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ABSTRACT: The mathematical study of epidemics and their management has been performed for many years, however, in the last 
few years, new models have been published. Public health is considered very important and has to be monitored, as it is permanently 
under risk due to the appearance of even more types of microorganisms. Compartmental models, such as exponential models, SI, SIS, 
SIR, SEIRS, SEIAR, MESIR models, other generalized SIR models were and still are remarkable for studying the spread of an epidemic 
and for their simulations in software such as MATLAB, Maple, GLEAMviz, etc. The paper has two main objectives: a. to present new 
simulations in Maple and GLEAMviz for the spread of COVID-19; b. to suggest a generalization of the SIR model for analyzing the 
spread of COVID-19 and a simulation of it in GLEAMviz. The conclusions are that, generally, mathematical models show a value of 
a reproduction threshold, which can be used to forecast whether the pandemic is the increasing or decreasing phase, and that 
mathematical models and simulations in various programs facilitate the improvement of methods of analysis of an epidemic situation 
and the management of the public health system. 
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1. INTRODUCTION 

What is modeling in epidemiology? 

We consider that it is the rational process through which 
we can create a model for the analysis, control, and evaluation 
of an epidemic, or for the assessment and improvement of 
epidemic management. 

How can the aim of epidemic modeling and epidemic 
management modeling be achieved? 

This can be achieved by the fact that the model is wanted 
to offer a description of the epidemic characteristics and of the 
epidemic levels that is easy to understand and, similarly, for any 
other aspect related to epidemics and epidemic management, a 
description that is as close to comprehension, not to explanation, 
as possible. 

What is the input into epidemiology and epidemic 
management modeling? 

The input is represented by the phenomenological and 
dynamic structures from the chosen system, as well as the causal 
relations from said system, relevant to the operational aim of the 
models for issues related to epidemics and epidemic 
management.  

What is the truth value of the output of models for issues 
related to epidemics and epidemic management?     

It is a truth value of coherency type, namely completeness 
and non-contradictoriness. 

What are epidemiology and epidemic management based 
on? 

They are based on the principle of intelligibility of issues 
related to epidemics and epidemic management, and on the 
principle of objectivity of the causal relations between these 
issues. 

The most devastating epidemics in history are: the plague 
from 14th Century Europe; the smallpox epidemic when the 
Aztecs lost a vast majority of their population; the influenza 
epidemic from the year 1919. ([1]) 

In present times, these diseases have the following 
catastrophic effects ( https://www.who.int/): 1 million deaths per 
year due to malaria, 1 million deaths per year due to measles, 2 
million due to tuberculosis, 3 million due to HIV, over 4600 
deaths caused by Ebola, and over 3.3 million deaths caused by 
COVID-19 from 2019 until now. 

In the history of mathematical epidemiology, the 
following authors have presented remarkable results: Daniel 
Bernoulli’s smallpox model ([2]); Ross's Simple Epidemic 
Model ([3]); the SI model ([4]); the SIS model ([4]); Kermack 
and McKendrick's General Epidemic Model (1927)(the SIR 
model)([5]); the MSEIR model ([6]); the SEIR model([6]); the 
SEIAR model ([7]) and others. Epidemic modeling is a tool that 
has been used to analyze how diseases spread, to forecast the 
evolution of an outbreak and to study strategies to decrease an 
epidemic. 

Such models have proved to be highly reliable in past 
pandemics, such as SARS (Severe acute respiratory syndrome), 
Swine flu, MERS (Middle East respiratory syndrome) and 
Ebola. 

There are two types of epidemic models: stochastic and 
deterministic. [6] A stochastic model is a mathematical tool used 
to estimate probability distributions of the outcomes by allowing 
for random variation for the inputs in function of the time. Such 
models depend on the chance variations in risk of exposure, type 
of the disease and also on some dynamic characteristics of the 
disease. In a deterministic model, individuals in the population 
are assigned to different subgroups or compartments, each 
representing a specific stage of the epidemic. 

