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Abstract 

Recent COVID-19 has revealed that we are still unable to find a sustainable approach to combat 

such infections in order to maintain a stable economy and minimize death rates. COVID-19 vaccine 

is available but when COVID-19 first arrived, restricting movement was the only option to control 

the spread, yet, one of its consequences is an economic crisis. This paper proposes predicting opti- 

mum lockdown patterns of epidemic spread using AI techniques (MESA ABM) which will help to 

balance economic fall and death rates while conducting vaccine research. We created a computer- 

generated environment to replicate a pandemic, such as the initial wave of COVID-19. The model 

was created using the SIR (Susceptible, Infected, Recovered) hypothesis for disease propagation and 

implemented using the Mesa, which is an agent-based modeling framework. Using this model, we 

develop an optimum lockdown pattern using agents (entities that act like humans). Our model pro- 

duces optimal movement restrictions by randomly putting lockdowns ranging from one to a hundred 

days using given conditions. Additionally, we carry out several assessments and offer the justification 

for the action. 

 

Keywords: Optimum lockdown pattern, Epidemic spread, Movement restriction, MESA (ABM), 

SIR model 

 
1 Introduction 

Global outbreaks like COVID-19 changed people’s lives by leaving impacts behind such as losing lives, 

and deteriorating health, and apart from this pandemic creates social and economic disasters [1, 2]. Pan- 
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demics are mainly caused through the transmission of a disease from one person to another such as 

Swine Flu in 2009 [3] to COVID-19 in 2018 [4]. To prevent and control outbreaks of infectious diseases, 

vaccines are essential [5]. However, an effective vaccine may take a long time to produce depending on 

the situation and disease [6], [7]. Movement restrictions can be used to control infectious diseases [8]. 

Recently, COVID-19 lockdowns impacted the economy due to loss of life, trade disruption, business 

closures, halted tourism industries, and the increased mortality rate. 

From the very beginning of human existence, several viral communicable diseases have spread, but 

recent COVID-19 has shown us that we are yet to find a proper solution to fight such diseases so that 

we can minimize death rates and be able to keep our economy steady [9]. Many countries like China 

and the USA around the world suffer from COVID-19 disease spread restrictions as well as economic 

damage [10], [11]. During this time we have found the solution is to find an optimum lockdown that will 

help us to balance economical falls, the spread of diseases, and the death rate. 

In order to solve this problem, we used an AI-based technique. We examined how infectious dis- 

eases spread in an initial pandemic situation. Then we use agents to generate data and to determine the 

optimum lockdown pattern. By following that optimum lockdown a country can balance the death rate 

and economic rate. We reuse a COVID-19 model to accomplish this purpose [12]. The model uses Mesa 

ABM (agent-based model) along with SIR theory to show how an infectious disease like COVID-19 

spreads in a virtual environment. 

An agent-based model (ABM) is a software program used to simulate the activities and interactions 

of agents (individual or collective entities such as agencies or groups) to comprehend system behavior 

and what determines its outcomes [13]. Utilizing either the built-in core components (such as spatial 

grids and agent schedulers) or customized implementations, users of MESA may easily build agent- 

based models, view them using a browser-based interface, and study their outcomes using Python’s 

data analysis capabilities [14]. With the help of this existing COVID-19 model, we recreate a model 

that generates an optimum lockdown pattern to control the falling economy and the rise of death due  

to COVID-19. Our proposed model has four types of agents (Susceptible, Infected, Recovered, and 

Death) [15]. 

Our agent’s goal is to generate a dataset based on given conditions and information so that a pandemic 

crisis can be controlled while maintaining economic balance. Since economically people are inactive due 

to lockdown and there are lots of deaths from infection, the economy normally starts to fall [16], [17]. In 

our model, we give random lockdowns so that we can find the lockdown pattern to control the death rate 

due to COVID-19 while maintaining the economic rate. 

After analyzing the data we find the optimum lockdown that balances the economy along with   

the death rate. Our model results are consistent with real-life scenarios comparing China, India, and 

Bangladesh. We can adapt the model to the environment of any country. In addition, when new infec- 

tious diseases develop in the future and scientists conduct research on viruses, we can also adapt our 

model to determine the best lockdown to control the economy and mortality rates. 

