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Abstract : In the year 2020-2022, the Novel Coronavirus (COVID-19) has become a crucial health concern that causes serious
health problems in human beings and has become a pandemic. So, preventing the spread of COVID-19 in the community is a very
difficult task then. In this article, we propose the current COVID-19 prevention problem in India as a multi-criteria decision-making
(MCDM) problemand implement the fuzzy TOPSIS method to solve the problem. In our study, for MCDM, we choose some states
in India as alternatives and select a few measures to prevent the spread of COVID-19 as criteria. Based on the available data, we
determine the best alternative to the proposed MCDM problem.
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. INTRODUCTION

1LINTRODUCTION
A large family of viruses, called coronaviruses, is causing serious problems to human beings all over the world in that time. Since
the discovery of the COVID-19 (one type of coronavirus) in the Chinese city Wuhan inthe last month of 2019, it has been spreading
rapidly. After that COVID-19 infection has been reported so far in more than 200 countries and territories around the word [1].
Coronavirus can cause cold and more serious diseases suchas MERS and SARS [2]. COVID-19 is a new type of coronavirus which
has never been found in human and animal before. Common symptoms of a person infected with COVID-19 include shortness of
breath, fever, cough and dyspnea although in some cases the people infected with COVID-19 have no symptoms. In more severe
cases, infection can lead to pneumonia, acute respiratory syndrome, kidney failure and even death [3]. The death rate of the patient
infected with COVID-19 is very low, but it is spreading rapidly in many countries with a chain that is a cause of fear. In February
2020, a positive patient for COVID-19 was first found in India. After two months, a large number of people have been infected
with COVID-19 in many states of India. COVID- 19 had created a pandemic situation in India because the population density of
India is very high compared to other countries. Government of India had taken some steps to break the chain of spreading COVID-
19 and prevent the disease. As an early measure to prevent the spread of the disease, the Government of India implemented a
lockdown and people were not allowed to leave their homes unless it was extremely essential. All public transports including
airports, trains, metro and public buses were stopped during lockdown. Government of India had also taken decision of rapid testing
of COVID-19 cases and arranged to send positive COVID-19 patients to isolation and quarantine along with their family members
to break the chain of spreading COVID-19. Following WHO,ICMR (Indian Council of Medical Research) published a guideline
which states that every one should wear mask, maintain the social distancing and use sanitizer as much as possible to prevent
COVID-19 transmission. For the front line workers like doctors, nurses, medial staffs, health workers and police forces, Government
had provided PPE, maskand other medical kits for them. Needless to say, some states of India are performing better to control the
spreading of COVID-19 while some states” performance not up to the mark. Hence, selecting the best measure for preventing the
spreading of COVID-19 is an important and challenging task for the decision makers at that moment. In this study, we propose the
COVID-19 prevention problem in India as a multi-criteria decision making (MCDM) problem and implement fuzzy TOPSIS
method to solve the problem. In our study, for MCDM, we choose some states of India as alternatives and select a few measures
such as ‘lockdown’ , ‘rapid testing’ , ‘social distancing in gathering places’ , ‘protection of frontline worke
‘sanitization’” and ‘population density’ for prevention of spreading of COVID-19 as criteria. Multi-criteria decision making
(MCDM) is an important field of study in decision analysis. MCDM refers to making choice of the best alternative from a finite set
of decision alternatives. MCDM problem is very common in Operations Research, Management Science, medical diagnosis, data
mining, etc. There are many classical MCDM methods to determine the best alterative with respect to the criteria which are known
precisely. Technique for Order Preference by Similarity to ldeal Solution (TOPSIS) [4] is one of the accepted classical
MCDMtechniques among other MCDM techniques like Preference Ranking Organization METHod for Enrichment of Evaluations
(PROMETHEE) [5], VIKOR [6], ELimination Et Choix Traduisant la REalit'e (ELECTRE) [7] etc. The fundamental idea of
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TOPSIS is that the chosen alternative should have the closest distance from the best ideal solution and the farthest distance from
the worst ideal solution. There exist a huge literature based on TOPSIS theory and its application in many branches of science

