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Abstract: When threatened with catastrophic political or economic fluctuations, a firm might be
forced to consider relocating their supply chain to reduce the risk. Such a relocation necessitates
a series of changes, so making the right decision is crucial for sustainable development of the company.
In the past, various models have been developed to help managers to select the optimal location.
However, most of these considered the factors independently but in the real world, these factors have
a mutually influential relationship. This study purposes a hybrid multiple criteria decision making
(MCDM) model to provide decision makers with a comprehensive framework to evaluate the best
strategies to solve relocation problems, which also considers the interdependency between criteria.
The model incorporates the DANP (Decision Making Trial and Evaluation Laboratory-based Analytic
Network Process) model (subjective weight) and entropy method (objective weight) to determine
the weights of the criteria. Then, the modified VIKOR (VIšekriterijumsko Kompromisno Rangiranje)
method is applied to select the optimal alternative for relocation. The usefulness of the model is
demonstrated by taking an electronics manufacturing company with a global supply chain as an
example. The results indicate that the proposed hybrid model can assist companies in choosing
the best locations for their supply chains for sustained development.

Keywords: supply chain; location selection; DANP-mV model; MCDM; performance analysis

1. Introduction

With the development of globalization, the establishment of a stable supply chain has become
one of the important strategies for the sustained development of an enterprise. However, sometimes,
due to the catastrophic economic or political fluctuations, some county or region will lose its original
advantages, forcing companies to transfer their supply chain to other countries to reduce the possible
risk. Faced with these types of disruptive challenges, companies need to respond rapidly and in
a timely manner to retain their competitive advantages. How to transfer the original supply chain and
select the best alternatives are critical decisions for managers. In the past, it has been suggested that
production processes and supply chains can be adjusted to respond with decentralized production [1–4].
Some researchers believe that relocating the supply chain can strengthen an enterprise’s competitive
advantage [5,6]. Many studies have confirmed that the choice of production line is one of the most
important strategic decisions for corporate development, directly affecting the costs and benefits of
corporate operations [7–9]. The choice of supply chain also plays a very important role in building
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a company’s competitive advantage and ensuring its sustainable development. The relocation of
production lines plays a key in sustainable supply chain management in today’s competitive markets.

In prior research on manufacturing, considerations for location selection include economies and
markets, government and governance, business efficiency, infrastructure, human capital and education
in the evaluation framework [7,9–11]. However, few studies have incorporated the concepts of
sustainability and innovation as criteria in the evaluation system or systematically discussed the entire
evaluation framework. Wang et al. [12] pointed out that environmental regulations will certainly
have an impact on some locations and will have different effects on different types of industries.
Mudambi et al. [13] found that site selection decisions are related to creative activities and the resources
required to carry these out, which can create new assets and lay the ground work for a competitive
advantage. Therefore, it is necessary to include the dimensions of sustainability and innovation in
the study of location selection.

Many studies have used statistical models to explore the issues of location selection. For example,
Ye et al. [14] surveyed 3558 new foreign manufacturing enterprises in China’s Pearl River Delta and
found that the heterogeneity of the enterprise interacts with location selection. Zheng and Shi [15] found
that industrial land supply and allocation policies interact with corporate site selection. Industrial
land allocation policies have positive effects on corporate site selection. On the other hand, multiple
criteria decision making (MCDM) models have already been used to explore the issue of location
selection. For example, Liu [6] used a fuzzy Delphi method combined with a Decision Making Trial
and Evaluation Laboratory (DEMATEL) method to evaluate the choice of investment location and
output an impact diagram. Marinković et al. [11] used the two round Delphi method to confirm
decision indicators combined with an Analytic Hierarchy Process (AHP) method to facilitate location
selection for new sectors in the Information and Communication Technology (ICT) industry. Although
qualitative or quantitative methods have been used in many studies to confirm the relationship between
the factors or criteria, the applied models often overlook the interdependency between criteria [12,14–17].
The DANP-mV (DEMATEL-based ANP- modified VIKOR) model is very appropriate for handling
the problem of interdependency and easy to operate compared with the original DANP model [18].
However, decisions on location selection, due to the complexity and interaction of the evaluation
criteria, often involve lead to a dilemma between rationality and sensitivity. Chang and Lin [19] pointed
out that location selection is usually based solely on the subjective preferences of senior managers,
so decisions are normally biased. To avoid the subjective weight problem of the DANP-mV model,
this study incorporates the entropy method to obtain objective weights for inclusion in the model.
Then, the modified VIKOR (VIšekriterijumsko Kompromisno Rangiranje) method is applied to select
the optimal alternatives for the relocation of a production line [20–23]. Finally, an empirical analysis by
implementing the proposed DANP-mV model is conducted onto an electronic product manufacturer
that is suffering from the impact of international economics and trade. The company’s supply chain
has a global layout and has 175 service spots. The company has a goal of being sustainability. For this
vision, this study focuses on the relocation of manufacturing plants for the sustainable development.

The contribution of this study is that the method should help managers to evaluate possible
locations, solving the problem through a comprehensive and scientific process, so the results can be
closer to reality. The following improvements are made:

1. A complete innovative evaluation framework is proposed, which differs from those used in
the past because it integrates the dimensions of sustainability and innovation into the evaluation.

2. The proposed model considers the evaluation framework as an integrated system and transforms
the causality of a complex evaluation system into a visualization analysis. In also integrates both
subjective and objective weights obtained by the DANP and entropy method, which remedies
the reliance in prior models on the experts’ subjective opinions.

The rest of the paper is organized as follows—a systematic review of the research on location
selection problems is given in Section 2. The revised DANP-mV model is introduced in Section 3.
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An empirical example is illustrated in Section 4 and the results and management implications are
presented in Section 5. Finally, Section 6 provides the findings and future research directions.

