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ABSTRACT Recently, the major environmental change and a pandemic called COVID-19 have heavily
impacted the economy, business, and health of each country. Moreover, the climatic changes and COVID-19
are calamities to human life. In other words, these two aspects threaten the existence of humans and the
sustenance of the overall development of a country. These two factors particularly influence the tourism
sector, so a strategy balancing environmental quality and dealing with the ill effects of COVID-19 is
formulated to uplift the economic sectors. Atannasov’s intuitionistic fuzzy domain is used to model the
environmental quality and COVID-19 due to the involvement of hesitancy and uncertainty. The precise
measurement of the imprecision in the information is obtained with the help of entropy measure. The
paper analyzes the two aspects using a novel entropy measure based on multiple criteria sorting (MCS).
Here, the two MCS problems are solved with the help of two proposed techniques: TOPSIS-GREY-sort
and ENTROPY-TOPSIS-GREY-sort. A case study showing the impact of COVID-19 in the Philippines
and the environmental quality of Tehran (the capital city of Iran) are considered to validate the functioning
of the proposed techniques. We use “A novel sorting method TOPSIS-SORT: an application for Tehran
environmental quality evaluation (2016), Ekonomica a management,” and ‘“Current Issues in Tourism
25.2(2022): 168-178, Taylor and Francis’ for the comparative analysis.

INDEX TERMS Atanassov intuitionistic fuzzy set (AIFS), multicritria sorting (MCS), entropy, COVID-19,
environmental quality, TOPSIS, GRA.

I. INTRODUCTION (see: [11, [2], [3], [4], [5]). Various methods are proposed

In a decision-making problem, the solution is to provide
a technique that selects the best alternative among the
given alternatives. Generally, the multiple criteria of the
alternatives are analyzed in a decision-making problem.
Here, most decision-makers (DMs) employ a ranking of the
alternatives to select the best alternative. The multiple criteria
decision-making (MCDM) problems appear in the field of
business, medical, and public health sectors. So it has been
an active area of research during the last couple of decades
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to solve the MCDM problems (see: [6], [7], [8]). Here, the
novel extensions of the Technique for Order Preference by
Similarity to Ideal Solution (TOPSIS) and Grey Relational
Analysis (GRA) are proposed in the Atanassov intuitionistic
fuzzy set (AIFS) environment to solve the MCDM problems.
TOPSIS [9], and GRA [10] possess advantages over other
MCDM methods due to: (i) computational simplicity, (ii)
rationality, (iii) visualization, and (iv) a scalar value that
accounts for best and worst alternatives. Moreover, TOPSIS
and GRA do not demand any parameter from the DMs
during the computation, so the decision-making becomes
easy. The AIFS [11] characterizes a criterion based on the
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degree of belongingness, non-belongingness, and hesitancy.
The limitations of the fuzzy set (FS) [12] are dealt with
in the AIFS due to the incorporation of an additional
degree [13]. A measure-theoretic study of the AIFS is done
in [14] and [15]. Some other well-known generalizations
of FS are type-2 fuzzy set [16], vague set [17], interval-
valued fuzzy set [18], etc. An interrelationship between
interval-valued intuitionistic fuzzy set (IVIFS) and AIFS is
recently discussed in [19].

Entropy measures the uncertainty within the infor-
mation. The amalgamation of entropy and AIFS helps
in better decision-making. The notion of fuzzy entropy
was given by Zadeh [12], and it is further studied by
Kaufman and Magens [20], Higashi and Klir [21], and
Szmidt and Kacprzyk [22]. Joshi and Kumar [23], [24]
introduced an (R, S) norm-based fuzzy information measure
and entropy measure. Parkash et al. [25] proposed two new
measures of weighted fuzzy entropy to study the maximum
weighted fuzzy entropy principle. Bustince and Burillo [26]
gave the notion of intuitionistic fuzzy entropy. Szmidt and
Kacprzyk [22] proposed a non-probabilistic type of intuition-
istic fuzzy entropy. Vlachos and Sergiadis [27] generalized
De Luca and Termini’s [28] notion of non-probabilistic
entropy to AIFSs. Zhang and Jiang [29] suggested a
similarity between AIFSs based upon intuitionistic fuzzy
entropy. Chen and Li [30] proposed various entropies on
AIFSs. In the same paper, they subdivided the attribute
weights into two parts: subjective and objective weights.
Subjective weights are determined as per the preference
of DMs. The methods such as the AHP method [31],
weighted least squares method [32], and Delphi method [33]
usually use subjective weights. If subjective weights are
not provided, the objective weights are determined using
the entropy method, multi-objective programming [34],
principle element analysis [35], etc. The entropy method is
a commonly used approach that solves MCDM problems
with partially known weight or unknown weight information.
Zhang and Jiang [29] proposed several entropy methods with
unknown weight information of attributes to solve MCDM
problems.

The GRA technique computes similarities between the
ideal option and given options, and here the increasing
order of similarities is used for arranging options in the order
of preferences. Moreover, realistic and effective processing
of the inadequate information is carried out in GRA
[36], [37]. The fuzzy variants of GRA are proposed (see: [38],
[39], [40]) to deal with the imprecise information. AIFS
is an application-rich and highly studied extension of the
fuzzy set (see: [41], [42], [43]). In literature, we come across
the proposals of AIFS-based variants of GRA (see: [44],
[45], [46]). The reopening of the tourism industry and
environmental quality improvisation are the two MCDM
problems addressed in the paper. The MCDM method is
the umbrella under which choosing, sorting, and ranking
techniques are introduced, whereas Multiple criteria sorting
(MCS) is a specific name allocated to sorting techniques [47].
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The decision-making techniques employed to solve the
tourism industry and environmental problems belong to
MCS. A finite and pre-defined ordered set called a decision
class is assigned to evaluate the multiple criteria in the MCS
technique. This technique fuses the decisions and opinions of
the DMs. The GRA motivated us to propose an IFGRA-sort
[48]. Some interesting sorting techniques are VIKOR-
sort [49], Flow-sort [50], AHP-sort [51], AHP-sort
II [52], ELECTRE-TRI [53] and TOPSIS-sort [54], [55],
IFGRA-sort [48].

TOPSIS selects an alternative out of the given alternatives
nearest to the positive ideal solution and farthest to the
negative ideal solution. The collection of best values of
criteria is referred to as a positive-ideal solution, and the
worst values across all criteria are collected in a set called a
negative-ideal solution. It is claimed that the alternative cho-
sen using TOPSIS is the best one. FS efficiently manages the
uncertainties associated with the information. The fuzzy ver-
sions of the TOPSIS solving uncertainty possessing MCDM
problems are introduced in (see: [56], [57]). In [58], a fuzzy
TOPSIS involving the MCDM problem is remodeled in a
classical domain. In classical TOPSIS, both the assessments
and criteria weights of DMs are assigned specific numerical
values. This is seldom the case in real-world situations
because the criteria weight selection involves uncertainty,
and the hundred percent precision in the DM perception is
rarely achieved. We model the criteria weight selection and
DM perception in the Atannasov intuitionistic fuzzy domain
due to the presence of uncertainty and hesitancy in DM
perceptions. The AIFS-based TOPSIS technique solves sup-
plier selection problems [59], data envelopment analysis [60],
multi-person MCDM problem [61], group decision-making
problem [62], entropy-based public blockchain problem [63].
In [64], a survey of the research work related to the TOPSIS
is given.

The notable contributions of the paper are as follows:

« A novel entropy measure compatible with the AIFS

environment is proposed.

o The paper has proposed two novel MCS techniques,
namely Intuitionistic fuzzy TOPSIS-GREY sorting
(TOPSIS-GREY-sort) and Entropy-based intuitionistic
fuzzy TOPSIS-GREY sorting with the proposed entropy
method (ENTROPY-TOPSIS-GREY-sort).

o« The MCS explores either subjective or objective
weights, so we proposed a subjective weight-dependent
technique called IFGRA-sort in [48]. Here, we have
introduced the TOPSIS-GREY-sort technique, which
uses entropy-driven objective weight. The proposed
entropy measure introduces ENTROPY-TOPSIS-
GREY-sort. The proposed entropy measure is used
to calculate the objective weights in ENTROPY-
TOPSIS-GREY-sort. A convex combination of sub-
jective and objective weights has been used in the
proposed ENTROPY-TOPSIS-GREY-sort to analyze
the effect of both subjective and objective weights upon
decision-making.
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« We have successfully solved the problem of the COVID-
19 pandemic concerning domestic tourism in the
Philippines. Further, a novel methodology to improvise
the environmental quality of Tehran has been suggested
in the AIFS environment.

The paper is divided into six sections: Section II recalls
the basic concepts. Section III mathematically proposes an
entropy measure within the AIFS environment. In section IV,
two MCS techniques, TOPSIS-GREY-sort and ENTROPY-
TOPSIS-GREY-sort, are introduced. The proposed tech-
niques are validated over case studies of domestic tourism
in the Philippines and the environmental quality of Tehran in
section V. Finally, the conclusion and future work is stated in
section VI.

Il. BASIC CONCEPTS

This section has three subsections. The basic definitions
helpful in understanding the paper are provided in section II-
A. The two algorithms, called Intuitionistic FUZZY TOPSIS
and Intuitionistic fuzzy GREY RELATIONAL ANALYSIS,
are given in section II-B and II-C, respectively.

A. ATANASSOV INTUITIONISTIC FUZZY SET

Definition 1 (Atanassov Intuitionistic Fuzzy Set [11]):
Atanassov intuitionistic fuzzy set (AIFS) Q over the universe
of discourse X is of the form:

0 = {(x, uo(x), vo(x)) | x € X}.

The membership function, ugp : X - [0, 1] and non-
membership function, vp : X — [0, 1] are defined in such a
manner that:

1) o) >0, vo(x) >0 Vx € X.

2) 0<po(x)+vox) <1 Vx e X.

The function mp(x) = 1 — pp(x) — vo(x) calculates
the hesitation degree whereas pp(x) and vg(x) assigns a
membership degree and non-membership degree to x € X,
respectively. Here, the ordered pair x = (u, v) is used to
represent an AIFS.

Definition 2 (Operations Between AIFSs [65]): Let us
take three AIFS, x = (u,v), X1 = (u1,v1), Xo =
(u2, v2) and ¢ > 0. The addition (&), subtraction (&), scaler
multiplication (£x), and law of indices (x%) concerning to
AIFS are defined as follows:

1) X1 ®x2 = (1 + 2 — pip2, viva).

(m—uz ﬂ) n1 = m2,v1 < vy,

5 B I—pp > v /)2
2) x10x = v2 > 0,vmy < vy
0, 1), otherwise
3) th=01—(1—pw?s, o).

4) 5= (b 1 — (1 —v)).

Definition 3 (Distance Measure Between AIFSs [66]): A
function D : AIFS(X) x AIFS(X) — [0,1] is a distance
measure, if it satisfies following four properties:

1) 0<D(p,x) <1.

2) D(x1, x2) = 0if and only if X; = x3.
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3) D(x1,x2) = D(x2, X1). ~
4) If x; € xp C X3, where X, X», x3 € AIFSs(X), then
_D(x, X3) > D(X1, X2) ¢ and D(x1, x3) > D(x, X3).
Let X1 (xll)l X2 = (le)l 1 are the two AIFS with the
universe of discourse as X = {xi,x2,---x,}, and an AIFS

based normalized Euclidean distance is (see [67]):
n

S~ 1
DXy, Xp) = (Z Z [(1i — Mzi)2 + (vii — V2i)2

5\ 2
+(m1i — 72:) ]) (D
Definition 4 (AIFSs Generator [68]): The membership
(u(x)) is a fuzzy mapping Z(x), tuning parameter ¢ > 0
and a constant ¢ € [0,1] dependent function. In the non-

membership function (v(x)) and hesitancy function (7 (x))
one more tuning parameter § is involved as follows:

wx) = CZ(x)“ )
v(x) = (1 = Z(x)P*)l/P 3)
7)) =1-¢Z@* = (1 =Z/'"P. )

i=1

This paper derives an AIFS (,u(x), v(x)) while considering
(=la>0and0< B <landrw(x) =1 — ux) — vx).

B. INTUITIONISTIC FUZZY TOPSIS
Let Q = {Ql, 02, ... 0y} be the set of the alternatives and
= {C], C2,. Cq} be the set of the criteria. The steps
implementing Intuitionistic fuzzy TOPSIS method [59], [69]
are given as follows:
Stepl: The weights are assigned to G numbers of DMs
based on their opinions. First grade the k" DM with an AIFN
Dy = [k, vk, mx] and his opinion is given a weightage Ay as

follows:
(s + e (5)) ¢
= MH_W such that Z M=1
Zk 1 (Mk + 7k (Mkﬂk)) k=1

(&)

Step2: Evaluate criteria-dependent intuitionistic fuzzy
decision matrices corresponding to the DMs and then
aggregate them. Let the intuitionistic fuzzy decision matrix
corresponding to k" DM be H® = (h(k))p xgq- The G
DMs are allocated weight collection A = {A1, A2, ... G}
such that Z/?:l M = 1,Ar € [0,1]. Here, intuition-
istic fuzzy decision matrices, H = (Juyn)pyxq, Where
(MQm(xn)s VQm(xn)’ nQ,,l(xn))(m = 1,2,.. ~P/
n = 1,2,...q) are aggregated using the IFWA operator
defined in [65] as follows:

B = IFWA; (KD 1h@ - B9y

n’ ‘mn’

= ahD ea MhD @ A3h(3)

[1 - H(l o) ]‘[(u,if,?)kk,
H(l ™ — 1‘[(v<k>>“]
k=1
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The aggregrated decision matrix H is obtained,

hiy hip hiz .. hyy
hat hoo hosz ... hoy
H = | m31 h32 haz ... hay

hgt hgp hgs ... hgy

Step3: Calculation of the criteria weights, W
[wi, wa, w3, ... wgl, wy = (U, v, ) =1,2,..., q).

Itis not necessary for all the criteria to be equally important
in decision-making. So, a criteria weight matrix is calculated
in which the perspectives of DMs regarding the criteria are
merged. Here, the k™ DM rates criterion x,, with the help of an
AIFN wﬁ,k) = [/L,(f), v,(lk), n,(,k)]. The IFWA operator combines
the weights of entire criteria, and we obtain the criteria weight
wy, of x,, as follows:

wy = IFWA, (WD, W@, . W)
= Alwﬁll) (2] szgg) D )»3W,(13) D.....0 )»GWEG)
G G
= [1 = [T — g TTog .
k=1

k=1
G G
[T = ™ = [T ©)
k=1 k=1

Step4: Aggregation of criteria weights and intuitionistic
fuzzy decision matrices.