 

2 Literature review 

Many researchers have proposed different types of lockdowns, some of them proposed age-based lock- 

downs, n-work-m-lockdown, and so on [18], [19]. Anyway, the age-based lockdown and the n-work-m- 

lockdown (n days without lockdown followed by m days of lockdown) strategy should not apply during 

critical pandemic situations. Because of the economic downturn, there are challenges in the current 

pandemic situation, including the challenge of implementing a lockdown pattern without affecting the 

economy, while minimizing the death rate. We are still struggling to make a proper effective control mea- 

sure which shows that we need to find a proper pattern of lockdown so that along with battling against a 
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pandemic we can restore our economy to balance economic equality. Additionally, various organizations 

quickly adapt and apply their machine learning expertise in several sectors and machine learning allows 

us to mimic and ingest a large volume of data to quickly understand the behavior and patterns of that 

given situation [20]. 

There has been so much research done on lockdown policies of COVID-19 and its effect on the 

economy and our social life but there is no proper research on how both the death rate and economic 

steady rate can be balanced. Various strategies of lockdown placing were taken into consideration to 

stop the death rate and infection rate such as by placing lockdowns based on only the high rate of active 

cases and reproduction rate and then the system lifts the lockdown if the rate of acid reproduction rate 

is low [21]. A study related to lockdown and modeling of corona spread used a dynamic mathematical 

model for prediction of the future infected population with the lockdown period of 14, 21, 42 days of 

lockdown and one of those studies was placing short lockdowns which they thought worked best to stop 

the spread but none of this lockdowns were considering the effects of the economy so that economy death 

rate both can be balanced [22], [23]. 

Tamer Oraby et al. developed a stochastic continuous-time Markov chain (CTMC) with eight states 

or compartments and discovered that shorter lockdowns appear to have a larger relative effect on the 

total attack rate if they begin close enough to the peak of the actual incidence and that a lockdown 

shorter than 90 days can achieve the goal of hospital caseload reduction. However, their study is related 

to give insights into how the population of that family will affect the model. There were no findings 

nor discussion about the lockdown’s effect on the economy [24]. The Markov chain model becomes 

more complicated when more states and interactions are included but to create a complex model like 

the pandemic-like situation we need complex models so SIR models are better for generating lockdown 

patterns. 

In [25], Caulkins et al. used SIR differential model and reported that a central strategy for responding 

to the COVID-19 pandemic is “locking down” parts of the economy to reduce social interaction and, 

contagious transmission. They said it can be optimal to have two separate periods of lockdown at the 

same time.  Economic costs are relatively small with the short lockdown),  but it is the health costs  

that are massive. They advocate that three qualitavely different lockdown strategy can be considered 

optimal at the same time. The lockdowns will depend on the value of preventing a death due to COVID- 

19 And they denoted this value as M. Considering the value of M as smaller, intermediate and larger 

they proposed lockdowns. They do seem concerned about economic disruption due to lockdowns but for 

placing lockdowns an optimum pattern is needed to generate by placing random lockdowns in the model. 

This will make the lockdown pattern more accurate and acceptable. 

Manfei Yang et al. reported in [26] that UK government implemented a series of measures for Eng- 

land when Covid 19 first arrived. This study systematically collated and analyzed the prevention and 

control policies adopted by the UK during the first and second COVID-19 waves. From 23 March to 7 

May 2020, the UK imposed its first lockdown, during which measures were strict after lifting the lock- 

down On 5 November 2020, the second lockdown in 4 weeks was imposed in England, these lockdowns 

were based on the mortality rate and infection rate only. There was no optimal calculation how both the 

economy and death rate can be balanced for imposing those lockdowns. Monthly gross domestic product 

(GDP) of UK in December 2020 was 6.3% below the level of February 2020, having increased by 1.2 

percenatge compared with November 2020 [27]. This state of GDP shows how important an optimum 

lockdown pattern is which will not only focus on death count but as well as on the affected economy. 

Some countries adopted the green zoning strategy as movement restrictions when the virus was under 

control and could recommence economic and social activities among themselves; research has shown 

that green zoning can recover economic declines and prevent transmission. But we see that they have not 

properly mentioned the parameters to declare a region as a green zone and green zones will interact by 

avoiding possible transmissions [28]. 
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Our study focuses on the betterment of the economic condition that tends to deteriorate along with 

the death rate so that when any new pandemic starts to hit our model can predict a better lockdown 

pattern. In our model when the death rate and economic rate start to fall as a result of economically 

active people dying due to COVID-19, our model generates optimum movement restrictions by placing 

lockdowns randomly from one to a hundred days. 

