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1. Introduction

The pandemic virus outbreak of COVID-19, which erupted in China, has necessitated the
urgent intervention of science in the public health sector to rescue the situation as fast as
possible [1]. Although some related viral infections such as Psittacosis had been in ex-
istence and associated with birds takes its tolls on the respiratory system [2]. China
responded more quickly against this outbreak of the virus [3]. Yet, its active measures to
prevent the spread of disease across other countries were to no avail until the United
Nations and other concerned countries took steps to help it [4]. Still, the process failed
and was later elevated to the pandemic level [5].

Cases of COVID-19 in some highly populated countries in Africa, such as Nigeria,
South Africa, Egypt, Kenya, Morocco, and Tanzania, suddenly rose within a few weeks.
Research associated this rise with international interactions and business optimism [6,7].
Suspected cases of COVID-19 grew within these countries even though international
airports shut down their operations. However, the spread of COVID-19 in each of these
countries is still being monitored internally [2]. Though, COVID-19 was being recognized
as an epidemic, and was decreasing in China, some countries outside of China, such as
France, Iran, Japan, Germany, America, Italy, and South Korea, were recording more
than a dozen cases [4]. Awareness of symptoms such as a high fever, constant cough, the
inability to breathe comfortably, tiredness, and headaches, was echoed daily by au-
thorities [8].

As a result of the inability to curb the spread of COVID-19 at an early stage, the
pandemic spread to many countries through international associations. Thus, affected
countries have to take to the advice of the United Nation’s preventive strategy rules
regarding social distancing, regular hand washing, the use of face masks, and other
hygienic culture [9]. Some countries have gone so far as to close of their international
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airport and other international and local businesses [10]. All of these measures were
taken to mitigate the spread of the disease and monitor the rate at which people have
contracted it while the hope was for a possible vaccine to prevent the spread.

Researchers studied and designed some statistical models and reasoning patterns for
COVID-19 and how to mitigate its spread and the future occurrence of other pandemic
diseases [8]. However, the data traits of this virus may have been characterized by risk
minimization and optimization inaccuracy [2,11]. In Artificial Intelligence, modeling
often deals with the production of knowledge over parameters, which is different from
other new theories that are usually fed into the prior knowledge to extend [11]. Thus, the
Petri net is consider in this study.

The Petri net is used to analyze and clarify areas such as medical-related problems
and e-commerce. For instance, an outbreak of a vapor cloud was studied and the effect
was modeled with a Petri net to mitigate the impact of the outbreak and combat its
future occurrence. The cascading and domino effects of the vapor cloud explosion effect
were analyzed by measuring the probabilistic analysis of the model of the domino and
cascading effects of vapor cloud explosion [7]. The efficiency of the model was applied to
a gasoline storage tank. The impact of one incidence was measured on other
implications, which resulted in the conclusion that there was always a linking effect of
one accident on others, with the use of the Petri net as a viable measure of the model
[1,12]. The statistical analysis and proofs of this Petri net model on the vapor cloud
explosion were also measured; the result proved worth using for other incidents.

The structure of security and the characteristics of a business process for e-commerce
were also modeled and analyzed with Petri nets [13,14]. Random data were used to
consider the security structure of the business; they exhibited some inadequacy in the
security of the company when processed [15,16]. Moreover, other functions of
e-commerce were analyzed to measure illegal behaviors of e-commerce. Both models
were analyzed with a three-dimensional matrix. Random data associated with some
illegalities for the e-commerce site compromised the business. In contrast, those of the
structured data security were immune to security breach. Thus, the Petri net was not
viable for it [10,16,17].

To develop a faster model for the Petri net, a statistical model, together with graphic
processing, was used as a hybrid model. The study created a faster and low-cost Petri net
in which the computational characteristics of this Petri net were worth acceptance in the
implementation space [18,19]. The probabilistic behavior of the model was measured
with a Monte-Carlo simulation. Ultimately, the computational implication of the model
was based on parallelization to ensure high decision-making for managing infrastructure
in industries. The model resulted in sophisticated PN modeling with rapid computation
primarily when it was used for desktop computers. However, the final analysis of the
model showed that the model is computationally high for implementation for
commercial use [20].

