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Abstract
Coronavirus disease-19 (COVID-19) is a very dangerous infectious disease for the entire world in the current scenario.

Coronavirus spreads from one person to another person very rapidly. It spreads exponentially throughout the globe.

Everyone should be cautious to avoid the spreading of this novel disease. In this paper, a fuzzy rule-based approach using

priority-based method is proposed for the management of hospital beds for COVID-19 infected patients in the worst-case

scenario where the number of hospital beds is very less as compared to the number of COVID-19 infected patients. This

approach mainly attempts to minimize the number of hospital beds as well as emergency beds requirement for the

treatment of COVID-19 infected patients to handle such a critical situation. In this work, higher priority has given to severe

COVID-19 infected patients as compared to mild COVID-19 infected patients to handle this critical situation so that the

survival probability of the COVID-19 infected patients can be increased. The proposed method is compared with first-come

first-serve (FCFS)-based method to analyze the practical problems that arise during the assignment of hospital beds and

emergency beds for the treatment of COVID-19 patients. The simulation of this work is carried out using MATLAB

R2015b.

Keywords Coronavirus � COVID-19 � Fuzzy rule-based approach � Priority-based method � FCFS-based method �
Hospital bed management

1 Introduction

COVID-19 [1–48, 58] is a novel infectious disease on the

global scale which is very dangerous in nature. This virus

has declared as a global pandemic by World Health

Organization (WHO) [58]. Currently, there are around 498

lakhs COVID-19 positive cases, 12.5 lakh death cases, and

215 countries are affected by this novel COVID-19

[58–60]. As this virus spreads from one person to another

person rapidly an exponential manner, so every individual

of different countries should focus on the following pre-

cautions to break the spreading chain of this virus.

• Social distancing

• Staying at home if no emergency work

• Use of masks at work as well as marketing places

• Cleaning of hand properly at regular intervals

• Avoid touching of face, eyes, mouth and nose

• Avoid mass gatherings

As the situation becomes very worst day by day, so it is

very much essential to be ready with the hospital beds for

the treatment of COVID-19 infected patients. However, in

the practical scenario, the number of hospital beds avail-

able for the treatment of such patients is very less as

compared to the number of infected cases due to the rapidly

spreading of this disease. Hence, hospital bed management
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is a very challenging issue for the government of every

country as well as states. In this work, a fuzzy rule-based

approach using priority-based method is proposed to solve

this serious issue by considering the worst-case scenario.

The main contributions of this work are stated as

follows.

• A fuzzy rule-based approach using priority-based

method is proposed to minimize the number of hospital

beds and emergency beds requirement for the treatment

of COVID-19 infected patients.

• This approach mainly focuses on the priority-based

method where severe COVID-19 infected patients have

assigned higher priority as compared to mildly infected

patients to increase the survival probability of the

patients.

• This approach is compared with the FCFS-based

method to study the practical scenario of hospital beds

as well as emergency beds assignments to the COVID-

19 infected patients.

• The simulation of proposed work is carried out using

MATLAB R2015b.

The rest of the paper is organized as follows. Section 2

describes related works, Sect. 3 describes the proposed

methodology, Sect. 4 describes results and discussion, and

Sect. 5 describes the conclusion of this work.

2 Related works

Different works have carried out by different researchers

related to COVID-19 [1–48]. Some of the works are

described as follows. Wong et al. [1] focused on the

measurement of the response of operating room outbreak

by considering a large tertiary hospital in Singapore.

Meares et al. [2] emphasized on a system break mechanism

as well as a queuing theory model that specifies regarding

the requirement of intensive care beds during the COVID-

19 pandemic. Tan et al. [3] focused on the preparation of

the operating room for COVID-19 outbreak, and it mainly

deals with the national heart center, Singapore. Huang et al.

[4] emphasized on the infection control as well as man-

agement in an emergency situation against the spread of

COVID-19 in a radiology department. Hick et al. [6]

focused on the planning related to health care, crisis stan-

dards of care due to the spreading of novel coronavirus

SARS-COV-2. Pu et al. [7] emphasized on the screening as

well as management of confirmed or suspected COVID-19

patients by considering a tertiary hospital which is outside

the Hubei province. Li et al. [11] focused on the demand

for inpatient as well as ICU beds for the treatment of

COVID-19 patients in the USA by analyzing the scenario

of Chinese cities. Tanne et al. [15] emphasized on the

mechanisms for the tackling of coronavirus on a global

scale by the doctors as well as by the healthcare systems.

Zunyou et al. [21] focused on the analysis of COVID-19

outbreaks in China to gain important lessons as well as

characteristics from this situation by summarizing a report

of 72,314 cases from the Chinese center for disease control

and prevention. Roosa et al. [23] emphasized on the real-

time forecasts in China from February 5, 2020, to February

24, 2020, related to COVID-19 epidemic.

3 Proposed methodology

In this work, we have focused on the scenario where the

number of hospital beds (B) is very less as compared to the

number of COVID-19 infected patients (C), i.e., B\\C.

So, it is a challenging task to assign the hospital beds to the

COVID-19 infected patients efficiently in this scenario.

The proposed work can provide a solution to handle this

critical situation. This work mainly focuses on fuzzy rule-

based approach [49–53] that uses priority-based method

[54, 55] to manage and assign the hospital beds for the

treatment of COVID-19 infected patients. The proposed

approach is compared with the FCFS-based [56, 57]

approach to analyze the practical scenario during the

assignment of hospital beds. The fuzzy rule-based

approach mainly focuses on the ‘‘IF–THEN’’ rule. When

we consider ‘‘if P is X then Q is Y,’’ then ‘‘P is X’’ is

known as the premise and ‘‘Q is Y’’ is known as conse-

quent. So, as per this rule, the consequent value will be

decided by considering the premise value.

In our work, all the COVID-19 infected patients will be

grouped into two categories such as mild and severe. As

per the proposed approach, more priority is assigned to

severe cases as compared to mild cases to increase the

survival rate of the patients. So, by applying fuzzy rule-

based approach using the priority-based method, if any

patients with the severe category will arise, then they will

be immediately assigned with the hospital beds for six

weeks (42 days). After six weeks, severe patients will be

either cured or dead, but they have to release the beds. If

any patients with mild cases will arise, then they will be

kept in home isolation with doctor’s careful advice for two

weeks (14 days) as the survival probability for these

patients is high.

After two weeks if the patients with the mild case will

be cured, then they will be careful for further days with

doctor’s advice; otherwise, these patients will be severe

and will be assigned with hospital beds for next six weeks

if the hospital beds are available in that situation. After six

weeks, patients with mild cases will be cured. In case of

unavailability of hospital beds, emergency beds will be

assigned to the severe patients. The hospital beds as well as
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emergency beds will be properly sanitized as per COVID-

19 guidelines before assign to COVID-19 infected patients.

The proposed fuzzy rule-based approach is represented in

Table 1. The proposed methodology is mentioned in Fig. 1.

The proposed algorithm is mentioned in Algorithm 1.

Whereas by applying FCFS-based method, all the

COVID-19 infected patients will be assigned with hos-

pital beds and it does not matter whether the cases are

mild or severe. In this situation, it is very difficult to

handle all the cases in the worst-case scenario and it

may increase the death rate as compared to the survival

rate. So, if more number of patients with mild cases will

be assigned with hospital beds at the initial situation,

then there may not be any bed available for the patients

with severe cases which lead to the higher death rate.

The FCFS-based mechanism is mentioned in Algorithm

2. As per the report, around 80% of cases are mild, 20%

of cases are severe, and 5% cases lead to death out of

total COVID-19 infected cases in the current scenario. It

will take around two weeks to cure the patients with

mild cases and around 6 weeks to cure the patients with

severe cases. In this work, we have considered that 80%

of cases are mild, 20% of cases are severe, 90% cases

will be cured cases, and 10% cases will be death cases.

