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After months of lockdown due to the COVID-19 pandemic, more people are planning regional trips
because overseas travel is still not feasible. However, choosing a suitable travel destination during
the COVID-19 pandemic is challenging because the factors critical to the selection process are very
different from those usually considered. Furthermore, without sufficient literature or data for reference,
existing methods based on psychological analyses or mining past experiences may not be applicable.
Consequently, a fuzzy multi-criteria decision-making method - the calibrated piecewise-linear fuzzy
geometric mean (FGM) approach - is proposed in this study for travel destination recommendation
during the COVID-19 pandemic. The contribution of this research is twofold. First, the critical factors
that affect the selection of a suitable travel destination during the COVID-19 pandemic are discussed.
Second, the accuracy and efficiency using existing fuzzy analytic hierarchy process (FAHP) methods
have been enhanced. The calibrated piecewise-linear FGM approach has been successfully applied to
recommend suitable travel destinations to fifteen travelers for regional trips in Taiwan during the
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COVID-19 pandemic.
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1. Introduction

Since the outbreak of the COVID-19 pandemic in Wuhan,
China, the tourism industry has been severely affected. The most
obvious example is the cruise industry. Almost all cruise lines
have suspended their operations to reduce the spread of the pan-
demic [1]. Later, as the epidemic gradually eased, people began
to resume regional tourism in some countries and regions [2].
However, because the epidemic had not yet ended, methods
of recommending suitable travel destinations to travelers were
worth discussing.

The factors considered for choosing a travel destination dur-
ing the COVID-19 pandemic differ markedly from those usually
considered [3,4]. For example, before the COVID-19 outbreak, the
number of countries visited was a key factor [5]. However, since
the outbreak of the COVID-19 pandemic, the possibility of cross-
country travel has been reduced dramatically, making the number
of countries visited an irrelevant issue [6]. In contrast, during the
COVID-19 pandemic, the number of confirmed cases in the region
of a travel destination became an essential factor.
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Furthermore, population density is an inverse indicator.
Densely populated travel destinations are less popular due to
the higher risk of infection. Travelers also avoid using public
transportation systems. Moreover, outdoor attractions have pri-
ority over indoor facilities (such as museums, churches, castles,
and amusement parks). These factors can be classified as natural
risks that have never been of universal importance. Some travel
destinations have also received government subsidies to encour-
age tourists to visit. Consequently, the amount of government
subsidies has become a critical factor. Table 1 compares the
factors that are critical to travel destination recommendation (or
selection) before and during the COVID-19 pandemic [3-5,7-9].

In the literature, several methods for recommending travel
destinations have been proposed, such as behavior analysis [10-
12], weighted average (WA) or fuzzy-weighted average (FWA)
[13], association or correlation analysis [5,14], structural equa-
tion modeling (SEM) or regression analysis [15,16], and analytic
hierarchy process (AHP) [17-19]. Websites - such as TripAdvisor,
Yelp, and travel agencies - and numerous apps are recommend-
ing suitable travel destinations for travelers. Existing websites
and apps for recommending travel destinations cannot distin-
guish whether there is an epidemic outbreak. Existing methods
in this field face the following difficulties:

(1) The current situation differs markedly from the situation
before the COVID-19 pandemic. Therefore, it is impossible
to infer a traveler’s choice from her or her past behavior.


https://doi.org/10.1016/j.asoc.2021.107535
http://www.elsevier.com/locate/asoc
http://www.elsevier.com/locate/asoc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.asoc.2021.107535&domain=pdf
mailto:tolychen@ms37.hinet.net
mailto:tony.cobra@msa.hinet.net
https://doi.org/10.1016/j.asoc.2021.107535

T. Chen and Y.-C. Wang

Applied Soft Computing 109 (2021) 107535

Table 1

Comparison of factors critical to travel destination recommendation (or selection) before and during the COVID-19

pandemic.
Before COVID-19 outbreak During COVID-19 pandemic
e Travelers’ attitude e The number of confirmed
e Traveler’s subjective norm cases in the region
e Traveler’s perceived e Population density
behavioral control e The amount of government
e Traveler’s past behavior subsidy
o Traveler’s perception of a e The number of outdoor
country’s products attractions
e The number of countries e Travelers’ attitude
visited e Traveler’s subjective norm
e The number of countries e Traveler’s perceived
visited for pleasure behavioral control

Factors e Stay length e Traveler’s past behavior

e The number of people in the

tour group

e Travel mode

e Availability of public
transportation systems
e Expected satisfaction

e Expected service quality

e Expected value

e Likelihood to return
e Natural disaster risk
e Physical risk

e Political risk

e Performance risk

e Traveler’s perception of a
region’s products

e Stay length

e The number of people in the
tour group

e Travel mode

e Expected satisfaction

e Expected service quality
e Expected value

e Likelihood to return

e Natural disaster risk

e Physical risk

e Performance risk

(2) For the same reason, it is not feasible to recommend a
destination to a traveler based on other travelers’ past
choices.

(3) The selection and recommendation process during the
COVID-19 pandemic is much more uncertain than that
before the COVID-19 pandemic.

This study addresses these difficulties by proposing a fuzzy multi-
criteria decision-making method - the calibrated piecewise-linear
fuzzy geometric mean (FGM) approach - for travel destination
recommendation during the COVID-19 pandemic. The calibrated
piecewise-linear FGM approach does not rely on the analysis
of travelers’ behaviors or the knowledge generated by mining
their traveling histories but rather on a traveler’s subjective
evaluation. Accordingly, it is not subject to the first two diffi-
culties. Furthermore, fuzzy logic is a viable means for modeling
uncertainties, such as the uncertainty involved in the travel
destination selection and recommendation process during the
COVID-19 pandemic.

In the proposed methodology, a fuzzy AHP (FAHP) problem
is solved to determine the fuzzy priorities of factors critical to
the selection of a travel destination. However, existing FAHP
methods are subject to inaccuracy or inefficiency [20]. The cal-
ibrated piecewise-linear FGM approach tackles this problem by
efficiently and accurately estimating the fuzzy priorities of critical
factors. Subsequently, based on the derived fuzzy priorities, a
fuzzy technique for order preference by similarity to ideal solu-
tion (FTOPSIS) [21] is applied to evaluate the overall performance
of a travel destination. The traveler destination with the highest
overall performance will be recommended to the traveler.

The remainder of this paper is organized as follows. Section 2
is dedicated to the literature review. Section 3 introduces the
calibrated piecewise-linear FGM approach proposed in this study.
Section 4 details the application of the proposed methodology for
recommending travel destinations to fifteen travelers for regional
trips in Taiwan during the COVID-19 pandemic. Finally, Section 5
provides the conclusions of this study and some possible topics
for future investigation.

2. Literature review
2.1. Travel destination selection and recommendation

Lam and Hsu [10] considered attitude, subjective norm, per-
ceived behavioral control, and past behavior as factors critical to
the selection of a travel destination. They applied the theory of
planned behavior (TPB) to simulate a traveler’s decision-making
mechanism based on these critical factors. Weaver et al. [5]
applied a canonical correlation analysis to investigate the effects
of nine factors (the number of countries visited, the number of
countries visited for pleasure, stay length, the number of people
in the tour group, travel mode, expected satisfaction, expected
service quality, expected value, and likelihood to return) on the
selection of a travel destination.

In the study by An et al. [7], four risks (natural disaster risk,
physical risk, political risk, and performance risk) associated with
a travel destination were defined that affect travelers’ satisfac-
tion and purchase intentions. However, for travelers with differ-
ent characteristics, the effects were not identical. Karl [9] found
similar results, demonstrating that travelers with higher edu-
cational levels and travel frequencies had affine risks, whereas
elderly travelers were risk-averse and uncertainty-averse. These
attitudes were reflected in their choices of travel destinations.

Ban [13] applied FWA to evaluate the overall performance of
each travel destination. The travel destination with the highest
overall performance was recommended to a traveler. Lee and
Lockshin [8] believed that a consumer’s perception of a country’s
products affects her or her perception of the country as a travel
destination. Furthermore, a traveler’s experience at a destina-
tion affects her or her intention to revisit [22]. Juwattanasamran
et al. [14] mined association rules to predict a traveler’s destina-
tion based on his or her characteristics. Abubakar and Ilkan [16]
applied SEM to analyze the impact of online word of mouth
(WOM) on a traveler’s trust in a destination and intention to
travel. Ferns and Walls [15] also adopted the same method.
Zhou et al. [19] applied AHP to evaluate the competitiveness of
a travel destination. Factors considered in their study included
the availability of adventure-based and nature-based activities,
hospitality, friendliness of residents, safety and security, shopping
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ability, the variety and quality of restaurants, and the availability
of activities for children.

Yuzhanin and Fisher [11] studied the effectiveness of TPB
in predicting travelers’ choice of travel destinations and pro-
duced mixed results. Consequently, they claimed that different
constructs should be developed for travelers with different char-
acteristics. Qiu et al. [12] described the psychological process of
a traveler choosing a travel destination as a cell system. while
updating the information in this process, the intention of visiting
each destination was successively compared.

2.2. Travel destination recommendation amid the COVID-19 pan-
demic

In this section, some recent references on travel destination
recommendation amid the COVID-19 pandemic are reviewed to
show the relevance and contribution of this study. Lee et al. [23]
summarized the seven types of measures to control cross-border
travel related to the COVID-19 pandemic as travel warning, travel
advisory, suspend transportation, visa requirement or refusal,
expediting the entry of selected foreign nationals, and restricting
the entry of selected foreign nationals, and closing national bor-
ders, showing the importance of travel advisory/recommendation
for cross-border travel during the COVID-19 pandemic. Wilson
and Chen [24] highlighted the impact of the COVID-19 pan-
demic on the tourism industry and emphasized the importance
of restarting tourism to restore the economy. In their view, fac-
tors to consider in pre-travel consultation can be classified into
three categories: traveler’s personal risk stratification, trip-based
determinants, and policies including health insurance, employer
mandate and government regulations (origin and destination).
This view is consistent with the proposition of this research, as
illustrated by Table 2. Wilson and Chen [24] also detailed the
components of these categories. However, the factors listed in
this study are clearer and more operable. In the view of Anzai
et al. [25], the decision to control travel by restricting the freedom
of movement should strike a balance between the epidemiolog-
ical impact and the expected economic fallout. For this reason,
gradually resuming tourism and the corresponding tourism con-
sultation (or recommendation) is a critical task. According to
Nilashi et al. [26], during the COVID-19 pandemic, tourists are
using electronic word of mouth (eWOM) more and more for
travel planning. However, recommendation agents supported by
applications of machine learning or soft computing techniques
may be more effective. In addition, such recommendation agents
need to be very efficient. This study aims to fill these gaps.

Compared with these state-of-the-art research, the contribu-
tion of this research is twofold. First, this study lists critical
factors that affect the selection of a suitable travel destination
during the COVID-19 pandemic. Some of these critical factors
have not been considered in past travel recommendation stud-
ies. In addition, these critical factors are not only used in the
proposed methodology, but can also be applied to other types
of travel destination recommendation methods. Second, the ac-
curacy and efficiency using existing FAHP methods have been
enhanced. Although FAHP methods have been widely discussed
and applied, the estimation error generated by approximating the
values of weights will lead to the wrong decision. In a recent
experiment [27], such estimation error led to incorrect decisions
in 15% to 30% of cases. As the risk of making wrong decisions
increases during the COVID-19 pandemic, passengers (decision
makers) will pay more attention to this.
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Table 2
Factors to consider in pre-travel consultation.

