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Abstract— The aim of this paper is to discuss the role of numerical simulation in studying and modelling real world phenomena. The 

real world problems / natural processes are firstly converted into a system of mathematical equations and then by choosing arbitrary 

values of parameters, the system is simulated using MATLAB. In this paper, a prey-predator model with infected prey is considered and 

simulated numerically. The graphs obtained after simulation are used to verify the corresponding theoretical results and are analysed 

critically to see the rich dynamical behaviour of the real world problem. 
Keywords— Modelling, Numerical simulation, MATLAB. 

 

I. INTRODUCTION 
One of the most applicable techniques to study real world problems is to analyse them through mathematical modelling or 

mathematical models. Though theoretical study of mathematical models is important but analysis through simulation helps us to 

understand the complex nonlinear behaviour of real world problems through graphs.  Today, numerical simulation is used in 

almost every field of research and development. It even has applications in sectors such as banking and finance. Numerical 

simulation is a valuable tool also for the defence and energy programs. 

With the passage of time, due to advancement in capacity and speed of computers, the complex and big size mathematical 

models can be simulated numerically efficiently. Now days, numerical simulation is extensively used in many fields for 

research and development in the fields of mechanics, theoretical physics, materials science, astrophysics, nuclear physics, 

aeronautics, meteorology, climatology, quantum mechanics, biology, chemistry etc. It is also used for the human sciences: 

demographics, sociology, etc. and even has applications in sectors such as banking and finance. 

The aim of this paper is to discuss the role of numerical simulation in studying and modelling real world phenomena. The real 

world problems / natural processes are firstly converted into a system of mathematical equations. Then by choosing arbitrary 

values of parameters, the system is simulated using MATLAB or some other simulating software to see the complex behaviour 

of the phenomena. The graphs obtained after simulation can be analysed critically to study the behaviour of the real world 

problem. 

For the purpose, in this paper, a prey-predator model with infected prey is considered. By choosing arbitrary values of 

parameters, the system is simulated using MATLAB. The paper is organized as follows. In section 2, the concept of 

mathematical modelling and related terms are explained. The role of numerical simulation in modelling is depicted 

diagrammatically in section 3. In section 4, a prey-predator model with infected prey is considered and choosing a set of values 

of parameters, extensive numerical simulation is accomplished.  The conclusion of the paper is discussed in last section. 

 

II. BASIC CONCEPTS 
 

In simple language, a model is a simplified version of some real thing. However, the features of the models may vary according 

to their application. They can fluctuate in their level of convention, accuracy, simplicity, abundance of detail, and most 

important one is relevance. Mathematical modelling has a wide variety of functions. It is used to explain various phenomena in 

physics and biology, in making predictions, decision making, communication, maintenance etc.  

In mathematical models, the real world objects are represented formally by mathematical equations, which can be easily 

analysed by making use of mathematical theory and algorithms. The models once developed are not static, they keep on 

changing throughout, as the mathematical fraternity continuingly getting more insight into mathematical theory and logic. 

Following concepts are useful in framing a mathematical model: 

Variables:  The unknown parts of the model are represented by variables, e.g. the natural enemy to be released in pest control 

model etc. 

Relations: The various variables in a mathematical model depend on each other, so are connected by certain relations generally 

written in terms of mathematical equations or inequalities. 

Data: All constants/numbers required for describing the instances of the model is called data.  

Closed and Open Systems: A real physical system that does not interact with the outer environment is said to be closed and if it 

does, is said to be open. 
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III. THE MODELING PROCESS 
 

 The process of mathematical modelling is an art. It is not a single straight forward step but a cycle of steps and numerical 

simulation plays important role in getting a good model. When it comes to understand the process faster and better, numerical 

simulation has all the advantages.  

The process of modelling a real world problem in mathematical terms and its validation can be figure out as follows. 

 
 

                                   Approximation/Idealization   

                                     (Based on understanding of the situation)      

 

      Comparison 

  

     

  

 

 

 

 

  

 
Figure 1. The modelling process 

 

It is clearly depicted in diagram that numerical simulation is used in comparing the mathematical solution before any conclusion. 

In this way, it is used to improve the constriction of model. It can also be used to check whether the theoretical result obtained 

holds for different set of parameters or not. Numerical solution signifies the rich dynamical behaviour of model. For an 

illustration, numerical simulation of a pest control model is performed.   

 

IV. NUMERICAL SIMULATION OF PEST CONTROL MODEL 
 

To understand the concept of numerical simulation, a prey-predator model with infected prey is simulated numerically using 

MATLAB.  

For the purpose, we consider a model developed by Shi and Chen [7] as the authors had not simulated the model numerically. 