A patient with a severe case will be either cured or dead

after six weeks, and the patient with a mild case will be

either cured or severe after two weeks.
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In our work, for severe cases, the probability of survival

for the cure is assigned with 0.8 that means PSurvival

(Severe-Cure) = 0.8 and the probability of survival for

death is assigned with 0.2 that means PSurvival (Severe-

Death) = 0.2. So, the total probability is 1 as the sum of

probability of survival for cure and death case is 1. It is

represented using Eq. 1.

PSurvivalðSevere-CureÞ þ PSurvivalðSevere-DeathÞ ¼ 1 ð1Þ

Similarly, for mild cases, the probability of survival for

the cure is assigned with 0.8 that means PSurvival (Mild-

Cure) = 0.8 and the probability of survival for the cases

which will be changed from mild to severe is 0.2 that

means PSurvival (Mild to Severe) = 0.2. So, the total prob-

ability is 1 and it is represented using Eq. 2.

PSurvivalðMild-CureÞ þ PSurvivalðMild to SevereÞ ¼ 1 ð2Þ

When any mild case changes to the severe case, then

its probability of survival will be changed to 0.5 that

means PSurvival (ms) = 0.5 where ms represents that the

mild case is changed to severe case. In this situation, we

have considered the survival probability as 0.5 because

after changing the mild case to severe case, the proba-

bility of survival depends on the availability of hospital

bed and the patient will be cured if assigns with a bed

for treatment immediately otherwise the probability for

death will be higher. Hence, we have considered the

probability as 0.5 in this case that means PSurvival (ms-

Cure) = 0.5 and PSurvival (ms-Death) = 0.5 where PSurvival

(ms-Cure) represents the probability of survival for cure

and PSurvival (ms-Death) represents the probability of

survival for death when mild case changes to severe

case. So, the total probability is 1 and it can be repre-

sented using Eq. 3.

PSurvivalðms-CureÞ þ PSurvivalðms-DeathÞ ¼ 1 ð3Þ

In our work, we have referred the week-wise data of

COVID-19 infected patients from February 2, 2020, to July

26, 2020, in India from the source [60] and it is mentioned

Algorithm 2: Hospital Bed Assignment using FCFS based method

Input: Number of COVID-19 infected patients

Output: Minimum number of hospital beds required for treatment 

1. Initialize b=0
2. For i=1 to n Covid-19 infected patients
3. If  pi= = si (p:patient, s:severe)
4. then assign a hospital bed for 42 days
5. b=b+1                     
6.          If no. of days > 42  
7. If psi= = cure or  psi= = dead  (ps: patient severe) 
8. then release the hospital bed
9. b=b-1 
10. End
11. End
12. End
13. If pi= = mi (p:patient, m:mild)           
14. then assign a hospital bed for14 days 
15.            b=b+1
16.               If no. of days > 14  
17. If pmi = = cure
18. then release the hospital bed
19. b=b-1 
20. End 
21. If  pmi = =msi ( ms: mild changes to severe)
22. then occupy the same bed for the next 42 days 
23.                                If no. of days > 42   
24. If pmsi = = cure or pmsi = = dead
25. then release the hospital bed 
26. b=b-1 
27. End
28. End
29. End 
30. End
31. End 
32. End 
33. Display b (b: hospital beds status) 
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in Tables 2 and 3. Graphically, it can be represented as

shown in Fig. 2. Our main objective is to show the hospital

beds as well as emergency beds requirement by consider-

ing the number of active cases as on July 26, 2020, by

applying the proposed method and to compare with FCFS-

based method.

As per the report, out of total COVID-19 infected cases,

20% of cases are severe. Hence, from Tables 2 and 3, we

Table 1 Fuzzy rule-based

approach using the priority-

based method

Sl. no Case Action

1 Mild Home isolation for 2 weeks with Doctor’s advice

2 Severe Assign hospital bed for 6 weeks

3 Mild cured after 2 weeks Precautions for further days with Doctor’s advice

4 Mild changed to severe after 2 weeks Assign hospital bed for the next 6 weeks

Covid-19 infected pa�ent

Assign a hospital bed / 
emergency bed for the next 42 

days

Severe ?

Home isola�on with Doctor’s 
advice for 14 Days

No Yes

Assign a hospital bed / 
emergency bed for 42 days

Release hospital bed   

Number of 
days > 42?

Severe a�er 
14 days?

Number of 
days > 42?

Release hospital bed 

Occupy the same hospital bed 
up to 42 days 

Display hospital bed status

Cured and precau�ons 
for further days with 

Doctor’s advice

YesYes

Yes

No No

No

Fig. 1 Proposed methodology
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can consider that total confirmed cases are 1,436,006 in

India up to July 26, 2020, out of which 918,745 infected

patients are recovered and 32,812 are dead. Here, total

active cases are 484,041 out of which around 96,808 cases

are severe and 387,233 cases are mild by considering 20%

severe cases and 80% mild cases. As per the proposed

work, 96,808 number of hospital beds are required imme-

diately for the treatment of 96,808 number of severe cases.

Again, we have considered that around 10% of mild cases

will be changed to severe cases. Hence, 38,723 cases will

be changed from mild cases to severe cases for which

additional 38,723 beds are required for treatment of such

cases. So, the minimum number of hospital bed require-

ment is 135,531 out of 484,041 active cases. If we nor-

malize the total active cases to 1000, then the minimum

number of bed requirement is approximately 280 by

applying the proposed approach. If we apply the FCFS-

based approach, then the minimum number of bed

requirement is much more than 280 for the treatment of

these patients in this scenario which is very difficult to

manage.

4 Results and discussion

The simulation of the proposed work is carried out using

MATLAB R2015b [61]. From the analysis of Tables 2, 3

and Fig. 2 by using the proposed approach, a minimum of

280 beds is required for 1000 number of infected patients

(active cases) in the worst-case scenario. So, if 1000 active

cases are normalized to 10 active cases, then the minimum

number of bed requirement is 2.8. 2.8 can be considered as

Table 2 Week-wise COVID-19 data in India from 2nd February 2020 to 10th May 2020

Patient

Status

Feb.

2

Feb.

9

Feb.

16

Feb.

23

Mar.

1

Mar.

8

Mar.

15

Mar.

22

Mar.

29

Apr.

5

Apr.

12

Apr.

19

Apr.

26

May 3 May

10

Confirmed 2 3 3 3 3 39 113 403 1139 4293 9211 17,305 27,890 42,779 67,177

Recovered 0 0 2 3 3 3 13 23 102 329 1086 2854 6523 11,763 20,970

Dead 0 0 0 0 0 0 2 7 27 118 332 560 881 1463 2214

Active 2 3 1 0 0 36 98 373 1010 3843 7790 13,888 20,483 29,549 43,989

Table 3 Week-wise COVID-19 data in India from 17th May 2020 to 26th July 2020

Patient Status May 17 May 24 May 31 Jun. 7 Jun. 14 Jun. 21 Jun. 28 July 5 July 12 July 19 July 26

Confirmed 95,699 138,536 190,648 257,481 333,038 426,901 549,197 697,846 879,467 1,118,107 1,436,006

Recovered 36,795 57,694 91,862 123,848 169,684 237,258 321,777 424,894 554,429 700,500 918,745

Dead 3025 4024 5405 7205 9521 13,703 16,487 19,701 23,182 27,493 32,812

Active 55,875 76,809 93,368 126,412 153,792 175,889 210,877 253,168 301,471 389,707 484,041