2. Literature Review on Location Selection

The sustainable development of supply chains has been a hot topic in recent years. In the past,
a lot of research has focused on the discussion of supply chain management framework and evaluation
methods [24–27]. Kusi-Sarpong et al. [25] raised the viewpoints of sustainable innovation to discuss
supply chain management and believed that the sustainability of supply chain management will
depend on innovation. Other scholars held different opinions, discussing the location and sustainability
of production plants and finally determined that environmental, social and economic perspectives
are important factors influencing location decisions [28–30]. The choice of location is an important
company level decision-making problem. It can be divided into two parts—“how” (ownership and
governance strategies) and “where” (location strategy) [31]. This study will focus on the analysis of
the “where” part, specifically by design in a framework for the “selection of the best geographical
location” for manufacturing plants. Past methods used for analyzing location selection can roughly be
divided into two categories—qualitative and quantitative models. Most of the quantitative models
are based on statistical or economic models. For example, Reference [32] used an economic model to
analyze the factors affecting location selection. They found that per capita gross domestic product
(GDP), GDP growth rate, agglomeration and government spending have a significant influence on
location selection. Some studies argue that institutional quality and natural resources are also important
factors influencing location selection [33]. Shuyan and Fabuš [34] used the spatial economic model
to analyze the problem of location selection and found that market size and investment freedom
were the most important factors for Chinese companies investing in the EU. In addition, the market
size, technical level and investment freedom of the host country all have significant influences on
location selection for China’s foreign direct investment in the EU. He and Romanos [35] used regional
taxation as the basis of analysis via regression models of the companies’ location preferences and
explored influence relationships in vertical and horizontal industrial linkages. The results indicate that
both types of links have significant positive impacts. They also found that high taxation will hinder
companies from choosing locations in these areas. Wyrwa [36] constructed a theoretical model based
on structural equation modeling to explore influence of market size, labor costs, workforce quality and
workforce availability on site selection. In contrast, the number of studies using qualitative methods
have been relatively few. Wang et al. [37] used triangulation data collection combined with a qualitative
research method to explore the determinants of location selection for enterprises in the biotechnology
industry from the perspective of market expansion. Rahman and Kabir [38] used the Geographic
Information System (GIS) to analyze the location pattern, then applied qualitative analysis to discuss
the causes of forming clusters or localization for the manufacturing industry.

The above quantitative models which rely upon data collection, economic or statistical model
analysis and hypothesis testing need long term and massive data collection, which might not be
practical or reflective of rapid changes in the markets. In the past few decades, the MCDM method has
been applied in the location selection problems. The advantages of MCDM are that it is—(1) simple
to operate and suitable for complex practical problems; (2) can provide decision makers with clear
information for reference; (3) more comprehensive in relation to the level of consideration and criteria,
which is helpful to recognize the problem status; (4) supports the evaluation of multiple alternatives
with qualitative or quantitative data [39–42].

The most popular MCDM method is Satty’s AHP. Marinković et al. [11] used a two stage
Delphi and AHP methodology to analyze and formulate the determinants for location selection
for the ICT industry and confirmed the relative significance of these factors. They found human
resource availability to be the primary factor, followed by the political and economic environment.
Some have used the Delphi, AHP, Preference ranking organization method for enrichment evaluation
(PROMETHEE) methods to select the location of manufacturing factories, with consideration of factors
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such as skilled workers, expansion possibilities, availability of required materials, investment costs
and on-site risk assessment [7]. Wang et al. [43] given the consideration of human semantic ambiguity,
used fuzzy Analytic Network Process (ANP) to explore the issue of location selection and found
that small and medium-sized enterprises give priority to costs over regulations and communities,
while large enterprises give priority to regulations over costs and community.

AHP and ANP are quite mature in the application of MCDM field. Although these methods
can evaluate a complicate system based on the pairwise comparisons between the criteria, it is
a time-consuming process and not easy to obtain the consistent results. Therefore, in recent years,
there have been many advantages by using Best-worst method (BWM) [25,44]. This method selects
the best and worst criteria first and then compares them with other criteria in pairs, effectively reducing
the number of pairwise comparisons and obtaining better consistent results. In addition, some scholars
use different methods. For example, Rocha et al. [45] used evolutionary game theory and input–output
analysis to evaluate a company’s strategic location selection. They considered many exogenous
factors—potential markets, local productive interdependence, tax incentives and macroeconomic
stability. Studies have found that a location in a tax-free market is not necessarily the best choice and
that there is a direct relationship between government incentives and regional attractiveness. Liu [6]
applied the DEMATEL technology to analyze the causality and discuss the key factors for location
selection. Their results showed production costs to be the most influential and industry characteristics
to be the least influential factor.

Although the methods discussed above perform well, most of them ignore the fact that the criteria
are actually interactive in the real world [42,46]. The DANP-mV model is suitable for improving
this weakness and has been applied in many fields [47–52]. However, the DANP-mV is based on
the subjective opinions of decision-makers. To remedy this shortcoming, the entropy method can be
combined with the DANP method, thereby effectively reducing the limitation of subjective weighting
in the DANP method. In practice, one also can adjust the ratio between subjective and objective weights
based on decision needs. Therefore, the new model has the merit of being closer to the real environment.

3. Proposed Model

This section introduces the advantages of the DANP-mV model, its limitations and the calculation
steps, for a detailed list of symbols, see Table A1 in Appendix A.

3.1. Advantages of the Hybrid Weights

The DANP-mV model is derived from the integration of DEMATEL, DANP and modified VIKOR,
three models. It has a strong comprehensive effect due to the synergy of these three methods. Recently,
the effectiveness of the DANP-mV model has been proven in many studies in different fields [47–52].
The model has several advantages such as consideration of the interdependencies between the criteria,
needing fewer pairwise comparisons and ease of calculation. The DANP-mV model can be applied to
solve decision problems in the real world, treating the process of decision-making as a whole evaluation
system and focusing on the fundamental cause of the problem. Although the DANP-mV model has
some advantages, it still relies on the subjective opinions of experts. Zavadskas and Podvezko [53]
pointed out that the criterion weight is critical in MCDM problems. If the criterion weights are only
dependent on expert judgements, there will be potential uncertainty which affects the results [20,54].
Therefore, some have proposed the use of objective weights in the decision models [21–23,55].

Among the methods for determining objective weights, the entropy method has a solid theoretical
foundation and has proven to be suitable for decision-making problems in different fields. The criterion
weight is mainly determined based on the relationship between the original data and does not need
decision-maker opinions [20,21,23,54].

During the process of decision-making, if only relies on subjective preferences of make decisions,
the final decision-making results are easily influenced by subjective preferences and lose objectivity [19].
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The empirical case of this study is to choose the manufacturing location of the factory. In the past,
the company only relied on the subjective preferences of senior management to make decisions.

Thus, in this study, the entropy method is combined with the DANP method, to effectively reduce
the limitation of subjective weighting in the DANP method. In practice, we can also adjust the ratio
between subjective and objective weights based on decision needs.

The DANP-mV model proposed in this study retains the characteristics and advantages of
the original DANP-mV model and at the same time considers the objective weights into the system.
Therefore, the proposed model will be applicable to real-world decision-making. However, this study
assumes that the integrated strategy coefficient of the combined weight is 0.5, which means that
subjective and objective preferences are considered equally important.

3.2. Proposed DANP-mV Model

The proposed DANP-mV model is a hybrid research tool that contains the followed
methods—DANP, entropy and modified VIKOR. DANP is used to evaluate the network relationship
between the criteria and the influential weights of the criteria. The entropy method is mainly used
for confirmation of the objective weights and the modified VIKOR method is applied for alternative
selection. The complete operating process illustrated in Figure 1 can be divided into four phases:

1. Pairwise comparisons between criteria through experts’ judgements for constructing the network
relationship by the DEMATEL method to draw the influential network relationship map (INRM).