Wilson and Chen [24]

This study

e Traveler’s perceived
behavioral control

e Natural disaster risk
e Physical risk

e Performance risk

Traveler’s personal risk
stratification

o The number of outdoor
attractions

e Travelers’ attitude

e Traveler’s subjective norm
e Traveler’s past behavior
e Traveler’s perception of a
region’s products

o Stay length

e Travel mode

e Expected satisfaction

e Expected service quality
e Expected value

e Likelihood to return

Trip-based determinants

e The number of confirmed
cases in the region

e Population density

e The amount of government
subsidy

e The number of people in the
tour group

Policies (including health insurance,
employer mandate and government
regulations)

2.3. Fuzzy Analytic Hierarchy Process (FAHP)

The AHP proposed by Saaty [28] is an established multi-
criteria decision-making method. AHP is based on the pairwise
comparison of criteria, a subjective process. Fuzzy logic has been
incorporated into AHP to consider such subjectivity, resulting in
various FAHP methods [29]. FAHP has been widely applied to sev-
eral topics in various fields, such as supplier selection [20,30-32],
projects selection and risk assessment and management [33-35],
personnel selection [36,37], failure mode and effect analysis [38,
39], and strategy analysis and technology selection [40-46].

In an FAHP problem, deriving the values of fuzzy eigenvalues
and eigenvectors requires many fuzzy multiplication operations,
a time-consuming task [47] that can be completed using alpha-
cut operations (ACO) [48]. Some researchers improved compu-
tational efficiency by modifying the definition of consistency
to obtain fuzzy eigenvalues and vectors using different meth-
ods (i.e., not a fuzzy eigenanalysis) [49-51]. Furthermore, many
FAHP applications used techniques such as fuzzy extent analysis
(FEA) [52-54], FGM [45,55,56], and the fuzzy inverse of column
sum (FICSM) [54] to approximate, rather than derive, the values
of fuzzy eigenvalues and eigenvectors. However, such approxi-
mation may lead to incorrect decisions [57,58]. Chen et al. [59]
solved this problem by modifying ACO and proposed the ap-
proximating ACO (xACO) method to derive the values of fuzzy
eigenvalues and eigenvectors without enumerating all possible «
cuts of a fuzzy judgment matrix. However, their method was still
time-consuming for a large-scale FAHP problem.

A calibrated piecewise-linear FGM approach is proposed in
this study to improve the efficiency and accuracy of solving an
FAHP problem. The calibrated piecewise-linear FGM approach is
as a hybrid of FGM and ACO. In the calibrated piecewise-linear
FGM method, some « cuts of fuzzy eigenvalues and eigenvec-
tors are estimated using FGM. These « cuts are then connected
with straight lines. Consequently, the membership functions of
fuzzy eigenvalues and eigenvectors are approximated with piece-
wise linear functions instead of triangular functions. Accordingly,
the estimated fuzzy eigenvalue and eigenvector more accurately
approximate their exact values. Furthermore, even for a large-
scale FAHP problem, the required calculations can be completed



T. Chen and Y.-C. Wang

Applied Soft Computing 109 (2021) 107535

Table 3
Differences between the proposed methodology and some existing methods.
Method Type of eigenvalue Shape of membership Efficiency Accuracy
and eigenvector functions
FGM Fuzzy Triangular Very high Low
FEA Crisp - Very high Very low
FICSM Fuzzy Triangular Very high Low
ACO Fuzzy Nonlinear Very low Very high
XACO Fuzzy Logarithmic Low ~ moderate High
The proposed Fuzzy Piecewise Linear Very high Moderate to High

methodology

quickly because FGM is applied instead of ACO to estimate the
o cuts of fuzzy eigenvalues and eigenvectors. The differences
between the proposed methodology and some existing methods
are summarized in Table 3.

2.4. Other methods for deriving the fuzzy priorities of critical factors

Conventional FAHP methods follow the rules established by
Saaty [28]: a linguistic scale mapped to [1,9], meeting the multi-
plicative requirement, A y.x-based consistency measure, and min-
imizing the sum of squared deviations between the derived fuzzy
priorities and pairwise comparison results [47-59]. However, it
is difficult for these methods to optimize accuracy and efficiency
simultaneously, even if the simplest forms of fuzzy numbers are
adopted.

Other types of FAHP methods alter the rules [60]. For ex-
ample, Ozdemir and Nalbant [61] proposed a fuzzy preference
relationship method to solve an FAHP problem, in which pairwise
comparison results (within [1,9]) were converted into prefer-
ence values (within [0, 1]) before deriving the fuzzy priorities of
critical factors. Wan et al. [62] proposed a similar approach to
address an FAHP problem in which pairwise comparison results
were mapped to Atanassov intuitionistic fuzzy numbers. DoZi¢
et al. [63] solved a nonlinear programming problem to optimize
the minimum satisfaction level of the derived fuzzy priorities in
the pairwise comparison results. Zhang et al. [64] proposed a
fuzzy logarithmic least square method that minimized the sum
of squared deviations from the derived fuzzy priorities to the
pairwise comparison results, both in their logarithmic values.

In addition to FAHP, there are also other methods, such as
fuzzy measuring attractiveness using a categorical-based eval-
uation technique (fuzzy MACBETH) [65], that derive the fuzzy
priorities of critical factors from pairwise comparison results.
However, fuzzy MACBETH uses an interval scale, whereas FAHP
adopts a ratio scale. Furthermore, fuzzy MACBETH solves a math-
ematical programming problem to derive the fuzzy priorities of
critical factors [66,67].

This study aims to improve the accuracy and efficiency of
FAHP methods that follow the original rules of Saaty [28], and
therefore will not compare with FAHP methods that follow dif-
ferent rules.

3. Proposed methodology
3.1. Calibrated piecewise-linear FGM

In FAHP, a decision-maker compares the priority of a critical
factor over that of another with linguistic terms [68] such as “as
equal as”, “weakly more important than”, “strongly more impor-
tant than”, “very strongly more important than”, and “absolutely
more important than”. These linguistic terms are usually mapped
to triangular fuzzy numbers (TFNs) within [1,9] (Table 4) [45,69,

70].

0.3

Fig. 1. Non-TFN nature of a fuzzy priority.

Based on pairwise comparison results, the fuzzy judgment
matrix Apxp = [’d}j] is constructed as

i = (aji1, Gjiz, Gjiz)

= 1/a; (1)
= (1/ays3, 1/ajp, 1/a;)
Gi=1 (2)

The fuzzy eigenvalue and eigenvector of K indicated by 7 and
X respectively, satisfy [71]

det(A(=)A1) =0 (3)
and
(A(-)AD(x X =0 (4)

where (—) and (x) are the fuzzy subtraction and multiplication.
Deriving the values of % and X requires that many fuzzy multipli-
cation operations are performed. However, the multiplication of
TFNs does not yield a TFN [72]. Therefore, 7 and X are no longer
TFNs. The fuzzy priority of critical factor i, indicated by w;, can be
derived as_

Xi

Y%
1

w; =
_ (5)
X:
T+ 5%
Consequently, w; is not a TFN either, as illustrated in Fig. 1.
Approximating w; with a TFN may lead to an incorrect decision.
This problem becomes more severe because all fuzzy priorities

add up to 1, so the inaccuracy of one fuzzy priority aggravates
that of another fuzzy priority.
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Table 4
Linguistic terms for expressing relative priorities.
Symbol Linguistic term TFN
L1 As equal as (1, 1, 3)
L2 As equal as or weakly more important than (1, 2, 4)
L3 Weakly more important than (1, 3,5)
L4 Weakly or strongly more important than (2, 4, 6)
L5 Strongly more important than (3,5, 7)
L6 Strongly or very strongly more important than (4, 6, 8)
L7 Very strongly more important than (5,7,9)
L8 Very or absolutely strongly more important than (6, 8,9)
L9 Absolutely more important than (7,9,9)
The FGM method estimates w; as [70] Table 5
Number of iterations required when « takes 11 possible values.
YT, G Method Number of Number of
17),‘ ~ = (6) FGM operations eigenanalyses
n TR, FEA 3 0
— i—1 Ok
Zk—l Hj_] < FGM 3 0
~ . . . . ~ c
When w; is approximated with a TFN, i.e., w; = (wi1, wiz, wi3), ACO 0 11.2% «
the following theorem holds. XACO 0 10%-11-2%
Calibrated 20 1

Theorem 1 ([45]).

piecewise-linear FGM

1
wip = (7)
l 1 T a3 Then, a fuzzy priority is estimated by connecting some of its «
+ Zk;ﬁi s cuts with straight lines, as illustrated in Fig. 6, in which the mem-
1 bership function on either side is approximated by connecting
wip = = (8)  four & cuts with straight lines:
14+ Y V1= 92 (Left-hand side)
YTy a2 x — wf(0)
- Y Ly
wp ! — (9) wHar) — wh(0)
WTTi=1 a1 .
1+ Zk;ﬁi VT, o if wiL(O) <x< wiL((Xl)

A fuzzy priority estimated using FGM is illustrated in Fig. 2. the
core (with a membership of 1) of an estimated fuzzy priority was
not equal to the actual value (derived using ACO). Therefore, the
estimated fuzzy priority can be calibrated so that its core overlaps
with the actual value, thereby improving the estimation accuracy,
as illustrated in Fig. 3:

w;(FGM) — w;(FGM) + wi3(ACO) — wip(FGM) (10)

Accordingly, only a single eigenanalysis based on the core of
the fuzzy judgment matrix, which can be done in an instant, is
performed.

However, the edges of an estimated fuzzy priority using FGM
are linear, whereas those of the actual values are nonlinear.
Accordingly, the « cuts of a fuzzy priority can be estimated
using FGM and then connected to form piecewise linear edges
similar to curved edges (Fig. 4). Because such « cuts are estimated
using FGM, the required calculations can also be completed in an
instant.

The estimation accuracy improves when more « cuts are con-
nected, as illustrated in Fig. 5.

The procedure is described as follows. Assume the left and
right o cuts of w; are indicated by w(er) and w(a), respectively.
According to Theorem 1,

wha) = ! (11)

T af(e)
14+ N =L
ZI<;£1 n/]—[;:1 afj(a)

wi(a) = ! (12)

1
I afi(e)
T+ ——

v H?:] ag(a)

X — wh(ay)
L L

wha) — wftan) 2 70T

Mu;i(x): (]3)
if wilar) <x < wi(en)
x — wi(a)
WD) —wla) DT
if wian) <x<wi(1)
(Right-hand side)
Cxmwi@® 41
whaz) —wi(1)
if wi(1) <x < wf(a)
X — wi(a)
m’(al—az)-i-az
ux) = T TR (14)

if wi(a) <x < wi(a)

x— wi(a)

wf(0) — wi(e1) (0—a) e

1

if wiar) <x <wi0)

FGM is a special case of calibrated piecewise-linear FGM because
only the o cuts for « = 0 and 1 are connected.