Mathematical models that have been used in 
epidemiology are dynamic and statistic models ([8]). The big 
companies that handle the control of infectious diseases use 
more complex models that combine dynamic and statistic 
models, because they are interested in real-time estimations, 
based on which they can make decisions as fast as possible.  

Compartmental mathematical models, such as 
exponential models, SI, SIS, SIR, SEIRS, MESIR models, other 
generalized SIR models, have been remarkable for studying the 
spread of epidemics and for their simulations in programs such 
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as MATLAB ([9]), GLEAMviz ([10]), Maple ([11]), C++ ([12]) 
etc.  

The paper has two main objectives:  

a. to present new simulations in Maple and GLEAMviz 
for the spread of COVID-19;  

b. to suggest a generalization of the SIR model for 
analyzing the spread of COVID-19, and a simulation of it in 
GLEAMviz.  

2. MATHEMATICAL MODELS  FOR  FORECASTING 

THE EVOLUTION OF EPIDEMICS 

a. The model of the exponential function ([6]) 

If we denote by Nz the number of individuals infected on day z, 
then the variation of the number of infected people from day z 
to day z + 1, meaning ∆𝑁 , is proportional to the number of 
people infected on day z. Thus, it is equal to a proportionality 
factor c, multiplied by Nz: 

∆𝑁 𝑐𝑁 , 

which means that the difference between the number of infected 
individuals from day z + 1 and day z is   

𝑁 𝑁 𝑐𝑁 , 

thus, 

𝑁 1 𝑐 𝑁 . 

Writing this relation for Nz, Nz-1,..., N1 we obtain the following 
equalities, which, after multiplying them and then dividing the 
left and right members of the obtained equality with the common 
term, will imply the fact that Nz is an exponential function: 

𝑁 1 𝑐 𝑁  

𝑁 1 𝑐 𝑁  

........... 

𝑁 1 𝑐 𝑁  

----------------------------------- 

𝑁 𝑁 … 𝑁 1 𝑐 𝑁 𝑁 … 𝑁   |∶  𝑁 … 𝑁 , 

                                          𝑁 1 𝑐 𝑁 .                         (1) 

In the specialty literature, in such models it is considered that  

      c =  
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 

𝑡ℎ𝑎𝑡 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡 𝑤𝑖𝑡ℎ 𝑎𝑛 𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑 𝑝𝑒𝑟𝑠𝑜𝑛

             
𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑎𝑡 𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 

𝑡𝑜 𝑏𝑒𝑐𝑜𝑚𝑒 𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛 =𝑀 𝑃.              (2) 

It is known that M is managed through measures of social 
organization, and P is managed through personal hygiene 
measures.  

This is the reason why authorities from all states of the world 
imposed measures of social organization (social distancing, 
lockdowns, etc.), and also insisted that the population follows 
personal hygiene measures (wearing masks, disinfecting the 
hands, wearing gloves, etc.), in order to reduce factors M and P, 
so that parameter c would have the lowest value possible. 
Exponential growth results in an alarming increase in the spread 
of epidemics, with values that increase as shown in the following 
curve: 

 

Example 2.1. In order to demonstrate how worrying an 
exponential growth is (it is known that such growths can also be 
found in cockroach populations, or populations of field mice), 
we can choose case 1+c= 2, which is the case in which one 
infectious individual would infect another 2 individuals. 
Assuming that the length of the infectious period is of one day, 
then, in two weeks, the number of infected individuals can be 
calculated as a sum of geometric progressions of ratio 2. 
Initially, there is one infected individual who infects another 2 
individuals after one day, thus we have 1+2. After another day, 
each of the 2 newly infectious individuals spread the infection 
to another 2, thus we have 1+2+2  infected individuals, and so 
on. At this rate, we obtain a very high number of infected 
individuals in a short time: 

1 2 2 ⋯ 2 2 1 16383. 

In fact, 1+c varies with time, and the formalization of this 
variation is still a challenge for mathematical modeling.  

However, the number of infected individuals cannot exceed the 
total number of people from the analyzed population. In fact, 
exponential growth will not entirely follow the curve presented 
above, but instead it changes shape, becoming a logistic curve: 

 

and that is because the growth takes place until a certain point, 
in which there are enough infected individuals, enough 
recovered people that have gained immunity, enough people that 
respond to certain medical procedures or, enough individuals 
that have been vaccinated (if there is a vaccine available) so that 
the infection can’t spread anymore and the epidemic will 
decrease.  

