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	Cervical cancer is a chronic disease that attacks the cervix. This disease is caused by the human papillomavirus (HPV). Over time, cervical cancer is modeled with a mathematical model to describe the development of its spread. In this study, cervical cancer is modeled into four subpopulations; susceptible subpopulation (S), HPV-infected subpopulation (I), infected but not infected with cervical cancer (U) and infected and infected with cervical cancer (C). The SIUC model is then added to the existence of migration within the population. Furthermore, the equilibrium of the model is determine and its stability is analyzed using the Jacobian matrix and eigenvalues. The result is that there are two equilibrium points, namely the disease-free equilibrium point and the endemic equilibrium point. The disease-free equilibrium point is asymptotically stable if the eigenvalue conditions are met. The endemic equilibrium point is stable if the eigenvalues are met. Furthermore, the numerical simulation model shows that migration that occurs within the population can cause cervical cancer to still exist in the population because the contact rate is getting bigger.
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1. INTRODUCTION
Cervical cancer is a chronic disease caused by sexually transmitted diseases. Cervical cancer usually attacks the cervix, which is the area of the female reproductive tract which is the entrance to the uterus. Cervical cancer is caused by the Human papillomavirus (HPV) which is a disease that is transmitted through sexual contact. Unsafe sexual intercourse carries a high risk of contracting the HPV virus.
The virus that most often causes sexually transmitted infections is the human papillomavirus (HPV). Specifically, there are more than 40 different types of HPV affecting the genitals. Some types of HPV can also infect other parts of the body, including the mouth and throat. Most people are infected with HPV without knowing it. In many cases the immune system defeats the HPV infection before the virus has a chance to create warts. At least 70% of sexually active people will be infected with HPV in their lifetime. 80% of cases of people infected with HPV will go away on their own within a few months due to the immune system without treatment, while the remaining 20% of infections become persistent.
Furthermore, several mathematical models have been used to analyze and observe the development of cervical cancer. Barnabas, etc. (2006) with his journal "Epidemiology of HPV 16 and cervical cancer in Finland and the potential impact of vaccination: mathematical modeling analyses", Puspitasari (2019) in journal entitled "Local Stability Analysis in Mathematical Models of Human Caused Cervical Cancer Papillomavirus ", "A Mathematical Model of Human Papillomavirus (HPV) in the United States and its Impact on Cervical" (Lee, 2012) and journal "Global Stability of Disease-Free Equilibrium Points in the SIS Model Transmission of Human Papillomavirus (HPV)”(I. Suryani dan Asandi, 2019).
Furthermore, the author wants to see the influence of individual entry and exit that occurs in an area with the development of the cervical cancer HPV virus. So the author discusses SIUC Human Papillomavirrus(HPV) Model by adding migration.


2. RESEARCH METHODE
In this model, the population is divided into four sub-populations:
a. Susceptible subpopulation (S) is a population that has the possibility of being infected with HPV
b. Infected subpopulation(I) is the population infected with HPV,
c. The subpopulation infected but not affected by cervical cancer (U) is the population infected with HPV but not affected by cervical cancer,
d. The infected and infected subpopulation (C) is the population infected with HPV then develops cervical cancer.
In this study, we will examine the SIUC model for HPV transmission with migration. The steps to be carried out in this research are as follows:
1. Make assumptions involving parameters and variables.
2. Identify the parameters and variables used in the model.
Table 1. Parameters and Variables of the SIUC HPV Model
	No
	Parameters and Variables
	Information

	1
	
	Susceptible subpopulation

	2
	
	Infected subpopulation

	3
	
	population infected with HPV but not affected by cervical cancer

	4
	
	population infected with HPV then develops cervical cancer

	5
	
	Birth rate

	6
	
	Death rate

	7
	
	Proportion of infected individuals

	8
	
	Death rate of population infected with HPV

	9
	
	Infected contact rate

	10
	
	Immigration rate

	11
	
	Emigration rate


3. Model SIUC HPV:
		
							(1)
	
	
4. The equation (1) in step 3 above is added to the migration, immigration () and emigration () in the population.
5. Next, determine the equilibrium point in the model obtained in step 4, disease-free equilibrium point and endemic equilibrium point.
6. Analyzing the stability of the equilibrium point obtained in step 5.
7. Make a numerical simulation using maple software.
The following is a theorem relating to the stability of the equilibrium point,
Theorem 1.(Perko,2001) Such as  with  is a matrix of  has  different eigenvalues  with:
a. The equilibrium point  is said to be asymptotically stable, if and only if  for each .
b. The equilibrium point  is said to be stable if and only if  for each .
c. The equilibrium point  is said to be unstable if  for every .