Fig. 2 Confirmed, recovered,

dead and active cases in India

from 2nd February 2020 to 26th

July 2020
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either 2 or 3. In our work, we have analyzed the status of

the number of bed requirement by considering 2 and 3

beds, 4 and 6 beds, 6 and 9 beds, 8 and 12 beds separately

for 10, 20, 30 and 40 active cases, respectively, by applying

normalization mechanism. As 80% of cases are mild and

20% cases are severe, so out of 10 active cases 8 can be

considered as mild cases and 2 can be considered as severe

cases. Similarly, out of 20 active cases, 16 can be con-

sidered as mild cases and 4 can be considered as severe

cases. Again, out of 30 active cases, 24 can be considered

as mild cases and 6 can be considered as severe cases, and

out of 40 active cases, 32 can be considered as mild cases

and 8 can be considered as severe cases. As we have

assumed that 10% of cases are death cases, so out of 10, 20,

30 and 40 active cases, the death cases will be 1, 2, 3 and 4,

respectively. Again, we have assumed that 10% mild cases

will be changed to severe cases although almost all the

mild cases have recovered. So, out of 10, 20, 30 and 40

active cases, change from mild to severe cases will be 1, 2,

3 and 4, respectively. The proposed method is analyzed

using 10, 20, 30 and 40 cases separately and compared with

the FCFS-based method.

By referring to Eqs. 1, 2 and 3, we assume that out of 10

active cases, the patients with mild cases are represented as

M1, M2, M3, M4, M5, M6, M7 and M8 and the patients

with severe cases are represented as S1 and S2. We have

assigned randomly the probability of 0.2, 0.8, 0.8, 0.8, 0.8,

0.8, 0.8 and 0.8 to M1, M2, M3, M4, M5, M6, M7 and M8,

respectively, and the probability of 0.2 and 0.8 to S1 and

S2, respectively. We have also assigned that in each week

two number of active cases will arise up to first five weeks

by using uniform distribution mechanism and these two

cases may be mild or severe or any combination of mild

and severe cases. By using this concept, we have analyzed

76 cases by applying the proposed approach for 10 number

of active cases by considering 2 hospital beds such as B1,

B2 and 3 hospital beds such as B1, B2, B3 separately and

compared with FCFS-based approach. These 10 numbers

of active cases will be normalized to any number of active

cases to describe the assignment of hospital beds and

emergency beds to the COVID-19 infected patients. In this

work, we have mainly focused on the assignment of hos-

pital beds and emergency beds to the COVID-19 infected

patients by considering the total number of active cases as

on July 26, 2020. Here, the hospital beds are represented as

B1, B2, B3, …., Bm and the emergency beds are repre-

sented as E1, E2, E3, …., En. Here, m and n represent the

number of hospital beds and emergency beds, respectively.

Some of the cases are described by applying Algorithms 1

and 2 as follows.

Case 1.1: (Proposed approach: 10 active cases with 2 beds)

Week New case Active case Bed assignment Cured/dead

case

Number of

bed left

Emergency bed

requirement

Week 1 S1, S2 S1, S2 Assign B1, B2 to S1, S2, respectively,

for 42 days

– 0 0

Week 2 M1, M2 S1, S2, M1, M2 M1, M2: Home isolation with doctor’s

advice for 14 days

– 0 0

Week 3 M3, M4 S1, S2, M1, M2,

M3, M4

M3, M4: Home isolation with doctor’s

advice for 14 days

– 0 0

Week 4 M5, M6 S1, S2, M1, M3,

M4, M5, M6

M5, M6: Home isolation with doctor’s

advice for 14 days

M1: Mild changed to severe and

assign E1 for the next 42 days

M2: cured 0 1 (E1)

Week 5 M7, M8 S1, S2, M1, M5,

M6, M7, M8

M7, M8: Home isolation with doctor’s

advice for 14 days

M3, M4: Cured 0 0

Week 6 – S1, S2, M1, M7,

M8

– M5, M6: Cured 0 0

Week 7 – M1 Assign B1 to M1 for next 21 days E1:

Removed

S2, M7,

M8: Cured

S1: Dead

1 (B2) 0

Week 8 – M1 – – 1(B2) 0

Week 9 – M1 – – 1(B2) 0

Week 10 – – – M1: Cured 2(B1, B2) 0

Total number of emergency bed required = 1
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Case 1.2: (FCFS-based approach: 10 active cases with 2 beds)

Week New case Active case Bed assignment Cured/dead

case

Number of

bed left

Emergency bed

requirement

Week 1 S1, S2 S1, S2 Assign B1, B2 to S1, S2, respectively,

for 42 days

– 0 0

Week 2 M1, M2 S1, S2, M1, M2 Assign E1, E2 to M1, M2,

respectively, for 14 days

– 0 2 (E1, E2)

Week 3 M3, M4 S1, S2, M1, M2,

M3, M4

Assign E3, E4 to M3, M4,

respectively, for 14 days

– 0 2 (E3, E4)

Week 4 M5, M6 S1, S2, M1, M3,

M4, M5, M6

Assign E2, E5 to M5, M6 respectively

for 14 days:

M1: Mild changed to severe and

occupy the same E1 for the next

42 days

M2: Cured 0 1 (E5)

Week 5 M7, M8 S1, S2, M1, M5,

M6, M7, M8

Assign E3, E4 to M7, M8,

respectively, for 14 days

M3, M4: Cured 0 0

Week 6 – S1, S2, M1, M7,

M8

E2, E5: Removed M5, M6: Cured 0 0

Week 7 – M1 E1, E3, E4: Removed

Assign B1 to M1 for the next 14 days

S2, M7,

M8: Cured

S1: Dead

1 (B2) 0

Week 8 – M1 – – 1(B2) 0

Week 9 – M1 – – 1(B2) 0

Week 10 – – M1: Cured – 2 (B1, B2) 0

Total number of emergency bed required = 5

Case 1.3: (Proposed approach: 10 active cases with 3 beds)

Week New case Active case Bed assignment Cured/dead

case

Number of

bed left

Emergency bed

requirement

Week 1 S1, S2 S1, S2 Assign B1, B2 to S1, S2, respectively,
for 42 days

– 1 (B3) 0

Week 2 M1, M2 S1, S2, M1, M2 M1, M2: Home isolation with doctor’s
advice for 14 days

– 1 (B3) 0

Week 3 M3, M4 S1, S2, M1, M2,
M3, M4

M3, M4: Home isolation with doctor’s
advice for 14 days

– 1 (B3) 0

Week 4 M5, M6 S1, S2, M1, M3,
M4, M5, M6

M5, M6: Home isolation with doctor’s
advice for 14 days

M1: Mild changed to severe and assign
B3 for the next 42 days

M2: Cured 0 0

Week 5 M7, M8 S1, S2, M1, M5,
M6, M7, M8

M7, M8: Home isolation with doctor’s
advice for 14 days

M3, M4: Cured 0 0

Week 6 – S1, S2, M1, M7,
M8

– M5, M6: Cured 0 0

Week 7 – M1 – S2, M7,
M8: Cured

S1: Dead

2 (B1, B2) 0

Week 8 – M1 – – 2 (B1, B2) 0

Week 9 – M1 – – 2 (B1, B2) 0

Week 10 – – M1: Cured 3 (B1, B2, B3) 0

Total number of emergency bed required = 0
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Case 1.4: (FCFS-based approach: 10 active cases with 3 beds)

Week New case Active case Bed assignment Cured/dead case Number

of bed left

Emergency bed

requirement

Week 1 S1, S2 S1, S2 Assign B1, B2 to S1, S2, respectively,

for 42 days

– 1 (B3) 0

Week 2 M1, M2 S1, S2, M1, M2 M1, M2: Assign B3 to M1 and E1 to

M2 for 14 days

– 0 1 (E1)