The exponential model (1) + (2) is a discrete model. 
However, even in continuous time, if we consider the variation 
in the number of individuals from one day to another 
proportional to the number of individuals infected in the 
previous day, with the proportionality factor a, we achieve yet 
again an exponential model. Thus: 

∆

∆
𝑎𝑁, 

𝑑𝑁
𝑑𝑡

𝑎𝑁,  𝑁 0 𝑁 , 

𝑎𝑑𝑡, 

𝑙𝑛|𝑁| 𝑎𝑡 𝑙𝑛𝑘 𝑙𝑛𝑒 𝑙𝑛𝑘 𝑙𝑛𝑘𝑒 , k>0, 

𝑁 𝑁 𝑡 𝑘𝑒 ,  𝑘 0, 
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𝑁 0 𝑘𝑒 𝑘 𝑁 , 

therefore 

𝑁 𝑁 𝑡 𝑁 𝑒 . 

b. The SI Model ([4]) 

In this compartmental model, we consider two compartments, 
which means the analyzed population will be divided into two 
groups: susceptible and infectious. We denote by 𝑆  the number 
of susceptible individuals from day n, and by 𝐼  the number of 
infectious individuals from day n, and we obtain the following 
mathematical model that has been applied and validated over 
time: 

                                 
𝑆 𝑆 1 ∆ 𝐼

𝐼 𝐼 1 ∆ 𝑆
 ,                             (3) 

𝑆 0,  𝐼 0,  𝑆 𝐼 𝑁,  𝛽 0, 

𝛽- contact rate, e.g. the mean value of the number of individuals 
that came into contact with an infected individual, enough so that 
the infection could spread per unit of time, 

N - statistical population volume. 

The SI model can be simulated in software such as MATLAB, 
Maple, GLEAMviz, etc.: 

          
Figure 1. SI model simulation in GLEAMviz. Source: 

http://www.gleamviz.org/  

                 c. The SIS Model ([4,13]) 

                  

𝜇𝑁 𝜇𝑆 𝛾𝐼

𝛾𝐼 𝜇𝐼 .                                (4) 

The SIS model has the initial conditions 𝑆 0,  𝐼 0,  𝑆
𝐼 𝑁, where N is the total number of individuals, β – number 
of contacts, µ - birth rate and γ- the length of the infectious 
period. 

This model is the easiest epidemiologic model and it is used for 
illnesses for which the body does not obtain immunity after 
infection. Susceptible people get infected and, after recovery, 
they become susceptible to the illness again.  

The SIS model is an endemic one (specific to certain regions), 
because the disease persists, and it is used for diseases such as 
gonorrhea, meningitis or streptococcal infections. ([13]) 

Example 2.2. (example of simulation in Maple) An example of 
simulation of the SIS model can be made in the program 
MAPLE. We choose β = 5, µ = 0, 𝛾  (figure 2), and the 

program displayed the form of the solution:  

Figure 2. SIS model simulation in Maple– personal contribution. 

Of course, the SIS model be simulated in other programs, such 
as GLEAMviz: 
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Figure 3. SIS model simulation in GLEAMviz. Source: 
http://www.gleamviz.org/ 

d. The SIR Model (associated to diseases such as measles, 
herpes, HIV, SARS etc.) 

The SIR model that we refer to in this section is a dynamic 
model, and it is associated to another dynamic model. [14] 

The model was developed by W.O. Kermack and A.G. 
McKendrick in the year 1927 ([5]) and is known in the specialty 
literature as the classic epidemic model. They considered a 
dynamic model with three compartments, denoted by S, I, and R, 
in which take place the following transfers: from S to I, and from 
I to R. 