and technology. Lai et al. [8] proposed TOPSIS method for MODM problem. Abo-Sinna and Amer [9] developed TOPSIS method
to solve multi-objective large scale non-linear problem. TOPSIS method has also been widely used in the literature for solving
various multi-criteria decision making problems [10 - 14]. In TOPSIS method, the steps to find the optimal alternative involve
distance measure of the relative important criteria, performance of each alternative to these criteria, etc. However, the criteria value
may be difficult to determine since human judgement is often uncertain and incomplete under many conditions. Fuzzy theory can
be useful in this regard. TOPSIS method has also been developed under fuzzy [15] environment. Fuzzy TOPSIS method is a natural
generalization of TOPSIS method [16,17]. Recently TOPSIS method has been studied under generalized fuzzy sets like
intutationistic fuzzy sets [18], neutrosophic sets [19], Pythagorean fuzzy sets, etc. [20], [21 - 25]. Chen and Taso [26] developed
TOPSIS method under interval valued fuzzy sets. They applied fuzzy TOPSIS method for experimental analysis. Chen [16]
extended the TOPSIS method for multicriteria group decision making problem under fuzzy environment. Wang and Elhg [27]
extended fuzzy TOPSIS method on alpha level sets for bridge risk assessment. Chen [28] proposed fuzzy TOPSIS method with
leniency reduction. Prabhu et al. [29] proposed the TOPSIS method with interval-valued triangular fuzzy number for segmenting
the manufacturing industries and measuring the performance. In this paper, we use fuzzy TOPSIS method with triangular fuzzy
number to solve the proposed MCDM problem. The originality of this research comes from prevention of COVID-19 problem
which is treated as multi-criteria decision making problem. Since the criteria like ‘lockdown’ , ‘rapid testing’ , ‘social
distancing in gathering places’ , ‘protection of frontline workers’ like doctors, nurses and health workers have lot of
uncertainties and incompleteness for appropriate application, so we use triangular fuzzy number as a criteria value and determine
distance measure of triangular fuzzy number for TOPSIS method. The remainder of the article is organised as follows. Section 2
gives preliminaries of TOPSIS method and fuzzy sets. Section 3 formulated the proposed MCDM problem using fuzzy TOPSIS
method. A numerical study is conducted in Section 4 followed by discussion in Section 5. Finally, in section 6, the paper is
concluded with some remarks.

2 Preliminaries

2.1 TOPSIS method

TOPSIS (Technique for order preference by similarity to ideal solution) is one of the best acceptable MCDM techniques in crisp as
well as uncertain environment. This method considers positive and negative ideal solutions. The best alternative is the one which
is closest to the positive ideal solution and farthest from the negative ideal solution. Consider an MCDM problem in which
Al,A2, ..., Anare alternatives and each alternative has m criteria C1,C2, ...,Cm. All the rating values of the alternatives with respect
to the criteria form a decision matrix given by X = (xij). Let the weights of the alternatives be { w1,w2, ....wn } so that

Then the TOPSIS method can be described by the following steps:

Step 1. Normalize the decision matrix. The normalized value xij is calculated as follows:

x .l',']'
Tij = ——,
Step 2. Calculate the weighted normalized decision matrix. In the weighted normalized decision matrix, the modified ratings are
calculated as given below:

’.i_j '»' .............. m. (l)
Step 3. Determine the positive and the negative ideal solutions. The positive ideal solution (PIS) and the negative ideal solution

(NIS) are determined as follows:

Step 4. Calculate the separation measures for each alternative from the PIS and the
NIS. The separation values for the PIS can be measured using the n-dimensional Euclidean distance measure as follows
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14 JZ(:',J — z')')2 i 1,2,...m. (3)
J=1

Similarly, the separation values for the NIS can be measured as

Step 5. Calculate the relative closeness coefficient to the positive ideal solution. The relative closeness coefficient for the
alternative Ai with respectto A+ is calculated as

z D .
f,"’ —" for 1 L2 vam (5)
Dl + D,
Step 6. Rank the alternatives. According to relative closeness coefficient to the ideal alternative, the larger value of Ci
reflects the better alternative Ai.

2.2 Fuzzy sets

In 1965, Zadeh introduced the concept of fuzzy set which is more useful to handle uncertaintyof almost every systemin the
universe.