The criteria weights W and intuitionistic fuzzy decision
matrix H are aggregated using the binary operation @ given
in [70]. Hence,

HeWw= {x, 10, (X).pw (x), vg,, (X) + v (x)

Vg, (). vw(x) | x € f(}
70w = [1 = v0, () — v(x) — pg,, (). pw(x)
+va(X)-Vw(X)] @)

Then, the aggregated weighted intuitionistic fuzzy decision
matrix H' is given as:

/ / / /
hy My by Ry
/ / / /
Moy hy by By
/ / / /
H =M hy by oo hy
/ / / /
oWy Wy K

, _ / ’ ’
where, h,,, = (Kyps Vins Tonn)

70, (Xn)) is the mn™ entry of H'.

Step5: Evaluation of intuitionistic fuzzy positive-ideal
solution (Q%) and intuitionistic fuzzy negative-ideal
solution (Q7).

Let us denote the benefit and cost criteria with J; and J»,
respectively. The following equations calculate Q" and Q™:

(1, (xn), vo,, (xn),

0% = (uo+w(xn), vo+w(xy)) and
07 = (no—wn), vo—wxn)) (8)

VOLUME 11, 2023

mo+w(xn) = (Maxmpgmw(xn) | n € Jp),
(minm g, wxn) | n€J2)) (9)
vo+w(Xn) = ((Mingvom.w(x,) | n € J1),
(maxyvo,, wu) | n € J2)) (10)
mo-wxn) = ((mingpuom.w () | n € J1),
(maxmprg,, wx) | n € J2)) (11)
vo-wXn) = ((Maxuvom.w(xn) | n € J1),
(minyvo,, wx,) | n € J2)) (12)
Step6: Evaluation of the separation measures.
Q" and Q™ based separation measures ST and S~ for

each alternative are calculated using the normalized euclidean
distance measure [67] as follows:

1 q
5t = (2 3 ({11, Con) — 10w (i)

m=1

+ (v, Com) — voyw @)’
1

+(7TQm('xm) - T[Q-‘rW(xm))z]) i (13)

1 q
Sm = (Z > (10, Gom) — MQ—W(xm))2

m=1

+(v0,, (Com) — Vo w ()

+ (0, Com) — ng_w<xm))2]) i (14)

Step7: Evaluate relative closeness coefficient (RCj,)
between intuitionistic ideal solution (Q*) and alternative Q,,
as follows:

S
RCy = =,
Sm +Sn'l

Step8: Select the best alternative, the alternative getting
maximum (RC,,) value.

where 0 < RC,, <1 (15)

C. INTUITIONISTIC FUZZY GREY RELATIONAL ANALYSIS

Let O = {Q1,Q2, -+, Oy} be the set of alternatives with
attribute set C = {C, C2, - - - , C4}. Moreover, a set of weight
vectors W = {wq,wy,--- ,wq}T is assigned to attribute

set C such that w, € [0,1], >7_ w, = 1. The steps
implementing intuitionistic fuzzy GRA [71] method are as
follows:

Stepl: Standard decision matrix.

Let the standard decision matrix H = [Aun ] <4 1S given in
the form iy = (Kmn, Vinn).-

Step2: Evaluation of the positive ideal solution and
negative ideal solution.

The standard decision matrix based intuitionistic fuzzy
positive ideal solution (PIS) Q% and intuitionistic fuzzy
negative ideal solution (NIS) QO is calculated as follows:

Q+ = <(H"1‘r7 V?_), (/\'L;_? V;_), IR (Mr—:_v v;f—l’_))
= (m3xGt0n). minco) (16)
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Q7 = ((l‘l’]_v v]_)v (I’LZ_V Vz_), e

(s vn)>
= <n}’in(ﬂmn)v mniix(vmn)) 7

Step3: Calculation of the grey relational coefficient (GRC).

The PIS, NIS, and an alternative are used in the distance
measure (see: Eq.(1)), which results in a positive GRC (f;',j,‘n)
and negative GRC (&,,,,) as follows:

sI’”n
( min min D(hmn,Q+)+n max max D(hyn, O} )>

]<m<p/ ]<n<q m<p’ 1<n<gq

(D(hmm Qn ) +1n max max D(hyn, On ))

1<m<p’ 1<n<

(13)

mn

< min  min D(hyy, O, )~|—17 max max D(hu,, O, )>
1<m<p’ 1<n=<q m<p/ 1<n<q

(D(hmna On)+ 77 max max D(hy,, Oy ))

m<p ]<n<q

19)

Here, we have an identification coefficient n € [0, 1], its
commonly used value is n = 0.5.

Step4: Compute PIS based grey relational grade (GRG)
and NIS based GRG corresponding to an alternative.

PIS based GRG (%‘,jl‘ ) and NIS based GRG (§,,) of each
criterion are calculated as follows:

q

= Wk, (20)
n;l

En =D Wik, 1)
n=1

We have assigned a weight vector W over the attribute C,,
q
such that0 <w, < land ) w, = 1.

Step5: Determination ofn t_hle relative closeness coefficient.

For alternative Q,,, the relative closeness coefficient (RC,,)
is given in terms of &, and &, as follows:

E+
RC,, = (22)
Ex +En

Step6: Rank the alternatives.

Ranking of alternatives is based on the descending values
of RC,,, that is, the most important alternative is assigned the
maximum value of RCy,.

IIl. A NEW INTUITIONISTIC FUZZY ENTROPY MEASURE
In this section, a new entropy measure is proposed.
Definition 5 [72]: Suppose, E : AIFS(f() — [0,1] is areal-
valued function. Then E is said to be entropy over X if it
satisfies the following properties:
) E(Q) = 0 (minimum), iff Q is a crisp set, i.e.
o(xm) = 1, vo(xy) = 0 or vice-versa.
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2) E(Q) = 1 (maximum), iff uo(xm) = vo(m) ¥ X € X.
3) E(Q1) = E(Q2)iff Q1 € 0o,
ie. if po, (xm) < o, (xm) and v, (xy) > vo,(x,) for
MQ|(xm) =< VQz(xm), or if M, (xm) > MQz(xm) and
Vo, (xm) < VQz(xm) for MO, () > VQz(xm)-
4) E(Q) = E(Q°).
Theorem 1: Let AIFS(X) be a support of AIFS and Q is
an AIFS, the function E : AIFS(X ) — [0, 1] is an entropy
measure over AIFS (5( ),

s {3 )
] {(2 L <T)max(Y) ” 23)

where, T = (,u(x) — v(x)), (v(x) - ,u(x)).
Proof 1: Let us verify the four properties of the Entropy
measure in E(Q) as follows:
1. Let Q is a crisp set i.e. up(x) = 1, vg(x) = 0, or
no(x) =0, vp(x) =1 forany x € X, then E(Q) =
Conversely, E(Q) = 0, then

{3 i)

xeX

Xp“wm@y”””=0

{%} £ 0 and Z{(2+max(r>mm} £0.

max -
2 xeX

EQ) =

then,

cos (min <T) %) —0and (24)

T . T\
——<|{min{Y)=)=<0 (25)

2 2/2
The Eq.(24)-(25) together yields min(T) = -1 ie,

min((,u(x) — v(x)), (v(x) — ;L(x))) = —1 and hence

) =1, v(x) =0

2. Let juo(x) = vo(x) ¥ x € X, then E(Q) = 1.
Conversely, let E(Q) = 1, so we have,

5 2l ()3)) [
e ma(r) )] =1
cos <min<T) %) — land (26)

{ ! }%Z{(2+max(T>maX(T)}=l. (27)
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The Eq.(26)-(27) are simultaneosly satisfied if
u(x) =v(x)and x € X.

3.E(Q1) = E(Q) iff Q1 € 0,
We know that Q1 € @ is equivalent to 1(x) < wa(x) and

v1(x) = va(x) for p1(x) < v2(x). Hence,
Now if,
r)Z) < 1, )2 30
mar((1)3) <mar((2)3) o0

pi(x) = vi(x) < pax) — va(x). (28)

As cos 8 is an increasing function for —% < 0
max{x,—x}
2 + max{x, —x}) ,

SRS

Let us assume that,
v .
min| | Y1 )= ) < min
(()5) < m((2)3)
cos (min <T1> %) < cos <min <T2) %) (29)

Let Y00 = b=y Dex (

X

S0, y(x) = 2% erx <2 +x

As, & 2= )’<2+x + log 2% > 0, so due to the virtue

of first derivative test y(x) is an increasing function. Using
y(x) and Eq.(29)-(30), we have,

o500
()™
O

xeX

[t man(r)™ =) I

= E(Q2) = E(Q1) < E(Q2).

4. As we know that Q¢ = {(x, vp(x), no(x)) | x € X}ie.
e (x) = vo(x) and vpe(x) = po(x). Thus we obtain,

50 = 5 3 feos(min(1) )} | L

xeX

fosm(s)™]
25 folen(s)3)) o

y {(z + max <v)m(v) H — E(Q)

where, V = (v(x) — ,u(x)), (u(x) — v(x)).
Hence, E(Q) is a valid intuitionistic fuzzy entropy
measure.
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IV. PROPOSED TECHNIQUES

A. PROPOSED INTUITIONISTIC FUZZY TOPSIS-GREY
SORTING (TOPSIS-GREY-SORT)

The proposed technique (TOPSIS-GREY-sort) is defined for
a dataset with p’ alternatives. The ¢ numbers of criteria
are involved to define the alternatives. The aim of the
technique is the correct classification of p’ alternatives in g
classes {dy, d2, ..., dg}. The TOPSIS-SGREY-sort technique
is implemented in thirteen steps as follows:

Stepl: Construct a decision matrix H¥ = (hmn)p xq
corresponding to k" decision-maker (DM) k = 1,2, ..., G.
The g classes based information of a criterion forms a
limit profile, and it is stored in the collection ¥ =
(0@, ¥, dD). 07(d2), yi(@d2), - - ¥ (dy), Yi(dg))}. In Y,
the upper limit of the preceding class and lower limit of the
succeedlng class is same, i.e. yL (d— 1) = yﬂ(d]) Here,
yé(d ) is the lower limit of ]’h class and yL (dj—1) is the upper
limit of (j — 1)" class. Let us aggregate the decision matrix

= (W) xq into H = () xq with the help of the
pre-defined -aggregation operator.

Step2: Merge the limit profiles to the aggregated decision
matrix (H) while computing I' = (H, X) = (Xmn)pxq-

Step3: Normalize the matrix I' using Eq.(31) and its
resultant is a matrix A = (Apn)px¢ such that,

Xmn — My Xmn ~
Amn = (( . |I’l €Cp),
MaXmn Xmn — Mmp Xmn
mn = Miyp Xmn

(1 __X S, c)) 31)
maxXmp Xmn — MiNyp Xmn

Step4: Use AIFS generator (see: def. 4) to transform
the matrix A = (Aun)pxqg INto an intuitionistic fuzzy
decision matrix A = (imn = (Wmn> Vmn))pxg> Where
m=1,2,---p;n=1,2,---q).

Step5: Calculate intuitionistic fuzzy entropy in intuitionis-
tic fuzzy decision matrix A= ()N\m,,)pxq as follows:

mn(Xn)

{min[ﬂmn(xn)» an(xn)] + min[an(xn)» an(xn)]}

{max[ﬂmn(xn)9 an(xn)] + max| Viyn(xn), an(xn)]}
(32)
where, Vi (xn) = 1 — Vi (), inn(Xn) = 1 — fmn(Xn)
Eil Enn Ei3 ... Eyp
Ey Exp Exz ... Epy
E—| E31 Ex Esz... E3p

Ejq Ep Egz ... Eyy

The E,, denotes entropy value at the mn’
intuitionistic fuzzy decision matrix.

position in
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More prefemred class

ag ag
b4
Alternatves
A=la, as ap}
t 84p 8
a8y 8s a; Sorting g 2,
a4, ag, ag 8y | » |
ag 8g ayp |
I3 as ay
ay dg . Less prefemed class
4 a; ag

FIGURE 1. Schematic Representation of Sorting problem.

Step6: Normalize the intuitionistic fuzzy entropy values as
follows:

Emnn
€mn =

~ max(Epn) (53)

The normalized intuitionistic fuzzy decision matrix is E,
where,

€11 €12 €13 ... €]p
~ €] €22 €23 ... €
E=|¢€ezes...e3

eql eq2 €g3 ... €gp
Step7: Evaluate the objective weight of each criterion.
Here, we mainly employ the entropy weight method to

calculate the initial objective weights. The matrix £ =
{emn.m = 1,2---p,n = 1,2---q} is involved in the
calculation of objective weight of a criterion:

wl — 1 —emn
" 321(1 — €mn)

Step8: Derive the weighted matrix out of the intuitionistic
fuzzy decision matrix.

(34)
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The following formula proposed by Atanassov in [11] is
used to construct a weighted matrix out of an intuitionistic
fuzzy decision matrix (A):

) W, W,
WoA = (1—<1—m> ,(VA) ) (35)

where, 0 < W,, < 1.

The aggregated weighted intuitionistic fuzzy decision matrix
H'’ is shown in the equation at the bottom of the next page,
P = (s Vs o) (1o, (xn), v, (xn), 7@, (xn))
denotes the mn™ entry of aggregated weighted intuitionistic
fuzzy decision matrix.

Step9: Calculate the intuitionistic fuzzy positive ideal
solution (Q") and the intuitionistic fuzzy negative ideal
solution (Q~) from H’, which is given as:

0+ = (mr, v, i ), v;>) (36)

= <:U*;1~_’ V;:_)) = <max Mmp, MIN an)
m m

Vn=1,2,.q. 37)
Q_ = ((/""1’ U;)a (/J/;’ U;)’ e (Mq_’ l)q_)) (38)

=%

0
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0, = </Ln, v, ) = (n}rilnumn,mlgx vmn)

vn=1,2,---q. 39)

Step10: Determine the grey relational coefficient (GRC).

The use of Q)" and @), in intuitionistic fuzzy normalized
distance measure (1), calculates positive GRC (§,) and
negative GRC (§,,,,) which is as follows:

AN
( min min DK, O;F)+n max - max D(H,,,. Q+))

I<m=<p 1<n<q <m<p l<n<q

(D(hmn, 0})+7n max max D(hmn, o, ))

1<m<pl1<n<

(40)

mn

D D
<1£nn;gp1r<nnn<1 (B @ )41 m,,?i‘q 1fo (Myp» O ))

(D(hmn, 0,)+1n max max D(hmn, O, ))

<m<p 1<n<

(41)

Generally, during computation the identification coeffi-
cient n = 0.5, n € [0, 1] is used, and the same is taken here
also.