2. Application of the DANP model to derive subjective weights and calculation of the objective
weights based on the entropy method.

3. Decide upon the coefficient, then combine the subjective and objective weights.
4. Use the modified VIKOR method to select the best alternative.
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Figure 1. Analytical processes.

3.2.1. Phase 1: Construct the Network Relationship

Step 1: Establish the initial direct influence relationship matrix E

This step encodes the data obtained from the questionnaire responses of the K experts to get an
initial direct influence relationship matrix E (Equation (1)) for each expert. Data collection is conducted
through interviews with experts. The questionnaire scale is evaluated using scores from 0 to 4—(0) no
influence, 1 (low influence), 2 (medium influence), 3 (high influence), 4 (extremely high influence).
Experts are asked to specify the degree of influence between all criteria through pairwise comparisons.
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The initial direct influence matrix is expressed as EK =
[
ek

i j

]
n×n

f or k = 1, 2, · · · , k:

E =



e11 · · · e1 j · · · e1n
...

...
...

ei1 · · · ei j · · · ein
...

...
...

en1 · · · enj · · · enn


. (1)

Step 2: Calculate the average direct influence relationship matrix A

The direct influence relationship matrixes for the K experts are aggregated and divided by K to
obtain the average direct influence relationship matrix A as shown in Equation (2).

A = EAVG = ai j =
1
k

k∑
k=1

ek
i j =



a11 · · · a1 j · · · a1n
...

...
...

ai1 · · · ai j · · · ain
...

...
...

an1 · · · anj · · · ann


. (2)

Step 3: Calculate the normalized directly influence relationship matrix Nd

The average direct influence relationship matrix is normalized to obtain the normalized direct
influence relationship matrix Nd as shown in Equation (3).

Nd = A/x (3)

x = max

max
1≤i≤n

n∑
j=1

ai j,max
1≤ j≤n

n∑
i=1

ai j

. (4)

Step 4: Derive total influence relationship matrix T

Use the normalized direct influence relationship matrix to obtain the total influence relationship
matrix T (Equation (5)). The total influence relation matrix is an n by n matrix, T = TC =

[
ti j

]
n×n

f or i, j =
1, 2, · · · , n.

T = A + A2 + · · ·+ AZ = A(I−A)−1 f or lim
z→∞

AZ = [0]n×n. (5)

Step 5: Build (criteria/dimension) total influence relationship matrix TC and TD

From the total influence relationship matrix T, the total influence relationship matrix of the criterion
TC and the total influence relationship matrix of the dimensions TD can be obtained. The calculation
of the total influence relationship matrix for criterion TC is expressed as in Equation (6), where Dm is
the m-th dimension (cluster); cmm is the m-th criterion in the m-th dimension; ti j

c is the sub-matrix of
the criterion influence relationship obtained by comparing the i-th dimension with the j-th dimension.
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TC =

D1

...

Di

...

Dm

c11

c12
...

c1m1
...

ci1
ci2
...

cimi
...

cm1

cm2
...

cmmm

D1 D j Dm

c11···c1m1 · · · c j1···c jm j
· · · cm1···cmmm

t11
C · · · t1 j

C · · · t1m
C

...
...

...
ti1
C · · · ti j

C · · · tim
C

...
...

...
tm1
C · · · tmj

C · · · tmm
C


m j×m j |m<n,

∑m
j=1 m j=n

. (6)

The total influence relationship matrix of the dimension TD is shown in Equation (7).

TD =



t11 · · · t1 j · · · t1m
...

...
...

ti1 · · · ti j · · · tim
...

...
...

tm1 · · · tmj · · · tmm


m×m

. (7)

Step 6: Degree of influence and the degree it is influenced between systems

The total influence relationship matrix is summed up to obtain the degree of influence and
the degree it is influenced between systems. As shown in Equations (8) and (9), ri represents the sum of
the rows on the i-th row of matrix T, which means the sum of the direct and indirect effects of criterion
i on the other criteria; cj represents the sum of the columns in the j-th column of matrix T which means
the sum of the direct and indirect influence on criterion j of the other criteria.

r = (r1, · · · , ri, · · · , rn)
′ = (ri)n×1 =

 n∑
j=1

ri j


n×1

f or i, j = 1, 2, · · · , n. (8)

c = (c1, · · · , c j, · · · , cn)
′ = (c j)n×1 = (c j)

′
1×n =

 n∑
i=1

ci j

′
n×1

f or i, j = 1, 2, · · · , n. (9)

Finally, the degree of influence to and from the dimensions are calculated for the total influence
relation matrix (TD).

Step 7: Draw the influence relationship map INRM

The degree of influence to and from are marked in coordinates to obtain the influence relationship
map. Here, (ri + ci) represents the sum of the influence of the criterion and the influence, which is
also called the total influence degree which represents the importance of criterion i in the entire system.
The (ri − ci) represents the difference between the degree of influence of the criteria minus the degree
it is influenced or the degree of net influence. This index represents the causal relationship between
the criteria. Taking (ri + ci) as the x axis and (ri − ci) as the y axis, we can draw the INRM.
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3.2.2. Phase 2: Derive the Subjective and Objective Weights

Step 1: Define the unweighted super matrix S

The total influence relationship matrix of the criterion is normalized and transposed to generate
an unweighted super matrix S. The normalization is expressed as in Equation (10) and the unweighted
super matrix S is shown in Equation (11).

TβC =

D1

...

Di

...

Dm

c11

c12
...

c1m1
...

ci1
ci2
...

cimi
...

cm1

cm2
...

cmmm

D1 D j Dm

c11···c1m1 . . . c j1···c jm j · · · cn1···cmmm

Tβ11
C · · · Tβ1 j

C · · · Tβ1m
C

...
...

...
Tβi1

C · · · Tβi j
C · · · Tβim

C
...

...
...

Tβm1
C · · · Tβmj

C · · · Tβmm
C


m j×m j |m<n,

∑m
j=1 m j=n

. (10)

S = (TβC)
′ =

D1

...

D j

...

Dm

c11

c
12
...

c
1m1

...
c j1

c
j2
...

c
jm j

...
cm1

c
m2

...
cmmm

D1 Di Dm

c11···c1m1 . . . ci1···cimi · · · cm1···cmmm

s11
· · · si1

· · · sm1

...
...

...
s1 j

· · · si j
· · · smj

...
...

...
s1m,

· · · sim
· · · smm


n×n|m<n,

∑m
j=1 m j=n

. (11)

Step 2: Construct a weighted super matrix Sw

First, normalize the total influence relationship matrix of the dimensions. Normalization is done
by dividing each element by di, as shown in Equation (12).
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TβD =



tβD
11 · · · tβD

1 j · · · tβD
1m

...
...