Calibrated piecewise-linear FGM is more accurate than FGM
and FEA. In contrast, it is much more efficient than existing
enumeration-based methods such as ACO and xXACO. When «
takes 11 possible values (0, 0.1, ..., 1), the numbers of FGM
operations and the eigenanalyses required for various methods
are compared, as presented in Table 5.
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—ACO

0.2

X
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Fig. 2. Fuzzy priority estimated using FGM.

09 r
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04 r
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02 r
0.1 r

—ACO

FGM
(calibrated)

0 1 1
0.2

X

0.3

0.4 0.5

Fig. 3. Calibrating estimated fuzzy priority.

09
08
07
06

Zos }
04
03
02
01

— ACO

FGM (calibrated &
piecewise linear)

0 0.1 0.2

X

0.3

0.4 0.5

Fig. 4. Calibrated estimated fuzzy priority with piecewise linear edges.

3.2, FTOPSIS for evaluating overall performance of a travel destina-
tion

Subsequently, FTOPSIS [73] is applied to assess the overall
performance of a travel destination. First, the performance of a
travel destination in optimizing each critical factor is normalized
using fuzzy distributive normalization:
pqi

Q
Y, Zqﬁ:l T’:Zpi
1

Pgi o
1+ Zaﬁ#q(ﬁ)

5qi

(15)

where Dy is the performance of the g-th travel destination in
optimizing the ith critical factor and gy is the normalized per-
formance. Replacing all variables in Eq. (15) with their « cuts
gives

pgila) = (16)
@ PR (@)
(R YCmlk
1
pR(a) = — (17)
T+ 2 G P
qi
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(3 alpha cuts)

1 r \
08 —— ACO

_ 06 r

% FGM (calibrated &
04 | piecewise linear)
02 f

0 L— 1 1 1 1 J
0 0.1 0.2 0.3 0.4 0.5
x
(4 alpha cuts)
1 r R
o8 b/ \ ——ACO

_ 06 r | \

% / FGM (calibrated &
04 | piecewise linear)
02 | /

0o L— 1 1 1 1 J

0 0.1 0.2 0.3 0.4 0.5
x
(5 alpha cuts)
1 ¢
0.8 [ — ACO

)
|

06 | ["

% FGM (calibrated &
04 / piecewise linear)
02 /

0 L— 1 1 1 1 J
0 0.1 0.2 0.3 0.4 0.5
x

Fig. 5. Improvement in estimation accuracy by connecting more « cuts.

0 - . > X

Fig. 6. Fuzzy priority estimated by connecting some of its & cuts with straight
lines.

Subsequently, the fuzzy weighted scores are calculated based
on the fuzzy priorities derived using the calibrated piecewise-
linear FGM approach:

Sgi = Wi X)Pgi (18)
Equivalently,

sei = wia)pgla) (19)
55:‘ = wf(a)pgi(a) (20)

The fuzzy ideal (zenith) point and fuzzy anti-ideal (nadir)
point are specified, respectively, as

At =(AN) = {mqax?q,-} (21)
A" = (A7} = (min3y) (22)

Their « cuts are as follows:

(AT ), A™R(@)] = {[A (@), AT ()]},
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Table 6
Results of pairwise comparisons.

Applied Soft Computing 109 (2021) 107535

Critical factor #1

Critical factor #2

Relative priority of critical factor #1
over critical factor #2

Number of confirmed cases
Number of confirmed cases
Number of outdoor attractions
Expected value

Amount of government subsidies
Number of outdoor attractions
Expected value

Number of outdoor attractions
Amount of government subsidies
Number of outdoor attractions

Population density

Amount of government subsidies
Number of confirmed cases
Number of confirmed cases
Population density

Population density

Population density

Amount of government subsidies
Expected value

Expected value

Weakly more important than

Strongly more important than

Weakly or strongly more important than
As equal as

Weakly or strongly more important than
Strongly more important than

Weakly more important than

Strongly more important than

Weakly more important than

Weakly more important than

Suitable Travel
Destination

- T

Number of Population Amount of Number of
confirmed cases density government outdoor Expected value
subsidies attractions

destination destination destination
#1 #2 #K
Fig. 7. FAHP problem.
= {[mqaxséi(oz), mqaxqul-(a)]} (23)  Therefore,
[47Ha), AR (@)] = ([47Ha), A7F(@)]) . (%" (@) 4y (@)
) i > A ’ Cy(a) = min( R ' IR —) (32)
— {[minsk(e), minsk(a)]) (24) dg (o) +dg"(e) dg"(er) + dg ()
e ¢ d=R(a) d-Ha)

The fuzzy distance from each travel destination to the two
reference points are calculated respectively as

di= | > (A=) (25)
i=1
dy = | Y (A7 (=Fg» (26)
\ =1
Equivalently,
diMe) = | D (max(AH(e) — sk(a), 0) (27)
\ i=1
Ay = | Y (A7 (@) = sh(e)) (28)
\ i=1
d M) = | Y (min(A; (@) - sk(a), 0)2 (29)
i=1
ARy = | (A7) - sf(a)? (30)
i=1

Finally, the fuzzy closeness of each travel destination is ob-
tained as

. . (31)
dq (+)dq

q q
(dq“(a) +dg (@) dit () + dg(a)

A travel destination with a higher fuzzy closeness is more
suitable. For an absolute ranking, the fuzzy closeness can be
defuzzified using the center-of-gravity (COG) method:

Cf(ar) = max ) (33)

CLia)+cR
fol of q(or);r q(a))da

fol ada

D(C,) = (34)

4. Application

The proposed methodology has been applied to recommend
suitable travel destinations to fifteen travelers that would like to
take regional trips in Taiwan after several months of lockdown
from to the COVID-19 pandemic. at the time of this study, the
period during which the Taiwan government banned residents
from traveling abroad had been extended to the end of August.

Five factors are critical to the selection of a suitable travel
destination during the COVID-19 pandemic:

e the number of confirmed cases in the region,

the population density of the region,

e the amount of government subsidies for traveling to the
region,

the number of outdoor attractions in the region, and

the expected value of the travel destination.

Among these critical factors, the number of confirmed cases and
the amount of government subsidies have rarely been considered
by travelers before the COVID-19 pandemic [74-76]. Population
density used to be a positive indicator, but it has become a
negative indicator. The number of outdoor attractions was once
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Table 7

Fuzzy priorities of critical factors.
i wi(0) ;(0.5) (1)
1 [0.08, 0.36] [0.13, 0.27] [0.20, 0.20]
2 [0.03, 0.17] [0.04, 0.09] [0.05, 0.05]
3 [0.06, 0.28] [0.09, 0.19] [0.13, 0.13]
4 [0.25, 0.68] [0.37, 0.59] [0.48, 0.48]
5 [0.06, 0.35] [0.09, 0.21] [0.12, 0.12]

Table 8

Calibrated fuzzy priorities.
i w;(0) ;(0.5) wi(1)
1 [0.11, 0.39] [0.16, 0.30] [0.23, 0.23]
2 [0.03, 0.17] [0.04, 0.09] [0.05, 0.05]
3 [0.07, 0.29] [0.10, 0.20] [0.14, 0.14]
4 [0.23, 0.66] [0.35, 0.57] [0.46, 0.46]
5 [0.06, 0.35] [0.09, 0.21] [0.12, 0.12]

an indicator for specific populations, but it is now pursued by
everyone. The expected value of a travel destination is equally
important before and during the COVID-19 pandemic. The FAHP
problem is illustrated in Fig. 7.

Consider the details of the first traveler as an example. The
traveler first compared the relative priorities of these critical fac-
tors with linguistic terms. The results are summarized in Table 6.

Based on Table 6, the following fuzzy judgment matrix was
constructed:

1 (1,3,5) (3,5,7) 1/(2,4,6) 1/(1,1,3)]
1/(1,3,5) 1 1/(2,4,6) 1/(3,5,7) 1/(1,3,5)
A= 1/(3,5,7) (2,4,6) 1 1/(3,5,7) (1,3,5)
(2,4,6) (3,5,7) (3,5,7) 1 (1,3,5)
. (1,1,3) (1,3,5) 1/(1,3,5) 1/(1,3,5) 1 N
(35)

The consistency ratio of A was approximately 0.19, which was
considered acceptable because the COVID-19 pandemic was highly
uncertain. The fuzzy priorities of critical factors were derived
from the fuzzy judgment matrix using the calibrated piecewise-
linear FGM approach. The calibrated piecewise-linear FGM ap-
proach was implemented using MATLAB on a PC with a 3.60 GHz
Intel Core i7-7700 CPU 3.60 with 8 GB of RAM. The execution time
was less than 1 s. The results, in terms of their @ cuts for « = 0,
0.5, and 1, are presented in Table 7. These « cuts were calibrated.
The results are depicted in Table 8.

These calibrated « cuts were connected to form the piecewise-
linear membership functions of fuzzy priorities, as depicted in
Fig. 8.

The most important critical factor was “the number of outdoor
attractions”, followed by “the number of confirmed cases room
rate discount” and “expected value”.

There are hundreds of travel destinations in the geographic
database. Each traveler chose at most ten travel destinations in
which he or she was most interested. Then, the traveler applied
the proposed methodology to help make a choice. Consider the
first traveler as an example. The five travel destinations the
traveler considered are represented by A to E. The collected data
on the five travel destinations are summarized in Table 9.

Among the five critical factors, “the amount of government
subsidies”, “the number of outdoor attractions”, and “expected
value” exhibited the-higher-the-better performance, whereas “the
number of confirmed cases” and “population density” exhibited
the-lower-the-better performance. The performance was eval-
uated according to the rules depicted in Table 10. Consider
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Fig. 8. Fuzzy priorities estimated using calibrated piecewise-linear FGM.

“number of confirmed cases” as an example. The minimum and
maximum of this critical factor in the regions of all travel destina-
tions are first derived as min, x, and max; x,, respectively. If the
number of confirmed cases in the region of a travel destination
is more than 0.9 - min, x, + 0.1 - max, x, but less than 0.65 -
min, x, + 0.35 - max; x,, the performance of the travel destination
in optimizing this critical factor is (3, 4, 5).
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Table 9
Data on five travel destinations.
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Travel Number of Population Amount of Number of Expected value
destination confirmed density government outdoor
cases subsidies (NTD) attractions
A 0 827.88 1200 4 Moderate to High
B 0 70.27 700 14 High
C 2 211.74 700 10 Moderate
D 43 1271.81 700 16 Low to moderate
E 12 29391 700 21 Very high
Table 10
Rules for evaluating performance.
Critical factor Rule
(0,0,1) if 0.1-minx, + 0.9 maxx, < xgor data not available
T T
(0,1,2) if  0.35.minx; + 0.65 - maxx; <x; <0.1-minx, + 0.9 - maxx,
T T T r
Number of confirmed cases Pailxg) = (1.5,2.5,3.5) if 0.65-minx, +0.35- maxx, <X, < 0.35- minx, + 0.65 - maxx;
r T T r

(3,4,5) if 0.9-minx, +0.1-maxx, <x; <0.65- minx, + 0.35- maxx;
T T T r

(4,5,5) if x4 <0.9-minx; +0.1-maxx;,
T r

where X, is the number of confirmed cases in the region.

