert the fuzzy elements
of the fuzzy pairwise comparison matrix into real numbers [51]:

zα,β
(
αij
)
= [β·fα

(
Lij
)
+ (1− β)·fα

(
Uij
)
];

0 ≤ β ≤ 1, 0 ≤ α ≤ 1
(2)

where:
fα
(
Lij ) =

(
Mij − Lij

)
+ Lij (3)

fα
(
Uij ) = Uij−(Uij −Mij)·α (4)

When matching the diagonal matrix, we have:

zα,β
(
αij ) = 1

zα,β(αij)
0≤ β ≤ 1, 0 ≤ α ≤ 1, i > j

(5)

After the conversion of the fuzzy pairwise comparison matrix’s elements into real
numbers, a comparison matrix with real numbers (N) is obtained as follows:

N =
(
mij
)

a×a =


1 m12 . . . m1a

m21 1 . . . m2a
...

...
...

...
ma1 ma2 . . . 1

 (6)

Step 3: Determine the maximum individual value.
The Lambda Max method, proposed by Saaty [52,53], is applied in this step to calculate

the maximum specific value of the indicator as follows:

|N− λmax·I| = 0. (7)

where:
λmax: the maximum value of the matrix.
I: unit matrix with the same level of matrix N.
Step 4: Examine the consistency ratio of the model.
The Consistency Ratio (CR) is calculated as:

CR =
CI
RI

(8)

where CI is the Consistency Index and RI is the Random Index. The Consistency index is
calculated as:

CI =
λmax − n

n− 1
(9)



Symmetry 2021, 13, 370 7 of 17

where:
λmax is the maximum value of the matrix.
n is the number of criteria.
The Random Index is determined based on the number of criteria (n) as shown in

Table 1 below:

Table 1. Randomized Index Values [54].

n 1 2 3 4 5 6 7 8 9 10

R 0 0 0.52 0.90 1.12 1.24 1.32 1.41 1.45 1.49

If CR ≤ 0.1 then the result of the model is satisfactory, otherwise the comparison
matrix must be re-evaluated.

3.2.2. Weighted Aggregated Sum Product Assessment (WASPAS)

The WASPAS method is applied to calculate the ranking of the alternatives due to the
method’s simplicity and easy-to-understand nature which adds to the proposed model’s
applicability. WASPAS is also a well-known method which is available in decision-making
software [55]. In the WASPAS method, each alternative ranking score is the product of the
scale rating of each criterion of strength by the criterion’s significance weight [56].

The WASPAS method application steps are presented as follows:
Step 1: Normalization of the decision matrix.
The approach to normalizing the decision matrix depends on whether the decision cri-

teria are beneficial or not. For beneficial decision criteria the decision matrix is normalized
using Equation (10) as follows:

qij =
xij

maxxij
, i = 1, 2, . . . , n; j = 1, 2, . . . , m (10)

For non-beneficial decision criteria as shown in Equation (11):

qij =
xij

minxij
, i = 1, 2, . . . , n; j = 1, 2, . . . , m (11)

Step 2: Determine the relative importance of the ith alternative, based on the Weighted Sum
Model as follows:

S1
i =

n

∑
j=1

qij ×wj (12)

Step 3: The performance index of the ith alternative is evaluated by Weighted Product Model
as given in Equation (13):

S2
i =

n

∏
j=1

(
qij

)wj
(13)

Step 4: With the combination of Equations (12) and (13), we create a WASPAS model to
calculate the total relative importance.

The general criterion of the weighted synthesis of the addition and multiplication
methods (the sum of relative importance) is calculated as follows:

S = λS1
i + (1− λ)S2

i = λ
n

∑
j=1

qij ×wj + (1− λ)
n

∏
j=1

(
qij

)wj
(14)

with λ as the coefficient where λ ∈ [0,1]. When decision-makers have no preference in
relation to the coefficient, its value is set to λ = 0.5.

The alternatives are ranked based on an index of performance, and the optimal
supplier will have the highest score.
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4. Case Study
4.1. Data Collection

From the reference documents and expert analysis, the authors identified a list of
criteria. In this case study five main criteria with 16 sub-criteria and seven potential
suppliers are identified (Tables 2 and 3).

Table 2. List of supplier selection criteria.