Stepll: Assign grey relational grade (GRG) to every

alterative with the help of &} and &, as follows:
q
£ = Z fa (42)
T
£, = Z 43)

here the n' criterion is assigned weight W, (obtained in
q

Step7),and 0 < W, < 1; Y W, = 1.

=1
Stepl2: Calculate the rglative closeness coefficient.
The relative closeness coefficient (RC,) is &} and &,
dependent:

Em

RC, = —om
e e,

(44)

Step13: Find the deviations of the upper limit profile and
lower limit profile of the Vi class from QO and Q. These

J x)
deviations are RC;* and RC,', respectively. If RC,, values of
the alternatives satisfy eq. 45, then such alternatives belong
to the j” interval class.

RCY < RC, < RCX Yim, j (45)

B. PROPOSED ENTROPY-BASED INTUITIONISTIC FUZZY
TOPSIS-GREY SORTING (ENTROPY-TOPSIS-GREY-SORT)
Here, Steps 1-4 are the same as proposed in TOPSIS-GREY-
sort, and from Step 5, a different approach is adopted.

Step5: Determine the intuitionistic fuzzy entropy values of
A = (Amn)pxq using the Eq.(23).

Eit Ex Ei3... Eyp
Er1 Ex Eoz ... Epp
E—=| E31 E3 E33 ... E3

Eq Epp Egz ... Egp
where, E,,;,, represents each entropy value in the intuitionistic
fuzzy decision matrix.

Step6: Normalization of intuitionistic fuzzy entropy values
by repeating the Step-6 of TOPSIS-GREY-sort.

Step7: To aggregate and then evaluate data, some series
of moderate and accurate weights as much as possible is
undoubtedly needed. The weights are considered in two
aspects. On the one hand, the objective weights are calculated
through the entropy weight method such that its influence on
data can be felt. On the other hand, the experts give subjective
weights to express the decision preference. Finally, the
weighted average value of objective and subjective weights
is taken.

Step7.1 Evaluate the objective weights of criteria.

For objective weight (say Wnl) calculation repeat the Step-7
of TOPSIS-GREY.

Step7.2 Obtain the subjective weights of criteria

The subjective weights W2 = [WZ, Wz, W3
given by the experts.

Step7.3 Combine objective and surjective weights

W2] are

W=pW!+1 - p)W? (46)
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[ (1w (), viiw (x1), Triiw (x1)) (k2w (x2), view (x2), Trow(x2)) - ..
(21w (x1), v21w (x1), m21w (x1)) (22w (x2), V22w (x2), T22w (x2)) - ..

L (p1w (1), vp1w (1), Tpiw (X1)) (paw (x2), vpow (x2), TTpow (X2)) - . .

7./ / / /
My Wy s o I,
/ ’ / /
h2] h22 h23 te h2p
/ ’ / /
hyy 3y h33 h3p

/ / /
_hql q2 hq3 " hqp

(quW(xq), quW(xq), nqu(xq))
(N«ZqW(xq)’ V2qW(xq)’ ”2qW(xq))

(Nqu (xq), VpgW (xq), TpgW (xq))
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Step8 Repeat the steps 8-13 of TOPSIS-GREY-sort, TABLE 1. The aggregated decision matrix with limit profiles.
by using the combined weights obtained in Step-7.3 for GRG

Tourists sites Criteria

calculation in this algorithm, for final sorting. & Gy Cs éy G G
d 5529 6500 5904 6135 5990 6.846
ds 5760 6365 5957 6111 6125 6798
V. EXPERIMENTAL VALIDATION OF PROPOSED ds 5875 6442 6106 6226 6202 6.837
TECHNIQUES OVER TWO MCDM PROBLEMS ds 5981 6476 6154 6255 6202 6913
In this section, we solve two types of MCDM problems ds 6288 6.548 6.192 6365 6707 7.183
with the help of the proposed sorting techniques. The impact do 6.159 6466 6082 6317 6663 7.024
of COVID-19 on the tourism sector of the Philippines dv 6274 6519 6202 6.380 6740 7.063
) lvzed. and rat ¢ d e tour ds 5813 6293 5856 6163 6005 6.659
is analyzed, and a strategy to reopen domestic tourism do 5875 6380 6014 6226 6154 6740
18 Suggested. Further, the environmental quallty of Tehran dio 5750 6216 5.788 6.024 5933 6543
is studied in the second problem, and a remedy for improvis- di1 6.188 6572 6298 6.639 6558 7.298
ing environmental quality is recommended. Here, Tehran’s diz2 6.231 6644 6394 6615 6572 7.260
tourist sites and regions are sorted into different classes drs 5923 63516053 6317 6197 6.938
g X X dia 6.115 6567 5269 6692 6452 7.091
as per the exposure to COVID-19 and their environmental dis 6582 6803 6750 6885 7111 7486
quality. dis 5990 6303 5971 6322 6.082 6.702
di7 5933 6346 5928 6183 6149 6.784
dis 6447 6615 6558 7010 6942 7394
A. DOMESTIC TOURISM PROBLEM OF PHILIPPINES [73] di 5000 6226 5947 6106 6313 6976
The countries have taken vital initiatives for economic d2o 6.091 6.284 6135 6.034 6365 6.947
recovery amidst the COVID-19 pandemic. Yet, the tourism b 3 3 3 3 3 3
la 65 65 65 65 65 65

industry is fully at the fag-end in the sectors soon to be
reopened. Generally, the strategies to restart the tourism
industry do not incorporate the perceptions of the tourists.
It is clear that there is fear amongst tourists because of the Tourists sites Attributes

TABLE 2. The normalized decision matrix with limit profiles.

pandemic outbreak, so the strategies to restart the tourism 1 Ca Cs Ca Cs Co
. . . . di 04362 02198 03527 03012 03335 0.1427
1ndgstry should give due importance to the perceptions of the d 03848 02499 03408 03065 03034 01534
tourists also. ds 03591 02327 03076 02809 0.2862 0.1447
The tourism industry and COVID-19 infection rate are dy 0.3355 0.2251 02969 02744 02862 0.1277
correlated [74], [75], [76]. As per the exposure to COVID- ds 02671 02091 02885 02499 0.1737  0.0675
.19, the tourist sites of the Philippines [73] are categorized Z‘; g;?gi g;i;z g;zg g;igg 821222 g:(l)gi(g)
into three classes, namely ‘“Low exposure interval class ds 03729 02659 03634 02949 03301 0.1844
(LEIC),” “Moderate exposure interval class (MEIC),” and do 03591 02465 03281 02809 02969 0.1663
“High exposure interval class (HEIC).” The two sorting dio 0.3870  0.2831 03785 03259 03462  0.2102
techniques, TOPSIS-GREY-sort and ENTROPY-TOPSIS- du 02893 0.2037° 02648 0.1888 ~ 0.2069 00419
. - diz 02798 0.1877 02434 0.1942 02037 0.0504
GREY-sort, are used to study a six criteria-based dataset dus 03484 02530 03194 02606 02873 01222
of twenty identified tourist sites in the central Philippine d1g 03056 02049 02713 0.1770 0.2305 0.0881
province to promote domestic tourism (see: Table 3). Initially, dis 0.2015 0.1523  0.1641  0.1340  0.0836  0.0000
the limit profile of each criterion is known, and aggregated di6 03335 02637 03377 02595 03130 0.1748
decision matrix is provided in Table 1. The detailed plan of o 0346202541 03473 02905 02980 0.1565
T P . . P dis 02316 0.1942 02069 0.1061 0.1213  0.0205
the Philippines has a dataset with which the threshold of each dio 03335 02809 03431 03076 02615 01137
class is identified. dao 03110 02679 03012 03237 02499 0.1202
L 1.0000  1.0000 1.0000 1.0000 1.0000  1.0000
Iy 02198 02198 02198 02198 02198 0.2198

1) TOPSIS-GREY

In this technique, the subjective weights of the experts are not TABLE 3. The priority weights of the decision attributes.
used, rather entropy weight determination technique assigns

the Obj ective weights. C~0de Crlte.rla. Priority weights
Step1: Construct the decision matrix H* = (1), 4 using Cr Proximity ‘ ‘ 0.203
. . k- Ca Available modes of transportation 0.161
9-point Likert scale scheme. Here z;, is the assessment of - _
th .. . th e C3 Duration of stay 0.153
k" decision-maker k = 1,2, ..., G regarding n" criterion ~ . .
— 19 ) of the h tourist site (m = 1,2 ,) q4 Tourist activities 0.156
n=12...490 . m' . . m==12..pP) Cs Area of the site’s premises 0.156
The expert group provides limit profiles of 3 classes (g = 3), G The volume of tourist arrivals 0.171

namely, ‘LEIC, ‘MEIC, and ‘HEIC. It is given as ¥ =
{(0, 3), (3, 6.5), (6.5, 9)} such that d; = (0, 3), d» = (3, 6.5)
and d3 = (6.5,9). The well-known aggregation function results an aggregated decision matrix H = (fyn)p xq» Where
called weighted mean aggregates H*,1 < k < G and it hypn = ézgzl nk

mn-
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Step2: The weighted aggregated decision matrix
I' = (H,X) = (Xmn)pxq takes into account the role of both
limit profile and H = (i) x4 during decision making (see:
Table 1).

Step3: Normalize matrix I' and use Eq.(31) for the
normalization process (use the minimized criterion value,
as small-scale values are preferable). In Table 2, the
normalized matrix A = (App)pxq 1S given.

Step4: The aggregated decision matrix is transformed to
intuitionistic fuzzy decision matrix considering 8 = 0.9 and
o = 0.5 (see: Table 4).

Step5: The matrix E containing intuitionistic fuzzy entropy
values (E;;,) is calculated using A= (an)pxq and Eq.(32)
as follows:

r0.4422 0.9767 0.5896 0.7092 0.6309 0.70647
0.5274 0.8629 0.6147 0.6954 0.7034 0.7486
0.5764 0.9252 0.6926 0.7650 0.7498 0.7143
0.6264 0.9549 0.7204 0.7841 0.7498 0.648

0.8066 0.9776 0.7435 0.8629 0.8300 0.4127
0.7234 0.9460 0.6792 0.8272 0.8700 0.5521

0.7969 0.9946 0.7498 0.8745 0.8003 0.5183
0.5493 0.8101 0.5680 0.7258 0.6385 0.8737
0.5764 0.8745 0.6431 0.7650 0.7204 0.8003
0.5233 0.7586 0.5389 0.6483 0.6032 0.9823
0.7410 0.9548 0.8136 0.8921 0.9680 0.3050
0.7683 0.8875 0.8856 0.9144 0.9548 0.3418
0.5984 0.8522 0.6635 0.8272 0.7466 0.6264
0.6977 0.9595 0.7935 0.8436 0.9338 0.4940
0.9453 0.7442 0.7913 0.6724 0.4765 0.0000
0.6309 0.8171 0.6215 0.8308 0.6792 0.8345
0.6032 0.8485 0.6008 0.7380 0.7175 0.7610
0.9294 0.9144 0.9680 0.5642 0.6229 0.2008
0.6309 0.7650 0.6098 0.6926 0.8243 0.5935
0.6842 0.8038 0.7092 0.6535 0.8629 0.6186
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
[0.9767 0.9767 0.9767 0.9767 0.9767 0.9767._
-0.4527 0.9820 0.6036 0.7261 0.6460 0.7191-
0.5399 0.8675 0.6293 0.7120 0.7202 0.7621

0.5901 0.9302 0.7091 0.7833 0.7676 0.7271

0.6414 0.9600 0.7376 0.8028 0.7676 0.6597
0.8258 0.9828 0.7612 0.8834 0.8497 0.4201

0.7406 0.9511 0.6954 0.8468 0.8908 0.5620
0.8159 1.0000 0.7676 0.8953 0.8193 0.5276
0.5624 0.8145 0.5815 0.7431 0.6537 0.8894
0.5901 0.8792 0.6584 0.7833 0.7376 0.8146
0.5358 0.7627 0.5517 0.6637 0.6175 1.0000
0.7587 0.9599 0.8330 0.9134 0.9911 0.3105
0.7866 0.8923 0.9067 0.9362 0.9775 0.3479
0.6127 0.8568 0.6793 0.8468 0.7644 0.6376
0.7143 0.9647 0.8124 0.8637 0.9560 0.5028
0.9678 0.7482 0.8101 0.6884 0.4878 0.0000
0.6460 0.8216 0.6363 0.8506 0.6954 0.8495
0.6175 0.8531 0.6151 0.7555 0.7345 0.7747
0.9516 0.9193 0.9911 0.5776 0.6377 0.2044
0.6460 0.7692 0.6244 0.7091 0.8439 0.6042
0.7005 0.8082 0.7261 0.6690 0.8834 0.6297
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
[ 1.0000 0.9820 1.0000 1.0000 1.0000 0.9943_

eshl
Il

eStl]
I

Step6: The normalized intuitionistic fuzzy entropy
matrix E is calculated using Eq.(33).
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Step7: The criteria weights are calculated using E
and Eq.(34). The resultant is, {0.1543, 0.1995, 0.1614,
0.1763, 0.1740, 0.1345}

Step8: In Table-5, the weighted intuitionistic fuzzy deci-
sion matrix is provided.