In order to create the SIR model, the authors made the following 
suggestions: 

– functions S, I, and R are time functions S = S(t), I = I(t), R = 
R(t), differentiable on the interval [0, ∞); 

– β rate of transmission, is the parameter that controls the 
transfer between S and I. It represents the average number of 
contacts needed per time unit (per day) to infect a person; 

– γ/µ is the transfer rate between I and R, and it represents the 
recovery rate. The number 1/γ shows the length of the time 
interval in which an individual becomes infected; E.g. An 
increase in the infectious period will lead to an increase in 
infected cases, which is specific to diseases such as measles or 
mumps. ([13]). 

The number of individuals, N, is constant. 

By assuming that N is constant, we obtain that S(t) + I(t) + R(t) 
= N = the statistical population volume, at any time t. Based on 
these assumptions and the definitions of the 
parameters β and γ, W.O. Kermack and A.G. McKendrick 
(1927) obtained the following mathematical model, consisting 
of a non-linear system of first order differential equations, the 
SIR system: 

                             

⎩
⎪
⎨

⎪
⎧   𝛽𝑆 𝑡

 𝛽𝑆 𝑡  𝛾𝐼 𝑡

𝛾𝐼 𝑡

.                          (5) 

Some authors work with normalized S, I, R functions, defined 
by the following relations: s(t)=S(t)/N, i(t)=I(t)/N, 
r(t)=R(t)/N, where N is the total number of individuals or the 
statistical population volume. The relation between these 
normalized functions is s(t)+i(t)+r(t)=1, for any moment of 
time t. The system of differential equations (5), the SIR system, 
becomes the sir system: 

 

                             

⎩
⎪
⎨

⎪
⎧   𝛽𝑠 𝑡 𝑖 𝑡

 𝛽𝑠 𝑡 𝑖 𝑡  𝛾𝑖 𝑡

𝛾𝑖 𝑡

.                            (6) 

The differential system sir always has initial conditions of the 
form s(0)=s0>0, i(0)=i0>0, r(0)=r0=0, therefore solving it 
means solving a Cauchy problem. The initial conditions are the 
ones that describe the system at the initial time moment t=0.  

By deriving the condition s(t)+i(t)+r(t)=1 , we 

obtain s'(t)+i'(t)+r'(t)=0 and thus 0, thus, 

by substituting with expressions from system (6),  𝛽𝑠 𝑡 𝑖 𝑡
𝛽𝑠 𝑡 𝑖 𝑡  𝛾𝑖 𝑡  γi(t)=0, which is obviously true, and it 

shows that the equations of the SIR system are not independent. 

The reproduction number shows how infectious the illness is – 
bifurcation parameter, is calculated with the formula (i.e. [14-
18]):  

                                       r =  .                                                   (7) 

The fact that R is a bifurcation parameter can be explained as 
follows:  

Starting from the sir model written as (6), we obtain:  

                                           = βidt ,                                                  (8) 

                                          𝑖   .                                                  (9)           

Substituting (9) in (8), we obtain: 

                                       𝑑𝑟.                                                (10) 

If we integrate relation (10), we find that: 

                                 𝑙𝑛|𝑠| 𝑟 𝑙𝑛𝐶 𝑙𝑛𝐶𝑒 , 

                                     |𝑠| 𝐶𝑒 , 𝐶 0, 

                                      s = 𝐶𝑒 , 𝐶 ∈ 𝑅∗. 

Adding the initial condition s(0)=s0, we have 𝐶𝑒 0,  𝐶
𝑠 , thus  

                                       s = 𝑠 𝑒 .                                                (11) 

It is known that an ordinary differential equation is of the 
following form: 

                                      𝐹 𝑦, 𝑡 .                                                (12) 

The initial condition is of the form 𝑦 𝑡 𝑦  or 𝑦 0 𝑦  for 
𝑡 0. 

It is known that the balance or stationary points are those values 
of the model for which its variation is null. Thus, the balance 
points are calculated as being solutions 𝑦∗ of the equation: 

                                     𝐹 𝑦, 𝑡 0.                                      (13)             

A balance point 𝑦∗ is called stable if, by adding a small 
disturbance of  𝑦 𝑡  at moment  𝑡 , around 𝑦∗, the system will 
converge towards 𝑦∗ when 𝑡 → ∞.  