Definition 1. [15] Let X be the universe of discourse. Then a fuzzy set S defined on X is of the from

S ={<z,uz) > |r € X}

Definition 2. [15, 30, 31] A triangular fuzzy number is denoted by Al = (a, b, ¢) and is defined by a fuzzy subset of real number
with membership function » Al where

r—a

a<r<h
h—a
c—rT
Ha — h<r<e
c—0b -
0. otherwise.

Definition 3. [15, 31] A trapezoidal fuzzy number is denoted by A2 = (a, b, ¢, d) and is defined by a fuzzy subset of real number
with membership function v A2 where

( Tr—a >
a<T< b
h—a
1. b<r<e
L As
Ha; d—r
c<r<d
d—rc -
0, otherwise.

\

Definition 4. [16] Let a =(al, b1, cl)and B = (a2, b2, c2) be two triangular fuzzy numbers.
Then the Euclidean distance measure of two triangular fuzzy numbers « and B is defined by

[1, i , ;
d(a, 3) \.‘ =[(a; —a2)? + (by — ba)? + (1 — e2)?] (6)
[ 3

It can be easily seen that this distance measure satisfies following conditions:
l. dla,3) >0
2. dla. 3) d(8.a)

3. dlo,y) <d(a, 3) +d(B,7) VYa,B8,7y € X
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3. Formulation of the model

We treat the prevention problem of spreading of COVID-19 as a multi-criteria decision-making problemand discuss fuzzy TOPSIS
method with triangular fuzzy number to solve the problem. We now put forward a model framework for determining the ranking
order for a few possible alternatives for COVID-19 prevention measure under fuzzy environment. Suppose

that A = (A1,A2, .....,An) is a discrete set of alternatives and C = (C1,C2, ....,Cn) is a discrete set of attributes. Suppose that D =
[aij ] is the decision matrix, where aij = (alij , a2 ij , a3 ij) is a triangular fuzzy number which assigns the alternative Ai with
respect to criterion Cj . Then we have the following fuzzy decision matrix

) Cz ... G4
Ay 411 Q2 ... dn
Az | a1 a2 ... an
D= (a;),.... (7)
—‘Ln Om1 Gm2 ... Umn /

If fuzzy decision matrix D has the same dimension, then we need not to normalize it; otherwise, D has to be normalized. Consider
the weight vector of the criteria as W = {w1,w2, ...wn}

Step 1: Standardize the decision matrix. Transform dimensional criteria into non-dimensional criteria, which allows comparison
across criteria because various criteria are usually measured in various units. There are two types of criteria - one is gain type
criteria and another one is loss type criteria. In order to eliminate the influence of criteria type, we consider the following
technique to get the normalized matrix R = (rij)m>X n, where rij = (rlij, r2ij, r3ij) is a TFN. Then we have

2

a;; 0 a; 8 Ao
Tij (— —‘—) for gain type criteria (8)
u; u; u
7 3
¥ uU; u
Tij (—; - —;) for gain type criteria (9)
as a>.
) 7 P
L t il ny v m ‘ a1 - ST 5 | < 9 > .
where uj mazr{ag : i 1,2,...,m} and u; min{a;; : i 1,2.....,m} for j

1,2 wum.
Step 2: Determine the positive and negative ideal solutions. In this step, we determine the positive and negative ideal solutions
fromthe normalized decision matrix R = (" rijymXn in the triangular fuzzy number. The positive and negative
ideal solutions are calculated as r+=(r+1 ,r+2,...,rtn)andr— =(r—1,r-2,...,r—n) where,

(w15 2+ 34+ £ [\ (3 {
() mazxir;: ), max(r: ), max(r::) (10)
J \Tag - g/ 5 g/
{ G . iy 1) 2N L 8 {
r s T Ty ) min(r;; ). man(rs ), man(rs;) (11)
b _l lJ 3 i - I_J

2
i 4

Step 3: Determine the distance measure from ideal solutions. Now, using Egs.(6), (10) and (11), we determine the distance
measure d+i from positive ideal solution and d— i from negative ideal solution as

\1:
wl
_—
Lo | b
-
=
-~
-
t
<
-~
b
t
~
-~
£
ot
o

Step 4: Compute the relative closeness co-efficient. We calculate the relative closeness co-efficient of an alternative Ai with
respect to the ideal alternative A+ as