 
3 Method 

The spread of infectious diseases is a complex problem. In the real-world humans interact with each 

other and also with the environment. Because of their interaction, the spread of infectious diseases leads 

to pandemic crises. In addition, the diseases spread randomly through infected people’s interactions. 

Multiple models have been implemented to study the spread of infectious diseases [29]. Different types 

of mathematical models are used mainly using ordinary differential equations (ODE) [30].These types 

of models are sufficient for designing infectious diseases. But when we want to use entities called agents 

to act as a human we need randomness so that the model avoids overfitting. Agents (entities) require 

randomness in order to avoid overfitting and creating more uncertainty. Mathematical models lack ran- 

domness in terms of infection, recovery and death. So we do not implement traditional mathematical 

models but instead, implement a virtual environment that simulates disease transmission and has ran- 

domness [31]. 

 
3.1 The virtual environment: 

The virtual environment is used to generate states and results based on some particular actions. The 

virtual environment is designed based on the SIR (Susceptible-Infectious-Recovered) compartmental 

model. Due to the randomness in various transitions, the virtual environment uses python and MESA 

ABM. Agent-based models can be built, analyzed, and visualized using Mesa. In agent-based models, 

multiple entities (agents) act and interact with one another based on their programmed behavior. Living 

cells, animals, individuals and even entire organizations or abstract entities can be represented by agents. 

In addition, the environment sets the way that our agents are going to be able to move (i.e., they can 

only move like a King in chess), as well as the limits of the environment (in our case, there are no limits 

since we’re modeling a toroidal world). The population can randomly move there. On each day, a fixed 

number of population (agents) performs a fixed number of random moves based on given actions. 

The virtual environment contains four types of entities called agents acting as a human followed by 

the theory SIR. They are: 

Susceptible: People who are currently not infected by the disease but have a possibility of being infected. 

Infected: People who are infected by the disease and can infect someone else. 

Recovered: People who are cured of the disease and do not have any chance of being infected. 

Dead: People who are not cured of the disease lose their lives. 

The figure 1 shows: 
 

• Agents (i.e., people) susceptible to infection are shown as green dots 
 

• An agent with red dots is infected 
 

• A black star represents a location in a city, such as an airport, a supermarket, a sightseeing spot, 

etc. potentially visited by tourists or locals. 

• Death agents are not shown. 
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Figure 1. This is a graphic representation of the initial simulation of our virtual environment. 

 
3.2 Transmission stages and stage generation: 

In this virtual environment, all agents are susceptible to COVID-19 i.e. initially all agents are suspected 

of COVID-19. We assume that non-infected agents will visit the places where the infected agent has 

been (the black stars). So when an agent randomly comes into close contact with an infected agent it gets 

infected. In the beginning, there is an infected person (red dot) in the environment. After close contact 

with the infected agent, the susceptible agent is infected randomly and becomes the infected agent. As 

a result, random agents become infected gradually. After they get infected randomly agents may die or 

recover. The agent will be dead randomly based on dead probability. Otherwise, the infected agent can 

be recovered randomly if it survives the whole treatment period i.e. 

 
schedule time−in f ected at ≥ treatment period  (1) 

In the equation (1), 

schedule time = The random time an agent activated to perform in the environment 

in f ected at = Time when an agent gets infected 

treatment period = The time needed for the agent to get recover from the diseases 

 
3.3 Agent Movement 

In the model, agents interact with each other and also in the environment based on some given function. 

They moved in the environment to reach their destination based on their position such as the initial 

position which is the first position of an agent for example home, target position is their destination for 

example from home to the airport and set of possible destinations because there are many possible ways 
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to reach their new position. They use the shortest path (Euclidean distance) from among all possibilities. 

It also ensures the model that not all agents will go to the same place. 

 

 

 

 

 

 

Figure 2. Stage generation of agents. 

 

Figure 2 illustrates stage generation of agents after their movement and close contact based on SIR 

theory [15]. Agent goes suspect to infectious after close contact with the infected agent, after that some 

of the infected agents recover if they survive the treatment period otherwise die based on the equation 

(1) 

 
3.4 Economy rate 

According to Bangladesh statistics 2020, the employed population is (15+), million i.e. 60.8 percentage 

[32]. Most of the country’s economically active people are 60 percentage or above [33], [34]. Therefore, 

we planned that 60 of agents are making money to contribute to the economy. The virtual economy is 

based on each individual’s movement. In other words, if movement restrictions are imposed, they have 

an impact on the economy as well. When agents start to move they contribute to the economy directly 

or indirectly. Dead people are not considered for their contribution to the economy. People who did 

not survive cannot make any further contributions to the economy and remove it from the environment. 