Step9: The values of O and Q~ as determined using
Eq.(37)-(39), respectively is given below,

Q+

— {(1.0000, 0.0000), (1.0000, 0.0000), (1.0000, 0.0000),
(1.0000, 0.0000), (1.0000, 0.0000), (1.0000, 0.0000)}

o

— {(0.0878, 0.8921), (0.0940, 0.8833), (0.0804, 0.9002),
(0.0671, 0.9150), (0.0576, 0.9262), (0.0000, 1.0000)}

Step10: To evaluate the GRC of each criteria from QO and
07, Eq.(40)-(41) is used.

r0.3751 0.3653 0.3699 0.3687 0.3711 0.34957
0.3708 0.3683 0.3689 0.3692 0.3684 0.3503
0.3687 0.3666 0.3662 0.3669 0.3669 0.3497
0.3669 0.3658 0.3653 0.3663 0.3669 0.3485
0.3616 0.3642 0.3646 0.3642 0.3571 0.3438
0.3638 0.3661 0.3666 0.3651 0.3580 0.3466
0.3618 0.3649 0.3644 0.3639 0.3565 0.3459
0.3698 0.3699 0.3708 0.3681 0.3708 0.3524
0.3687 0.3680 0.3678 0.3669 0.3678 0.3512
0.3710 0.3716 0.3720 0.3709 0.3722 0.3541
0.3633 0.3637 0.3627 0.3588 0.3600 0.3413
0.3626 0.3621 0.3610 0.3593 0.3598 0.3422
0.3679 0.3686 0.3671 0.3651 0.3670 0.3480
0.3645 0.3638 0.3632 0.3577 0.3621 0.3455
0.3566 0.3584 0.3546 0.3538 0.3486 0.3333
0.3667 0.3697 0.3686 0.3650 0.3692 0.3517
0.3677 0.3687 0.3694 0.3677 0.3679 0.3505
0.3589 0.3627 0.3581 0.3511 0.3523 0.3388
0.3667 0.3714 0.3691 0.3693 0.3648 0.3474
0.3650 0.3701 0.3657 0.3707 0.3638 0.3479
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

03580 0.3653 0.3591 0.3615 0.3612 0.3548 ]

-0.8775 0.9498 0.8949 0.8795 0.8509 0.87597
0.9021 0.9300 0.9008 0.8768 0.8652 0.8712
0.9147 0.9412 0.9175 0.8899 0.8737 0.8750
0.9265 0.9462 0.9230 0.8933 0.8737 0.8827
0.9623 0.9572 0.9274 0.9065 0.9352 0.9147
0.9469 0.9447 0.9148 0.9007 0.9292 0.8948
0.9606 0.9527 0.9286 0.9083 0.9398 0.8994
0.9079 0.9199 0.8897 0.8827 0.8524 0.8582
0.9147 0.9321 0.9071 0.8899 0.8684 0.8657
0.9010 0.9094 0.8824 0.8671 0.8449 0.8481
~ 109503 0.9610 0.9400 0.9419 0.9156 0.9324

mn =1 0.9554 0.9725 0.9518 0.9386 0.9174 0.9261
0.9200 0.9280 0.9115 0.9007 0.8731 0.8853
0.9417 0.9602 0.9366 0.9493 0.9025 0.9027
1.0000 1.0000 1.0000 0.9785 1.0000 1.0000
0.9275 0.9213 0.9023 0.9013 0.8606 0.8622
0.9211 0.9273 0.8976 0.8850 0.8679 0.8698
0.9821 0.9678 0.9730 1.0000 0.9701 0.9520
0.9275 0.9107 0.8997 0.8762 0.8862 0.8894
0.9390 0.9186 0.9208 0.8682 0.8922 0.8863
0.3566 0.3584 0.3546 0.3511 0.3486 0.3333

[0.9890 0.9498 0.9654 0.9234 0.9084 0.8444 ]

+ _
smn_
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TABLE 4. The aggregated IF decision matrix.

Tourists sites Criteria
Cy Cy Cs Cy Cs Cs

dy (0.6605,0.2737) (0.4688,0.4571) (0.5938,0.3357) (0.5488,0.3787) (0.5775,0.3512) (0.3777,0.5498)

do (0.6203,0.3108) (0.4999,0.4263) (0.5838,0.3452) (0.5536,0.3740) (0.5508,0.3767) (0.3916,0.5354)

ds (0.5993,0.3306) (0.4824,0.4435) (0.5546,0.3730) (0.5300,0.3969) (0.5350,0.3920) (0.3804,0.5470)

dy (0.5792,0.3495) (0.4745,0.4514) (0.5449,0.3824) (0.5238,0.4028) (0.5350,0.3920) (0.3574,0.5710)

ds (0.5168,0.4097) (0.4573,0.4686) (0.5371,0.3900) (0.4999,0.4263) (0.4167,0.5096) (0.2599,0.6756)

dg (0.5439,0.3834) (0.4768,0.4491) (0.5594,0.3684) (0.5105,0.4159) (0.4283,0.4978) (0.3209,0.6095)

dr (0.5198,0.4068) (0.4643,0.4616) (0.5350,0.3920) (0.4965,0.4296) (0.4078,0.5187) (0.3071,0.6243)

ds (0.6107,0.3198) (0.5157,0.4108) (0.6028,0.3272) (0.5431,0.3842) (0.5746,0.3539) (0.4294,0.4968)

do (0.5993,0.3306) (0.4965,0.4296) (0.5728.0.3556) (0.5300,0.3969) (0.5449,0.3824) (0.4078,0.5187)

dio (0.6221,0.3092) (0.5321,0.3948) (0.6152,0.3156) (0.5709,0.3575) (0.5884,0.3408) (0.4585,0.4674)

di (0.5379,0.3892) (0.4514,0.4745) (0.5146,0.4118) (0.4345,0.4915) (0.4548,0.4711) (0.2047,0.7373)

di2 (0.5289,0.3979) (0.4332,0.4928) (0.4934,0.4327) (0.4406,0.4853) (0.4514,0.4745) (0.2245,0.7150)

dis (0.5903,0.3391) (0.5030,0.4232) (0.5652,0.3629) (0.5105,0.4159) (0.5360,0.3910) (0.3495,0.5792)

dia (0.5528,0.3748) (0.4526,0.4733) (0.5209,0.4057) (0.4207,0.5056) (0.4801,0.4458) (0.2967,0.6355)

dis (0.4489,0.4770) (0.3902,0.5368) (0.4051,0.5216) (0.3660,0.5619) (0.2891,0.6437) (0.0000,1.0000)

dis (0.5775,0.3512) (0.5135,0.4129) (0.5811,0.3477) (0.5094 ,0.4170) (0.5594,0.3684) (0.4181,0.5083)

di7 (0.5884,0.3408) (0.5041 ,0.4221) (0.5893,0.3399) (0.5389,0.3882) (0.5459,0.3814) (0.3956,0.5313)

dis (0.4813,0.4447) (0.4406,0.4853) (0.4548,0.4711) (0.3257,0.6044) (0.3482,0.5806) (0.1432,0.8087)

dig (0.5775,0.3512) (0.5300,0.3969) (0.5857,0.3434) (0.5546,0.3730) (0.5114,0.4150) (0.3372,0.5923)

dao (0.5576,0.3701) (0.5176,0.4089) (0.5488,0.3787) (0.5689,0.3593) (0.4999,0.4263) (0.3466,0.5823)

l1 (1.0000,0.0000) (1.0000,0.0000) (1.0000,0.0000) (1.0000,0.0000) (1.0000,0.0000) (1.0000,0.0000)

ls (0.4688,0.4571) (0.4688,0.4571) (0.4688,0.4571) (0.4688,0.4571) (0.4688,0.4571) (0.4688,0.4571)

TABLE 5. The weighted aggregated IF decision matrix.
Tourists sites Criteria
Cq Cy Cs Cy Cs Cs

d1 (0.1535,0.8188) (0.1186,0.8554) (0.1354,0.8384) (0.1309,0.8426) (0.1392,0.8336) (0.0618,0.9227)
da (0.1388,0.8350) (0.1291,0.8436) (0.1320,0.8422) (0.1326,0.8408) (0.1300,0.8438) (0.0647,0.9194)
ds (0.1316,0.8430) (0.1231,0.8503) (0.1224,0.8528) (0.1246,0.8496) (0.1247,0.8497) (0.0623,0.9221)
da (0.1250,0.8503) (0.1204,0.8533) (0.1194,0.8562) (0.1226,0.8519) (0.1247,0.8497) (0.0577,0.9274)
ds (0.1062,0.8714) (0.1148,0.8597) (0.1169,0.8590) (0.1150,0.8604) (0.0895,0.8893) (0.0397,0.9486)
ds (0.1141,0.8625) (0.1212,0.8524) (0.1240,0.8511) (0.1183,0.8567) (0.0927,0.8857) (0.0507,0.9356)
dr (0.1070,0.8704) (0.1171,0.8571) (0.1163,0.8597) (0.1140,0.8616) (0.0871,0.8921) (0.0481,0.9386)
ds (0.1355,0.8387) (0.1347,0.8374) (0.1385,0.8350) (0.1290,0.8443) (0.1382,0.8347) (0.0727,0.9102)
dg (0.1316,0.8430) (0.1279,0.8449) (0.1283,0.8463) (0.1246,0.8496) (0.1280,0.8460) (0.0680,0.9155)
dio (0.1394,0.8343) (0.1406,0.8308) (0.1429,0.8301) (0.1386,0.8341) (0.1431,0.8292) (0.0792,0.9028)
di (0.1123,0.8645) (0.1129,0.8618) (0.1101,0.8666) (0.0956,0.8823) (0.1002,0.8773) (0.0303,0.9598)
dis (0.1097,0.8674) (0.1071,0.8684) (0.1040,0.8735) (0.0974,0.8803) (0.0992,0.8784) (0.0336,0.9559)
dis (0.1286,0.8463) (0.1302,0.8424) (0.1258,0.8490) (0.1183,0.8567) (0.1251,0.8493) (0.0562,0.9292)
di14 (0.1168,0.8595) (0.1133,0.8614) (0.1120,0.8645) (0.0918,0.8867) (0.1076,0.8689) (0.0462,0.9408)
dis (0.0878,0.8921) (0.0940,0.8833) (0.0804,0.9002) (0.0772,0.9034) (0.0576,0.9262) (0.0000,1.0000)
die (0.1245,0.8509) (0.1339,0.8382) (0.1311,0.8432) (0.1180,0.8571) (0.1329,0.8405) (0.0702,0.9130)
di7 (0.1280,0.8470) (0.1306 ,0.8420) (0.1338,0.8401) (0.1276,0.8463) (0.1283,0.8456) (0.0655,0.9185)
dis (0.0963,0.8825) (0.1094,0.8657) (0.0933,0.8856) (0.0671,0.9150) (0.0718,0.9097) (0.0206,0.9719)
dio (0.1245,0.8509) (0.1398,08316.) (0.1326,0.8415) (0.1329,0.8404) (0.1171,0.8581) (0.0538,0.9320)
dao (0.1183,0.8578) (0.1353,0.8366) (0.1206,0.8549) (0.1379,0.8349) (0.1136,0.8621) (0.0556,0.9298)
1 (1.0000,0.0000) (1.0000,0.0000) (1.0000,0.0000) (1.0000,0.0000) (1.0000,0.0000) (1.0000,0.0000)
la (0.0930,0.8862) (0.1186,0.8554) (0.0971,0.8813) (0.1056,0.8711) (0.1042,0.8727) (0.0816,0.9001)

Stepll: With the help of Eq. (42)-(43), the GRG
(¢ and £7) are calculated. Refer Table 6 for GRG values.

Stepl2: RC, values are calculated using Eq.(44) for
each alternative and limit profile and these values are
in Table 6.

Step13: Eq.(45) is used to assign alternatives to appropriate
classes. The final sorting of tourist sites as per their exposure
to COVID-19 is shown in Fig. 2.

7640

2) ENTROPY-TOPSIS-GREY-SORT

In this technique, the subjective weights provided by the
experts and the objective weights calculated using the
entropy weight determination technique are merged, and
their cumulative effects on decision-making are studied. Here
Step 1-4 are same as in TOPSIS-GREY-sort, so the same
dataset, normalized matrix, same value of 8 = 0.9 and
o = 0.5 and IF aggregated matrix is obtained.
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FIGURE 2. The assignment of tourist sites to different interval classes.

Step5: The intuitionistic fuzzy entropy values (Ey;) in E
are obtained us;ing A = (Amn)pxq and using Eq.(23). Each

value given in E is of the form 1.0e-16.

esHl

r0.2056
0.1662
0.1456
0.1258
0.0615
0.0901

0.0071 0.1403
0.0431 0.1303
0.0232 0.1011
0.0139 0.0911
0.0069 0.0830
0.0167 0.1059
0.0648 0.0016 0.0808
0.1568 0.0604 0.1491
0.1456 0.0393 0.1194
0.1680 0.0778 0.1613
0.0839 0.0140 0.0592
0.0745 0.0351 0.0358
0.1367 0.0465 0.1117
0.0992 0.0125 0.0659
0.0169 0.0828 0.0667
0.1240 0.0580 0.1277
0.1349 0.0477 0.1358
0.0219 0.0266 0.0098
0.1240 0.0756 0.1322
0.1041 0.0625 0.0951
0.6123 0.6123 0.6123
| 0.0071 0.0071 0.0071

~0.3357 0.0117 0.2291
0.2714 0.0703 0.2129
0.2378 0.0379 0.1651
0.2054 0.0227 0.1488

0.0951 0.1240
0.1000 0.0972
0.0756 0.0808
0.0691 0.0808
0.0431 0.0538
0.0547 0.0407
0.0393 0.0636
0.0892 0.1212
0.0756 0.0911
0.1175 0.1349
0.0337 0.0098
0.0266 0.0140
0.0547 0.0819
0.0493 0.0205
0.1085 0.1891
0.0535 0.1059
0.0849 0.0922
0.1506 0.1271
0.1011 0.0557
0.1155 0.0431
0.6123 0.6123
0.0071 0.0071

0.1553 0.2026
0.1634 0.1587
0.1234 0.1320
0.1128 0.1320

0.1005 0.0113
0.1471 0.0273
0.1058 0.0027
0.2561 0.0986
0.2378 0.0642

0.1356 0.0703 0.0878
0.1730 0.0894 0.0665
0.1320 0.0642 0.1039
0.2434 0.1457 0.1979
0.1950 0.1234 0.1488

eyt

0.2743 0.1270 0.2634
0.1370 0.0228 0.0967
0.1216 0.0574 0.0584
0.2233 0.0760 0.1825
0.1620 0.0204 0.1076
0.0276 0.1352 0.1089
0.2026 0.0948 0.2085
0.2202 0.0779 0.2218
0.0357 0.0434 0.0161
0.2026 0.1234 0.2159
0.1700 0.1020 0.1553
1.0000 1.0000 1.0000

1 0.0117 0.0117 0.0117
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0.1918 0.2202
0.0550 0.0161
0.0434 0.0228
0.0894 0.1388
0.0806 0.0335
0.1771 0.3088
0.0874 0.1730
0.1387 0.1505
0.2460 0.2076
0.1651 0.0909
0.1886 0.0703
1.0000 1.0000
0.0117 0.0117

0.09617
0.0812
0.0933
0.1175
0.2205
0.1557
0.1702
0.0396
0.0636
0.0054
0.2830
0.2600
0.1258
0.1810
0.6123
0.0523
0.0770
0.3608
0.1387
0.1288
0.6123
0.0071_

0.1569
0.1327
0.1523
0.1920
0.3601
0.2542
0.2779
0.0646
0.1039
0.0089
0.4622
0.4246
0.2054
0.2957
1.0000
0.0854
0.1257
0.5892
0.2265
0.2104
1.0000

0.0117

TABLE 6. Corresponding values of &, £, RCm.