...
tβD
i1 · · · tβD

ij · · · tβD
im

...
...

...
tβD
m1 · · · tβD

mj · · · tβD
mm


m×m

=



t11
D /d1 · · · t1 j

D /d1 · · · t1m
D /d1

...
...

...
ti1
D/di · · · ti j

D/di · · · tim
D /di

...
...

...
tm1
D /dm · · · tmj

D /dm · · · tmm
D /dm


m×m

. (12)

Next, calculate the weighted super matrix sw (Equation (13)).

Sw = TβDS =

D1

...

D j

...

Dm

c11

c 12
...

c 1m1
...

c j1
c j2

...
c jm j

...
cm1

c m2
...

cmmm

D1 Di Dm

c11···c1m1 . . . ci1···cimi · · · cm1···cmmm

tβD
11 × s11

· · · tβD
i1 × si1

· · · tβD
m1 × sm1

...
...

...
tβD
1 j × s1 j

· · · tβD
ij × si j

· · · tβD
mj × smj

...
...

...
tβD
1m × s1m

· · · tβD
im × sim

· · · tβD
mm × smm


. (13)

Step 3: Derive the influence weight of the entire system WIWS

Limit the derivation of the weighted super matrix Sw to obtain the overall influence weight WIWS

as shown in Equation (14). The matrix will eventually become stable and a set of overall priority
vectors wiw

1 , · · · , wiw
2 , · · · , wiw

3 obtained, which is called the influential weight WIWS.

WIWS = lim
q→∞

(sw)q. (14)

Step 4: Establish the performance evaluation matrix F

Extract performance data from the database to obtain a performance evaluation matrix F as shown
in Equation (15).

F =

a1
...
ai
...

aq

C1 · · · C j · · · Cn

f11 · · · f1 j · · · f1n
...

...
...

f1i · · · fi j · · · fin
...

...
...

fm1 · · · fmj · · · fmn


. (15)

Step 5: Calculate the normalized performance evaluation matrix Ne
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Normalize the performance evaluation matrix to obtain the normalized performance evaluation
matrix Ne as shown in Equation (16).

Ne = ne
i j =

fi j
m∑

i=1
fi j

. (16)

Step 6: Derive the variation degree of the criterion e j

The normalized performance evaluation matrix is deduced from the variation degree to obtain
the entropy value e j for the degree of variation for each criterion (Equation (17). The p is a constant.
Let p = (ln(q))−1 be used to ensure that e j( j = 1, 2, · · · , n) belongs from 0 to 1.

e j = −p
n∑

j=1

ne
i j ln ne

i j. (17)

Step 7: Calculate the degree of the divergence coefficient e j

The entropy vector is used to calculate the degree of deviation and each degree of the divergence
coefficient e j is obtained, as shown in Equation (18). The e j( j = 1, 2, · · · , n) represents the inherent
intensity of contrast between j criteria. The higher the value of e j in the criteria, the greater the relative
importance of the role it plays in the whole system.

e j = 1− e j. (18)

Step 8: Derive the objective weight of the entire system WOWS

The divergence coefficient e j is deduced by simple additive normalization to obtain the objective
weight WOWS of the entire system as shown in Equation (19).

WOWS = e j/
n∑

k=1

e j. (19)

3.2.3. Phase 3: Integrate the Subjective and Objective Weight w∗

The influential weight and the objective weight are combined to obtain the integrated weight
w∗ of the entire system. As shown in Equation (20), the µ is a strategic coefficient which can be
adjusted according to different cases. The preset value is 0.5, which indicates equal importance between
the subjective and objective weights.

w∗ = µWIWS + (1− µ)WOWS. (20)

3.2.4. Phase 4: Use the Modified VIKOR to Perform the Evaluation

The concept of VIKOR originated from the problem of multi-objective planning [56]. Opricovic [57]
applied it to the research of civil engineering. Opricovic and Tzeng [58] made a comparison between
VIKOR and TOPSIS and their results showed that performance evaluation using VIKOR would be
more reasonable and effective. For the detailed operation processes of original VIKOR, please refer to
References [58–60]. In this study, modified VIKOR will be used as the following steps:

Step 1: Define the aspiration level and the worst value

Decision-makers define the aspiration level and the worst value based on their expectations.
In past performance evaluation methods using the positive and negative ideal solutions as the basis
for evaluation, one may be caught in the dilemma of finding a good apple in a barrel of rotten apples.
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Therefore, it is better to replace those “ideal” solutions with the aspiration level and the worst value.
In this study, the scales range from 0 to 100, where fasp = 100 indicates the aspiration level and
the fwst = 0 is set as the worst value.

Step 2: Calculate the normalized performance evaluation matrix Nv

Normalize the performance evaluation matrix to obtain the normalized performance evaluation
matrix Nv as shown in Equation (21). Normalize the performance of j criteria in q alternatives and
calculate the distance between each performance and the aspiration level at the same time.

Nv =
(∣∣∣∣fasp

− fqj

∣∣∣∣)/(∣∣∣fasp
− fwst

∣∣∣). (21)

Step 3: Evaluate the overall performance of each alternative

The normalized performance evaluation matrix is weighted to obtain the overall benefit evaluation
matrix G and the average group utility vector rqj as shown in Equations (22) and (23). Hence,
the normalized performance evaluation matrix means the difference between each criterion and
the aspiration level for each alternative. The w∗j is the integrated weight and the overall performance
evaluation will be generated through the interaction of the two matrices.

G = Nvw∗ (22)

rqj =
n∑

j=1

Nv. (23)

The original VIKOR considers two types of differences, the average group utility and the maximum
regret. Since the purpose of the DANP-mV model is to focus on the decision-making process it can
incorporate more references. The model uses the mean group utility rqj only. Here,rqj means
the comprehensive difference between the various alternatives and the aspiration level, this difference
will be based on the average group utility.

4. Empirical Example

The data collected and the analytical process are introduced below. Furthermore, based on
the INRM and performance evaluation results, we provide some strategic suggestions for supply
chain layout.

4.1. Description of the Problem

The case company is one of the world’s leading manufacturers of electronics. Its products include
energy-saving equipment, hardware for automation facilities and ICT infrastructure. The company has
long been concerned with environmental protection, so continues to develop innovative energy-saving
products and solutions and constantly strives to improve the energy conversion efficiency of its products.
Headquartered in Taiwan, it is committed to innovation and research and development. It has locations
all over the world including China, Japan, Singapore, Thailand, the United States and Europe. It has
175 operating locations, 37 production locations and 69 research and development centers.