Week 3 M3, M4 S1, S2, M1, M2,

M3, M4

Assign E2, E3 to M3, M4,

respectively, for 14 days

– 0 2 (E2, E3)

Week 4 M5, M6 S1, S2, M1, M3,

M4, M5, M6

Assign E1, E4 to M5, M6,

respectively, for 14 days

M1: Mild changed to severe and

occupy the same B3 for the next

42 days

M2: Cured 0 1(E4)

Week 5 M7, M8 S1, S2, M1, M5,

M6, M7, M8

Assign E2, E3 to M7, M8,

respectively, for 14 days

M3, M4: Cured 0 0

Week 6 – S1, S2, M1, M7,

M8

E1, E4: Removed M5, M6: Cured 0 0

Week 7 – M1 E2, E3: Removed S2, M7, M8: Cured

S1: Dead

2 (B1, B2) 0

Week 8 – M1 – – 2 (B1, B2) 0

Week 9 – M1 – – 2 (B1, B2) 0

Week 10 – – M1: cured 3 (B1, B2, B3) 0

Total number of emergency bed required = 4

Case 2.1: (Proposed approach: 10 active cases with 2 beds)

sWeek New case Active case Bed assignment Cured/dead

case

Number

of bed left

Emergency bed

requirement

Week 1 M1, M2 M1, M2 M1, M2: Home isolation with doctor’s
advice for 14 days

– 2 (B1, B2) 0

Week 2 M3, M4 M1, M2, M3, M4 M3, M4: Home isolation with doctor’s
advice for 14 days

– 2 (B1, B2) 0

Week 3 M5, M6 M1, M3, M4,
M5, M6

M5, M6: Home isolation with doctor’s
advice for 14 days

M1: Mild changed to severe and
assign B1 for the next 42 days

M2: Cured 1 (B2) 0

Week 4 M7, M8 M1, M5, M6,
M7, M8

M7, M8: Home isolation with doctor’s
advice for 14 days

M3, M4: Cured 1 (B2) 0

Week 5 S1, S2 M1, M7, M8, S1,
S2

Assign bed B2 to S1 and assign E1 to
S2 for 42 days

M5, M6: Cured 0 1(E1)

Week 6 – M1, S1, S2 – M7, M8: Cured 0 0

Week 7 – M1, S1, S2 – – 0 0

Week 8 – M1, S1, S2 – 0 0

Week 9 – S1, S2 E1: Removed

Assign B1 to S2 for the next the
14 days

M1: Cured 0 0

Week 10 – S1, S2 – 0 0

Week 11 – – – S1: Dead

S2: Cured

2 (B1, B2) 0

Total number of emergency bed required = 1
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Case 2.2: (FCFS-based approach: 10 active cases with 2 beds)

Week New case Active case Bed assignment Cured/dead

case

Number

of bed left

Emergency bed

requirement

Week 1 M1, M2 M1, M2 Assign B1, B2 to M1, M2,

respectively, for 14 days

– 0 0

Week 2 M3, M4 M1, M2, M3, M4 Assign E1, E2 to M3, M4,

respectively, for 14 days

– 0 2 (E1, E2)

Week 3 M5, M6 M1, M3, M4,

M5, M6

M1: Mild changed to severe and

occupy the same B1 for the next

42 days

Assign B2, E3 to M5, M6,

respectively, for 14 days

M2: Cured 0 1 (E3)

Week 4 M7, M8 M1, M5, M6,

M7, M8

Assign E1, E2 to M7, M8,

respectively, for 14 days

M3, M4: Cured 0 0

Week 5 S1, S2 M1, M7, M8, S1,

S2

Assign bed B2 to S1 and E3 to S2 for

42 days

M5, M6: Cured 0 0

Week 6 – M1, S1, S2 E1, E2: Removed M7, M8: Cured 0 0

Week 7 – M1, S1, S2 – 0 0

Week 8 – M1, S1, S2 – 0 0

Week 9 – S1, S2 Assign B1 to S2 and E3 to S2 for next

14 days

E3: Removed

M1: Cured 0 0

Week 10 – S1, S2 – – 0 0

Week 11 – – – S1: Dead

S2: Cured

2 (B1, B2) 0

Total number of emergency bed required = 3

Case 2.3: (Proposed approach: 10 active cases with 3 beds)

Week New case Active case Bed assignment Cured/dead

case

Number

of bed left

Emergency bed

requirement

Week 1 M1, M2 M1, M2 M1, M2: Home isolation with doctor’s
advice for 14 days

– 3 (B1, B2, B3) 0

Week 2 M3, M4 M1, M2, M3, M4 M3, M4: Home isolation with doctor’s
advice for 14 days

– 3 (B1, B2, B3) 0

Week 3 M5, M6 M1, M3, M4, M5,
M6

M1: Mild changed to severe and assign
bed B1 for the next 42 days

M5, M6: Home isolation with doctor’s
advice for 14 days

M2: Cured 2 (B2, B3) 0

Week 4 M7, M8 M1, M5, M6, M7,
M8

M7, M8: Home isolation with doctor’s
advice for 14 days

M3, M4: Cured 2 (B2, B3) 0

Week 5 S1, S2 M1, M5, M6, M7,
M8, S1, S2

Assign B2, B3 to S1, S2, respectively,
for 42 days

– 0 0

Week 6 – M1, M7, M8, S1,
S2

– M5, M6: cured 0 0

Week 7 – M1, S1, S2 – M7, M8: cured 0 0

Week 8 M1, S1, S2 – – 0 0

Week 9 S1, S2 – M1: Cured 1 (B1) 0

Week 10 S1, S2 – – 1 (B1) 0

Week 11 – – S1: Dead

S2: Cured

3 (B1, B2, B3) 0

Total number of emergency bed required = 0
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Case 2.4: (FCFS-based approach: 10 active cases with 3 beds)

Week New case Active case Bed assignment Cured/dead

case

Number

of bed left

Emergency bed

requirement

Week 1 M1, M2 M1, M2 Assign B1, B2 to M1, M2, respectively,
for 14 days

– 1 (B3) 0

Week 2 M3, M4 M1, M2, M3, M4 M3, M4: Assign B3 to M3 and E1 to M4
for 14 days

– 0 1 (E1)

Week 3 M5, M6 M1, M3, M4, M5,
M6

M1: Mild changed to severe and occupy
the same B1 for the next 42 days

Assign B2 to M5 and E2 to M6 for
14 days

M2: Cured 0 1 (E2)

Week 4 M7, M8 M1, M5, M6, M7,
M8

Assign B3 to M7 and E1 to M8 for
14 days

M3, M4: Cured 0 0

Week 5 S1, S2 M1, M7, M8, S1,
S2

Assign B2 to S1 and E2 to S2 for
14 days

M5, M6: Cured 0 0

Week 6 – M1, S1, S2 Assign B3 to S2 for the next 35 days

E1, E2: Removed

M7, M8: Cured 0 0

Week 7 – M1, S1, S2 – – 0 0

Week 8 – M1, S1, S2 – – 0 0

Week 9 – S1, S2 – M1: Cured 1 (B1) 0

Week 10 – S1, S2 – – 1 (B1) 0

Week 11 – – – S1: Dead

S2: Cured

3 (B1, B2, B3) 0

Total number of emergency bed required = 2

Case 3.1: (Proposed approach: 10 active cases with 2 beds)

Week New case Active case Bed assignment Cured/dead

case

Number

of bed left

Emergency bed

requirement

Week 1 S1, M2 S1, M2 Assign bed B1 to S1 for 42 days

M2: Home isolation with doctor’s advice
for 14 days

– 1 (B2) 0

Week 2 M5, M6 S1, M2, M5, M6 M5, M6: Home isolation with doctor’s
advice for 14 days