Population density

ﬁqZ(Xq) =

(0,0,1) if 0.1-minx; + 0.9 - maxx, < x;or data not available
T T

(0,1,2) if 0.35.minx; + 0.65 - maxx; <x; <0.1-minx, + 0.9 - maxx,
T T T T

(1.5,2.5,3.5) if 0.65-minx, +0.35- maxx, <X, < 0.35- minx, + 0.65 - maxx;
r T T T

(3,4,5) if 0.9-minx, +0.1-maxx, <x; < 0.65- minx, + 0.35- maxx;
r T T r

(4,5,5) if x4 <0.9-minx, +0.1-maxx;,
T r

where x; is the population density of the region.

Amount of government subsidies

5q3(xq) =

(0,0,1) if  x; <0.9-minx, + 0.1 maxx;or data not available
T T

(0,1,2) if 0.9-minx, +0.1-maxx, <Xy < 0.65- minx, + 0.35- maxx;
T T T T

(1.5,2.5,3.5) if 0.65-minx, +0.35- maxx, <X, < 0.35- minx, + 0.65 - maxx;
r T T T

(3,4,5) if 0.35.minx; + 0.65 - maxx; <x; <0.1-minx, + 0.9 - maxx;
r T T r

(4,5,5) if 0.1-minx; +0.9-maxx, < xq
T T

where x; is the amount of government subsidies for traveling to the region.

Number of outdoor attractions

ﬁqél(xq) =

(0,0,1) if x;<09- mrinx, +0.1- mraxxror data not available

(0,1,2) if 09 mrinxr +0.1- mraxxr <x; <0.65- m,inx, +0.35- mraxx,
(1.5,2.5,3.5) if 0.65- mrinxr +0.35- mraxx, <Xx; <0.35- m,inx, + 0.65 - rnraxx,
(3,4,5) if 0.35- rnrinxr +0.65 - m,axx, <X <0.1- rnrinx, +0.9- mraxxr
(4,5,5) if 0.1 mrinx, +0.9- mraxx, <X

where x; is the number of outdoor attractions in the region.

Expected value

5q5(xq) =

(0,0, 1) if  x; = “very low”

(0,1,2) if  x; = “low”
(1.5,2.5,3.5) if x; = “moderate”

(3,4,5) if  x, = “high”

(4,5,5) if  xq = “very high”

where x; is the expected value of the travel destination.

Table 11

Evaluation results.
q Pyt Dy Dy3 Paa Das
1 (4.00, 5.00, 5.00) (150, 2.50, 3.50) (4.00, 5.00, 5.00) (0.00, 0.00, 1.00) (2.25, 3.25, 4.25)
2 (4.00, 5.00, 5.00) (4.00, 5.00, 5.00) (0.00, 0.00, 1.00) (1.50, 2.50, 3.50) (3.00, 4.00, 5.00)
3 (4.00, 5.00, 5.00) (3.00, 4.00, 5.00) (0.00, 0.00, 1.00) (150, 2.50, 3.50) (1.50, 2.50, 3.50)
4 (0.00, 0.00, 1.00) (0.00, 0.00, 1.00) (0.00, 0.00, 1.00) (3.00, 4.00, 5.00) (0.75, 1.75, 2.75)
5 (3.00, 4.00, 5.00) (3.00, 4.00, 5.00) (0.00, 0.00, 1.00) (4.00, 5.00, 5.00) (4.00, 5.00, 5.00)
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Table 12
Normalized performance.
q qu NqZ ZqS ~q4 ﬁqS
1 (0.42, 0.52, 0.62) (0.17, 0.31, 0.51) (0.89, 1.00, 1.00) (0.00, 0.00, 0.18) (0.26, 0.42, 0.63)
2 (0.42, 0.52, 0.62) (0.45, 0.63, 0.74) (0.00, 0.00, 0.20) (0.17, 0.34, 0.63) (0.35, 0.51, 0.74)
3 (0.42, 0.52, 0.62) (0.34, 0.50, 0.74) (0.00, 0.00, 0.20) (0.17, 0.34, 0.63) (0.17, 0.32, 0.52)
4 (0.00, 0.00, 0.12) (0.00, 0.00, 0.15) (0.00, 0.00, 0.20) (0.35, 0.55, 0.91) (0.09, 0.22, 0.41)
5 (0.31, 0.42, 0.62) (0.34, 0.50, 0.74) (0.00, 0.00, 0.20) (0.46, 0.68, 0.91) (0.46, 0.64, 0.74)
Table 13
Fuzzy weighted scores.
q ’gql '§q2 §q3 Tslq4 ’§q5
(o « cut) (a: a cut) (a: o cut) (o « cut) (o « cut)
0.0: [0.05, 0.24] 0.0: [0.01, 0.09] 0.0: [0.06, 0.29] 0.0: [0.00, 0.12] 0.0: [0.02, 0.22]
0.1: [0.05, 0.23] 0.1: [0.01, 0.08] 0.1: [0.07, 0.27] 0.1: [0.00, 0.10] 0.1: [0.02, 0.20]
0.2: [0.06, 0.21] 0.2: [0.01, 0.07] 0.2: [0.08, 0.25] 0.2: [0.00, 0.09] 0.2: [0.02, 0.17]
0.3: [0.06, 0.20] 0.3: [0.01, 0.06] 0.3: [0.08, 0.24] 0.3: [0.00, 0.08] 0.3: [0.02, 0.15]
0.4: [0.07, 0.18] 0.4: [0.01, 0.05] 0.4: [0.09, 0.22] 0.4: [0.00, 0.06] 0.4: [0.03, 0.13]
1 0.5: [0.08, 0.17] 0.5: [0.01, 0.04] 0.5: [0.09, 0.20] 0.5: [0.00, 0.05] 0.5: [0.03, 0.11]
0.6: [0.08, 0.16] 0.6: [0.01, 0.03] 0.6: [0.10, 0.19] 0.6: [0.00, 0.04] 0.6: [0.03, 0.10]
0.7: [0.09, 0.15] 0.7: [0.01, 0.03] 0.7: [0.11, 0.18] 0.7: [0.00, 0.03] 0.7: [0.04, 0.08]
0.8: [0.10, 0.14] 0.8: [0.01, 0.02] 0.8: [0.12, 0.16] 0.8: [0.00, 0.02] 0.8: [0.04, 0.07]
0.9: [0.11, 0.13] 0.9: [0.01, 0.02] 0.9: [0.13, 0.15] 0.9: [0.00, 0.01] 0.9: [0.05, 0.06]
1.0: [0.12, 0.12] 1.0: [0.02, 0.02] 1.0: [0.14, 0.14] 1.0: [0.00, 0.00] 1.0: [0.05, 0.05]
0.0: [0.05, 0.24] 0.0: [0.01, 0.12] 0.0: [0.00, 0.06] 0.0: [0.04, 0.42] 0.0: [0.02, 0.26]
0.1: [0.05, 0.23] 0.1: [0.02, 0.11] 0.1: [0.00, 0.05] 0.1: [0.05, 0.39] 0.1: [0.02, 0.23]
0.2: [0.06, 0.21] 0.2: [0.02, 0.10] 0.2: [0.00, 0.04] 0.2: [0.06, 0.36] 0.2: [0.03, 0.20]
0.3: [0.06, 0.20] 0.3: [0.02, 0.09] 0.3: [0.00, 0.03] 0.3: [0.07, 0.33] 0.3: [0.03, 0.18]
0.4: [0.07, 0.18] 0.4: [0.02, 0.07] 0.4: [0.00, 0.03] 0.4: [0.08, 0.30] 0.4: [0.03, 0.15]
2 0.5: [0.08, 0.17] 0.5: [0.02, 0.06] 0.5: [0.00, 0.02] 0.5: [0.09, 0.28] 0.5: [0.04, 0.13]
0.6: [0.08, 0.16] 0.6: [0.02, 0.06] 0.6: [0.00, 0.02] 0.6: [0.10, 0.25] 0.6: [0.04, 0.12]
0.7: [0.09, 0.15] 0.7: [0.03, 0.05] 0.7: [0.00, 0.01] 0.7: [0.11, 0.23] 0.7: [0.05, 0.10]
0.8: [0.10, 0.14] 0.8: [0.03, 0.04] 0.8: [0.00, 0.01] 0.8: [0.13, 0.20] 0.8: [0.05, 0.09]
0.9: [0.11, 0.13] 0.9: [0.03, 0.04] 0.9: [0.00, 0.00] 0.9: [0.14, 0.18] 0.9: [0.06, 0.07]
1.0: [0.12, 0.12] 1.0: [0.03, 0.03] 1.0: [0.00, 0.00] 1.0: [0.16, 0.16] 1.0: [0.06, 0.06]
0.0: [0.05, 0.24] 0.0: [0.01, 0.12] 0.0: [0.00, 0.06] 0.0: [0.04, 0.42] 0.0: [0.01, 0.18]
0.1: [0.05, 0.23] 0.1: [0.01, 0.11] 0.1: [0.00, 0.05] 0.1: [0.05, 0.39] 0.1: [0.01, 0.16]
0.2: [0.06, 0.21] 0.2: [0.01, 0.10] 0.2: [0.00, 0.04] 0.2: [0.06, 0.36] 0.2: [0.01, 0.14]
0.3: [0.06, 0.20] 0.3: [0.01, 0.08] 0.3: [0.00, 0.03] 0.3: [0.07, 0.33] 0.3: [0.02, 0.12]
0.4: [0.07, 0.18] 0.4: [0.02, 0.07] 0.4: [0.00, 0.03] 0.4: [0.08, 0.30] 0.4: [0.02, 0.10]
3 0.5: [0.08, 0.17] 0.5: [0.02, 0.06] 0.5: [0.00, 0.02] 0.5: [0.09, 0.28] 0.5: [0.02, 0.09]
0.6: [0.08, 0.16] 0.6: [0.02, 0.05] 0.6: [0.00, 0.02] 0.6: [0.10, 0.25] 0.6: [0.03, 0.08]
0.7: [0.09, 0.15] 0.7: [0.02, 0.04] 0.7: [0.00, 0.01] 0.7: [0.11, 0.23] 0.7: [0.03, 0.07]
0.8: [0.10, 0.14] 0.8: [0.02, 0.04] 0.8: [0.00, 0.01] 0.8: [0.13, 0.20] 0.8: [0.03, 0.06]
0.9: [0.11, 0.13] 0.9: [0.02, 0.03] 0.9: [0.00, 0.00] 0.9: [0.14, 0.18] 0.9: [0.03, 0.05]
1.0: [0.12, 0.12] 1.0: [0.03, 0.03] 1.0: [0.00, 0.00] 1.0: [0.16, 0.16] 1.0: [0.04, 0.04]
0.0: [0.00, 0.05] 0.0: [0.00, 0.02] 0.0: [0.00, 0.06] 0.0: [0.08, 0.60] 0.0: [0.01, 0.14]
0.1: [0.00, 0.04] 0.1: [0.00, 0.02] 0.1: [0.00, 0.05] 0.1: [0.09, 0.56] 0.1: [0.01, 0.12]
0.2: [0.00, 0.03] 0.2: [0.00, 0.02] 0.2: [0.00, 0.04] 0.2: [0.11, 0.52] 0.2: [0.01, 0.11]
0.3: [0.00, 0.03] 0.3: [0.00, 0.01] 0.3: [0.00, 0.03] 0.3: [0.12, 0.48] 0.3: [0.01, 0.09]
0.4: [0.00, 0.02] 0.4: [0.00, 0.01] 0.4: [0.00, 0.03] 0.4: [0.14, 0.45] 0.4: [0.01, 0.08]
4 0.5: [0.00, 0.02] 0.5: [0.00, 0.01] 0.5: [0.00, 0.02] 0.5: [0.16, 0.41] 0.5: [0.01, 0.07]
0.6: [0.00, 0.01] 0.6: [0.00, 0.00] 0.6: [0.00, 0.02] 0.6: [0.17, 0.38] 0.6: [0.02, 0.06]
0.7: [0.00, 0.01] 0.7: [0.00, 0.00] 0.7: [0.00, 0.01] 0.7: [0.19, 0.34] 0.7: [0.02, 0.05]
0.8: [0.00, 0.01] 0.8: [0.00, 0.00] 0.8: [0.00, 0.01] 0.8: [0.21, 0.31] 0.8: [0.02, 0.04]
0.9: [0.00, 0.00] 0.9: [0.00, 0.00] 0.9: [0.00, 0.00] 0.9: [0.23, 0.28] 0.9: [0.02, 0.03]
1.0: [0.00, 0.00] 1.0: [0.00, 0.00] 1.0: [0.00, 0.00] 1.0: [0.25, 0.25] 1.0: [0.03, 0.03]
0.0: [0.03, 0.24] 0.0: [0.01, 0.12] 0.0: [0.00, 0.06] 0.0: [0.11, 0.60] 0.0: [0.03, 0.26]
0.1: [0.04, 0.22] 0.1: [0.01, 0.11] 0.1: [0.00, 0.05] 0.1: [0.12, 0.57] 0.1: [0.03, 0.23]
0.2: [0.04, 0.20] 0.2: [0.01, 0.10] 0.2: [0.00, 0.04] 0.2: [0.14, 0.54] 0.2: [0.04, 0.21]
0.3: [0.05, 0.19] 0.3: [0.01, 0.08] 0.3: [0.00, 0.03] 0.3: [0.16, 0.51] 0.3: [0.04, 0.19]
0.4: [0.05, 0.17] 0.4: [0.02, 0.07] 0.4: [0.00, 0.03] 0.4: [0.18, 0.48] 0.4: [0.04, 0.17]
5 0.5: [0.06, 0.16] 0.5: [0.02, 0.06] 0.5: [0.00, 0.02] 0.5: [0.20, 0.45] 0.5: [0.05, 0.14]
0.6: [0.07, 0.14] 0.6: [0.02, 0.05] 0.6: [0.00, 0.02] 0.6: [0.22, 0.42] 0.6: [0.05, 0.13]
0.7: [0.07, 0.13] 0.7: [0.02, 0.04] 0.7: [0.00, 0.01] 0.7: [0.24, 0.39] 0.7: [0.06, 0.12]
0.8: [0.08, 0.12] 0.8: [0.02, 0.04] 0.8: [0.00, 0.01] 0.8: [0.27, 0.37] 0.8: [0.07, 0.10]
0.9: [0.09, 0.11] 0.9: [0.02, 0.03] 0.9: [0.00, 0.00] 0.9: [0.29, 0.34] 0.9: [0.07, 0.09]
1.0: [0.10, 0.10] 1.0: [0.03, 0.03] 1.0: [0.00, 0.00] 1.0: [0.31, 0.31] 1.0: [0.08, 0.08]