In March 2018, US President Trump signed the “Section 301 Investigation” officially launching
the China-US trade war, which has caused a lot of turbulence and had a major impact on manufacturing
in Asia and around the world [61]. Shocked companies have had to consider countermeasures in
advance, to strategically adjust the layout of their global supply chain, speed up automation, accelerate
mergers and acquisitions and supply chain transfers and strengthen cross-border management
capabilities in order to reduce the negative impact of trade friction [62]. The major production lines
of the case company have been heavily influenced by the impact of international economics and
trade. To respond to the rapidly changing international trade situation and keep its core competitive
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advantage, the company set up a relevant project working group to conduct an evaluation and
selection of possible transfer locations. The company has some experience and certain standards for
the evaluation of such locations. First, global competitiveness indexes were used to evaluate the possible
alternatives. After several rounds of discussion and field surveys, five potential locations for final
decision were made, which included Croatia (HRV), India (IND), Taiwan (TWN), Uganda (UGA)
and Vietnam (VNM). The company is now faced with how to make the choice of a new location that
will affect the business performance of the enterprise and ultimately whether development can be
sustained. It should be noted that the selected five possible locations were based on the needs of
the case company. The other company might have other alternatives due to their specified requirements
and operational environments.

4.2. Identification Criteria for Location Selection

The criteria for location selection have been discussed in many studies. They mainly depend
on the characteristics of the enterprise and the operational environment. Therefore, the working
group of the case company considered its needs and situation and identified 16 evaluation criteria.
The evaluation criteria are summarized and divided into 5 dimensions, which include Economy
and Market, Government and Governance, Business Dynamism, Infrastructure, Sustainability and
Innovation (Table 1).

Table 1. Dimensions and criteria for the evaluation system.

Dimensions/Criteria Explanation References

Economy and Market (D1)

Macroeconomic stability (C1) Refers to the overall evaluation of local inflation and debt dynamics. [6,11,37,43,63,64]

Financial system (C2) Refers to the overall evaluation of local systems and the depth and stability of
the financial system. [6,10,11,43]

Product market (C3) Refers to the overall evaluation of local and domestic market competition, trade
openness, market size. [6,10,11,37,63,64]

Government and Governance (D2)

Security (C4) Refers to the overall evaluation of local organized crime, homicide rate, terrorist
incidents and reliability of police services. [6,9,43,65]

Institutions (C5) Refers to the overall evaluation of local budget transparency, judicial independence,
legal fairness and press freedom. [6,7,11,63,64]

Property (C6) Refers to the overall evaluation of local inflation and debt dynamics, protection and
management of ownership. [6,43]

Corporate governance (C7) Refers to the overall evaluation of local corporate governance. [6,64]

Business dynamism (D3)

Administrative requirements (C8) Refers to the overall evaluation of local entrepreneurial costs, entrepreneurial time,
bankruptcy recovery rate and bankruptcy supervision framework. [6,10,37,43,63,64]

Entrepreneurial culture (C9) Refers to the overall evaluation of local attitudes towards entrepreneurial risk,
willingness to delegate authority. [6,7,9,10,63,64]

Infrastructure (D4)

Transportation system (C10) Refers to the overall evaluation of local road, railroad, air and sea transport. [6,9,43,65]
Utility infrastructure system (C11) Refers to the overall evaluation of local electricity and water supply. [6,9,43,65]

ICT adoption (C12)
Refers to the overall evaluation of local mobile-cellular telephone subscriptions,
mobile-broadband subscriptions, fixed-broadband internet subscriptions, fiber internet
subscriptions, internet usage.

[6,11,43]

Skill (C13) Refers to the overall evaluation of the current and future local workforce. [6,7,10,63,64]

Labor market (C14) Refers to the overall evaluation of local labor market flexibility, meritocracy and
incentivization. [6,7,63,64]

Sustainability and Innovation(D5)

Sustainable planning (C15)
Refers to the overall evaluation of local government’s long-term vision, energy
efficiency regulation, renewable energy regulation, environment-related treaties
in force.

[6,9,10,64]

Innovation foundation (C16)

Refers to the overall evaluation of local labor market flexibility, meritocracy and
incentivization, diversity and collaboration, research and development,
commercialization, growth of innovative companies, companies embracing disruptive
ideas, etc.

[6–8,63]

The “economic and market” dimension refers to the local economy, prices, exchange rates,
financial system, market share and market openness. We will evaluate the macroeconomic stability,
financial system and product market of the country or region. The “government and governance”
dimension refers to the evaluation of the political stability and local security of the country or region.
The assessment of the “business dynamism” dimension refers to the assessment of the administrative
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costs of the country, local administrative efficiency, operational risks, regulatory systems and
corporate culture. “Infrastructure” refers to the assessment of the completeness of infrastructure
construction, which includes local transportation infrastructure, water and electricity supply systems,
ICT communications and labor adequacy. “Sustainability and innovation” refers to the attitude of
the country or region dedicated to sustainable development and leading innovation development.
Local sustainability policies/regulations and the cultivation of innovative resources have a significant
impact on the sustainable development of enterprises.

4.3. Data Collection, Analysis and Results

The data were collected in two parts from expert opinions and public databases.
Since the importance of the evaluating criteria reflects the company’s needs, the opinions of the working
group must be included in the survey to obtain the influential weights. In the survey, experts were
asked to make pairwise comparisons of the degree of influence from criterion i to j. After the survey,
a 16 by 16 matrix was obtained based on each expert’s opinions, called the direct relationship matrix
E. All the experts’ results were calculated using Equation (2) to obtain the average direct impact
relationship matrix EAVG. Table 2 shows the average direct-influence relationship matrix. It can
be found that C4 and C5 have a maximum impact (4 points) on C1, which shows that Security and
Institutions have a high degree of impact on Macroeconomic stability.

Table 2. Average direct-influence relation matrix of each criteria.