Also, a bowtie model was used to modify the Petri net, which is often used as a tool to
restructure assets, redirect operations, and make some policies to exhibit a level of
adequate maintenance and inspection to create good conditions for any system within
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which it is implemented [21,22]. The Petri net was simulated with the Monte-Carlo
simulation framework to ascertain its viability and performance over other time-based
Petri net models. Moreover, the bowtie model was used to check the results of the
proposed Petri net model by analyzing the risks involved. The model was then suggested
to have made the initial condition of an asset for which it was used distinctive against a
well-known approach of the bowtie model in assessing the operation of the asset [23,24].

An optimization algorithm was used to extract information and execute the cast and
time for a business process. It achieved a highly rewarding result, and a genetic algorithm
was merged with the colored Petri net to extract further information from the business
process. The obtained data were laced with some resource schemes of the genetic
algorithm [25—27]. The result of the simulated model was analyzed on the genetic
algorithm population and was fit for ranking and calculation, selection, mutation, and
crossover operators until the specific predefined difference was observed [28—31]. This
enabled a business process with a high desire level, resulting in allocation of the scheme.

Another model was developed with a colored Petri net. The model was seen to be
flexible with the modeled variable. The colors were used as a token to solve the complex
system for service and supplies [32]. However, the graphic potential showed that it was
suitable for supplier selection, despite the ease of implementing the algorithm. The
response time of the algorithm was slow when it was used with more than 50 type of
supplies. The model was also good for future research when artificial intelligence tech-
niques were built with it. Also, fuzzy logic was used to boost the performance of the model
and proved that quantitative analysis was optimized for logic and linguistic rules [33,34].

According to another perspective, functional programming of a high order with Petri
net could provide an excellent semantic business process for business process modeling
that is different from object-oriented semantics [35]. The behaviors prove useful
primarily when related they are to Haskell language, which is beneficial because it
helped develop a generator that translates business processes automatically into a
functional programming model [36,37]. This model is more complicated but useful and
efficient when it is used as a simulator on a graphical user Interface. Then, functional
programming and object-oriented programming were compared for the benefit of the
adjoining Haskell language.

Petri net modeling and optimization are aimed at creating a system that increases
knowledge awareness, such as a case of pandemic disease. In addition, this Petri net
model is built on devising ways of reasoning, which entails building a real-time process
based on interactions between interdependence with prior knowledge in space [38,39].
Petri net deals with undecidable but desirable uncertainties with true or false in the
embedded statistical distribution model [40,41]. Also, ideas that are outside the
designer’s knowledge background, together with organized knowledge to clarify new
ideas, were designed to solidify the theory that is considered viable compared with the
rest [42].

This study presents a modified Petri net model based on a two-level deterministic
pattern to curb the spread of the pandemic, COVID-19. COVID-19 data were analyzed
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and modeled in the Petri net to detect the rate at which people contract the virus. The
spread of COVID-19 is modeled with the Petri net and normal distribution as a two-level
reasoning pattern to curb it. Six countries in Africa (Nigeria, South Africa, Egypt, Kenya,
Morocco, and Tanzania) were considered to be case studies. The data include suspected
cases, confirmed cases, deaths, and discharged cases and were modeled to forecast
future pandemic diseases.

2. Proposed two-level deterministic reasoning pattern for
COVID-19

The spread of COVID-19 is modeled with the Petri net and normal distribution as a two-
level reasoning pattern to curb the spread of disease. Six countries in Africa (Nigeria,
South Africa, Egypt, Kenya, Morocco, and Tanzania) were used as case studies, and the
data of different cases of COVID-19, which had details about the confirmed cases,
deaths, and discharged cases, were modeled to forecast possible future pandemic
diseases. Data for suspected cases were used as universal data from which death and
discharge data were sieved from the raw data collected [43,44].