If we refer to a system of n first order differential equations: 

                       = 𝐹 𝑦 , 𝑦 , … , 𝑦 , 𝑡 ,   𝑖 1,2, … , 𝑛,             (14) 
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then 𝐹 𝐹 ,  𝐹 , … 𝐹 , and a balance point 𝑦∗ = (𝑦∗, 𝑦∗, … , 𝑦∗)  
if and only if all the eigenvalues of the Jacobian matrix 
𝐽 𝑦∗, 𝑦∗, … , 𝑦∗  in point 𝑦∗ have the modulus strictly lower than 
1.  

The Jacobian matrix is used in the specialty literature with the 
following form: 

                             𝐽
, ,…,

.                          (15)                                  

In the case of the sir system, 𝑦 𝑠, 𝑖, 𝑟 ,  𝐹 𝑦
𝛽𝑠𝑖,  𝑖 𝛽𝑠 𝛾 , 𝛾𝑖 . 

Considering the condition 𝑠 𝑖 𝑟 1, we have 𝑖 1 𝑠
𝑟, in which, if we replace relation (11), we find that: 

                         𝑖 1 𝑠 𝑒 𝑟.                          (19) 

On the other hand, substituting (16) in the last relation of the sir 

system (6), meaning in 𝛾𝑖 𝑡 , we obtain that: 

                               𝛾 1 𝑠 𝑒 𝑟 .                          (20) 

We denote by 𝑢 𝑟 and multiply (20) by : 

                   𝑟 𝛽 1 𝑠 𝑒 𝑟 , 

                   𝛽 𝛽𝑠 𝑒 𝛽𝑟|: 𝛾 ,     

                    𝑒 𝑢|: ,      

                  𝑒 𝑢.                        (21)  

Substituting  𝛽𝑠 𝑑𝑡 𝑑𝜏, the variable 𝜏 will be a temporal 

variable, and relation (21) with notations 𝑎  1,  𝑏

0,   will be reduced to: 

                                a 𝑏𝑢 𝑒   .                                          (22) 

We have 𝑔 𝑢 a 𝑏𝑢 𝑒 ,  𝑢 0.        

Function 𝑔 has minimum or maximum points 𝑢  where 
𝑔 𝑢 0,  𝑏 𝑒 0,  𝑢 𝑙𝑛𝑏. 

However, 𝑔" 𝑢 𝑒 0. Thus, point 𝑢 𝑙𝑛𝑏 is a 

maximum point for function 𝑔 , u being proportional to the 

number of people that recovered. 

We also notice that for 0 the number of infections is 

maximum, which would mean that 𝛾 0 and, in this 

case, the infection/epidemic stops spreading. 

If 𝑏 , in fact, the reverse of the reproduction number, is 

strictly lower than 1, then 𝑢 𝑙𝑛𝑏 0 and the epidemic 
spreads.  

If 𝑏 1, 0, the epidemic is spreading and is affecting 

susceptible individuals. 

The case 𝑏  > 1 could be achieved if the 

transmission/infection rate decreases and the recovery rate 
increases.  

However, r  . 

Creating and applying a new SIR model with variable 
coefficients is a challenge in modeling, and it would mean 
creating a model with 𝛽 𝛽 𝑡 , 𝛾 𝛾 𝑡  that would better 
approximate reality.  

The SIR system is non-linear; there are no determined solutions 
for it in analytical form. However, there are some 
representations of them with power series ([9]). According to 
Gheondea (2020), from the qualitative point of view, the 
evolution of the SIR system depends on a reproduction number 
denoted by r, which is defined as a mathematical expression 
based on parameters β and γ. Many specialists have confirmed 
that the reproduction number is important because, based on it, 
we can forecast the spread, the evolution of the pandemic, thus: 
the sign of the derivative di(t))/dt, namely the sign of expression 
β s(t) – γ, can be positive or negative, and it establishes the 
monotony of function i. A positive sign of the derivative 
establishes that function i is monotonically increasing, and a 
negative sign establishes that it is monotonically decreasing. 