Tourists sites & Em RCy,
di 0.3670 0.8902 0.7081
da 0.3665 0.8924 0.7089
ds 0.3647 0.9036 0.7125
dy 0.3638 0.9089 0.7141
ds 0.3599 0.9347 0.7220
de 0.3616 0.9230 0.7185
dr 0.3602 0.9328 0.7214
ds 0.3675 0.8866 0.7069
dy 0.3656 0.8979 0.7107
dio 0.3692 0.8768 0.7037
di1 0.3590 0.9408 0.7238
di2 0.3584 0.9447 0.7250
di3 0.3646 0.9040 0.7126
dia 0.3600 0.9338 0.7218
dis 0.3516 0.9962 0.7391
die 0.3657 0.8971 0.7104
dir 0.3659 0.8960 0.7100
dig 0.3543 0.9748 0.7334
dig 0.3655 0.8983 0.7108
d2o 0.3646 0.9043 0.7127
I 1.0000 0.3511 0.2599
l2 0.3604 0.9323 0.7212

Step6: The normalized intuitionistic fuzzy entropy values
(emn) in E are obtained using Eq.(33).

Step7: The objective weights of the criteria are calculated
using E and the entropy method (see: Eq.(34)) and we obtain
weight values as

{0.1967, 0.0661, 0.1751, 0.1346, 0.1425, 0.2850}.

Subjective weights provided by experts for each criteria is
given in Table- 3. The combined weight W is given as follows:

{0.1999, 0.1135, 0.1641, 0.1453, 0.1492, 0.2280}.

Step8: The weighted intuitionistic fuzzy decision matrix is
in Table-7.
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TABLE 7. The weighted aggregated IF decision matrix.

Tourists sites Criteria
el Ca Cs Cy Cs Cs
dy (0.1942,0.7718) (0.0693,0.9149) (0.1374,0.8360) (0.1092,0.8684) (0.1206,0.8554) (0.1025,0.8725)
da (0.1760,0.7917) (0.0757,0.9077) (0.1340,0.8399) (0.1106,0.8668) (0.1126,0.8644) (0.1071,0.8672)
ds (0.1670,0.8015) (0.0721,0.9118) (0.1243,0.8506) (0.1039,0.8743) (0.1080,0.8696) (0.1034,0.8715)
ds (0.1589,0.8105) (0.0705,0.9136) (0.1212,0.8541) (0.1022,0.8762) (0.1080,0.8696) (0.0959,0.8801)
ds (0.1353,0.8367) (0.0670,0.9175) (0.1187,0.8568) (0.0958,0.8835) (0.0773,0.9043) (0.0663,0.9145)
de (0.1452,0.8256) (0.0709,0.9131) (0.1258,0.8489) (0.0986,0.8803) (0.0801,0.9011) (0.0845,0.8933)
dr (0.1364,0.8355) (0.0684,0.9160) (0.1181,0.8576) (0.0949,0.8845) (0.0752,0.9067) (0.0802,0.8982)
ds (0.1718,0.7963) (0.0790,0.9039) (0.1406,0.8325) (0.1076,0.8702) (0.1197,0.8564) (0.1201,0.8526)
do (0.1670,0.8015) (0.0750,0.9085) (0.1302,0.8440) (0.1039,0.8743) (0.1108,0.8664) (0.1126,0.8610)
dio (0.1767,0.7909) (0.0826,0.8999) (0.1450,0.8276) (0.1157,0.8612) (0.1241,0.8516) (0.1305,0.8408)
dis (0.1430,0.8281) (0.0659,0.9188) (0.1118,0.8646) (0.0795,0.9019) (0.0866,0.8937) (0.0509,0.9329)
di2 (0.1397,0.8318) (0.0624,0.9228) (0.1056,0.8716) (0.0810,0.9003) (0.0857,0.8947) (0.0563,0.9264)
dis (0.1633,0.8056) (0.0763,0.9070) (0.1277,0.8468) (0.0986,0.8803) (0.1083,0.8692) (0.0934,0.8829)
dia (0.1486,0.8219) (0.0661,0.9186) (0.1137,0.8624) (0.0763,0.9056) (0.0930,0.8864) (0.0771,0.9018)
dis (0.1123,0.8625) (0.0546,0.9318) (0.0817,0.8987) (0.0641,0.9197) (0.0497,0.9364) (0.0000,1.0000)
dig (0.1582,0.8113) (0.0786,0.9044) (0.1330,0.8409) (0.0983 ,0.8806) (0.1151,0.8616) (0.1161,0.8570)
dir (0.1626,0.8064) (0.0766 ,0.9067) (0.1358,0.8378) (0.1064,0.8715) (0.1111,0.8660) (0.1084,0.8657)
dis (0.1229,0.8505) (0.0638,0.9212) (0.0947,0.8838) (0.0557,0.9294) (0.0619,0.9221) (0.0346,0.9527)
dio (0.1582,0.8113) (0.0822,0.9004) (0.1346,0.8391) (0.1109,0.8665) (0.1014,0.8770) (0.0895,0.8874)
dao (0.1504,0.8199) (0.0794,0.9034) (0.1224,0.8527) (0.1151,0.8618) (0.0982,0.8805) (0.0925,0.8840)
I (1.0000,0.0000) (1.0000,0.0000) (1.0000,0.0000) (1.0000,0.0000) (1.0000,0.0000) (1.0000,0.0000)
Iy (0.1188,0.8552) (0.0693,0.9149) (0.0986,0.8795) (0.0878,0.8925) (0.0901,0.8897) (0.1343,0.8365)
S U Ea -0 o 0 nd 07 e[S 0300 03 B0 s d
values are: 0.8959 0.9637 0.9164 0.9058 0.8881 0.8091
0.9099 0.9669 0.9220 0.9087 0.8881 0.8198
ot 0.9532 0.9738 0.9265 0.9202 0.9432 0.8655
0.9345 0.9660 0.9137 0.9152 0.9379 0.8368
= {(1.0000, 0.0000), (1.0000, 0.0000), (1.0000, 0.0000), 0.9511 0.9710 0.9277 0.9218 0.9461§§ 8%122
0.8878 0.9500 0.8883 0.8994 0.8 .
(1.0000, 0.0000). (1.0000, 0.0000)} 0.8959 0.9579 0.9059 0.9058 0.8833 0.7964
- 038 05001 0318 03 030t 01
= {(0.1123, 0.8625), (0.0546, 0.9318), (0.0817, 0.8987), mn = 10,9448 0.9833 0.9512 0.9480 0.9274 0.8823
0.9022 0.9553 0.9103 0.9152 0.8876 0.8235
(0.0557,0.9294), (0.0497, 0.9364), (0.0000, 1.0000)} 0.9283 0.9757 0.9357 0.9572 0.9141 0.8481
o 1.0000 1.0000 1.0000 0.9820 1.0000 1.0000
Step10: To evaluate the GRC of each criteria from QO and 0.9111 0.9509 0.9011 0.9157 0.8762 0.7916
07, Eq.(40)-(41) is used. 0.9035 0.9548 0.8963 0.9014 0.8828 0.8020
05T oskn b Lo B
8%%;3 8%%? 8%28? 8%23@ 8%232 8%2(2)3 0.9249 0.9492 0.9198 0.8866 0.9048 0.8248
0.3794 0.3521 0.3667 0.3609 0.3621 0.3612 0.3635 0.3475 0.3549 0.3480 0.3464 0.3333
0.3770 0.3517 0.3658 0.3604 0.3621 0.3591 1 0.9863 0.9692 0.9649 0.9349 0.9193 0.7680_
0.3701 0.3508 0.3651 0.3587 0.3537 0.3511
0.3730 0.3518 0.3672 0.3594 0.3544 0.3560 . .
0.3704 0.3512 0.3650 0.3584 0.3531 0.3548 Stepl1: The GRG (£ and £7) is calculated with the help of
8%?8‘91 8%2421(9) 8%2%21 8%2(1)8 8%232 8%2%3 Eq. (42)-(43). Refer Table 8 for GRG values.
. . . . . . . M _ —+
0.3824 0.3549 0.3727 0.3642 0.3666 0.3689 Stepl2: With the help of Eq. (42)-(43), the GRG (¢ and
n 03723 03505 03632 03543 03562 03470 é ) are CalCulated. These Values are glVen mn Table 8.
Epn = 0.3714 0.3496 0.3615 0.3547 0.3560 0.3484 Stepl3: Eq.(45) is used to assign alternatives to appropriate
8%;3(3) 8%;3)% 8%2;; 8%222 8%2% 822% classes. The final sorting of tourist sites as per their exposure
0.3635 0.3475 0.3549 0.3502 0.3464 0.3333 (o COVID-191is shown in Fig. 3.
0.3768 0.3538 0.3692 0.3594 0.3640 0.3648
0.3781 0.3533 0.3700 0.3616 0.3629 0.3626 B. RESULT DISCUSSION AND COMPARATIVE ANALYSIS
0.3665 0.3500 0.3585 0.3480 0.3496 0.3427 o In comparison to [73], the results given here are of
83322 8%22? 8%22; 8%233 8;28‘% 8%2@ gener‘alized nature, gnd the tourist sites a’re c%tegorized
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 as a ‘low exposure interval class (LEIC) , a moderate
L0.3654 0.3514 0.3595 0.3565 0.3571 0.3700_ exposure interval class (MEIC)’, and the ‘high exposure
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FIGURE 3. The assignment of tourist sites to different interval classes.

TABLE 8. Corresponding values of &}, &7, RCm. It is possible to obtain a uniquely valued LEIC,

Tourists sites E;’,’L Em RCy,
dy 0.3677 0.8715 0.7033
do 0.3666 0.8769 0.7052
ds 0.3648 0.8874 0.7087
da 0.3636 0.8944 0.7110
ds 0.3586 0.9249 0.7206
ds 0.3610 0.9101 0.7160
dr 0.3595 0.9201 0.7191
ds 0.3678 0.8707 0.7030
dy 0.3659 0.8814 0.7067
dio 0.3696 0.8610 0.6997
di1 0.3575 0.9322 0.7228
di2 0.3573 0.9338 0.7233
di3 0.3640 0.8913 0.7100
di4 0.3597 0.9187 0.7186
dis 0.3489 0.9974 0.7408
dig 0.3658 0.8822 0.7069
di7 0.3658 0.8816 0.7068
dig 0.3527 0.9671 0.7328
dig 0.3642 0.8898 0.7096
da2o 0.3633 0.8954 0.7114
I 1.0000 0.3486 0.2585
l2 0.3614 0.9136 0.7166

interval class (HEIC)’. The sorting techniques proposed
in the paper assign ranges to LEIC, MEIC, and HEIC
instead of a precise value. TOPSIS-GREY-sort assigns
ranges to LEIC = [0,0], MEIC = [13,18], HEIC = [2,7],
and ENTROPY-TOPSIS-GREY-sort assigns LEIC =
[0,0], MEIC = [12,18], HEIC = [2,8]. The variations
in TOPSIS-GREY-sort and ENTROPY-TOPSIS-GREY-
sort outcomes are because of the variation of the
parameters 8 and o are figuratively discussed (see
Fig. 4, 5). The paper [73] shows that twelve sites are in
the MEIC, eight sites are in the HEIC, and none belong
to the LEIC. Both the techniques proposed in the paper
overall ranges to LEIC = [0,0], MEIC = [12,18] and
HEIC = [2,8].
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MEIC, and HEIC. The TOPSIS-GREY-sort assigns,
LEIC = [0,0], MEIC = [13,13], and HEIC = [7,7] at
B = 0.9 and ¢ = 0.5. These specific valued results
are shown in Fig. 2), the figure can be analyzed as,
on average, COVID-19 highly impacts seven tourist
sites, and thirteen are moderately affected. ENTROPY-
TOPSIS-GREY-sort assigns, LEIC = [0,0], MEIC =
[13,13], and HEIC = [7,7]. These specific valued results
are depicted in Fig. 3), the figure can be analyzed as,
on average, COVID-19 highly impacts seven tourist
sites, and thirteen are moderately affected. So, to resume
the tourism industry for economic purposes, author-
ities have excellent insight into decision-making and
resource allocation for these tourist sites. In different
political boundaries, the standard COVID-19 guidelines
and public health measures are followed differently.
Hence, we suggest that authorities first consider reopen-
ing domestic tourism in place of international tourism.
The authorities find it easy to monitor, supervise, and
control domestic tourism, motivating the governments
to reopen international tourism.

It is not always the case that subjective weights (weights
allocated by DMs) are known. In such a case, objective
weights are calculated using a data-driven weight
determination scheme. Here, we have carried out the
individual study of objective and subjective weights, and
their cumulative effect is also analyzed. TOPSIS-GREY-
sort uses objective weights (calculated by entropy
method) which is (0.1543, 0.1995, 0.1614, 0.1763,
0.1740, 0.1345). Moreover, the convex combination of
subjective weight (see: Table-3) and objective weight
calculated by the proposed entropy method (see: 0.1967,
0.0661, 0.1751, 0.1346, 0.1425, 0.2850) is utilized in
ENTROPY-TOPSIS-GREY-sort with combined weigh-
tage equal to (0.1999, 0.1135, 0.1641, 0.1453, 0.1492,
0.2280). The obtained results here with subjective and
objective weights show the same results. Hence, we can
say that the decision-making techniques used here give
stable results.
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FIGURE 4. Study of allocation of tourist sites to different interval classes with TOPSIS-GREY tuning different values of g, «.
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FIGURE 5. Study of allocation of tourist sites to different interval classes with ENTROPY-TOPSIS-GREY tuning different values of g, o.
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TABLE 9. Weights provided by experts.

Criteria
C1 Cy Cs Cy Cs
Weight 0.2 0.2 0.2 0.2 0.2
I 25 80 40 80 150
lo 20 75 30 60 300
I3 10 70 20 30 400
l4 0 65 10 20 700

TABLE 10. The aggregated decision matrix with the limit profiles.