Criteria Symbol Sub Criteria

Cost A
Purchasing Price (A1)

Logistics Cost (A2)

Quality B

Product Quality (B1)

Quality Control and Planning (B2)

Trade Certified (B3)

Service level C

Before-Sales Services (C1)

After-Sales Services (C2)

Estimated Shipping Times (C3)

Supplier’s profile D

Market Reputation (D1)

Financial Strengths (D2)

Technical Capability (D3)

Performance History (D4)

Global factors E

Geographical Location (E1)

Environmental and Ethical Factors (E2)

Political Stability (E3)

Social Environment (E4)

Table 3. List of suppliers.

Symbol Supplier

S1 Supplier 1

S2 Supplier 2

S3 Supplier 3

S4 Supplier 4

S5 Supplier 5

S6 Supplier 6

S7 Supplier 7

4.2. FANP Model

After the supplier selection criteria and potential suppliers are identified, the decision-
makers compare the attributes related to the criterion. Then, the pairwise comparison
matrix (Table 4) is constructed, and the weight vector of each matrix is determined. All
properties are compared against each individual criterion by following the sample proce-
dure shown as follows.
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Table 4. Pair-wise comparison matrix of main criteria.

Criteria
Priorities Scale Criteria

(9,9,9)(7,8,9)(6,7,8)(5,6,7)(4,5,6)(3,4,5)(2,3,4)(1,2,3)(1,1,1)(1,2,3)(2,3,4)(3,4,5)(4,5,6)(5,6,7)(6,7,8)(7,8,9)(9,9,9)

A × E

A × B

A × C

A × D

E × B

E × C

E × D

B × C

B × D

C × D

The fuzzy pairwise comparison matrix between main criteria is calculated. The results
are shown in Table 5.

Table 5. Fuzzy pairwise comparison matrix between main criteria.

Criteria A E B C D

A (1,1,1) (2,3,4) (5,6,7) (1,2,3) (2,3,4)

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

B (1/7,1/6,1/5) (1/5,1/4,1/3) (1,1,1) (1/2,1/3,1/4) (1,1/2,1/3)

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

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

In the next step the fuzzy pairwise comparison matrix between the main criteria is
converted into crisp numbers using the triangular fuzzy number method. In this process
of defuzzification, the coefficients values are α = 0.5 and β = 0.5, where α represents the
uncertainty of the environment and β represents the fairness of the assessment. A sample
calculation of the defuzzification process is shown as follows:

g0.5,0.5(aE,B) = [(0.5 × 3.5) + (1 − 0.5) × 4.5] = 4

f0.5(LE,B) = (4 − 3) × 0.5 + 3 = 3.5

f0.5(UE,B) = 5 − (5 − 4) × 0.5 = 4.5

g0.5,0.5(aB,E) = 1/4

The real number priority matrix after the defuzzification process is shown in Table 6:

Table 6. Real number priority matrix.

Criteria A E B C D

A 1 3 6 2 3

E 1/3 1 4 2 2

B 1/6 1/4 1 1/3 1/2

C 1/2 1/2 3 1 2

D 1/3 1/2 2 1/2 1
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The maximum individual value is calculated as follows:

MX1 = (1 × 3 × 6 × 2 × 3)1/5 = 2.55

MX2 = (1/3 × 1 × 4 × 2 × 2)1/5 = 1.4

MX3 = (1/6 × 1/4 × 1 × 1/3 × 1/2)1/5 = 0.37

MX4 = (1/2 × 1/2 × 3 × 1 × 2)1/5 = 1.08

MX5 = (1/3 × 1/2 × 2 × 1/2 × 1)1/5 = 0.7

∑ MX = MX1 + MX2 + MX3 + MX4 + MX5 = 6.1

ω1 =
2.55
6.1

= 0.42

ω2 =
1.4
6.1

= 0.23

ω3 =
0.37
6.1

= 0.06

ω4 =
1.08
6.1

= 0.18

ω5 =
0.7
6.1

= 0.11
1 3 6 2 3

1/3 1 4 2 2
1/6 1/4 1 1/3 1/2
1/2 1/2 3 1 2
1/3 1/2 2 1/2 1

×


0.42
0.23
0.06
0.18
0.11

 =


2.16
1.19
0.30
0.91
0.58




2.16
1.19
0.30
0.91
0.58

/


0.42
0.23
0.06
0.18
0.11

 =


5.14
5.17
5.00
5.06
5.27


with five main criteria, the λmax and CI values are calculated as follows:

λmax =
5.14 + 5.17 + 5.00 + 5.06 + 5.27

5
= 5.128

CI =
λmax − n

n− 1
=

5.128− 5
5− 1

= 0.032

with RI = 1.12 and N = 5, the CR value is calculated as:

CR =
CI
RI

=
0.032
1.12

= 0.029

As the consistency ratio is CR = 0.0821 ≤ 0.1, the result is satisfactory and there is no
need to reevaluate the pairwise comparison matrix. The results of the pairwise comparison
matrix are presented in Table 7:
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Table 7. The results of the pair-wise comparison matrix.

Criteria A E B C D Weight

A 1 3 6 2 3 0.421278

E 1/3 1 4 2 2 0.231251

B 1/6 1/4 1 1/3 1/2 0.058926

C 1/2 1/2 3 1 2 0.176434

D 1/3 1/2 2 1/2 1 0.112111

CR = 0.029

To calculate the effect between the main criteria, a pairwise comparison matrix between
main criteria without criterion A is constructed. The results are presented in Table 8:

Table 8. Comparison between the main criteria in the absence of A.

Criteria E B C D Weight

E 1 3 1/3 5 0.298892

B 1/3 1 1/3 1 0.111328

C 3 3 1 4 0.497762

D 1/5 1 1/4 1 0.092018

CR = 0.07934

The pairwise comparison matrix between main criteria without criterion B is presented
in Table 9:

Table 9. Comparison between the main criteria in the absence of B.

Criteria A E C D Weight

A 1 3 1/2 4 0.311138

E 1/3 1 1/4 2 0.127271

C 2 4 1 4 0.476994

D 1/4 1/2 1/4 1 0.084598

CR = 0.03044

The pairwise comparison matrix between main criteria without criterion C is presented
in Table 10:

Table 10. Comparison between the main criteria in the absence of C.

Criteria A E B D Weight

A 1 1 1/4 1/3 0.111027

E 1 1 1/2 1/4 0.116934

B 4 2 1 1/3 0.266924

D 3 4 3 1 0.505115

CR = 0.06395

The pairwise comparison matrix between main criteria without criterion D is presented
in Table 11:
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Table 11. Comparison between the main criteria in the absence of D.

Criteria A E B C Weight

E 1 1/2 1 4 0.267944

E 2 1 2 3 0.412274

B 1 1/2 1 2 0.218498

C 1/4 1/3 1/2 1 0.101284

CR = 0.03626

The pairwise comparison matrix between main criteria without criterion E is presented
in Table 12:

Table 12. Comparison between the main criteria in the absence of E.

Criteria A B C D Weight

A 1 4 3 2 0.469703

B 1/4 1 1/4 1/2 0.082774

C 1/3 4 1 3 0.293524

D 1/2 2 1/3 1 0.153998

CR = 0.8815

The sub-criteria weights are shown in Table 13.

Table 13. Weights of sub-criteria.

Name Normalized Weights by Cluster

Product Quality 0.06019

Trade Certified 0.05647

Environmental and Ethical Factors 0.05098

Quality Control and Planning 0.08282

Financial Strengths 0.07907

Geographical Location 0.07118

Logistics Cost 0.14430

Market Reputation 0.05212

Performance History 0.03180

Political Stability 0.07499

Estimated Shipping Times 0.00034

Purchasing Price 0.14439

After-Sales Services 0.00032

Social Environment 0.05920

Technical Capability 0.09142

Before-Sales Services 0.00040

After weights of the sub-criteria are determined by FANP, how to choose the best
supplier WASPAS is developed.
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4.3. WASPAS Method

The WASPAS method will be used to select the best supplier after receiving the
comparison weights criteria from the FANP model results. Table 14 shows the Weight
Normalized Matrix of the criteria among suppliers.

Table 14. Weighted Normalized Matrix.