– 1 (B2) 0

Week 3 S2, M3 S1, M5, M6, S2,
M3

Assign bed B2 to S2 for 42 days

M3: Home isolation with doctor’s advice
for 14 days

M2: Cured 0 0

Week 4 M7, M8 S1, S2, M3, M7,
M8

M7, M8: Home isolation with doctor’s
advice for 14 days

M5, M6: Cured 0 0

Week 5 M1, M4 S1, S2, M7, M8,
M1, M4

M1, M4: Home isolation with doctor’s
advice for 14 days

M3: Cured 0 0

Week 6 – S1, S2, M1, M4 – M7, M8: Cured 0 0

Week 7 – S2, M1 M1: Mild changed to severe and assign
B1 to M1 for the next 42 days

S1: Dead

M4: Cured

0 0

Week 8 – S2, M1 – – 0 0

Week 9 – M1 S2: Cured 1 (B2) 0

Week 10 – M1 – – 1 (B2) 0

Week 11 – M1 – – 1 (B2) 0

Week 12 – M1 – – 1 (B2) 0

Week 13 – – M1: Cured 2 (B1, B2) 0

Total number of emergency bed required = 0
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Case 3.2: (FCFS-based approach: 10 active cases with 2 beds)

Week New case Active case Bed assignment Cured/dead

case

Number

of bed left

Emergency bed

requirement

Week 1 S1, M2 S1, M2 Assign bed B1 to S1 for 42 days and B2
to M2 for 14 days

– 0 0

Week 2 M5, M6 S1, M2, M5, M6 Assign E1 to M5 and E2 to M6 for
14 days

– 0 2 (E1, E2)

Week 3 S2, M3 S1, M5, M6, S2,
M3

Assign bed B2 to S2 for 42 days and E3
to M3 for 14 days

M2: Cured 0 1 (E3)

Week 4 M7, M8 S1, S2, M3, M7,
M8

Assign E1 to M7 and E2 to M8 for the
next 14 days

M5, M6: Cured 0 0

Week 5 M1, M4 S1, S2, M7, M8,
M1, M4

Assign E3 to M1 and E4 to M4 for
14 days

M3: Cured 0 1 (E4)

Week 6 – S1, S2, M1, M4 E1, E2: Removed M7, M8: Cured 0 0

Week 7 – S2, M1 M1: Mild changed to severe and assign
B1 to M1 for the next 42 days

E3, E4: Removed

M4: Cured

S1: Dead

0 0

Week 8 – S2, M1 – – 0 0

Week 9 – M1 – S2: Cured 1 (B2) 0

Week 10 – M1 – – 1 (B2) 0

Week 11 – M1 – – 1 (B2) 0

Week 12 – M1 – – 1 (B2) 0

Week 13 – – – M1: Cured 2 (B1, B2) 0

Total number of emergency bed required = 4

Case 3.3: (Proposed approach: 10 active cases with 3 beds)

Week New case Active case Bed assignment Cured/dead

case

Number

of bed left

Emergency bed

requirement

Week 1 S1, M2 S1, M2 Assign bed B1 to S1 for 42 days

M2: Home isolation with doctor’s advice
for 14 days

– 2 (B2, B3) 0

Week 2 M5, M6 S1, M2, M5, M6 M5, M6: Home isolation with doctor’s
advice for 14 days

– 2 (B2, B3) 0

Week 3 S2, M3 S1, M5, M6, S2,
M3

Assign bed B2 to S2 for 42 days

M3: Home isolation with doctor’s advice
for 14 days

M2: Cured 1 (B3) 0

Week 4 M7, M8 S1, S2, M3, M7,
M8

M7, M8: Home isolation with doctor’s
advice for 14 days

M5,M6: Cured 1(B3) 0

Week 5 M1, M4 S1, S2, M7, M8,
M1, M4

M1, M4: Home isolation with doctor’s
advice for 14 days

M3: Cured 1 (B3) 0

Week 6 – S1, S2, M1, M4 – M7, M8: Cured 1 (B3) 0

Week 7 – S2, M1 M1: Mild changed to severe and assign
bed B1 for the next 42 days

M4: Cured

S1: Dead

1 (B3) 0

Week 8 – S2, M1 – – 1 (B3) 0

Week 9 – M1 – S2: Cured 2 (B2, B3) 0

Week 10 – M1 – 2 (B2, B3) 0

Week 11 – M1 – 2 (B2, B3) 0

Week 12 – M1 – 2 (B2, B3) 0

Week 13 – – – M1: Cured 3 (B1, B2, B3) 0

Total number of emergency bed required = 0
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We have analyzed 76 cases and out of 76 cases, the

cases such as case-1.1, 1.2, 1.3, 1.4, case-2.1, 2.2, 2.3, 2.4,

case-3.1, 3.2, 3.3, 3.4, 3.4 are taken randomly and analyzed

by applying the proposed approach and FCFS-based

approach where 2 and 3 number of available beds are

considered separately for 10 number of active cases. The

abovementioned cases are represented in Figs. 3, 4, 5, 6, 7,

8, 9, 10, 11, 12, 13 and 14. This scenario is normalized by

considering 20, 30, 40, 1000 and 484,041 number of active

cases and we have calculated the number of emergency bed

requirement apart from the number of available beds for

each normalized case along with 10 active cases which are

mentioned in Tables 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 and

15. From the analysis of above cases, Figs. 3, 4, 5, 6, 7, 8,
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Fig. 3 Week-wise hospital bed

status of case 1.1 using the

proposed approach

Case 3.4: (FCFS-based approach: 10 active cases with 3 beds)

Week New case Active case Bed assignment Cured/dead

case

Number of

bed left

Emergency bed

requirement

Week 1 S1, M2 S1, M2 Assign B1 to S1 for 42 days and B2 to

M2 for 14 days

1 (B3) 0

Week 2 M5, M6 S1, M2, M5, M6 Assign B3 to M5 and E1 to M6 for

14 days

– 0 1 (E1)

Week 3 S2, M3 S1, M5, M6, S2,

M3

Assign B2 to S2 for 42 days

and E2 to M3 for 14 days

M2: Cured 0 1 (E2)

Week 4 M7, M8 S1, S2, M3, M7,

M8

Assign B3 to M7 and E1 to M8 for

14 days

M5, M6: Cured 0 0

Week 5 M1, M4 S1, S2, M7, M8,

M1, M4

Assign E2 to M1 and E3 to M4 for

14 days

M3: Cured 0 1 (E3)

Week 6 – S1, S2, M1, M4 Assign B3 to M1 for the next 7 days

E1, E2: Removed

M7, M8: Cured 0 0

Week 7 – S2, M1 M1: Mild changed to severe and

occupy the same B3 for the next

42 days

E3: Removed

M4: Cured

S1: Dead

1 (B1) 0

Week 8 – S2, M1 – – 0 0

Week 9 – M1 S2: Cured 2 (B1, B2) 0

Week 10 – M1 – – 2 (B1, B2) 0

Week 11 – M1 – – 2 (B1, B2) 0

Week 12 – M1 – – 2 (B1, B2) 0

Week 13 – – – M1: Cured 3 (B1, B2, B3) 0

Total number of emergency bed required = 3
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Fig. 4 Week-wise hospital bed

status of case 1.2 using FCFS-

based approach
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Fig. 5 Week-wise hospital bed

status of case 1.3 using the

proposed approach
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Fig. 6 Week-wise hospital bed

status of case 1.4 using FCFS-

based approach
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Fig. 7 Week-wise hospital bed

status of case 2.1 using the

proposed approach
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Fig. 8 Week-wise hospital bed

status of case 2.2 using FCFS-

based approach
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Fig. 9 Week-wise hospital bed

status of case 2.3 using the

proposed approach
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Fig. 10 Week-wise hospital bed

status of case 2.4 using FCFS-

based approach
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Fig. 11 Week-wise hospital bed

status of case 3.1 using the

proposed approach
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Fig. 12 Week-wise hospital bed

status of case 3.2 using FCFS-

based approach
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9, 10, 11, 12, 13 and 14, and Tables 4, 5, 6, 7, 8, 9, 10, 11,

12, 13, 14 and 15, it is observed that the proposed approach

can able to minimize the number of hospital emergency

beds requirement as compared to FCFS-based approach in

the worst-case scenario. The FCFS-based approach

requires relatively more number of hospital beds and it

creates challenging situations for the treatment of COVID-

19 infected patients. The proposed approach can handle

some cases with the available number of hospital beds

without using any emergency beds for their treatment.