This work first classified the raw category of data by checking for the rate at which the
three incidences occurred with the Petri net. On this basis, the average rate of the three
occurrences were known for normal flow or transition in the general incidence
occurrences [45,46]. This flow produces the two main Petri net diagrams for statistical
generalization of the occurrence of COVID-19 incidences. The result of the transition in
the Petri net suggested the various types of behavior and spread of COVID-19 among
people. Whereas the statistical normal distribution suggested various ways in terms of
numbers, COVID-19 spreads among people. The patterns of the data for each country are
represented as random variables after the data were classified to fit into function f;,, which
results in a normal distribution of 1 and a normal distribution whose mean is 0, because
normal distribution is useful in statistics and in many applications. Thus, function f; is
determined by analyzing the growth and changes in data from relevant institutions [47].

2.1 Rescue-to-discharge pattern for COVID-19

The rescue to discharge is a representation of the transition function of what happens
between the time the disease is confirmed and the discharge or death of patients. The
spread of recoveries is also relevant to curbing the pandemic. To ensure that the rescue
and discharge of COVID-19 patients are met at the expected time and manner, Fig. 30.1
represents a running process for handling COVID-19 pandemic disease for any case. If
we consider the COVID-19 suspected cases to be that of patients in any location, or in
diagnostic center, which could be a quarantine center or a hospital and suppose a
suspected patient initiates the rescue process by calling a medical rescue center, a
response is expected from the clinical team. In this situation, two possible outcomes are
ensured at an interval of time. The rescue process may end on a positive or negative
note, tagged as through or decline in the rescue initiation process. If the rescue request is
declined, which happens rarely, the situation may result in increase in death rate. If the
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FIGURE 30.1 A framework of rescue-to-discharge pattern for COVID-19.

suspected patient eventually dies, the time of death and burial are recorded for evalu-
ation as the process is terminated [48].

On the other hand, if the rescue process is positive, the suspected patient then waits
for a response at a time interval. The time of request and response are noted in the
process. The patient is taken to the quarantine center or hospital for diagnosis and
treatment. If the suspected cases are diagnosed as negative, patients are treated for other
diseases. The time of diagnosis and treatment for different situations are recorded, and
the patient is discharged as the process is terminated. Suppose the suspected cases are
diagnosed with COVID-19; the patient is admitted to the hospital for treatment until he
or she is discharged with the time recorded, and the process is terminated. If during
therapy the patient dies, the death is arranged for burial immediately, with the time
recorded, and the process ends [49].

This process aims to predict the duration of time of the spread of COVID-19 and other
related pandemic diseases, and the risk for breaching the deadline for handling the
pandemic. The model has been evaluated against likely future occurrences and predicts
the possible rescue process for future events using the elapsed time [45]. Fig. 30.1
represents this transition from admission to discharge.
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2.2 Transition Chain Petri net

A Petri net is often used to model a transition system, in which the state of the system is
represented by placing and corresponding tokens; hence, the execution of the transition
of Petri net measures the change in state. In modeling the incidence of COVID-19, some
terminologies are essential in terms of states and how they change. Tokens represent the
situation of COVID-19 cases in any environment; a transition represents the impact of
infection from one person to another. Individuals infected with COVID-19 may interact
with each other in a crowded environment. A place could be a pointer to another place to
show an individual’s correspondence, because the state of this individual can occur at
least once. Moreover, after an individual has been contacted and cured, he cannot
contract it or spread the disease. The resultant effect of one individual case may be from
the incidence of another under certain conditions of safety lapses [46].

Upon execution, the model is designed so that the token that serves as input in one
place also serves as a pointer to another future event. As a result of these changes in Petri
net behavior, the consequence of the transition of incidence is analyzed for future
occurrences of any severe event of such a pandemic. Using two environments as an
example, when an incidence of COVID-19 takes place in environment A, the transition
has a ripple effect on another individual as a result of inadequate safety measures.
Therefore, it may result in another incidence in environment B. Fig. 30.2 expresses the
Petri net transition analysis of pandemic behavior, in which p(i) indicates COVID-19
incidents in one situation, p(i+1) is shown as resultant lapses of the previous
environment, and p(n) points to later COVID-19 cases. In Fig. 30.2, i is an index with the
initial state for a token p(i) that shows a COVID-19 incidence that took place in envi-
ronment A. Transition #(7) indicates the impact of COVID-19 incidents at environment A
on environment B, and #(i +1) represents the damage that environment B would cause
the next environment p(n), where i < 1 [50,51].