Supplier 1 Supplier 2 Supplier 3 Supplier 4 Supplier 5 Supplier 6 Supplier 7

A1 0.0535 0.0602 0.0535 0.0535 0.0535 0.0401 0.0535
A2 0.0439 0.0565 0.0502 0.0376 0.0439 0.0314 0.0376
B1 0.0510 0.0340 0.0397 0.0397 0.0453 0.0510 0.0397
B2 0.0644 0.0736 0.0736 0.0644 0.0736 0.0736 0.0828
B3 0.0791 0.0703 0.0703 0.0791 0.0615 0.0791 0.0791
C1 0.0633 0.0633 0.0554 0.0712 0.0554 0.0633 0.0554
C2 0.1154 0.1283 0.1283 0.1443 0.1154 0.1443 0.1283
C3 0.0521 0.0469 0.0417 0.0365 0.0469 0.0417 0.0469
D1 0.0254 0.0286 0.0286 0.0318 0.0286 0.0254 0.0286
D2 0.0583 0.0750 0.0750 0.0583 0.0750 0.0750 0.0750
D3 0.0003 0.0002 0.0003 0.0003 0.0002 0.0002 0.0003
D4 0.1263 0.1263 0.1444 0.1123 0.1263 0.1123 0.1123
E1 0.0003 0.0003 0.0002 0.0003 0.0003 0.0003 0.0003
E2 0.0533 0.0474 0.0592 0.0592 0.0474 0.0414 0.0474
E3 0.0914 0.0823 0.0914 0.0823 0.0823 0.0731 0.0914
E4 0.0003 0.0004 0.0004 0.0003 0.0003 0.0002 0.0004

Table 15 shows the Exponentially Weighted Matrix of the criteria among suppliers.

Table 15. Exponentially Weighted Matrix.

Supplier 1 Supplier 2 Supplier 3 Supplier 4 Supplier 5 Supplier 6 Supplier 7

A1 0.99294 0.09786 0.99294 0.99294 0.99294 0.97589 0.99294
A2 0.98591 0.99985 0.99337 0.97736 0.98591 0.96735 0.97736
B1 0.99657 0.97954 0.98727 0.98727 0.99401 0.98968 0.98727
B2 0.97940 0.99029 0.99029 0.97940 0.99029 0.99029 0.99991
B3 0.98540 0.99073 0.99073 0.98789 0.98032 0.98987 0.98790
C1 0.99165 0.99165 0.98227 0.98675 0.98227 0.99165 0.98227
C2 0.96831 0.98315 0.98315 0.99906 0.96831 0.09985 0.98315
C3 0.94563 0.99452 0.98844 0.98158 0.99452 0.98844 0.99452
D1 0.99293 0.99666 0.99666 0.99782 0.99666 0.99293 0.99666
D2 0.98133 0.09875 0.99904 0.98133 0.98967 0.99880 0.91243
D3 0.99992 0.99988 0.99992 0.99992 0.99988 0.99988 0.97576
D4 0.98090 0.98090 0.09865 0.96436 0.98090 0.96436 0.96436
E1 0.98340 0.09567 0.99987 0.99996 0.99996 0.99996 0.98756
E2 0.99378 0.98688 0.09670 0.09898 0.98688 0.97911 0.98688
E3 0.96500 0.99041 0.09879 0.99041 0.99041 0.97981 0.99985
E4 0.99991 0.99996 0.99996 0.99991 0.99986 0.99980 0.95760

Based on Tables 14 and 15, the relative importance of the alternatives is calculated
using Weighted Sum Model (S1

i ) and Weighted Product Model (S2
i ). The final performance

indexes of the potential suppliers are calculated and shown in Table 16. The final ranking
of the potential suppliers is obtained based on the final performance indexes which shows
Supplier 3 (S3) is the optimal supplier.
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Table 16. Result of supplier selection process.

Alternatives S1
i S2

i Si Ranking

S1 0.8784 0.8743 0.8784 3
S2 0.8935 0.8903 0.8935 2
S3 0.9120 0.9087 0.9120 1

ƯS4 0.8710 0.8631 0.8710 5
ƯS5 0.8560 0.8536 0.8560 6
S6 0.8525 0.8415 0.8525 7
S7 0.8790 0.8728 0.8790 4

The proposed model’s rationality and stability are verified using the concept of sensi-
tivity analysis. In this case, the resolving coefficient values (λ) are used to test the reliability
of the proposed approach between λ = 0.1 and λ = 1.