[JNRD2508250 International Journal of Novel Research and Development (www.ijnrd.org) ‘ c397



http://www.ijnrd.org/

© 2025 IJNRD | Volume 10, Issue 8 August 2025 | ISSN: 2456-4184 | JNRD.ORG

RCC(A;) 1_(1# fori=1,2 .. n, (14)

a; i

where 0 < RCC(A;) < 1. We then rank the best alternative according to HCC'.
4 Numerical study

For numerical study, we consider COVID-19 situation of six states in India, viz. Maharastra, Delhi, West Bengal, Tamilnadu,
Kerala and Gujrat and select the best state in terms of prevention of COVID-19. We assume prevention problem of spreading of
COVID-19 as a multi-criteria decision-making problem in which the states are taken as the alternatives and each alternative has
criterialike ‘lockdown’ , ‘rapid testing” , ‘social distancing” , ‘protection of frontline workers’ like doctors, nurses and
health workers, ‘sanitization” and ‘population density of the state’ . Table 1 shows the number of rapid testing being done

in different states. The number of infected cases, number of cured cases and number of deaths for COVID-19 of the above states
of India are shown in Fig.1 and Table 2.

Table I: Rapid testing (ICMR July 2020)

Name of the state Test per million person

Maharastra 1778.6
Delhi 5736.2
West. Bengal 5334

Tamilnadu 3455.5
Kerala 1078.7
Gujrat 18446

Table 2: COVID-19 status (ICMR July 2020)

Name of the state Cases Active Cured Death

Maharastra 318695 131636 175029 12030
Delhi 125096 15288 106118 3690
West Bengal 47030 17813 28035 1182
Tamilnadu 180643 51347 126670 2626
Kerala 13994 8060 5890 4
Gujrat 50379 11760 36423 2196

COVID-19 status

1T

Malarastrs Delhi West Bengal Tamilnacdu Kerala Gulrat

Figure 1: COVID-19 status
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Table 3: Population Density (Census 2011 and updated 2019 )

- 3
Name of the state /km~

Maharastra 365
Delhi 11297
West Bengal 1029
Tamilnadu 555
Kerala 859
Gujrat 308

The population density of the states according to Census 2011 and updated Census 2019 is given in Table 3. We employ fuzzy
TOPSIS method to find the solution i.e. identify the state which achieves the best performance in terms of prevention of COVID-
19. In the prevention process, the effective criteria may have several uncertainties and incompleteness. So we use triangular fuzzy
number for simplifying the criteria for prevention. The proposed technique is discussed in the following steps:

Step 1. For prevention of COVID-19, the following criteria are identified:
* Lockdown (C1)

* Rapid testing (C2)

* Social distancing (C3)

* Protection of frontline workers (C4)

* Population density (C5)

For our decision-making problem, the following states of India are considered as alternatives:

» West bengal (Al)

* Delhi (A2)

* Maharastra (A3)

e Tamilnadu (A4)

* Kerala (A5)

* Gujrat (A6)

We consider data from a five-month (March 2020 to July 2020) survey for the number of COVID positive cases in the above states
as givenin Table 4 and and following figure.

Table 4: Number of positive cases of COVID-19 since March 2020 (ICMR)

Name of the state 31 March 30 April 31 May 30 June 21 July

Maharastra 250 9915 67655 164626 318695
Delhi 120 3439 19844 83077 125096
West Bengal 30 756 5501 17283 17030
Tamilnadu 151 2162 22333 82275 180643
Kerala 222 496 1100 10321 13994
Gujrat 76 4082 16779 31320 50379

(1) COVID-19 status of Maharastra (2) COVID-19 status of Delhi

[JNRD2508250 International Journal of Novel Research and Development (www.ijnrd.org) ‘ €399



http://www.ijnrd.org/

© 2025 IJNRD | Volume 10, Issue 8 August 2025 | ISSN: 2456-4184 | JNRD.ORG

(5) COVID-19 status of Kerala (6) COVID-19 status of Gujrat

We consider the criteria value as a triangular fuzzy number (TFN). The linguistic term and the corresponding TFN are shown in
Table 5. We use 7-point linguistic rating scale

Table 5: The triangular fuzzy linguistic scale

Linguistic variable  Influence score  Corresponding TFN
Very low (AL) 0 (0,0,0.1)