EAVG C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16

C1 0 0.333 0.667 3.000 2.000 0.333 1.333 1.000 1.333 0.667 0.667 1.000 0.333 1.000 0.667 1.000
C2 0.333 0 2.000 0.333 0.333 1.333 0.667 1.667 0.667 0.000 0.000 0.333 1.000 0.333 0.667 0.333
C3 0.667 2.667 0 0.667 0.667 0.667 0.333 1.333 0.333 0.667 1.000 0.667 0.000 0.000 0.333 0.667
C4 4.000 0.333 0.667 0 2.000 0.333 1.333 1.000 1.333 0.667 0.667 1.000 0.333 1.000 0.667 1.000
C5 4.000 0.333 0.667 3.000 0 0.333 1.333 1.000 1.333 0.667 0.667 1.000 0.333 1.000 0.667 1.000
C6 0.333 4.000 2.000 0.333 0.333 0 0.667 1.667 0.667 0.000 0.000 0.333 1.000 0.333 0.667 0.333
C7 1.333 0.667 0.333 1.333 1.333 0.667 0 1.333 1.667 1.000 1.000 2.667 1.333 2.333 1.000 0.667
C8 1.000 3.000 2.000 1.000 1.000 1.000 1.000 0 0.667 0.000 0.000 1.000 0.333 1.333 0.667 0.333
C9 1.333 0.667 0.333 1.333 1.333 0.667 3.333 1.333 0 1.000 1.000 2.667 1.333 2.333 1.000 0.667
C10 0.667 0.000 1.333 0.667 0.667 0.000 1.000 0.000 1.000 0 3.667 1.333 2.000 0.667 1.000 0.667
C11 0.667 0.000 1.333 0.667 0.667 0.000 1.000 0.000 1.000 2.000 0 1.333 2.000 0.667 1.000 0.667
C12 2.000 0.333 0.667 1.667 1.333 0.333 3.333 1.000 2.000 1.333 1.333 0 1.000 1.667 0.667 1.000
C13 0.333 1.333 0.000 0.333 0.333 0.667 1.333 0.333 1.333 1.333 2.667 1.000 0 1.000 1.333 0.333
C14 1.000 0.333 0.000 1.000 1.000 0.333 1.667 1.000 1.333 1.333 2.667 1.667 2.333 0 1.333 0.333
C15 0.667 1.667 0.333 0.667 0.667 1.000 3.000 0.667 1.667 1.000 1.000 2.000 2.000 1.333 0 0.667
C16 3.000 0.333 1.667 2.333 1.667 0.333 0.667 0.333 0.667 1.000 1.333 1.000 0.333 0.333 0.667 0

The scales 0, 1, 2, 3 and 4 represent the range from “no influence (0)” to “extremely high influence (4)”, respondents
by experts.

In the second part of the data collection process, data for the five potential locations were collected
from the public database of the World Economic Forum (see Table 3). The data shows that Taiwan has
the highest score on Macroeconomic. Prior studies have also found that Macroeconomic stability has
significant impact on foreign investment [66]. Therefore, Macroeconomic stability is one of Taiwan’s
important advantages in attracting foreign investment.

Tables 3 and 4 show the input data of analysis used by the proposed DANP-mV model. Following
the steps outlined in Section 3, five outputs are obtained—(1) the INRM; (2) influential weights (IWs);
(3) objective weights (OWs); (4) combination weights (CWs); (5) comparison and ranking of alternatives.
DEMATEL can be used to derive the INRM (Figure 2) which provides a visual basis to help decision
makers formulate sustainable development strategies for improvement. An examination of Figure 2
shows that Sustainability and Innovation (D5) and Business dynamism (D3) are causal factors in
the whole system, whereas Government and Governance (D2), Infrastructure (D4) and Economy and
Market (D1) are affected factors. In addition, this study finds that Government and Governance (D2)
has the greatest influence on the entire evaluation system, which is similar to the results of Janssen
and Van Der Voort [67]. This also shows that the quality of local governance plays an important role.
A stable, more credible and effective and less corrupt system will affect the choice of this location for
foreign investors.
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Table 3. Performance of five potential alternatives.

F Criteria HRV IND TWN UGA VNM

C1
Macroeconomic

stability 90.000 90.000 100.000 74.159 75.000

C2 Financial system 61.918 69.478 88.438 50.297 63.865
C3 Product market 53.164 50.389 66.339 49.064 53.994
C4 Security 78.710 56.377 85.836 63.544 77.217
C5 Institutions 35.772 66.376 62.609 50.165 50.661
C6 Property 60.429 44.729 82.566 39.159 46.014
C7 Corporate governance 60.699 74.160 77.203 51.846 51.064

C8
Administrative
requirements 71.762 64.592 85.902 59.846 62.567

C9 Entrepreneurial culture 37.530 55.479 60.219 52.854 50.433
C10 Transportation system 62.054 66.429 79.359 48.488 52.208

C11
Utility infrastructure

system 94.393 69.757 94.021 47.273 79.641

C12 ICT adoption 60.686 32.106 82.294 29.351 69.034
C13 Skill 63.470 50.455 76.220 42.258 56.957
C14 Labor market 55.958 53.907 72.738 59.959 58.243
C15 Sustainable planning 60.392 69.332 72.045 50.941 64.262
C16 Innovation foundation 34.913 55.200 61.620 40.648 45.429

The scale will be between 0 and 100, with higher values indicating better performance. 2 Data base at www.weforum.
org/gcr/rankings [68].

Table 4. Combination weights based on influence weights and objective weights.

Code Dimensions/Criteria Influential Weights Objective Weights Combination Weights (CWs)
Global Weight Local Weight

D1 Economy and Market 0.063 0.097 0.142
C1 Macroeconomic stability 0.028 0.022 0.054 0.376
C2 Financial system 0.017 0.055 0.055 0.383
C3 Product market 0.018 0.020 0.034 0.241

D2
Government and
Governance 0.267 0.280 0.253

C4 Security 0.094 0.037 0.051 0.201
C5 Institutions 0.072 0.069 0.062 0.247
C6 Property 0.024 0.125 0.077 0.306
C7 Corporate governance 0.077 0.049 0.062 0.246
D3 Business dynamism 0.268 0.066 0.140

C8
Administrative
requirements 0.116 0.029 0.062 0.443

C9 Entrepreneurial culture 0.152 0.038 0.078 0.557
D4 Infrastructure 0.221 0.467 0.344
C10 Transportation system 0.037 0.050 0.043 0.124

C11
Utility infrastructure
system 0.045 0.090 0.067 0.196

C12 ICT adoption 0.055 0.244 0.149 0.433
C13 Skill 0.036 0.064 0.053 0.154
C14 Labor market 0.049 0.019 0.032 0.093

D5
Sustainability and
Innovation 0.179 0.090 0.121

C15 Sustainable planning 0.089 0.023 0.053 0.440
C16 Innovation foundation 0.090 0.067 0.068 0.560

Combination weights will be obtained using Equation (20) and the strategy coefficient µ = 0.5.

From the Sustainability and Innovation (D5) and Business dynamism (D3) dimensions, Sustainable
planning (C15), Innovation foundation (C16) and Entrepreneurial culture (C9) are the causal criteria,
whereas Administrative requirements (C8) is the affected criteria. Given that factors have an interactive
relationship, managers should first focus attention on the causal dimensions such as Sustainability and
Innovation and Business dynamism. Improving these causal factors will eventually remedy problems
with the affected factors. Similarly, at the criterion level, manager should focus on Planning (C15),
Innovation foundation (C16) and Entrepreneurial culture (C9) for improvement.

www.weforum.org/gcr/rankings
www.weforum.org/gcr/rankings
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The proposed DANP model integrates the objective weights to avoid reliance upon the subjective
preferences of decision-makers. The entropy method is used to calculate the objective weights.
The calculation is based on the performance of alternatives. The objective weights of the criteria can
be calculated based on the deviation of performance among alternatives using Equations (15)–(19).
The combined weights are then found using Equation (20) as indicated in Table 4. It is worth noting
that the ratio between the subjective and objective weights can be adjusted according to the needs
of the company. After discussion with the working group of the case company, this study proposes
setting the strategy coefficient µ to 0.5, indicating equal importance between the subjective and
objective weights.