Finally choosing their destination they started to move and make a contribution to the economy while 

interacting with each other. Thus they are getting infected when they get close contact with infected 

people. If they survive until treatment they recover otherwise they die. 

 
3.5 Lockdown pattern 

Day-wise lockdown 

We give various conditions to agents to find the optimum lockdown pattern. The movement of all agents 

will stop when agents meet those conditions. In a pandemic situation, the agent will move freely until 

people start to die and the economy falls due to infectious diseases.   The movement restriction will   

be started and the agent will not move anymore until the movement restriction will stop. To find the 
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optimum result we give random movement restrictions from one to a hundred days to reduce the dead 

and balance the economy. Day by day we analyze the movement restriction to find the optimum result. 

 
3.6 Virtual environment workflow 

Flowchart of our proposed model working in the virtual environment 

 
In figure 3, there is a visual representation of how our model is working in the virtual environment. 

From the flow chart, we can see there is a COVID-19 model in a virtual environment where the suspect 

and infected agent are moving randomly. When they have close contact with each other, the suspect 

 

 

 
Figure 3. The figure illustrates step-by-step representation of the proposed model. 

 

agent gets infected. If infected agents survive the whole treatment period they are recovered otherwise 

they die. All the moving agents have contributed to the economy except the dead agent. They move 

freely until there is a movement restriction. If the economy and death rate is less due to COVID-19 then 
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their agents stop movement in the environment otherwise they continue until reaching their destination. 

 
This is how our model is working in the virtual environment 

 
 

 

Figure 4. Final simulation of the virtual environment 

 
In the figure 4, the final simulation of our virtual environment’s graphic representation is illustrated. 

In the virtual environment after agents interact with each other and movement in the environment, our 

model will generate a data set where 

• Green dots are agents who are (i.e., people) susceptible to infection 

• Red dots are infected agents 

• Cyan dots represent agents that have recovered from infection 

• Black stars are locations in a city, such as airports, supermarkets, sightseeing destinations, etc., 

meant to represent the kinds of places a visitor to New Zealand or locals might visit 

 
3.7 The Dataset collection from our model 

In our model agents generate random lockdown patterns between one to hundred days and the change 

of economic rate, the death rate due to lockdown patterns along with the change of infected, suspected, 

dead, and recovered agents. 

 
Our model’s data after processing is as follows 

 
Table 1 and 2 show our sample data set generated from our agent after our recreated model. We give 

some information to our agents such as infection probability, dead probability, incubation period, treat- 

ment period, and destination along with given conditions for finding the lockdown pattern to balance our 

economy and death rate. According to this information, this data set is generated where sim destination 
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represents agent destination, D, I, R, S mean dead, infected, recovered, suspected agents, the day column 

represents random lockdown, and w represents the economic contribution of the agents in the envi- 

ronment, Dead rate represents the rate of date and rate w represents economic rate during COVID-19 

pandemic. For our model, the incubation period, treatment period, infection probability, and death prob- 

ability are fixed. However, they can be changed according to any country’s data. 

 
The dataset 

 
 

Table 1. Following the processing of our model data generated by agents through introducing lockdowns 
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1 0 3 72 0.3 37 0 960 598 99 1000 20 20 3 14 0.7 0.05 

2 1 1 64 0.1 9 0 990 599 99 1000 20 20 3 14 0.7 0.05 

3 2 3 74 0.3 27 0 970 598 99 1000 20 20 3 14 0.7 0.05 

4 3 1 93 2.1 86 0 913 599 99 1000 20 20 3 14 0.7 0.05 

5 4 1 31 0.1 5 0 994 599 99 1000 20 20 3 14 0.7 0.05 

6 5 1 71 0.1 27 0 972 599 99 1000 20 20 3 14 0.7 0.05 

 

 
Table 2. Following the processing of our model data generated by agents without imposing lockdowns 
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7 6 956 1 95.6 17 27 0 26 4 1000 20 20 3 14 0.7 0.05 