Low (L) | (0,0.1,0.3)
Medium low (ML) 2 (0.1.0.3.0.5)
Medium (M) 3 (0.3,0.5,0.7)
Medium High (MH) 4 (0.5,0.7.0.9)
High (H) 5 (0.7,09,1.0)
Absolutely high (AH) 6 (0.9,1.0,1.0)

We consider three decision matrices D1, D2 and D3 for the months of March, May and July 2020, respectively as shown in Tables
6-8.
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Table 6: Decision matrix {2, for March 2020

[&F C, Cs C, (&
A; M M ML L M
A M H L ML H
A; ML VL ML M MH
A: M MH L ML M
As VH MH H VH M
Ag L M ML ML ML

Table 7: Decision matrix [, for May 2020

C, C, Cs Cy s
A M H L L M
A2 ML VH ML L H
Ag L ML L ML MH
Ag M H L ML M
As VH H H VH M
As L ML M L ML

Table &:

Decision matrix Ds for July 2020

[ 5 Cs C4 e
Az L L ML VL M
A> ML ML L M H
As L VL ML L MH
Ay M M L M M
As VH H H H M
Ag L M ML L ML
Now, we calculate the aggregated fuzzy decision matrix. Let « 1 =(x1, y1, z1), a 2 =(x2, y2, z2),...,
TFNs. Then the aggregate TFN is given by
- (ri g, Y R | In.!h Y2+ . y,.' 21+ 22+ oo+ 2, (15)
n n n

an=(xn,yn, zn) be n

We aggregate the matrices D1, D2 and D3 by using Eq. (15) and obtain the aggregate fuzzy decision matrix as givenin Table 9.

Step 2. In this step, we normalize the aggregated fuzzy decision matrix. There are two types of criteria. We select
‘protection of frontline workers’
(C5) as disfavour type criteria. To normalize, we use equation (8) for the criteria C1, C2, C3, C4 and

(C),
and

Table 9: Aggregate fuzzy decision matrix

Ch (' (' Cy Cs
Ay (02,036,056) (0.36,0.56,0.73) (0.06,0.23,0.43) (0,0.06,0.23) (0.3,0.5,0.7)
Az (0.16,0.36,0.56) (0.56,0.73,0.83) (0.03,0.16,0.36) (0.13,0.3,0.5) (0.7,0.9,1.0)
As (0.3,0.14,036) (0.03,0.1,036) (0.01,023,0.43) (0.13,0.3,0.5) (0.5,0.7,0.9)
Ag (0.3050.7) (0.5,0.7,0.86)  (0,0.1,0.3) (0.16,0.43,0.56) (0.3,0.5,0.7)
As (09,1.0,1.0) (0.63,0.83,0.96) (0.7,0.9,1.0) (0.83,0.96,1.0) (0.3,0.50.7)
As  (0,0.1,0.3) (0.23,0.43,0.63) (0.16,0.36,0.56) (0.03,0.16,0.36) (0.1,0.3,0.5)

‘rapid testing’

‘population density’

(C2),

“social distancing’

(C3) and

use Eq.(9) for the criteria C5. The normalized fuzzy decision matrix is given in Table 10.

[JNRD2508250
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Table 10: Normalized fuzzy decision matrix

[ [ Cy Oy [
Ay (02036056) (0.375,0.583,0.76) (0.06,0.23,0.43) (0,0.06,0.23) (0.142.0.2,0.33)
Az (0.16,0.36,0.56) (0.583,0.76,0.864) (0.03,0.16,0.36) (0.13,0.3,0.5) (0.1,0.11,0.142)
Az (0.3.,0.14,036) (0.031,0.104,0.3375) (0.01,0.23,0.43) (0.13,0.3,0.5) (0.11,0.142.0.2)
Ay 10.30.50.7) (0.52,0.729.0.89) (0,0.1,0.3) (0.16,0.43,0.56) (0.142.0.2,0.33)
As  (0.9.1.0,1.00 (0.656,0.86,1.0) (0.7,0.9,1.0) (0.83,0.96,1.0)  (0.142,0.2,0.33)
As  (0,0.1,0.3) (0.239.0.447,0.656)  (0.16,0.36,0.56) (0.03,0.16,0.36) (0.2,0.33,1.0)