Districts Criteria

61 62 ég 64 OS
di 15.50 82.40 40.10 70.66 313.69
da 9.90 90.80 22.00 82.21 130.61
ds 15.20 82.30 25.20 65.57 269.37
dy 23.40 88.30 60.20 69.28 119.03
ds 16.60 76.80 22.70 69.28 116.82
dg 12.40 78.60 22.60 50.28 199.55
dr 4.00 85.00 27.80 51.40 188.94
dg 4.40 78.20 25.60 56.59 126.37
dg 5.20 80.20 27.60 86.29 108.82
dio 2.30 80.70 24.20 79.88 97.95
di1 4.90 77.70 26.30 61.28 122.58
di2 5.70 80.90 26.80 70.75 82.75
di3 33.40 85.30 28.10 67.68 126.14
dia 5.90 82.50 29.80 82.61 149.32
dis 14.00 88.50 24.60 90.71 335.24
dig 11.40 81.80 26.50 61.04 139.62
di7 3.50 78.90 22.40 60.82 99.42
dig 12.96 78.40 25.20 67.25 180.18
dio 28.00 82.40 25.30 56.89 102.78
dao 15.70 82.10 27.70 24.64 193.52
da1 25.00 91.30 67.10 79.81 916.67
da2 48.00 85.10 49.20 86.71 173.79
15 25 80 40 80 150
lo 20 75 30 60 300
l3 10 70 20 30 400
g 0 65 10 20 700

C. ENVIRONMENTAL QUALITY PROBLEM OF TEHRAN [54]
Tehran is the capital city of Iran, situated in the northern part
of Iran and on the southern slopes of the Alborz Mountains.
It is the biggest city in Iran and is divided into 22 districts.
It is the most important city in Iran. It hosts many national and
international events and is the land of ministries, government
institutions, and private organizations. The better air, rail,
and road connectivities make it a transport hub and an
economic driver across the country. Almost one-fourth of
the urban population of Iran lives in Tehran, which has
caused a significant expansion and escalation of pressures
on the environment (Research and Planning Center of
Tehran, 2012).

The high-altitude mountains surround the city in three
directions, blocking the air passage. As a result, Tehran faces
varying environmental problems and issues, such as air pollu-
tion mitigation and management, waste management, water
and wastewater management, urban safety, and greening.
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TABLE 11. The normalized decision matrix with the limit profiles.

Districts Criteria
1 Cs Cs o Cs
dy 0.9831 0.9101 0.9563 0.9229 0.6578
da 0.9892 0.9009 0.9760 0.9103 0.8575
ds 0.9834 0.9102 0.9725 0.9285 0.7061
da 0.9745 0.9037 0.9343 0.9244 0.8701
ds 0.9819 0.9162 0.9752 0.9244 0.8726
dg 0.9865 0.9143 0.9753 0.9451 0.7823
dr 0.9956 0.9073 0.9697 0.9439 0.7939
dg 0.9952 0.9147 0.9721 0.9383 0.8621
dg 0.9943 0.9125 0.9699 0.9059 0.8813
dio 0.9975 0.9120 0.9736 0.9129 0.8931
di1 0.9947 0.9152 0.9713 0.9331 0.8663
di2 0.9938 09117 0.9708 0.9228 0.9097
di3 0.9636 0.9069 0.9693 0.9262 0.8624
dig 0.9936 0.9100 0.9675 0.9099 0.8371
dis 0.9847 0.9035 0.9732 0.9010 0.6343
dig 0.9876 0.9108 0.9711 0.9334 0.8477
di7 0.9962 0.9139 0.9756 0.9337 0.8915
dig 0.9859 0.9145 0.9725 0.9266 0.8034
dio 0.9695 0.9101 0.9724 0.9379 0.8879
dao 0.9829 0.9104 0.9698 0.9731 0.7889
do1 0.9727 0.9004 0.9268 0.9129 0.0000
doa 0.9476 0.9072 0.9463 0.9054 0.8104
I 0.9727 0.9127 0.9564 0.9127 0.8364
lo 0.9782 0.9182 0.9673 0.9345 0.6727
l3 0.9891 0.9236 0.9782 0.9673 0.5636
ly 1.0000 0.9291 0.9891 0.9782 0.2364

In other words, the geographical conditions of Tehran have
a cascading effect on its environment.

The environmental quality problem of Tehran studied
in [54] is dealt with in this paper also. Districts of Tehran are
classified into five classes according to their environmental
conditions: high suitable interval class (HSIC), suitable inter-
val class (SIC), moderately suitable interval class (MSIC),
low suitable interval class (LSIC), and very low suitable
interval class (VLSIC). The study involves 22 identified
districts of Tehran for environmental quality under five
criteria, ‘urban green space per capita (C;)’, ‘waste and
soil pollution management (C’z)’, ¢ quality of environmental
management of water and waste water projects (C3), “air pol-
lution management (C4)” and ‘ratio of incidents to the station
(Cs)’ (see: Table 9). The limit profiles of criteria are initially
known. The basis of this criteria was the annual report of the
Tehran municipality so that the quality of the environment
could be assessed accordingly. For the threshold values of
each class, data from the environmental plan, detailed plan,
the comprehensive goal of greenery, plan of environment,
plan of water and wastewater, and the experts opinion were
used. So, a proper study and analysis help us to recognize the
districts having poor environmental quality. These districts
must be prioritized to establish a better environment and, thus,
better living conditions. The proposed sorting techniques are
implemented in the upcoming subsections. Moreover, the
geographic location of the city makes the air pollution in
Tehran even worse. The sorting techniques TOPSIS-GRA-
sort and ENTROPY-TOPSIS-GREY-sort are implemented
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TABLE 12. The aggregated IF decision matrix.

Districts Criteria
él éz ég é4 é{,
dy (0.9747,0.0051) (0.8682,0.0468) (0.9351,0.0180) (0.8866,0.0381) (0.5335,0.2712)
da (0.9838,0.0028) (0.8552,0.0532) (0.9642,0.0081) (0.8685,0.0466) (0.7941,0.0860)
ds (0.9752,0.0049) (0.8684,0.0467) (0.9590,0.0097) (0.8946,0.0345) (0.5934,0.2225)
dy (0.9620,0.0088) (0.8590,0.0512) (0.9031,0.0308) (0.8888,0.0371) (0.8117,0.0761)
ds (0.9730,0.0056) (0.8770,0.0426) (0.9631,0.0084) (0.8888,0.0371) (0.8151,0.0742)
dg (0.9798,0.0038) (0.8742,0.0439) (0.9632,0.0084) (0.9189,0.0243) (0.6919,0.1503)
dr (0.9935,0.0008) (0.8642,0.0487) (0.9549,0.0110) (0.9171,0.0250) (0.7074,0.1399)
ds (0.9928,0.0009) (0.8748,0.0436) (0.9584,0.0099) (0.9088,0.0284) (0.8005,0.0823)
do (0.9915,0.0012) (0.8717,0.0451) (0.9552,0.0109) (0.8622,0.0497) (0.8273,0.0676)
dio (0.9962,0.0004) (0.8709,0.0455) (0.9607,0.0092) (0.8722,0.0449) (0.8441,0.0588)
di1 (0.9920,0.0011) (0.8756,0.0433) (0.9573,0.0103) (0.9014,0.0316) (0.8063,0.0791)
di2 (0.9907,0.0013) (0.8706,0.0456) (0.9565,0.0105) (0.8865,0.0382) (0.8677,0.0470)
dis (0.9458,0.0141) (0.8637,0.0489) (0.9544,0.0112) (0.8913,0.0360) (0.8009,0.0821)
dia (0.9904,0.0014) (0.8681,0.0468) (0.9516,0.0121) (0.8679,0.0469) (0.7659,0.1026)
dis (0.9772,0.0044) (0.8587,0.0514) (0.9600,0.0094) (0.8553,0.0531) (0.5052,0.2955)
die (0.9814,0.0034) (0.8692,0.0463) (0.9570,0.0104) (0.9018,0.0314) (0.7805,0.0939)
di7 (0.9943,0.0007) (0.8737,0.0441) (0.9636,0.0083) (0.9021,0.0313) (0.8418,0.0600)
dis (0.9789,0.0040) (0.8745,0.0438) (0.9590,0.0097) (0.8920,0.0357) (0.7202,0.1314)
dig (0.9545,0.0111) (0.8682,00468.) (0.9589,0.0097) (0.9084,0.0286) (0.8366,0.0626)
dao (0.9744,0.0052) (0.8687,0.0465) (0.9550,0.0110) (0.9600,0.0094) (0.7007,0.1443)
da1 (0.9594,0.0096) (0.8544,0.0536) (0.8922,0.0356) (0.8723,0.0448) (0.0000,1.0000)
das (0.9225,0.0228) (0.8640,0.0488) (0.9206,0.0236) (0.8615,0.0500) (0.7296,0.1253)
Iy (0.9594,0.0096) (0.8720,0.0450) (0.9353,0.0179) (0.8720,0.0450) (0.7649,0.1032)
lo (0.9675,0.0071) (0.8798,0.0413) (0.9513,0.0122) (0.9034,0.0307) (0.5518,0.2559)
I3 (0.9837,0.0028) (0.8877,0.0377) (0.9675,0.0071) (0.9513,0.0122) (0.4232,0.3710)
la (1.0000,0.0000) (0.8955,0.0341) (0.9837,0.0028) (0.9675,0.0071) (0.1149,0.7459)

here, categorizing the districts as per their environmental
quality. The aggregated decision matrix, along with the limit
profile is calculated (see: Table 10).

1) TOPSIS-GREY-SORT

In this technique, the subjective weights of the experts are not
used, rather entropy weight determination technique assigns
the objective weights.

Stepl: Construct the decision matrix H* = (h%,)y x4
using the data provided by Tehran environmental manage-
ment. Here 1%, is the assessment of k" decision-maker
k=1,2,...,Gregarding n™ criterion n=1,2,...,q) of
the m™ district ;m = 1,2, ..., p’). The expert group provides
limit profiles of 5 classes (g = 5), namely; HSIC, SIC,
MSIC, LSIC, and VLSIC. The limit profiles of each class
are shown in Table 9. The well-known aggregation function
called weighted mean aggregates H*,1 < k < G and it
results an aggregated decision matrix H = (fy)p xq, Where

B = é Zl?:l hfrm'

Step2: The aggregated decision matrix I' = (H,X) =
(Xmn)pxq takes into account the role of both limit profile and
H = (hyn)p xq during decision making (see: Table 10).

Step3: Normalize matrix I' and use Eq. (31) for the
normalization process (use the minimized criterion value,
as small-scale values are preferable). In Table 11, the
normalized matrix A = (Apy)pxq is given.

VOLUME 11, 2023

Step4: The aggregated decision matrix is transformed to
intuitionistic fuzzy decision matrix considering 8 = 0.75 and
o = 1.5 (see: Table 12).

Step5: The matrix E containing intuitionistic fuzzy entropy
values (E;;) is calculated using A = (an)pxq and Eq.(32)
as follows:

70.0154 0.0980 0.0432 0.0820 0.58447
0.0096 0.1099 0.0224 0.0977 0.1709
0.0151 0.0979 0.0260 0.0752 0.4589
0.0240 0.1063 0.0682 0.0801 0.1523
0.0166 0.0903 0.0232 0.0801 0.1489
0.0121 0.0927 0.0231 0.0556 0.2973
0.0037 0.1016 0.0289 0.0570 0.2759
0.0041 0.0922 0.0264 0.0636 0.1640
0.0049 0.0949 0.0287 0.1035 0.1365
0.0021 0.0956 0.0249 0.0945 0.1203
0.0046 0.0915 0.0272 0.0696 0.1579
0.0054 0.0959 0.0278 0.0821 0.0985
0.0353 0.1021 0.0292 0.0780 0.1636
0.0056 0.0981 0.0312 0.0983 0.2024
0.0138 0.1066 0.0253 0.1098 0.6534
0.0111 0.0972 0.0274 0.0693 0.1858
0.0032 0.0932 0.0229 0.0690 0.1224
0.0127 0.0925 0.0260 0.0774 0.2588
0.0291 0.0980 0.0261 0.0640 0.1274
0.0156 0.0976 0.0288 0.0254 0.2850
0.0258 0.1106 0.0772 0.0944 0.0000
0.0528 0.1018 0.0543 0.1041 0.2467
0.0258 0.0947 0.0431 0.0947 0.2036
0.0202 0.0878 0.0314 0.0679 0.5434
0.0097 0.0811 0.0202 0.0314 0.9008
| 0.0000 0.0745 0.0097 0.0202 0.2262 |

[eSh
I
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TABLE 13. The weighted aggregated IF decision matrix.