A small change in the reproduction number r, could lead to 
significant qualitative changes in the system, thus it is, in fact, a 
bifurcation parameter for the dynamic SIR system, the 
bifurcation taking place for r close to value 1, therefore: 

– if r > 1, then function i, which represents the number of 
infectious individuals, has an increase up to its maximum value, 
after which its value decreases. In this case, the system forecasts 
an epidemic; 

– if r  1, then function i is monotonically decreasing, 
from its initial value i(0) to lower values. In this case, the SIR 
system shows that either there is no epidemic, or that the 
epidemic is going to end. 

Euler discretizations can be used for continuous systems. The 
specialty literature contains Euler discretizations for the SIR 
system as well. Thus, there were obtained numerical solutions to 
it, which are very useful in simulations, in comparisons with real 
data, in forecasts, etc. (i.e.[6], [9], [14])  

It was obtained that, after Euler discretization, the system 
becomes:                                                     

        
𝑠  𝑠 𝛽𝑠 𝑖 ∆𝑇

𝑖  𝑖 𝛽𝑠 𝑖 ∆𝑇 𝛾𝑖 ∆𝑇
𝑟 𝑟 𝛾𝑖 ∆𝑇

 ,        (23) 

where (sn), (in), (rn), are series with initial data s(0)=s0, i(0)=i0, 
r(0)=r0, and ∆𝑇 𝑡 , 𝑡  represents a time interval, 𝛽, 𝛾 > 
0. 

It was obtained that system (23) has only positive solutions if 
and only if ([6]): 

                                max 𝛽∆𝑇, 𝛾∆𝑇 1.                           (24) 

We have 𝑖 𝑡 ~𝑖 , 𝑡  𝑡 . 

The sir system can also be solved through Runge-Kutta 
methods. 

e. The MESIR Model 

We consider a population (a city, a cluster of cities, a county, a 
state, etc.) with N citizens (not counting the births, deaths, or 
migrations) that is relatively homogeneous and in which there 
are continuous interactions between citizens. This population is 
divided into compartments denoted by M, E, S, I, R, with the 
following definitions ([7]): 
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 M is the number of babies that have passive immunity, 
naturally inherited from the mother, which lasts a limited 
number of months. 

 S is the number of susceptible individuals, who don’t 
have immunity. 

 E is the number of individuals that are in the latent 
period of the infection, but who are not yet contagious. 

 I is the number of individuals who are infected and are 
contagious, which means they could infect any of the individuals 
from compartment S, if they come into contact. 

 R is the number of individuals who were infected and 
either recovered, gained immunity, and therefore are not 
contagious anymore, or they didn’t recover and they passed 
away. 

Transfer between compartments can only take place in the 
following ways: 

 from compartment M only to compartment S after a 
relatively constant amount of time; 

 from compartment S only to compartment E for a 
relatively constant amount of time; 

 from compartment E only to compartment I of the 
infected and contagious individuals; 

 from compartment I only to compartment R either by 
recovering and gaining natural immunity, or by passing away. 

In this model as well, the connecting relations form a system of 
first order differential equations. 

3. A GENERALIZATION OF THE SIR MODEL 

Over the years, researchers have created various generalizations 
that are very interesting and very useful to the SIR model. We 
suggest a generalization of the SIR model, for which the total 
number of individuals varies with time, and it also takes into 
consideration the number of individuals that immigrate in the 
analyzed area, the number of individuals that emigrate, the 
number of births, and the number of deaths other than the ones 
caused by the analyzed epidemic. It also takes into consideration 
the pollution factor of the area where the analyzed population 
lives. We think that this model could forecast the evolution of 
the COVID-19 pandemic with even more accuracy. The model 
suggested as generalization of the SIR model is of the form: 

                   

⎩
⎪
⎨

⎪
⎧   𝛽𝑆 𝑡 𝐴 𝑡

 𝛽𝑆 𝑡  𝛾𝐼 𝑡 𝐴 𝑡

𝛾𝐼 𝑡 𝐴 𝑡

  ,                 (25) 

where 

𝐴 𝑡 𝑘 𝑡 𝑁 𝑡 𝑘 𝑡 𝑁 𝑡 𝑘 𝑡 𝑁 𝑡 𝑘 𝑡 𝑁 𝑡
𝑘 𝑡 𝑁 𝑡 𝑘 𝑡 𝑁 𝑡 ;  

k are coefficients of immigration, emigration, birth rate, death 
rate from other causes, influencing factor of the pollution in the 
analyzed area, and indicator of socio-economic development in 
the analyzed area. 