2.3 Petri net model to determine death rate in COVID-19 cases

Petri nets are mathematical modeling tools used to analyze and simulate COVID-19
cases by considering the cause and flow of transmission in terms of the increasing
number of patients in different environments. This study modeled the circumstances of
two linking nodes that serve as the place or situation in which the pandemic disease
takes place within a particular country. This set of places and objects, and the set of

p(i) | ) t(i+1) —@ t 1 tn) —

FIGURE 30.2 Reasoning transition pattern for resolving COVID-19 cases with Petri net.
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events or transitions have behaviors interpreted for pandemic cases. The mathematical
behavior is expressed as:

PN={P,T,I,M,O}. (30.1)

Eq. (30.1) represents a Petri net behavioral transition of the disease, patients, and
environment, where P = {p1, p2, ... pn} is a set of cases associated with COVID-19 and
T ={t,tp,... ty} is a set of transitions around the COVID-19 case. I is an input function
such that (P xT)— N, where N is a positive set of integer numbers. The scaler, I(p, t), is
the interactive behavior that exists between place p and transition ¢, in a forward
direction. At the same time, O is an input function such that (T xP)— N. Scaler I(t, p), is
the interactive behavior that exists between place p and transition ¢ in a backward
direction [52].

Now, M — N is the marking that exists in the proposed Petri net. The number of
places, n x 1, for the incidence of the COVID-19 represented by the vector in each
environment is tokens represented in the form of a circle with dots place inside it. The
first marking is represented as M,, which is always at the initial state in the Petri net
model, whereas M is used over place p;. In the Petri net, a circle represents places
whereas transitions are represented with a rectangle. The direct line represents the arcs
whereas tokens take the form of dots. The number of directions shows the execution of
the Petri net. Suppose (x;)*, is the input places of transition ¢ and *(p*) is the output
places of transition . Then, these two rules determine the execution of the Petri net
that shows that ¢ was enabled at marking M as it changes form to marking M’. Hence,
M, = M, + a, for all p;et* and M;,j = M,Qj — b, for all pjet, where a is the number of arcs
from transition ¢ to place p; and b represents arcs from place p; to transition ¢ [53].

Input function I : P x T— (0, 1) is the arc from place p to transition ¢, whereas output
function O : T x P—(0, 1) shows the arc from transition ¢ to place p. Also, mapping M :
P—(0,1) is the marking of a Petri-net. Place p can have 1 token. Function f; for ¢ is used
to show that an enabled transition can be executed and meets the conditions for tokens
to take effect on its input places. The enabling rule for transition ¢ of a Petri-net takes
effect in marking M. If M(p;) > 0, then pjet* and f,(t) = true and M(p;) = 0, for pjet*.
Thus, when the execution or firing rule for transition ¢ fires, marking M of the Petri-net
changes to M’, where M’ is M(p;) = M (p;) for pie+; and M (p;) = 1, for pjet* [54].

To determine enabling function f;, for the transitions, the normal distribution is fed
into the modeled Petri net, because a normal distribution is useful in statistics and is
employed in many applications. The pattern of data for each country is represented as
random variables after the data have been classified to fit into function f;,, which results
in a normal distribution and normal distribution whose mean is 0.

Because the standard deviation is 1 for the statistics of the data, the density function
becomes comparatively smaller. According to the standard, the data distribution was
calculated to achieve a goal by classifying the data to represent the transition, and the
mean and variance were determined by using parameters u and 2, and variable Z with
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0 and 1. Thus, function f;, is determined by collecting real and growing COVID-19 data
from relevant institutions. The transition for a case is a pointer to the next case with the
same distribution, so that enabling function f; is given as:

f { 1, true, if DISTR(0,1) < 20
=

30.2
0, false, otherwise ¢ )

In Eq. (30.2), DISTR(a,b) is a function to generate 20 cases across six selected
countries, in which the average total death rate in a week satisfies the normal distri-
bution with values for a and b fed into the Petri net [55,56].

