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Abstract 

Many analysis of mathematical models of terrorism and the network of militants are done by assuming 

certain condition. Hence, the parameters and variables in the models are often treated as crisp values. On 

the other hand, like many other sosial systems, the network may consist of or related to many possibilistic 

processes, so that vagueness naturally occurs. In this paper we present an analysis of existing network of 

militants considering the vagueness of the initial values via fuzzy theoretical method.  To do this, first an 

existing model is reintroduced briefly and then its dynamical behavior of the model are investigated by 

assuming fuzzy number to the initial values. The result is then compared to the standard model with crisp 

number of its parameters. The result can be used as a reference to minimize the number of militants in a 

fuzzy environment and as an insight on how the behavior different to the crisp model. 
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1. Introduction
We give a brief review of a SEIR model for the growth of terrorist population. Recently [1] proposes a mathematical

model of terrorism. He discusses the dynamical behavior of a mathematical model specifically on the network of 
militants. The model is governed by a system of differential equations describing the growth of four human 
subpopulations. The subpopulations are the potential class militants (with the size at time t is denoted by P(t)), the 
occasional militants (with the size at time t is denoted by O(t)), the militants (with the size at time t is denoted by M(t)), 
and the number of quit militans at this time (with the size at time t is denoted by Q(t)). Using these variables, the model 
is given by 
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       1

dQ t
b p O t cM t Q t

dt
    .  (4) 

with the description of parameters are given in Table 1. 

TABLE I.  SYMBOLS AND DESCRIPTIONS 

Symbol Description 

𝑎 transmission coefficient from potential class (the posit value of a increases by increasing the 

activities of militants) 

𝑏 transition rate from the occasional class militants in which the flow from occasional class to 

militants is bpO and to quit ones is b(1 - p)O 

𝑐 rate at which militants quit militancy 

𝑝 proportion of transition rate from the occasional class militants to militants, p ϵ [0; 1] 

𝛼 natural death rates of potential class 

𝛽 natural death rates of occasional class 

𝛾 natural death rates of militants class 

𝛿 natural death rates of quit class 

𝜆 the constant rate at which the potential class increases due to births and migration 

a. Taken from Hussain (2019) 

 
The model resembles the spead of disease in epidemiology of SEIR type - susceptible, exposed, infected, and 

recovered [2], giving up smoking dynamic [3], and the spread of malware in computers [4, 5] The author of the model 
[1] obtains the basic  reproductive number, which is given by 

  0

ab p
R

b c



  


 
     (5) 

and analyze the resulting equlibrium points in relation to this basic reproduction number.  An equilibrium solution is a 
solution whose derivative is zero everywhere. Visually an equilibrium solution looks like a horizontal line. He found 
two equilibrium solutions: the trivial solution and the non-trivial one. The trivial equilibrium solution that he called a 

“militant free stage”, given by 
0 ;0;0;0E





 
  
 

, and the non-trivial equilibrium point  * * * *

1 ; ; ;E P O M Q  in term of the 

basic reproductive number, given by  
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2. Numerical Solution of Hussain’s (2018) Mathematical Model 
In this section we present some numerical examples regarding the solution of the above system of equations. We 

will consider the data set 1, taken from Hussain (2019), as follows: 

51.5765 10 ; 0.20635; 0.0022; 0.015; 0.008;     a b c g            0.7; (0) 439,140; (0) 9,000; (0) 1,300; (0) 560    p P O M Q     .   

The solution of the system is sought by the third order Runge-Kutta method. Figures 1 shows the solution from the 

data set 1. The long-term solution can also be obtained, which shows that all subpopulations reach an equilibrium 

solution. In this case, the data set 1 gives rise to 0 0.02R   which predicts that the militant group will dissapear 

eventually as shown in the figure.  
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Figure 1. Plot of subpopulation sizes P (blue), O (green), M (red), and Q (magenta) with data set 1 and time horizon 
100 unit time.  

 

We note that Figure 1 is the solution of the system where the initial values are all crisp numbers as shown in the data 

set 1. In this paper we propose a numerical example for the computation of the solution of the system in which one 

or more initial values are fuzzy numbers.  

 

3. Numerical Solution with Fuzzy Initial Values 
The solution is still computed using the Runge-Kutta method, but now we add the assumption of fuzziness in the 

initial values. We modified the Rung-Kutta by using the concept of alpha-cut or level-cut method in the computation. 

We plot the results for two different cases, i.e. symmetrical triangular fuzzy numbers (Figure 2.a) and asymmetrical 

triangular fuzzy numbers (Figure 2.b). Although we found that there is increasing fuzziness to the solution, but the 

solution with the fuzzy measure equals one is qualitatively the same to the crisp case model as in Figure 1. Figure 3.a 

and 3.b show the initial values for the case of symmetrical and asymmetrical fuzzy numbers, respectivelly. 

 

 

 
Figure 2. Plot of subpopulation sizes P, O, M, and Q with data set 1 and time horizon 100 unit time. 
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(a) 

 

    
(b) 

Figure 3. Plot of the initial conditions for symmetrical case (a) and asymmetrical case (b). 

 

4. Conclusion 
In this paper we have developed a numerical solution of Hussain’s mathematical model for terrorism. The results 

indicate that although we found that there is increasing fuzziness to the solution as time goes, but the solution with the 

fuzzy measure equals one is qualitatively the same to the crisp case model for both the case of symmetrical and 

asymmetrical fuzzy number initial values. 
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