To visualize the results, the dimension and criterion weights are shown in Figure 3. The order
of the dimensions found is Infrastructure (D4) (0.344), Government and Governance (D2) (0.253),
Economy and Market (D1) (0.142), Business dynamism (D3) (0.140), Sustainability and Innovation (D5)
(0.121). In other words, if the company wants to effectively grasp the geographical advantages, it must
give priority to the local Infrastructure followed by Government and Governance (D2), Economy
and Market (D1), Business dynamism (D3), Sustainability and Innovation (D5). At the criterion level,
the top three criteria are ICT adoption (C12) (0.149), Entrepreneurial culture (C9) (0.078) and Property
(C6) (0.077). This result is consistent with the results of expert interviews. The ICT adoption and
Entrepreneurial culture are essential factors for selection the manufacturing location because these are
necessary infrastructures for sustainable development.

Table 5 lists the gaps for each alternative as determined by Equations (21)–(23). The results
show that TWN’s has a total gap 0.217, followed by HRV at 0.391, VNM at 0.398, IND at 0.421
and UGA at 0.519. In other words, the optimal location is Taiwan, followed by Croatia, Viet Nam,
India and finally Uganda. It is worth noting that TWN performs best in the Economy and Market
(D1) dimension at 0.006, followed by Infrastructure (D4) at 0.012, Government and Governance (D2)
at 0.015, Business dynamism (D3) at 0.020 and Sustainability and Innovation (D5) at 0.021. Taiwan
has better macroeconomic stability and financial system and relatively good transportation system,
utility infrastructure system and labor market. Although Taiwan is the best choice, more attention
should be paid to the performance of Entrepreneurial culture, ICT adoption and Innovation foundation,
which have larger aspiration gaps. The foundation of Taiwan’s economics is dominated by small and
medium-sized enterprises. The decentralization of power by individual businesses and family-owned
businesses is often insufficient. In recent years, the international community has been continuously
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committed to the promotion of 5G communication technology but Taiwan’s population and market
size restrictions will not be conducive to the development of ICT adoption. Therefore, Taiwan still has
limited disruptive ideas, so Innovation foundation still has much room for improvement.Symmetry 2020, 12, x FOR PEER REVIEW 15 of 23 
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Table 5. Gap analysis for the possible alternatives.

Code Dimensions/Criteria CWs
HRV IND TWN UGA VNM

Gap Rank Gap Rank Gap Rank Gap Rank Gap Rank

D1 Economy and Market 0.142 0.014 1 0.013 1 0.006 1 0.019 1 0.016 1
C1 Macroeconomic stability 0.054 0.005 2 0.005 1 0.000 1 0.014 2 0.013 3
C2 Financial system 0.055 0.021 9 0.017 6 0.006 3 0.027 8 0.020 7
C3 Product market 0.034 0.016 5 0.017 7 0.012 8 0.017 3 0.016 5
D2 Government and Governance 0.253 0.026 3 0.025 3 0.015 3 0.032 3 0.029 4
C4 Security 0.051 0.011 3 0.022 11 0.007 4 0.019 4 0.012 1
C5 Institutions 0.062 0.040 13 0.021 9 0.023 13 0.031 11 0.031 12
C6 Property 0.077 0.031 12 0.043 15 0.013 10 0.047 15 0.042 15
C7 Corporate governance 0.062 0.024 11 0.016 4 0.014 11 0.030 9 0.030 11
D3 Business dynamism 0.140 0.033 5 0.028 4 0.020 4 0.031 2 0.031 5
C8 Administrative requirements 0.062 0.017 7 0.022 10 0.009 6 0.025 6 0.023 10
C9 Entrepreneurial culture 0.078 0.049 15 0.035 14 0.031 16 0.037 13 0.039 14
D4 Infrastructure 0.344 0.022 2 0.035 5 0.012 2 0.041 5 0.023 2
C10 Transportation system 0.043 0.016 6 0.014 2 0.009 7 0.022 5 0.020 8
C11 Utility infrastructure system 0.067 0.004 1 0.020 8 0.004 2 0.036 12 0.014 4
C12 ICT adoption 0.149 0.059 16 0.101 16 0.026 15 0.105 16 0.046 16
C13 Skill 0.053 0.019 8 0.026 12 0.013 9 0.030 10 0.023 9
C14 Labor market 0.032 0.014 4 0.015 3 0.009 5 0.013 1 0.013 2
D5 Sustainability and Innovation 0.121 0.033 4 0.023 2 0.021 5 0.033 4 0.028 3
C15 Sustainable planning 0.053 0.021 10 0.016 5 0.015 12 0.026 7 0.019 6
C16 Innovation foundation 0.068 0.044 14 0.030 13 0.026 14 0.040 14 0.037 13

Total 0.391 0.421 0.217 0.519 0.398

Rank 2 4 1 5 3

Croatia is another feasible choice if improvements can be made to the local Entrepreneurial culture
and ICT adoption. For Viet Nam, the local Entrepreneurial culture and ICT adoption are the two critical
items which need to be improved. India has good performance in the Economy and Market dimension
but needs to pay attention to local ICT adoption and Entrepreneurial culture. Uganda should improve
its innovation foundation.

5. Discussion

The proposed DANP mV model adds a combination weight assessment to the traditional model
foundation. The combination weights (CWs) are set according to different strategic requirements and
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will eventually produce different assessment results. The influential weights (IWs), objective weights
(OWs) and combination weights (CWs) for each dimension are shown on the left side of Table 6,
while the results of the evaluation based on the different weights are shown on the right-hand side.
The order of the influential weights, from highest to lowest, is Government and Governance (D2),
Infrastructure (D4), Business dynamism (D3), Economy and Market (D1) and finally Sustainability and
Innovation (D5). The order of the objective weights (OWs) from highest to lowest is Infrastructure
(D4), Government and Governance (D2), Economy and Market (D1), Sustainability and Innovation (D5)
and Business dynamism (D3). The order of the combination weights (CWs) from highest to lowest is
Infrastructure (D4), Government and Governance (D2), Economy and Market (D1), Business dynamism
(D3) and Sustainability and Innovation (D5).

Table 6. Comparison of weights and ranking.

