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Abstract. Covid-19 is part of worldwide pandemic since early 2020. Various mathematical models have been proposed to understand the behaviour of the disease, but most of them were failed to predict  the biological phenomenon of this infectious diseases since they use incorrect assumptions due to early stage symptoms. The aim of this paper is to develop a covid-19 mathematical model with nonlinear incidence rate. We use some logical assumption to develop the model. We discretize the model by using Euler method. We use literature review in our research methodology. Then, we simulate the model by using computer software. We found that this model has two equilibrium points, namely disease free equilibrium point and endemic equilibrium point. The stability of the model is changed by increament or decreament of the step-size. If the step-size of the model is large enough, then it lead numerical solution to blown up. Finally, we also found that this model is fair enough to simulate the pandemic in our case. Also, we found some interesting phenomenon from our simulation that is the effect of government policies or social distancing. Further work is needed to analyze the stability of the model and the effect of delay.
Introduction
Since its first case several months ago, Covid-19 is still a main problem in the world. Many researcher proposed their mathematical model to describe the behavior of the virus such as [1], [2], [3], [4] and [5] . They use some assumption to simplify their mathematical models. For example, in [6] they use Richard’s Curve in their model which gave a good result in SARS endemic in Hongkong. Since Coronavirus can be transmitted by bats, some researcher proposed vector-host model as in [7]. These models predict that end of endemic would happened around mid 2020. However, this prediction is far from reality. This incorrect prediction is caused by lack of data and incorrect assumption.          
In this paper, we proposed a SIR model with nonlinear incidence rate. We develop this model since no researcher has done modeling Covid model using nonlinear nor nonmonotone incidence rate. We assume that the population has a factor called inhibitory effect. In daily life, it can be represent as social distancing, government policy, or using mask for travelling. Unlike the other model which represent these effect as linear factor, we represent them as nonlinear factor, that is . It means that graphically, this model will increase to its maximum value, but then it decrease faster than the linear one. We assume that these disease will decrase faster because the population has been vaccinated by that time.    
This paper is organize as follow: the first section is introduction. In the next section, we introduce the model. Since solution of the model is difficult to find directly, we discretize it and find its numerical solution. We use Euler method to discretize the model. Then, we apply some parameters and simulate the model. We discuss the behavior of the model based on result of our simulation. In the last section, we conclude the results that we found and suggest further works on this paper.    
Method
In this paper, we use model as follow.
					(1)
In our model as in (1), S, I, and R represents susceptible, infected, and recovered population respectively. Parameter α represent birth rate, β represent transmission rate of Coronavirus, γ represent inhibitory effect - that is some action that prevent the spread of disease such as government policy or social distancing, µ  represent death rate, and υ  represent recovery rate. The next step is discretize the model. We use Euler method to discretize this model due to its effectiveness in computation time [8], [9], and [10]. Aside from its effectiveness, Euler method sensitive to step-size [11], [12]. It means that small shift in step-size can effect the whole numerical solution. So, step-size play an important role in Euler method [13], [14]. By using forward-difference [15], we have the following scheme.
					(2)
By using some easy manipulation, we can rewrite (2) as follow.
				(3)
Notice that from this model, we can find that the basic reproduction number (the secondary infections of the disease) is  =. In the following section, we discuss about the two equilibrium point of model (3) and do some simulation to analyze its behavior.
Result and Discussion
Suppose that  represent equilibrium point of model (3), then we have
				(4)
Simplify(4) into the following equation.
				(5)
Notice that from with h > 0, we can conclude that I* = 0 or. If we substitute each cases into the remain equation, then we have two equilibrium points, namely  and , where . It can be shown that if R0 > 1 then Ie > 0. Since the first two equations in (1) is independent from R, we define the following equation.
  				(6)
Jacobian matrix of (6) is  where , , , and  where . It is easy to show that . It can be shown that  is sink if  where  and . However, since this disease has already happened then we only focus on endemic cases, that is R0 > 1. 
In the following, we simulate model (3) to observe the big picture of its numerical solution. We use parameter as follow: α = 0.1, µ = 0.1, β = 0.5, γ = 0.5, υ = 0.15, and step size h = 0.1. It is easy to observe that the basic reproduction number under this condition is R0 = 2. The graphic of this numerical solution can be seen in figure 1.
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Figure 1. Time Series Plot
From figure 1, it can be seen that this model is more reasonable to represent the spread of Covid-19 recently. Infected population increase rapidly at the first stage since it was no government policy nor social distancing, but it decreased as soon as it reach the peak of the model. This phenomenon happened because of government or people intervention such as policy or social distancing. If we focus on inhibitory effect γ, we found this interesting phenomenon as in figure 2.
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Figure 2. Inhibitory Effect for Various Values
From figure 2, we found that inhibitory effect play an important role for the model. We found that this parameter can affect the peak i.e the most death cases in Covid-19. It means that government policy or social distancing can cause less mortality of this disease.  

Conclusion
This paper proposed a new model to describe the behavior of Covid-19. We found two equilibrium points, but in this paper we only focus on endemic one. We found that the intervention from government such as policies or social distancing can make this disease decrease faster. 
Further works still need to be done in order to analyze the stability of the model, chaos or delay effect, and the consistency of this model to the real data.
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