From Table 17 and Figure 3 it can be seen that, with changing values of λ the ranking
results are the same. Therefore, the ranking results of the proposed model are robust
and reliable.

Table 17. Effect of λ on ranking performance of Weighted Aggregated Sum Product Assessment
(WASPAS) method.

Alternatives
Coefficient Values (λ)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

S1 0.8747 0.8751 0.8756 0.8760 0.8764 0.8768 0.8772 0.8777 0.8784 0.8790

S2 0.8906 0.8909 0.8912 0.8916 0.8919 0.8922 0.8925 0.8929 0.8932 0.8935

S3 0.9090 0.9094 0.9097 0.9100 0.9104 0.9107 0.9110 0.9114 0.9117 0.9120

S4 0.8639 0.8647 0.8655 0.8663 0.8671 0.8679 0.8687 0.8695 0.8702 0.8710

S5 0.8539 0.8541 0.8543 0.8546 0.8548 0.8550 0.8553 0.8555 0.8557 0.8560

S6 0.8426 0.8437 0.8448 0.8459 0.8470 0.8481 0.8492 0.8503 0.8514 0.8525

S7 0.8734 0.8741 0.8747 0.8753 0.8759 0.8765 0.8771 0.8776 0.8780 0.8784Symmetry 2021, 13, x FOR PEER REVIEW  15  of  18 
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According to the results in Table 16 and Figure 3, Supplier 3 (S3) is consistently the best
alternative, and the remaining six suppliers are not optimal in any case. The alternatives
are ranked as S3 > S2 > S7 > S1 > S4 > S5 > S6. Therefore, it is confirmed that the proposed
model can be applied to real-world cases. The research has successfully created a hybrid
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MCDM model using FANP and WASPAS to assist the supplier evaluation and selection
process in the shrimp industry.

5. Conclusions

Selecting suppliers is an important decision-making problem that can boost business
and increase profits in the shrimp industry. However, the supplier selection process
tends to rely, mostly, on the decision-maker’s experience which creates inaccuracy and
ambiguity. While there are various academic studies about the application of MCDM
models in supplier selection processes in different industries, the integration of fuzzy
theory into these models is recent. However, none of these models are specially developed
for the shrimp industry, especially within a fuzzy environment. The aim of this research
is to develop an optimal supplier selection model for the shrimp industry within a fuzzy
environment. FANP and WASPAS methods are combined in this study to develop a fuzzy
MCDM model to support the supplier selection process in the shrimp industry. FANP and
WASPAS methods were chosen due to their availability in many decision-making software,
which allows the proposed model to be easily applied in practical situations.

The proposed model was developed based on the combination of the FANP method
and the WASPAS model. A model test problem concerning supplier selection was per-
formed as follows: evaluation criteria were listed first through the documentary review
and interview with experts, and they were used to build a network with five criteria,
sixteen sub-criteria, and seven suppliers. After the experts answered the questionnaire, the
Fuzzy ANP model was used to calculate the weights of the criteria and sub-criteria and to
determine the relative importance of the criteria. The results obtained from the Fuzzy ANP
model were then used as input data in conjunction with expert evaluation of the WASPAS
model to rank suppliers. The results of ranking suppliers from the WASPAS model showed
that Supplier 3 (S3) is the most suitable. From the results of this case study, the proposed
model is found to be feasible.

The FANP-WASPAS model can support optimal decision-making because it considers
problems based on many criteria and allows the decision-makers to check the correlation
between criteria. It also considers the ambiguity, uncertainty, and subjectivity of many
different decision makers. Therefore, the model in this study can support companies in
the shrimp industry in making optimal decisions regarding supplier selection. Although
the study is only applicable to the shrimp industry in Vietnam, the proposed model can
be adapted and modified to support other industries in different countries as a resource
in solving MCDM problems. A potential application is the development of fuzzy MCDM
models based on the proposed method to support the supplier selection processes for
different Vietnamese exported aquatic products to the EU market, such as pangasius and
tuna. Future research can look into different methods to handle the uncertainty of supplier
selection processes, such as the integration of D numbers into MCDM models, and perform
a comparative analysis of different models to identify the optimal support tool for the
supplier selection problems of supply chains.
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