3. Determining distribution function for Petri net with
COVID-19 cases

The data represent the condition of COVID-19 cases, the death rate, and the discharge
rate in six different countries in the African region. These countries include Nigeria,
Egypt, South Africa, Morocco, Kenya, and Tanzania, which have a high level of
international economic optimism and a growing population pattern. The death rate and
the discharge rates are sieved from COVID-19 cases in each selected country by taking a
class of 10 cases inclusive for statistical distribution every week since it started in these
countries. The cases are represented as the place in the distribution for the Petri net, in
which the number of deaths in the classes or places in the Petri net is recorded as the
transition for each country in Table 30.1.

Figs. 30.3 and 30.4 describe the first and second models of the COVID-19 death rate
management in an interactive and separate mode. The first model showed that the
interaction of the infected individual would have resulted in a more devastating effect on
the selected society at large if the spaces existing within them were considerably small,
unlike the separate interaction ensuring that transmissions of the pandemic diseases
were managed in their respective countries. Space and time management in this
scenario include interpersonal connectivity at an interval of time; these were maintained
as the closure of the international airport at a particular expected time as well as closure
of the land border at a scheduled time. The transition concerning the place is
represented in the respective countries. However, as much as the location and
transformation are the same for each Petri net model of separate and interactive mode,
the terminating places are different from their respective transitions [57—60].

For example, T1 and T4 have the same distribution of the different numbers of death,
as shown in Table 30.1 and Fig. 30.4. Table 30.2 the average total number of death rates
each week 20. Thus, for the normal distribution of death rate for any chosen country, the
probability of a death is 0.5321 across the four countries, with the average normal
distribution of 0.3502, as shown in Table 30.2, interpreted by Table 30.1 of the Petri net,
as against the normal flow of statistics for deaths and discharged cases in Table 30.3.

Table 30.1 shows the Petri net analysis of COVID-19 in six African countries as the
cases were classed for a Petri net resultant diagram. The behavior of the data determined



Table 30.1 Petri net analysis of COVID-19 in six African countries.

N N E E S S K K M M Ta Ta

Death  Discharge Death Discharge Death Discharge Death Discharge Death Discharge Death Discharge
Case class rate rate rate rate rate rate rate rate rate rate rate rate
1-20 0 1 0 4 0 0 0 77 5 0 0 0
21-40 1 1 0 18 0 2 0 2 14 0 0 1
41-60 1 0 0 12 0 5 0 14 6 0 1 5
61—-80 0 1 0 1 0 0 0 14 3 0 20 67
81—100 0 0 0 21 0 29 0 7 8 0 0 12
101—-120 3 0 0 17 0 0 0 7 0 0 0 20
121-140 1 6 0 54 0 0 0 98 0 0 0 50
141-160 O 1 0 21 0 0 1 13 10 11 0 80
161—-180 O 0 0 28 0 2 0 5 0 0 0 13
181-200 O 11 0 19 0 0 0 67 0 0 0 64
201-220 2 5 0 5 0 0 0 89 0 0 0 0
221-240 1 10 0 0 0 4 0 16 0 0 0 0
241-260 1 9 0 0 0 0 0 0 0 0 0 0
261-280 1 7 0 0 0 0 0 0 0 0 0 0
281-300 O 7 0 0 0 0 0 0 0 0 0 0
301-320 1 19 0 0 0 0 1 323 0 0 0 0
321-340 O 15 0 0 0 0 0 0 0 0 0 0
361-380 1 14 0 0 0 0 0 0 0 0 0 0
381-400 O 8 0 0 0 0 0 0 0 0 0 0
401—-420 1 29 0 0 0 0 0 0 0 0 0 0
421-540 1 24 0 0 0 0 0 0 0 0 0 0
541-560 4 7 0 0 0 0 0 0 0 0 0 0
561-580 O 7 0 0 0 0 0 0 0 0 0 0
581-903 O 0 2 903 0 0 0 0 0 0 0 0

E, Egypt; M, Morocco; N, Nigeria; Ta, Tanzania.
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Table 30.2 Petri net normal distribution of COVID-19 cases.