8 7 959 1 95.9 10 31 0 24 4 1000 20 20 3 14 0.7 0.05 

9 8 954 1 95.4 18 28 0 27 4 1000 20 20 3 14 0.7 0.05 

10 9 957 1 95.7 13 30 0 25 4 1000 20 20 3 14 0.7 0.05 

11 10 946 1 94.6 35 19 0 32 5 1000 20 20 3 14 0.7 0.05 

12 11 952 1 95.2 17 31 0 28 4 1000 20 20 3 14 0.7 0.05 

 
In the table1 and 2 

 

1Sim destination: Sim destination is a set of possible destinations 

2D: Dead agents when they could not survive COVID-19 , 

3Day: Random lockdown 
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4Dead rate: The rate of death after lockdown 

5I: Infected agents, 

6R: Recovered agents after they survive 

7S: Susceptible agents of COVID-19 

8Economic contribution (W): Agent movement in the environment expect dead agent 

9Economic rate (rate W): The economic rate is 100% when 60% of agents are economically active 

[32], [33], [34]. As a result of the lockdown and when our economically active 0 people will die 

due to COVID-19, the rate increases or decreases. 

10Population (N) We take a small sample. Our model has 1000 agents. 

11Incubation period for the diseases: Most diseases take a minimum of 3 days to start having symp- 

toms after contact with infection [35]. So the incubation period for the diseases is 3 days 

12Treatment period: Most infectious disease treatment is 1 to 2 weeks [36]. So we gave a 14 day 

treatment period. 

13Infection probability: We give an infection probability of 0.7 as 60 to 70 percent of Indian People 

get infected [37]. 

14Dead probability: We gave the dead probability 0.5 according to India’s date rate which was 5 to 

6 percentages [38]. 

 
4 Result and Discussion 

The overall implementation is conducted using Python MESA. The experiments are conducted in a vir- 

tual environment implemented on our laptops. Therefore, we experiment with a limited number of 1,000 

people and a default daily movement of 100 steps. In this section, we analyze every data from our data 

set using excel. In our model, we found that different lockdown types had a variety of economic effects 

and a higher rate of death. The lockdown pattern was increased randomly from one to a hundred days 

as some countries lockdowns rose to 82 days [39]. We demonstrated the graphical representation of our 

data in figure 5 and 6. 

In the graph figure 5 and 6, the random lockdown pattern begins with 74 days,  followed by 71,  

32, and 100 days randomly, and continues until the model stops. Whenever the lockdown changes, the 

number of dead increases, and in some cases, it decreases, as well as the economic contribution. To 

find out the optimum lockdown pattern for all days we have to analyze all lockdowns individually using 

excel. 

Based on our analysis, we can see how the number of dead and economic contribution changes 

according to the different types of lockdowns. Lockdown of fewer than two weeks has poor economic 

contribution due to the high number of economically activated agents dead. Our results improve if the 

lockdown is increased by more than two weeks. The result gets better in 21 days of lockdown. After 21 

days, the number of dead increased again, resulting in the fall of the economy. According to our analysis, 

66 days of lockdown resulted in a decent economy and dead results. 77 and 82 days of lockdown have 

similar results compared to 66 days. 82 days later, the result is not good since people have died and the 

economy has suffered. We have a small difference due to the small sample size. 
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Figure 5. In this graph, the x-axis represents a random lockdown from one to a hundred days. Y-axis 

represents the change in death due to random lockdown. 
 

 

 

Figure 6. The x-axis represents a random movement restriction between one and a hundred days, while 

the y-axis represents economic contribution due to random lockdown. 
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4.1 Without Lockdown 

If we run the model without any lockdown, we can see from figure 7 and 8 that the deaths are continuously 

increasing rather than the random lockdown pattern we applied in our model. Additionally, the economic 

contribution is continuously declining. 
 

Figure 7. The graph shows the number of Dead (D) without lockdown on the y-axis. 
 

 

Figure 8. The graph shows the rise/fall of economic contribution (W) without lockdown on the y-axis. 
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4.2 Model Validation 

To evaluate our model and determine if it would work in real-life, we compared it to several countries 

that applied lockdown patterns, such as India. In recent studies in India, there was research about the 

impact of various lockdown scenarios on COVID-19 transmission in India. The model was applied to 

predict COVID-19 transmission in India for different intervention scenarios in terms of lockdown for 4, 

14, 21, 42, and 60 days [40]. Bangladesh lifted the lockdown after 66 days because the situation was 

much more normal than before. So we analyze how our agent works on 66 days of lockdown [41]. With 

growing reported cases and deaths in the US and other European countries now far outstripping those 

of China and once unimaginable lockdowns now becoming the norm everywhere, finally, after 77 days 

of lockdown, Wuhan  came back to its normal form with a low infection rate and death rate [42].  In  