From Tables 4 and 5, it is observed that when the number

of active cases is 10 and number of available beds are 2,

then from case-1.1, 1.2, the number of emergency bed

requirements by using proposed approach is 1 and by using

FCFS-based approach is 5, from case-2.1, 2.2, the number

of emergency bed requirements by using proposed

approach is 1 and by using FCFS-based approach is 3, from

case-3.1, 3.2, the number of emergency bed requirements

by using proposed approach is 0 and by using FCFS-based

approach is 4. Similarly, when the number of active cases

is 10 and number of available beds are 3, from case-1.3,

1.4, the number of emergency bed requirements by using

proposed approach is 0 and by using FCFS-based approach

is 4, from case-2.3, 2.4, the number of emergency bed

requirements by using proposed approach is 0 and by using

FCFS-based approach is 2, from case-3.3, 3.4, the number

of emergency bed requirements by using proposed

approach is 0 and by using FCFS-based approach is 3.

Similarly, the emergency bed requirements for 20, 30, 40,

1000 and 484,041 active cases by using normalized

mechanism are mentioned in Tables 6, 7, 8, 9, 10, 11, 12,

13, 14 and 15. Here, we have considered 484,041 active

cases as the number of active cases in India was 484,041 as

on July 26, 2020. By considering the scenario of 484,041

0

0.5

1

1.5

2

2.5

3

3.5

W
ee

k 
1

W
ee

k 
2

W
ee

k 
3

W
ee

k 
4

W
ee

k 
5

W
ee

k 
6

W
ee

k 
7

W
ee

k 
8

W
ee

k 
9

W
ee

k 
10

W
ee

k 
11

W
ee

k 
12

W
ee

k 
13

Be
d 

(in
 n

um
be

r)

Week

Number of Hospital Bed Le�

Number of Emergency Bed
Required

Fig. 13 Week-wise hospital bed

status of case 3.3 using the

proposed approach
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Fig. 14 Week-wise hospital bed

status of case 3.4 using FCFS-

based approach
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active cases, the number of emergency beds requirement

using proposed method as well as FCFS-based method are

mentioned in Tables 14 and 15, and Figs. 15 and 16. So,

the number of emergency beds requirement is very less by

applying the proposed method as compared to FCFS-based

method for the treatment of COVID-19 infected patients in

the scenario of 484,041 active cases.

Table 4 Emergency bed

requirement for 10 active cases

with 2 available hospital beds

Case reference Number of emergency beds required

Proposed approach FCFS-based approach

Number of active cases = 10

Hospital beds available = 2

1.1, 1.2 1 5

2.1, 2.2 1 3

3.1, 3.2 0 4

Table 5 Emergency bed

requirement for 10 active cases

with 3 available hospital beds

Case reference Number of emergency beds required

Proposed approach FCFS-based approach

Number of active cases = 10

Hospital beds available = 3

1.3, 1.4 0 4

2.3, 2.4 0 2

3.3, 3.4 0 3

Table 6 Normalized emergency

bed requirement for 20 active

cases with 4 available hospital

beds

Case reference Number of emergency beds required

Proposed approach FCFS-based approach

Number of active cases = 20

Hospital beds available = 4

1.1, 1.2 2 10

2.1, 2.2 2 6

3.1, 3.2 0 8

Table 7 Normalized emergency

bed requirement for 20 active

cases with 6 available hospital

beds

Case reference Number of emergency beds required

Proposed approach FCFS-based approach

Number of active cases = s20

Hospital beds available = 6

1.3, 1.4 0 8

2.3, 2.4 0 4

3.3, 3.4 0 6

Table 8 Normalized emergency

bed requirement for 30 active

cases with 6 available hospital

beds

Case reference Number of emergency beds required

Proposed approach FCFS-based approach

Number of active cases = 30

Hospital beds available = 6

1.1, 1.2 3 15

2.1, 2.2 3 9

3.1, 3.2 0 12

Table 9 Normalized emergency

bed requirement for 30 active

cases with 9 available hospital

beds

Case reference Number of emergency beds required

Proposed approach FCFS-based approach

Number of active cases = 30

Hospital beds available = 9

1.3, 1.4 0 12

2.3, 2.4 0 6

3.3, 3.4 0 9
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5 Conclusion

This paper proposed a fuzzy rule-based approach using

the priority-based method to assign hospital beds for the

COVID-19 infected patients in the worst-case scenario

where the number of hospital beds is very less as

compared to the number of patients. This work focuses

on the minimization of the number of hospital beds as

well as emergency beds requirement in this critical sit-

uation. The proposed method is compared with the

Table 10 Normalized

emergency bed requirement for

40 active cases with 8 available

hospital beds

Case reference Number of emergency beds required

Proposed approach FCFS-based approach

Number of active cases = 40

Hospital beds available = 8

1.1, 1.2 4 20

2.1, 2.2 4 12

3.1, 3.2 0 16

Table 11 Normalized

emergency bed requirement for

40 active cases with 12

available hospital beds

Case reference Number of emergency beds required

Proposed approach FCFS-based approach

Number of active cases = 40

Hospital beds available = 12

1.3, 1.4 0 16

2.3, 2.4 0 8

3.3, 3.4 0 12

Table 12 Normalized

emergency bed requirement for

1000 active cases with 200

available hospital beds

Case reference Number of emergency beds required

Proposed approach FCFS-based approach

Number of active cases = 1000

Hospital beds available = 200

1.1, 1.2 100 500

2.1, 2.2 100 300

3.1, 3.2 0 400

Table 13 Normalized

emergency bed requirement for

1000 active cases with 300

available hospital beds

Case reference Number of emergency beds required

Proposed approach FCFS-based approach

Number of active cases = 1000

Hospital beds available = 300

1.3, 1.4 0 400

2.3, 2.4 0 200

3.3, 3.4 0 300

Table 14 Normalized

emergency bed requirement for

484,041 active cases with

96,808 available hospital beds

Case reference Number of emergency beds required

Proposed approach FCFS-based approach

Number of active cases = 484,041

Hospital beds available = 96,808

1.1, 1.2 48,404 242,021

2.1, 2.2 48,404 145,212

3.1, 3.2 0 193,616

Table 15 Normalized

emergency bed requirement for

484,041 active cases with

145,212 available hospital beds

Case reference Number of emergency beds required

Proposed approach FCFS-based approach

Number of active cases = 484,041

Hospital beds available = 145,212

1.3, 1.4 0 193,616

2.3, 2.4 0 96,808

3.3, 3.4 0 145,212
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FCFS-based method by focusing on the number of hos-

pital bed as well as the emergency bed assignment to the

COVID-19 infected patients. From the results, it is

concluded that the proposed method can handle this

critical situation by assigning minimum the number of

hospital beds and emergency beds to the COVID-19

infected patients as compared FCFS-based method. The

proposed method is also able to handle some cases

without assigning any emergency beds the COVID-19

infected patients. This approach can help the government

of different countries as well as states to take initiatives

accordingly for the assignment of hospital beds to the

COVID-19 infected patients in a better way to increase

their survival probability. This work will be extended to

analyze several cases of hospital bed assignment to

COVID19 infected patients by considering the scenarios

where the number of positive cases will arise randomly

in different weeks.