Nigeria Egypt South Africa Morocco Kenya Tanzania
T Death T Death T Death T  Death T Death T Death
1 1 27 2 - - 16 2 1 5 31
2 1 2 14 4 20
6 3 3 6
7 1 4 3
11 2 5 8
12 1 8 10
13 1
14 1
16 1
28 1
20 1
21 1
22 1
Total 16 2 2 46 21
Mean 1.23076 1 1 7.66666 10.5
Standard deviation  0.59914 1.41421 1.41421 15.4666 13.4350

T, Transition in Petri net.

Table 30.3 COVID-19 cases with death and discharge rate until April.

Location COVID-19 case Death Discharge
Nigeria 6357 19 166

Egypt 3030 224 0

South Africa 3033 52 903
Morocco 261 1927 322

Kenya 2836 12 67
Tanzania 1038 43 1M

Total 16,555 2277 1469
Mean 2759.167 379.5 244.8333
Standard deviation 2111.961 762.1603 343.9764

From www.worldometer.com and Nigerian Center for Diseases and Control.

the flow of the Petri net after it was classified. The classification of data for the Petri net
analysis and behavior was in line with the analysis for optimum use against any foreseen
pandemic case in West Africa. In these classes, the death rate, suspected rate, and
discharge rate of cases were analyzed with the Petri net before the final statistical normal
distribution was used for the final data analysis, which is ultimately useful for future
forecasts against any pandemic disease.

Table 30.2 explains the result of the Petri net analysis, from which the death rate and
discharge rate were sieved. According to the total death rate of each country, Kenya took
the lead, whereas Egypt and Morocco had the fewest deaths. The rate of flow of
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transmission was also represented as transition T for each selected country in West
Africa at the time of analysis. The corresponding means and standard deviations of the
death rate were calculated, which suggested that Tanzania and Kenya need to take
more physical proactive measures. The death and discharge rate for each selected
country are shown in Table 30.3, which suggest that ultimately, the death rate almost
doubled the discharge rate for the total cases modeled in Fig. 30.3. The economic
activities of the chosen countries contributed to spread the diseases at the time interval
before the land border and airport were closed and the total lockdown took place.

3.1 Discussion

The emergence of the pandemic disease COVID-19, which keeps many nations searching
for a cure, needs a more predetermined approach by investigating the pattern and speed
with which the disease is spread from one individual to another. According to Fig. 30.2,
the general reasoning pattern of solving COVID-19 cases with a Petri net is a model that
helps sieve the survival and death cases from suspected cases, in which a suspected case,
P, could result in multiple instances if the chain of transition ¢ is unbroken. However, if
there is a break in interactive behavior between P and ¢ in the case, provision P(i+1) and
t(i+1) in the general reasoning pattern is provided for an immediate correction in the
flow.

Open data from a different source, in social media and in a well-organized society and
government, were used to model the accuracy of the research results of the Petri net; the
model from which these data were fed were assumed to be useful for future purposes.
Much-expected data after the pandemic subsides will be helpful for research to enable
our environment to become safer and restored, and to grow in the future. This
predetermining method can also be used to solve the future occurrence of such diseases.
The predetermined approach is as good as a reasoning model for proactive measures.
Thus, the Petri net was used as a predetermining model to ensure proactive measures for
current and future control of the spread of deadly diseases such as COVID-19. To
strengthen the Petri net argument for COVID-19, enabling function f;, for transitions, the
normal distribution is fed into the modeled Petri net. In this work, function f, is
determined by collecting real and growing COVID-19 data from relevant institutions.
The transition to a case is a pointer to the next instance of that distribution.