They investigated an impulsive predator –prey model with disease in prey for Integrated Pest Management. The authors derived 

the sufficient condition for global stability of the susceptible pest-eradication periodic solution and sufficient condition for the 

permanence of the system.  

The model proposed by Shi and Chen [7] is as follows: 

 

 

                    , 

                                                                                       (1) 

 

 

 

 

 

where  represent the densities of the susceptible and infected prey (pest) population respectively,  is the density 

of predator (natural enemy) under certain conditions as mentioned in [7]. The authors proved following results: 

 

Theorem 1. [7] If   then the periodic solution  is locally asymptotically stable for 

the system (1). 
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Theorem 2. [7] If , then the periodic solution  is globally asymptotically 

stable for system (1). 

Theorem 3. [7] If    then the system (1) is permanent. 

     Choosing suitable values of parameters as given in Table 1, the above model has been simulated numerically using 

MATLAB and the theoretical results obtained by authors of [7] are compared. The local stability of the susceptible pest-

eradication periodic solution is investigated for different sets of values of parameters. Numerical simulation also shows that 

pest-eradication periodic solution is globally asymptotically stable. Permanence of the system under the condition laid down by 

authors of [7] is also verified by simulation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All the parameters mentioned above are chosen per week with The threshold limit 

calculated for the impulsive period is  Theorem 1 and Theorem 2 of [7] imply that the pest-extinction periodic 

solution is locally as well as globally stable if  The result of Theorem 3 is also verified for , i.e., 

the permanence of the system (1) is occurred for  . 

 

  
 

Table 1 

Parametric values chosen for simulation 

Parameter Description Value per week 

 
Intrinsic growing rate of Susceptible pest population 0.7 

 
Contact number per unit for every infective prey with susceptible prey 0.2 

 Predation response  0.3 

 Predation response 0.01 

 Carrying capacity 100 

 Conversing rate from prey to natural enemy 0.4 

 
Death rate for infected pest  0.3 

 
Death rate for predator 0.2 

 
Periodic releasing amount of infected pest 2 

 
Periodic releasing amount of natural enemy 2 
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Fig.1. The pest-extinction periodic solution  of the system (1) is globally attractive for 

 

 

  

In Fig.1 the system (1) is simulated for parameters values as in Table 1. Clearly we see that pest-extinction periodic solution 

 of the system (1) is globally attractive for , implying that the system is globally asymptotically 

stable. The result exactly matches with the theoretical one established by Shi and Chen as stated in theorem 1 and 2 above. 

 

 

  

 

Fig. 2. The system (1) is permanent for  
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In Fig.2 the system (1) is simulated for parameters values as in Table 1. Clearly we see that all the three populations exist within 

some range for time  large enough, implying that the system is permanent. Again the result matches with the theoretical one 

established by Shi and Chen as stated in theorem 3 above. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In 

Fig.3 

In Fig .3,the system (1) is simulated for parameters  values as in Table 1 except . Clearly 

we see that the pest-extinction periodic solution  of the system (1) is globally attractive for time , 

implying that the system is globally attractive. The result exactly matches with the theoretical one established by Shi and Chen 

as stated in theorem 2 above. 

 

  

 

Fig. 3. The pest population will again extinct for   and  . 
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Fig. 4. The pest population will again extinct for  and  . 

 

In Fig. 4 the system (1) is simulated for parameters  values as in Table 1 except . 

Clearly we see that the pest population extinct for  .  
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Fig. 5. Simulation for  and  

 

In Fig. 5 the system (1) is simulated for parameters  values as in Table 1 except . 

Clearly we see that the pest population will exist along with natural enemy in the absence of infected pest for time .  

 

  

 

Fig. 6. Simulation for  and  
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In Fig. 6, the system (1) is simulated for parameters  values as in Table 1 except . 

Clearly we see that the pest population will extinct for time .  

 

 
 

 

Fig. 7. Simulation for  and  

 

In Fig. 7 the system (1) is simulated for parameters  values as in Table 1 except . 

Clearly we see that the pest population will exist along with infected pest in the absence of natural enemy for time .  

 

V. CONCLUSION 
Numerical simulation is a calculation done through computer programming of a mathematical model for a physical system. 

Sometimes, mathematical models of non-linear systems are too complex to provide analytical solution, and then numerical 

simulation helps to study the behavior of systems. Numerical simulation can be used to study the flows and patterns of the 

solutions. Using it, one can analyze or predict the performance of a physical model in the real world. Here we have seen that 

numerical simulation of model (1) is done for different set of parameters and every time the graphs verified the theoretical 

results obtained by authors of [7].  
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