Compliance with ethical standards

Conflict of interest We have no conflicts of interest to disclose.

References

1. Wong J, Goh QY, Tan Z, Lie SA, Tay YC, Ng SY, Soh CR

(2020) Preparing for a COVID-19 pandemic: a review of oper-

ating room outbreak response measures in a large tertiary hospital

in Singapore. Can J Anesthesia 67(6):732–745

2. Meares HD, Jones MP (2020) When a system breaks: a queuing

theory model for the number of intensive care beds needed during

the COVID-19 pandemic. Med J Aust 212(10):470–471

0

50000

100000

150000

200000

250000

300000

1.1, 1.2 2.1, 2.2 3.1, 3.2

N
um

be
r o

f E
m

er
ge

nc
y 

Be
ds

 R
eq

ui
re

d

Case Reference

Proposed Approach

FCFS Based Approach

Fig. 15 Emergency bed

requirement for 1010 active

cases with 96,808 available

hospital beds using normalized

principle

0

50000

100000

150000

200000

250000

1.3, 1.4 2.3, 2.4 3.3, 3.4

N
um

be
r o

f E
m

er
ge

nc
y 

Be
ds

 R
eq

ui
re

d

Case Reference

Proposed Approach

FCFS Based Approach

Fig. 16 Emergency bed

requirement for 1010 active

cases with 145,212 available

hospital beds using the

normalized principle

11380 Neural Computing and Applications (2022) 34:11361–11382

123



3. Tan Z, Phoon PHY, Jing F, Ting LX (2020) Response and

operating room preparation for the COVID-19 outbreak: a per-

spective from the National Heart Centre Singapore. J Cardiotho-

rac Vasc Anesthesia 34(9):2331–2337

4. Huang Z, Zhao S, Li Z, Chen W, Zhao L, Deng L, Song B (2020)

The battle against coronavirus disease 2019 (COVID-19): emer-

gency management and infection control in a radiology depart-

ment. J Am Coll Radiol 17(6):710–716

5. Chen Y, Li Z, Zhang YY, Zhao WH, Yu ZY (2019) Maternal

health care management during the outbreak of coronavirus dis-

ease 2019 (COVID-19). J Med Virol 92(7):731–739

6. Hick JL, Hanfling D, Wynia MK, Pavia AT (2020) Duty to plan:

health care, crisis standards of care, and novel coronavirus SARS-

CoV-2. NAM Perspectives, pp 1–13

7. Pu H, Xu Y, Doig GS, Zhou Y (2020) Screening and managing of

suspected or confirmed novel coronavirus (COVID-19) patients:

experiences from a tertiary hospital outside Hubei province.

medRxiv, pp 1–16

8. Zhang T, McFarlane K, Vallon J, Yang L, Xie J, Blanchet J,

Glynn P, Staudenmayer K, Schulman K, Scheinker D (2020) A

model to estimate bed demand for COVID-19 related hospital-

ization. medRxiv, pp 1–5

9. Chen C, Zhao B (2020) Makeshift hospitals for COVID-19

patients: where health-care workers and patients need sufficient

ventilation for more protection. J Hosp Infect 105(1):98–99

10. Ross SW, Lauer CW, Miles WS, Green JM, Christmas AB, May

AK, Matthews BD (2020) Maximizing the calm before the storm:

tiered surgical response plan for novel coronavirus (COVID-19).

J Am Coll Surg 230(6):1080–1091

11. Li R, Rivers C, Tan Q, Murray MB, Toner E, Lipsitch M (2020)

The demand for inpatient and ICU beds for COVID-19 in the US:

lessons from Chinese cities. medRxiv, pp 1–12

12. Grasselli G, Pesenti A, Cecconi M (2020) Critical care utilization

for the COVID-19 outbreak in Lombardy, Italy: early experience

and forecast during an emergency response. JAMA

323(16):1545–1546

13. Xiang YT, Zhao YJ, Liu ZH, Li XH, Zhao N, Cheung T, Ng CH

(2020) The COVID-19 outbreak and spsychiatric hospitals in

China: managing challenges through mental health service

reform. Int J Biol Sci 16(10):1741–1744

14. Han Y, Zeng H, Jiang H, Yang Y, Yuan Z, Cheng X, Zhu J

(2020) CSC expert consensus on principles of clinical manage-

ment of patients with severe emergent cardiovascular diseases

during the COVID-19 epidemic. Circulation 141(20):810–816

15. Tanne JH, Hayasaki E, Zastrow M, Pulla P, Smith P, Rada AG

(2020) COVID-19: how doctors and healthcare systems are

tackling coronavirus worldwide. BMJ 368:1–5

16. Griffin KM, Karas MG, Ivascu NS, Lief L (2020) Hospital pre-

paredness for COVID-19: a practical guide from a critical care

perspective. Am J Respir Crit Care Med 201(11):1337–1344

17. Chen S, Yang J, Yang W, Wang C, Barnighausen T (2020)

Covid19 control in China during mass population movements at

new year. Lancet 395(10226):764–766

18. Anderson RM, Heesterbeek H, Klinkenberg D, Hollingsworth DT

(2020) How will country-based mitigation measures influence the

course of the COVID-19 epidemic? Lancet 395(10228):931–934

19. Remuzzi A, Remuzzi G (2020) COVID-19 and Italy: what next?

Lancet 395(10231):1225–1228

20. Wilder-Smith A, Freedman DO (2020) Isolation, quarantine,

social distancing and community containment: pivotal role for

old-style public health measures in the novel coronavirus (2019-

ncov) outbreak. J Travel Med 27(2):1–4

21. Wu Z, McGoogan JM (2020) Characteristics of and important

lessons from the coronavirus disease 2019 (COVID-19) outbreak

in china: summary of a report of 72314 cases from the Chinese

center for disease control and prevention. JAMA

323(13):1239–1242

22. Dalton C, Corbett S, Katelaris A (2020) Pre-emptive low cost

social distancing and enhanced hygiene implemented before local

COVID-19 transmission could decrease the number and severity

of cases. SSRN 212(10):1–10

23. Roosa K, Lee Y, Luo R, Kirpich A, Rothenberg R, Hyman JM,

Yan P, Chowell G (2020) Real-time forecasts of the COVID-19

epidemic in china from February 5th to February 24th, 2020.