Table 11 presents the evaluation results. There was no perfect
travel destination that dominated the others.

FTOPSIS was applied to assess the overall performance of each
travel destination. First, the performance of a travel destination in

optimizing each criterion was normalized using fuzzy distributive
normalization. The results are summarized in Table 12.

Second, the fuzzy weighted scores of all travel destinations,
in terms of « cuts, were calculated based on the derived fuzzy
priorities. The results are summarized in Table 13.
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Table 14

Fuzzy ideal point and fuzzy anti-ideal point.

Applied Soft Computing 109 (2021) 107535

Reference point A} 71; 7&; 713 Z;
(a: a cut) (a: a cut) (a: a cut) (a: a cut) (a: a cut)
0.0: [0.05, 0.24] 0.0: [0.01, 0.12] 0.0: [0.06, 0.29] 0.0: [0.11, 0.60] 0.0: [0.03, 0.26]
0.1: [0.05, 0.23] 0.1: [0.02, 0.11] 0.1: [0.07, 0.27] 0.1: [0.12, 0.57] 0.1: [0.03, 0.23]
0.2: [0.06, 0.21] 0.2: [0.02, 0.10] 0.2: [0.08, 0.25] 0.2: [0.14, 0.54] 0.2: [0.04, 0.21]
0.3: [0.06, 0.20] 0.3: [0.02, 0.09] 0.3: [0.08, 0.24] 0.3: [0.16, 0.51] 0.3: [0.04, 0.19]
0.4: [0.07, 0.18] 0.4: [0.02, 0.07] 0.4: [0.09, 0.22] 0.4: [0.18, 0.48] 0.4: [0.04, 0.17]
Fuzzy ideal point 0.5: [0.08, 0.17] 0.5: [0.02, 0.06] 0.5: [0.09, 0.20] 0.5: [0.20, 0.45] 0.5: [0.05, 0.14]
0.6: [0.08, 0.16] 0.6: [0.02, 0.06] 0.6: [0.10, 0.19] 0.6: [0.22, 0.42] 0.6: [0.05, 0.13]
0.7: [0.09, 0.15] 0.7: [0.03, 0.05] 0.7: [0.11, 0.18] 0.7: [0.24, 0.39] 0.7: [0.06, 0.12]
0.8: [0.10, 0.14] 0.8: [0.03, 0.04] 0.8: [0.12, 0.16] 0.8: [0.27, 0.37] 0.8: [0.07, 0.10]
0.9: [0.11, 0.13] 0.9: [0.03, 0.04] 0.9: [0.13, 0.15] 0.9: [0.29, 0.34] 0.9: [0.07, 0.09]
1.0: [0.12, 0.12] 1.0: [0.03, 0.03] 1.0: [0.14, 0.14] 1.0: [0.31, 0.31] 1.0: [0.08, 0.08]
0.0: [0.00, 0.05] 0.0: [0.00, 0.02] 0.0: [0.00, 0.06] 0.0: [0.00, 0.12] 0.0: [0.01, 0.14]
0.1: [0.00, 0.04] 0.1: [0.00, 0.02] 0.1: [0.00, 0.05] 0.1: [0.00, 0.10] 0.1: [0.01, 0.12]
0.2: [0.00, 0.03] 0.2: [0.00, 0.02] 0.2: [0.00, 0.04] 0.2: [0.00, 0.09] 0.2: [0.01, 0.11]
0.3: [0.00, 0.03] 0.3: [0.00, 0.01] 0.3: [0.00, 0.03] 0.3: [0.00, 0.08] 0.3: [0.01, 0.09]
0.4: [0.00, 0.02] 0.4: [0.00, 0.01] 0.4: [0.00, 0.03] 0.4: [0.00, 0.06] 0.4: [0.01, 0.08]
Fuzzy anti-ideal point 0.5: [0.00, 0.02] 0.5: [0.00, 0.01] 0.5: [0.00, 0.02] 0.5: [0.00, 0.05] 0.5: [0.01, 0.07]
0.6: [0.00, 0.01] 0.6: [0.00, 0.00] 0.6: [0.00, 0.02] 0.6: [0.00, 0.04] 0.6: [0.02, 0.06]
0.7: [0.00, 0.01] 0.7: [0.00, 0.00] 0.7: [0.00, 0.01] 0.7: [0.00, 0.03] 0.7: [0.02, 0.05]
0.8: [0.00, 0.01] 0.8: [0.00, 0.00] 0.8: [0.00, 0.01] 0.8: [0.00, 0.02] 0.8: [0.02, 0.04]
0.9: [0.00, 0.00] 0.9: [0.00, 0.00] 0.9: [0.00, 0.00] 0.9: [0.00, 0.01] 0.9: [0.02, 0.03]
1.0: [0.00, 0.00] 1.0: [0.00, 0.00] 1.0: [0.00, 0.00] 1.0: [0.00, 0.00] 1.0: [0.03, 0.03]
C to its numerous outdoor attractions and high expected
( 1) value.
1 r (4) In contrast, travel destination A was considered the least
suitable travel destination because of its few outdoor at-
0.8 F tractions.
(5) Two existing methods, FEA-FWA and FGM-FTOPSIS, were
0.6 kL also applied to compare these travel destinations. In FEA-
= FWA, the fuzzy priorities of critical factors were estimated
N . .
:LO 4 | using FEA. Then, FWA was applied to assess the overall
: performance of each travel destination. In FGM-FTOPSIS,
02 fuzzy priorities were approximated with TFNs using FGM.
< Subsequently, FTOPSIS was applied to derive the overall
. . . . . performance of a travel destination. The ranking results,
0 which differed by method, are compared in Fig. 11. Ex-
0 0.2 0.4 0.6 0.8 1 isting methods estimated, rather than derived, the fuzzy

X

Fig. 9. Fuzzy closeness of travel destination A.

Based on the fuzzy weighted scores, the fuzzy ideal and anti-
ideal points were defined, respectively, as presented in Table 14.
Subsequently, the distances from each travel destination to the
two reference points were measured. The results are summarized
in Table 15.

Finally, the fuzzy closeness of each travel destination was
derived. The results are depicted in Table 16. Consider travel
destination A as an example. Its fuzzy closeness is depicted in
Fig. 9, with curved edges on both sides.

Subsequently, COG was applied to defuzzify the fuzzy close-
ness of each travel destination. The results are summarized in
Table 17.

According to the experimental results,

(1) The differences between the overall performance of travel
destinations were significant.

(2) In contrast, if TFNs were used to approximate fuzzy prior-
ities, the differences between the travel destinations were
insignificant, as illustrated in Fig. 10.

(3) Among the five travel destinations, travel destination E
achieved the highest overall performance, evidently due

12

priorities of critical factors, which might lead to incor-
rect decisions. Nevertheless, travel destination E was al-
ways the best choice, demonstrating the correctness of the
recommendation result using the proposed methodology.

(6) ACO was also applied to derive the exact values of fuzzy

—

priorities for comparison to assess the effectiveness of the
calibrated piecewise-linear FGM approach. The member-
ship functions fitted using the calibrated piecewise-linear
FGM approach resembled the exact membership func-
tions, as illustrated in Fig. 12. Furthermore, the calibrated
piecewise-linear FGM approach required less than 1 s to
fit the membership functions, while XACO and ACO re-
quired 5 and 24 s, respectively, on the same platform to
approximate or derive the membership functions.