3. RESULT AND ANALYSIS
3.1. Model of Cervical Cancer by Human Papilloma Virus (HPV) with Migration
Based on Equation (1) then migration is added to the model so that the transfer diagram is as follows:
      [image: ]
         Figure 1. SIUC Model Transfer Diagram with Migration

From the Figure 1 obtained system of differential equations:
		
						(2)
	
		 	

3.2. Equilibrium point and Stability
Next, we will look for the system equilibrium point (3). The equilibrium points obtained are disease-free equilibrium points and endemic equilibrium points. A disease-free equilibrium point occurs if  and  which indicates there is no population disease. The disease-free equilibrium point can be expressed in the form .
						(3)
And the disease fixed point can be expressed in the form . According to the system (2) on the model is obtained: 
 
								(4)
with,
 
 
 
 

Then, linearization using Jacobian matrix and obtained,

	(5)
And substitute  obtained,

            (6)
Then look for the eigenvalues of the Jacobian matrix (6) and it is obtained  , so according to Theorem 1, the equilibrium point  is asymptotically stable.
From the equilibrium analysis in  above, we get,
Theorem 2. The disease-free equilibrium point  in Equation (3) is asymptotically stable if the condition are met.
Then, we find stability of endemic equilibrium point. In the same way, it is linearized using Jacobian Matrix (5) dan substituted endemic equilibrium point in (4), we get . And according to Theorem 1, the equilibrium point  is stable. Then, we can make the theorem,
Theorem 3. The disease-free equilibrium point  in Equation (4) is stable if the condition are met.
 
3.3. Numerical Simulation
Numerical simulation aims to see an overview of the dynamics of cervical cancer due to viral infection (HPV). This simulation uses the Maple 18 program and the parameter values are as follows:
Table 2. Parameter Values
	Parameter
	Nilai
			Sumber

	
	
	Kemenkes

	
	0.0043
	Shernita L. Lee dalam Hasnawati, Ratianingsih dan Puspita (2017)

	
	0.6
	Puspita sari, Yudi dan Sandhy (2019)

	
	0.7
	Puspita sari, Yudi dan Sandhy (2019)

	
	
	Kemenkes

	
	
	BPS Provinsi Riau

	
	
	BPS Provinsi Riau


			The dynamics of the spread of cervical cancer by HPV with migration in and  is presented in Figure 2 and Figure 3. 

[image: ]
	Figure 2. Population Dynamics for Disease-Free Ekuilibrium
			From the Figure 2, Model Cervical Cancer with Migration there was increase and decrease in subpopulation. The susceptible subpopulation (S) experienced significant increase and stable in population. The infected subpopulation (I) initially existed but soon experienced a decline in the population. The subpopulation infected with HPV but not without cervical cancer (U) which initially increase and decrease significantly together with the subpopulation infected with HPV and developing cervical cancer (C). This means that individuals who are infected and infected with cervical cancer will eventually run out and cervical cancer will no longer exist in the population.

[image: ] 	
Figure 3. Population Dynamics for Endemic Ekuilibrium
			Figure (3) above is simulated with the same parameter values but the contact rate (v) is increased to 0.8. And the results show that the susceptible subpopulation (S) experienced a sharp increase but decreased and decreased repeatedly and stabilized at a certain point. The subpopulation infected with HPV (I) experienced a significant decrease, then increased for some time and returned to stability (still in the population). The subpopulation infected with HPV but not infected with cervical cancer (U) experienced repeated increases and decreases due to natural deaths, migration to subpopulations infected with HPV and cervical cancer but stable at a certain point. The subpopulation infected with HPV and infected with cervical cancer (C) decreased significantly and increased again repeatedly and stabilized (still in the population). This is due to natural death and migration within the population. This means that individuals in the subpopulation infected but not infected with cervical cancer can at any time turn into individuals who are infected and infected with HPV because there are still individuals infected with HPV (I) and subpopulations infected with HPV and infected with cervical cancer (C) in the population. 

4. CONCLUSION
From System (2) two equilibrium points are obtained, namely the disease-free equilibrium point () which is asymptotically stable and the endemic equilibrium point () which is stable. Giving treatment  shown in Figure (2) shows that with a greater number of individuals entering than leaving the population, it does not really affect the population because contact with infected individuals is limited so that it can be said that the spread of cervical cancer is gradually disappearing from the population. population. Figure (3) shows that the number of individuals entering is more than leaving and the increase in the contact rate of susceptible individuals and infected individuals has an impact on the presence of individuals infected with the disease in the population who can infect other individuals at any time so that it can be said that cervical cancer still exists in population.			 				   						
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