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Abstract - The simulation of some epidemic models was 

made using computational software such as Maple and 

Sage, and the results were analytical or numerical 

solutions. The performance of each program was compared 

and these results could be applied to model the current 

spread of disease in the world. The obtained graphics show 

the behavior of the models in some hypothetic cases.   
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1 Introduction 

  Currently, the epidemics reach high level of spread of 

disease as a result of the globalization, and sometimes the 

behavior is unknown and the control can be very 

challenging. Due to this, epidemic models have been 

developed to predict the outbreak and the proliferation of 

the infection.  

Nevertheless, these models are not lineal and the solution 

cannot be obtained analytically, that is why only numerical 

solutions are gotten through the use of computational 

software such as Maple and Sage. In previous studies, the 

nonlinear models have been considered only from the point 

of view of computation of the so called basic reproductive 

number, using computer algebra[1,2,3,4,5].  

The objective of this paper is to compare the performance 

of these two software: Maple[6] and Sage[7], modeling the 

SI model, SIR model, SEIR model and Vector Borne 

model, and contrast the results and the benefits of each one.  

 

2 Problem 

2.1 SI Model 
In the SI Model the equations are: 

(1)
 

(2) 

Where, β is the contact or infection rate of the disease, and 

x(t) and y(t) are susceptible and infected individuals 

respectively.  

 

2.2 SIR Model 

In the SIR Model the equations are: 

(3)
 

(4) 

(5) 

Where, β is the contact or infection rate of the disease, g 

represents the mean recovery rate; x(t), y(t) and z(t) are 

susceptible, infected and recovered individuals respectively. 

 

2.3 SEIR Model  

In the SEIR Model the equations are: 

 (6) 

 (7) 

 (8) 

 (9) 

Where, β is the contact or infection rate of the disease, σ is 

the transition rate of the exposed individuals to the infected 

one, g represents the mean recovery rate; x(t), y(t), z(t) and 

w(t) are susceptible, exposed, infected and recovered 

individuals respectively. 

 

2.4 Vector Borne Model 
In Vector Borne Model the equations are: 

 
(10) 

 (11) 

 (12) 

 
(13) 

 
(14) 

 
(15) 



Where, βm,h  is the contact or infection rate of the disease 

due to mosquitoes over humans, βh,m is the contact or 

infection rate of the disease in humans when mosquitoes 

spread the infection ,  gh   represents the mean recovery rate 

in humans, and gm the mean recovery rate in mosquitoes; 

xh(t), yh(t) and zh(t) are susceptible, infected and recovered 

individuals respectively, and xm(t), ym(t) and zm(t) are 

susceptible, infected and removed mosquitoes respectively. 

 

3 Method 

 

In this section, the algorithms using Maple are presented in 

the first column, and in the second one, using Sage. 

3.1 Algorithms using 

Maple 

3.2 Algorithms using 

Sage 

  

 

4 Results 

With the previous algorithms it was possible to obtain the 

following results using Maple and Sage: 

 

4.1 Results using Maple 

 

4.1.1 SI Model 
For the case of a closed population of constant size N=n+a, 

where n is the initial number of susceptible and a is the 

initial number of infected individuals, we have the 

following analytic solution 

(16)   

 (17) 

For the case of a closed population with variable size 

N(t)=N+μ·t, we have the analytic solution, n equation 18. 

    (18) 

where a is the initial number of infected individuals, and 

erf represents the errors function defined as  

               (19) 

A numerical illustration, for the case with closed 

population with constant size is made possible using Maple 

with the following commands 

sys1:=diff(x(t),t)=-beta*(x(t))*(y(t)),diff(y(t),t)=beta*(x(t) 

*y(t)): 

 fcns1:={x(t),y(t)}: 

p1:=dsolve({sys1,x(0)=45400,y(0)=2100},fcns1,type=num

eric,method=classical): 

odeplot(p1,[[t,x(t)],[t,y(t)]],0..300); 

 

And the result is showed in the illustration 1 

 

Illustration 1. Result SI Model, closed population with 

constant size 

A numerical illustration for the case of population with 

variable size is as follows in equation 20: 

        

 

      (20)
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The corresponding graphic is showed in illustration 2  

 

Illustration 2. Result SI Model population with variable 

size 

 