It is interesting to know whether the consideration of dif-
ferent criteria changes the recommendation result. An ex-
periment was conducted to investigate this issue by elimi-
nating one of the five criteria at a time. Travel destinations
were ranked based on the remaining criteria. The experi-
mental results are summarized in Table 18. In most cases,
travel destination E was the best choice, demonstrating
the correctness of the recommendation result using the
proposed methodology. However, without considering the
criterion “number of outdoor attractions”, travel destina-
tions with higher expected values and fewer confirmed
cases were more suitable.
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Table 15 Table 16
Distances between each travel destination and the two reference points. Fuzzy closeness of each travel destination.
q df dy q G
(r: o cut) (ar: a cut) (a: a cut)
0.0: [0.00, 0.72] 0.0: [0.00, 0.46] 0.0: [0.01, 1.00]
0.1: [0.02, 0.67] 0.1: [0.02, 0.42] 0.1: [0.03, 0.96]
0.2: [0.05, 0.62] 0.2: [0.04, 0.39] 0.2: [0.06, 0.88]
0.3: [0.08, 0.58] 0.3: [0.06, 0.35] 0.3: [0.09, 0.81]
0.4: [0.12, 0.53] 0.4: [0.08, 0.32] 0.4: [0.13, 0.73]
1 0.5: [0.15, 0.49] 0.5: [0.09, 0.29] 1 0.5: [0.16, 0.66]
0.6: [0.18, 0.45] 0.6: [0.11, 0.26] 0.6: [0.20, 0.59]
0.7: [0.21, 0.41] 0.7: [0.13, 0.24] 0.7: [0.24, 0.53]
0.8: [0.25, 0.38] 0.8: [0.15, 0.22] 0.8: [0.28, 0.47]
0.9: [0.28, 0.34] 0.9: [0.17, 0.20] 0.9: [0.33, 0.42]
1.0: [0.32, 0.32] 1.0: [0.19, 0.19] 1.0: [0.37, 0.37]
0.0: [0.00, 0.71] 0.0: [0.00, 0.56] 0.0: [0.00, 0.99]
0.1: [0.02, 0.65] 0.1: [0.01, 0.52] 0.1: [0.02, 0.96]
0.2: [0.03, 0.60] 0.2: [0.02, 0.47] 0.2: [0.04, 0.93]
0.3: [0.05, 0.55] 0.3: [0.03, 0.43] 0.3: [0.06, 0.90]
0.4: [0.06, 0.49] 0.4: [0.05, 0.39] 0.4: [0.09, 0.86]
2 0.5: [0.07, 0.44] 0.5: [0.07, 0.35] 2 0.5: [0.14, 0.83]
0.6: [0.09, 0.39] 0.6: [0.10, 0.32] 0.6: [0.20, 0.78]
0.7: [0.10, 0.34] 0.7: [0.12, 0.29] 0.7: [0.26, 0.74]
0.8: [0.13, 0.30] 0.8: [0.15, 0.26] 0.8: [0.33, 0.66]
0.9: [0.17, 0.25] 0.9: [0.18, 0.23] 0.9: [0.41, 0.58]
1.0: [0.21, 0.21] 1.0: [0.20, 0.20] 1.0: [0.49, 0.49]
0.0: [0.00, 0.71] 0.0: [0.00, 0.53] 0.0: [0.00, 0.99]
0.1: [0.02, 0.66] 0.1: [0.01, 0.49] 0.1: [0.02, 0.96]
0.2: [0.03, 0.60] 0.2: [0.02, 0.45] 0.2: [0.04, 0.93]
0.3: [0.05, 0.55] 0.3: [0.03, 0.41] 0.3: [0.06, 0.89]
0.4: [0.06, 0.50] 0.4: [0.05, 0.37] 0.4: [0.09, 0.86]
3 0.5: [0.07, 0.44] 0.5: [0.07, 0.34] 3 0.5: [0.14, 0.82]
0.6: [0.09, 0.40] 0.6: [0.09, 0.31] 0.6: [0.19, 0.78]
0.7: [0.10, 0.35] 0.7: [0.12, 0.28] 0.7: [0.26, 0.73]
0.8: [0.13, 0.30] 0.8: [0.15, 0.25] 0.8: [0.33, 0.66]
0.9: [0.17, 0.26] 0.9: [0.17, 0.22] 0.9: [0.40, 0.57]
1.0: [0.21, 0.21] 1.0: [0.20, 0.20] 1.0: [0.48, 0.48]
0.0: [0.00, 0.70] 0.0: [0.00, 0.62] 0.0: [0.00, 0.99]
0.1: [0.02, 0.64] 0.1: [0.00, 0.57] 0.1: [0.00, 0.96]
0.2: [0.04, 0.59] 0.2: [0.02, 0.53] 0.2: [0.03, 0.93]
0.3: [0.06, 0.53] 0.3: [0.05, 0.49] 0.3: [0.08, 0.89]
0.4: [0.08, 0.48] 0.4: [0.08, 0.45] 0.4: [0.14, 0.85]
4 0.5: [0.10, 0.42] 0.5: [0.10, 0.42] 4 0.5: [0.20, 0.81]
0.6: [0.11, 0.37] 0.6: [0.13, 0.38] 0.6: [0.26, 0.77]
0.7: [0.13, 0.33] 0.7: [0.16, 0.35] 0.7: [0.33, 0.72]
0.8: [0.15, 0.28] 0.8: [0.19, 0.31] 0.8: [0.41, 0.67]
0.9: [0.17, 0.24] 0.9: [0.22, 0.28] 0.9: [0.48, 0.62]
1.0: [0.20, 0.20] 1.0: [0.25, 0.25] 1.0: [0.55, 0.55]
0.0: [0.00, 0.66] 0.0: [0.00, 0.71] 0.0: [0.00, 0.99]
0.1: [0.02, 0.60] 0.1: [0.02, 0.66] 0.1: [0.03, 0.97]
0.2: [0.03, 0.54] 0.2: [0.05, 0.62] 0.2: [0.09, 0.95]
0.3: [0.05, 0.48] 0.3: [0.09, 0.58] 0.3: [0.15, 0.92]
0.4: [0.06, 0.42] 0.4: [0.12, 0.54] 0.4: [0.22, 0.90]
5 0.5: [0.07, 0.36] 0.5: [0.15, 0.50] 5 0.5: [0.30, 0.87]
0.6: [0.09, 0.30] 0.6: [0.19, 0.46] 0.6: [0.38, 0.84]
0.7: [0.10, 0.25] 0.7: [0.22, 0.43] 0.7: [0.47, 0.81]
0.8: [0.11, 0.21] 0.8: [0.26, 0.40] 0.8: [0.56, 0.78]
0.9: [0.13, 0.17] 0.9: [0.30, 0.36] 0.9: [0.64, 0.74]
1.0: [0.14, 0.14] 1.0: [0.33, 0.33] 1.0: [0.70, 0.70]
Table 17
The recommended travel destinations to all travelers, and Defuzzification results.
their choices, are summarized in Table 19. The travel destina- q Defuzzified closeness
tions considered by each traveler and the defuzzified closeness 1 0.396
of the recommended travel destination are also presented. The 2 0.490
. S . 3 0.485
defuzzified closeness of a travel destination varied by case be- 1 0527
cause fuzzy closeness was a relative measure. Furthermore, the 5 0.637

expected value of a travel destination was not the same for
different travelers. Consequently, a travel destination was not
always superior or inferior to another.

Most of the travelers followed the recommendations, confirm-
ing that travelers relied heavily on the information provided by
the recommendation system during the COVID-19 pandemic. The
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appropriateness of the recommendation results using the pro-
posed methodology was also supported. The recall rate, precision
rate, and F1 metric [77,78] were all 87%. However, if the top
two performing travel destinations were recommended to each
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Fig. 12. Comparing the fitted membership function to the exact membership function.

traveler, then the recall rate was 100%, the precision rate was 50%,
and the F1 metric was 67%.

5. Conclusions

After several months of experiencing the COVID-19 pandemic,
people want to travel regionally because cross-border travel is
still not viable. However, choosing a suitable travel destination
during the COVID-19 pandemic has become challenging because
people are now paying more attention to health-related issues.
A calibrated piecewise-linear FGM approach is proposed in this
study to accomplish this task. In the proposed methodology, the
factors critical to the selection of a suitable travel destination
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are different from those usually considered. Furthermore, by hy-
bridizing ACO and FGM, the accuracy and efficiency of deriving
the fuzzy priorities of critical factors can be improved.

The proposed methodology has been applied to recommend
suitable travel destinations to fifteen travelers for regional trips
during the COVID-19 pandemic. The following conclusions can be
drawn from the experimental results:

(1) “The number of outdoor attractions” and “the number of
confirmed cases room rate discount” were considered as
the most important critical factors, evidently due to the
COVID-19 pandemic.

(2) The most suitable travel destination was usually a desti-
nation with many outdoor attractions in the region, while
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Table 18
Rankings after eliminating one criterion at a time.

Considered criteria

Ranking

Population density, amount of E-D—>B—>C—A
government subsidies, number of

outdoor attractions, expected value

Number of confirmed cases, amount E-D—->B—>C—>A
of government subsidies, number of

outdoor attractions, expected value

Number of confirmed cases, E—-D—->B—>C—>A
population density, number of

outdoor attractions, expected value

Number of confirmed cases, A—-B—->C—>E—>D
population density, amount of

government subsidies, expected value

Number of confirmed cases, E-D—->B—>C—A
population density, amount of
government subsidies, number of

outdoor attractions

Table 19
Destinations recommended to travelers.
Traveler Considered travel Recommended travel Traveler’s
destinations destination (Defuzzified choice
Closeness)
1 A B CD,E E (0.637) E
2 FGHILJK K (0.673) K
3 L M, N, O, P L (0.647) L
4 A C M C (0.683) C
5 G LLP L (0.630) L
6 N, P, QR N (0.675) N
7 B, C,H, M B (0.629) C
8 LOPST L (0.629) L
9 CEG E (0.628) E
10 G, DEG E (0.633) E
11 B,LLN, QU N (0.733) L
12 G LP L (0.687) L
13 E H LM E (0.676) E
14 C, H M,P C (0.617) C
15 B,D, F, P B (0.649) B

the least suitable destination for travel was usually one
of the destinations with few outdoor attractions or high
population density.

(3) After improving the accuracy of approximating the fuzzy
priorities of critical factors, the differences between the
overall performance of travel destinations became more
evident.

(4) Most of the travelers followed the recommendations,
demonstrating that they relied heavily on the informa-
tion provided by the recommendation system during the
COVID-19 pandemic.

The piecewise linear FGM approach must be applied to more
real cases to elaborate further on its effectiveness. Furthermore,
it is difficult to predict the duration of the COVID-19 pandemic.
Therefore, the priorities of critical factors may change, so the
same analysis must be conducted again to determine whether the
experimental results obtained in this study remain applicable.

CRediT authorship contribution statement

Toly Chen: Data curation, Methodology, Writing - original
draft, Writing - review and editing. Yu-Cheng Wang: Data cura-
tion, Methodology, Writing - original draft, Writing - review and
editing.

15

Applied Soft Computing 109 (2021) 107535

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgments

We are thankful to the referees for their careful reading of
the manuscript and for valuable comments and suggestions that
greatly improved the presentation of this work. All authors read
and approved the final manuscript.

References

[1] H. Yasharoff, M. Hines, C. Tate, Princess Cruises suspends operations
for 60 days; Viking Cruises cancels all cruises due to coronavirus. USA
Today, 2020, https://www.usatoday.com/story/travel/cruises/2020/03/
12/coronavirus-viking-cruises-suspends-cruise-operations-until-may-
1/5030006002/.