Infect Dis Modell 5:256–263

24. Leung CC, Lam TH, Cheng KK (2020) Mass masking in the

COVID-19 epidemic: people need guidance. Lancet

395(10228):945–947

25. Ferguson NM, Laydon D, Nedjati-Gilani G, Imai N, Ainslie K,

Baguelin M, Bhatia S, Boonyasiri A, Cucunuba Z, Cuomo-

Dannenburg G et al (2020) Impact of non-pharmaceutical inter-

ventions (npis) to reduce covid19 mortality and healthcare

demand. Imperial College COVID-19 Response Team, London,

pp 1–20

26. Oxford Analytica (2020). COVID-19 social distancing will be in

place for months. Emerald Expert Briefings, (oxan-es). https://

doi.org/10.1108/OXAN-ES251414

27. Roosa K, Lee Y, Luo R, Kirpich A, Rothenberg R, Hyman JM,

Yan P (2020) Chowell G (2020) Short-term forecasts of the

COVID-19 epidemic in Guangdong and Zhejiang, China:

February 13–23. J Clin Med 9(2):1–9

28. Yap JC-H, Ang IYH, Tan SHX, Jacinta I, Chen P, Lewis RF,

Yang Q, Yap RKS, Ng BXY, Tan HY (2020) COVID-19 science

report: social distancing & lockdowns. https://doi.org/10.25540/

vcvz-yg51

29. Stein R (2020) COVID-19 and rationally layered social distanc-

ing. Int J Clin Pract 74(7):1–3

30. Jiang F, Deng L, Zhang L, Cai Y, Cheung CW, Xia Z (2020)

Review of the clinical characteristics of coronavirus disease 2019

(COVID-19). J Gen Internal Med 35:1545–1549

31. Mahase E (2020) COVID-19: UK starts social distancing after

new model points to 260000 potential deaths 368:1–2

32. Fauci AS, Lane HC, Redfield RR (2020) COVID-19—navigating

the uncharted. N Engl J Med 382:1268–1269

33. Ebrahim SH, Memish ZA (2020) COVID-19: preparing for

superspreader potential among Umrah pilgrims to Saudi Arabia.

Lancet 395(10227):e48. https://doi.org/10.1016/S0140-

6736(20)30466-9

34. Lipsitch M, Swerdlow DL, Finelli L (2020) Defining the epi-

demiology of covid19—studies needed. N Engl J Med

382(13):1194–1196

35. Mizumoto K, Chowell G (2020) Transmission potential of the

novel coronavirus (COVID-19) onboard the diamond princess

cruises ship, 2020. Infect Dis Model 5:264–270

36. Wilder-Smith A, Chiew CJ, Lee VJ (2020) Can we contain the

COVID-19 outbreak with the same measures as for sars? Lancet

Infect Dis 20(5):102–107

37. Thomson G (2020) COVID-19: social distancing, ace 2 receptors,

protease inhibitors and beyond? Int J Clin Pract e13503 74(7):1–2

38. Desai AN, Patel P (2020) Stopping the spread of COVID-19.

JAMA 323(15):1516. https://doi.org/10.1001/jama.2020.4269

39. Nkengasong JN, Mankoula W (2020) Looming threat of COVID-

19 infection in Africa: act collectively, and fast. Lancet

395(10227):841–842

40. Baker R (2020) Reactive social distancing in a sir model of

epidemics such as COVID-19. arXiv preprint http://arxiv.org/abs/

2003.08285, pp 1-7

41. Zhang Y, Jiang B, Yuan J, Tao Y (2020) The impact of social

distancing and epicenter lockdown on the COVID-19 epidemic in

mainland china: a data-driven seiqr model study. medRxiv,

pp 1–14

Neural Computing and Applications (2022) 34:11361–11382 11381

123

https://doi.org/10.1108/OXAN-ES251414
https://doi.org/10.1108/OXAN-ES251414
https://doi.org/10.25540/vcvz-yg51
https://doi.org/10.25540/vcvz-yg51
https://doi.org/10.1016/S0140-6736(20)30466-9
https://doi.org/10.1016/S0140-6736(20)30466-9
https://doi.org/10.1001/jama.2020.4269
http://arxiv.org/abs/2003.08285
http://arxiv.org/abs/2003.08285


42. Fraymovich S, Levine DA, Platt SL (2020) A blueprint for

pediatric emergency resource reallocation during the COVID-19

pandemic: an NYC hospital experience. Pediatric Emerg Care

36(9):452–454

43. Ruan Q, Yang K, Wang W, Jiang L, Song J (2020) Clinical

predictors of mortality due to COVID-19 based on an analysis of

data of 150 patients from Wuhan. China. Intensive Care Med

46(5):846–848

44. Bai Y, Yao L, Wei T, Tian F, Jin D-Y, Chen L, Wang M (2020)

Presumed asymptomatic carrier transmission of COVID-19.

JAMA 323(14):1406–1407

45. Novel CPERE et al (2020) The epidemiological characteristics of

an outbreak of 2019 novel coronavirus diseases (COVID-19) in

China. Zhonghua Liu Xing Bing Xue Za Zhi 41(2):145–151

46. Xie J, Tong Z, Guan X, Du B, Qiu H, Slutsky AS (2020) Critical

care crisis and some recommendations during the COVID-19

epidemic in china. Intensive Care Med 46(5):837–840

47. COVID I, Murray CJ (2020) Forecasting COVID-19 impact on

hospital bed-days, ICU-days, ventilator-days and deaths by US

state in the next 4 months. MedRxiv, pp 1–26

48. Thomas P, Baldwin C, Bissett B, Boden I, Gosselink R, Granger

CL, Ntoumenopoulos G (2020) Physiotherapy management for

COVID-19 in the acute hospital setting: clinical practice rec-

ommendations. J Physiother 66(2):73–82

49. Fong SJ, Li G, Dey N, Crespo RG, Herrera-Viedma E (2020)

Composite Monte Carlo decision making under high uncertainty

of novel coronavirus epidemic using hybridized deep learning

and fuzzy rule induction. arXiv preprint http://arxiv.org/abs/2003.

09868, pp 1–19

50. Amina M, Yazdani J, Rovetta S, Masulli F (2020) Toward

development of PreVoid alerting system for nocturnal enuresis

patients: a fuzzy-based approach for determining the level of

liquid encased in urinary bladder. Artif Intell Med 106:101819

51. Sumrit D (2020) Supplier selection for vendor-managed inven-

tory in healthcare using fuzzy multi-criteria decision-making

approach. Decis Sci Lett 9(2):233–256

52. Li X, He Z (2020) An integrated approach for evaluating hospital

service quality with linguistic preferences. Int J Prod Res. https://

doi.org/10.1080/00207543.2020.1725681

53. Cuevas E, Gálvez J, Avalos O (2020) Fuzzy logic based opti-

mization algorithm. Recent metaheuristics algorithms for

parameter identification. Springer, Cham, pp 135–181

54. Zouaoui S, Boussaid L, Mtibaa A (2019) Priority based round

robin (PBRR) CPU scheduling algorithm. Int J Electr Comput

Eng 9(1):190–202

55. Milan ST, Rajabion L, Darwesh A, Hosseinzadeh M, Navimipour

NJ (2019) Priority-based task scheduling method over cloudlet

using a swarm intelligence algorithm. Clust Comput 23:663–671

56. Bibu GD, Nwankwo GC (2019) Comparative analysis between

first-come-first-serve (FCFS) and shortest-job-first (SJF)

scheduling algorithms. Int J Comput Sci Mobile Comput

8(5):176–181

57. Brandwajn A, Begin T (2019) First-come-first-served queues

with multiple servers and customer classes. Perform Eval

130:51–63

58. https://www.who.int/emergencies/diseases/novel-coronavirus-

2019. Accessed 4 Aug 2020

59. https://www.worldometers.info/coronavirus/. Accessed 4 Aug

2020

60. https://www.covid19india.org/. Accessed 4 Aug 2020

61. https://www.mathworks.com/. Accessed 2 Jan 2020

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

11382 Neural Computing and Applications (2022) 34:11361–11382

123

http://arxiv.org/abs/2003.09868
http://arxiv.org/abs/2003.09868
https://doi.org/10.1080/00207543.2020.1725681
https://doi.org/10.1080/00207543.2020.1725681
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.worldometers.info/coronavirus/
https://www.covid19india.org/
https://www.mathworks.com/

	A fuzzy rule-based efficient hospital bed management approach for coronavirus disease-19 infected patients
	Abstract
	Introduction
	Related works
	Proposed methodology
	Results and discussion
	Conclusion
	References