77 days of lockdown, let’s see how our model performs. In Palestine, it was back to normal after 82 

days of coronavirus lockdown but enforced control measures such as avoiding crowds and sterilizing 

properly before or after any human or surface contact [39]. So different countries achieve different types 

of lockdown to find the best result. We applied all these lockdown patterns to check how our model 

works on these similar lockdowns. Here’s what our validation looks like in the graphical form 9 and 10 
 

Figure 9. Change of death due to different types of lockdown. 

 

Due to our small sample size, there is less difference between graphs 9 and 10. As a starting point, 

we compare it to India, a study of the infected populations predicted using the developed model. The 

model shows that lockdown periods of 4, 14, 21, 42 and 60 days were implemented and no significant 

changes in the infected population were observed in 4 and 14 days of lockdown. Other than that there 

were noticeable changes in the number of infected cases with lockdown periods of 21, 42, and 60 days. 

In the first 42 days of lockdown, the predicted cases were reduced from 378036 (non-intervention) to 70, 

424 at 110 days. In the second time of placing 42 days of lockdown, the number decreases even more to 

42950. The changes in predicted infectious rate were quite similar in 42 days and 60 days of lockdown. 

When we give 7 and 14 days of lockdown in our model 162 and 149 people died out of 74000 agents 

respectively where the total economic contribution is 59257 and 59265 respectively. In our model, in 

21 days of lockdown 143 agents died out of 74000 agents, in 42 days of lockdown which is 140, the 

agent’s total contribution to the economy is 59271 and 59269 respectively. Though the change is not 
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Figure 10. The economic impact of various types of lockdown patterns. 

 

massive due to the small dataset, we can see the model performs well in 21 and 42 days compared to 7 

and 14 days. The dead and economic contribution is better in 21 and 42 days lockdown which reduces 

the number of dead people from 162 to 140 out of 74000 agents in our environment and the economic 

contribution rises up from 59265 to 59269. As in India, the change between 42 and 60 is quite similar so 

we perform a lockdown between them which is a 52 days lockdown. In 52 days our dead agents are 142 

and our economic contribution is 59269 which is quite similar to 42 lockdowns. We can tell from Indian 

research and our model that the change is quite similar from 7 days to 60 days of lockdown. 

In Bangladesh, after 66 days of lockdown, Bangladesh lifted the lockdown because the situation was 

much more normal than before. In our model, in 66 days the dead agents out of 74000 agents are 133 

and the economic contribution is 59269. The model performed well on 66 days of lockdown. The death 

rate reduces from 162 to 133 out of 74000 agents but the economic contribution is quite similar. We can 

see from our model that 66 days is better than all the previous lockdowns. After 77 days of lockdown, 

Wuhan came back to its normal form with a low infection rate and death rate. In our model, 146 agents 

died, and the economic contribution is 59267 when we give 77 days of lockdown. Here dead agents 

increase compared to the 66 days lockdown pattern. So we increase the lockdown days up to 82 days as 

Palestine is back to normal after 82 days of coronavirus lockdown. In our model, we have seen that for 

82 days of lockdown the deaths are 176 and the economic contribution is 59247. We can see that 66 days 

of lockdown give us the best result compared to all types of lockdown. In 66 days the deaths are reduced 

and the economic contribution rises. Our model did not give us the best result for 77 and 82 days. We 

compare all the lockdown patterns below to find out the best pattern. We can see from figure: 9 that the 

dead fall from 21 days to 66 days after that the dead suddenly rises. Figure: 10 shows that economic 

contributions increase from 21 days, then slightly fall in 42 and 52 days, then rise once again in 66 days, 

then fall again in 77 and 88 days. When we do not lock down our model, the death rise to 92138, and the 

economic contribution falls to 4074. 

A 66-day lockdown produces the best results for our model. In 66 days we can find all the best results 

for death. The number is 133, a very low number compared to others, and the economic contribution  

is 59279 which is the highest value among all of those days. After 66 days in 21, 42, and 52 days the 
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number of deaths and wealth value is quite similar. Accordingly, the death value for 21 days is 143, 

which is not less than the number of dead for 66 days, and the economic contribution for 21 days is 

59269, which is also not the highest wealth value. Seven and fourteen-day lockdowns have a higher 

death toll and a lower economic impact. 77 and 82 days of lockdowns did not yield satisfactory results. 