Saunokonoko, After bushfires and coronavirus, regional NSW hopes
for tourism boost, 2020, https://www.9news.com.au/national/nsw-
regional-travel-to-restart-as-coronavirus-restrictions-eased-tourism-
industry/2a25f1e1-7597-49fd-86a2-9ee04ca67800.

MJ. Guitton, Cyberpsychology research and COVID-19, Comput. Hum.
Behav. (2020).

Y.Y. Sun, P.C. Lin, J. Higham, Managing tourism emissions through optimiz-
ing the tourism demand mix: Concept and analysis, J. Hosp. Tour. Manag.
81 (2020) 104161.

P.A. Weaver, K. Weber, KW. McCleary, Destination evaluation: The role
of previous travel experience and trip characteristics, J. Travel Res. 45 (3)
(2007) 333-344.

M. O'Neill, Is it safe to stay in a hotel during COVID-19? What
you need to know before you plan a vacation, 2020, https:
//www.health.com/condition/infectious-diseases/coronavirus/is-it-safe-
to-stay-in-a-hotel-during-covid-19.

M. An, C. Lee, Y. Noh, Risk factors at the travel destination: their impact
on air travel satisfaction and repurchase intention, Serv. Bus. 4 (2) (2010)
155-166.

R. Lee, L. Lockshin, Reverse country-of-origin effects of product perceptions
on destination image, ]. Travel Res. 51 (4) (2012) 502-511.

M. Karl, Risk and uncertainty in travel decision-making: Tourist and
destination perspective, J. Travel Res. 57 (1) (2018) 129-146.

T. Lam, CH. Hsu, Predicting behavioral intention of choosing a travel
destination, Tour. Manag. 27 (4) (2006) 589-599.

S. Yuzhanin, D. Fisher, The efficacy of the theory of planned behavior for
predicting intentions to choose a travel destination: A review, Tour. Rev.
71 (2) (2016) 135-147.

R.T. Qiu, L. Masiero, G. Li, The psychological process of travel destination
choice, ]. Travel Tour. Mark. 35 (6) (2018) 691-705.

Ban, Fuzzy multicriteria decision making method applied to selection of
the best touristic destinations, Math. Models Methods Appl. Sci. 5 (2014)
(2011) 264-271.

P. Juwattanasamran, S. Supattranuwong, S. Sinthupinyo, Applying data
mining to analyze travel pattern in searching travel destination choices,
Internat. J. Engrg. Sci. 2 (4) (2013) 38-44.

B.H. Ferns, A. Walls, Enduring travel involvement destination br equity
and travelers’ visit intentions: A structural model analysis, ]. Dest. Mark.
Manage. 1 (1-2) (2012) 27-35.

AM. Abubakar, M. Ilkan, Impact of online WOM on destination trust and
intention to travel: A medical tourism perspective, ]J. Dest. Mark. Manage.
5 (3) (2016) 192-201.

T.K. Hsu, Y.F. Tsai, H.H. Wu, The preference analysis for tourist choice of
destination: A case study of Taiwan, Tour. Manag. 30 (2) (2009) 288-297.
Y. Jeon, J. Kim, An application of SWOT-AHP to develop a strategic planning
for a tourist destination, in: 16th Annual Graduate Student Research
Conference in Hospitality and Tourism, 2011, pp. 1-8.

Y. Zhou, K. Maumbe, ]. Deng, S.W. Selin, Resource-based destination com-
petitiveness evaluation using a hybrid analytic hierarchy process (AHP):
The case study of West Virginia, Tour. Manag. Perspect. 15 (2015) 72-80.
Y.C. Wang, T.CT. Chen, A partial-consensus posterior-aggregation FAHP
method—supplier selection problem as an example, Mathematics 7 (2)
(2019) 179.

Y.C. Lin, Y.C. Wang, T.CT. Chen, H.F. Lin, Evaluating the suitability of a
smart technology application for fall detection using a fuzzy collaborative
intelligence approach, Mathematics 7 (11) (2019) 1097.

2

[4

[5]

[6

[7]

(8]

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]


https://www.usatoday.com/story/travel/cruises/2020/03/12/coronavirus-viking-cruises-suspends-cruise-operations-until-may-1/5030006002/
https://www.usatoday.com/story/travel/cruises/2020/03/12/coronavirus-viking-cruises-suspends-cruise-operations-until-may-1/5030006002/
https://www.usatoday.com/story/travel/cruises/2020/03/12/coronavirus-viking-cruises-suspends-cruise-operations-until-may-1/5030006002/
https://www.usatoday.com/story/travel/cruises/2020/03/12/coronavirus-viking-cruises-suspends-cruise-operations-until-may-1/5030006002/
https://www.usatoday.com/story/travel/cruises/2020/03/12/coronavirus-viking-cruises-suspends-cruise-operations-until-may-1/5030006002/
https://www.9news.com.au/national/nsw-regional-travel-to-restart-as-coronavirus-restrictions-eased-tourism-industry/2a25f1e1-7597-49fd-86a2-9ee04ca67800
https://www.9news.com.au/national/nsw-regional-travel-to-restart-as-coronavirus-restrictions-eased-tourism-industry/2a25f1e1-7597-49fd-86a2-9ee04ca67800
https://www.9news.com.au/national/nsw-regional-travel-to-restart-as-coronavirus-restrictions-eased-tourism-industry/2a25f1e1-7597-49fd-86a2-9ee04ca67800
https://www.9news.com.au/national/nsw-regional-travel-to-restart-as-coronavirus-restrictions-eased-tourism-industry/2a25f1e1-7597-49fd-86a2-9ee04ca67800
https://www.9news.com.au/national/nsw-regional-travel-to-restart-as-coronavirus-restrictions-eased-tourism-industry/2a25f1e1-7597-49fd-86a2-9ee04ca67800
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb3
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb3
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb3
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb4
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb4
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb4
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb4
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb4
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb5
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb5
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb5
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb5
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb5
https://www.health.com/condition/infectious-diseases/coronavirus/is-it-safe-to-stay-in-a-hotel-during-covid-19
https://www.health.com/condition/infectious-diseases/coronavirus/is-it-safe-to-stay-in-a-hotel-during-covid-19
https://www.health.com/condition/infectious-diseases/coronavirus/is-it-safe-to-stay-in-a-hotel-during-covid-19
https://www.health.com/condition/infectious-diseases/coronavirus/is-it-safe-to-stay-in-a-hotel-during-covid-19
https://www.health.com/condition/infectious-diseases/coronavirus/is-it-safe-to-stay-in-a-hotel-during-covid-19
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb7
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb7
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb7
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb7
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb7
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb8
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb8
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb8
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb9
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb9
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb9
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb10
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb10
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb10
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb11
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb11
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb11
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb11
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb11
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb12
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb12
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb12
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb13
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb13
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb13
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb13
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb13
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb14
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb14
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb14
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb14
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb14
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb15
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb15
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb15
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb15
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb15
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb16
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb16
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb16
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb16
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb16
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb17
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb17
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb17
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb19
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb19
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb19
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb19
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb19
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb20
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb20
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb20
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb20
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb20
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb21
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb21
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb21
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb21
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb21

T. Chen and Y.-C. Wang

[22]

[23]

[24]

[25]

[26]

[27]
[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

(44

[45]

[46]

[47]

[48]

K. Kim, Z. Hallab, J.N. Kim, The moderating effect of travel experience in
a destination on the relationship between the destination image and the
intention to revisit, J. Hosp. Mark. Manag. 21 (5) (2012) 486-505.

K. Lee, C.Z. Worsnop, K.A. Grépin, A. Kamradt-Scott, Global coordination
on cross-border travel and trade measures crucial to COVID-19 response,
Lancet 395 (10237) (2020) 1593.

M.E. Wilson, L.H. Chen, Re-starting travel in the era of COVID-19: Preparing
anew, ]. Travel Med. 27 (5) (2020) taaa108.

A. Anzai, T. Kobayashi, N.M. Linton, R. Kinoshita, K. Hayashi, A. Suzuki,
Y. Yang, S.-M. Jung, T. Miyama, A.R. Akhmetzhanov, H. Nishiura, Assessing
the impact of reduced travel on exportation dynamics of novel coronavirus
infection (COVID-19), J. Clin. Med. 9 (2) (2020) 601.

M. Nilashi, S. Asadi, B. Minaei-Bidgoli, R.A. Abumalloh, S. Samad, F. Ghab-
ban, A. Ahani, Recommendation agents and information sharing through
social media for coronavirus outbreak, Telemat. Inform. 61 (2021) 101597.
T. Chen, Enhancing the efficiency and accuracy of existing FAHP
decision-making methods, EURO ]. Decis. Process. 8 (2020) 177-204.

T.L. Saaty, Axiomatic foundation of the analytic hierarchy process, Manage.
Sci. 32 (7) (1986) 841-855.

X. Ruoning, Z. Xiaoyan, Extensions of the analytic hierarchy process in
fuzzy environment, Fuzzy Sets and Systems 52 (3) (1992) 251-257.

K. Shaw, R. Shankar, S.S. Yadav, L.S. Thakur, Supplier selection using fuzzy
AHP and fuzzy multi-objective linear programming for developing low
carbon supply chain, Expert Syst. Appl. 39 (9) (2012) 8182-8192.

F.R.L. Junior, L. Osiro, L.C.R. Carpinetti, A comparison between fuzzy AHP
and fuzzy TOPSIS methods to supplier selection, Appl. Soft Comput. 21
(2014) 194-209.

Awasthi K. Govindan, S. Gold, Multi-tier sustainable global supplier selec-
tion using a fuzzy AHP-VIKOR based approach, Int. J. Prod Econ. 195 (2018)
106-117.

M. Abdelgawad, A.R. Fayek, Risk management in the construction industry
using combined fuzzy FMEA and fuzzy AHP, J. Constr. Eng. Manag. 136 (9)
(2010) 1028-1036.

A.O. Taylan, R.M. Bafail, M.R. Abdulaal, Kabli, Construction projects selec-
tion and risk assessment by fuzzy AHP and fuzzy TOPSIS methodologies,
Appl. Soft Comput. 17 (2014) 105-116.

A.A. Khan, M. Shameem, R.R. Kumar, S. Hussain, X. Yan, Fuzzy AHP based
prioritization and taxonomy of software process improvement success
factors in global software development, Appl. Soft Comput. 83 (2019)
105648.

M.B. Erdem, A fuzzy analytical hierarchy process application in personnel
selection in it companies: A case study in a spin-off company, Acta Phys.
Pol. 130 (1) (2016) 331-334.

Y. Ozdemir, K.G. Nalbant, Personnel selection for promotion using an
integrated consistent fuzzy preference relations-fuzzy analytic hierarchy
process methodology: A real case study, Asian J. Interdiscip. Res. 3 (1)
(2020) 219-236.

A.C. Kutlu, M. Ekmekgioglu, Fuzzy failure modes and effects analysis by
using fuzzy TOPSIS-based fuzzy AHP, Expert Syst. Appl. 39 (1) (2012)
61-67.

G. Sakthivel, D. Saravanakumar, T. Muthuramalingam, Application of fail-
ure mode and effect analysis in manufacturing industry-an integrated
approach with FAHP-fuzzy TOPSIS and FAHP-fuzzy VIKOR, Int. J. Product.
Qual. Manag. 24 (3) (2018) 398-423.