Example 3.1. If the classic SIR model has an average number of 
contacts equal to 1 and the infectious period of 14 days (as is the 
case of the current coronavirus infection), the initial ratio 
between the number of susceptible individuals and the total 
population number is 0.98, and the ratio between infected 
individuals and the total population number is 0.02. After typing 

a procedure into Maple, we obtain the graphs from figure 4, 
which show the evolution of the pandemic for a chosen period 
of time, for example of 20 days. Using the following Maple 
procedure ([19]): 

β:=1; γ:=1/14; 

sol:=dsolve({diff(SU(t),t)=-
β*SU(t)/IN(t),diff(IN(t),t)=β*SU(t)/IN(t)-
γ*IN(t),diff(R(t),t)=γ*IN(t), 

SU(0)= 
0.98,IN(0)=0.02,R(0)=0},{SU(t),IN(t),R(t)},type=numeric,outp
ut=listprocedure): 

f:=subs(sol,SU(t)): g:=subs(sol,IN(t)): h:=subs(sol,R(t)); 

plot({f,g,h},0..20,color=[green,red,black]); 

 

 

Figure 4. SIR model simulation in Maple, β = 1, γ =  – 

personal contribution. 

The evolution of the number of infected people is represented by 
the red curve, the number of susceptible individuals by the green 
curve, and recovered individuals by the black curve. We notice 
that the curve for susceptible people has a decreasing trend, and 
the curve for recovered people has an increasing trend. The 
curve for the number of infected individuals reaches a maximum 
after approximately 2 days. 

If we used the generalized SIR model in form (18), with average 
number of contacts equal to 1, infectious period of 14 days (as 
in the case of the current coronavirus infection), ratio of 
susceptible individuals equal to 980 and ratio of infected people 
equal to 20, then applied particular values for coefficients 𝑘 , …, 
𝑘 , then, after typing a procedure into Maple, we obtain the 
graphs from figure 5, which show the evolution of the epidemic 
for a chosen time period, for example of 20 days: 

β:=1; γ=:/114;  𝑘 : 0.00001; 

 

;  𝑘 : 0.00002; 

 

;  𝑘 :
0.00003; 

 

;  𝑘 : 0.000015; 

 

;  𝑘 : 2; 

 

;  𝑘 : 3; 

 

 

sol:=dsolve({diff(SU(t),t)=-β*SU(t)/IN(t) 𝑘1 ∗ 𝑁 𝑡 -
k2*N(t)+k3*N(t)-k4*N(t)-k5*N(t)+k6*N(t) 

,diff(IN(t),t)=β*SU(t)*IN(t)-γ*IN(t) 𝑘1 ∗ 𝑁 𝑡 -
k2*N(t)+k3*N(t)-k4*N(t)-k5*N(t)+k6*N(t) 

,diff(R(t),t)=γ*IN(t) 𝑘1 ∗ 𝑁 𝑡 -k2*N(t)+k3*N(t)-k4*N(t)-
k5*N(t)+k6*N(t) 

,diff(N(t),t)=𝑘1 ∗ 𝑁 𝑡 -k2*N(t)+k3*N(t)-k4*N(t)-
k5*N(t)+k6*N(t) 
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SU(0)=980,IN(0)=20,R(0)=0, 
N(0)=1000},{SU(t),IN(t),R(t),N(t)},type=numeric,output=listpr
ocedure): 

f:=subs(sol,SU(t)): g:=subs(sol,IN(t)): h:=subs(sol,R(t)); 
n:=subs(sol,N(t)); 

plot({f,g,h},0..20,color=[green,red,black, blue]); 

 

Figure 5. Generalized SIR model with formula (25),  

simulation in Maple, β = 1, γ =  – personal contribution. 