The pattern of data for each country is represented as random variables after the data
are classified as fit into function f,,, which results in a normal distribution whose mean is
0, because a normal distribution is useful in statistics and is employed in many
applications. The results of this general model are shown in Table 30.1 and Fig. 30.4.
Whereas Table 30.3 shows the average total number of death rates in a week, the
probability of death across the four countries, with their respective average normal
distribution, are shown in Table 30.2 and interpreted in Table 30.1 with the Petri net,
against the normal flow of statistics for deaths and discharged cases in Table 30.3.
Results from this model proved that the number of suspected cases of COVID-19 is not a
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function of the death rate in the selected countries, but the discharge rate had a stronger
effect on COVID-19 cases. The results of the normal statistical distribution of various
instances of COVID-19 were compared with those of the Petri net; the results proved that
the hybrid deterministic model is viable for future use for any pandemic disease.
Moreover, this study presents a two-level deterministic reasoning model to curb the
spread of COVID-19 in some populated and economically optimistic African countries.

This model shows that the projection for mitigating other pandemic diseases, as well
as COVID-19 itself, will have a meager percentage, because the experience of every
person who escapes the worst of COVID-19 should have suggested a new strategy
curbing pandemic diseases in terms of deployment of biological and information
technologies as far as the area is concerned. These technologies could inform individuals
that the best approach to mitigate COVID-19 is based on analyzing information about it,
and the best way to tackle this infectious disease is to analyze the previous incidence that
might have taken place to solve current or future occurrences.

The awareness of the immediate closure of borders, adequate safety, and social
distancing propagated through social media platforms, from the international and na-
tional communities to educate all levels of citizens in these countries shows that the
number of cases needed some prompt actions. However, educational level and religion
seem to show other discouraging factors, in that proper information about the growth of
infection in these regions is not well-disseminated. Incentive programs might not have
been in place to ensure adequate knowledge about the spread of COVID-19 and its
impacts on the information age. Still, there have been some monetary donations to help
ease the negative result of the “stay at home” campaign. In this situation, when COVID-
19 incidences continue to grow and their number is increasing, there are available data
in affected countries, both developing and developed.

4. Conclusion

This study has presented an improved Petri net model to analyze and curb the spread of
the COVID-19 pandemic in African countries. The spread of COVID-19 is modeled with
Petri net and normal distribution as a two-level reasoning pattern to curb the virus. Six
countries in Africa (Nigeria, South Africa, Egypt, Kenya, Morocco, and Tanzania) were
considered as case studies.

Data for the suspected cases were used universal data from which death and
discharge data were sieved in the raw data collected. This work classified the first
category of data by checking for the rate at which the three incidences occurred with the
Petri net. On this basis, the average rate of the three occurrences were known for a
normal flow or transition in the general occurrence of incidence. This flow resulted in
the two general Petri net diagrams for statistical generalization of the occurrence of
COVID-19 incidences. The results of the transition in the Petri net suggested various
ways in terms of behavior and the spread of COVID-19 among people. Whereas the
statistical normal distribution model suggested various ways in terms of numbers,
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COVID-19 spread among people. The pattern of the data for each country were
represented as random variables after the data were classified to fit into function f;,
which resulted in a normal distribution of 1 and a normal distribution whose mean was
0, because a normal distribution is useful in statistics and is employed many
applications. Thus, function f;, was determined by collecting real and growing COVID-19
data from relevant institutions.

Real data were gathered, studied, and modeled with Petri net to understand the rate
at which people contracted COVID-19. The results from the Petri net suggests that some
countries have a high rate at which people compared the extent of COVID-19 cases.
Hence, two countries were suggested that high the rate social interactions might have
caused increase in COVID-19 cases, though death rate would also increase. The Petri net
result in Table 30.2 showed that the weekly growing death rate of patients, which at some
point normalized, had risen; this behavior was also compared among the four selected
high economically optimistic countries. The rate at which the suspected case growth was
compared with the death rate by the Petri net showed that future caution need to be
considered regarding how to respond quickly to pandemic diseases as severe as COVID-
19. This work also suggests that there is a need for individuals, organizations, and the
government to scale up their information technology and telecommunications against
regional and global pandemic diseases.
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