We then compare those lockdown patterns to the random pattern generated by our model and see a similar 

pattern. According to our analysis, our random lockdown pattern results in the best results after 66 days 

and 21 days. We also achieve better results in our random lockdown pattern when 41 days or 43 days of 

lockdown are implemented. 42 days of lockdown was a good solution in India. As you can see from the 

following table: 3, we have summarized our results and validated them based on our analysis. 

 
Table 3. Model validation compared to actual results 

 

Lockdown Country Countries’ real-life sce- 

narios 

Model validation 

4,14,21,42 

and 60 days 

India The lockdown lasted for 

4 and 14 days without 

any significant changes. 

When lockdown periods 

were 21, 42, and  60  

days, there was a consid- 

erable change in the num- 

ber of infected cases. The 

changes in predicted in- 

fectious rate were quite 

similar in 42 days and 60 

days of lockdown [40] 

In the event of a lock- 

down lasting less than 

two weeks, the economic 

contribution is poor since 

there are many econom- 

ically activated Agents 

dead. Our results improve 

if the lockdown is ex- 

tended by more than two 

weeks. After 21 days of 

lockdown, the results im- 

prove. The results are 

pretty similar between 42 

and 60 days. 

66 days Bangladesh In Bangladesh, the lock- 

down was lifted after 66 

days because the situation 

was much better Then be- 

fore [41]. 

66 days is better than pre- 

vious lockdowns accord- 

ing to our model. 

77 days Wuhan, 

China 

Wuhan returned to nor- 

mal after 77 days of lock- 

down with low infection 

and death rates [42] 

Compared to 66 days of 

lockdown, our model did 

not perform well in 77 

days movement restric- 

tion. 

82 days Palestine The situation in Palestine 

had returned to normal 

after 82 days of Coron- 

avirus lockdown [39] 

Our model performed 

poorly in 82 days of 

movement restrictions 

compared to previous 

lockdown days. 

 

The COVID-19 outbreaks have disrupted daily routines and also impacted the global economy in a 

significant way. Moreover, these issues have motivated us to create an optimal lockdown pattern that 

balances the economic rate and death rate. Therefore we have validated the model through various 
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analyses to find out the optimum lockdown pattern. We compared the lockdown pattern of different 

countries to prove that the lockdown pattern of our model is validated. However, we have validated our 

model with India, Bangladesh, China, and Palestine. By using these models any country finds a lockdown 

pattern by changing the parameters like age-based infection rate, death rate, and total population number. 

In our model, we have some limitations. One limitation was the limited and tempered data of COVID-19 

measures such as infection rate, total death, and so on. Clinical trials of COVID-19 disruption were 

missing data, disrupted timelines and random patient population changes, and many infected people who 

didn’t take a test of COVID-19 but eventually spread the disease is unknown in measurements of official 

infection rate and death rate so the model faced the problem of scarcity of real portion of data. It was also 

impossible for us to collect diversity-related data for our models such as the COVID-19 mortality rate 

and the infection rate that is different for different regions of the world. If we look into the economic unit 

which is per head income is different in different countries as well which affects the pattern generation of 

our model. It is quite hard for us to test our model for all kinds of dynamic data due to data limitations. 

 
5 Conclusion 

This study is about motivating the reader to understand the application of virtual environment and agent- 

based modeling to create a transmitted disease-like scenario. By analyzing the death rate, total economic 

contribution and other related parameters lockdown patterns can be placed in the environment. We 

consider our suggested plan to be persuasive in attaining the best decision while balancing the out- of-

control pandemic and economic scenario. We have a strong conviction that the contribution made  by 

this research project will bring together the study of epidemics and agent-based modeling, thereby 

strengthening the human race’s ability to fend off pandemic crises. 

To replicate a pandemic scenario, we conduct the experiments in a computer-generated environment. 

Therefore, we experiment with a limited number of 1,000 people or agents. In our most recent model, 

each agent’s economic contribution is static and equal. In order to achieve the best optimum result in 

future, we wish to continue our studies with different conditions. For this, we apply zone-based lockdown 

individually for 21, 42, 52, 66, 77, 82 days of lockdown respectively instead of full lockdown. In the 

future, we will apply dynamic economic parameters along with zone-based lockdown in our model to 

ensure the best possible outcome. 
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