Districts Criteria
cy Cy Cs Cy Cs
d; (0.3111,0.5855) (0.5137,0.3364) (0.3523,0.5282) (0.4505,0.4073) (0.0799,0.8671)
do (0.3415,0.5512) (0.4970,0.3522) (0.4107,0.4653) (0.4276,0.4304) (0.1586,0.7648)
ds (0.3124,0.5840) (0.5139,0.3362) (0.3979,0.4789) (0.4614,0.3963) (0.0936,0.8485)
dy (0.2819,0.6190) (0.5019,0.3476) (0.3097,0.5755) (0.4534,0.4043) (0.1668,0.7547)
ds (0.3063,0.5910) (0.5254,0.3254) (0.4078,0.4684) (0.4534,0.4043) (0.1684,0.7526)
dg (0.3264,0.5682) (0.5216,0.3290) (0.4082,0.4680) (0.4987,0.3597) (0.1207,0.8129)
dr (0.3992,0.4877) (0.5084,0.3414) (0.3885,0.4889) (0.4957,0.3626) (0.1256,0.8066)
ds (0.3934,0.4940) (0.5224,0.3282) (0.3964,0.4805) (0.4824,0.3756) (0.1615,0.7612)
dg (0.3830,0.5053) (0.5182,0.3322) (0.3892,0.4882) (0.4201,0.4380) (0.1746,0.7450)
dio (0.4319,0.4526) (0.5172,0.3331) (0.4018,0.4748) (0.4320,0.4259) (0.1838,0.7337)
di1 (0.3867,0.5012) (0.5235,0.3272) (0.3939,0.4832) (0.4712,0.3866) (0.1642,0.7579)
dia (0.3773,0.5116) (0.5168,0.3335) (0.3921,0.4851) (0.4503,0.4075) (0.1983,0.7160)
dis (0.2557,0.6494) (0.5078,0.3419) (0.3875,0.4900) (0.4568,0.4009) (0.1617,0.7610)
dia (0.3751,0.5140) (0.5135,0.3366) (0.3818,0.4961) (0.4269,0.4311) (0.1467,0.7798)
dis (0.3181,0.5775) (0.5015,0.3479) (0.4002,0.4764) (0.4123,0.4461) (0.0740,0.8753)
dig (0.3321,0.5618) (0.5149,0.3353) (0.3931,0.4840) (0.4717,0.3861) (0.1527,0.7722)
di7 (0.4073,0.4790) (0.5210,0.3296) (0.4090,0.4671) (0.4723,0.3856) (0.1825,0.7353)
dig (0.3234,0.5716) (0.5220,0.3286) (0.3979,0.4789) (0.4577,0.4000) (0.1299,0.8011)
dig (0.2688,0.6341) (0.5137,0.3364) (0.3976,0.4793) (0.4817,0.3763) (0.1796,0.7388)
da2o (0.3102,0.5865) (0.5143,0.3358) (0.3889,0.4885) (0.5872,0.2771) (0.1235,0.8094)
da1 (0.2771,0.6245) (0.4961,0.3531) (0.2979,0.5888) (0.4322,0.4258) (0.0000,1.0000)
daa (0.2282,0.6819) (0.5082,0.3416) (0.3312,0.5515) (0.4194,0.4388) (0.1331,0.7970)
5 (0.2771,0.6245) (0.5186,0.3318) (0.3525,0.5280) (0.4318,0.4261) (0.1463,0.7803)
la (0.2931,0.6060) (0.5293,0.3218) (0.3812,0.4968) (0.4742,0.3837) (0.0839,0.8616)
I3 (0.3409,0.5519) (0.5405,0.3115) (0.4195,0.4560) (0.5644,0.2978) (0.0583,0.8973)
Iy (1.0000,0.0000) (0.5522,0.3008) (0.4798,0.3939) (0.6101,0.2567) (0.0132,0.9685)
r0.2915 0.8861 0.5597 0.7467 0.64877 . + — . .
0.1811 0.9935 0.2904 0.8905 0.1897 . 5(,?79)9 '(3T91)le Val“ets. Of Q" and bQ o determined using
0.2855 0.8848 0.3364 0.6852 0.5094 Q-(27)-(57), Tespectively 1s given below,
0.4539 0.9612 0.8833 0.7299 0.1691 ot
0.3137 0.8162 0.3004 0.7299 0.1653
0.2299 0.8385 0.2990 0.5069 0.3300 = {(1.0000, 0.0000), (0.5522, 0.3008), (0.4798, 0.3939),
0.0701 0.9190 0.3743 0.5196 0.3063 (0.6101, 0.2567), (0.1983, 0.7160)}
0.0774 0.8335 0.3422 0.5793 0.1821 0
0.0921 0.8585 0.3714 0.9427 0.1516
0.0395 0.8647 0.3219 0.8611 0.1335 = {(0.2282, 0.6819), (0.4961, 0.3531), (0.2979, 0.5883),
0.0866 0.8273 0.3524 0.6342 0.1753 (0.4123, 0.4461), (0.0000, 1.0000)}
0.1014 0.8672 0.3597 0.7478 0.1093 Step10: To evaluate the GRC of each criteria from QT and
E = | 01051 0.8874 04035 0.8956 0.22¢7 07 Fa0-(1) is s
0.2615 09638 0.3277 1.0000 0.7253 03940 08726 0:4387 0672 04504
0.2103 0.8785 0.3553 0.6313 0.2063 0.3628 0.9081 0.8141 0.7169 0.7513
0.0610 0.8422 0.2961 0.6287 0.1359 0.3516 0.8825 0.6748 0.7058 0.9112
0.2409 0.8360 0.3364 0.7054 0.2873 0.3605 0.9341 0.8329 0.7058 0.9155
0.5516 0.8861 0.3378 0.5828 0.1414 0.3681 0.9253 0.8337 0.7729 0.8045
0.2956 0.8823 0.3728 0.2310 0.3164 0.3979 0.8963 0.7968 0.7681 0.8148
4 0.3954 0.9272 0.8113 0.7475 0.8977
0.4876 1.0000 1.0000 0.8602 0.0000 03910 0.9177 0.7981 06630 0.9319
1.0000 0.9203 0.7031 0.9481 0.2738 0.4127 0.9154 08213 0.6777 0.9572
0.4876 0.8560 0.5582 0.8626 0.2260 0.3925 0.9297 0.8065 0.7308 0.9045
0.3832 0.7940 0.4067 0.6191 0.6032 0.3885 0.9145 0.8032 0.7016 1.0000
0.1830 0.7330 0.2620 0.2862 1.0000 + _ 10.3425 0.8950 0.7950 0.7105 0.8981
 0.0000 0.6732 0.1252 0.1844 0.2512] Emn = 0.3876 0.9072 0.7849 0.6713 0.8618
0.3649 0.8817 0.8184 0.6536 0.7160
. R . 0.3703 0.9104 0.8052 0.7316 0.8760
B Sl€p6.' The normalized intuitionistic fuzzy entropy matrix 0.4015 0.9239 0.8354 0.7324 0.9536
E is calculated using Eq.(33). 0.3669 0.9263 0.8141 0.7118 0.8240
. . .= 0.3470 0.9077 0.8134 0.7464 0.9455
Step7: The criteria weights are calculated using E and 0.3619 0.9090 0.7974 0.9439 0.8102
Eq.(34). The resultant is 0.3499 0.8706 0.6595 0.6779 0.5916
0.3333 0.8959 0.7044 0.6621 0.8310
{0.1013, 0.3557, 0.1588, 0.2750, 0.1093}. 0.3499 0.9187 0.7364 0.6775 0.8609
Step8: In Table-13, the weighted intuitionistic fuzzy 8%%3 8847%% 8%2%2 8;3%% ggggg
decision matrix is provided. | 1.0000 1.0000 1.0000 1.0000 0.6175 |
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TABLE 14. Corresponding values of £, &7, RCm.

Districts &t 3. RC,,
dy 0.7488 0.8898 0.5430
da 0.7635 0.8839 0.5365
ds 0.7682 0.8662 0.5300
da 0.7503 0.9065 0.5472
ds 0.7951 0.8481 0.5161
dg 0.7992 0.8298 0.5094
dr 0.7859 0.8361 0.5155
dg 0.8023 0.8241 0.5067
do 0.7769 0.8678 0.5276
dio 0.7888 0.8496 0.5186
di1 0.7983 0.8305 0.5099
di2 0.7943 0.8459 0.5157
dis 0.7728 0.8788 0.5321
dig 0.7653 0.8740 0.5332
dis 0.7385 0.9124 0.5527
dis 0.7861 0.8475 0.5188
di7 0.8075 0.8229 0.5047
dig 0.7816 0.8532 0.5219
dio 0.7957 0.8513 0.5169
dao 0.8347 0.8083 0.4920
day 0.7009 0.9727 0.5812
dao 0.7371 0.9337 0.5588
U 0.7595 0.8932 0.5405
Ia 0.7782 0.8567 0.5240
I3 0.8400 0.7945 0.4861
Iy 0.9582 0.7295 0.4322

[0.8018 0.9552 0.8636 0.9047 0.75937
0.7483 0.9974 0.7552 0.9593 0.6376
0.7992 0.9547 0.7763 0.8808 0.7341
0.8613 0.9847 0.9666 0.8982 0.6275
0.8109 0.9276 0.7599 0.8982 0.6255
0.7739 0.9364 0.7592 0.8088 0.6899
0.6655 0.9681 0.7927 0.8141 0.6826
0.6730 0.9344 0.7788 0.8386 0.6340
0.6867 0.9443 0.7914 0.9788 0.6181
0.6268 0.9467 0.7698 0.9482 0.6075
0.6817 0.9320 0.7833 0.8607 0.6306
0.6945 0.9477 0.7864 0.9052 0.5916
_ 0.9234 0.9696 0.7945 0.8907 0.6338
mn.— 1 0.6976 0.9557 0.8049 0.9612 0.6530
0.7887 0.9858 0.7724 1.0000 0.7709
0.7640 0.9522 0.7846 0.8596 0.6452
0.6555 0.9379 0.7579 0.8585 0.6090
0.7792 0.9354 0.7763 0.8887 0.6763
0.8912 0.9552 0.7769 0.8401 0.6123
0.8035 0.9537 0.7920 0.6800 0.6858
0.8720 1.0000 1.0000 0.9479 1.0000
1.0000 0.9686 0.9116 0.9808 0.6717
0.8720 0.9433 0.8631 0.9488 0.6535
0.8873 0.9188 0.8061 0.8547 0.7517
0.7494 0.8946 0.7413 0.7087 0.8038
1 0.3333 0.8706 0.6595 0.6536 0.9302 |

Stepll: With the help of Eq. (42)-(43), the GRG (§7
and £7) is calculated. Refer Table 14 for GRG values.

Step12: RC,, values are calculated using Eq.(44) for each
alternative and limit profile, and these values are in Table 14.

Stepl3: Eq.(45) is used to assign alternatives to appropriate
classes. The final sorting of tourist sites as per their exposure
to COVID-19 is shown in Fig. 6.
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2) ENTROPY-TOPSIS-GREY-SORT

In this technique, the subjective weights provided by the
experts and the objective weights calculated using the
entropy weight determination technique are merged, and
their cumulative effects on decision-making are studied. Here
Step 1-4 are same, so same dataset, normalized matrix, same
value of B = 0.75 and @ = 1.5 and IF aggregated matrix are

obtained.

Step5: The intuitionistic fuzzy entropy values (Ep;) in E
are obtained using A = (Aun)pxq and using Eq.(23). Each
value given in E is of the form 1.0e-16.

eSh}
I

e
Il

| 1.0000 1.0000 1.0000

[0.5850 0.4658 0.5402 0.4860
0.5951 0.4517 0.5732 0.4662
0.5856 0.4660 0.5673 0.4948
0.5706 0.4559 0.5043 0.4884
0.5830 0.4754 0.5719 0.4884
0.5906 0.4723 0.5721 0.5219
0.6056 0.4614 0.5626 0.5199
0.6049 0.4730 0.5666 0.5106
0.6035 0.4696 0.5630 0.4593
0.6085 0.4687 0.5692 0.4701
0.6040 0.4738 0.5653 0.5024
0.6026 0.4684 0.5644 0.4858
0.5524 0.4609 0.5620 0.4911
0.6023 0.4657 0.5589 0.4655
0.5877 0.4555 0.5684 0.4518
0.5924 0.4668 0.5650 0.5028
0.6065 0.4718 0.5724 0.5032
0.5896 0.4726 0.5673 0.4919
0.5622 0.4658 0.5672 0.5101
0.5847 0.4663 0.5628 0.5684
0.5677 0.4509 0.4922 0.4702
0.5260 0.4613 0.5238 0.4585
0.5677 0.4699 0.5404 0.4699
0.5768 0.4785 0.5586 0.5046
0.5950 0.4871 0.5768 0.5586
| 0.6123 0.4958 0.5950 0.5768

[70.9554 0.9395 0.9080 0.8425
0.9719 0.9110 0.9634 0.8084
0.9563 0.9399 0.9536 0.8578
0.9319 0.9194 0.8475 0.8466
0.9521 0.9588 0.9612 0.8466
0.9646 0.9526 0.9616 0.9047
0.9890 0.9306 0.9456 0.9013
0.9879 0.9539 0.9523 0.8853
0.9856 0.9471 0.9462 0.7962
0.9938 0.9453 0.9566 0.8150
0.9864 0.9557 0.9502 0.8709
0.9841 0.9446 0.9487 0.8422
0.9021 0.9296 0.9447 0.8515
0.9836 0.9392 0.9395 0.8070
0.9599 0.9188 0.9554 0.7833
0.9675 0.9416 0.9496 0.8716
0.9904 0.9515 0.9622 0.8723
0.9629 0.9532 0.9536 0.8528
0.9182 0.9395 0.9533 0.8843
0.9548 0.9405 0.9459 0.9853
0.9271 0.9093 0.8272 0.8152
0.8590 0.9303 0.8804 0.7949
0.9271 0.9477 0.9083 0.8146
0.9420 0.9650 0.9388 0.8748
0.9716 0.9824 0.9695 0.9684

1.0000

0.14247
0.3877
0.1974
0.4058
0.4093
0.2881
0.3026
0.3943
0.4221
0.4398
0.4002
0.4652
0.3947
0.3594
0.1155
0.3740
0.4374
0.3148
0.4319
0.2963
0.6123
0.3238
0.3584
0.1593
0.0309
0.3397 |

0.23257]
0.6332
0.3225
0.6628
0.6685
0.4705
0.4942
0.6440
0.6894
0.7183
0.6536
0.7598
0.6446
0.5869
0.1887
0.6107
0.7143
0.5141
0.7054
0.4839
1.0000
0.5289
0.5853
0.2602
0.0505

0.5548 |

Step6: The normalized intuitionistic fuzzy entropy values

(empn) in E are obtained using Eq.(33).
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dy,dy,dys |
dyy,dy

SIC
|'. da, ds, dg |
\ dyz,dyig /

FIGURE 6. The assignment of districts to different interval classes as per their environmental quality.

TABLE 15. The weighted aggregated IF decision matrix.