Dimensions
Weight

Alternative
IWs OWs CWs

DANP Entropy Combination rkj RANK rkj RANK rkj RANK

D1 0.188 4 0.097 3 0.142 3 TWN 0.227 1 0.208 1 0.217 1
D2 0.226 1 0.28 2 0.253 2 HRV 0.393 3 0.39 2 0.391 2
D3 0.213 3 0.066 5 0.140 4 VNM 0.399 4 0.396 3 0.398 3
D4 0.220 2 0.467 1 0.344 1 IND 0.378 2 0.464 4 0.421 4
D5 0.153 5 0.09 4 0.121 5 UGA 0.477 5 0.561 5 0.519 5

As indicated in Table 6, the final selection order is TWN, HRV, VNM, IND, UGA based on
the combined weights. However, if only the DANP weight is considered, the final selection order
will become TWN, IND, HRV, VNM and UGA. The results reveal that adding the objective weights
to the model has a significant effect on the results. This is consistent with the study of Chang and
Lin [19]. If the final evaluation decision is only dependent on subjective weights, the results will be
easily influenced by the subjective preferences of senior managers.

Figure 4 shows the weight distribution among the dimensions and criteria and the gaps from
the aspiration level for each alternative. From the DANP weight distribution, we can see that the most
important dimension is Government and Governance (D2) and Infrastructure (D4), which is consistent
with the opinions of the experts as given during the interview process. The greatest incentives
for the case company to invest in China would be the various policy subsidies in the Hercynian
Special Economic Zone and the large amount of cheap labor and the stable water and electricity
supply. However, the greatest risk would be the uncertainty of the government’s authoritarian regime
and regulations.

It is worth noting that Infrastructure (D4) dominates the importance of the dimensions, regardless
of whether for DANP or entropy analysis, where ICT adoption is the most important criterion in
the Infrastructure dimension. The development of ICT infrastructure is essential for the governments
of various countries who have been actively promoting Industry 4.0 and smart manufacturing in recent
years. This results also show that the levels of ICT adoption have a critical effect on firms considering
relocation of their production lines. Although the results indicate that TWN should be given the first
priority, various gaps to the aspiration level remain in each dimension or criterion.

This study compares the original and modified VIKOR and the results are shown in Figure 5.
The left side of the panel is the total gap of five countries. Orange is the modified calculation result
and black is the original calculation result. It can be found that if using the original VIKOR, Taiwan’s
total Gap is only 0.008, which means almost perfect performance. From the right side of the panel,
the results of original VIKOR have zero gap in each criterion except in C5 Institutions with 0.008.
This result might not reflect the real situation. Our proposed model can fix this problem. There are
different gaps in each criterion to reach the aspiration level.

The case company should formulate and choose the supply chain layout in a more systematic
way, to move towards the goal of sustainable operations. Based on the analysis, the assessed sites can
be divided into a primary group (TWN, HRV) and a secondary group (VNM, IND, UGA). Although
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the countries in the primary group have the higher priority, there is still much room for improvement
in their entrepreneurial culture, foundations of innovation and ICT adoption (Table 5). Based on
the INRM (Figure 2), one can see that ICT adoption belongs in the Infrastructure dimension, which will
be influenced by the Government and Governance, Business dynamism, Sustainability and Innovation
dimensions. In addition, entrepreneurial culture belongs to the dimension of Business Dynamism,
which is also influenced by the Sustainability and Innovation dimensions. Therefore, the Sustainability
and Innovation dimensions are causal, being the driving force in the whole system. It is worth noting
that the Sustainability and Innovation dimensions include innovation foundation and sustainable
planning. Also, from the INRM, it can be seen that innovation foundation is causal and is the key
item that the case company needs to develop and prepare for in advance. It is suggested that the case
company set up an in-house innovation department and keep an eye on international economic trends
and industry dynamics, to get first-hand information, to enable it to respond to rapid market changes.
In summary, this study not only provides the optimal location for relocation of the production line but
also offers suggested directions for improvement directions for the case company.
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6. Conclusions

This paper explores a method based on the DANP-mV model for the location selection of
production lines which have to be moved due to economic fluctuations and trade wars, which is for
sustainable development. We propose a hybrid model that considers both subjective and objective
weights thereby avoiding the shortcomings of the original DANP model. The model can help
companies determine the optimal location for relocation and provide directions for improvement
based on the INRM and gap analysis. We conducted an empirical study to demonstrate the usefulness
of the proposed model. The following findings are derived:
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1. The proposed DANP-mV model has been verified by real cases, which can fix the shortcomings
of original VIKOR method.

2. The entrepreneurial culture, innovation foundation and ICT adoption are the three items that
most possible alternatives need to strengthen to attract foreign investment.

3. Sustainability and Innovation is the driving dimension in the system for the company’s
sustainable development.

4. Setting up an in-house innovation department could be an effective way in cope with deficiencies
of the innovation foundation in the potential countries.

Although this study makes some contributions to the location selection problem, there are
some suggestions for future study. First, the survey method is a time-consuming process. How to
reduce the number of questions and still obtain reliable results could be the subject of further study.
Second, different subjective and objective assessment methods can be compared with those used in
the current study. Third, the current study used an average to represent the various experts’ opinions.
Other techniques such as rough number or fuzzy theory could be considered to integrate the different
opinions. Fourth, an electronics manufacturing company was used for the case study. The model can
be applied in different industries for comparison. Finally, this study finds that sustainable development
and innovation is an important factor driving the sustainable development of enterprises. It is
suggested that follow-up research can be directed towards discussing how to effectively improve
national policies based on the viewpoint of sustainable development and innovation.
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Appendix A

Table A1. List of symbols for this study.

Term Definition

E Initial direct influence relationship matrix
K Number of experts
A Average direct influence relationship matrix

Nd Normalized directly influence relationship matrix
Ne Normalized performance evaluation matrix of entropy
Nv Normalized performance evaluation matrix of modified VIKOR
T Total influence relationship matrix

TD Total influence relationship matrix of the dimensions
TC Total influence relationship matrix of the criterion
r Degree of influence
c Degree of to be influenced

(r + c) Total influence degree
(r− c) The degree of net influence

S Unweighted super matrix
Sw Weighted super matrix

WIWS Influence weight of the entire system
F Performance evaluation matrix
e j Variation degree of the criterion
p Constant
e j Degree of the divergence coefficient

WOWS Objective weight of the entire system
w∗ Combination weights
fasp Aspiration level
fwst Worst value
G Overall benefit evaluation matrix
rqj Average group utility
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Table A2. List of abbreviations for this study.

Term Definition

MCDM Multiple criteria decision making
DEMATEL Decision Making Trial and Evaluation Laboratory
AHP Analytic hierarchy process
ANP Analytic network process
BWM Best-worst multi-criteria decision-making method
DANP DEMATEL-based ANP
modified VIKOR Modified višekriterijumsko Kompromisno Rangiranje
DANP-mV DEMATEL-based ANP- modified VIKOR
ICT Information and Communication Technology
GDP Gross domestic product
GIS Geographic information system
INRM Influential network relationship map
IWs Influential weights
OWs Objective weights
CWs Combination weights
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