Step 3. In this step, we determine the positive and the negative ideal solutions from the normalized fuzzy decision matrix using
Egs.(10) and (11). Fuzzy positive and negative ideal solutions are given in the following:

( (0.9.1.0.1.0) \ (0.0.1.0.3)

(0.65,0.86, 1.0) (0.031.0.104,0.375)

& (0.7,0.9,1.0) A (0,0.1,03)

(052, 0526,3-0) (0,0.06,0.23)

Step 4. We consider the weight w = (0.25, 0.30, 0.10, 0.25, 0.10) for the criteria C1, C2, C3, C4 and C5, respectively. Note that
we have given more importance to the criteria rapid testing (C2). The normalized weight of this criteria is taken as 0.30.

Using Egs. (12) and (13), we calculate the separation measure from the positive ideal solution (d+ ) and the negative ideal solution
(d—1i)asgivenin Table 11.

Table 11: Distance measure from positive and negative ideal solutions

d*(A;) value dY(A;) value
d f 0.537 d 1 (.205
d 0.462 d (0.289

(“Iq: 0.632 (13 0.120
d] 0.405 d, 0.477
dd 0.039 d- 0.582
dg 0.574 dg 0.205

Step 5. In this step, using (14), we determine the relative closeness coefficient as shown in Table 12.

Table 12: Relative closeness co-efficient

RCC(A;) value

RCC(A,) 0.276
RCC(A;) 0.384
RCC(As) 0.160
RCC(A;) 0.540
RCC(A;) 0.936

RCC(Ag) 0.162

From Table 12, we see that the alternative A5 is the best alternative. It appears that the state “Kerala” is better than other states
for prevention of COVID-19 spreading and A3 i.e. the state Maharastra has the worst condition for COVID-19. Rank of the states
for the prevention of spreading COVID-19 is obtained as
A5 > A4 > A2 > Al > A6 > A3
i.e. Kerala > Tamilnadu > Delhi > Westbengal > Gujrat > Maharastra

[JNRD2508250 International Journal of Novel Research and Development (www.ijnrd.org) ‘ c402



http://www.ijnrd.org/

© 2025 IJNRD | Volume 10, Issue 8 August 2025 | ISSN: 2456-4184 | INRD.ORG

5. Discussion

This study considers five criteriaas ‘lockdown’ , ‘rapidtesting’ , ‘social distancing’ , ‘protection of frontline workers’
and ‘population density’ . From weight of the criteria, we see that ‘rapid testing” , ‘lockdown’ , and ‘protection of the
frontline workers’ has been paid more attention. As maintained by our model, if a state pays more importance to  ‘rapid

testing’ then that state gives better prevention and the same thing will happen for the criteria ‘lockdown’ and ‘protection of
frontline workers. Further, ‘population density’ is a constant type criterion and we see that the ‘population density’ of the
state Delhi is very high but Delhi gets third position in the rank for prevention of COVID-19, after the Kerala and Tamilnadu
because Delhi government gives more attentionto ‘rapid testing’ and ‘lockdown’ for prevention of COVID-19 which is not
properly happened in Gujrat and Maharastra. One can see that the triangular fuzzy number used in this model easily handles the
uncertainty and incomplete information of different criteria and the proposed fuzzy TOPSIS method provided the best alternative.
As a result, Kerala is found to be the best state for better prevention for COVID-19.

6. Concluding Remarks

TOPSIS is one of the classical methods for solving MCDM problem with crisp number as well as fuzzy number. In this paper, we
have considered TOPSIS method with TFN and applied to determine the best alternative for prevention of Novel coronavirus
(COVID- 19) spreading in India. The proposed model considers the prevention of spreading of COVID-19 as a MCDM problem
and selects a few states of India like West Bengal, Delhi, Maharastra, Kerala, Tamilnadu and Gujrat as alternatives. The necessary
measures to avoid spreading of COVID-19 like ‘lockdown’ , ‘rapid testing” , ‘social distancing in gathering places

‘protection of frontline workers” like doctors, nurses and health workers and ‘population density’ of the state are treated as
the criteria of MCDM problem. Since each criterion contains uncertain and vagueness information, so we have considered TFN as
a criteria value. The research idea introduced in this paper can be applied in different areas of forecasting and decision making.
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