Step7: The objective weights of the criteria are calculated

A
/

.-f

\
Y

MSIC

ds, dg, d7, dg

dio,d11,d12,d1e

N

di7,dig,d1g,dzo  /

Districts Criteria
¢y G, Cs Ca Cs
dq (0.5436,0.3241) (0.3485,0.5233) (0.4382,0.4285) (0.3547,0.5182) (0.1171,0.8081)
da (0.5850,0.2854) (0.3354,0.5377) (0.5045,0.3621) (0.3352,0.5396) (0.2274,0.6699)
ds (0.5455,0.3223) (0.3487,0.5231) (0.4902,0.3762) (0.3642,0.5080) (0.1367,0.7824)
dy (0.5019,0.3643) (0.3392,0.5336) (0.3887,0.4802) (0.3572,0.5155) (0.2386,0.6566)
ds (0.5369,0.3305) (0.3579,0.5131) (0.5012,0.3653) (0.3572,0.5155) (0.2409,0.6540)
dg (0.5647,0.3042) (0.3548,0.5164) (0.5017,0.3649) (0.3967,0.4732) (0.1749,0.7338)
dr (0.6578,0.2206) (0.3443,0.5279) (0.4796,0.3867) (0.3941,0.4760) (0.1818,0.7252)
dg (0.6508,0.2266) (0.3555,0.5157) (0.4885,0.3779) (0.3824,0.4884) (0.2314,0.6651)
do (0.6382,0.2377) (0.3521,0.5194) (0.4804,0.3859) (0.3289,0.5466) (0.2493,0.6440)
dio (0.6959,0.1885) (0.3513,0.5203) (0.4945,0.3719) (0.3390,0.5355) (0.2618,0.6295)
d11 (0.6427,0.2337) (0.3564,0.5148) (0.4856,0.3807) (0.3726,0.4989) (0.2351,0.6608)
di2 (0.6310,0.2439) (0.3510,0.5206) (0.4836,0.3827) (0.3546,0.5184) (0.2813,0.6070)
dis (0.4630,0.4030) (0.3439,0.5284) (0.4784,0.3879) (0.3602,0.5123) (0.2317,0.6649)
dia (0.6283,0.2463) (0.3484,0.5235) (0.4720,0.3943) (0.3346,0.5403) (0.2111,0.6895)
dis (0.5533,0.3149) (0.3389,0.5339) (0.4927,0.3736) (0.3223,0.5539) (0.1085,0.8195)
die (0.5724,0.2970) (0.3495,0.5222) (0.4848,0.3815) (0.3731,0.4984) (0.2193,0.6796)
di7 (0.6674,0.2124) (0.3543,0.5170) (0.5026,0.3640) (0.3736,0.4979) (0.2600,0.6316)
dis (0.5606,0.3081) (0.3552,0.5161) (0.4902,0.3762) (0.3610,0.5114) (0.1878,0.7179)
dig (0.4826,0.3834) (0.3485,0.5233) (0.4898,0.3766) (0.3818,0.4891) (0.2561,0.6361)
dao (0.5423,0.3253) (0.3490,0.5228) (0.4800,0.3863) (0.4766,0.3910) (0.1788,0.7290)
da1 (0.4949,0.3712) (0.3346,0.5386) (0.3748,0.4950) (0.3391,0.5353) (0.0000,1.0000)
doao (0.4203,0.4467) (0.3442,0.5281) (0.4138,0.4538) (0.3282,0.5473) (0.1923,0.7124)
I (0.4949,0.3712) (0.3525,0.5190) (0.4385,0.4282) (0.3388,0.5357) (0.2105,0.6902)
la (0.5182,0.3484) (0.3611,0.5097) (0.4712,0.3950) (0.3752,0.4961) (0.1228,0.8005)
l3 (0.5842,0.2862) (0.3701,0.4999) (0.5143,0.3526) (0.4557,0.4121) (0.0859,0.8505)
ly (1.0000,0.0000) (0.3797,0.4896) (0.5801,0.2902) (0.4980,0.3697) (0.0197,0.9533)

using E and the entropy method (see: Eq.(34)) and we obtain in Table-15.
weight values as

{0.2264, 0.2228, 0.2217, 0.2025, 0.1266}.

Step8: The weighted intuitionistic fuzzy decision matrix is

Step9: Use Eq.(37)-(39) to calculate O and Q~. The

values are:

Subjective weights provided by experts for each criterion are ot

given in Table 9. The combined weight W is given as follows:

7650

{0.2132, 0.2114, 0.2108, 0.2012, 0.1633}.

(0.4980, 0.3697), (0.2813, 0.6070) }

= {(1.0000, 0.0000), (0.3797, 0.4896), (0.5801, 0.2902),

VOLUME 11, 2023
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FIGURE 7. The assignment of districts to different interval classes as per their environmental quality.

[[0.6815 0.9473 0.8018 0.8849 0.61087]

Q 0.6173 0.9970 0.6670 0.9505 0.4733
= {(0.4203, 0.4467), (0.3346, 0.5386), (0.3748, 0.4950), g%gi 88%1% 8849‘515 ggg% 8222?
(0.3223, 0.5539), (0.0000, 1.0000)} 0.6932 0.9149 0.6725 0.8772 0.4612
0.6471 0.9252 0.6717 0.7717 0.5288

Step10: To evaluate the GRC of each criteria from O and 0.5313 0.9625 0.7116 0.7779 0.5207
0™, Eq.(40)-(41) is used. 0.5384 0.9229 0.6949 0.8067 0.4696
’ 0.5518 0.9345 0.7101 0.9741 0.4539

0.4959 0.9374 0.6842 0.9371 0.4436
0.5469 0.9200 0.7002 0.8326 0.4663

70.3927 0.8900 0.6524 0.6431 0.58657] 0.5597 0.9386 0.7040 0.8854 0.4285
0.4170 0.8501 0.7808 0.6124 0.8170 — _ 10.8590 0.9643 0.7138 0.8682 0.4694
mn = 0.5628 0.9479 0.7265 0.9528 0.4891

0.3937 0.8905 0.7493 0.6589 0.6185 06651 0.9832 06872 1.0000 0.6256
0.3707 0.8613 0.5797 0.6472 0.8497 0.6354 0.9438 0.7018 0.8313 0.4810
0.3890 0.9206 0.7734 0.6472 0.8565 0.5218 0.9270 0.6701 0.8301 0.4450
0.4047 0.9104 0.7744 0.7197 0.6904 0.6535 0.9241 0.6918 0.8658 0.5139
0.8072 0.9473 0.6926 0.8083 0.4482

0.4668 0.8769 0.7274 0.7144 0.7049 06836 0.9455 07108 0.6234 05242
0.4615 0.9126 0.7457 0.6918 0.8284 0.7781 1.0000 1.0000 0.9367 1.0000
0.4523 0.9016 0.7290 0.6030 0.8832 1.0000 0.9631 0.8676 0.9765 0.5089
0.4973 0.8989 0.7585 0.6181 0.9254 0.7781 0.9333 0.8011 0.9378 0.4897
0.7284 0.9046 0.7280 0.8255 0.6013

0.4556 0.9154 0.7396 0.6738 0.8391 06185 0.8761 0.6510 0.6562 0.6693
0.4472 0.8978 0.7355 0.6428 1.0000 | 0.3333 0.8480 0.5619 0.5935 0.8661 |

£ 0.3520 0.8755 0.7251 0.6521 0.8290
mi 7 10.4453 0.8895 0.7124 0.6114 0.7733

0.3982 0.8604 0.7547 0.5935 0.5734 Step11: With the help of Eq. (42)-(43), the GRG (¢ and
0.4093 0.8931 0.7380 0.6746 0.7948 &7) is calculated. Refer Table 16 for GRG values.

0.4741 0.9087 0.7765 0.6754 0.9192 Step12: Using Eq.(44), the RC,, values of each alternative
0.4023 0.9115 0.7493 0.6535 0.7179 based on their limit profile are calculated. These values are
0.3612 0.8900 0.7484 0.6906 0.9057 given in Table 16.

0.3920 0.8915 0.7282 0.9250 0.6985 Stepl3: Eq.(45) is used to assign alternatives to appropriate
0.3672 0.8480 0.5619 0.6182 0.4285 classes. The final sorting of tourist sites as per their exposure
0.3333 0.8764 0.6145 0.6020 0.7281 to COVID-19 is shown in Fig. 7.

0.3672 0.9026 0.6528 0.6178 0.7719

0.3790 0.9313 0.7110 0.6785 0.5956 D. RESULT DISCUSSION AND COMPARATIVE ANALYSIS
0.4164 0.9635 0.8039 0.8612 0.5407 o In comparison to [54], the results given here are of
| 1.0000 1.0000 1.0000 1.0000 0.4569 | generalized nature, and twenty-two districts of Tehran
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FIGURE 8. Study of allocation of districts to different interval classes with TOPSIS-GREY tuning different values of g and «.

are categorized as "high suitable as HSIC’, ’suitable as
SIC’, moderately suitable as MSIC’, ’low suitable as

7652

LSIC’ and ’very low suitable as VLSIC’. The sorting
techniques proposed in the paper assign ranges to HSIC,
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FIGURE 9. Study of allocation of districts to different interval classes with ENTROPY-TOPSIS-GREY tuning different values of g and «.

VOLUME 11, 2023

7653



IEEE Access

A. Tiwari, Q. M. D. Lohani: Proposed Intuitionistic Fuzzy Entropy Measure Along With Novel MCS Techniques

TABLE 16. Corresponding values of &, 7, RCm.

Districts &t 3. RC,,
dy 0.6346 0.7925 0.5553
da 0.6899 0.7516 0.5214
ds 0.6638 0.7577 0.5330
dy 0.6523 0.8222 0.5576
ds 0.7107 0.7348 0.5083
dg 0.6996 0.7168 0.5061
dr 0.6972 0.7084 0.5040
dg 0.7230 0.6954 0.4903
dg 0.7063 0.7351 0.5100
dio 0.7315 0.7092 0.4923
di1 0.7192 0.7025 0.4941
di2 0.7329 0.7144 0.4936
di3 0.6796 0.7889 0.5372
dig 0.6825 0.7452 0.5219
dis 0.6390 0.7980 0.5553
dis 0.6972 0.7288 0.5111
di7 0.7430 0.6882 0.4809
dig 0.6852 0.7387 0.5188
dio 0.7098 0.7543 0.5152
dao 0.7258 0.7066 0.4933
day 0.5704 0.9399 0.6223
das 0.6260 0.8794 0.5842
U 0.6571 0.8008 0.5493
la 0.6614 0.7644 0.5361
I3 0.7236 0.6957 0.4902
Iy 0.9113 0.6297 0.4086
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SIC, MSIC, LSIC, and VLSIC instead of a precise value.
TOPSIS-GREY-sort assigns ranges to HSIC = [4,6],
SIC = [0,10], MSIC = [7,14], LSIC = [0,2],
and VLSIC = [0,0]. ENTROPY-TOPSIS-GREY-sort
assigns HSIC = [3,5], SIC = [0,3], MSIC = [12,16],
LSIC = [0,3], and VLSIC = [0,0]. The variations
in TOPSIS-GREY-sort and ENTROPY-TOPSIS-GREY-
sort outcomes are because of the variation of the
parameters B and o are figuratively discussed (see
Fig. 8, 9). The paper [54] shows exactly two districts
have high HSIC environment, nine districts have a
SIC environment, and eleven districts have a MSIC
environment. In contrast, none of the districts have
a LSIC or VLSIC environment. The two techniques
proposed in the paper overall ranges to HSIC = [1,6],
SIC = [0,10], MSIC = [0,16], LSIC = [0,7], and
VLSIC = [0,16].

It is possible to obtain a uniquely valued HSIC,
SIC, MSIC, LSIC, and VLSIC. TOPSIS-GREY-sort
assigns, HSIC = [5,5], SIC = [5,5], MSIC = [12,12],
LSIC = [0,0], and VLSIC = [0,0] at 8 = 0.75 and
o = 1.5. These specific valued results are depicted in
Fig. 6), the figure shows that five districts have HSIC
environment, five districts have a SIC environment,
twelve districts have a MSIC environment, whereas
none of the districts have a LSIC or VLSIC environment.
ENTROPY-TOPSIS-GREY-sort assigns, HSIC = [5,5],
SIC = [1,1], MSIC = [15,15], LSIC = [1,1], and
VLSIC = [0,0]. These specific valued results are
depicted in Fig. 7), the figure can be explained that five

districts have HSIC environment, only one district has
a SIC environment, fifteen districts have a MSIC envi-
ronment, whereas one district has a LSIC environment
and none of the districts have a VLSIC environment.
So, to improve the environmental quality of the entire
Tehran, authorities need to focus on only one district of
the LSIC environment (as per the ENTROPY-TOPSIS-
GREY-sort ). The results of TOPSIS-GREY-sort and
ENTROPY-TOPSIS-GREY-sort are similar to those
obtained in [54]. We suggest the maximum number of
districts belonging to the LSIC environment is three
(as per ENTROPY-TOPSIS-GREY-sort) and two (as
per TOPSIS-GREY-sort), and nearly the results are
identical. Thus three districts need to be looked upon to
improve the environmental quality of Tehran.

o It is not always the case that subjective weights
(weights allocated by DMs) are known. In such a case,
objective weights are calculated using a data-driven
weight determination scheme. Here, we have carried
out the individual study of objective and subjective
weights, and both weights’ cumulative effect is also
analyzed. TOPSIS-GREY-sort uses objective weights
(calculated by entropy method) which is (0.1013,
0.3557, 0.1588, 0.2750, 0.1093). Moreover, the con-
vex combination of subjective weight (see: Table-
9) and objective weight calculated by the proposed
entropy method (see: 0.2264, 0.2228, 0.2217, 0.2025,
0.1266) is utilized in ENTROPY-TOPSIS-GREY-sort
with combined weightage equal to (0.2132, 0.2114,
0.2108, 0.2012, 0.1633). The obtained results here with
subjective and objective weights show the same results.
Hence, we can say that the decision-making techniques
here give stable results.

VI. CONCLUSION

In the AIFS environment, the hesitancy and uncertainty
involved have been suitably dealt with due to the use
of the MCS method. Here ratings at the attributes and
alternatives level have been expressed in linguistic terms, and
it is characterized by a generalized fuzzy set called AIFS.
The domestic tourism problem concerning the reopening
of the tourist sites in the Philippines amidst COVID-19 and
the environmental quality of Tehran has been satisfactorily
solved, which demonstrates the efficacy of our proposed
novel sorting technique. Further, it is worth noting that the
proposed methods and entropy measures have a generic
structure; hence, they can also be applied to other MCS
application domains. Some of the contributions and insights
of proposed MCS techniques are as follows: (1) the proposed
entropy measure in the AIFS environment models the
uncertainty involved in MCS problems in a more generalized
manner without much increasing the computational cost,
(2) it profitably sorts tourist sites into three classes (i.e.,
LEIC, MEIC, and HEIC) and sorts districts of Tehran into
five classes (i.e., HSIC, SIC, MSIC, LSIC, and VLSIC).
It remains efficient with the increase in the number of classes
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by adding the limit profiles, and (3) the proposed MCS
techniques offer considerable potential for other domain
applications. The case study results provide a vision to
stakeholders in the tourism and public health sectors in
appropriately designing and implementing measures as the
industry is slowly recovering amidst the pandemic and
implementing a strategy in different districts of Tehran to
improve their environmental quality as per their sorting
into other classes. Because of the variation of the tuning
parameters instead of crisp values, we are obtaining ranges
through the proposed sorting techniques, which in general,
helps the stakeholders and authorities. A brief study of
subjective and objective weights is also carried out in this
work. This work offers an AIFS extension of the TOPSIS-
Sort. In a similar manner, type-2 fuzzy sets (T2FS) and
IVIFS-based models of TOPSIS-sort can be proposed.
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