In this case, the graph for the number of infected individuals 
illustrated only the increasing trend, but does not display a 
maximum point (in case of a lack of efficient medical 
procedures, such as vaccines) 

Observation. Simulations can also be performed in GLEAMviz, 
MATLAB or other software. 

4. OTHER SIMULATIONS OF THE SIR MODEL 

Over time, researchers have made simulations in program such 
as MATLAB, Maple, GLEAMviz, C++, etc. with mathematical 
models for various epidemics, such as the SI, SIS, SIR, 
generalized SIR models (i.e.[9], [11], [15]). 

This section contains new simulations for the spread of the 
COVID-19 pandemic, made in Maple and GLEAMviz. 

Simulation 4.1. We choose a particular case with N = 25, β = 
1 , γ = , 𝑆 24, 𝐼 1, 𝑅 0, for a period of 14 days. 

Using a Maple procedure, the program displayed the following 
graphs: 

 

Figure 6. SIR model simulation in Maple, β = 1, γ =  – 

personal contribution. 

 

The evolution of the number of infected individuals is displayed 
by the red curve, of susceptible individuals by the green curve, 
and of recovered individuals by the black curve. We notice that 
the curve for susceptible individuals has a descending trend, 
while the one for recovered individuals has an increasing trend. 
The curve for the number of infected people reaches a maximum 
after about 6 days, when their number becomes I = 0.14×25 = 
3,5 4. 

Simulation 4.2. We created a simulation to forecast the spread 
of COVID-19 across the world, highlighting its evolution across 
Europe. We defined the compartments in GLEAMviz.  

 

Figure 7. SIR model simulation in GLEAMviz  

– personal contribution 

We defined the parameters of the model, the initial percentages 
of susceptible, infectious, recovered individuals, the parameters, 
the total population number according to currently existing 
demographic data, found online. We selected the program to 
perform a multi-run, which has a confidence interval of 95% 
(http://www.gleamviz.org/simulator/GLEAMviz_client_manua
l_v7.0.pdf), and which will show the average values obtained 
from the multiple runs.(Figure 8) 

The program displayed a map that shows the spread of the 
COVID-19 pandemic across the globe (the colors range from 
grey to red, depending on how high the number of cases in in 
that particular area, grey being low number, and red being very 
high number of cases) (Figure 9). 
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Figure 8. SIR model simulation in GLEAMviz – personal contribution. 

 

 

Figure 9. SIR model simulation in GLEAMviz – personal contribution.  
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The program can also display a different type of map that shows 
the spread of the pandemic on the globe, with colors ranging in 
intensity from white to red, depending on how high the number 

of cases is in that area. Moreover, depending on how elevated 
that area is on the map, the higher the number of cases is in that 
area:

Figure 10. SIR model simulation in GLEAMviz – personal contribution. 

5. CONCLUSIONS 

The conclusions of the author’s research, after studying 
mathematical models for the scientific substantiation of 
epidemics and epidemic management used in published 
scientific works, are that the methods applied so far are very 
good, can lead to relevant interpretations and can be used for 
making decisions, however, they are not sufficient. The methods 
should be improved and developed. There should also be created 
new models, finer, more complex, and continuously adapted to 
the evolution of the information technology. The dynamic SIR 
model offers us the possibility to understand what could happen 
with the evolution of an epidemic and what to expect from it. 
The reproduction number r shows whether there will be an 
epidemic or not, and we can use two parameters, β and γ, to 
limit the epidemic. Parameter β depends on social organization 
and public institutions, while parameter γ depends on medical 
aspects. In the absence of medication and vaccines, all there is 
left to do is to try and decrease parameter β through the measures 
that have been taken so far. Thus, the spread of the epidemic 
could have consequences that are difficult to evaluate. In reality, 
both β and γ vary with time, however, the general aspect of the 
spread can be obtained, even in this case, with the discretization 
of the SIR model. We place our hope on the field of cellular 
biology and on pharmaceutical research laboratories, because 
otherwise, without a solution, every individual would become 
infected.  
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