4.1.2 SIR Model 
A numerical illustration, for the case with closed 

population with constant size is illustrated as it follows  

 

sys:=diff(x(t),t)=-beta*(x(t))*(y(t)), 

diff(y(t),t)=beta*(x(t))*(y(t))-g*(y(t)),diff(z(t),t)= g*(y(t)):  

fcns:={x(t),y(t),z(t)}: 

p:=dsolve({sys,x(0)=45400,y(0)=2100,z=2500},fcns,type=

numeric,method=classical): 

odeplot(p,[t,x(t)],0..300,numpoints=25); 

 

And the results are showed in the illustration 3 and 4 

 

Illustration 3. Result SIR Model, susceptible individuals 

 

Illustration 4. Result SIR Model 

 

4.1.3 SEIR Model  
A numerical illustration, for the case with closed 

population with constant size is made using the next 

command  

sys2:=diff(x(t),t)=-beta*(x(t))*(z(t)),diff(y(t),t=beta*x(t))-

sigma*(y(t),diff(z(t),t)=sigma*(y(t))-

g*(z(t)),diff(w(t),t)=g*(z(t)):  

fcns2:={x(t),y(t),z(t),w(t)}: 

p2:=dsolve({sys,x(0)=45400,y(0)=2100,z=2500,w(0)=1000

0},fcns2,type=numeric,method=classical): 

odeplot(p2,[t,x(t)],[t,y(t)],[t,z(t)],[t,w(t)]0..300); 

 

And the results are presented in illustration 5 

 

Illustration 5. Result SEIR Model 

4.1.4 Vector Borne Model 
A numerical result, for the case with closed population 

with constant size of individuals and mosquitoes is made 

through the following command 

  

  



And the results can be observed in illustration 6 

 

Illustration 6. Result Vector Borne Model 

 

 

 

4.2 Results using Sage 

4.2.1 SI Model 
In Sage the algorithm for a numerical illustration, in the 

case with closed population with constant size, is the 

following one 

 

 

And the initial conditions provides the illustration 7 

Si_ode(45400, 2100, 300) 

 
Illustration 7. Result SI Model  

 

4.2.2 SIR Model 
The algorithm for a numerical illustration, in the case with 

closed population with constant size is  



 
 

The initial conditions are changed and the results are 

showed in illustration 8 and 9. 

sir_ode(45400, 2100, 2500, 300) 

 

Illustration 8. Result SIR Model 

sir_ode(45400,2100,2500,300,beta=1/50000) 

 
Illustration 9. Result SIR Model with different beta  
 

plot1 = sir_ode(45400, 2100, 2500, 150) 

plot2 = sir_ode(45400, 2100, 2500, 150, 

gamma=1/10^2, colors=['gray','purple','orange']) 

show(plot1 + plot2) 

 

The result is showed in the illustration 10.  

 

Illustration 10. Result SIR Model for both cases 

 

4.2.3 SEIR Model 
For the case of a closed population with constant size, it’s 

possible to obtain a solution through the following 

algorithm 



 
 

The initial conditions give the results showed in the 

illustration 11 
seir_ode(45400, 9000, 3100, 2500, 300) 

 

Illustration 11. Result Vector Borne Model 

4.2.4 VECTOR BORNE MODEL 

 

A numerical result, for the case with closed population 

with constant size of individuals and mosquitoes is made 

through the following algorithm 

 

 

 

 

 



The initial conditions produce the following graph 

 
 

5 Conclusions 

 
In this paper, several epidemic models were considered and 

the solutions were obtained through the application of two 

different software: Maple and Sage. The mathematical 

calculus and the speed, besides the computational 

language, were better in Maple. However the graphics of 

Sage gave a better view of the behavior of the models, even 

though Sage is very strict about its syntax. On the other 

side, Maple has a lot of commands to improve the graphics, 

therefore with a basic understanding, its performance is 

way better than Sage.  

In addition, Maple is software which needs a license for its 

use, and Sage is free software that is available to everyone 

who wants it, only with an internet connection. Even so, 

Sage still has a lot of problems with the server, and not 

always is working good.    

The epidemic models studied in this work could be useful 

to model some of the epidemics worldwide, due to easier 

incensement of the illness at the present time, and we hope 

that this model can predict the conduct and prevent the 

proliferation of the epidemics.  
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