G. Biyiikozkan, G. Cifci, A combined fuzzy AHP and fuzzy TOPSIS based
strategic analysis of electronic service quality in healthcare industry, Expert
Syst. Appl. 39 (3) (2012) 2341-2354.

B. Kirubakaran, M. Ilangkumaran, Selection of optimum maintenance
strategy based on FAHP integrated with GRA-TOPSIS, Ann. Oper. Res. 245
(1-2) (2016) 285-313.

Y.C. Wang, T. Chen, Y.L. Yeh, Advanced 3D printing technologies for the
aircraft industry: A fuzzy systematic approach for assessing the critical
factors, Int. J. Adv. Manuf. Tech. 105 (10) (2019) 4059-4069.

M.A. Akbar, M. Shameem, S. Mahmood, A. Alsanad, A. Gumaei, Prioriti-
zation based taxonomy of cloud-based outsource software development
challenges: Fuzzy AHP analysis, Appl. Soft Comput. (2020) 106557.

P. Dehraj, A. Sharma, An empirical assessment of autonomicity for auto-
nomic query optimizers using fuzzy-AHP technique, Appl. Soft Comput. 90
(2020) 106137.

T. Chen, Assessing factors critical to smart technology applications in
mobile health care - the FGM-FAHP approach, Health Policy Technol. 9
(2020) 194-203.

G.N. Zhu, J. Hu, H. Ren, A fuzzy rough number-based AHP-TOPSIS for design
concept evaluation under uncertain environments, Appl. Soft Comput.
(2020) 106228.

S.K. Patil, R. Kant, A fuzzy AHP-TOPSIS framework for ranking the solutions
of knowledge management adoption in supply chain to overcome its
barriers, Expert Syst. Appl. 41 (2) (2014) 679-693.

C.H. Cheng, D.L. Mon, Evaluating weapon system by analytical hierarchy
process based on fuzzy scales, Fuzzy Sets and Systems 63 (1) (1994) 1-10.

16

[49]
[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]
[72]

[73]

[74]

[75]

[76]

Applied Soft Computing 109 (2021) 107535

L.C. Leung, D. Cao, On consistency and ranking of alternatives in fuzzy AHP,
European ]. Oper. Res. 124 (1) (2000) 102-113.

CS. Yu, A GP-AHP method for solving group decision-making fuzzy AHP
problems, Comput. Oper. Res. 29 (14) (2002) 1969-2001.

Y.C. Lin, T. Chen, A multibelief analytic hierarchy process and nonlinear
programming approach for diversifying product designs: Smart backpack
design as an example, Proc. Inst. Mech. Eng. B 234 (6-7) (2020) 1044-1056.
D.Y. Chang, Applications of the extent analysis method on fuzzy AHP,
European J. Oper. Res. 95 (3) (1996) 649-655.

H.M. Lyu, W]. Sun, S.L. Shen, AN. Zhou, Risk assessment using a new
consulting process in fuzzy AHP, ]. Constr. Eng. Manag. 146 (3) (2020)
04019112.

J.E. Chen, H.N. Hsieh, Q.H. Do, Evaluating teaching performance based on
fuzzy AHP and comprehensive evaluation approach, Appl. Soft Comput. 28
(2015) 100-108.

X. Wang, EE. Kerre, D. Ruan, Consistency of judgement matrix and
fuzzy weights in fuzzy analytic hierarchy process, Internat. J. Uncertain.
Fuzziness Knowledge-Based Systems 3 (01) (1995) 35-46.

L. Abdullah, N. Zulkifli, Integration of fuzzy AHP and interval type-2 fuzzy
DEMATEL: An application to human resource management, Expert Syst.
Appl. 42 (9) (2015) 4397-4409.

F. Ahmed, K. Kilic, Fuzzy analytic hierarchy process: A performance
analysis of various algorithms, Fuzzy Sets and Systems 362 (2019)
110-128.

N.V. Kumar, L.S. Ganesh, A simulation-based evaluation of the approximate
and the exact eigenvector methods employed in AHP, Eur. J. Oper. Res. 95
(3) (1996) 656-662.

Y.M. Wang, Y. Luo, Z. Hua, On the extent analysis method for fuzzy AHP
and its applications, European J. Oper. Res. 186 (2) (2008) 735-747.

Y. Liu, CM. Eckert, C. Earl, A review of fuzzy AHP methods for
decision-making with subjective judgements, Expert Syst. Appl. (2020)
113738.

Y. Ozdemir, K.G. Nalbant, Personnel selection for promotion using an
integrated consistent fuzzy preference relations-fuzzy analytic hierarchy
process methodology: A real case study, Asian ]. Interdiscip. Res. 3 (1)
(2020) 219-236.

S.P. Wan, G.L. Xu, ].Y. Dong, An atanassov intuitionistic fuzzy program-
ming method for group decision making with interval-valued atanassov
intuitionistic fuzzy preference relations, Appl. Soft Comput. 95 (2020)
106556.

S. Dozi¢, T. Lutovac, M. Kali¢, Fuzzy AHP approach to passenger aircraft
type selection, J. Air Transp. Manag. 68 (2018) 165-175.

Z. Zhang, X. Kou, W. Yu, C. Guo, On priority weights and consistency
for incomplete hesitant fuzzy preference relations, Knowl.-Based Syst. 143
(2018) 115-126.

D. Dhouib, An extension of MACBETH method for a fuzzy environment to
analyze alternatives in reverse logistics for automobile tire wastes, Omega
42 (1) (2014) 25-32.

M. Pishdar, F. Ghasemzadeh, ]. Antucheviciene, A mixed interval type-2
fuzzy best-worst MACBETH approach to choose hub airport in developing
countries: Case of Iranian passenger airports, Transport 34 (6) (2019)
639-651.

T.C.T. Chen, Y.C. Lin, Diverse three-dimensional printing capacity planning
for manufacturers, Robot. Comput.-Integr. Manuf. 67 (2021) 102052.

T. Chen, Y.C. Lin, M.C. Chiu, Approximating alpha-cut operations approach
for effective and efficient fuzzy analytic hierarchy process analysis, Appl.
Soft Comput. 85 (2019) 105855.

Y. Du, W. Chen, K. Cui, K. Zhang, Study on damage assessment of earthen
sites of the Ming Great Wall in Qinghai Province based on fuzzy-AHP and
AHP-TOPSIS, Int. J. Archit. Heritage (2019) 1-14.

G. Zheng, N. Zhu, Z. Tian, Y. Chen, B. Sun, Application of a trapezoidal
fuzzy AHP method for work safety evaluation and early warning rating of
hot and humid environments, Saf. Sci. 50 (2) (2012) 228-239.

T.L. Saaty, Decision making with the analytic hierarchy process, Int. J. Serv.
Sci. 1 (1) (2008) 83-98.

M. Hanss, Applied Fuzzy Arithmetic, Springer-Verlag Berlin Heidelberg,
2005.

S. Xian, Z. Yang, H. Guo, Double parameters TOPSIS for multi-attribute
linguistic group decision making based on the intuitionistic Z-linguistic
variables, Appl. Soft Comput. 85 (2019) 105835.

T.C.T. Chen, Y.C. Wang, An incremental learning and integer-nonlinear pro-
gramming approach to mining users’ unknown preferences for ubiquitous
hotel recommendation, . Ambient Intell. Humaniz. Comput. 10 (7) (2019)
2771-2780.

Y.C. Lin, T. Chen, L.C. Wang, Integer nonlinear programming and opti-
mized weighted-average approach for mobile hotel recommendation by
considering travelers’ unknown preferences, Oper. Res. 18 (3) (2018)
625-643.

T. Chen, A fuzzy ubiquitous traveler clustering and hotel recommendation
system by differentiating travelers’ decision-making behaviors, Appl. Soft
Comput. 96 (2020) 106585.


http://refhub.elsevier.com/S1568-4946(21)00458-0/sb22
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb22
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb22
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb22
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb22
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb23
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb23
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb23
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb23
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb23
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb24
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb24
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb24
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb25
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb25
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb25
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb25
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb25
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb25
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb25
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb26
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb26
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb26
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb26
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb26
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb27
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb27
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb27
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb28
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb28
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb28
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb29
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb29
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb29
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb30
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb30
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb30
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb30
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb30
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb31
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb31
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb31
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb31
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb31
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb32
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb32
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb32
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb32
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb32
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb33
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb33
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb33
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb33
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb33
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb34
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb34
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb34
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb34
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb34
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb35
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb35
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb35
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb35
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb35
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb35
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb35
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb36
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb36
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb36
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb36
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb36
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb37
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb37
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb37
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb37
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb37
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb37
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb37
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb38
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb38
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb38
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb38
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb38
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb39
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb39
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb39
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb39
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb39
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb39
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb39
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb40
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb40
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb40
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb40
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb40
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb41
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb41
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb41
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb41
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb41
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb42
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb42
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb42
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb42
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb42
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb43
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb43
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb43
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb43
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb43
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb44
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb44
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb44
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb44
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb44
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb45
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb45
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb45
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb45
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb45
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb46
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb46
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb46
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb46
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb46
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb47
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb47
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb47
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb47
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb47
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb48
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb48
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb48
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb49
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb49
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb49
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb50
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb50
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb50
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb51
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb51
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb51
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb51
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb51
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb52
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb52
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb52
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb53
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb53
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb53
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb53
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb53
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb54
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb54
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb54
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb54
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb54
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb55
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb55
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb55
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb55
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb55
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb56
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb56
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb56
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb56
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb56
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb57
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb57
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb57
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb57
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb57
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb58
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb58
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb58
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb58
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb58
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb59
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb59
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb59
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb60
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb60
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb60
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb60
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb60
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb61
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb61
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb61
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb61
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb61
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb61
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb61
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb62
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb62
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb62
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb62
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb62
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb62
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb62
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb63
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb63
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb63
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb64
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb64
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb64
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb64
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb64
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb65
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb65
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb65
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb65
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb65
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb66
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb66
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb66
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb66
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb66
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb66
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb66
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb67
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb67
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb67
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb68
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb68
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb68
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb68
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb68
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb69
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb69
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb69
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb69
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb69
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb70
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb70
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb70
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb70
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb70
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb71
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb71
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb71
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb72
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb72
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb72
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb73
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb73
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb73
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb73
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb73
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb74
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb74
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb74
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb74
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb74
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb74
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb74
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb75
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb75
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb75
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb75
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb75
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb75
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb75
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb76
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb76
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb76
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb76
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb76

T. Chen and Y.-C. Wang Applied Soft Computing 109 (2021) 107535

[77] A. Alghamdi, M. Hammad, H. Ugail, A. Abdel-Raheem, K. Muhammad, H.S. [78] T. Chen, Y.H. Chuang, Fuzzy and nonlinear programming approach for op-
Khalifa, A.A. Abd El-Latif, Detection of myocardial infarction based on timizing the performance of ubiquitous hotel recommendation, J. Ambient
novel deep transfer learning methods for urban healthcare in smart cities, Intell. Humaniz. Comput. 9 (2) (2018) 275-284.

Multimedia Tools Appl. (2020) 1-22.

17


http://refhub.elsevier.com/S1568-4946(21)00458-0/sb77
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb77
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb77
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb77
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb77
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb77
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb77
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb78
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb78
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb78
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb78
http://refhub.elsevier.com/S1568-4946(21)00458-0/sb78

